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FOREWORD

All too often NHSScotland is faced with decisions about care planning with information
which, although relevant and valuable, is set within the context of relatively short time
frames.   Faced with difficult challenges in a fast evolving and changing environment
planning for many of the services the NHSScotland provides requires a longer term view. 

We need to plan as effectively as possible but always with an eye on flexibility as the world
changes around us. We need also to ensure that this is not achieved at the expense of
longer term stability and is always aimed at best meeting patients’ needs.  Cancer
Scenarios looks at the possible future influences on cancer services and models these 
to provide a foundation for the future so that we can confidently plan care for people
with cancer.

I give due acknowledgement to Professor Freda Alexander of the University of Edinburgh
and to colleagues within the Scottish Cancer Intelligence Unit without whom this work
would not have been possible.   Nor would it have been possible without the many
contributions from colleagues drawn from across the NHSScotland and for whose help I
am also extremely grateful. Some of these contributions include statements or
recommendations which are the individual views of the authors.  This in no way detracts
from the substantive statistical projections nor from the estimates of benefit of given
interventions.  

Commissioned by the Scottish Cancer Group this is an innovative piece of work already
of significant importance to the NHSScotland.   It is likely to be of interest to colleagues
in Europe and the rest of the world and will underpin the recommendations in the
Scottish Cancer Plan. 

E M ARMSTRONG
Chief Medical Officer
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SUMMARY
MISS DIANE STOCKTON, MR ROGER BLACK AND DR DAVID BREWSTER

Scottish Cancer Intelligence Unit, Edinburgh



INTRODUCTION

The population of Scotland experiences relatively high incidence of many common cancers, and deaths
from cancer represent a significant fraction of total mortality.  Within Scotland, there are significant
variations in the risk and outcome of cancer, geographically and socially (Scottish Cancer Intelligence
Unit, 2000).  This grim picture is moderated to some extent by the knowledge that we have the tools at
hand to do something about it in a rational way: reliable data on cancer incidence and outcome, and
health professionals committed to use of information to improve services through evidence-based
practice.

The aims of the Scenarios project were to predict trends in cancer incidence and mortality in Scotland in
the next decade, and to speculate on the scope to influence these trends through interventions such as
screening programmes and the application of recent innovations in treatment.  The purpose of the report
is to bring together this information as an aid for the planning of cancer services in the next decade.

Cancer incidence and mortality trends from 1960-1996 were modelled (see Appendix I), enabling
projections of numbers of new (incident) cancer cases and deaths expected up to the period 2010-14.
These numbers are dependent on the risk of cancer in the population, the changing population age
structure and (for deaths) changes in survival from cancer.  Further to the projection of the historical
trends, the clinicians contributing chapters on specific sites of cancer were asked to speculate about
possible new interventions which could reduce incidence and/or mortality.  It is important to understand
the quality of evidence represented by the quantitative and qualitative products of the Scenarios project.
The data on which the projections are based are of good quality and the statistical techniques used are
well established  methods.  Using historical data to make projections is justified by the assumption that
the forces driving changes in risk by age, time period and birth cohort in the past, will also be the
predominant forces in the future.  For many types of cancer, this is a reasonable assumption.  For
example, the long latency time between exposure to tobacco products and induction of lung cancer
leads us to expect to see only slowly changing trends in incidence for this type of cancer.  Similarly, the
cumulation of small improvements in cancer therapy over many years is expressed in a smooth
downward trend in mortality from, for example, colon cancer.  However, it is always possible that some
new intervention will be devised which will have an immediate and substantial effect, particularly for
recorded incidence.  An example of this is the rapid increase in the incidence of prostate cancer in the
US after the introduction of the prostate-specific antigen (PSA) test in the late 1980s.  Finally, readers
should be aware that the purpose of this report is to speculate on rather than to prescribe changes
which might contribute to a reduction in the cancer burden in Scotland.

CHANGES IN INCIDENCE AND MORTALITY

Figures 1 and 2 show the changing structure of the leading cancers in the Scottish population, both in
terms of new cases and deaths.  The numbers quoted relate to patients of all ages in contrast to the
site-specific chapters.  The observed number of cases diagnosed in 1995-97 was 25 800 per annum
and this is predicted to increase to 33 000 per annum by 2010-14.   The observed numbers of deaths
in 1995-99 of 14 900 per annum is predicted to increase to 16 300 by 2010-14.  If we only consider
patients aged under 75 at diagnosis, then numbers of cases will increase from around 17 200 to 
19 500 and deaths will decrease slightly from around 8600 to 8500 per annum.
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Lung cancer has long been the most common cancer among males, but due to reduced
cigarette smoking prevalence, by 2010 this cancer will be less common than prostate
cancer.  In females, the upward trend in incidence is predicted to continue but is
expected to have levelled off and begin to decline by 2010-14 (see Chapter 4).  Due to
the poor prognosis for patients with this tumour, it will remain the most common cause
of cancer death.  The numbers of deaths will have substantially decreased in males,
giving an overall (both sexes combined) reduction from 4100 to 3830 deaths per annum.

Breast cancer will remain the most common cancer in females and will continue to
increase in incidence rapidly, widening the gap between this and the other most
common cancers in females – lung and colorectal cancers.  Breast cancer has quite a
favourable outcome and, given that these tumours are being diagnosed at an earlier
stage and treatments are improving, the outcome is improving continuously.  Therefore,
the survival rate from breast cancer is predicted to continue to increase (see Chapter 7).
The actual numbers of breast cancer deaths is expected to remain fairly constant, and
breast cancer will remain the second most common cause of cancer death in Scottish
women.

A large increase in the incidence of prostate cancer is predicted based on the current
trends, with a much smaller increase in mortality (see Chapter 11).  Prostate cancer is
projected to become the commonest cancer in men, with the numbers of cases more
than doubling.  Over half of the cases are predicted to occur in patients aged over 75 at
diagnosis.   The much smaller increase in numbers of deaths is likely to be due to a
combination of an increased detection of non-lethal tumours and some improvement in
treating men with tumours which might have become life threatening.

The risk of colorectal cancer is predicted to increase in males over the next decade, with
a small increase in females.  Incidence rates have, historically, been slightly higher in
males than females, and the gap between the sexes is predicted to increase (see
Chapter 3).  Mortality is predicted to decrease due to continuing improvements in
survival.

Ovarian cancer has become increasingly common in Scotland.  However the projections
show this trend reversing over the next decade (see Chapter 10).  This will not translate
into a reduction in the numbers of cases as the numbers of older women, those at most
risk of ovarian cancer, are increasing.  Mortality is also predicted to start declining,
although possibly not as dramatically as might be hoped, since historically,
improvements in survival have been restricted to the younger age groups (aged <65). 
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Figure 1: Average number of cases and deaths per annum in Scotland,
2010-14 compared to 1995-97 (cases) or 1995-99 (deaths) in males

Figure 2: Average number of cases and deaths per annum in Scotland,
2010-14 compared to 1995-97 (cases) or 1995-99 (deaths) in females

The increasing incidence of bladder cancer is predicted to level off by 2010-14 (see
Chapter 13), although the numbers of cases is predicted to increase due to the
changing population, with the gap between males and females widening.  The mortality
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rates and numbers of deaths are, however, both declining due to the change in
incidence patterns and continuing improvements in survival.  

Head and Neck cancers comprise a heterogeneous group of tumours which, taken
together, are increasing in incidence in males, and are predicted to be the fifth most
common tumour group by 2010-14.  Mortality rates are also increasing in males (see
Chapter 1) with around 50% more cases and deaths by 2010-14. 

Non-Hodgkin’s lymphoma is predicted to become a leading cancer both in males and
females by 2010-14, becoming the fourth most common cancer in women and sixth in
men, with possibly a doubling of cases.    This may partly reflect improvements in
diagnostic procedures, but mortality is also predicted to increase by 50%.

Incidence of Melanoma skin cancer is also predicted to increase substantially in both
males and females, continuing the dramatically increasing trend that has been seen
historically.  Despite this increase, the number of deaths is not predicted to change.

Cancer of the oesophagus, which has a very poor prognosis, is also expected to
increase in incidence and mortality over the next decade to become the seventh and
eighth most common cancer in men and women respectively (see Chapter 2).  Other
cancers that are predicted to become more common include testicular and brain
cancers in men, endometrial cancers, kidney cancers and leukaemias.  These increases
will be reflected in a corresponding, but much smaller, increase in numbers of deaths for
most of the common cancers.

In contrast to most cancers, the risk of stomach cancer has been declining for many
years, although risk of one particular type, gastric cardia cancer, has increased recently
(see Chapter 2).  Although survival is low, it has been steadily increasing over time.
Given the combination of these two factors, the numbers of deaths from stomach
cancer will continue to decrease substantially.  By 2010-14, stomach cancer will no
longer be one of the ten most common cancers in Scotland for incidence or mortality.

RISK FACTORS AND PROSPECTS FOR PREVENTION OR SCREENING

Table 1 shows the numbers of cases and deaths in 2010-14 which are likely to be
attributable to known risk factors (Pisani, 2000).  Of the estimated 6921 cancers
attributed to active smoking, 3860 of these are lung cancers,  accounting for 85% of all
lung cancers diagnosed.   Oesophageal, bladder and head and neck cancers also have
a large number of cases attributed to smoking.  Another 1% of cases are related to
passive smoking, and further cases are related to environmental pollutants and
occupational exposures to known carcinogens.  

Diet, including low intake of fruit and vegetables and high fat consumption could account
for as many as 11 500 cases, of which, excess body weight would account for around
1250 cases comprising mainly breast and colon cancers.
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Low or late fertility accounts for around 11% of cancers in women; specifically those of
the breast, endometrium and ovary.  Around 30% of breast cancers are attributed to this
cause.  Infections cause a further 2% of cancers overall, with 32% of stomach cancers
attributed to Helicobacter pylori (H pylori) and 97% of cervical cancers attributed to the
Human Papillomavirus (HPV).

Table 1:  Causes of cancer: their impact in Scotland by 2010-14

1 Calculated using IARC figures applied to the sex- and cancer-structure of the projected 2010-14 cancer cases (these percentages

would not apply to other populations)

2 Assuming that the same attributable risk applies to deaths as cases; the percentages are different due to the different cancer structure

for the deaths compared to the cases

3 Source for the attributable risks for diet: Doll and Peto, 1981

4 Human Papillomavirus and Helicobacter pylori

As well as addressing the risk factors identified in table 1, other factors that have been
highlighted in this report as having the possibility to influence incidence in the next
decade include the protective effects of the contraceptive pill, which could reduce
incidence of ovarian cancer by up to 22%, better organisation of the cervical screening
programme, which could reduce cervical cancer incidence by up to 20%, and tamoxifen
or prophylactic surgery for women at high risk of breast cancer, which could reduce
incidence by up to 2%.   These specific factors could lead to reductions in cancer
deaths of around 170 per annum (1.1% of cancer deaths) by 2010-14. 

Secondary prevention measures that may influence mortality trends in the next decade
include FOBT screening for colorectal cancer and extending the breast screening
programme to include women aged 65-69.  There may be a role for early detection of
prostate cancer using the PSA test but, as yet, there is insufficient evidence of benefit
from randomised clinical trials.  These measures could reduce cancer deaths by around
227 per annum (1.4% of cancer deaths) (see Chapter 20).   While preventing deaths,
however, they would also lead to increases in incidence in the next decade as prevalent,
and possibly non life threatening, cancers are detected in the population. 

CANCER SCENARIOS: SUMMARY 5

Risk factor Number (%) of cases Number (%) of deaths
attributable 1 attributable 2

Diet 3

Active smoking

Passive smoking

Low or late fertility

Excess body weight

Alcohol consumption

HPV, H pylori 4

Total cases = 33000

11568 (35%)

6921 (21%)

479 ( 1%)

1779 ( 5%)

1254 ( 4%)

629 ( 2%)

568 ( 2%)

Total deaths = 16300

5697 (35%)

5025 (31%)

236 ( 1%)

565 ( 3%)

616 ( 4%)

493 ( 3%)

277 ( 2%)



PROSPECTS FOR IMPROVING OUTCOME

Continued improvements in outcome are being seen for many cancers.  Additionally,
mortality may be further reduced in the next decade through improvements in treatment
and changes in the organisation of services.  Table 2 highlights the areas where changes
may be expected in the next decade (see the individual chapters for details).  

Table 2:  Prospects for reducing cancer mortality in Scotland in the next
decade
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Cancer Intervention Maximum reduction 
in mortality

Head and neck

Oesophagus

and stomach

Colorectal

Lung

Breast

Cervix

Ovary

Testis

Bladder

Kidney

Brain

NHL

Leukaemia

Early diagnosis, staging of regional neck nodes, strict

adherence to schedules and protocols, new chemotherapy

regimes

Open access endoscopy, quality assurance of surgical

resections, new treatment regimes

Early diagnosis and radical surgery supported by adjuvant

therapy

Implementation of evidence-based treatment

Early diagnosis and optimal treatment

Re-organisation of services and introduction of concomitant

chemotherapy for patients with stage II+ tumours

Re-organisation of services, specialised surgery and

improved chemotherapy regimes

Re-organisation of services

Re-organisation of services

Re-organisation of services and support for trials

Re-organisation of services

Re-organisation of services for extra-nodal cases

Re-organisation of services for adults

40%

26%

15%

10%

10%

30%

15%

5%

5%

5%

10%

2%

5%



These measures have the potential to reduce cancer deaths by around 1750 per annum
(11% of cancer deaths) by 2010-14.

Figure 3 shows the changing age-standardised incidence and mortality rates for all
malignant cancers combined, excluding non-melanoma skin cancer, over time.
Incidence in males is predicted to increase from 491 to 528 per 100 000 population
between 1995-99 and 2010-14, and in females to increase from 392 to 421 per 100
000 population.  The corresponding rates for mortality are a decrease from 284 to 260 in
males and 193 to 188 in females.  The government cancer mortality target to reduce
cancer deaths by one fifth from the 1995-97 baseline by 2010 only considers patients
aged under 75, in whom the mortality rate is predicted to decrease from 187 to 160 in
males and 140 to 126 in females, giving a drop in death rate of 14% for males and 10%
for females; 13% overall if current trends continue with no additional changes.

If all the prospects for prevention, screening and improved outcome discussed above
are added to the predictions, then incidence rate would increase to 566 per 100 000 in
males and 443 in females, and mortality rates would decline further to 232 in males and
165 in females.  In the under 75s the mortality rates would become 142 and 109 giving
an overall reduction of 23%, in line with the government target to reduce cancer
mortality in the under 75s by 20% by 2010.

Figure 3: Age-standardised (European standard population) incidence and
mortality rates for cancer in Scotland (1960-2014)
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WHAT DOES THIS MEAN FOR CANCER SERVICES IN THE NEXT DECADE?

Cancer incidence is increasing, and the long-term aim must be the continued reduction of
smoking prevalence and changes in diet; the most important factors which could reduce
the incidence of and mortality from cancer.  Other primary prevention measures and
secondary prevention, in the form of population screening, also has an important role.

The surgical community will continue to play a key role in the management of cancer in
Scotland over the next decade, with a focus on prompt investigation and appropriate
management by surgeons with a specialised interest.  Surgery offers the only hope of
cure for many patients.  With the increasing numbers of patients with cancer, further
radiotherapy workstations, imaging equipment and staff will be needed.  Systemic
treatments will become increasingly important, with recent advances in this area
increasing the potential to improve survival.  It is essential to increase resources in all
these areas to ensure equity and high standards of care for all patients.

With the increasing prevalence of cancer in an ageing population, it is likely that many
more people will require the input of primary care services. 

Tables 3 and 4 summarise the cancer situation, and show the impact that could be
made if additional changes are made in the next decade.  Of the expected 28% increase
in incidence, half will be due to the changing, and ageing, population structure, and the
rest due to increasing trends in incidence.  The 9% increase in numbers of deaths
projected based on current trends is less than the 14% projected by applying current
age-specific mortality rates to the projected population age structure in 2010-14.  This is
because of a decreasing risk of death despite the ageing of the population.

While there are many preventive actions which could and should be taken now, it may
be many decades before the full benefits are expressed. For patients with cancer there
would be a more immediate benefit from re-directing patient pathways and improving
treatment protocols.  This will not, of course, eliminate a continuing requirement for high
quality palliative care.
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Table 3: Predicted numbers of cancer cases per annum by 2010-14
compared to those observed in 1995-97: Scotland, All ages1

1 These estimates are slightly higher than those in the site-specific chapters because all age groups are included
2 If current rates (1995-97) are applied to the projected population estimates
3 If trends (1960-1996) are projected into the future using modelling procedures; projected popn estimates used
4 Plausible future changes are added to projected modelled estimates (see text)
5 Percentage increase from 1995-97 to 2010-14 if current rates are applied to the projected population estimates
6 Percentage increase from 1995-97 to 2010-14 if trends are projected into the future
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Observed ’10-142 ’10-143 ’10-144 % attrib. % attrib.
Cancer 1995-97 popn5 trends6

Males

Head and neck

Oesophagus

Stomach

Colorectal

Lung

Pancreas

Melanoma skin

Prostate

Testis

Kidney

Bladder

Brain

Hodgkin’s disease

Non-Hodgkin’s lymphoma

Leukaemia

Other malignancies

All malignancies

Females

Head and neck

Oesophagus

Stomach

Colorectal

Lung

Pancreas

Melanoma skin

Breast

Cervix uteri

Endometrial

Ovary

Kidney

Bladder

Brain

Hodgkin’s disease

Non-Hodgkin’s lymphoma

Leukaemia

Other malignancies

All malignancies

Total

650

457

593

1743

2797

291

263

1905

176

319

907

187

77

410

316

1467

12558

313

336

419

1658

1933

314

403

3312

363

428

597

229

439

150

57

410

260

1629

13250

25808

780

547

710

2096

3346

352

299

2310

162

379

1093

209

79

477

366

1749

14955

344

362

449

1791

2081

339

420

3671

368

475

651

247

473

159

55

443

275

1749

14350

29305

995

730

351

2068

2126

283

415

4303

272

506

1295

246

69

801

421

1749

16629

353

515

229

1856

2389

318

696

4675

392

410

663

328

520

149

65

785

330

1749

16421

33050

995

730

351

2302

2126

283

415

4494

272

506

1295

246

69

801

421

1749

17054

353

515

229

2013

2389

318

696

4831

332

410

518

328

520

149

65

785

330

1749

16529

33583

20

20

20

20

20

21

14

21

-8

19

21

12

2

16

16

19

19

10

8

7

8

8

8

4

11

1

11

9

8

8

6

-4

8

6

7

8

14

53

60

-41

19

-24

-3

57

126

54

59

43

32

-11

95

33

19

32

13

53

-45

12

24

1

73

41

8

-4

11

43

18

-1

14

92

27

7

24

28



Table 4: Predicted numbers of cancer deaths per annum by 2010-14
compared to those observed in 1995-99: Scotland, All ages1

1 These estimates are slightly different than those in the site-specific chapters because all age groups are included
2 If current rates (1995-99) are applied to the projected population estimates
3 If trends (1960-1996) are projected into the future using modelling procedures; projected popn estimates used
4 Plausible future changes are added to projected modelled estimates (see table 2)
5 Percentage increase from 1995-99 to 2010-14 if current rates are applied to the projected population estimates
6 Percentage increase from 1995-99 to 2010-14 if trends are projected into the future
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Observed ’10-142 ’10-143 ’10-144 % attrib. % attrib.
Cancer 1995-99 popn5 trends6

Males

Head and neck

Oesophagus

Stomach

Colorectal

Lung

Pancreas

Melanoma skin

Prostate

Testis

Kidney

Bladder

Brain

Hodgkin’s disease

Non-Hodgkin’s lymphoma

Leukaemia

Other malignancies

All malignancies

Females

Head and neck

Oesophagus

Stomach

Colorectal

Lung

Pancreas

Melanoma skin

Breast

Cervix uteri

Endometrial

Ovary

Kidney

Bladder

Brain

Hodgkin’s disease

Non-Hodgkin’s lymphoma

Leukaemia

Other malignancies

All malignancies

Total

257

441

391

856

2422

269

66

735

9

180

303

163

18

201

164

1078

7552

116

304

308

826

1657

298

58

1172

139

92

399

121

181

131

15

213

145

1176

7352

14904

307

525

468

1028

2882

321

77

905

9

215

369

187

20

239

193

1287

9032

126

327

330

892

1774

322

63

1280

148

99

434

131

194

140

15

230

155

1265

7926

16958

461

678

269

1047

1976

278

61

990

5

192

343

244

11

297

150

1287

8289

136

439

204

819

1853

316

57

1199

129

149

453

196

189

133

14

332

135

1265

8017

16306

277

502

199

890

1779

278

61

954

5

183

326

219

11

291

143

1287

7403

81

325

151

696

1667

316

57

1023

71

149

322

186

180

120

14

326

128

1265

7076

14479

20

19

20

20

19

19

17

23

4

19

22

15

14

19

18

19

20

9

8

7

8

7

8

8

9

7

8

9

8

7

7

4

8

6

8

8

14

79

54

-31

22

-18

4

-8

35

-45

7

13

50

-39

47

-8

19

10

17

44

-34

-1

12

6

-2

2

-7

62

13

62

5

1

-4

56

-7

8

9

9
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INTRODUCTION

Unlike other cancers, head and neck cancer comprises a
heterogeneous group of tumours involving various tissues
and organs within this anatomical area.  More than 50
clinical and epidemiological disease entities can be found in
the head and neck region (Netherlands Cancer Registry,
1998).  Interpretation of data between different centres is
therefore difficult as it is dependent on case selection.
Survival comparisons can be influenced by the case mix and
anatomical sub-sites chosen within the head and neck
region (Berrino and Gatta, 1998).

In this report, the diagnostic group comprises cancers of the
lip (ICD-9 140), tongue (141), major salivary glands (142),
gum (143), floor of the mouth (144), other and unspecified
parts of the mouth (145), oropharynx (146), nasopharynx
(147), hypopharynx (148), other and ill-defined sites within
the lip, oral cavity and pharynx (149), nasal cavities, middle
ear and accessory sinuses (160), and larynx (161).  The
majority of cancers arising at these sites are squamous cell
carcinomas, with the exception of the major salivary glands,
where adenocarcinomas predominate.

Despite the differences in morphology, tumour type and
natural history of disease, there are a number of common
features, eg aetiological factors, treatments, and responses
to therapy, that are particularly evident in tumours involving
the upper aerodigestive tract.  The median survival for
patients who present with advanced disease and undergo
no cancer treatment is less than three months. For those
undergoing therapy, UK survival figures are unchanged over
the last twenty-five years (British Association of
Otolaryngologists, Head and Neck Surgeons, 2000).
Similarly, in Scotland there has been no significant
improvement in relative survival, with survival being poorest
among patients from the most deprived areas (Scottish
Cancer Intelligence Unit, 2000).
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EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

A large number of studies have been carried out investigating the role of various genetic
changes in the subsequent development of head and neck cancer. Researchers have
also attempted to determine if a number of biological markers have any value as
prognostic indicators.  A large number of studies have failed to show any general
correlation between p53 level and outcome for head and neck tumours.  For laryngeal
tumours, p53 staining was associated with a decrease in survival, while for
hypopharyngeal tumours, it was associated with an increased survival (Rowley et al,
1998).  Extensive molecular biology studies have shown a high incidence of loss of
heterozygosity (Field et al, 1995a; Nunn et al, 1999) and micro-satellite instability (Field 
et al, 1995b).  Such changes occur early in the malignant process. They may eventually
be useful as a means of screening high-risk patients.  

In Scotland, incidence rates have been increasing for many years and the risk of disease
is higher among people (especially males) living in deprived areas (Harris et al, 1998).  In
males, incidence and mortality rates in Scotland fall into the middle range of international
rates, whereas survival rates are reported to be lower than average.  In contrast, females
have the highest incidence and mortality rates and one of the lowest survival rates of the
countries compared. Scottish outcome data for those with head and neck tumours
compare unfavourably with that from the same cancers in other European countries and
the USA. Figures from different countries, however, are difficult to interpret because of
differences in population coverage, data quality and case-mix (Berrino and Gatta, 1998).

Within Scotland, comparison of patients diagnosed in the early 1970s with those in the
late 1990s shows that survival at one year has changed little. Survival at five years after
diagnosis, however, appears to have declined during the period surveyed. This reflects
changes over time towards a less favourable case-mix, in terms of the distribution of
anatomical sub-sites of tumours.  Survival tends to decrease with increasing age at
diagnosis and is considerably lower in patients aged over 85 years.   Among younger
patients, females tend to have better survival prospects than males.  The unadjusted
survival figures by health board of residence ranged from around 49% to almost 69% at
five years.  The analysis with adjustments for age, sex and deprivation showed
statistically significant variation between the health board hazard ratios (p<0.01).
However, this variation probably reflects differences in case-mix which have not been
adjusted for in the analysis.  Indeed, a further analysis, including adjustment for tumour
subsite attenuated the differences between health boards and eliminated any statistically
significant variation (ISD Scotland, 2001).  Incidence and mortality rates are inversely
associated with socio-economic status and survival tended to be worse among patients
from the most deprived areas (See Figure 1).
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Figure 1: Cause-specific survival by deprivation quintile: patients
diagnosed 1991-951, adjusted for age and sex

1 Cases diagnosed in 1994 and 1995 do not have 5 years’ follow-up.  

Source: Scottish Cancer Intelligence Unit (2000).

Survival appears to have been worse in Scotland for cancers in which early diagnosis is
the main influencing factor, and there is indirect evidence that patients in Scotland have,
at least in the past, tended to present with more advanced disease than their European
counterparts.

Tobacco and alcohol consumption are established aetiological factors for the
development of oral (Llewelyn and Mitchell, 1994), oropharyngeal (MacFarlane et al,
1993), and laryngeal (Muscat and Wynder, 1991) cancers. Risk is reported to be
decreased by high fruit and vegetable consumption (Boyle et al, 1992).  This may explain
why the incidence of laryngeal tumours (Scott et al, 1998) and those arising at other
sites in the head and neck region have been found to be higher in socially deprived
areas in Scotland where the diet is poor (Harris et al, 1998).  Occupational risk factors
include nickel refining, textile refining, woodwork and exposure to asbestos.

Tumours arising in the buccal mucosa are exceptionally common in parts of South East
Asia, where the major aetiological factors are tobacco and betel (Merchant et al, 1986).
Cancer of the nasopharynx, which occurs commonly in South East Asia, has been
related aetiologically to infection with Epstein-Barr virus (Andersson-Anvert et al, 1978).

Currently around 1000 new cases of head and neck cancer are diagnosed in Scotland
each year.  There are two main groups (1) the oral cavity (ICD-9 141, 143-145), and (2)
the larynx (ICD-9 161).
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Oral Cavity 
Over 300 new cases of oral cancer are diagnosed each year in Scotland.  International
comparison of incidence, mortality and survival (Scottish Cancer Intelligence Unit, 2000)
show that in both sexes incidence and mortality rates in Scotland are among the highest
of the countries compared. Survival in Scotland falls in the middle range of international
rates.  Cancer Registration Statistics for Scotland during the period 1986-1995 show an
increasing incidence of oral cancer, with the age standardised rates increasing by 42.6%
in males, and 40.2% in females over these 10 years (Harris et al, 1998).  There is a clear
association with deprivation in both sexes.  Overall survival has not significantly altered in
the period 1971-1995, with five-year relative survival rates in 1991-95 of 43% in males
and 51% in females.  There appears to be a rather alarming change in the pattern of oral
cancer.  With regard to site, there is a reduction in the incidence of lip cancer but there is
an increase in tongue cancer in men and floor of mouth cancer in women.  The past fifty
years have seen an increase in incidence in females and an increased incidence in the
younger age group which may be cohort-based.  Of more concern is the increased
incidence of oral cancer in non-smokers and non-drinkers.

Survival from oral cancer is dependent on the stage of disease, with lymph node
metastasis a poor prognostic sign, diminishing survival by 50%.  There is also variation
according to the sub-site within the oral cavity, tongue cancers having the worst
prognosis.  Over the last three decades survival for patients with oral cancer at one year
appears to have increased slightly (see Table 1).  Survival five years after diagnosis,
however, appears to have declined. This may reflect changes over time towards a less
favourable case-mix, both in terms of the distribution of anatomical sub-sites of tumours,
and in terms of the proportion of patients from deprived areas (Macfarlane et al, 1996)
who tend to have a poorer prognosis. Macfarlane et al (1992) identified an increased
incidence of intra-oral carcinoma especially in younger age groups where there was a
fourfold increase.  Macfarlane et al (1987) and (1992) have also recorded reduced
survival rates for those with cancer of the tongue and oral cavity tumours in general. The
cohort effects may represent changes in lifestyle - smoking and alcohol consumption -
and possibly also an increase in social inequalities (Scott et al, 1998). 

Larynx
Cancer of the larynx is one of the less common cancers in Scotland, particularly
amongst females. Currently, about 300 new cases are diagnosed annually, of which
about 80% are in males (Scottish Cancer Intelligence Unit, 2000).  In comparison with
other countries, incidence, mortality and survival in Scotland falls within the middle range
of rates for males, as does mortality and survival rates for females. However, incidence in
females is higher in Scotland than in many other countries.  Incidence rates have been
increasing in Scotland recently by about 1.4% per year (Harris et al, 1998). By contrast,
incidence has remained stable in England and Wales (Coleman et al, 1999). Overall
incidence rates in Scotland were notably higher than in England and Wales, probably
reflecting differences in tobacco and alcohol use.
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Survival from cancer of the larynx varies according to the sub-site of the tumour.
Tumours of the glottis are more likely to present early with hoarseness, and tend to have
a better prognosis (Scott et al, 1998). Incidence, mortality and survival rates were
inversely associated with deprivation quintile.  Patients diagnosed with carcinoma of the
larynx in the late 1990s show a moderate increase in survival at one year compared to
those diagnosed in the early 1970s (p<0.01).  However, no significant increase has
occurred in survival at five years (see Table 1). Survival has decreased with increasing
age at diagnosis (p<0.05).  Scott et al (1998) reported an increased incidence in
carcinoma of the larynx over the period 1960-1994 (8/100,000 males; 2/100,000
females).  The results of analyses of cause-specific survival by health board of residence
show that the unadjusted five-year survival rates range between 55.1% and 84.0%.  The
adjusted hazard ratios in two health boards were marginally significantly higher than the
rate for the whole of Scotland, perhaps again reflecting differences in case-mix.

SYMPTOMS AND CLINICAL INVESTIGATION

It is well established that patients treated with early stage disease have better cure rates,
higher survival rates and a better quality of life.  GP awareness of common signs and
symptoms (see Table 2) and the guidelines for referral to Rapid Access Clinics (see Table
3) are likely to be important factors in improving survival from head and neck cancers.

Combined multi-disciplinary head and neck clinics are responsible for designing
treatment protocols for individual patients, and act as a means of urgent referral
pathways for other suspected head and neck malignancy e.g. cranioneuropathies, and
asymmetries of the head and neck associated with a mass.

Table 1: Change in relative survival at 1 and 5 years after diagnosis from
1971-75 to 1991-95
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Survival at one year

Period of diagnosis

Oral M 64.5 60.3 72.1 67.7 72.5 45.6 38.4 44.6 39.2 43.8 - 1.8 0.3 ( 0.8%) 
Cavity

F 72.0 74.0 76.9 73.9 72.1 52.5 57.2 56.6 50.8 53.0 0.5 0.2 ( 0.4%)

Larynx M 79.0 80.6 82.6 84.4 85.2 59.3 63.3 63.4 59.5 60.8 1.5 0.2 ( 0.4%) 

F 76.4 87.2 82.9 83.8 87.8 50.3 63.9 62.7 63.2 60.8 10.5 0.5 ( 1.1%)

Head & M 77.4 77.5 78.1 76.5 76.5 59.9 59.6 56.9 51.0 49.9 -10 -0.5 (-0.8%)
Neck

F 66.1 73.7 74.3 75.7 74.2 48.7 56.1 57.3 56.2 53.0 4.3 0.2 ( 0.4%)

Cancer Sex 71-75 76-80 81-85 86-90 91-95 71-75 76-80 81-85 86-90 91-95
Over

whole
period

Per
Year

Survival at five years

Period of diagnosis
Absolute change
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Table 2: Common signs and symptoms

Site Sign or symptom Proportion of patients

Larynx

Nasopharynx

Oral Cavity

Oropharynx

Hypopharynx

Nasal cavity

Salivary

Hoarseness

Pain on swallowing

Lump in neck

Nasal obstruction

Deafness

Post Nasal Discharge

Ulceration/Visible lesion

Pain

Lump in neck

Persistent sore throat

Lump in neck

Otalgia

Dysphagia

Otalgia

Hoarseness

Obstruction/Congestion

Bleeding

Lump in parotid/submandibular gland

Pain

Lump in neck

80-90%

30-40%

80-90%

60%

50%

40-50%

80%

60%

20-40%

90%

80%

80%

80%

60-70%

50%

80-90%

70-80%

90%

10-20%

10-20%



Table 3: Head and Neck cancer clinics – guidelines for referral to Rapid
Access Clinic

SCOPE FOR INTERVENTION

Primary prevention
Education may help reduce the incidence of these tumour types.  If the dangers of
smoking and excessive alcohol consumption can be brought home to the younger
members of society, modifying social behaviour, then the incidence of these tumours
could be reduced.  Unfortunately, many of those at risk are in social classes 5, 6 and 7.
The results of any health education program may be poor due to peer pressure, adult
example, and marketing tactics.  Efforts, however, must be made to reduce the use of
tobacco products and excessive alcohol consumption in the young.  

Early diagnosis
Screening
This is unlikely to be of value. The incidence of these tumours is relatively low and the
population at risk - social classes 5, 6, 7 - is less likely to respond to a screening
campaign.  Even in oral cancer where toludine blue mouth-wash can help identify oral
cancer, there is no evidence of its usefulness or cost effectiveness (Downer et al, 1997).
Targeted screening of the at risk population, ie smokers, heavy drinkers, and patients
over forty years of age, have similarly proven ineffective (Jullien et al, l995).

Education
Education programmes apply to the medical and dental professions as well as the
public.  By making GPs and GDPs more aware of the significance of the common
symptoms and the indications for referral to Rapid Access Clinics, it may be possible to
catch patients with an earlier stage of disease.
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Sign or symptom

Suspected

aerodigestive

tract cancer

Suspected

oral cancer

Hoarseness lasting > 3 weeks

Dysphagia persisting for 3 weeks

Unilateral nasal obstruction particularly when associated with purulent discharge

Unresolving masses for > 3 weeks

Ulceration of oral mucosa persisting > 3 weeks

Oral swellings persisting > 3 weeks

Unexplained tooth mobility not associated with periodontal disease

Dysplasia – all red or red and white patches of oral mucosa



Organisation of services
The heterogeneous nature of head and neck cancer has, to date, involved a wide variety
of health care professionals.  This has resulted in variations in treatment, and poorly
defined patient pathways for referral, investigation, diagnosis and treatment.  The
exceptions are patients with laryngeal tumours who present with voice changes and are
referred directly to hoarseness or dysphonia clinics.  This clearly defined patient pathway
may, in part, explain the improved survival of this group of patients.  

It is well established that patients treated for early tumours have a better prognosis than
those treated for advanced lesions.  If patients are unlikely to respond to health
promotional campaigns, or screening drives, then an alternative is to ensure that patients
are referred for assessment at an earlier stage. This could be achieved by operating
Rapid Access Clinics where GPs and dental surgeons could refer patients with certain
signs or symptoms for expert assessment.  This should be cost effective and may
reduce mortality and increase survival.  The practical feasibility of this approach has been
demonstrated in a well established neck lump clinic in Glasgow (Murray et al, 2000) and
a GP open access head and neck lump clinic has been operating in Edinburgh in the
last two years, with outcomes currently being evaluated through prospective audit.

Every effort should be made to set up dedicated site and disease specific
multidisciplinary head and neck cancer units throughout Scotland to improve the patient
pathway, ensure a uniformly high standard of treatment and develop cost effective and
efficient treatment protocols.  Such clinics already exist in Edinburgh combining the input
of oral and maxillofacial surgery, otolaryngology, plastic surgery and clinical oncology
together with pathology and diagnostic radiology.  This clinic provides services for Fife,
Lothians, Borders and Dumfries and Galloway.  Other smaller combined clinics exist
throughout Scotland.

Treatment
The current treatment for head and neck tumours comprises surgery, radiotherapy,
chemotherapy, or combinations of these three modalities.

Surgery
Surgery is the main treatment modality for oral cancer, advanced laryngopharyngeal
cancer, salivary gland tumours, and the majority of tumours involving the paranasal
sinuses.  Advances in access techniques, excisional techniques and, in particular,
reconstruction, have increased the role of this modality of treatment in head and neck
cancer.  For treatment to be effective, surgical excision of the tumour must be complete.
Incomplete or close margins are a poor prognostic indicator (Looser et al, 1978).
Surgery is also an effective modality for the treatment of regional node metastasis.  This
is the preferred option for N1 and N2 disease.  The management of the N0 neck in head
and neck cancer remains controversial.  Where the risk of lymph node metastasis from a
head and neck primary carcinoma, based on pathological features, sub-site and tumour
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type is thought to be in the region of 15 to 20%, the majority of centres throughout the
world use surgery to perform a neck dissection for staging purposes since the presence
or absence of lymph node metastasis is by far the most important prognostic indicator
(Haddadin et al, 1999).  This approach inevitably means that approximately 80% of
patients who prove to be pathologically N0 gain no benefit from this invasive surgical
approach.  An alternative currently under investigation to stage neck disease is sentinel
node biopsy.  This technique has the potential to upstage disease and therefore change
treatment protocols to the advantage of the patient, improve survival, and reduce
unnecessary neck dissection.

Surgery is frequently combined with radiotherapy as a combined modality treatment and
improved survival has been demonstrated using surgery and postoperative irradiation
(Vikram et al, 1980; Robertson et al, 1985).  To be effective, such postoperative
radiotherapy should be performed within four to six weeks following surgery.

Lasers may be used as a cutting tool in preference to the knife for excisional surgery, or
as an ablative tool, i.e. vaporisation or in combination with a photosensitiser as in
photodynamic therapy.  The recent Foscan study reported in Berlin in June 2000 (Fourth
European Congress of Oto-rhino-laryngology, in press) remains inconclusive.  Future
developments, however, in laser technology will increase its role in laryngeal surgery and
possibly in intralesional treatment of oral cancer.

Radiotherapy
Rather than decreasing as was predicted 10 years ago, radiotherapy is increasing in its
input to head and neck cancer.  It is used as a primary treatment for the majority of early
laryngeal tumours and other sub-sites and is used in combination with chemotherapy
and following surgery.  Forecasts suggest that radiotherapy will have an increasing use in
head and neck cancers over the next decade.

Over the past decade, radiotherapists have become aware that the scheduling of
radiotherapy - dose, fractionation, overall time of delivery of treatment - has a definite
effect on outcome (Fu et al, 2000; Dische et al, 1995; Ang, 1998; RCR, 1996).

A recent audit of the management of laryngeal tumours in Scotland (SORAG, 1997)
revealed that approximately 40% of patients with cancer of the larynx in Scotland were
treated sub-optimally between 1986 and 1990.  This is being rectified but will take some
time as radiotherapy facilities in the five Scottish Cancer Centres have to be upgraded.
Other studies carried out at international centres show that unscheduled gaps have a
detrimental effect on the outcome of all head and neck tumours, not just those arising in
the larynx.

Fu et al (2000), Ang (1998) and other groups have shown that new accelerated
fractionation treatment schedules improve outcome for patients with head and neck
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tumours and reduce mortality. At present, due to lack of radiotherapy facilities, these
treatment schedules cannot be used widely in Scotland.  As radiotherapy facilities and
staffing levels improve and the number of linear accelerators increases, Scottish centres
will be able to introduce these schedules and mortality should be reduced.  It is vital that
the Scottish cancer centres have adequate radiotherapy facilities to allow cancer patients
to receive appropriate radiotherapy in a relatively short period of time after diagnosis. 

Adjuvant therapy
Recent reviews (Munro, 1995) of trials using chemotherapy in the management of
patients with head and neck tumours suggest that chemotherapy given in association
with radiotherapy should improve overall response rates and hence reduce mortality.
Drugs such as Taxanes are being investigated to assess their value in the management
of head and neck tumours.  Chemotherapy is also used for palliation.  

A number of studies suggest that the degree of hypoxia that develops in the tissues of
head and neck tumours may have an effect on treatment outcome (Overgaard et al,
1998).  Studies are being carried out to evaluate nimorazole - a hypoxic radiation
sensitiser - and epoetin - an agent which increases the haemoglobin levels.  These may
lead to improved outcomes and reduced mortality rates. 

Other factors which may improve outcome are standardised treatment protocols
(Robertson et al, 2001) and early studies suggest improved outcomes.

Poor results with regard to survival and morbidity of advanced oral and oropharyngeal
cancer, particularly tongue cancer, has prompted a re-awakening of the interest in
interstitial radiotherapy (brachytherapy) within the United Kingdom as a treatment
modality with curative intent.  Initial results from Glasgow (Robertson et al, 2001) have
proved encouraging, both in terms of survival and particularly with regard to functional
recovery.  This mirrors the experience of several major head and neck units in France.
This technique, however, does require specialised equipment, facilities, and expertise.
Such radiotherapy treatment can be completed in six days as opposed to six weeks
using external beam radiotherapy, but does require inpatient stay in specialised facilities.

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential for changes in incidence and mortality in Scotland are
summarised in Table 4.  Screening for head and neck cancer is unlikely to have a
significant effect.  Survival in head and neck cancer is dependent on the stage and
extent of disease.  Education programmes aimed at increasing awareness of signs and
symptoms throughout the general population, medical, dental and other health care
workers, could result in early presentation.  Glottic cancer, for example, has a better
prognosis than other sites because it presents early with hoarseness (Scott et al, 1998)
and possibly because there are well-defined patient pathways.  Available data suggest
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that poor overall survival for Scottish head and neck cancer patients is related to the
advanced stage of disease at the time of presentation together with social deprivation.    

Table 4: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

The major impact will be in clearly defined clinical care pathways utilising head and neck
cancer units and rapid access clinics.  The potential benefits for early diagnosis can be
seen when comparing the survival rates of early laryngeal cancer (T1 N0 M0), presenting
with hoarseness (90% five year survival), with the overall survival of head and neck
cancer patients (less than 50% five year survival).  The major benefits in head and neck
cancer therefore are in re-directing patient pathways and improving treatment protocols
(see Table 5).
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Changes 1 in incidence Changes 1 in mortality

Prospects for

primary prevention

Screening of high

risk groups

General population

screening

Treatment –

Surgery

Treatment –

Radiotherapy

Treatment -

Chemotherapy

Reorganisation of

services

Effects of alcohol and tobacco

None

None

-

-

-

None

Unknown

-

-

Staging of regional neck nodes

could improve survival by 20 – 30%

Strict adherence to schedules and

protocols could improve survival by

5 – 10%

Up to 10% reduction (Munro, 1995)

Early diagnosis and treatment could

improve survival by up to 30%



Table 5: Implications for future priorities

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Historically, there has been an increase in the incidence of and mortality from head and
neck cancers since the early 1970s, which was steeper for males in whom head and
neck cancers are more common.   The trends up to 2014 (see Figure 2) show that the
increase in incidence is predicted to continue with a higher rate of increase for males.
Mortality is predicted to increase slightly for males and then level off.  No change in
mortality rates is predicted for females. 

For males, the burden of 668 cases per year during 1995-99 is predicted to increase to
990 cases per year, with an increase in deaths from 286 to 437.  For females, in whom
head and neck cancers are much less common, there is predicted to be a smaller
increase from 281 cases to 347 cases per year, and no change in mortality (see Table 6).  
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Treatment Protocols Strict adherence to schedules and protocols

Surgery and radiotherapy a) Surgical treatment (laser therapy) of early laryngeal cancer in place of radiotherapy

b) Neck dissection (sentinel node biopsy)

c) Improve assessment

d) Rehabilitation resources

Radiotherapy a) Improved delivery procedure - no unscheduled gaps

i) Better maintenance schedules

ii) Adequate linacs to transfer patients during breakdowns

iii) Support to minimise side effects

b) Combined with chemotherapy

c) New fractionation schedules

d) Higher doses with conformal radiotherapy

e) Hypoxic radio sensitisers (nimorazole)

f) Improved control of Haemoglobin level

g) Improved management of morbidity - oral hygiene, analgesics, prevention - amifostine



Figure 2: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply
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Table 6: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future).

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

CONCLUSIONS

The incidence of head and neck cancer is continuing to increase and the pattern of
disease appears to be changing.  Despite advances in surgery, radiotherapy and
chemotherapy, there has been no significant improvement in overall survival.  Relatively
poor outcomes for Scottish patients, when compared to other countries, can partly be
explained by case mix, deprivation and late presentation.   Screening is unlikely to be of
use in head and neck cancer, but education and reorganisation of head and neck cancer
services with clearly defined patient pathways should ensure that there are no delays in
assessment, diagnosis, and treatment.  Investment is required to restructure head and
neck cancer services in Scotland and improve facilities and availability within
radiotherapy institutes.

The priorities are:

• The setting up of designated multidisciplinary head and neck cancer units working as
a managed clinical network throughout Scotland.
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1990-41 No 582 224 246 114

1995-61 No 631 258 317 112

1995-9 No2 668 286 281 124 

Yes3 286 124

2000-4 No2 767 335 306 126 

Yes3 268 101

2005-9 No2 878 396 328 130 

Yes3 238 78

2010-14 No2 990 460 347 135

Yes3 276 81

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



• The development of clearly defined clinical care pathways for the sub-sites within
head and neck cancer and the utilisation of head and neck cancer units and rapid
access clinics.

• Improving facilities for radiotherapy to ensure compliance with protocols without
breaks in schedule or delays

• Encouraging audit throughout the managed clinical network towards clinical effective
treatment protocols

• Encouraging research and development into new treatment protocols including
synchronous chemoradiotherapy, variations in fractionation of radiotherapy, role of
radiosensitisers, combined modality treatment protocols, the role of surgery in early
laryngeal cancer and the role of sentinel node biopsy

Reorganisation and investment is required to restructure head and neck cancer services.
Improved access and faster turnaround time for imaging as part of head and neck
assessment will require further investment in CT and MRI scanning facilities.  Investment
in radiotherapy institutes is required to ensure adequate linacs to avoid delays and
breaks in scheduling which are so detrimental to patient outcome.  One Interstitial
Brachytherapy Centre for head and neck cancer should be established.
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INTRODUCTION

Oesophageal and gastric cancer usually present at an
advanced stage and have a poor prognosis, killing some
1600 Scots per year. Cancers of the oesophagus and
oesophagogastric (OG) junction are increasing (Macfarlane
and Boyle, 1994; Brewster et al, 2000) while cancer of the
stomach is on the decline. This review draws on ISD data
(Scottish Cancer Intelligence Unit, 2000) and projections, the
IARC World Cancer Report 2000, the Commissioner
Guidelines (COG) for upper gastrointestinal cancer for
England and Wales, early data from the population-based
prospective Scottish Audit of Gastric and Oesophageal
Cancer (SAGOC) together with a review of the current
literature.

By considering the epidemiology, aetiology and cell biology,
the current situation, future trends, the scope for and the
magnitude of a range of interventions, it is possible to
quantify the likely benefits. Although there is potential for
primary prevention over the next 5 to 10 years, earlier
diagnosis and implementation of current evidence-based
medicine could have a substantial impact on survival.  

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

Historically, these cancers have been split into oesophageal
cancer (Muñoz and Day, 1996) and gastric cancer (Nomura,
1996); for consideration of future trends and the effect of
interventions this division will be adhered to. However, in terms
of epidemiology, aetiology and molecular biology, there is
evidence that they should be considered as three categories:
oesophageal squamous cancer, adenocarcinoma of the
oesophagus together with cancer of the OG junction/cardia,
and cancer of the body and antrum of the stomach.  

Squamous oesophageal cancer
Squamous oesophageal cancer usually affects the middle
third of the oesophagus (Muñoz and Day, 1996).  In both
men and women, but especially men, the incidence is

CANCER SCENARIOS: OESOPHAGEAL AND STOMACH CANCERS 33



increasing in Scotland.  Two-thirds of the patients who get this disease are under 75; it is
associated with deprivation (McKinney et al, 1995; Brewster et al, 2000) and poor
nutrition; furthermore, tobacco and alcohol interact multiplicatively as risk factors.  Oil
workers and alcohol (whisky) distillery workers are two groups who have increased risk
(Kemp et al, 1992).  Squamous cell cancer follows a classical dysplasia/carcinoma
sequence.  Mutations have been identified in the p53 gene in 35%-70% of cancers, A-T
mutations associated with alcohol, G-T transversions associated with other aetiological
factors.  Mutation of p53 or p21 overexpression (an effector gene downstream from p53)
are poor prognostic factors. In some populations ALDH2 polymorphism (Japan),
CDKN1A polymorphism (India) the tylosis gene (17q25) and a range of other tumour
suppressor genes and oncogenes have been implicated.

Adenocarcinoma of the oesophagus/OG junction and cardia
For adenocarcinoma of the oesophagus (which affects the lower 1/3 of the oesophagus),
cancer at the OG junction and cancer of the cardia, the social class, ethnicity and the
age of the patients is similar, and the incidence is rising by up to 4.2% per annum in
Scotland, Europe and the United States (Hansson et al, 1993).  Unlike squamous
oesophageal cancer, the aetiological roles of alcohol and tobacco are much less marked
and there is no relationship to deprivation (Brewster et al, 2000).  However, gastro-
oesophageal reflux (which affects about 10% of the population) contributes to pre-
neoplastic intestinal metaplasia (Barrett’s oesophagus) which in turn results in 30-125
fold increased risk of adenocarcinoma with a male to female ratio of 7:1. To what extent
acid reflux (Seto and Kobori, 1993) or bile reflux (Bremner and Mason, 1993) is
responsible remains unclear; however, there has been a substantial increase in the
diagnosis of Barrett’s oesophagus in recent years (Prach et al, 1997).  Antireflux surgery
may be superior to pharmacological acid suppression in preventing complications in
patients with Barrett’s oesophagus (Attwood et al, 1992).  Unlike distal gastric cancer,
the link between some subtypes of H.pylori and cardia cancers suggests it may be, if
anything, protective rather than a causative agent (Blaser, 1998).  For adenocarcinoma,
p53 mutation occurs in 60% of high grade dysplasia immediately prior to progression to
invasive cancer as C to T mutations at CpG sites; the spectrum of mutations is similar in
adenocarcinomas of the lower oesophagus, OG junction and cardia, but distinct from
squamous carcinoma of the oesophagus (see above).  In addition, loss of tumour
suppressor genes on 16q, 4q, 5q, 17q; aberrant expression of cadherins, rab11 and
proteases may play a role in developing this cancer.  A GSTP1 polymorphism may be
linked to predisposition, while p53, HER2, vEGF and CCDN1 have all been used as
markers for this adenocarcinoma. Understanding changes at the molecular level may
lead to screening and diagnostic opportunities for these rapidly increasing cancers
(Jankowski et al, 2000).

Gastric cancer
In contrast to many types of cancer, gastric cancer has a falling incidence in the UK and
in Europe (Hansson et al, 1991), but still accounts for over 500,000 deaths worldwide
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(Nomura, 2000).  Certain sub-types of the H.pylori organism (EUROGAST Study Group,
1993; Blaser, 1998) and food-stuffs (smoked fish, high carbohydrates, high salt) appear
to be associated with the development of gastric cancer; in contrast vegetables, vitamin
A and C may be protective (Williams and Lloyd, 1990; Muir and Harvey, 1996). There are
links between the development of gastric cancer and deprivation (Brewster et al, 2000),
particularly deprivation in childhood, although deprivation does not appear to be strongly
associated with impaired survival (McKinney et al, 1995; Smith et al, 1998).  Occupation
(Smith et al, 1998; Sorahan et al, 1994; Nomura, 2000) and industrial/urban residence
(Williams and Lloyd, 1990) are linked to gastric cancer risk.  For the 95% of cancers of
the stomach which are adenocarcinomas (3% are lymphomas), atrophic gastritis,
pernicious anaemia and partial gastrectomy are linked to the subsequent development of
gastric cancer (Williams and Lloyd, 1990). Gastrin hyperstimulation, which may occur
secondary to the above conditions, may form a fertile field for p53 mutation, but also
provides opportunities for gastric cancer treatment. As for adenocarcinoma of the
oesophagus, smoking and alcohol do not appear to be important predisposing factors
for gastric cancer (McKinney et al, 1995).  However, there are clinical differences in
prognosis and surgical risks between proximal and distal gastric adenocarcinomas
(Rohde et al, 1991).

As elsewhere in the gastrointestinal tract, pre-cancerous lesions have been described,
including intestinal metaplasia and gastric polyps (particularly antral polyps >2cm in size).
In Scotland, 2% of patients admit to having a family history of gastric cancer  (SAGOC
audit) (compared with 10% often quoted in the literature) with E-cadherin mutation and
HNPCC probably the most important.  Loss of tumour suppressor gene function
particularly p53 and APC genes, HER2 amplification (Albino et al, 1995) and a role for
the MUC1 and MUC2 genes have been identified in gastric cancer. 

Survival
Survival for oesophageal and gastric cancer in Scotland (Scottish Cancer Intelligence
Unit, 2000), compared with average survival at 1 year and at 5 years in Europe (Berrino
et al, 1999) and North America (Reis et al, 2000), is comparatively poor but has
improved since the 1970s (see Table 1).   Survival is worse with increasing age, although
there seems to be little effect of gender in some series (Faivre et al, 1998). There has
been an improvement in survival over the past 20 years which may be attributable to
improved perioperative mortality (which has fallen from 15%, and is currently stable at
7% - Akoh et al, 1991; SAGOC audit data).
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Table 1: One and five year relative survival in Scotland compared to Europe
and USA

1 Survival for both sexes combined, with male- and female-specific estimates shown in the brackets

SYMPTOMS AND CLINICAL INVESTIGATION

The range of symptoms and their often non-specific nature, at least until these cancers
are well advanced, do not facilitate early diagnosis. Dysphagia, pain/heartburn and
weight loss are the most common symptoms in Scotland, each occurring in about a
third of patients; vomiting or symptomatic anaemia are also common presenting
symptoms.  Further detailed data will emerge from the SAGOC audit.  While clinical
examination may identify signs of more advanced oesophageal or gastric cancer, upper
gastrointestinal endoscopy and biopsy is currently used to diagnose 95% of these
cancers in Scotland.  Contrast swallow/meal is much less relied upon for diagnosis, but
may be useful in assessing resectability of oesophageal cancer.  A full blood count,
electrolytes, liver function tests and a chest radiograph are usually supplemented by CT
scanning for staging of the disease. Abdominal ultrasound, MRI scanning, endoscopic
ultrasound, PET scanning and bronchoscopy are comparatively little used for staging in
Scotland (SAGOC audit data).  Laparoscopy for lower third oesophageal and gastric
cancers is an integral part of the staging for potentially resectable disease, although
laparoscopic ultrasound appears to have little additional benefit.  

SCOPE FOR INTERVENTION

Primary prevention
While there is huge potential for primary prevention there is little likelihood that this will
influence the incidence or mortality from oesophageal, OG junction or gastric cardia cancer
over the next 10 years.  Diet, including the potential effects of fruit overriding the adverse
effects of alcohol and smoking, zinc and consumption of riboflavin, may all have a role to
play (Craddock, 1987).  Further reducing socioeconomic deprivation may have a significant
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Cancer

Oesophageal

Gastric

Region

Scotland (1991-95)

Scotland (1971-75)

USA (1989-95)

Europe (1985-89)

Scotland (1991-95)

Scotland (1971-75)

USA (1989-95)

Europe (1985-89)

1 year

26%

16%

40%

32%

27%

14%

46%

40%

5 years

8% (7-8%)1

5% (3-8%)1

13%

9%

11%

5%

19%

22%



effect for squamous oesophageal cancer.  Prevention or treatment of gastro-oesophageal
reflux disease may reduce the rise in lower oesophageal cancer; although there is probably
a greater than 10 year lead-time. There may be future prospects for chemoprevention of
oesophageal or gastric cancer using newer COX2 inhibitors. In contrast to more proximal
cancers, gastric body and antrum cancers have been declining in the West for several
decades, probably secondary to improved food hygiene and storage, a better diet and
less socio-economic deprivation, all of which should continue over the next decade.

Early diagnosis
Where we could influence the disease significantly is in the early diagnosis of these
cancers (Hallisey et al, 1990; Sue-Ling et al, 1992).  Firstly by improving public
awareness, but also awareness amongst general medical practitioners (with referral for
endoscopic investigation according to British Society of Gastroenterology guidelines).
Also in secondary care where patients may experience a delay in diagnosis (Martin et al,
1997). These are being quantified in the SAGOC audit, preliminary data from which
suggest over a third of patients had greater than 4 months of symptoms (weight loss,
dysphagia, or abdominal pain) prior to presentation. For the 600 patients with a delay in
diagnosis each year (SAGOC audit), if this delay were removed, a third of them might
then get curative treatment and an additional 70 of those 200 might survive 5 years.
This alone could improve the 5-year survival by about 4%.  Evidence in the
Commissioner Guidelines for England and Wales has suggested that we could improve
the 5-year survival by 10-20% with earlier diagnosis based on evidence from Japan,
USA and England (Sue-Ling et al, 1992; Martin et al, 1997).

Screening
While gastric cancer screening has been used to detect precancerous and early
cancerous lesions in Japan, given the lower and declining incidence of gastric cancer in
Scotland and the resource implications, such a programme seems unlikely here.
Surveillance for Barrett’s oesophagus remains a controversial area (Smith et al, 1999),
although recent data suggest that endoscopic surveillance in patients who would be fit
for surgery (McGarrity, 2000) or who have other risk factors, such as long segment
Barrett’s, stricture or ulceration, may be the appropriate groups to target (Macdonald et
al, 2000).  If dysplasia is present, surveillance according to the “Seattle protocol” with a
view to mucosal ablation or prophylactic oesophageal resection may be justified.  Where
open access endoscopy is available in the UK, there does appear to be increased
diagnosis of cancers at a much earlier stage. This also has potential, if guidelines such
as those from the British Society of Gastroenterology (BSG) can be instituted and
appropriate endoscopy services resourced, to reduce mortality.

Organisation of services
Developing the current structure of the multidisciplinary SAGOC group towards a
Scottish managed clinical network for oesophageal and gastric cancer, with regional
structures and enhanced input (including PAMs and patient representation), is very
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important. This multidisciplinary management team will allow the ongoing audit of written
protocols for the investigation and treatment of these patients, similar to the moves for
other cancer types led by the Clinical Standards Board for Scotland, and facilitate the
further development of service delivery and clinical trials.

By implementing current evidence available from the SAGOC audit, BSG guidelines,
Commissioner Guidelines (for England and Wales), Scottish Audit of Surgical Mortality
and published clinical trials, there is room for substantial improvement in prognosis.
However, this requires the timely availability of sufficient high quality investigative
hardware both diagnostic (particularly endoscopy including endoscopic ultrasound) and
therapeutic (LASER therapy and linear accelerators), together with the appropriate
human resources (particularly radiotherapy technical support, dietetic support and nurse
support) with which to operate.

Treatment
Surgery
Although the perioperative mortality for gastric and oesophageal cancer surgery appears
to have stabilised at 7% (SAGOC audit; Akoh et al, 1991), increased use of laparoscopy
for patients with OG junction or gastric cancer can reduce the open/shut or irresectable
laparotomy rate by up to 38% and improve selection of patients for resectional or
bypass surgery (Molloy et al, 1995); despite this, evidence from the SAGOC audit
suggests that some surgeons in Scotland are not using laparoscopy as part of their
diagnostic algorithm.  Unfortunately, although there is a decline in the incidence of
gastric cancer, this may not necessarily translate into any reduction in surgical workload
(Sedgwick and MacIntyre, 1991).  Placing an expandable metal stent across inoperable
(advanced) oesophageal or OG junction cancer can provide symptomatic relief; however,
such patients only have a 15% survival rate at 1 year.  In a non-randomised setting by
supplementing a stent with LASER/ chemotherapy/radiotherapy, 25% of patients are
alive after one year (SAGOC data) with some survivors to 18 months.  Presuming that
1000 of the 1700 patients diagnosed with oesophageal and gastric cancer per annum
have oesophageal or junctional cancer, for the 600 patients suitable for palliative
treatment with these modalities, such enhanced use of current therapies could represent
a difference between 90 patients alive versus 150 alive at one year. This alone could
improve the one-year survival from 26% to 32%.

Adjuvant therapy
The role of chemotherapy and radiotherapy in oesophageal and gastric cancer continues
to be the subject of therapeutic trials. The multimodality approach to these cancers
appears to provide better results than radiotherapy alone. In addition, alternative routes
of conventional therapy administration such as brachytherapy for oesophageal cancer
and intra-peritoneal therapy for gastric cancer may need to be revisited. Two recently
reported trials provide illustrations of how adopting current published evidence could
improve survival for both oesophageal and gastric cancer patients.
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The MRC supported OE02 trial of perioperative 5FU and cisplatin chemotherapy for
operable oesophageal cancer did not discriminate between squamous and
adenocarcinoma and did not discriminate between cardia, junctional and middle third
oesophagus sites.    However, if this perioperative regime were to be applied to the 300
of the 1000 oesophageal or cardia cancer patients who are operative candidates in
Scotland, one might expect a median survival increase of 4 months, and a 10%
improvement in survival from 35% to 45% at 2 years, based on preliminary data (Clark,
2000).

For gastric cancer, the US inter-group study INT-0116, examined a  range of stage Ib to
IV gastric cancer patients to whom post-operative 5FU and leucovorin and 4500cGy of
radiotherapy was given. While the evidence is again preliminary and the spectrum of
disease wide, for the 700 patients with gastric cancer we see in Scotland every year,
one could increase the median survival substantially, by 15 months (from 27 months to
42 months), in patients with gastric cancer (MacDonald et al, 2000).  Indeed this therapy
may now be considered standard treatment for gastric cancer in the USA.  Further
analysis of both OE02 and INT0116 should support the combined oncological approach
to oesophageal and gastric cancer; sadly, at present, these therapies are little used in
Scotland (SAGOC data).

Selection of which patients will respond to these types of oncological treatment may
soon be available.  p53 gene mutation is common in oesophageal and gastric cancer
and is a poor prognostic factor.  By using a functional assay for p53, such as the yeast
functional assay, to look at the p53 status in these cancers, preliminary data from
Dundee suggests that one can select the minority of such cancers, with normal
functioning p53 likely to respond well to radiotherapy or chemotherapy, and hence target
current therapeutic efforts to those who will benefit most. 

Preliminary studies, with taxanes for oesophageal and gastric cancer and with the anti-
erb2 humanised antibody Herceptin, suggest these treatments are likely to become
available in the near future, subject to financial constraints. Some more recent therapies,
such as metallo-proteinase inhibitors, may not find a niche for gastric cancer treatment
but anti-gastrin immunotherapy is currently the subject of international trials.
Photodynamic therapy may have a role in the treatment of oesophageal cancer, and p53
gene therapy (for the majority of gastric and oesophageal cancers with p53 mutation) is
also under active investigation. 

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and changes in mortality are summarised
in Table 2.
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Table 2: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented  during the period up

to 2010
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Other

Treatment of GORD

Reduce smoking/alcohol intake

Treatment of H pylori

Improved diet

Improved food storage

Increasing incidence of Barrett’s

oesophagus – dysplasia 

FAP/HNPCC/E cadherin 

mutation detection (gene tests)

Not applicable in UK

Quality assurance for surgical

resections

Specialisation of surgical

expertise. Sufficient HDU/ITU

resource provision

Chemotherapy (OE02) for

operable oesophageal cancer

Chemoradiotherapy (Int 0116)

for gastric cancer (stage Ib-IV)

Stent/LASER/Radiotherapy/

Chemotherapy combinations

Improved selection of patients according to

likelihood of treatment response

Propagation of national Managed Clinical

Networks + guidelines + trial development

Novel therapies

Antigastrin immunotherapy

“anti p53” therapies

Unlikely in next 10 years

? Effects already maximal

Any effect on mortality may be reduced by

mortality due to treatments used but 

relatively small numbers of patients

Open access endoscopy to detect early

disease may give 4% - 20% improvement

Potential to reduce mortality from 7%

to 4% in next decade 

Increase median survival by 4 months for

operable oesophageal cancer, 10% 

increase in survival at 2 years

Increase median survival by 15 months

Increase survival (at 1 year) by 10% for late

stage disease

Survival benefits at present uncertain;

improved resource utilisation and quality 

of life issues.

Quality of service in addition to survival may

be improved in nextdecade over and above

the estimatescited.

Survival benefits at present uncertain;

likely to be quantified by 2010.

Changes1 in incidence Changes1 in mortality 

}



ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Using the models generated from the trend data (1960-1994), predicted numbers of
cases and mortality for oesophageal cancer and gastric cancer are shown (see Tables 3
and 4) based on the models proposed as part of scenario planning.  Graphic illustrations
of predicted incidence and mortality for oesophageal cancer in males and females (see
Figure 1) clearly show the expected rise in incidence and mortality for both sexes. For
gastric cancer, the declining incidence and mortality is more dramatic for men (for whom
it is currently more common) than the comparable figures for women (see Figure 2).
Based on current evidence, both oesophageal and gastric cancer will remain as
commonly fatal cancers with the incidence only just greater than the mortality. The
challenge is to improve the mortality on a background of rising (oesophageal cancer) or
falling (gastric cancer) incidence.

Table 3: Predicted numbers of cases and deaths for oesophageal cancer
(ages 35+)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)
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1990-41 No 389 388 322 302

1995-61 No 460 631 337 310

1995-9 No2 445 459 364 340 

Yes3 459 340

2000-4 No2 519 530 404 362 

Yes3 461 315

2005-9 No2 612 606 453 398 

Yes3 449 295

2010-14 No2 728 678 514 438

Yes3 501 324

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



CURRENT SITUATION

Sixty per cent of the cancers which were picked up in the SAGOC audit were in the
oesophagus, OG junction and cardia, regions that are increasing in incidence perhaps at
a rate as high as 4.2% per annum.  What the audit set out to do was identify variations
in practice, investigation and treatment; these data will be reported in late 2001.

Table 4: Predicted numbers of cases and deaths for Gastric cancer (ages 35+)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence  (no estimates are given if changes are not

expected)

CONCLUSION

Over the next five years we should aim to improve one year survival from 20% up to
40%, and five year survival from 7–10% up to 20%. This would simply improve survival
for patients with oesophageal or gastric cancer in Scotland to that which pertains to
Europe and the US at present. These improved survival rates are achievable through
better organisation of cancer services, patient and professional education and the use of
current published medical evidence in our clinical practice. There are resource
implications (both human and fiscal) which would be required to reduce the annual death
toll of 1600 Scots from oesophageal and gastric cancer to significantly lower levels by
2010.  Additionally, the anticipated increase in the numbers of patients with oesophageal
cancer will have important implications for planning services.  
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1990-41 No 629 467 432 342

1995-61 No 580 401 405 323

1995-9 No2 556 410 386 321 

Yes3 410 321

2000-4 No2 477 355 324 273 

Yes3 309 237

2005-10 No2 407 306 266 231 

Yes3 227 171

2010-14 No2 348 267 227 202

Yes3 197 150

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females: Oesophageal
cancer

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply
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Figure 2: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females: Gastric cancer

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected) 

3. Present (1985-94) age–specific rates apply
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INTRODUCTION

Colorectal cancer is a common fatal malignancy, being
second only to lung cancer as a cause of cancer death in
Scotland in the combined male and female population
(Harris et al, 1998).  In 1995-96 there were 3410 incident
cases and 1741 related deaths in Scotland, with
approximately a 1:1 male to female ratio for both incidence
and death. The peak age distribution of incident cases is 70-
74 years, but the highest age-specific rates are in the oldest
age groups. Although Scotland is a high incidence country,
there is cause for optimism that effective strategies could be
developed to combat the disease.  Progress will require co-
ordinated multidisciplinary approaches to improving
diagnosis, staging and treatment, informed by data from
basic and translational research. This chapter outlines the
complex issues that currently pose a challenge to progress
in reduction of both incidence and mortality.  

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

The environment and genetic susceptibility both make an
important contribution to the incidence of colorectal cancer
(Lichtenstein et al, 2000).  Evidence from a number of
sources indicates that around two thirds of the incidence
can be accounted for solely by the environment and the
remaining one third by genetic susceptibility (Lichtenstein et
al, 2000).    The environmental influences are primarily
dietary, with the constituents responsible in a  “Western” diet
being high animal fat, red meat, total energy, and low in
green vegetables and fibre (Bingham, 2000).  However, the
relative contribution and interactions of these constituents
remains to be fully elucidated, due to discrepancies between
cohort and case-control studies, as well as to the
confounding effects of common ingestion of varying
amounts of each dietary constituent being studied. Hence,
although somewhat disappointing, it is not unexpected that
recent clinical intervention studies (Schatzkin et al, 2000;
Alberts et al, 2000) as well as observational cohort studies
(Fuchs et al, 1999) have shown no benefit in polyp
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prevention related to diet. Furthermore, studies of genetically predisposed animals and
also experimental carcinogenesis models have shown no protective effect of reduced fat
or of dietary supplements of fruit and vegetables (van Kranen et al, 1998; Rijnkels et al,
1998).  Nonetheless, polyp prevention may not be the best endpoint and so results of
further clinical studies with cancer prevention as the endpoint are awaited.  

SYMPTOMS AND CLINICAL INVESTIGATION

It is a characteristic of colorectal cancer that it remains clinically asymptomatic until
relatively late in the natural history of the disease (Mulcahy et al, 1997).  Furthermore,
symptoms due to benign conditions which do not require specific treatment, but could
be attributable to colorectal cancer, are highly prevalent in the general population.
Hence, large numbers of people require invasive investigation to exclude the diagnosis
of colorectal cancer. This has major resource implications when considering
approaches to identify early cancer using rapid investigation of symptoms.  In addition,
currently available modalities for colonic investigation, such as colonoscopy and barium
enema, are not only invasive, but are also labour and resource intensive. Thus, resource
and risk associated with investigation are directed at people with symptoms, most of
whom do not actually have colorectal cancer or disease requiring specific clinical
intervention.

Pre-malignant lesions
Most colorectal cancers probably arise from pre-existing adenomatous polyps and so
identification and removal of such polyps seems a rational approach to reducing cancer
incidence.  There are some observational comparative data to support this notion with a
minimal estimate of 66% reduction in colorectal cancer incidence attributable to
colonoscopic polypectomy (Winawer et al, 1993).  However, adenomatous polyps are
highly prevalent within the general population with 14% of autopsy series from Aberdeen
harbouring adenomas >7mm, while around 50% of the over 75 year old population had
polyps (Clark et al, 1985).  However, most adenomas do not progress to malignancy
within a human lifespan, thereby layering on further complexity when devising strategies
aimed at reducing incidence by polypectomy. Unfortunately, most polyps are
asymptomatic and so their identification requires investigation of healthy people, which
effectively implies introduction of screening.

SCOPE FOR INTERVENTION

Primary prevention
Established factors associated with modifying colorectal cancer risk comprise lack of
exercise, beer drinking in males (rectal cancer) and smoking in males. The relative risks
for these effects are quite small, being of the order of 1.5-2.5.  It seems unlikely that risk
factor intervention would make a significant impact on overall cancer for two reasons.
Firstly, the contribution of these factors to overall incidence are likely to be small and may
actually serve to bring forward the age-of-onset, rather than increase the incidence of
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the population as a whole.  Secondly, modification of risk factors, which are so
engrained in the British way of life, represents such a major sociological and political
challenge, that significant progress may take generations to achieve. Furthermore, it is
likely that dietary risk factors exert an effect on risk over long periods of 10 or more
years. Hence, it seems highly unlikely that addressing dietary risk factors in the whole
population will make any appreciable difference to disease incidence over a 10-year
period. One area that might influence disease incidence in females leads from
observations that hormone replacement therapy appears to be protective against
colorectal cancer.  The pooled relative risk from all larger studies has been calculated as
0.8 (Beral et al, 1999).  With increasing use of HRT over the last 10 years or so, it is
conceivable that there may be a small effect on female incidence, although this is likely
to be a marginal effect.

Chemoprevention offers real potential for incidence reduction, and there is already
substantial evidence that aspirin and related non-steroidal anti-inflammatory drugs
(NSAIDs) have a protective effect against colorectal cancer (Shiff and Rigas, 1999).
Cohort and case-control studies indicate that NSAIDs reduce the risk by 40-50% (Thun
et al, 1991; Smalley et al, 1999; Giovannucci et al, 1995).  NSAIDs have been shown to
inhibit tumour growth in experimental systems and also to reduce adenoma counts in
humans with familial adenomatous polyposis (Giardiello et al, 1993).  Indeed, a number
of NSAIDs are licensed by the Federal Drugs Agency in the US for polyp reduction in
Familial Adenomatous Polyposis (FAP).  However, toxicity related to cerebral and GI
haemorrhage limit the potential use of these agents.  Nonetheless, there are studies
underway of secondary prevention of adenomatous polyps and also as an adjuvant
therapy in established cancer.  There is much research interest in understanding the
mechanisms by which NSAIDs exert their chemopreventative effects, in order to allow
development of safer alternatives. However, results of prevention trials are awaited and
so it would not be appropriate to project possible effects of aspirin on overall incidence
until further data are available. 

Early diagnosis
It is estimated from twin studies that genetic susceptibility contributes 35% of the
incidence of large bowel cancer and there is clear evidence for genetic-environmental
interaction (Lichtenstein et al, 2000).  The autosomal dominant genetic syndromes,
familial adenomatous polyposis and hereditary non-polyposis colorectal cancer (HNPCC)
account for 2-5% of all cases of colorectal cancer (Dunlop, 1992) although affected
individuals are young and so potential life-years lost are disproportionately high in
comparison to the generality of colorectal cancer. Around 2-3% of all cases of colorectal
cancer arise due to mutations in DNA mismatch repair genes (Dunlop et al, 2000),  the
genes associated with HNPCC.  There are an estimated 1600-2000 gene carriers
currently alive in Scotland (Dunlop et al, 2000).   The peak age of onset of cancer in
such gene carriers is 40-60 years.  Hence, although the total reduction in overall
colorectal cancer mortality would be small if all cancer could be prevented in such a

CANCER SCENARIOS: COLORECTAL CANCER 51



predisposed group, the age distribution means that identification and surveillance could
result in substantial saving in life years.  Systematic strategies to identify such mutation
carriers are already being investigated and are likely to have an effect on cancer mortality
within 10 years. 

Chronic inflammatory bowel diseases, including ulcerative colitis and Crohn’s disease,
are associated with substantially elevated risks. Overall standardised incidence ratios
(SIRs) range from 4.1-5.7 in large cohort studies (Ekbom et al, 1990; Karlen et al,
1999).  In the subset of patients with most extensive disease (pan-colitis) the SIR was
14.8, while the absolute risk of colorectal cancer 35 years after diagnosis was 30% for
patients with pancolitis and 40% for those diagnosed when aged <15 years of age. The
relative risk of colorectal cancer in Crohn’s disease is lower, being of the order of 2.5.
Because the numbers of colorectal cancers arising in association with these
inflammatory bowel diseases are small in Scotland, the effect of any changes in
surveillance and prophylactic surgery is unlikely to have a significant effect on overall
colorectal cancer incidence. Furthermore, previous studies of colonoscopic surveillance
have shown no apparent benefit in cancer survival, again emphasising that changes in
incidence due to improved cancer surveillance of patients with inflammatory bowel
disease is unlikely to make any appreciable impact on cancer mortality. 

Screening
The rationale for screening of the general population and of high risk groups is based on
the lack of symptoms until advanced tumour stage, which is manifest in the current
stage distribution of cancer at presentation. Combined with evidence that detection and
removal of asymptomatic adenomatous polyps might reduce incidence, this provides
compelling impetus for screening as the best means to access tumours at a curable
stage. There is even the hope of primary prevention by polypectomy.  

Three randomised controlled trials of faecal occult blood test (FOBT) have shown survival
benefit for people offered FOBT screening (Towler et al, 1998).  A pilot FOBT screening
scheme is currently underway in the UK to determine whether such an approach could
be implemented in the setting of the NHS. Although FOBT screening does result in
improved survival of 16% in the group offered screening (23% of those who actually
undertook the test), there are no data showing that population screening reduces
colorectal cancer incidence over a 10 year period. Nonetheless, there remains the
possibility that FOBT followed by polypectomy might eventually result in a lower
incidence. One US randomised trial has shown a reduction in cancer incidence of
around 20% after an 18-year period (Mandel et al, 2000). The observed reduction in
incidence is presumably due to increased exposure of the screened group to
polypectomy during colonoscopy for a positive FOBT.

FOBT has only been evaluated in the age group 50-74 years and the UK pilots have
restricted the age group further to 50-69 years. The age group 50-74 years accounts for
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~50% of all cancer cases and so, applying data from combined data (Towler et al, 1998),
the maximum benefit in overall survival achievable is 8%.  This estimate takes into
account compliance and the accuracy of the FOB test itself.  Thus, while this level of
improvement in survival is certainly worthwhile, most patients who currently succumb to
large bowel cancer will continue to do so, even if population FOBT screening is
introduced. Hence, the term population screening restricted by age group is perhaps
somewhat unfortunate, since it implies that the population will be screened and cancer
detected early when clearly this is not the case for most cancer cases. Consideration
should be given to the study of screening modalities in the elderly population.  However,
assessment of the value of such an approach would be confounded by competing
causes of death, as well as the likelihood of low compliance in such elderly individuals.

Surveillance of high risk groups defined by family history or by molecular genetic tests is
likely to account for a small, but worthwhile, incremental improvement in overall mortality
(Jarvinen et al, 1995).  The likely order of magnitude is 2-3% overall reduction, but this is
complementary to the approach of population screening since they target different age
groups. 

Organisation of services
Population and high risk screening will generate a requirement for a significant increase
in endoscopy use. Even using barium enema or CT colography would not alter this
requirement, since endoscopic removal of benign polyps is the end point for any of these
non-invasive techniques. Centralisation of the surgical management of colorectal cancer
and the formation of sufficient critical mass of specialist surgeons in such centres to
allow 24-hour emergency cover for colorectal emergencies, is a pressing need. There is
clear evidence for an improved outcome, stage for stage, in patients admitted for
elective surgery versus those admitted as an emergency with a complication of
colorectal cancer (Anderson et al, 1992).  Improved peri-operative management for
patients after major colorectal surgery requires the urgent provision of more Surgical
High Dependency Unit and Intensive Therapy Unit beds aligned with such major centres.
There is little point in centralising major colorectal surgery away from the beds that
provide part of the beneficial effect of specialisation.  

The use of pre-operative radiotherapy is already increasing and there is a pressing need
for more access to radiotherapy machines and associated imaging resources, including
CT and MRI scanners.  Major colorectal cancer centres should be equipped with the
necessary cross-sectional imaging so that patients can be properly assessed as to their
need for pre-operative radiotherapy and also so that operations can be planned. This
again emphasises the need for centralisation of resource across Scotland, with the
resource being deployed where the patients are managed, namely in large regional
centres with an integrated and multidisciplinary approach to care of patients with
colorectal cancer.  
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It is important to stress that the introduction of screening is aimed at detection of early
tumours, for which there is no evidence of benefit for adjuvant chemotherapy or
radiotherapy.  Hence, as the stage distribution of tumours is shifted by early diagnosis,
there will be a concomitant reduction in the contribution of chemotherapy and
radiotherapy to mortality improvements. Nonetheless, for the foreseeable future, such
therapy is likely to continue to play a significant role in the management of colorectal
cancer patients. 

Treatment
Currently available treatment is focused on surgical resection as the primary curative
modality, with endoscopic resection representing another approach for the small minority
of early malignant polyp-cancers. The proportion of curative operations ranges from 50-
65% in audits from Grampian region, East Glasgow and Lothian Region (Clarke et al,
1980; McArdle, 2000; Lothian Audit, 1995).  Curative resection refers to the situation
where there appears to be no demonstrable tumour left at the end of the surgical
procedure.  The survival rate following curative operation is 75% (Clarke et al, 1980).
However, overall cure rates are primarily determined by tumour stage at clinical
presentation. Dukes’ stage remains a useful predictor of outcome with 5 year survival for
Dukes’ A, B, C & D being 85%, 65%, 40% and <5% respectively (Mulcahy and
O’Donoghue, 1997).   Published data from Lothian (Lothian Audit, 1995) indicate that the
respective proportion of tumours within each stage is 9%, 43%, 31% and 17%, with
similar figures reported in other audits (McArdle et al, 1990; Mella et al, 1997).  These
data emphasise the pressing need to detect more early stage tumours (Dukes’ A and B)
since, at clinical presentation, half of tumours have already metastasised to lymph nodes
or beyond.  Survival is also substantially influenced by the presence of superadded
complications, such as obstruction and perforation, which are more commonly
associated with advanced tumours. This is especially pertinent since 20-25% of patients
with colorectal cancer present as an emergency (Clarke et al, 1980; McArdle et al, 1990;
Lothian Audit, 1995).

Surgery 
There has been a sense for decades that some surgeons are “better” than others and
there is growing evidence that this might be the case. There are wide variations in the
rate of “curative” resection, colostomy formation, local recurrence rate, perioperative
mortality and cancer survival between surgeons (McArdle, 2000; Lothian Audit, 1995;
Mella et al, 1997).   This may be an effect of caseload and/or specialisation but could
also be due to case mix rather than any intrinsic ability of the surgeon or the hospital in
which he/she works.  Nonetheless, it seems highly likely that the polarisation of caseload
to a small number of high volume surgeons could result in a worthwhile reduction in
cancer mortality as well as in morbidity.  In one large Canadian study, the effect of
surgeon related variables could account for 10-30% of mortality differences (Porter et al,
1998).  This is supported by studies on the effect of specialisation in Germany (McArdle,
2000).  Hence a realistic expectation might be for around a 10% reduction in mortality
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over 10 years, consequent upon improved training and centralising surgery to a few
surgeons working closely in a multidisciplinary team with medical and radiation
oncologists. Another key element of centralisation of comprehensive colorectal cancer
management is that it enhances opportunity for clinical governance as well as affording
clinical interaction between colleagues managing complex major surgery.

It is clear that there are substantial, and statistically significant, differences in survival
from colorectal cancer between regions in Scotland (Scottish Cancer Intelligence Unit,
2000).  It is highly unlikely that these effects relate solely to surgical technique, but likely
they do reflect differences in case-mix, surgical strategy combined with sociological and
demographic factors, overall health provision, as well as operational issues in the delivery
of cancer care in different regions. If the best outcomes could be achieved by all, there
could be as much as a 10-15% reduction in overall mortality. 

Adjuvant therapy 
There is evidence that combining adjuvant therapy to curative surgery can provide
worthwhile improvements in survival. There has been widespread application of adjuvant
chemotherapy in Scotland over the last 5-10 years, and so use of chemotherapy is
already partially represented in the overall mortality figures for colorectal cancer.
However, use of adjuvant chemotherapy has been much more systematic over the last
3-4 years, and so it is possible that there could be an appreciable mortality reduction as
a consequence of this change in management once the more recent relevant mortality
data mature. The evidence for benefit of adjuvant chemotherapy is restricted to patients
with Dukes’ C cancers who undergo curative resection (Moertel et al, 1990; Moertel et
al, 1995).  In a Glasgow audit, only 22% of patients underwent curative resection for
Dukes’ C cancer (McArdle, 2000) and 33% survived 5 years.  Hence, although
chemotherapy imparts a 33% reduction in death rate, the absolute reduction in cancer
mortality could only account for a 5% reduction at most.  Furthermore, patients over 80
years of age are frequently not offered adjuvant chemotherapy, and around 25% of
patients aged <80 years have significant cardiac co-morbidity that precludes
chemotherapy. Thus the net effect is to reduce the practical benefit that chemotherapy
might impart to 2-3% reduction in overall mortality.  

In combination with curative surgery, adjuvant radiotherapy for rectal cancer imparts
~30% reduction in both local recurrence rate and in mortality (Krook et al, 1991).
Although some centres use radiotherapy for all rectal cancers, most specialist centres
only use pre-operative radiotherapy for fixed tumours, tethered tumours or very low
lesions just above the anal sphincter. Thus, like chemotherapy, radiotherapy is only
relevant for a subset of patients and is likely to result in around a 1-2% reduction in
mortality from colon and rectal cancer combined.  Use of peri-operative radiotherapy has
been sporadic until recently and so its widespread use more recently is likely to produce
real, although small, improvements in survival in the coming years. However, there is
increasing need for radiotherapy equipment which is under increasing pressure.
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FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 1.
For the foreseeable future there seems to be little realistic hope of an appreciable effect
of primary prevention strategies successfully lowering colorectal cancer incidence.
However, it is conceivable that cancer may be reduced without an associated reduction
in adenoma formation. The results of further studies are awaited to be able to address
this issue. There is evidence that primary prevention by prophylactic surgery and
polypectomy in high risk groups might be able to reduce incidence, particularly in the
HNPCC syndrome (Jarvinen et al, 1995).  However, the effect is likely to be marginal on
overall cancer mortality, accounting for perhaps a reduction of around 1% in incidence
within 10 years.  

Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Prophylactic surgery and polypectomy in high

risk groups may reduce incidence by 1%

Minimal effect

Unknown effect

N/A

N/A

N/A

Prophylactic surgery and polypectomy in high

risk groups may reduce mortality by 0.5%

May reduce mortality by 1-2%

May reduce mortality by up to 16% for 55-69

year olds, and 8% for 50-54 and 70-74 year

olds

Improved training and centralisation

of surgery to a few surgeons working in 

multi-disciplinary teams may reduce 

mortality by 10%

Increased used of adjuvant

radiotherapy may reduce mortality

by 1-2%

Systematic use of adjuvant chemotherapy

over the last 3-4 years (not covered in the

prediction) should reduce mortality by 2-3%

See surgery section above

Changes1 in incidence Changes1 in mortality 



There are a number of potential factors which might impact on the projections, including
improved delivery of surgery, adjuvant chemotherapy and radiotherapy. If systematic
population-based FOBT screening was rolled out, this would also likely influence mortality.
However, there is an interaction between the potential beneficial effects of screening and
those of adjuvant therapy.  This effect tends to abrogate the potential benefit from
adjuvant therapy.  Screening results in stage shift to less advanced tumours (eg Dukes’
stage A and B), for which there is no good evidence that adjuvant therapy imparts benefit.

Early detection of malignant tumours and radical surgery supported by adjuvant therapy
is the key to achieving mortality reduction within the foreseeable future. This could be
achieved by a combination of population and “high risk group” screening, early
investigation of symptoms before complications develop, and centralisation of colorectal
cancer surgery and management into the hands of a few surgeons who are part of a
multidisciplinary team. The potential contribution to mortality reduction by each of these
elements is discussed in the relevant sections above, but, overall, it seems reasonable to
expect that a combination of incremental improvements in the reduction in the cancer
mortality rate by these approaches is likely to be around 15% over 10 years.  However,
as disease incidence increases, it may well be that the total number of deaths remains
static. Hence, it is possible that there would be no net change in the overall death rate in
the population as a whole.  

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Extrapolating current time trends in incidence and mortality, and taking into account age-
specific demographic changes, allows estimation of future incidence and mortality.  If
present trends apply, it appears that incidence of colorectal cancer will remain constant
over the next 10 years (see Figure 1).  
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Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)
2. Present Trends are modified by plausible future changes based on current evidence 
3. Present (1985-94) age–specific rates apply

There will be a marginal decrease in mortality in males but a larger reduction in mortality
in females.  The expected numbers that this represents are shown in Table 2.   If the
present rates (1960-1994) are projected into the future then the number of cases per
year is set to rise from 1707 in 1995-6 to 2061 in 2010-14 in males, and from 1683 to
1847 in females.  For deaths, a rise from 842 to 1044 is predicted in males, and a
decrease from 892 to 816 in females.  

If the future prospects, as indicated in Table 1, are added to these predictions then
incidence could increase to 2295 and 2003 cases per year in males and females
respectively, with deaths decreasing to 888 and 693 per year in males and females
respectively.
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Table 2: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths
2 Present trends apply (ie if the best statistical model for historical data is projected into the future)
3 Present Trends are modified by plausible future changes based on current evidence 

CONCLUSIONS

Bowel cancer is a major public health problem and a common cause of cancer related
death.  It is highly prevalent and consumes considerable resources, but it can be tackled
by a concerted multidisciplinary approach, with each component contributing
incremental improvements in outcome.  It seems highly unlikely that these interventions
will result in an appreciable improvement in disease incidence, since aetiology is yet to
be fully defined and population screening has not shown any reduction in incidence over
10-20 years of study.  Nonetheless, dietary changes and risk modification could have an
impact over 10-20 years, although this is largely speculation. The best short-term aim
would be rationalisation of cancer surgery to small numbers of surgeons working closely
with a multidisciplinary team of medical and radiation oncologists to target adjuvant
therapy to those who need it. The centralisation of service delivery would enhance
clinical governance, help reduce heterogeneity of outcomes and also counter the
confounding effect of case mix.  Screening of the population would best be targeted at
the elderly although randomised studies have not addressed such age groups and the
current pilots are age restricted at 70 years, despite the fact that most incident cases
arise after this age.  Although FOBT at 69 years may impart a reduction in cancer
mortality in the 70-75 year old age group in time, this effect is likely to be marginal.  
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1990-41 No 1558 850 1605 900

1995-61 No 1707 842 1683 892

1995-9 No2 1682 904 1701 919 

Yes3 1682 904 1701 919

2000-4 No2 1792 941 1724 873 

Yes3 1892 800 1794 742

2005-9 No2 1918 989 1770 837 

Yes3 2126 841 1915 712

2010-14 No2 2061 1044 1847 816

Yes3 2295 888 2003 693

Time
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Screening of high risk groups will have a small effect on overall cancer incidence and
might reduce overall mortality by around 2%. However, population screening and high
risk screening are complementary since they target different subsets of the population
and so are likely to provide additive benefits in survival.  Overall, a coherent strategy of
early investigation of symptoms, screening and centralised delivery of specialist
multidisciplinary cancer management is likely to deliver real and worthwhile
improvements in cancer survival even within a 10 year time frame. 
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INTRODUCTION

Lung cancer remains the commonest and most lethal
cancer in Scotland.  Although the incidence of lung cancer
in males has peaked, in females it is continuing to rise.
There are over 4500 new cases diagnosed each year
(Information and Statistics Division, 2000) and, in 1998,
there were 3948 registered deaths (Registrar General for
Scotland, 1999). The survival from lung cancer remains very
poor and has not changed during the last 25 years.  Fifty
per cent of patients are dead within 4 months of the
diagnosis with more than 80% of patients dead at one year
and only 6% of lung cancer patients alive at 5 years
(Scottish Cancer Intelligence Unit, 2000).  Almost all these
surviving patients have been treated with curative surgery.  

Scotland leads the international tables in both incidence and
mortality. This has been due, historically, to a high
prevalence of smoking, perhaps coupled with poor diet and
some industrial exposures.  Survival from lung cancer is poor
in Scotland when compared internationally, and factors that
may account for this include: 

• Late presentation
• More co-morbidity
• Different tumour biology/behaviour
• Delays in investigation
• Delays in treatment
• Lack of speciality working
• Lack of access to specialist advice and treatment
• Under-treatment/therapeutic nihilism
• More accurate cancer registration data

It seems unlikely that more accurate cancer registration data
can explain the significant differences.  Similarly, it is extremely
unlikely that patients in Scotland have different tumour
biology/behaviour.  More co-morbidity may be a consideration
but has not been systematically evaluated in international
comparisons.  There is some evidence for late presentation
and clear evidence for delays in investigation and treatment.  
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Recent international comparisons suggest poor access to specialist care and treatment
(Janssen-Heijnen et al, 1998) in Scotland, and this has been confirmed by a population-
based audit of all Scottish lung cancer patients diagnosed in 1995 (Gregor et al, 2001).

EPIDEMIOLOGY, AETIOLOGY AND PATHOLOGY/CELL BIOLOGY

Two important studies reported in the 1950s clearly established the link between the
incidence of lung cancer and smoking.  The first study by Doll and Hill used population
groups of male British doctors (Doll and Hill, 1952) and the second study was an
American study (Levin et al, 1950).  Tobacco smoke contains over 3000 different
chemicals including polynuclear aromatic hydrocarbons, nitrosamines, aromatic amines
and other organic and inorganic compounds.  Tobacco is the most important cause of
lung cancer and it has been estimated that 90% of cases of lung cancer in westernised
countries are related to tobacco smoke.  The use of cigarettes carries a significantly
greater risk of developing lung cancer as does inhaling the smoke, taking more
inhalations from each cigarette, retaining the cigarette in the mouth between inhalations
and re-lighting half smoked cigarettes.  The age of starting cigarette smoking, the
duration of smoking and the nicotine content of the cigarettes are all important factors.  

Exposure to known occupational carcinogens, including asbestos, radon, chromium,
nickel and inorganic arsenic compounds, increase the risk of lung cancer.  The
commonest occupational cause of lung cancer in Scotland relates to asbestos exposure
(particularly the crocidolite or blue type).  In the West of Scotland where there has been a
large amount of industrial exposure to asbestos, about 6% of all lung cancers in men
may be related directly to asbestos (Irvine et al, 1993).

Some dietary factors have been implicated in causing lung cancer, although the
evidence is not strong.  Deficiencies of the free-radical scavengers selenium, vitamin C
and E and beta-carotene as well as a high fat diet, have been implicated as co-factors in
the carcinogenesis of lung cancer.  

There is a suggestion that genetic factors may contribute to the development of lung
cancer.  This relates to the fact that the vast majority of all lung cancers are related to
cigarette smoking, but only 10-15% of smokers actually develop lung cancer (although
may die of other smoking-related diseases).  Possible candidate genes include those
coding for the cytochrome P450 system as well as glutathione-S-transferases and the
tumour suppressor gene, P53.  

In relation to lung cancer pathology/cell biology in a pragmatic clinical sense, lung cancer
may be divided into two sub-groups.  Non-small cell lung cancer (NSCLC: this includes
squamous cancer, large cell cancer and adenocarcinoma) comprises about 75% of all
lung cancers.  The treatment of choice is surgical resection, although at best 20% of
patients will be suitable for consideration of surgical resection (see below).  The second

66 CANCER SCENARIOS: LUNG CANCER



sub-group is small cell (including oat cell) lung cancer which comprises 25% of lung
cancer.  The treatment of choice in small cell lung cancer is chemotherapy.  

SYMPTOMS AND CLINICAL INVESTIGATION

Lung cancer may present with many different symptoms.  The commonest is increased
cough and sputum production in a smoker or ex-smoker that does not clear, or
haemoptysis or chest ache.  Other common symptoms include breathlessness, weight
loss, fatigue and symptoms of metastatic disease.   

If lung cancer is suspected then a chest X-ray should be undertaken, but even if this is
normal, if the clinical suspicion of lung cancer is high, the patient should be referred to a
respiratory physician for assessment for consideration of further investigation.  This will
often include fibre-optic bronchoscopy which will yield a positive histological diagnosis in
up to 80% of cases.  Occasionally, patients are too frail or too breathless to have this
procedure, in which case sputum cytology or correlation of clinical and radiological
features may allow a diagnosis to be made.  Computerised tomographic scanning is
essential in staging potentially curable patients.  Other organ specific scans are only
indicated if there is clinical or biochemical evidence to suggest metastatic disease
(Silvestri et al, 1995).

SCOPE FOR INTERVENTION

Primary prevention
Ninety per cent of lung cancer is due to smoking. There is increasing evidence that in
motivated individuals advice and support, which leads to a 5% quit rate at 1 year, could
be improved by the addition of either nicotine replacement therapy or bupropion to
between 10% or even 20% (Campbell, 2000).

Therefore, the most important approach to changing lung cancer patterns must remain
smoking cessation and a national programme of tobacco control (Peto et al, 2000).
However even a totally successful campaign would take up to 20 years to normalise the
risk in the populations currently exposed to tobacco (Gillis et al, 1988) and therefore
strategies for improved management of lung cancer will remain highly relevant in this
scenario planning period. 

A national smoking cessation strategy would require the establishment of walk-in
smoking cessation clinics in primary care, which should probably be run by specialist
nurses and supervised by primary care physicians with input from respiratory physicians,
psychologists and health promotion experts as appropriate.  

Early diagnosis
Eighty per cent of patients with lung cancer present with locally advanced or metastatic
and therefore incurable tumour stage.  These patients are smokers who have chronic
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chest symptoms.  Approximately one-third of patients present to their GP within one
month of new symptoms, one-third present between 1 and 3 months and one-third
present later than 3 months after their new symptom (Kesson et al, 1998).  The median
duration from 1st tumour related symptom to hospital referral has been shown to be 45
days (range 0-1095 days) but only 39% of patients are referred within a month
(Fergusson et al, 1996).

It is possible that a public education programme directed at middle aged and elderly
smokers who are at risk of developing lung cancer may improve time to presentation
and diagnosis but whether this will impact on survival rates is unproven.  Macmillan
Cancer Relief did launch such a campaign in the UK in 1997 but it was relatively
unsuccessful partly because of the scepticism amongst clinicians resulting in a lack of
interest in the campaign.  

Following assessment in primary care, there does not appear to be significant delay in
getting the patient referred on to and seen within the hospital system.  It has been
suggested that agreed written protocols for referral may be helpful (Clinical Standards
Board for Scotland) but this has not been proven and open access may be a more
pragmatic and effective approach.  

Screening
There were 4 randomised controlled studies in the 1970s (Melamed et al, 1984; Fontana
et al, 1986; Tockman et al, 1986; Kubik et al, 1990).  These examined the value of
sputum cytology in addition to chest radiology in high risk populations.  All four studies
showed a favourable shift in the stage of disease (ie patients were diagnosed with earlier
stage disease) and all four studies showed improved survival in terms of 5 year survival
statistics.  However, lung cancer mortality (the gold standard for screening studies) was
not improved.  The interpretation was that the improved survival figures related to lead
and length time bias and over-diagnosis, so lung cancer screening was not routinely
adopted.

There has been a resurrection of interest in lung cancer screening and the value of spiral
CT as a screening tool is now being investigated in two large studies (the ELCAP study
in the United States (Henschke et al, 1999) and the Matsumoto study in Japan (Sone et
al, 1998)).  The feasibility of lung cancer screening in Britain is being examined in a
national pilot project co-ordinated by the MRC.  This randomised trial of CT screening
(Husband et al - personal communication) will provide an important UK contribution to
the international evidence base.

There are major implications in screening for lung cancer, particularly what should be
done about small (sub-7mm) nodules detected by CT screening.  There are also cost
implications in screening and, potentially, in Scotland one could be talking about over one
million candidates.  Because of this, screening should probably be targeted at smokers or
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ex-smokers who are at greatest risk of developing lung cancer (i.e. over the age of 60
years) who would be fit for resection surgery.  It is imperative that any screening
programme, if adopted, is linked to a smoking cessation programme (see above).  

The tantalising prospect of using molecular genetic tools to screen for lung cancer is
now upon us.  One cell surface marker (hnRNP A2/B1) which is up-regulated in pre-
malignant bronchial epithelial cells, appears to be a sensitive marker of early pre-invasive
malignancy compared with sputum cytology (sensitivity 91%, specificity 88%) (Tockman
et al, 1994).  Point mutations in the P53 and K-ras genes in sputum samples appear to
precede clinical diagnosis of lung cancer (Mao et al, 1994).  Genomic instability which
causes micro-satellite alterations that can act as clonal markers of early malignant
change has also been reported (Mulshine and Henschke, 2000).  

Fluorescent bronchoscopy which increases the sensitivity of diagnosing early cancer has
also been investigated as a possible tool for earlier diagnosis (Lamb et al, 1998; George,
1999).

Organisation of services
Delays in investigation and treatment
There is clear evidence of delays in investigation and treatment.  In a retrospective study
the mean delay from presentation to surgical resection of lung cancer was 109 days,
with a 95% confidence interval of 92-127 days.  Thus, most patients waited 3 months or
more to get their potentially curative lung cancer surgery (Billing and Wells, 1996).  

In a prospective study investigating delays for radical radiotherapy, the median delay
from first symptom to first treatment was 19 weeks (Dische et al, 1996).  Currently, in the
West of Scotland there is a delay exceeding 8 weeks after the patient has been seen by
the clinical oncologist before starting potentially curative radical radiotherapy.  

Access to specialist advice and treatment 
Brown et al (1996) demonstrated differences between age groups in access to specialist
advice and treatment.  This prospective study in a clearly defined population
demonstrated evidence of variations both in terms of making a histological diagnosis (a
surrogate for investigative activities) and in terms of any active treatment (defined as
surgery, any radiotherapy or any chemotherapy) in all patients with lung cancer,
irrespective of whether they had been assessed by a chest physician or not.  Histology
rates and active treatment rates were also significantly lower across the age bands in
patients not assessed by a respiratory physician compared with those assessed by a
respiratory physician (see Table 1).  The study did not record whether discussions
regarding treatment or no treatment had been held with patients and their carers, nor
pre-existing co-morbid disease or other condition which may impact on treatment
decisions.
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Table 1: Histology and treatment rates for patients assessed by a chest
physician compared to a non-chest physician

There is further evidence of variations in patterns of care depending on whether the
patient is seen by a consultant who specialises in lung cancer (defined as seeing ≥ 10
new cases per year) as opposed to a non-specialist consultant (a consultant who sees
<10 new cases per year).  The histological confirmation rate in patients seen by a
specialist was 73.6% compared with only 54.1% in those seen by a non-specialist.  The
active treatment rates for surgery, radiotherapy and chemotherapy were approximately
double in patients seen by a specialist consultant as opposed to a non-specialist
consultant (Muers and Haward, 1996) (see Table 2).

Table 2: Treatment rates in patients seen by a specialist consultant
compared to a non-specialist consultant

Specialists in lung cancer (respiratory physicians, medical and clinical oncologists and
specialist lung cancer nurses, as well as thoracic surgeons, palliative care physicians and
thoracic radiologists and pathologists) should work together in multidisciplinary teams.
This will facilitate the most appropriate and timely investigations such as lung biopsies
and would result in an optimal management plan that can be carried through in a
seamless fashion.
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Age band
<65 65-74 >75

Positive histology Chest Physician 74% 54% 33%

Non-Chest Physician 50% 37% 8%

Active treatment Chest Physician 78% 63% 38% 

Non-Chest Physician 50% 38% 8%

Non-specialist Specialist

Number of Consultants 85 6

Number of patients 509 679

Patients managed by General Surgeon 58 0

Patients managed by Geriatrician 153 0

Positive histology 54.1% 73.6%

Treated by Surgery 5.1% 12.4%

Treated by Radiotherapy 19.8% 38.1%

Treated by Chemotherapy 5.9% 9.7%



Chest physicians should act as the co-ordinators of the diagnostic phase for patients
with lung cancer and may be responsible for ongoing multidisciplinary care during and
following treatment.  Thus, they should work closely with oncologists and specialist
nurses to provide optimal care for all patients.  Every hospital looking after lung cancer
patients requires a specialist nurse (Clinical Standards Board for Scotland).  Radiology
and pathology play an integral part in making a diagnosis and in staging, and thoracic
radiologists and pathologists are an essential component of the multidisciplinary team.
Patients who may be suitable for surgery should be discussed with thoracic surgeons at
multidisciplinary meetings/clinics.  If all patients discussed with the thoracic surgeon are
accepted for surgery, then insufficient patients are being discussed.  Furthermore, a data
manager is required because on-going prospective audit is the fundamental first stage in
establishing a managed clinical network.

In breast cancer, evidence-based management strategies are known to decrease
mortality.   This finding remains to be confirmed in lung cancer, but the challenge for the
next decade will be to establish ongoing and supported prospective audit of
multidisciplinary teams working together as part of a regional managed clinical network.
Such networks should adhere to evidence-based protocols and provide optimal and
equitable care for all patients with lung.  

Treatment
Treatment data from the 1995 Scottish Cancer Therapy Network (SCTN) Lung Cancer
Audit are summarised in Table 3.

Table 3: Treatment of Scottish lung cancer patients
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Treatment % Receiving treatment

Any active treatment within 56.8%

6 months of diagnosis

Surgical resection 10.7%

Radiotherapy

Any 35.8%

High dose to chest 2.7%

Chemotherapy

SCLC 62.7%

NSCLC 8.2%



43.2% of patients received no active treatment in the first 6 months following diagnosis,
and treatment which has grade A evidence for survival benefit was used in only 16.3%
patients overall and 44.1% of patients with suitable tumour extent (Gregor et al, 2001).

A summary of treatment interventions with grade A evidence is shown in Table 4.  The
main differences in practice relate to the use of high dose radiotherapy, which is the
standard treatment approach in countries outside the UK and is used rarely in Scotland.
In patients inoperable on medical grounds or refusing surgery, high dose radiotherapy
can lead to a 5-year survival of 30-60%.  Developments of radiation dose escalation,
either through technical means (3D-Conformal Radiotherapy and Intensity Modulated
Radiotherapy) or through increased biological intensity through altered fractionation
regimens such as continuous hyperfractionated accelerated radiotherapy (CHART) or
radio-sensitisation using concurrent chemotherapy, provide further opportunity to
improve outcomes.

The other area is the use of chemotherapy as an adjuvant to high dose irradiation in
patients with loco-regional non-small cell lung cancer (NSCLC) which leads to a
significant survival benefit (NSCLC collaborative group, 1995).

Table 4: Summary of Grade A evidence treatment interventions
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SCLC

with

chemotherapy

Population Intervention
Hazard
Ratio
(95%CI)

% Survival benefit Reference

Thoracic

Irradiation

Post Cranial

Irradiation

0.86

(0.78-0.94)

0.84

(0.73-0.97)

9.2 vs. 17.4% at 2 years

15.3 vs. 20.7% at 2 years

Pignon et

al, 1992

Auperin et

al, 1999

NSCLC Platinum

chemotherapy

Range of benefit NSCLC collab.

group, 1995

NSCLC

Localised

Regional

Addition to

surgery/RT -1-10% at 5 years

1- 4% at 5 years

NSCLC collab.

group, 1995

NSCLC

Metastatic

Addition to

best supportive

care

5-15% at 1 year NSCLC collab.

group, 1995

NSCLC

with no

chemotherapy

CHART

compared to

standard RT

21 vs. 32 % at 2 years Saunders

et al, 1997



Using the example of stage distribution and prognostic factors observed in the Scottish
population-based audit (Gregor et al, 2001), we have estimated the effects of the
introduction of evidence based treatment interventions on the overall survival rates (see
Table 5).

In the 1995 audit, the 28% of patients with localised non-small cell lung cancer (NSCLC)
achieved a 5 year survival rate of 15.8%.  Assuming that 60% of all such patients should
be offered either resection or high dose radiotherapy, and 20% of these will receive
additional adjuvant chemotherapy, then on the evidence based estimates the 5 year
survival rate could increase to 36.5 %.

Table 5: Estimated effects of introduction of evidence-based treatment
interventions

1 For a subset of patients suitable for radical radiotherapy with curative intent, application of novel fractional regiments (eg CHART) may

improve results further

2 These patients would need palliative treatments

For NSCLC patients with more advanced-regional disease, who represent 19% of the
whole population, the 5 year survival for patients diagnosed in 1995 was 4.5%. Using
high dose thoracic radiotherapy in 30% and a combination of chemotherapy and
irradiation in a further 20% the  5 year survival could rise to 5.7%. 

These modest and achievable figures which allow for effects of co-morbidity and patient
choice, would enable Scotland to reach the 5 year survival rates of 13-14% reported by
other countries (Reis et al, 2000; Berrino et al, 1999).
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NSCLC

(Local)

Cases
(%)

Estimated
5 year survival
(%)

Effect 
Outcome
(% survival
at 5 years)

28% 15.8 60% receive surgical resection

20% receive high dose RT

Additionally, 20% receive CT

36.5

NSCLC

(Regional)1
19% 4.5 30% receive high dose RT

20% receive high dose RT +CT

5.7

SCLC

(Local and

Regional)

12% 4.5 20% receive CT

70% receive CT +RT

26.2

Metastatic2 40% 0 0

Total N=3855 5.7 14.5 (N=559)



Table 6: Resource implications

The additional resources to support such an initiative are modest. The single largest
necessary increase would be in provision of high dose radiotherapy where 596 additional
courses would be necessary.  For chemotherapy, the additional 450 treatment courses
relate to the adjuvant treatment setting and do not take into account the increasingly
demonstrated utility and value of chemotherapy in the 40% of lung cancer patients
presenting with metastatic disease and treated with palliative intent (see Table 6).

These estimates may change if strategies of earlier diagnosis and reducing co-morbidity
affect the case mix distribution or if new treatment interventions demonstrate their
effectiveness.

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality over the next 10 years are
summarised in Table 7.
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Intervention 1995 Evidence-based Additional need
provision estimate

Resection 411 506 95

High dose RT 106 702 596

CT NSCLC 82 400 >250

SCLC 137 337 200

+ Palliative use



Table 7: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

The available evidence suggests that implementation of currently available therapy to a
subset of Scottish lung cancer patients will bring the national (5 year) survival rates up to
international standards. The development of managed clinical networks, supported by
prospective audit and external validation through the CSBS, brings an opportunity to
break a 25-year cycle at a cost of modest investment in thoracic surgery, radiotherapy,
chemotherapy and prospective audit.

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Extrapolating current time trends in incidence and mortality, and taking into account age-
specific demographic changes, allows estimation of future incidence and mortality.  If
present trends apply, it appears that there will be a substantial decrease in lung cancer
incidence in males over the next 10 years (see Figure 1), and an increase in female
incidence over 5-10 years, and then a slight fall.  A similar pattern will be seen for
mortality.  

The expected numbers that this represents are shown in Table 8.  If the present trends
(1960-1994) are projected into the future then the number of cases per year will drop
from 2755 in 1995-6 to 2124 in 2010-14 in males, and will rise from 1881 to 2385 in
females. In other words, lung cancer will become more common in females than males.
For deaths, a drop from 2513 to 1975 is predicted in males, and a slight increase from
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Implementation of 

evidence-based treatment

Re-organisation of services

Only long term

Temporary increase

Temporary increase

-

No effect

Only long term

Significant reduction (5 years in

screened group >50%)

Significant reduction possible

Mortality could be reduced with 5

year survival of 15.4 compared to

5.7

Improvement in process,

experience and quality

Changes1 in incidence Changes1 in mortality 



1659 to 1850 in females.  If the future prospects, as indicated in Table 7, are added to
these predictions then deaths could be further reduced to 1837 and 1720 cases per
year in males and females respectively.

Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

76 CANCER SCENARIOS: LUNG CANCER

1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

50

100

150

In
ci

d
en

ce
 E

A
S

R
 p

er
 1

00
,0

00
 p

er
so

n
 y

ea
rs

Time Period
1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

50

100

150

In
ci

d
en

ce
 E

A
S

R
 p

er
 1

00
,0

00
 p

er
so

n
 y

ea
rs

Time Period

1

2

3

1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

50

100

150

M
o

rt
al

it
y 

E
A

S
R

 p
er

 1
00

,0
00

 p
er

so
n

 y
ea

rs

Time Period
1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

50

100

150

M
o

rt
al

it
y 

E
A

S
R

 p
er

 1
00

,0
00

 p
er

so
n

 y
ea

rs

Time Period

1

2

3

1 2

3 4



Table 8: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

CONCLUSIONS

Smoking cessation will be a major way forward in preventing lung cancer and the
establishment of smoking cessation clinics should be encouraged.  However, although
stopping smoking will prevent between 80% and 90% of lung cancer developing in the
distant future, for the foreseeable future (at least the next 20 years) lung cancer will
remain a major problem in Scotland.  

We should attempt to diagnose lung cancer earlier, and with the establishment of
multidisciplinary teams and managed clinical networks, patients should be investigated in
a timely fashion and offered equitable and optimal care.  These approaches will improve
results because patients will be diagnosed with earlier stage disease suitable for curative
treatment and patients with more advanced disease will be offered optimal chemo-
radiotherapy with benefit for short term (1-2 year) survival and symptom control.

The additional resources needed to implement these changes are modest and mainly
related to organisation of care. 

The value of screening for lung cancer is currently being assessed, and if benefits of
using spiral CT and molecular markers for lung cancer translate into routine practice for
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1990-41 No 3006 2705 1768 1527

1995-61 No 2755 2513 1881 1659

1995-9 No2 2852 2635 2059 1716 

Yes3 2635 1716

2000-4 No2 2621 2431 2241 1809 

Yes3 2310 1718

2005-9 No2 2376 2212 2340 1839 

Yes3 1991 1655

2010-14 No2 2124 1975 2385 1850

Yes3 1778 1665

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



population screening, this will result in up to 70% of patients being diagnosed with Stage
I disease and will certainly result in improved survival figures which hopefully will also
impact on lung cancer mortality.  
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INTRODUCTION

Pancreatic cancer is the sixth most common cause of
cancer deaths in Western Europe (Pisani et al, 1999).  From
1986 – 1995 the average of 609 registrations of pancreatic
cancer each year was almost matched by the 594 deaths
per year (Harris et al, 1998). The low histological
confirmation rates cast doubt on the diagnostic accuracy of
the few patients who survive.  The incidence and death rate
is similar for males and females, with the peak age of
incident cases being 75 - 79 years.  Only 5% of pancreatic
cancers occur in the Scottish population below the age of
50 years.  Less than 3% of patients survive to 5 years and
the dismal prognosis has led to a nihilistic approach by
some (Gudsjonsson, 1995).  Nonetheless, there may be
some potential to improve the outlook for Scottish patients
presenting with this disease.

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

The vast majority of tumours arising in the pancreas
comprise adenocarcinoma with less than 0.01% of tumours
arising from other cell types (Northern and Yorkshire Cancer
Registry and Information Service, 1999; Davis et al, 2001).
Trends in Scotland match those of several other countries in
that there has been a slow decline in both the incidence and
mortality rates for pancreatic cancer (Tominaga and Kuroishi,
1998).  Smoking is the most important known risk factor
with an attributable risk of 20-40% for men and 10-20% for
women (Fryzek et al, 1997; Working Group on Diet and
Cancer, 1998).  It has been postulated that the recent
decline in mortality rate, particularly in males, may be linked
to the declining trend in the smoking rate (Tominaga and
Kuroishi, 1998).  As with other types of cancer, higher
consumption of fruit and vegetables appears to be
protective, although an association between dietary fat
intake and the development of pancreatic cancer has not
been well established (Bueno de Mesquita et al, 1991).
There is continuing debate as to whether there is a positive
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association between the development of pancreatic cancer and a history of diabetes,
since diabetes may be as a consequence of tumour rather than a cause.  Other medical
conditions that have been implicated in the development of pancreatic cancer include
chronic pancreatitis (Ekbom et al, 1994; Lowenfels et al, 1993) and previous surgery for
peptic ulceration (Mack et al, 1986).  There is no consensus as to whether alcohol,
coffee and tea consumption are implicated (Fryzek et al, 1997; Mack et al, 1986).

There is strong evidence that pancreatic cancer may cluster in certain families (Silverman
et al, 1999).  Germline mutations in BRCA2 and p16 have been shown to predispose to
pancreatic cancer in some of these families (Hruban et al, 1999).  The gene for the rare
form of hereditary pancreatitis has recently been mapped to chromosome 7q35 and the
defect is believed to be caused by mutation in the cationic trypsinogen gene (Lowenfels
et al, 1997).  Longitudinal studies suggest that patients with hereditary pancreatitis have a
high risk of pancreatic cancer several decades after the initial onset of pancreatitis and a
paternal inheritance pattern increases the probability of developing pancreatic cancer
(Lowenfels et al, 1997).  Neither cohort nor case control studies have been able to identify
consistently occupational risk factors for pancreatic carcinoma (Fryzek et al, 1997).

The majority of primary and malignant tumours of the pancreas are thought to arise from
the ductal epithelium of the exocrine pancreas and may demonstrate a wide range of
tumour morphology and differentiation.  Adenocarcinoma of the head of the pancreas
may arise not only from the pancreatic ducts but also from the intra-pancreatic portion of
the distal common bile duct and from the ampulla of Vater.  It may, therefore, not be
possible in locally advanced cases to be certain of the exact site of origin of such
tumours.  Given the more favourable prognosis of ampullary and biliary tumours, it is vital
that patients with such pathology are identified when the diagnosis of obstructive
jaundice is made.

The K-ras oncogene is mutated in more than 80% of human pancreatic ductal
carcinomas.  Mutations of the tumour suppressor gene, p53, are found in up to 70% of
pancreatic carcinomas and p16 mutations and homozygous deletions are found in
greater than 85% of patients.  About 50% of pancreatic tumours show loss or
inactivation of DPC4 (Perugini et al, 1998).  Despite a better understanding of the
molecular biology of pancreatic cancer, this has not yet impacted on diagnosis or
management of the disease.   

SYMPTOMS AND CLINICAL INVESTIGATION

As for other malignancies involving the upper GI tract, the presenting symptoms are
often non-specific.  By the time the patient presents with obstructive jaundice due to
involvement of the common bile duct or an abdominal mass, local or distant
dissemination of tumour is common.  Pain radiating through to the back is a sinister
development indicating local perineural and lymphatic dissemination of disease.  Weight
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loss is common and cancer cachexia is a feature of advanced disease.  Clinical
examination may confirm the presence of an enlarged liver or gall bladder and abdominal
ultrasound or CT scan may be valuable in establishing a diagnosis.  Traditionally
endoscopic retrograde cholangiopancreatography (ERCP) is used both to confirm the
presence of involvement of the pancreatic and bile ducts but can also facilitate the
placement of stents to relieve obstructive jaundice.  CT scanning of the abdomen is
useful in staging disease.  MRI scanning is not yet freely available as a non-invasive
means of assessing biliary obstruction and staging disease, although PET scanning may
have a role in the future (Davis et al, 2001).  At the present time there is strong evidence
that laparoscopy should be an integral part of staging patients with potentially resectable
pancreatic cancer (John et al, 1995).

SCOPE FOR INTERVENTION

Primary intervention
It may be possible to prevent a small proportion of pancreatic cancers by appropriate
interventions such as action against smoking and the promotion of fruit and vegetable
consumption (World Cancer Research Fund, 1997).  It is, however, not clear whether
these measures will have a significant effect on cancer rates. The long term
consequences of prophylactic total pancreatectomy in the small group of patients with
hereditary pancreatitis may be difficult to contemplate and may not justify eliminating the
moderate but significant risk of tumour development within the pancreas.

Early diagnosis and screening
Since resection currently offers the only real prospect of cure, the best way of improving
the poor outcome in pancreatic cancer would be to detect the disease sooner and
before symptoms have developed.  However, the early symptoms of disease are non-
specific and it is unlikely that currently available tumour markers would permit a useful
programme of screening.  With an incidence of pancreatic cancer of approximately 20
per 100,000 in people over 40 years of age, a test with 100% sensitivity and 99%
specificity would produce 1,000 false positives for every 20 cases correctly identified.  

Organisation of services
The management requirements of pancreatic cancer demand levels of service which
allow a multidisciplinary group to work closely together within an integrated cancer
network to provide efficient and consistent delivery of high standards of care.  The
recently published guidance on upper gastrointestinal cancer services (NHS Executive,
2001) recommends specifically that specialist assessment and interventions for patients
with pancreatic cancer should be provided by a multidisciplinary team based at a centre
which draws patients from catchment areas with populations of 2-4 million.  At the
present time it is thought that only a minority of patients in Scotland are considered for
resectional surgery, although the evidence would suggest that resections might be
appropriate for about 15% of all new patients with relief of jaundice by biliary stent being
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required in at least 60% of patients (Northern and Yorkshire Cancer Registry and
Information Service, 1999).  Audit along the lines of those developed by the Scottish
Audit of Gastric and Oesophageal Cancer (SAGOC) is required urgently to assess the
current quality of investigation and treatment of patients with pancreatic cancer in
Scotland.

Implementation of the current evidence available from guidelines and from large
specialist centres, combined with robust audit such as that available from the Scottish
Audit of Surgical Mortality, would provide an opportunity to improve prognosis for
patients with both resectable and advanced pancreatic cancer.

Treatment
Surgery
There is increasing evidence that the overall death rate following major pancreatic
resection is greater in low volume hospitals (Sosa et al, 1998; Begg et al, 1998; Gouma
et al, 2000; Neoptolemos et al, 1997).  A reduction in operative mortality in excess of
12% to less than 5% would be expected for pancreatectomy undertaken in high volume
hospitals.  Similarly, the complication rate and the overall hospital stay would be
reduced.  A recent prospective study undertaken in 23 hospital trusts in the south-west
of England over a twelve month period up until May 1997 demonstrated a 36% lower
risk of death after adjustment for case mix and treatments among patients treated in
hospitals which managed one new case per week compared with hospitals which
treated one new case per month (NHS Executive, 2001).  A recent audit undertaken by
the Northern and Yorkshire Cancer Registry Information Service demonstrated a 30-day
postoperative mortality rate of 17.7% irrespective of whether surgery was undertaken
with a view to resection or palliation with the risk to the patient being greatest in low
volume centres (Northern and Yorkshire Cancer Registry and Information Service, 1999).

Pancreatic resection may be appropriate for approximately 15% of patients.  Curative
resection is not always possible although up to 20% of patients may survive for five
years after curative surgery (Begg et al, 1998).  There is some evidence that adjuvant
chemotherapy does result in a small but significant short-term survival advantage.  There
is no evidence that postoperative radiotherapy is beneficial and current studies are
focusing on the use of alternative therapeutic agents (Davis et al, 2001).

Palliative intervention
For patients with irresectable pancreatic cancer, obstruction of the bile ducts can be
relieved by endoscopic or percutaneous insertion of biliary stents.  Current evidence
suggests that placement of self-expanding metal stents results in less pain and
complications thereby reducing hospital stay and improving quality of life.  Studies
comparing stenting with bypass surgery show that both types of procedure are equally
effective in relieving jaundice but that stenting appears to require shorter initial
hospitalisation and costs significantly less than surgery.  Although palliative surgery is
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considered to carry greater risk, it may be that in high volume centres surgical palliation
may result in a better quality of survival (Davis et al, 2000).

Chemotherapy for Advanced Disease
Although a number of chemotherapy regimens have been used in attempts to extend
survival time and palliate symptoms, the results from randomised trials have been
inconclusive.  There is no strong evidence that quality of life is improved and any
reported benefits may not outweigh toxicity.  The results of ongoing trials are awaited.
Given that the majority of patients presenting with pancreatic cancer have advanced
disease and survival prospects are poor, it is of paramount importance that local
arrangements are made to ensure that patients receive appropriate palliative
interventions and support.

The possibility of centralising surgical referrals to specifically designated centres is likely
to result in improvements in perioperative and one year survival rates.  Whilst the cost
impact is difficult to determine, it is probable that there will be a reduction in the hospital
resource used if patients have been treated successfully.

Future prospects and magnitude of benefit
Estimates of the potential changes in incidence and changes in mortality are summarised
in Table 1.

Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Reduced smoking and improved diet unlikely

to affect incidence by 2010

None

None

-

-

None

None

None

None

a) Reduction in postoperative mortality

to <5%

b) No effect on long-term survival

Minimal effect on mortality

a) Possible increase in resectability

rates to 15%

b) Improvement in palliative care

Changes1 in incidence Changes1 in mortality 



ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY
Using the models generated from the trend data, the predicted numbers of cases and
mortality for pancreatic cancer are shown (see Table 2).  If present trends continue, the
absolute numbers of cases and deaths are predicted to decrease slightly in 2010-14
compared to 1995-99 estimates.  There will be a modest fall in pancreatic cancer
incidence in both males and females over the next ten years.  On current evidence, the
sex-specific mortality and incidence rates for pancreatic cancer will remain almost
identical to one another (see Figure 1).  

Current situation
Audit work undertaken in other parts of the United Kingdom would suggest that there is
considerable scope for improving the immediate prospects for the recently diagnosed
patient with pancreatic cancer.  It is accepted that conventional investigation and
management of obstructive jaundice by means of ERCP and stent insertion may be
inappropriate for all patients although it is likely that in more than 80% of Scottish
patients with pancreatic cancer, the focus is likely to be palliative treatment alone.
Nonetheless a nihilistic approach to such patients may provide less than optimal quality
of life and compromise duration of survival.  There is a pressing need to audit the current
management of patients with this disease in Scotland to plan the most effective way of
directing resource.

Table 2: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected)
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1990-41 No 293 281 326 318

1995-61 No 265 263 286 284

1995-9 No2 302 284 341 337 

Yes3

2000-4 No2 295 283 339 336 

Yes3

2005-9 No2 290 281 326 324 

Yes3

2010-14 No2 282 278 316 315

Yes3

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



CONCLUSION

Pancreatic cancer carries a grim prognosis and is associated with one of the highest mortalities
following surgical intervention for any malignancy.  Although it is possible to increase the number
of patients being considered for resection and to decrease the operative mortality associated
with surgical intervention, it is unlikely that there will be a significant improvement in the long-
term survival prospects for patients with pancreatic cancer.  

It is vital that efforts be made to minimise the morbidity associated with the disease itself.
Resource will be required to provide facilities for non-invasive imaging before definitive
intervention.  Specialist equipment such as MRI should be made available for diagnosis and
not just for monitoring response to chemotherapy regimens which may not be entirely
appropriate.  The future delivery of care will involve the development of managed care
pathways with an inevitable centralisation of expertise to ensure that patients are not denied
appropriate palliative treatment or management of recognisable complications.

Although continuing resource will be required to ensure that all aspects of management are
improved, it will be vital that palliative care of all patients with pancreatic cancer is optimised.

Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected)

3. Present (1985-94) age–specific rates apply
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INTRODUCTION

Malignant melanoma of the skin is a solid tumour with a
relatively young average age of presentation. Although the
rarest of the three main types of skin cancer, the others
being basal cell carcinoma and squamous cell carcinoma, 
it is responsible for the majority of skin cancer deaths. This,
together with the rising incidence, makes it an important
malignancy for study.

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

Melanoma is rare in childhood, but the incidence rises
steeply in the second half of the second decade, and the
average age of presentation in most countries world-wide 
is in the early fifties.  Over the last 40 years, the incidence
of melanoma has risen steadily world-wide.  The country
with the highest incidence of melanoma in the world is
Australia, with rates of around 20 new cases per 100 000
of the population per year (McCredie et al, 1990).
Currently (2001) incidence figures for invasive melanoma 
in Queensland are 40 per 100 000 per annum (Aitken,
personal communication).  In Scotland the incidence has
doubled in the last 20 years and the current upward trend
of incidence in both sexes continues (Black et al, 1991;
MacKie et al, 1992; MacKie et al, 1997).  In most areas 
for which data are available, the incidence continues to 
rise and appears to be rising most rapidly in older males
(McHendry et al, 1992).

The main aetiological factor identified to date for malignant
melanoma is excessive exposure of un-acclimatised
Caucasian skin to strong sunlight.  Thus, immigrants from
Europe who migrate to Australia are particularly vulnerable to
malignant melanoma.  Also, there is evidence that early
childhood sun exposure is important, in that those who
emigrate to areas of high solar exposure after the age of ten
years never acquire a risk as high as those born in the area
(MacKie et al, 1996).
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Approximately 5% of melanoma patients have a history of melanoma in a first-degree
relative, and of these around 25% have an identified mutation in the CDKN2A gene
which is found on chromosome 9.  Clearly other melanoma susceptibility genes exist but
have not yet been identified.

Mortality from melanoma is also rising but much less rapidly than incidence (MacKie et
al, 1992; Thorn et al, 1989; Thorn et al, 1992; MacKie et al, 1997).  Malignant melanoma
is not responsive to current chemotherapy or immunotherapy treatment, and prompt
surgery to remove the primary lesion is the only proven cure for malignant melanoma at
the present time. 

The steeply rising incidence of melanoma coupled with the much more slowly rising
mortality suggests that surgical approaches to managing melanoma have improved over
the past 30 years, or that melanoma is being treated earlier at a time when it is more
surgically amenable to cure than was previously the case (Boyle and Robertson, 1987;
Severi et al, 2000).

There are a number of well-established prognostic features for malignant melanoma
which can predict survival at the time when the patient presents with primary disease.
The most important of these is the tumour or Breslow thickness of the primary
melanoma.  There is a linear increase in mortality from melanoma with increasing tumour
thickness, but at present it is not possible to alter the very poor prognosis associated
with tumours thicker than 3.5mm by giving adjuvant treatment after surgery to remove
the primary tumour.  By comparison, there is an excellent prognosis associated with
tumours 1.5mm or less at the time of diagnosis treated with primary surgery.  Patients
with ulcerated primary melanomas have a poorer prognosis than patients with non-
ulcerated primaries of the same thickness, and the presence of melanoma cells in blood
vessels deep to the primary melanoma is an additional poor prognostic sign. Males
appear to have a slightly poorer prognosis than females with equivalent tumours, and
older patients have a poorer prognosis than younger patients. 

SYMPTOMS AND CLINICAL INVESTIGATION

There are no symptoms of early melanoma other than a mild itch or altered sensation in
a few cases.  The signs of early melanoma include change in size shape or colour of an
existing melanocytic naevus, or development of a new brown or black pigmented lesion
in an adult. The presence of three or more shades of brown, red and black are
particularly worrying, and oozing and crusting are also disturbing signs.

In the great majority of cases of suspected melanoma the first appropriate investigation
is an excision biopsy and rapid pathological examination. The majority of patients
present with stage 1 or 2 primary melanoma and do not have clinical lymphadenopathy
or evidence of distant spread.  Points to establish in the history are the patient’s place of
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birth, whether or not they have ever lived in a country with high solar exposure, and
whether or not there is a family history of melanoma. 

After the diagnosis of primary malignant melanoma has been made, patients with
tumours thicker than 1mm may be invited to enter a trial of the value of sentinel lymph
node biopsy. For patients with thin lesions less than 1mm thick, no additional
investigations are currently considered necessary, other than a careful examination of the
skin for a second primary tumour and for atypical or dysplastic naevi.

Melanoma patients are currently followed up by hospital specialists for a minimum of three
years at three monthly intervals.  Patients with thicker tumours are followed up for five years.

SCOPE FOR INTERVENTION

Primary prevention
In the light of our present knowledge, primary prevention of melanoma may be achieved
by encouraging a safe sun approach to exposure to both natural sunlight and to
sunbeds.  Such advice should include protection against burning, particularly aimed at
fair-haired fair-skinned individuals. The efficacy of sunscreen creams is not proven in this
respect, and advice on clothing and seeking shade is therefore more appropriate.

In view of the work suggesting that early childhood sun exposure may increase the risk
of melanoma in adult life, it is important to direct this advice to the parents and carers of
young children.

Early diagnosis
Screening
There is currently no evidence that population screening for melanoma would be justified
in a relatively low incidence country such as the UK.  Pilot studies of population
screening are in progress in Australia, and the results of these studies, when available,
will be valuable in considering whether or not any change is required in the UK.
Screening of first-degree relatives may be worthwhile in yielding previously unrecognised
melanomas, and members of families in which two or more melanomas have been
diagnosed should be offered a full skin examination (MacKie et al, 1993).

Organisation of services
All health authorities should have available information for GPs on rapid referral clinics for
patients with suspected melanoma. Such clinics should see patients within 2 weeks of
referral, and should have facilities for immediate biopsy if the likelihood of melanoma is
considered high. There should then be a rapid efficient pathology service to confirm the
diagnosis and to assess the tumour thickness.  Once the diagnosis is confirmed, further
surgery may be required and the patient should have access to this within 2-4 weeks of
the first surgical episode.
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General practitioners and other members of the primary care team require information on
the appearance of early melanoma. Appropriate illustrated leaflets and oral presentations
should be organised at local level.

Treatment
Surgery
As has been stated above, surgical excision of thin primary melanomas is the current
curative therapy of melanoma. The exact margin of excision of normal skin around the
tumour varies with tumour thickness, and is the subject of an ongoing clinical trial. The
maximum margin currently considered necessary even for thick melanomas is 3cm of
normal skin. The great majority of patients with primary melanoma can be treated as a
day case with local anaesthesia, but a small proportion do require skin grafting which
may involve an inpatient stay and general anaesthesia.  The technique of sentinel lymph
node biopsy for patients with primary melanomas thicker than 1mm is currently the
subject of controlled clinical trials.  Patients with stage 3 disease, where melanoma has
spread to the local draining lymph nodes, require full surgical lymph node dissection.
Patients with advanced disease may obtain palliative benefit from surgical debulking and
reduction of the tumour load. 

A fall in melanoma mortality trends could be observed as a result of earlier presentation
of patients with very thin primary tumours which can be treated completely by surgical
excision, or by the development of effective adjuvant treatment in addition to surgery for
thicker tumours.  

Adjuvant therapy
At the present time there are a large number of appropriately randomised controlled
clinical trials in progress looking at the role of adjuvant Interferon in melanoma patient
groups after surgery.  The results of a recent meta-analysis suggest that Interferon may
lengthen disease free survival time, but does not alter overall survival.  Over the next
decade the role of Interferon and possibly of other immune response modifiers may
become more clearly established.

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

The current understanding of the aetiology of melanoma considers ultraviolet radiation to
be a major aetiological factor.  What is not yet understood is the exact component of the
UV wavelength responsible for melanoma, or the exact quantum of ultraviolet radiation
required to bring about malignant transformation of the melanocyte.  However it is quite
possible that increased exposure to UV on Mediterranean holidays, particularly in early
childhood, could be associated with an even steeper increase in incidence of melanoma
over the next decade. Further research aimed at establishing the wavelengths most
active in initiating melanoma would be of great value in directing information to the public
aimed at primary prevention.
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An additional feature which may be significant in changing the incidence of melanoma is
use of sunbeds.  A number of case control studies have reported on sunbed use, and
approximately 50% of these studies indicate that excessive use of sunbeds is an
additional risk factor for malignant melanoma.  It is not yet established how long the
latent period is between sunbed exposure and melanoma development, but it is quite
possible that over the next 15 years the role of sunbeds will become more important in
the aetiology of melanoma. As indicated above, knowledge of the exact portion of the
UV spectrum which is responsible for melanoma will enable appropriate advice to be
given to those who wish to use sunbeds for cosmetic tanning.

A possible fall in incidence trends for melanoma could be anticipated if public education
exercises lead to a change in behaviour and reduction in exposure to both natural
sunlight and sunbeds.  Thus if both parents and children restricted and limited burning
and inappropriate sun exposure, it is possible that over time melanoma incidence trends
would fall.  However, it is not possible to predict the time at which this might be
observed, in view of our lack of knowledge of the latent period between excessive sun
exposure and melanoma development. It is also not possible to predict with any
accuracy the magnitude of this reduction.

In theory, if the public were educated on the features of early melanoma and sought help
at an early stage all patients could receive surgery when melanomas were thinner than
1mm.  Five-year disease free survival for these patients is around 90%, whereas 5-year
disease free survival for patients with tumours thicker than 3.5mm is less than 50 %.
Thus if all patients received treatment to thin lesions, mortality from melanoma could fall
by up to 50 cases annually in Scotland (MacKie and Hole, 1992).  
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Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Incidence data for melanoma in Scotland published prior to 1980 is incomplete and
therefore suspect.  This stems from the historical habit of non-registration of cancer
cases from major plastic surgery units such as the West of Scotland plastic surgery unit
at Canniesburn prior to 1980.

In 1979 the Scottish Melanoma Group was established with the aim of providing full and
comprehensive data on all patients with cutaneous melanoma diagnosed in Scotland.
This group has now collected data for 21 years and has information on 9,500 patients
treated in both the NHS and private sectors.  Every effort is made to make this data
totally comprehensive.  Detailed pathological and treatment details are kept of all
patients and correlated with follow-up information on recurrence and survival.

Current data shows that over the period 1979 - 1994 the annual age standardised
incidence of cutaneous malignant melanoma rose from 3.5 to 7.8 per 100 000 per year
for males and from 6.8 to 12.3 per 100 000 per year for females.  These data relate to
invasive melanoma (Clark Level II or deeper).  World standardised rates in Scotland
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Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Continue sensible sun exposure

education

Theoretically could increase

incidence

Not yet proven in high incidence

areas, e.g. Australia

-

-

-

Lower incidence could lead to lower

mortality

Earlier diagnosis might reduce

mortality

-

Sentinal node biopsy could direct

experimental therapy to group most

in need of it

Ongoing trials of new agents

essential

All patients with Stage 3 and 4

disease should be managed by a

multi-disciplinary team

Changes1 in incidence Changes1 in mortality 



increased from 2.7 to 6.0 per 100 000 for males and from 4.6 to 8.5 per 100 000 for
females.  Mortality from cutaneous malignant melanoma rose from 0.13 per 100 000 per
year for males in 1979 to 0.23 per 100 000 per year in 1994.  For women the figure fell
from 0.24 per 100 000 per year in 1979 to 0.19 per 100 000 per year in 1994.  Five year
melanoma-free survival for males is 69% and 10 year melanoma-free survival 61%, with
corresponding figures for women of 82% and 75% 

Over the 15 year period from 1979 to 1994, survival rates for melanoma rates for both
sexes have improved by 12 per cent overall.  While part of this improvement can be
attributed to patients presenting earlier with thinner tumours, the improvement in survival
is not entirely explained by this phenomenon.

There is a link between melanoma and socio-economic status.  Studies in Scotland have
shown a statistically significant higher incidence of melanoma in the more affluent groups
(Carstairs Group 1), but, paradoxically, improved 5 year and 10 year disease-free survival
from melanoma in the more affluent.

Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

3. Present (1985-94) age–specific rates apply
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Incidence figures for melanoma for the future have been predicted using two basic
procedures.  The first assumes that age-specific rates from 1985 to 1994 will remain
constant and are therefore adjusted for population changes in Scotland.  The second
prediction relates to a scenario assuming that current trends for melanoma incidence will
continue.  The predicted incidence and mortality rates for males and females are shown
in Figure 1, and show a continuing steep upward rise of melanoma incidence in males
and females, with no change in mortality rates.

It can be seen in Table 2 that if the current upward trend in melanoma incidence in males
continues then the predicted annual number of cases will increase from 241 in the
period 1995-99, to 287 and 343 for the periods 2000-2004 and 2005-2009, and 412 for
the period 2010 - 2014.  Predictions for mortality for males would rise from 53 deaths
per year in 1995-1999, to 55 in 2000-2004, 58 in 2005-2009, and 61 in the period
2010-2014.

Predictions for women follow similar patterns.  Assuming that the upward trends continue,
the equivalent figures would be 494 for 2000-2004 rising to 580 for 2005-2009 and 691
new cases of melanoma per year in females for 2010-2014.  Predictions for mortality for
females would be 54 for 2000-2004, 55 for 2005-2009 and 57 for 2010-2014.

Table 2: Predicted numbers of cases and deaths (ages 20+)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected)
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1990-41 No 200 50 322 50

1995-61 No 249 62 395 53

1995-9 No2 241 53 415 53

Yes3

2000-4 No2 287 55 494 54 

Yes3

2005-9 No2 343 58 580 55 

Yes3

2010-14 No2 412 61 691 57

Yes3

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



CONCLUSIONS

Work is needed on the molecular epidemiology of melanoma to establish the interaction
between genotype and environmental factors, particularly ultraviolet radiation.  Until this
is available, advice on restricting sun exposure with the aim of melanoma prevention
cannot be appropriately tailored.

It may be possible to reduce melanoma mortality by continuing public education efforts
to encourage earlier self-referral of patients with thinner melanomas.  This information
needs to be particularly tailored to older males.
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INTRODUCTION

Breast cancer is a common disease in Scotland and there
are over 3000 new cases diagnosed each year.  It is
estimated that between 1 in 14 and 1 in 10 women will
develop this disease in their lifetime.  

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

The age-specific incidence rates of breast cancer show
marked increases with age, therefore when examining trends
with time, the incidence of breast cancer needs to be
adjusted for the age of the population.  The age-
standardised (world standard population) incidence has
gradually increased from 58 per 100 000 in 1975 to 81 per
100 000 in 1997, partly due to the national breast screening
programme.  

The incidence and mortality shows marked variation in
different countries.  Most of the Western developed
countries have extremely high death rates while the Eastern
and non-developed countries appear to have relatively low
death rates.  International comparisons of incidence are
difficult because of the variation in the quality of cancer
registration.  In Japan, where cancer registration appears to
be of a high standard, world standardised incidence rates in
1988-92 were low (about 24 per 100 000 population)
compared to the United States (91 per 100 000) and
Scotland (73 per 100 000).  However, Japanese women
migrating to the United States gradually increase their
incidence.  A study comparing recent Japanese immigrants
to third generation Japanese women showed that their
incidence was 80% lower (Ziegler et al, 1993).  These
migration studies indicate that environmental factors are
important in the aetiology of breast cancer.  

The mortality from breast cancer has gradually increased
from 1960 to the late 1980s.  However, since the late
1980s, there has been a remarkable reduction in mortality
rates (see Figure 1), the latest available figures showing that
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the European age-standardised rate (all ages) is down to 32 per 100 000 per annum.  A
similar pattern of a change in mortality from breast cancer has been seen in several
European countries but not the United States.  The reasons for this are not known.  

The formal breast screening programme only plays a small part in the reduction seen in
Scotland, as the programme began in 1988 and a mortality reduction would not be
expected until around 7 years after the programme began.  The reduction is likely to be
due to better use of treatment (hormonal treatments, chemotherapy, surgery and
radiotherapy) and patients presenting with smaller tumours.  We anticipate that there will
be a further reduction in mortality because of the effects of screening.

Figure 1:  Scotland 1968-1999: recent decrease in breast cancer mortality
at ages 20-69 European age-standardised rates

The relative survival of patients diagnosed with breast cancer has improved steadily over
time (see Figure 2).  In 1971, 53% of patients diagnosed with breast cancer survived for
five years and in 1993, this has increased to 73%.  Age-specific survival trends suggest
that there have been bigger improvements in survival for screening age groups which
may be partly due to a real improvement and partly due to lead time or length bias.
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Figure 2: Relative survival at one and five years by year of diagnosis, ages
15-99 diagnosed in Scotland 1971-1995

SYMPTOMS AND CLINICAL INVESTIGATION

Over a five year period (1990-1995) 20834 patients were referred to the symptomatic
breast clinic in Edinburgh.  The symptoms and the number proved to have breast cancer
are shown in Table 1.  These data show that any of the symptoms, except an abscess,
can be due to a cancer and that only a small percentage (7.8%) of those with symptoms
were proven to have a cancer.  To make and exclude the diagnosis of cancer each
patient has to be carefully assessed and evaluated.  The present standard is to use triple
assessment (clinical examination, imaging and cytology/histology) and many clinics are
now organised to provide the service on one visit (one-stop clinics).  The diagnosis of
breast cancer can be made in over 90% of cases pre-operatively.  This allows a logical
sequence of staging the disease, planning by a multidisciplinary team and discussion
with the patient the options for treatment before proceeding with the treatment itself.  A
small number of cancers can be difficult to diagnose particularly in younger women and
that of a particular histological type (invasive lobular).  MRI scanning may be helpful
though further development is required to enable MRI guided biopsies.  
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Table 1: Symptoms of patients referred to the symptomatic breast clinic in
Edinburgh, 1990-1995

1  Patients may present with more than one symptom

SCOPE FOR INTERVENTION

Primary prevention
To investigate the role of environmental and heritable factors in the causation of breast
cancer, a study using statistical modelling of data from 44780 pairs of monozygotic and
dizygotic twins, estimated that environmental factors account for 73% and inherited
factors, 27% of the causation of breast cancer (Lichtenstein et al, 2000) (see Table 2).
Previous studies of family history of breast cancer have estimated that less than 10% of
causation was due to inherited genetic factors (BRCA1 and BRCA2), therefore there
must be other genetic factors that have not been identified and the likelihood is that
these interact with environmental factors.  Population studies to identify these factors are
urgently required and it is only when we understand these, that strategies to prevent
breast cancer can seriously be undertaken.
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Symptom1 Number Number diagnosed with Percentage with 
breast cancer breast cancer

Lump 13573 1288 9.4

Pain 5122 124 2.4

Nipple inversion 298 48 16.4

Nipple discharge 817 40 5

Nipple change 83 12 14.5

Axillary lump 145 48 3.3

Consistency change 224 19 8.5

Shape change 76 20 26.3

Size change 164 13 8

Inflammation 130 5 3.8

Abscess 110 0 0

Ulceration 22 5 22.7

Skin change 70 11 15.7

Total 20834 1637 7.8



Table 2: Environmental and Heritable Factors in the Causation of Cancer:
Analyses of Cohorts of Twins from Sweden, Denmark & Finland
(Lichtenstein et al, 2000)

However, present strategies are based on chemoprevention, changes in lifestyle and
prophylactic surgery.  Tamoxifen, an antioestrogen, has been shown in one study
comparing it with placebo to reduce the number of cases of breast cancer by about
50% in the short term (Fisher et al, 1998).  Interestingly, it appears that the reduction
was mainly in the oestrogen receptor positive tumours (associated with a good
prognosis).  There are no data showing a reduction in mortality of breast cancer.  In
addition, there are harmful side effects from the treatment with increased incidence of
endometrial cancer and venous thrombosis, but also beneficial side effects such as
reduction in risk of osteoporosis.  It has been suggested that a change in lifestyle, a
reduction of fat intake, increased exercise, weight loss and reduction of alcohol intake
will reduce the incidence of breast cancer (Chlebowski, 2000).  However, these are all
based on indirect evidence.  There are several ongoing randomised controlled trials and
the results of these are awaited.  Prophylactic surgery can only be contemplated for high
risk groups, for example, those with multiple members of their family with breast cancer
and those who have been shown to have inherited the BRCA1 or BRCA2 gene.  There
are hazards from surgery that have to be taken into consideration.  

Early diagnosis
Screening
Randomised studies of screening have shown a reduction in mortality of over 20% in
those invited for screening compared to those not invited and a reduction of over 30% in
those attending screening compared to those not attending screening (Forrest, 1986).
Some (Gotzsche et al, 2000) have questioned the design of these studies in particular
the method of randomisation and hence the validity of these studies.  

The present Scottish breast screening programme is well run and has an excellent
quality control programme.  The data on the size of tumour, node negativity and survival
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Methods Data on 44,788 pairs of twins

Statistical modelling to estimate the

relative importance of heritable and

environmental factors in causing cancer

Results For breast cancer in women

Heritable Factors

Shared Environmental Factors

Non-Shared Environmental Factors

0.27

0.06

0.67

Fit of Model χ2 (df) = 10.1 (18)

P-value = 0.013



are all promising.  The programme could be improved by (1) increasing the attendance
rate which at present is around 70%, (2) extending screening to older women, (3)
reducing the interval between screens and (4) screening high risk groups.  The cost and
benefit of these extensions to the screening programme need to be fully evaluated prior
to implementation.

Organisation of services
Patients treated in multidisciplinary units have been shown to have a better outcome
than those treated by surgeons as part of routine general surgical practice (Gillis and
Hole, 1996; Sainsbury et al, 1995).  The service in Scotland should be organised so that
all women with breast cancer benefit from the expertise of the multidisciplinary team.  To
overcome the problem of geographical spread of the population, development of
managed clinical networks and teleconferencing is required.  

Treatment
Surgery
Surgery plays a major role in the management of breast cancer.  There has been the
change from the routine use of radical mastectomies to a more selective approach to the
extent of surgery to the breast and axilla based on the size, type and position of tumour,
size of the breast and evidence of multifocality of disease.  Over 80% of patients with
tumours less than 2cm can be treated by breast conservation.  Radical dissections of
the axilla can be avoided if the lymph nodes can be shown not to be involved by
metastases by node sampling (Steele et al, 1995) or sentinel node biopsy (Guiliano et al,
1997).  In randomised clinical trials the conservation approach has been shown to
substantially reduce the morbidity yet not reduce survival.  

In those treated by mastectomy, reconstruction of the breast can be performed either at
the time of mastectomy or as a delayed procedure.  An increasing number of women are
taking up the offer of reconstruction.  

The reduction of physical and psychological morbidity is important in itself but might also
encourage women to present earlier with symptoms or attend screening programmes.  

Adjuvant therapy
It has been conclusively demonstrated that the use of adjuvant systemic therapy can
reduce the mortality from breast cancer (Early Breast Cancer Trialists’ Collaborative
Group, 1998).  The meta-analysis of all randomised trials has recently been updated
(Peto, personal communication) and has further confirmed the efficacy of adjuvant
therapy.  It has demonstrated a reduction of 30% mortality in premenopausal women
treated by oophorectomy; 31% reduction in women of all ages with tamoxifen 20mg a
day for five years; 25% reduction in mortality with prolonged polychemotherapy, and that
anthracycline containing multiple chemotherapy is more effective than other regimes.
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Ongoing clinical trials evaluating the use of high dose chemotherapy and combination of
chemotherapy and hormone therapy will provide more data.  

The demonstration that tumour characteristics, eg oestrogen receptors, are important in
choosing therapies makes it imperative that further studies take into consideration the
molecular taxonomy of the disease.  The recent demonstration (Hendenfelk et al, 2001)
using cDNA microassays suggests that patterns of gene expression are different in
BRCA1 related, BRCA2 related and sporadic cases of breast cancer.  Breast cancer
may be caused through different molecular pathways.  Understanding these pathways
will allow new therapies to be developed.  I envisage the management of patients with
breast cancer will change to a situation where the tumour of each individual is analysed,
and treatment is tailored to that individuals tumour.  

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 3.

Table 3: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Tamoxifen or prophylactic surgery only

applicable to high risk groups and 

therefore small effect on overall incidence

Dietary intervention not yet

proven to be protective

May increase incidence by 1 or 2%

Extending screening to older

women – increase in incidence

by 2% overall

-

-

-

Small - about 1 or 2%

Small effect – reducing mortality by 1%

Extending screening to ages 65-69 should

reduce mortality by 3% overall

Reduction in delay of diagnosis and

optimal treatment could result in a 

10% reduction

Changes1 in incidence Changes1 in mortality 

}



ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Figure 3 shows the predicted trends in incidence and mortality up to 2014.  Modelling of
past trends predicts a continuing large rise in breast cancer incidence, which will be
even higher if screening of the 65-69 year olds is taken into account.  Mortality is
predicted to continue to decline. 

Figure 3:  Predicted (1) incidence and (2) mortality 

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

If present trends hold with the continuing rise as we have seen in previous years, then in
the period 2010-2014 there will be around 4619 cases per annum, or 4775 cases if the
additional changes are incorporated.  Despite this large increase in numbers of cases,
mortality is predicted to drop to 1028 deaths per year in 2010-14 (see Table 4).

The most optimistic scenario is that by 2015 we have available the results of studies
identifying some of the environmental and genetic factors that cause breast cancer and
that we can institute programmes of prevention reducing the incidence of breast cancer
to about 1500 cases per year.  Most cancer would be detected at an early stage by
improved screening programmes.  The treatments (surgery, chemotherapy, anti-
hormone, radiotherapy and immunotherapy) would be tailored to the biology of the
tumour improving outcome and reducing morbidity.  The overall survival of patients with
breast cancer would be in the order of 90% at five years.  
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Table 4: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

CONCLUSIONS

As more cancers are detected when small and the screening programme is extended,
relatively more patients will have breast conservation, which will increase the demand for
radiotherapy.  Adjuvant systemic therapy will be increasingly tailored to the tumour, but
may involve the use of multiple agents.  The potential for reducing the incidence and
mortality of breast cancer is enormous.  The implementation of strategies that have
already been proven will have an effect though relatively small.  A better understanding of
the genetic and environmental factors will make an enormous difference in preventing
the disease and improving the outcome of those with the disease but will probably take
at least 5 to 10 years.  
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1990-41 No 3061 1249

1995-61 No 3163 1203 
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INTRODUCTION

Cervical carcinoma is an interesting model on account of the
clear understanding we have of its aetiology and the hope
that screening can control the incidence.

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY
The main risk factors for cervical cancer include early age of
first intercourse, social deprivation, smoking and
immunosuppression.

Cervical cancer was first identified as a disease related to
sexual activity in the 1850s, but only in the last 30 years has
a clear aetiological factor - the Human Papillomavirus - been
identified (Schiffman and Brinton, 1995).  Many reports have
indicated that it is sexual promiscuity of the woman that
increases the risk. More accurately it is equally likely to be the
sexual promiscuity of a woman’s partner(s) that accounts for
the risk. Undoubtedly changes in sexual morals, the wider
use of oral contraception, and increasing social mobility have
increased the prevalence of this disease. In Western societies
it is now relatively uncommon, but in many third world
communities it is the leading cause of cancer deaths in women.

Human papillomaviruses (HPV) are ubiquitous and over a
hundred genotypes have been identified. In the main they
infect the squamous epithelium and induce a variety of
different skin abnormalities. Usually viruses of a similar
genotype induce a predictable type of lesion. Of the 20 HPVs
that affect the anogenital epithelium, four, and one in
particular (HPV 16), are associated with High-grade
squamous intraepithelial lesions (HSIL) that are most likely to
progress to cancer. Others are associated with Low-grade
intraepithelial lesions (LSIL) and only rarely cause HSIL.

HPV 16 is the agent most commonly associated with HSIL
and cervical cancer. Indeed the epidemiological evidence for
its involvement is such that for cervical cancer, its presence
confers a relative risk 10 or more times greater than any other
risk factor associated with any other cancer (Stoler, 2000).
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HPV appears to account for 85 - 90% of the attributable risk for developing cervical
dysplasia. Even so, although HPV infection is very common, and despite the aforesaid
comments, neoplastic transformation is rare.

High-grade lesions and cervical cancer seem to occur after the integration of some of
the genetic units of the high risk viruses into the epithelial cell chromosomes. The E6 and
E7 regions, which induce proliferation and transformation, are integrated, while the E2
region, which encodes for regulatory activity, is lost. In addition, the site of integration is
thought to be close to those of certain oncogenes, raising the possibility that the over
expression of these oncogenes is related to the presence of the integrated viral units.

Suffice it to say that the viral epidemiological understanding of this disease is very well
advanced. As a result, several novel approaches for the control of HSIL and cancer are
being investigated. 

SYMPTOMS AND CLINICAL INVESTIGATION

Increasingly the identification of this disease is occurring as a result of the screening
programme, so that the later and more symptomatic stages of the disease are becoming
less common. Classically, the presenting symptoms were vaginal discharge or bleeding.
An ominous symptom in a young woman would be pain radiating into the leg with
associated oedema indicating advanced stage III disease.

Staging of cervical cancer is a clinical and pathological process. The early stages are
only adequately assessed by an excision biopsy of the cervical lesion. These lesions are
commonly not visible to the naked eye and will usually have been detected as a result of
the cervical screening process. Colposcopy or biopsy will have raised the possibility of
cancer so pathological assessment is mandatory. For the earliest stages (IA), less radical
procedures are acceptable, which will be important for younger women who have not
completed their families.

For larger or clinically detectable lesions, a formal clinical staging procedure is necessary.
If surgery is not planned as a result, further imaging, especially a CT scan, is desirable.

SCOPE FOR INTERVENTION

Primary prevention
The lifestyle changes that have led to the apparent increase in cervical cancer in the
younger population are unlikely to diminish. 

Our understanding of the importance of HPV in the aetiology of cervical cancer has led
to the development of prophylactic vaccines that could lead to elimination of the viral
load in the protected population. There are programmes just beginning to assess the
viability of such cancer prophylaxis. Not only would the control of cervical cancer be
achieved, but the need to support cervical screening could also disappear. The
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multiplicity of viruses must create difficulties in designing the appropriate vaccine and the
implications of identifying and targeting the appropriate population, both male and
female, and the ethical considerations of delivering the vaccine to the at risk population
before it becomes sexually active, have to be worked through.

Any benefit from these new developments is unlikely to have any impact in the timescale
of this planning review.

Early diagnosis
Screening
Not until very recently have any significant advances in the treatment for cervical cancer
been made, so any change in mortality will have been due to other factors. The most
significant of these is likely to have been screening.

With the recognition of a precursor lesion (HSIL) to cervical cancer, the logic for
introducing screening has been supported for 40 years. The examination of cells
removed from the vaginal fornix or direct from a cervical scrape reveals the presence of
dyskaryotic cells that indicate the likely presence of a precancerous lesion. As these can
be easily assessed in specialist colposcopy clinics and usually destroyed or removed by
out patient procedures, the ideal principles for a cancer prevention programme would
appear to have been achieved in relation to cervical cancer. 

Unfortunately, despite an inexorable rise in cervical screening activity since the 1960s, no
dramatic falls in either incidence or mortality have occurred in Scotland.

In general within Europe, the Scandinavian countries have had the best screening
programmes. Iceland, Finland, Denmark and Sweden introduced targeted screening in
the early 1970s, but Norway did not do so until 1994. Sigurdsson (1999) examined
cervical cancer trends in different Nordic countries to identify any positive effect on
cervical cancer incidence and mortality (see Figure 1 and Table 1). 

Figure 1:  Incidence1 of cervical cancer in the Scandinavian countries
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Table 1: Trends in incidence and mortality in the Nordic countries 

As early cancers (ie pre-symptomatic Stage IA) will be identified by screening, the most
clear and immediate effect of screening will be demonstrated by a fall in mortality rates,
stage IA being almost 100% curable, whereas incidence initially will actually rise.  The
screening programme in Iceland increased the incidence of Stage IA from 2% in 1980 to
25% in 1995.

Adeno/adenosquamous tumours are not adequately detected by screening and the
overall incidence of this tumour type has increased in Iceland. 71% of cases (1980-1995)
dying from cervical cancer had adenocarcinomas despite being within the screening
programme. Future changes in the incidence of this tumour type could diminish the
effect of cervical screening programmes, especially as it seems to share the same
aetiological factors (especially HPV) as the commoner squamous variant.

Figure 2:  Risk of adeno/adenosquamous cervical cancer in Scotland over
time, ages 25-49
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Figure 2 demonstrates the increase in incidence of adeno and adenosquamous cervical
tumours for premenopausal women in Scotland, by year of birth. For older women no
increase was seen (Vizcaino et al, 1998).

In England and Wales the age specific mortality has generally fallen over the last 40
years, although in the younger age groups there was a significant increase in the initial
part of this period.

There has been a gradual fall in the incidence since the inception of screening in the
1960s. Although the age specific incidence changed differently in the various age
groups, it fell in every age group over the period from 1971 to 1995. The number of
cases diagnosed in 1980 was 3,900, falling to 2,900 in 1995 (3% of the cancer burden
in women) (Quinn et al, 1999) (see Figure 3).

Figure 3:  Age-standardised incidence of invasive cervical cancer in
England and Wales

Since the introduction of call and recall in 1988 and GP payments based on achieving
specific targets in 1990, there has been a fall of 35% in the incidence of this disease for
women aged between 30 and 70 years.

In Scotland, Walker et al (1998) examined changes in mortality and incidence in
carcinoma of the cervix up until 1994. The trends were complex but, in general, a
downturn of incidence and mortality, especially for 1988 onwards, are seen. The trends
are different for differing age groups (Figure 4). Older cohorts, aged over 50 years, have
seen a consistent decline in incidence since 1970. The incidence rates for cervical
cancer in the younger cohorts of women shows some marked increases for each of the
five-year cohorts under the age of 45. The steepness of the graph seemingly rises more
significantly the younger the cohort. 

CANCER  SCENARIOS: CERVICAL CANCER 121

■
■ ■

■
■

■

1970 1975 1980 1985 1990 1995
0

2

4

6

8

10

12

14

16

18

In
ci

d
en

ce
 p

er
 1

00
,0

00

Year



Figure 4:  Trends in incidence in Scotland by age

Looking at incidence by birth cohort (see Figure 5), examination of the last one or two data
points for these younger cohorts shows that the rise in incidence is tailing off. These data
represent those women who, within each cohort, would have entered the era of cervical
screening, possibly demonstrating the predicted benefit of cervical screening.  Rates for
older women over 70 have remained the same, with some improvement in mortality.

Figure 5:  Incidence by birth cohort, Scotland
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Commentators have stated that the screening programme has been less effective in
Scotland and the UK than elsewhere in Europe, given that there has been very little shift
in overall incidence in the last 25 years. Examining specific age groups and cohorts
demonstrates that the factors influencing the incidence of this disease are very complex.
Mortality data would suggest, however, that outcomes were improving with the death
rate decreasing from 83 per million in 1975 to 58 per million in 1994.

Improved techniques for cervical screening and screening for high risk groups
Current cytological screening procedures rely on techniques that look for morphological
changes in the nuclei of squamous cells on a glass slide. This method, although much
refined with quality assurance measures, identifies a large number of women with low
risk abnormalities. These patients require assessment and follow up often for a long time
before their low risk status can safely be assumed.

As virtually all precancerous cervical lesions are associated with HPV infection, methods
have now been developed for detection of viral capsular proteins (Cope et al, 1997).
These tests are commercially available, but their value is not yet certain and may well
depend on whether the techniques are used for general screening or diagnostic
evaluation. Certainly, as these tests become more sophisticated, the targeting strategy of
the ‘at risk’ population to be screened could become more directed.

With the knowledge that certain human papillomaviruses confer a high risk of
progressive abnormalities, more sensitive tests have been developed to identify these
oncogenic viruses specifically. Prospective studies are required to evaluate how these
tests will influence cervical screening programmes in the future. 

Organisation of services
It seems that the cervical cancer burden will remain consistent for some time to come,
but with a continuing shift towards earlier detection of cervical cancer in younger age
groups especially. These patients are currently best treated by planned radical surgery in
gynaecological cancer centres and so future provision should identify where in Scotland
such centres should be. They should be sited as close to regional radiotherapy centres
as possible to encourage multidisciplinary working and reduce waiting times. These
centres, probably two or possibly three, would assess and manage all cervical cancer
cases, planning surgery or chemo/radiotherapy as appropriate. Currently, Scotland has
no planned expansion for gynaecological cancer surgeons, unlike the considerable
expansion in England.

This disease unfortunately affects young women so that providing best treatment with
limited morbidity is important. As there is a burgeoning research process assessing the
many surgical innovations, the value of combination chemotherapy with surgery and
radiotherapy, as well as examining new radiotherapy regimes, it is important that Scottish

CANCER  SCENARIOS: CERVICAL CANCER 123



departments are facilitated to take part. This is essential not just for the benefit of the
patients but also to maintain the skill base locally and maintain the Nation’s long-
standing involvement in gynaecological cancer research.

Treatment
Surgery
The surgical procedure for early cases of cervical cancer, the radical hysterectomy, was
established in the first decade of the twentieth century. With modifications, it remains
essentially the same operation as its originators described. The aim is to excise the
central tumour, obtaining clear surgical margins and excising the regional pelvic lymph
nodes. Specialist gynaecological surgeons almost exclusively perform it, as the surgical
techniques employed require special training.

With better pathological assessment of early cervical cancer and a growing evidence
base, gynaecological oncologists have recognised subsets of patients who may be
suitable for less radical forms of surgery. In addition, new forms of radical surgery are
being assessed and may prove to be associated with less morbidity. If survival outcomes
prove to be as good as traditional surgical techniques, these procedures may well
become established in Scotland provided the specialist gynaecological cancer teams
acquire the new surgical skills.  

Adjuvant therapy
Radiotherapy is commonly given post surgically for patients with poor prognostic factors
identified pathologically. These include metastatic pelvic nodal disease and skimpy
surgical excision margins. No randomised trials regarding the value of adjuvant
radiotherapy have been conducted.

Primary radiotherapy
Radiotherapy (external beam and brachytherapy) has been standard treatment for all
stages of cervical cancer for many decades. Until the recent resurgence of surgical
management for stage I disease, it would have been the main treatment for most
women diagnosed with cervical cancer. Now it is offered to all women with surgically
non-resectable disease (stage II or more) or to patients not fit for a radical surgical
procedure. In the Beatson Oncology Centre 101 cases were treated by radiotherapy in
1998, which represents 54% of the total cervical cancer caseload for that year for the
West of Scotland.

Chemotherapy
Cisplatin has a significant response rate in squamous tumours and cervical cancer is no
exception (Daly et al, 1996). Relapsed disease has been treated for many years with this
agent. More recently, neoadjuvant and concomitant chemotherapy regimes have been
introduced. There is now strong evidence to advocate concomitant cisplatin based
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chemotherapy for all patients that are due to receive primary radiotherapy (Rose et al,
1999).  In addition these chemotherapy regimes are being recommended for patients
receiving radiotherapy after node positive surgical resection.

Chemotherapy has also been used to downstage bulky tumours in order to make them
more surgically resectable (Serur et al, 1997). As yet this methodology has not been
subjected to a randomised evaluation, but may indicate the way forward. 

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 2.

Table 2: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data that are evidence-based, and likely to be implemented during the period up to

2010

Mortality is affected by changes in incidence and/or changes in treatment. The screening
programme will improve mortality in two ways. Firstly by the elimination of many cases
before the malignant process is mature and secondly by the detection of invasive
disease at an earlier and more treatable stage.  Evidence from Scandinavia suggests
both processes are active in the success of their screening programmes. The relative
contribution of each is uncertain as yet in Scotland. Data should be available in due
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course to demonstrate the relevant influence of each.  Scotland should, in principle,
achieve similar reductions in mortality as seen in the best of the Nordic countries, but as
there are demographic differences which make this unlikely, the predicted reduction in
table 2 has been estimated as 20% by 2010-14.

As screening had been introduced gradually and with poor organisation until 1988,
inferring screening influences is difficult, but without any other known change or
influence, screening seems the most likely factor. Why this influence varies by age group
is unclear, but one suggestion is that younger women have suffered confounding factors
(changing sexual activity or smoking) that could have driven up cancer incidence if it had
not been influenced by screening.

This makes prediction of future trends problematic because, as this younger age group
get older, it is not certain that the pattern of disease will follow the marked falls seen in
the present older age groups.

Targeting women with high risk HPV related lesions may be achieved by the introduction
of new screening technologies. As yet there is no data that would enable estimates of
the impact on cancer incidence to be calculated as a result.

Treatment influences are important for future outcomes, both in terms of morbidity and
mortality. Innovations in surgery should reduce morbidity and allow quicker rehabilitation.
If service provision of linear accelerators is sufficient to enable the planned introduction of
concomitant chemoradiotherapy, there will be a significant impact on survival for those
patients with tumours that are too extensive for radical surgery.

Anticipated time trends in incidence and mortality
Incidence and mortality predictions show a continuing fall in keeping with the trend for
the last half of the 20th century (see Table 3 and Figure 6).
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Table 3: Predicted numbers of cases and deaths (ages 25+)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

Figure 6:  Predicted (1) incidence and (2) mortality (ages 25+)

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply
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CONCLUSIONS

The lifestyle changes that have led to the apparent increase in cervical cancer in the
younger population are unlikely to diminish. If no screening existed then the fear of a
marked increase in incidence could be justified, but the evidence that cervical screening
is controlling and even driving down the incidence is strong. Applying a scale to this
change is difficult.  Screening remaining at 3 yearly intervals is justified.

The continued support for the introduction of new technologies in cervical screening is
essential.

If down-staging were to remain a significant effect of screening, then it may have
implications for the provision of resources for the treatment of malignant disease. The
earlier stages are more likely to require radical surgery rather than radiotherapy. This
would imply that surgical expertise needs to be maintained and rationalised in
conjunction with the establishment of facilities to offer concomitant chemoradiotherapy
timeously to all patients with stage IIB disease or greater.
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INTRODUCTION

Endometrial cancer, unlike other gynaecological cancers,
has always been regarded as a cancer that is easy to treat
and highly curable, because, erroneously, it is believed that it
usually presents with early stage disease.  As a result, there
have been very few studies investigating the management of
this cancer, and treatment for it has not changed significantly
in the past 20 years.  

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

There are approximately 330 cases of endometrial cancer in
Scotland per year.  It is the sixth most frequent cancer
experienced by women in Scotland.  Incidence rates are
highest in the least deprived areas of Scotland.  The disease
is uncommon in young women, with only 4% presenting in
women less than 45 years.  The majority of cases are
adenocarcinomas, and the endometrioid histological subtype
occurs most frequently.  The highest number of registrations
occurs in the age group 55 – 74 years (Harris et al, 1998).

In Scotland, relative survival is 76% at five years for patients
of all ages combined.  Most five-year survivors are effectively
cured.  Survival in Scotland is similar to other European
countries.  There are currently about 115 women a year who
die from the disease (Scottish Cancer Intelligence Unit, 2000).  

In the USA the incidence of endometrial cancer increased in
the early 1970s.  In the UK the incidence started to rise in
the late 1970s.  Although incidence rates peaked in England
and Wales in the mid-1980s, in Scotland the incidence
continued to increase throughout the 1980s, and even in the
early 1990s.  There has been no significant decline in
mortality in the past 20 years.  

Unopposed oestrogen therapy given to relieve climacteric
symptoms was the reason for the rise in incidence in the
1970s.  As it is now known that unopposed oestrogens are a
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risk factor when hormone replacement therapy is prescribed, it is recommended that a
preparation containing both oestrogen and a progestogen should be used (Beresford et
al, 1997; Weiderpass et al, 1999).  Tamoxifen therapy is also a risk factor.  The risk is
related to the dose as well as the duration of use.  To minimise the risk without
compromising the beneficial effects for patients with breast cancer, a dose of no more
than 20 milligrams per day should be taken, and therapy should not exceed 5 years
(Deligdisch et al, 2000).  Endometrial cancer is increased two to three fold in nulliparous
women.  Women with polycystic ovarian syndrome, where excessive endogenous
androgen production, hyperinsulinaemia and anovulation occur, are also at increased risk.  

Age is an important prognostic factor, and a recent Dutch study found that age over 60
years resulted in a poorer prognosis (Creutzberg et al, 2000).  In some young women
who get colon cancer, there is also a risk of developing endometrial cancer.  These
women have a germline mutation in a DNA repair gene.  The condition is known as
hereditary non-polyposis coli or the Lynch form of hereditary colon cancer.  There is a
30% lifetime risk of developing endometrial cancer in someone who has the syndrome.  

SYMPTOMS AND CLINICAL INVESTIGATION

The commonest presenting symptom is post-menopausal bleeding.  However, only 8-
10% of cases of post-menopausal bleeding are found to have endometrial cancer. It is
now clear that the use of endometrial biopsy alone is not sufficient to exclude
endometrial cancer. Either ultrasound or hysteroscopy should also be used. If
transvaginal ultrasound is used it is generally accepted that if the endometrial thickness
measures less than 5mm, endometrial cancer can be confidently excluded without the
need for an endometrial biopsy (Rogerson and Jones, 1998).

SCOPE FOR INTERVENTION

Primary prevention
The most important protective factor is use of the combined oral contraceptive pill.  A
protective effect appears after twelve months of use.  There is a 60% reduction in risk of
developing endometrial cancer after using the combined contraceptive pill for two years,
and an 80% reduction in risk after 10 years of use (Henderson et al, 1983).  Parity is a
protective factor.  Women with two children have an 80% reduction in risk (Silva and
Swerdlow, 1995).  Hysterectomy is also protective, with rates as high as 20% being
quoted for this procedure, in pre-menopausal women with excessive menstrual loss that
is unresponsive to medical therapy. As techniques are now available for performing
endometrial ablation, it is likely that hysterectomy rates will decline. 

Early diagnosis
Screening
There is no prospect for introducing screening for asymptomatic women in the general
population. Current data also suggests that screening asymptomatic women who are
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taking Tamoxifen is not worthwhile (Love et al, 1999). The oral contraceptive pill is
unlikely to be used as a form of chemoprevention.   

Organisation of services
Recent guidelines in England and Wales have recommended that women with high risk
endometrial cancer (stage Ic, stage I grade 3 tumours, stage II and higher), should be
treated by specialist gynaecological oncology teams in cancer centres (NHS Executive,
July 1999). At present, in Scotland, no such guidelines exist. Therefore, surgical
treatment for high risk cases is not always done by specialist gynaecological oncologists. 

Treatment
Surgery
The majority of cases can be treated by primary surgery.  Current recommendations are
that a total abdominal hysterectomy and bilateral salpingo-oophorectomy should be
done, after a sample of peritoneal fluid has been taken for cytological assessment.
There is some debate about the role of pelvic lymphadenectomy and para-aortic nodal
sampling in the management of the disease.  Inspection and palpation at laparotomy is
inaccurate in 22% of cases.  In such cases, although disease appears to be confined to
the uterus, nodal metastatic disease is present (Boronow et al, 1984; Creasman et al,
1987).

Adjuvant therapy
After surgery, radiation oncologists use prognostic factors which are predictive for the
presence of lymphatic metastases to determine who should be given pelvic radiotherapy.
These factors are tumour grade, histological subtype, depth of myoinvasion, adnexal
spread, cervical involvement and positive peritoneal cytology.  There is universal
agreement that post-operative pelvic radiotherapy does not improve overall survival.
However, it does result in a reduction in pelvic relapse rates (Aalders et al, 1980).

There is an MRC funded study looking at the role of adjuvant pelvic radiotherapy in
cases deemed to be at high risk of developing pelvic relapse. This study (ASTEC) is also
evaluating the role of pelvic lymphadenectomy in endometrial cancer.  An EORTC study
is evaluating the role of chemotherapy and radiotherapy in high risk cases after surgery. 

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 1.
SIGN will soon publish guidelines on the most efficient way to investigate post-
menopausal bleeding, and these should ensure that minimal delays occur in establishing
the diagnosis.  Furthermore, the results from current MRC and EORTC studies should
improve the management of high risk cases.
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Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

As endometrial cancer occurs in elderly women with an increasingly ageing population,
and no screening for the disease, it is likely that the incidence of the disease will rise.
Modelling past trends give predictions that incidence will increase slightly and mortality
will almost level off by 2014 (see Figure 1).  The diverging trends may be due to an
increased awareness amongst clinicians of the need to involve specialists in the
management of this disease surgically and post surgery.  

Given these predictions, we can expect the number of cases to increase from 331 per
year in 1995-99 to around 409 per year in 2010-14, and deaths to increase from 115 to
148 per year (see Table 2).  
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Figure 1:  Predicted (1) incidence and (2) mortality 

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

Table 2: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 
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CONCLUSIONS

An increased awareness amongst gynaecologists that endometrial cancer is not a
disease with an excellent prognosis will result in more cases being referred for surgery by
specialist gynaecological oncologists.  Professional consensus is now also emerging on
the most appropriate way to investigate post-menopausal bleeding. In Scotland, SIGN
guidelines on this subject will soon be published.  These should decrease the time it
takes to diagnose endometrial cancer.  Endometrial cancer will remain as the second
most important gynaecological cancer.
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INTRODUCTION

Ovarian cancer incidence has increased and survival has
changed little over the last 30 years. It is now the most
common gynaecological malignancy and has by far and
away the worst survival. Breast cancer, generally
considered the malignant scourge of the female
population, has a far better five-year survival.  The major
problem with ovarian cancer is the silent and insidious
nature of its onset, with over 60% of cases diagnosed at
an advanced stage.

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

Ovarian cancer aetiology is complex, as there are many
different types and sub-types. The commonest types are the
epithelial tumours. Rarer and often highly chemosensitive
tumours occur in the younger age groups and derive from
the germ cells in the ovary. In addition there are uncommon
tumours that arise from the specialised gonadal stromal
tissue within the ovary (ie granulosa cell).

The incidence of epithelial ovarian cancer rises rapidly from
the middle of the fifth decade; incidence and mortality both
increase with age.  This disease has an aetiological profile
that increases its incidence in prospering Western societies.
There is a familial risk, and risk is also linked to nulliparity or
low parity, delayed pregnancies, infertility and increasing age.
These risk factors are explained on the basis of incessant
ovulation causing repeated damage to the ovarian surface
epithelium.  Other theories explaining the development of
ovarian carcinoma are persistent gonadotrophin simulation
and carcinogen access onto the ovaries via the fallopian
tubes.  

The complexity of the molecular biology of epithelial ovarian
cancer involves loss of heterozygosity, at several different
recognised chromosomal sites, of several different
overexpressed and amplified proto-oncogenes (i.e. c-myc,
ras, Her-2/neu).  Around 50% of epithelial ovarian cancers
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have mutated or lost p53 genes (DePasquale et al, 1998), and this is even higher in
relapsed disease.

SYMPTOMS AND CLINICAL INVESTIGATION

The symptoms of ovarian cancer are vague and share presentation with many
commoner and less severe conditions.  Patients are often angry that their symptoms
were overlooked by their general practitioner. The incidence of the disease, however,
means that each of the 6 000 Scottish general practitioners will only see, on average,
one case of ovarian cancer every 12 years.  Educating GPs on the potential for early
identification of this disease is unlikely to be very productive.

Diagnosis and initial staging is made by laparotomy.  Sixty per cent of cases will have
disease spread beyond the pelvis (stage III) at initial surgery.  The importance of proper
assessment and surgical management is not appreciated nor indeed agreed by all
gynaecologists.  There is unnecessary debate about this because the incidence of this
disease means that each of Scotland’s 110 gynaecologists is, on average, never going
to deal with more than three advanced cases of ovarian cancer in any one year. The
specialists question why individual non-specialists should wish to continue to deal with
such a small number of cases.  Even so, if they did not, the facilities currently available in
specialist departments in Scotland are insufficient to cope with all these patients.

SCOPE FOR INTERVENTION

Primary prevention
It might seem that, with decreasing family size and an ageing population, the incidence
of ovarian cancer is set to continue to rise.  However, there is evidence that the use of
oral contraceptives reduces the risk of ovarian cancer in later life (Franceschi et al, 1991).
The use of oral contraception reduces the risk between 40% and 60%, depending on
the length of usage, and the effect seems to persist at least 15 years after stopping oral
contraceptives.  Confirmatory studies have been carried out in several formats -
population studies (WHO, 1989), professional cohorts (Colditz et al, 1994), family
planning population follow up (Vessey et al, 1995) and case control studies (CASH,
1987).  Most studies suggest that a significant reduction in incidence is achieved if
women take the pill for more than four years.

The theories explaining the development of ovarian carcinoma (i.e. incessant ovulation) fit
in with the protective effect of oral contraceptive use.  Recent observation from in vitro
and in vivo research has demonstrated another possible effect of oral contraception,
namely the stimulation of apoptosis in ovarian epithelium by progestogens.  This raises
the possibility that oral contraceptives could be developed to exploit this phenomenon
and that hormone control could continue even after a patient no longer needs oral
contraception.
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Population incidence changes have been identified and related to oral contraceptive use
and these effects could be used to predict trends in Scotland, but have yet to be carried
out here.  One such American study used the calculated changes in parity and oral
contraceptive usage to predict the changes in incidence of ovarian cancer and compared
this with a studied population in several US cities (Gnargy et al, 2000). The prediction only
held true for relatively younger women (premenopausal) when the incidence is lower. For
those age groups where the incidence begins to rise significantly (postmenopausal women)
the predicted fall in incidence has not been observed so far, as this older group of women
would not have been exposed to the oral contraceptive to any significant extent.

Figure 1:  Observed and predicted ovarian cancer incidence rates 1970 -
1995 (USA)

Screening
We are a long way from determining the value of screening.  Methods relying on tumour
marker tests or ultrasound have been evaluated in small clinical trials (Jacobs et al,
1993). The cost effectiveness of establishing such a service has not been evaluated.  An
MRC study is just about to start looking at 200 000 women across the UK, including
Scotland.  This will take over 10 years to report and will examine feasibility, outcomes,
and health economics.

Screening of high risk groups
Familial ovarian cancer accounts for only a small proportion of women (5%) diagnosed
with the disease.  The commonest association is with the BRCA1 gene, which confers a
lifetime risk of between 40% and 63% in carriers, depending on whether the family
history is linked to ovarian cancer or breast cancer (Easton et al, 1995).  Assessment of
risk depends on detailed history taking and identification, when indicated and possible,
of the specific genetic abnormality. This is difficult because there are many abnormalities
in the BRCA1 gene associated with cancer risk and only one of these will apply in any
particular family.
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There is no evidence to date that such screening is effective in reducing morbidity from
ovarian cancers in at risk patients, although a trial is underway.  In addition the strategies
for dealing with women with a risk are unclear.  Even removing both ovaries is not a
guarantee of prevention, as a significant proportion (7%) of epithelial ovarian tumours are
described as primary peritoneal type and are likely to have arisen from the peritoneal
surface in the pelvis and not from the ovaries (Piver et al, 1993).

Organisation of services
Managed Clinical Networks
Managed Clinical Networks are to be established for all cancer services by 2002 (NHS Plan
and Scottish Cancer Implementation Plan). Experience with such a Network for
Gynaecological Malignancy in the West of Scotland has supported the value of this new
approach to organising services.  In particular it has highlighted the intense burden put onto
patients, their carers and their families by the arduous and prolonged treatment process.
This process is burdensome and poorly organised, having been built up in response to
rapid changes in therapeutic practice in the last 10 years. New chemotherapies and a
stronger evidence base have intensified the treatment schedule. Naturally these innovations
have been coordinated by the Regional cancer centres, but without significant response
from the NHS elsewhere, so that patients are, despite the geographical difficulties, tied to
attendance at the centres. An important development, prompted hopefully by the Networks,
will be to organise the patient pathway and service availability so as to recognise and
support practice that can be provided at local hospitals or even in the primary care setting.
Networks will require the resources to coordinate this activity.

Redesign Processes
An essential resource from central funding will be to support Redesign activity to facilitate
service changes to the benefit of outcomes, improve patient satisfaction, protect local
skills and make best use of scarce and expensive specialist resources.

Prospective Audit
Accurate assessment of outcomes with early response and changes in practice can best
be achieved by prospective audit. For this a precise system of data collection closely
supervised and monitored for data validity is necessary.  Because of increasing data
protection laws this should be established by each Network in conjunction with national
Cancer Registration and ISD activities. This would ensure that duplication of effort was
avoided, standard data was collected for each service and the accuracy and
completeness of data were most likely to be achieved.  Funding such prospective audit
activity within Networks should be a priority. 

Clinical Trials
Recruitment into trials is poor in Scotland as elsewhere. The Health Service has a duty to
support clinical trials, especially if such trials indicate the best and most cost effective
treatments (Hawkins, 1998).
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The planning and coordination of trials will still be the remit of the specialist departments
and with the development of Managed Clinical Networks, it should be possible to
increase trial participation.  However many issues of cancer care are not adequately
addressed in research, especially quality of life concerns or patients’ views of service
priorities. Such issues should be raised by Networks and new areas of research
coordinated by them. Our overall understanding of the best management for cancer
patients and an understanding of the patient’s needs should hence be facilitated.

Educational and information activities
The concept of Networks assumes that they disseminate knowledge of best care and
service availability so that all patients can take equal advantage of the health services
organised to help them. This requires that the professionals are kept abreast of current
thinking and best practice. Formal educational activities are therefore a central part of
Network activity. 

Patients require information on their disease, its treatment and of the services and
personnel that are available. Information needs should be identified and uniformly
provided for all patients. By virtue of the cross sectional professional groups and the
patient and carer input, Networks will be able to identify and disseminate standard
information and support staff in providing this. 

Treatment
Unfortunately, the proportion of cases that present with disease that has spread outside
the pelvis (stage III & IV) is about 60%.  These patients require a combination of surgical
and chemotherapeutic management. Indeed, only those patients with disease confined
to the ovaries (stage I) can be cured by surgery alone.

Surgery
The role of surgery remains pivotal to the management of ovarian cancer and it is
increasingly clear that specialised surgery is important, obtaining better outcomes for a
significant proportion of women with advanced ovarian cancer (see Figure 2) (Junor et al,
1999).  Surgery is the initial therapeutic procedure for women with presumed ovarian
cancer. The principles are to:

• Stage the disease by adequate exposure and examination of the abdomen at
laparotomy

• Perform an extrafascial hysterectomy, bilateral salpingo-oophorectomy and
omentectomy

• Achieve complete removal of as much of the disease as possible (debulking) in
Stage III disease

• Ensure that residual disease in advanced cases is less than 1cm individual deposits
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Figure 2: Survival from stage III with residual disease >2cms: Effect of
specialist gynaecologist performing surgery (top line) compared
with general gynaecologists (Junor, 1999)

The debulking procedure is justified by the theory that by reducing the patient’s tumour
load the small volume disease that is left will be that which is most sensitive to
chemotherapy.

In addition, evidence is accruing that repeat laparotomies may have a role to play in the
primary treatment, further increasing the demand on the surgical specialist (van der Burg
et al, 1995).  Indeed the potential operative procedures have grown to include:

• Primary staging and debulking surgery
• Interval debulking surgery
• Post chemotherapy surgery
• Surgery for relapsed disease
• Surgery for emergency complications of persistent ovarian cancer

As management of this disease becomes more complex, both surgically and medically,
resource redistribution will become a priority as cases requiring complex surgery are
referred into the specialist centres.

One challenge to the importance of primary surgery is the statement that debulking
surgery has never been subjected to a randomised trial, and that perhaps most of the
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primary influence on survival comes from chemotherapy.  In the next decade many trials
are going to examine, in detail, the role and timing of the various surgical procedures.
Scotland should respond to these developments and support the trials, which will require
the surgical expertise to run them and the imaging facilities needed to support them.
Only by participating will Scotland retain and develop the necessary skills and personnel
to treat ovarian cancer.

Adjuvant therapy
Ovarian cancer, compared with many solid tumours, is markedly sensitive to a variety of
chemotherapeutic agents.

Much of the recent improvements in survival for this disease have been due to the use of
platinum based chemotherapy (Junor et al, 1994) and, most recently, the addition of
taxanes (McGuire et al, 1996; Stuart et al, 1998). 

Multidisciplinary clinical activity to determine the correct regime and to supervise its
administration are essential elements in maximising the benefits of chemotherapy.
Chemotherapy is inordinately expensive and is unlikely to get cheaper. It is essential that
sufficient oncologists (clinical or medical), supporting staff, imaging equipment and
infrastructure are available to coordinate and supervise this treatment. 

Genetic profiling may, in due course, allow us to target treatment more appropriately, but
such techniques are a long way off.  Meantime, as the number of available drugs is
increasing, individual patients are receiving several courses of chemotherapy over the
course of their illness. We are not very good at curing this disease, but are getting better
and better at maintaining patients for several years with repeated courses of therapy.
The cost of this to the NHS has not been evaluated.

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 1.
The only likely factor that may affect the trends is the influence of the pill.  Projections
based on previously quoted data indicate that incidence would be cut by between 2%
and 22%, the difference being on whether the protective effective is only short lived (no
more than 15 years) or is a lifetime effect.  It also depends on the proportion of the
population of sexual active women who are taking or will take oral contraceptives.
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Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

The possible influencing factors are:

• Changes in incidence
Population and demographic changes
Hormonal use
Screening

• Changes in knowledge and practice
Chemotherapeutic control
Surgical procedures
Involvement in, and outcome of trials
Innovative treatments

The second set of factors will not alter the incidence of the disease, but will significantly
affect the resources needed to treat women with ovarian cancer. 
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ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Based on current trends, the incidence of and mortality from ovarian cancer seems set
to decrease in the next decade (see Figure 3).  However, due to the ageing population,
this will not translate into a reduction of the absolute numbers of cases and deaths, with
an increase in cases from 601 per year in 1995-99 to 644 in 2010-14, and an increase
in deaths from 440 to 450.  Alternatively, the predicted number of cases could be
reduced to 502 if the maximum benefit of pill use was seen.   This, along with re-
organisation of services and improvements in treatment could reduce the numbers of
deaths in the “best case scenario” to 320 per year (see Table 2).

Figure 3: Predicted (1) incidence and (2) mortality 

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

CONCLUSIONS

Scotland’s survival for ovarian cancer does not compare well with other nations. If our
survival figures improve by 10% over the next decade we will have the same survival as
France or Finland. The challenge must be to make up this deficit.  This is possible if the
necessary skills are developed and all patients are included in the multidisciplinary
decision making process, so that everyone has equal opportunity to benefit from the
best treatment.  Networks and telemedicine should enhance this activity, especially as
treatment of this disease is exceedingly complex.  In addition, the service should
recognise that quality of life issues are vitally important.  Managed Clinical Networks
should develop a patient centred agenda maintaining services as near home as possible,
yet conversely recognising that certain specialist skills require an expensive infrastructure
that can only be developed in a few regional centres.
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Table 2: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 
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INTRODUCTION

Prostate cancer is unusual, possibly unique amongst major
cancer sites, in the extent to which asymptomatic disease can
remain dormant until death from other causes intervenes
(Breslow et al, 1977). A consequence of this is that
variations in incidence rates may reflect variations in
methods of disclosing disease as well as in the underlying
disease burden; this has been clearly demonstrated for the
Nordic countries (Tretli et al, 1996).  Increased use of TURP
(as treatment for apparently benign prostatic disease) in the
1980s and of Prostate-Specific Antigen (PSA) testing in the
1990s, are responsible for marked increases in incidence of
prostate cancer in all ‘Western’ countries but especially in
North America (Stephenson et al, 2000).  Examination of
mortality trends as evidence of patterns of disease burden
is, of course, liable to be influenced artefactually by
improved therapy.  

EPIDEMIOLOGY AND AETIOLOGY 

Incidence and mortality from prostate cancer rise sharply
with age. Age-standardised mortality rates have risen
consistently since 1975-79 but the increases are moderate
whereas age-standardised incidence rates have risen more
substantially, over the whole time period and with
accelerating trends.  The increases in incidence are evident
for each age-group across successive birth cohorts with a
suggestion that they are more pronounced for younger men.
Correspondingly, mortality birth cohort rates reinforce earlier
evidence of more moderate changes and increases
concentrated in ages under 54 and over 84.  The statistical
modelling of period and cohort patterns showed statistically
highly significant evidence that both were present in both
incidence and mortality data.  These models fit the data well.
It is reasonable to conclude that the birth cohort effects do
represent changes in lifestyle which have led to an increased
underlying burden of prostate cancer.  The period effects are
most readily interpreted in terms of increased disclosing of
prostate cancer (primarily affecting incidence but also
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capable of exerting a false effect on mortality) and of coding and reporting of prostate
cancer mortality.  

SYMPTOMS AND CLINICAL INVESTIGATIONS
Symptoms
Prostate cancer may present with symptoms of lower urinary tract obstruction.  These
symptoms are indistinguishable from those produced by benign prostatic hyperplasia
(BPH).  Indeed, in many men found to have prostate cancer, symptoms will be due to
coincidental BPH, rather than the cancer itself.  Early confined prostate cancer may be
asymptomatic, and when the cancer itself produces symptoms, it has usually reached an
advanced stage.  Advanced disease may present with symptoms from metastases,
typically bone pain.  Rare presentations of advanced disease are generalized debility,
ureteric obstruction causing renal failure, pathological fracture or spinal cord compression.  

Clinical signs 
On digital rectal examination (DRE), early prostate cancer may be undetectable.  A
confined or locally advanced tumour may present as a palpable nodule, and advanced
disease as an irregular stony hard prostate.  

Clinical investigation
Prostate specific antigen levels are raised in 80% of men with prostate cancer, more if a
lower limit of normal is taken in younger men.  The test is non-specific, and diagnosis in
men with raised PSA or abnormalities on DRE requires histological confirmation, usually
by transrectal ultrasound (TRUS) guided biopsy.  False negative biopsies may occur in
over 20% of men with early prostate cancer.  Local staging by TRUS or magnetic
resonance (MR) is not very accurate. Levels of PSA reflect, in a general sense, the extent
and stage of disease.  Radionucleide bone scans are used to diagnose bone
metastases, CT or MR scans for lymphadenopathy, and ultrasound to diagnose
hydronephrosis due to ureteric obstruction.  

SCOPE FOR INTERVENTION

Primary prevention
There are no prospects for primary prevention of prostate cancer.

Early diagnosis
Screening
PSA testing, almost amounting to screening for prostate cancer, is widely practiced in
the US.  No randomised trials of screening have been reported (an analysis reported as
such and suggesting a benefit of over 40% (Labrie et al, 1999) was incorrectly analysed
(Alexander and Prescott, 1999)), although two are in progress. Meanwhile, temporal
trends in the US (Stephenson et al, 2000) and a geographical comparison in Austria
(Bartsch et al, 2000), provide preliminary evidence that screening may reduce mortality.

152 CANCER SCENARIOS: PROSTATE CANCER



The Austrian study demonstrated a reduction of 40%, 5 years after the introduction of
screening.  This is too soon to result from radical treatment for early disease, but could
reflect an improved survival of patients with advanced disease who, as a result of early
detection, commenced hormone treatment earlier.

It is worth considering the implications, particularly if a formal population screening
programme were to be introduced, for numbers and nature of treatments that will be
required.  If the results of pilot studies of screening in the UK applied, and the whole
Scottish population at risk were offered screening, it is likely that the first screening round
would lead to 2000-2500 radical prostatectomies being performed (Peeling, personal
communication). Paradoxically, in prostate cancer, it is the early disease which demands
the most complicated treatment. The nature of radical prostatectomy, compared to the
comparatively simpler surgical procedures used for example in early breast cancer, has
major implications for urological services, and there will be similar pressures on oncology
services.

However, we believe that it is unlikely that a formal screening programme will be
introduced, at least until results from existing international trials report in 2008-9 (see
table 1).  Nevertheless, with the advent of the English ‘Risk Management Programme’,
pressure for screening from charities and practice in other countries’ use of PSA testing
is likely to increase. 

Ongoing research will, it is hoped, derive improved methods of identifying aggressive
tumours. If so, the level of surgical activity which would accompany a formal screening
programme will no longer be out of proportion to the benefit produced. 

Organisation of services
The British Association of Urological Surgeons Working Party on Early Prostate Cancer
has recommended that men with prostate cancer are managed in designated prostate
cancer clinics (Dearnaley et al, 1999), with access not only to the full range of
appropriate specialist skills, but also to trained counsellors.  Access to advice and
information about PSA testing and its significance needs to be widely available.
Sufficient facilities for prompt performance of TRUS and biopsy are required.  All patients
must have access to surgeons with appropriate experience to do radical prostatectomy,
and oncologists with special interest in the disease.  Management of advanced disease
ideally should take place in multidisciplinary clinics.

Treatment
Surgery
Surgical treatment involves complete excision of the prostate and seminal vesicles
(radical prostatectomy) sometimes combined with pelvic lymphadenectomy.
Complications of this procedure are incontinence and erectile failure.
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Radiotherapy
External beam radiotherapy is an alternative treatment with curative intent for confined
disease and is used to palliate advanced localised disease. Conformal radiotherapy may
reduce morbidity and allow larger treatment doses to be given.  Radiotherapy is often
preceded by neoadjuvant hormonal therapy.  Brachytherapy is emerging as an option for
treating confined disease.  External beam radiotherapy or radio-isotopes (eg strontium
89) are used for palliation of bone metastases, usually when hormone refractory relapse
has occurred.

Hormonal treatment
Androgen deprivation, by orchiectomy, or medical treatment usually with luteinising
hormone releasing hormone (LHRH) analogues, is still the mainstay for advanced
disease.

Chemotherapy
Cytotoxic chemotherapy has been little used in the past, but is now increasing, with
evidence for benefit accruing from clinical trials.

Benefits of treatment
There is emerging evidence that early treatment of advanced disease may prolong life
(Medical Research Council Prostate Cancer Working Party Investigators Group, 1997)
and it is possible that radical treatment of localised disease is beneficial (Lu-Yao and Yao,
1997) although no randomised trials have reported. It is generally believed that influences
of therapeutic changes will be slight, and the relatively stable mortality rates experienced
in most countries provide evidence that there has been little increase in the underlying
burden of prostate cancer.  The latest international comparisons of prostate cancer
mortality rates (Tominaga et al, 1998) show lower rates in Scotland than in most
Northern European countries, North America and Australia.  

An additional factor to consider is the effect of treatment morbidity and mortality.
Although the published mortality rates following radical prostatectomy are unlikely to
outweigh any survival benefit resulting from this procedure, the same may not apply to
hormonal treatment.  In published trials of hormone treatment, while a clear improvement
in disease specific survival is seen, overall survival is affected much less (Prostate Cancer
Trialists Group – unpublished meta analysis).  There is a possible treatment induced
mortality (of uncertain nature) increasing the risk of death from non-prostate cancer
causes.  Thus, statistics based on published prostate cancer mortality (ie patients dying
from prostate cancer) may not reflect trends in actual survival of men with prostate
cancer.  
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FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT
Estimates of the potential changes in incidence and mortality are summarised in Table 1.

Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Future prostate cancer has been predicted using two basic procedures (see Appendix I).
In addition, we have considered plausible changes in prostate cancer in Scotland.  The
most likely origin of such changes is PSA use or even the introduction of a PSA
screening programme.  PSA use has increased recently (Brewster et al, 2000) but is still
restricted to a minority of men.  The largest effect on mortality is that reported from
Austria (Bartsch et al, 2000).  We have considered here:

• For incidence, that increased use of PSA leads to an increase (over the existing
predictions from each of the two basic models) of 

7.5% for 2000-4
15% for 2005-9 and for 2010-2014
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

None

None

Formal screening likely to be restricted 

to trials; increased use of PSA testing

expected to increase incidence by 7.5% 

2000-4 and 15% subsequently in age 

group 55-69.

None

None

None

None

None

Effect of PSA screening on mortality has

never been tested in Randomised 

Controlled Trials.  Ecological studies 

suggest some benefit.  Modest reductions 

of 5% 2000-4 and 10% subsequently

preducted for ages 60-74.

None

None

None

Changes1 in incidence Changes1 in mortality 



• For mortality, that increases in use of PSA since the 1990s leads to a decrease
(applied to the predictions from the two basic models) of

5% for 2000-4
10% for 2005-9 and for 2010-2014

Table 2: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence 

Predicted numbers of prostate cancer cases and deaths are shown in Table 2 and
corresponding age-standardised incidence and mortality rates for the actual predicted
populations are plotted in Figure 1.  The numbers of cases per year and deaths per year
for 1995-9 can be compared to those actually observed for the earlier portion of this
time period.  This suggests that the model with temporal trends continuing is most likely.
Whether changes in use of PSA will mean that the altered scenarios are nearer to the
truth than the formal predictions depends on a variety of personal and public policy
decisions whose outcome is not at present available.

The projected numbers are shown (Table 2) both for the projected population structure.
Demographic trends and the age pattern of prostate cancer mean that, if present trends
continue, numbers of cases and deaths will rise sharply to 2005-9 and slightly thereafter.
These data indicate that the ‘prostate cancer epidemic’ which has been predicted
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1990-41 No 1498 695

1995-61 No 1832 760 

1995-9 No2 1948 759

Yes3 1948 759

2000-4 No2 2849 804

Yes3 2537 791

2005-9 No2 3241 877

Yes3 3372 847

2010-14 No2 4303 990

Yes3 4494 953

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year



(Boyle, 1994) is indeed likely with around 4000 cases per year compared to the present
1500-1800 and deaths per year over 900 compared with the present 700-750.
Increased use of PSA testing has the potential to increase the number of cases to 7000
per year but will probably remain <5000; if screening is as effective in reducing prostate
cancer mortality as the Austrian study suggests then deaths per year could be reduced
to <400.  However, in the absence of evidence from Randomised Controlled Trials, it is
not known whether this benefit would accompany widespread use of PSA testing, and
the worst case scenario includes the largest projections for incidence with no
corresponding benefit in mortality.  Our ‘best guess’ prediction is a modest reduction of
deaths of around 40 per year.  

Figure 1: Predicted (1) incidence and (2) mortality 

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence 

3. Present (1985-94) age–specific rates apply

CONCLUSION

Future trends in prostate cancer will depend greatly on the uptake of PSA testing.  This
will, if high, in turn identify more men with early disease, for whom radical surgical or
other treatments will be considered, and this could have a major impact on urology and
oncology services.  Clinical trial data, both on the value of PSA testing and the benefits
of treatment will have a major impact on these trends.  It is likely, whatever the true
outcome, that the optimum management of prostate cancer will require more resources,
and designated services dedicated to its treatment.
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INTRODUCTION

The development of effective therapy for germ cell tumours
of the testis is undoubtedly an oncological success story.  A
disease which was usually fatal, once it had spread, is now
curable in all but the most advanced and aggressive cases.
Testicular cancers, 90% of which are germ cell tumours
(GCT), that is seminoma and teratoma, are the 14th most
common cancer in men in Scotland with an incidence of 5
per 100 000. These figures might suggest that it is a
relatively unimportant, rare cancer, compared with say
prostate cancer with its incidence of 28 per 100 000.
However, prostate cancer below the ages of 50 is very rare,
whereas testicular cancer is the commonest cancer in men
between the age of 18 and 30, with an incidence of 27 per
100 000 in Scotland in 20 to 34 year olds (Scottish Cancer
Intelligence Unit, 2000).  It is one of the few solid cancers
which can reliably be cured once it has metastasised, and,
therefore, its importance is much greater than might at first
be thought.  In addition, the incidence of this disease has
more than doubled over the last 30 years.  Testicular cancer
is now curable in 90% of cases resulting in a group of young
men who have, if cured, a full life ahead of them and for
whom the side effects of treatment are of particular
importance.

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY
The cause of GCT of the testis and the reason for its
increase in incidence are not clear.  There is an identified
genetic risk with brothers and fathers of affected men having
an 8-10, and fourfold, increase in incidence, respectively
(Forman et al, 1992). There is now evidence for a testicular
germ cell tumour gene on chromosome Xq 27 (Rapley et al,
2000). Associated risk factors are mal-descent and
cryptorchidism.  Atrophic and cryptorchid testes have a high
incidence of carcinoma in-situ and it is now thought that
both seminoma and teratoma develop from this pre-
malignant condition.  The risk of developing a germ cell
tumour from carcinoma in-situ is thought by most experts
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now to be 100%, if left long enough, with the incidence of invasive cancer being 50%
after 5 years (Skakkebaek et al, 1987).  This would suggest that screening for carcinoma
in-situ might have a role in the prevention of this disease.  There is also an increased risk
in the contra-lateral testis of patients who have one testicular cancer, and there is an
association with reduced fertility and infertility. The reason for the geographical variation
in the incidence of GCT is unknown (see Figure 1).

One of the most interesting features of this disease is the increase in incidence over the
last 30 years.   In this period, in most countries in the Western World, its incidence has
at least doubled from 2.5 per 100 000 to over 5 per 100 000.  This increasing incidence
is reported in many countries, including Scotland, and is associated still somewhat
controversially with reduced sperm counts (Irvine et al, 1996).  It is important to note that
it is not associated with a reduction in fertility.  It is, however, paralleled by an increase in
cryptorchidism and orchidopexy rates.

The reason for this increase in incidence is not clear.  A number of agents have been
implicated including trauma and vasectomy, and infective causes such as mumps.  None
have been confirmed as having a causal relationship.  There is a suggestion that a change
in the maternal hormonal environment, during conception or in-utero development is a
possible cause, such as conception whilst on the contraceptive pill, or the use of pre-
natal oestrogens (Henderson et al, 1979).  Such theories are unlikely to account for the
increase in incidence seen over the last three decades, and a more global change in the
hormonal environment which is yet to be identified has been suggested.

Figure 1: International comparison of incidence rates: selected countries or
registries, ranked.  Period 1988-1992

Source: Cancer Incidence in Five Continents, Vol. VII (Parkin et al, 1997)
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SYMPTOMS AND CLINICAL INVESTIGATION

The majority of patients with GCT of the testis present with a lump in the testis. This may
or may not be painful and the testis may actually have decreased in size.  Rarer
presentations are associated with metastatic disease and include backpain and
haemoptysis.  It is important to keep the diagnosis in mind, as it should be remembered
that the average GP will see perhaps one or two patients with a GCT during his or her
working life.  It is therefore not surprising that many patients are treated for epididymo-
orchitis before the diagnosis is made.  A low threshold of suspicion is thus necessary if
this important diagnosis is not to be delayed.  An urgent referral for a testicular
ultrasound, or to a urologist, is indicated where there is a suspicion of a testicular cancer
(SIGN Guideline No 28).

Further investigation and all aspects of the management of this disease are covered in
the SIGN Guideline and will not be repeated here. The speed of diagnosis, staging and
treatment are crucial and the management is truly multidisciplinary.  In view of the rarity
of the disease and the particular expertise necessary in all the stages of its management,
a network of specialists is needed for optimal care.  

SCOPE FOR INTERVENTION

Primary prevention
There seems no way of developing a strategy for primary prevention when the cause of
the disease is unknown.  If the aetiology becomes clearer in the future, this situation may
change.

Early diagnosis
Screening
Screening for this disease may sound attractive in that there is an identifiable high risk
group and very effective treatment.  The high-risk groups are those with a family history,
and patients who harbour carcinoma in-situ.  The incidence of carcinoma in-situ,
however, even in the high-risk group who already have one testicular cancer, is only 5%.
A higher risk group can be identified and these are patients with a testicular cancer
whose remaining testis is crypt-orchid, or “atrophic” with volume less than 16 mls.
There are advocates for routine biopsies of such patients where the pick-up rate for
carcinoma in-situ may well be 30% or more (Fordham et al, 1990).  It is worth noting that
there is an effective treatment for carcinoma in-situ in the form of low dose radiotherapy
which eradicates the germinal epithelium and therefore the risk of developing a GCT.
The low incidence, however, means that population-based screening is unlikely to be
helpful, and there is also still controversy as to which patients should have a biopsy of
the contra-lateral testis.

There are, however data to suggest that, for reasons that are not clear, patients may
delay presenting to their doctor. There is therefore support for general medical education
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and public awareness of this disease, stressing how important it is to make the
diagnosis as quickly as possible, and that it is curable in the majority of cases.   Whether
or not testicular self-examination is helpful in itself is still not clear.

Organisation of services
It is clear that the effectiveness of treatment is related to how well it is administered.  A
national audit of patients treated for testicular cancer between the years 1983 and 1988
demonstrated a variation in the outcome for patients across Scotland (Howard et al, 1995).
There was also a suggestion of a variation in how optimal treatment was, and the
suggestion that treatment was better in centres which saw more patients.  It was as a
result of this finding that guidelines have been drawn up according to the Scottish
Intercollegiate Guideline Network (SIGN) criteria.  This cancer demonstrates the importance
of networking and of multidisciplinary management and expertise, arguably more than any
other.  The intensity of chemotherapy, the accuracy of its administration, the support for
patients who develop side effects of treatment such as neutropenic sepsis, the availability
of high dose treatment and peripheral blood stem cell support, and the difficulty of
subsequent surgery for residual masses, all demand great expertise in a small number of
patients.  This, therefore, means that in a country the size of Scotland there should be
networking and identified individuals or groups involved with the different aspects of its
management.  Emphasis in the future, therefore, should be focused on public awareness,
reducing the time to presentation, then rapid access to general surgeons and urologists,
rapid diagnosis and then referral into the testicular cancer network for optimal therapy.

Treatment
Surgery
Surgery for these diseases falls into two categories.  A surgical procedure is usually
needed for diagnosis and will often involve an orchidectomy or biopsy of either a
metastatic lesion or mediastinal or retroperitoneal mass.  Rapid access to appropriate
surgical expertise, including cardiothoracic surgeons, is therefore necessary.  The second
role of surgery is resection of residual masses after chemotherapy, which may involve
technically very demanding surgery and anaesthesia, and the completeness of resection
is documented as being prognostically important.  Surgery may involve a team approach
including urologist, vascular surgeon and cardiothoracic surgeon.  In view of the small
numbers of patients requiring this type of surgery it is crucial that expertise is maintained
and that there is a network of surgeons to whom all these patients are referred.

Radiotherapy and Chemotherapy
Thirty years ago the diagnosis of testicular cancer meant that there was a 50% chance
of dying of the disease.  This figure is now less than 10%.  There is no doubt that the
reason for this improvement has been the development of effective chemotherapy with
Cisplatin containing regimens. Also important has been the availability of reliable serum
tumour markers (HCG and AFP) and improvements in imaging techniques, in particular
the development of CT scanning.
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The role of radiotherapy has decreased since the advent of effective chemotherapy.
However, it is still an important adjuvant treatment for seminomas and useful for palliation
in advanced disease.  The prognosis of patients with metastatic disease depends on the
bulk of their disease and a number of clearly defined prognostic factors, including
tumour markers and which organs are involved.  The majority of patients fall into good or
intermediate prognostic groups, with cure rates of 95% and 80% respectively.  There is,
however, still a poor prognostic group which represents 12% of patients where survival is
50% or less.  These patients can be identified by the site and bulk of their disease and
their serum tumour marker levels (IGCCCG, 1997).

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

It can thus be seen (see Table 1) that outlook should improve for the small proportion of
patients with poor prognostic disease, because of improvements in treatment, with dose
intensification and the development of new drugs.  This will not have a huge effect
overall on this disease as the results are already very good.  Clinical research is now
therefore directed at reducing the toxicity of the treatment of patients with good
prognostic disease as well as trying to improve the cure rates of those with an
intermediate and poor prognosis.

Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the 

period up to 2010
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

None

Patients at high risk of second cancer can be

identified and should be biopsied

Not currently advised

Increased number of operations due to

numbers going up

Increased requirement of oncology expertise

and drugs

Greater demand due to increase in incidence

Reduced morbidity of treatment and

possible reduction in mortality

Changes1 in incidence Changes1 in mortality 



ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

The projected trends for testicular cancer suggest a continued increase in incidence to a
level over 10 per 100 000 by 2010, with a small decrease in mortality (see Figure 2). 

Even if this projection actually occurs it seems unlikely that testicular cancer will ever
reach the top three cancers in incidence in the next 5 – 10 years, with an estimated 269
cases and 5 deaths per annum by 2010-14 (see Table 2).  Emphasis should, therefore,
be placed on optimising the management of this curable cancer. 

Figure 2:  Predicted (1) incidence and (2) mortality

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

3. Present (1985-94) age–specific rates apply
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Table 2: Predicted numbers of cases and deaths (ages 20+)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

CONCLUSIONS

Testicular cancer is, and should remain a high priority in the provision of cancer services.
Although the numbers are small, optimal treatment has been shown to be effective.  Not
only will this result in the greatest number of young men being cured, but skilled
administration will result in minimum morbidity resulting from the various treatments and
combination of treatments necessary to achieve the best results in this patient group.
Future emphasis should be on rapid access for diagnosis and staging with appropriate
imaging facilities, in addition to networking the management of these patients across
Scotland to identified clinicians and centres of particular expertise.
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INTRODUCTION

Transitional cell carcinoma of the bladder is common and
80% of cases are superficial (TNM stage Ta, T1 or Tis).  The
treatment and follow up of bladder tumour patients
represents a substantial economic burden on health care
systems.  The standard treatment for superficial tumours is
transurethral resection (TURBT) combined with adjuvant
intravesical cytotoxic chemotherapy or immunotherapy in
high risk cases.  Despite these treatments 30-80% of
patients will develop further tumours within 12 months and
10% will progress to invasive carcinoma.  

EPIDEMIOLOGY, AETIOLOGY (AND CELL
BIOLOGY) AND RISK FACTORS

Bladder cancer is the 4th most common cancer in men and
the 7th in women, with a four-fold increase in risk for men
compared to women at older ages.  Incidence has been
increasing steeply for men, with a smaller increase for
women.  The difference between the sexes is also seen for
mortality, but there has been no increase in mortality rates
over time.  This is partly due to an improvement in survival,
seen mainly in females.  It is worth noting that, contrary to
most cancers, survival is generally higher in males with
bladder cancer.  The diverging trends in incidence and
mortality may also be partly due to an increasing tendency
to record papillomas of uncertain behaviour as invasive.
There are currently over 1300 cases and 500 deaths per
annum attributed to bladder cancer, with around 68% of
patients now surviving at least 5 years after diagnosis

SYMPTOMS AND CLINICAL INVESTIGATION

Macro or microscopic haematuria are the symptoms that
require investigation to exclude a diagnosis of bladder
cancer.  Endoscopic examination (cystoscopy) and upper
tract imaging in the form of intravenous urogram or
ultrasound are required.
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SCOPE FOR INTERVENTION

Primary prevention
Tobacco smoking and occupational carcinogens are thought to be the major causes of
bladder cancer, and there is some evidence of increasing incidence with increasing
deprivation (Silverman et al, 1996; Parkes et al, 1982).  The patterns are completely
different to lung cancer, however, where incidence in males is decreasing rapidly as
smoking cessation increases.  However, there is evidence of a cohort effect, with
incidence and mortality rates beginning to decline across all age groups in most recent
cohorts of patients.

Efforts directed to primary prevention will mainly be linked to anti-smoking campaigns.
The long latency period between exposure and tumour development may result in little
benefit from this intervention until 2010-2020.  No screening modalities are currently
available.

Early diagnosis
Screening
Screening of workers in high risk industries such as rubber and dye production is
performed using urine cytology.  Screening on a population basis, given the resource
implications and the reliability of the technique, is unlikely to be of benefit.

Rapid diagnosis in patients with haematuria can be achieved with the establishment of
Haematuria Diagnostic Units with “one stop” visits for cystoscopy and upper tract
imaging.

Organisation of services
Improvements in survival in invasive bladder cancer are likely to be achieved by an
increase in the number of urologists and specialist urologists with oncological expertise.

The cystoscopic surveillance of patients with superficial disease represents a substantial
workload on the urologist and adequate numbers of these specialists are required to
provide this service.  Rapid access to staging radiological investigations in patients with
invasive disease is required.  Multidisciplinary teams of urologists with oncological
expertise, clinical oncologists and radiotherapists are needed in the treatment of patients
with advanced disease with adequate access to treatment facilities.

Treatment
Surgery
Radical surgical treatment for invasive bladder carcinoma with availability of
reconstructive procedures is best provided in specialist centres.  
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Adjuvant therapy
The role of adjuvant chemo/radiotherapy is currently being investigated in collaborative
clinical trials (UKCCCR/EORTC) for which there is inadequate support in Scotland.

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 1.

Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data; that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

The age-period-cohort modelling predicts that incidence will level off and mortality will
decrease for both sexes by 2010-14 (see Figure 1).  Given these predictions, we can
expect around 1750 cases and 500 deaths per annum by 2010-14 (see Table 2).  This
increase in number of cases despite stabilising of incidence rates is due to the increasing
elderly population.
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Reduced smoking

Not applicable

-

Potential for improvements
Potential to improve survival to

European/USA level.

Changes1 in incidence Changes1 in mortality 

} }



Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

CONCLUSIONS

Bladder cancer is a major public health problem.  Improvements in survival may be
achieved by rapid diagnosis, tight cystoscopic surveillance programmes, and
multidisciplinary teams for treatment of invasive disease.  Each component of this
sequence may contribute to improved outcome but depends on adequate personnel
and resources.
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Table 2: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)
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1990-41 No 906 304 408 177

1995-61 No 936 321 462 185

1995-9 No2 1023 320 461 193 

Yes3 320 193

2000-4 No2 1115 325 489 192

Yes3 317 187

2005-9 No2 1204 331 508 192 

Yes3 314 182

2010-14 No2 1292 342 518 189

Yes3 325 179

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year
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INTRODUCTION

Almost two thirds of patients diagnosed with renal cell
carcinoma will be dead within five years.  Surgical resection of
the primary tumour in patients with localised disease remains
the mainstay of therapy.  Renal cell carcinoma is characterised
by few early warning signs resulting in a high proportion of
patients presenting with metastases at diagnosis.  

EPIDEMIOLOGY, AETIOLOGY (AND CELL
BIOLOGY) AND RISK FACTORS

Kidney cancer is more common in men than women and
incidence is increasing steadily in both sexes, with a
doubling over the 35 years examined.  The mortality pattern
is similar but with a smaller increase over time due to
improvements in survival in all age groups.  As with most
cancers, risk increases with increasing age.  There are
currently around 550 cases and 320 deaths per annum
attributed to kidney cancer, with only 38% of patients
surviving at least 5 years after diagnosis.  

SYMPTOMS AND CLINICAL INVESTIGATION

Only a third of patients present with the classic triad of loin
pain, palpable mass and haematuria.  Non-specific
symptoms such as weight loss, fever and general malaise
often lead to delay in diagnosis.  Non-invasive imaging such
as ultrasound, CT scanning and MRI can rapidly establish
the diagnosis.  

SCOPE FOR INTERVENTION

Primary prevention
Tobacco smoking is thought to be one of the major causes
of kidney cancer, but there does not appear to be an
association between incidence and deprivation (Parkin et al,
1994; Scottish Cancer Intelligence Unit, 2000).   Obesity and
a western type diet may lead to a moderately increased risk.
There does appear to be a cohort effect with incidence rates
levelling off in the most recent cohorts of patients.  It may be
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a number of years before this is reflected in the older patients for whom kidney cancer is
most common, and, therefore, in age-standardised rates of cancer.  

Primary prevention in the form of anti-smoking campaigns and improved diet for the
population may reduce the incidence of renal cell cancer. 

Early diagnosis
Screening
Screening on a population basis with ultrasound, given the relatively low incidence of this
tumour and the resource implications, is unlikely to be feasible.

Organisation of services
Improvements in survival are likely to be achieved by an increase in the number of
urologists with oncological expertise and clinical oncologists with adequate support in
the form of radiological facilities etc.

A specialised renal cancer clinic established 24 months ago in a regional cancer centre
had 239 patients referred and has provided a multidisciplinary approach to renal cancer
care (Aitchison et al, 2000).

Treatment
Surgery
Complex surgical and oncological treatment is best provided in large regional centres.
Complex surgery involves locally advanced tumours,T3b-c lesions and cases for
consideration for partial nephrectomy.  Future developments such as cryo-ablation and
high intensity focussed ultrasound (HIFU) should be piloted in such centres.

Improvements in survival may be achieved by nephrectomy in the presence of
metastases (McCreadie et al, 1994).

Adjuvant therapy
Collaborative studies (UKCCCR/EORTC) of surgical technique, adjuvant chemo-
immunotherapy in high risk patients and combination anti-angiogenic/immunotherapy
regimes in patients with metastatic disease are open for patient recruitment and are likely
to result in improvements in survival.  There is currently inadequate support (both in
infrastructure and funding for drugs) for such trials in Scotland.

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 1.
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Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

The age-period-cohort modelling predicts a continuing increase in incidence for both
sexes, a small increase in mortality for females and the beginning of a decrease in
mortality for males by 2010-14 (see Figure 1).  Given these predictions, we can expect
around 800 cases and 400 deaths per annum by 2010-14 (see Table 2).
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Other

Reduce smoking

Improve diet

Not applicable

Not applicable

Specialisation of surgical expertise 

Specialised clinics

Improvements in facilities

Support for trials

Unlikely in next ten years

Potential to increase survival to 

level of European data

Changes1 in incidence Changes1 in mortality 

}



180 CANCER SCENARIOS: KIDNEY CANCER

Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected) 

3. Present (1985-94) age–specific rates apply

CONCLUSIONS

Over the next ten years improvements in survival in kidney cancer could be achieved
with increased resources and improved organisation of cancer services.
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Table 2: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 
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1990-41 No 294 161 215 125

1995-61 No 337 189 231 134

1995-9 No2 343 167 239 142 

Yes3 167 142

2000-4 No2 390 175 265 156 

Yes3 170 152

2005-9 No2 443 182 293 174 

Yes3 173 165

2010-14 No2 501 191 323 195

Yes3 182 186

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
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INTRODUCTION

The brain is host to probably the greatest variety of tumours
of any site in the body (Kleihues et al, 1993; Kleihues and
Cavenee, 2000).  In spite of this variety, however, primary
cancer of the Central Nervous System is rare.  Whilst some
CNS tumours are highly curable, many are extremely lethal
(Rampling, 2001 (in press)). Therefore to lump all tumours in
this site into one category is likely to have less meaning
than in other sites. The majority of primary brain tumours
are glial in origin. Of these, the majority are high-grade
astrocytomas which are among the most deadly.
Furthermore, ‘benign’ tumours of the brain, such as
meningiomas and craniopharyngiomas can be dangerous,
and even lethal, because of the enclosed nature of the brain
and its lack of tolerance to damage, by pressure for
example.  For this reason, benign and borderline tumours
are generally included in the CNS cancer problem (Kaye
and Laws, 1995).

In the UK, the overall incidence is around 7 per 100,000
population, which results in approximately 300-400 new
patients being diagnosed each year in Scotland (see below).
A GP will see, on average, four new patients with primary
brain tumours during their career. Although brain tumours
account for less than 2% of all primary tumours, they are
responsible for 7% of the years of life lost from cancer
before age 70.

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

Brain tumours occur at any age.  There is a substantial
incidence in infants, children and young adults.  They
represent the commonest site for solid tumours in
childhood.  For both sexes, a small peak in incidence in
early childhood drops to a poorly defined minimum in
teenage years rising to a second major peak in middle age
for both sexes (at around age 55 – 65 years) (Harris et al,
1998; Northern Ireland Cancer Registry, 1999). The decline
at greater ages may be an artefact of data collection (Muir et
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al, 1994).  Age standardised incidence rates have increased steadily since 1960-64
(~50%) and this has been mirrored closely by the age standardised mortality rate.

The age-sex specific incidence rates show that at all ages brain tumours are more
common in males than females (male:female ratio ~1.2:1.0).  This is true for most
histological subtypes, the outstanding exception being meningioma (Giles and Gonzales,
1995).  The shape of the age-sex specific mortality curve follows the incidence curve
very closely reflecting the lethal nature of the disease. The curves are substantially
different only in children, where some patients with low grade or rarer tumours can be
cured.

The tumour type and site vary with age, with clear distinctions between adult and
childhood brain tumours.  Most childhood tumours (70–80%) arise infratentorially (glial
tumours, medulloblastoma) or in the midline (germ cell tumours, craniopharyngioma).
Glial tumours in children are more frequently low grade.  In adults most brain tumours
are supratentorial where high grade gliomas and meningiomas predominate.

The only known aetiological factors for brain tumours are some rare genetic syndromes
(table 1) and exposure to ionising radiation (Giles and Gonzales, 1995).  Whilst many
other factors have been suggested (eg low energy electromagnetic radiation, industrial
chemicals), none has been proven and this is an area of current study.  Immuno-
suppression predisposes to CNS lymphoma (eg AIDS and transplant patients) (Penn and
Porat, 1995; Cote et al, 1996), and breast cancer may be associated with a higher
incidence of meningioma (Markopoulos et al, 1998).
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Table 1: Syndromes associated with increased frequency of brain tumours

The molecular pathogenesis of brain tumours is becoming increasingly clear (table 2)
(Rasheed et al, 1999).  Early changes comprise loss of tumour suppressor function (eg
p53 losses and mutations on chromosome 17p), whilst gene amplification (eg epidermal
growth factor receptor (EGFR) amplification) is almost exclusively seen in high-grade
tumours and represents late change. 

Of particular interest is the recognition of at least two types of glioblastoma.  The de
novo or primary glioblastoma tends to occur in older patients, with no prior history of
tumour.  It is characterised by oncogene amplification (eg EGFR), p16 deletions and
mutations of the tumour suppressor gene PTEN on chromosome 10 and has a
particularly poor prognosis.  Secondary or progressive glioblastoma arises in younger
patients, frequently with preceding astrocytoma, and has a slightly better prognosis.
Common abnormalities are p53 mutations and platelet-derived growth factor receptor
(PDGFR) amplification.  Loss of heterozygosity (LOH) on chromosome 10 is common in
both types of glioblastoma.

CANCER SCENARIOS: BRAIN AND CNS TUMOURS 185

Syndrome 

Neurofibromatosis I Neurofibromas, Gliomas, NF1 on 17q12, Autosomal 

Sarcomas Dominant

Neurofibromatosis II Schwannomas (acoustic NF2 on 22q12, Autosomal

neuromas) Dominant

Meningiomas, Gliomas 

(esp.spinal)

Von Hippel-Lindau Haemangioblastoma VHL on 3p25-26, Autosomal

Dominant

Turcots Glioblastomas, Medulloblastomas 5q21, Autosomal 

Dominant

Tuberose Sclerosis Subependymal giant cell TSC1 on 9q

astrocytoma TSC2 on16p

Hamartomas

Li Fraumeni Gliomas, PNET’s TP53 on 17p13, Autosomal

Dominant

Basal Naevus Medulloblastomas PTCH on 9q31, Autosomal

Dominant

Brain tumour Genetics



Table 2 : Molecular abnormalities in brain tumours

SYMPTOMS AND CLINICAL INVESTIGATION

The effects of brain tumours may be local (eg infiltration or local pressure) or global (eg
obstruction to the flow of cerebrospinal fluid, seizure).  Brain tumours most commonly
present with either headache or seizure (Thomas and McKeran, 1990).  However brain
tumours are a rare cause of either of these symptoms in general practice and it is not
uncommon for the diagnosis of brain tumour to be delayed.  Typical frequency of first
presentation symptoms is shown in table 3. 

A large variety of symptoms and syndromes may occur according to the precise location
of the tumour.  Particularly devastating is loss of cognitive or motor function or
impairment of speech and vision, any of which can lead to loss of independence early in
the disease.  If these problems are recognised and addressed vigorously, independence
may be maintained. Unusual presentations include hormonal disturbance, intellectual
decline, developmental failure and disturbance of special senses.
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Tumour type 

Astrocytoma (Low grade)

Primary glioblastoma

Secondary glioblastoma 

Oligodendroglioma 

Anaplastic

oligodendroglioma

Medulloblastoma

Meningioma

P53 mutations, PDGFR

amplifications

LOH 10q, EGFR amplification,

PTEN alterations, CDKN2A

deletions, p16 deletion

LOH 10q, p53 mutations, PDGFR

amplifications

LOH1p, LOH19q

LOH1p, LOH19q, CDKN2A

deletions

LOH17p, PAX over expression

Deletions of Chr 22 (esp. 22q12).

LOH10q (atypical only)

P53 mutations

PTEN alterations,

EGFR amplifications

LOH10q, PTEN 

alterations

LOH10q, PTEN

alterations

High frequency Low frequency



Table 3: Initial symptom in 120 consecutive patients with newly diagnosed
glioblastoma presenting to the neuro-oncology unit at Institute of
Neurological Sciences in Glasgow

A major change in the management of brain cancer has involved the use of neuro-
imaging. From the late 1970s, CT scanning gave the first clear non-invasive pictures of
brain tumours, rapidly rendering obsolete older imaging methods, such as isotope
scanning and pneumoencephalography.  More recently, the routine use of MRI and
functional imaging (SPECT, PET) and MRS have markedly improved the accuracy of
diagnosis (Zee et al, 2000).  Undoubtedly, these techniques have increased the
frequency of diagnosis and will have contributed to an apparent rise in incidence.  Other
factors which may have contributed to an apparent increase include the greater number
of specialists, better care of the elderly and reclassification, particularly with respect to
metastatic disease.  Also, the greater availability of scanning has led to a change in
referral pattern.  Traditionally the route was from GP to a neurologist, possibly via the
local DGH.  Now, however, the neurologist is frequently by-passed, with the referral
being made directly by the GP or DGH to the neurosurgeon. Likewise in spinal imaging,
MRI has completely replaced myelography as a method of investigation.

Once a brain tumour is suspected from imaging then, in the great majority of cases, a
biopsy is required. This can be achieved at the time of tumour resection or a small
sample can be taken from a stereotactically localised region of the tumour.  

SCOPE FOR INTERVENTION

Primary prevention and screening
Since radiation is the only known causative factor for human brain tumours, and this is
already highly regulated, it is unlikely that we will be able to influence the incidence of
brain tumours by manipulating any environmental or lifestyle factors.  Screening is not
currently an issue for primary brain tumours.
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Symptom % Symptom %

Headache 34 Altered consciousness 4

Seizure 23 Incoordination 4

Limb weakness 12 Sensory disturbance 3

Cognitive change 8 Speech disturbance 3

Visual disturbance 5 Other 4
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Early diagnosis
High grade glioma is a fatal disease irrespective of when it is diagnosed and early
detection has not been shown to make a major impact on survival.  Hence it is unlikely
that any screening or early detection methods will make a major impact on survival in the
immediate future.  We should be able to say, therefore, that the current modelling of
incidence can be used without the introduction of other factors imposed as a result of
current diagnostic or therapeutic research.

Conversely, however, the increasing availability of high quality imaging should lead to the
detection of cases earlier in their natural history.  Since patients with large tumours and
severe symptoms may not currently be actively treated, the fact that cases are being
detected earlier may lead to a greater number of them being appropriate for treatment.
Hence, there is likely to be a greater need for resources even with the same incidence of
disease.

Organisation of services
Neuro-oncology is a subject made particularly complex by virtue of the range of
malignant diseases (histologies) encountered in the brain.  Management of these cases,
some of which are highly curable, should be concentrated in teams that are large
enough to be familiar with, and have the resources to deal effectively with this variety.
Also, many patients with these diseases will become progressively debilitated and will
die.  A team with sufficient resource and expertise is needed to advise and support the
families, primary carers and hospice workers in the community.

Currently, there are four neurosurgical units in Scotland, each of which acts as a referral
centre for patients with brain tumours.  In at least two of these, one neurosurgeon takes a
special interest in the surgical management and joint clinics are held.  However, most
neurosurgeons, independent of specialisation, still operate on tumours.  Patients are
usually referred directly to the neurosurgeon and an initial decision on management is
frequently taken without discussion with an oncologist.  There is little evidence of
protocolisation of approach and much of the surgical management appears independent.

Adequate imaging is a prerequisite for optimal management of CNS tumours.  Availability
of scanning varies throughout the neurosurgical centres in Scotland.  In some centres it
is woefully inadequate, with many patients waiting weeks for urgent CT scans, and as
long as six months for routine MRI.  Frequently, patients will receive inadequate CT
imaging when MRI would be optimal.  This lack of imaging can lead to poor planning of
surgery and radiation treatments and inadequacies of follow up.  Functional imaging
(PET, SPECT, fMRI) is minimally resourced in Scotland.

In all four centres a single (clinical) oncologist takes a special interest in primary brain
tumours and will see the great majority, if not all, the referrals.  This is a major interest for



the oncologists in the larger centres, a minor interest in the smaller centres. This
concentration of referrals ensures uniformity of treatment within each centre.  Whilst
formal protocols are not shared between centres, regular communication and
commonality of training leads to a considerable uniformity of treatment approach. 

Patients will almost universally receive their primary, non surgical treatment (radiotherapy,
chemotherapy) in the regional oncology centre.  This is usually on an outpatient basis.
The most common primary treatment is radiotherapy alone; adjuvant chemotherapy,
though popular in America, is uncommonly used in the UK.  Because of the lack of
radiotherapy provision patients may wait 6-7 weeks from diagnosis for their treatment.  It
is not uncommon (in at least one centre) for a patient scheduled for radiation to become
untreatable due to tumour growth before their treatment can begin.

Because of their rarity and the complexity of management it is common practice for
primary brain tumours to be followed up in specialist (sometimes joint) clinics in the
oncology and/or the neurosurgical centre.

At least two of the centres have full time specialist ‘Brain Tumour Support’ nurses, who
give advice and support to the patients and their family, and professional carers.

Treatment
Relatively little progress has been made in the last 10 years in the management of the
common brain tumours with respect to survival.  However improvements have been
made in the overall care of these patients and in selecting those who merit more
aggressive approaches to treatment.  Among the rarer tumours there has been
increasing use of chemotherapy, usually as an adjunct to surgery and radiotherapy (eg
primary CNS lymphoma, germ cell neoplasms).  The use of surgical techniques to
establish a diagnosis, often using stereotactic approach, are now more frequent, and
radiotherapy techniques, for the better prognosis of patients, have become more
sophisticated and less morbid.

Surgery
Surgery has three potential roles in brain tumour management: to obtain a diagnosis, to
relieve pressure and to contribute to cure.  Few patients with a radiologically identified
brain tumour should not have a biopsy.  Whilst most neurosurgeons will decompress
gliomas to relieve pressure, there is no clear evidence that resection improves survival
(Kowalczuk et al, 1997).  However, two important issues that are likely to be addressed
by trials in the near future are whether resection improves quality of survival without
improving its duration and whether intra-operative image-directed surgery can improve
survival.  If either of these studies is positive then the need for neurosurgical resource will
increase.  Also, one novel treatment requiring surgical intervention is established (Brem
et al, 1995).  This uses a polymer impregnated with BCNU1 known as ‘Gliadel’.  Gliadel
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is applied to the tumour bed after resection.  Other similar approaches are in
development using intralesional drugs or biological therapy (Rampling et al, 2000).

In other tumour types the value of surgery is without question, and its role substantial (eg
meningioma, medulloblastoma), and there is an increasing role in metastatic disease.

Adjuvant therapy
Radiation treatment has a major role in the management of brain tumours. It improves
survival in patients with high grade glial tumours (Walker et al, 1978) and is indicated in
the majority of patients (Gregor, 1997). It may be curative in some tumour types
(medulloblastoma, germinoma) but not in others, particularly glioma.  A variety of regimes
is used according to tumour type and the clinical state of the patient (Gregor, 1997).
The role of radiotherapy in low grade glioma is not clear.  There is no evidence that early
intervention improves outcome (Karim et al, 1998), but most oncologists will offer
treatment as the disease progresses.  New developments in radiotherapy include
increasing the dose to the tumour and decreasing the dose to normal tissue through the
use of stereotactic radiotherapy or conformal radiotherapy (Rampling, 1998).  Clinical
trials have not yet been performed to show clinical advantage over standard treatment.
In spite of this, conformal radiotherapy is already becoming standard practice in the
USA, particularly in adults with lower grade or potentially curable tumours and, more
universally, in children, on the basis that the toxicity is less than for the non-conformed
approach.  It is very likely that more ready access to conformal therapy, with or without
stereotactic localisation, will be required in Scotland in the near future.

Chemotherapy
The role of chemotherapy for brain tumours is also uncertain.  The most commonly used
agents include the chloroethyl nitrosoureas, procarbazine, temozolomide
epidophyllotoxins  and platinum compounds.  There is little evidence that adjuvant
chemotherapy in the primary treatment of gliomas is of any clinical value (Rampling,
1997; Thomas et al, 1998). Treatment at relapse is usually with single agent nitrosourea
or a combination of procarbazine, CCNU2 and vincristine (PCV3).  Response rates are
typically 30% and short lived.  Oligodendrogliomas have a better response to
chemotherapy (Cairncross et al, 1998; Van den Bent et al, 1998).  Temozolomide
appears to produce a similar level of activity but has a better side effect profile and has
the advantage of being administered orally (Yunh et al, 1999). 

Platinum based combinations are more active in germ cell tumours (Senan et al, 1991)
and medulloblastoma (Gaze et al, 1994), whereas high dose methotrexate regimes are
effective against lymphoma (Maher and Fine, 1999).  These regimes may contribute to
cure in poor prognosis patients.  

2 CCNU = cis-chloroethyl nitrosourea
3 PCV = procarbazine, CCNU and vincristine



FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

A most important development in neuro-oncology in recent years is the appreciation of
the diversity in brain tumours.  Tumours previously regarded as ‘high grade glioma’ and
treated to a uniform protocol are now appreciated to comprise a variety of subtypes with
different outlooks.  Thus anaplastic astrocytomas and oligodendrogliomas are known to
be more responsive to anti-cancer treatment and should be separated from
glioblastoma.  Furthermore glioblastomas can also be separated into prognostic
categories, according to well-validated factors, and command different treatment
approaches. By allocating treatment more appropriately, it should be possible to improve
the survival in these subgroups and, hence, in the brain tumour population overall. 

As indicated earlier, there is little proof currently that aggressive surgery confers a survival
benefit to patients with glial tumours.  However, it may be that it does improve the quality
of patients’ lives. This is to be the subject of a UK National study.  Ultra aggressive
(image-based) tumour resection may lead to a survival benefit.  However, from
considerations of the basic tumour biology, this is unlikely to be substantial.  

It is unlikely that radiation therapy will improve significantly its contribution to survival in
patients with gliomas. The best that has been claimed in a non-randomised study for
radiation boosts above the conventional 60 Gy is around 15% improvement in median
survival (Sneed, and Gutin, 1993; Green et al, 1994).  A current study of radiation boost
using stereotactically delivered X-rays should provide an answer and define a need or
otherwise for this type of treatment.

Adjuvant chemotherapy currently confers little survival benefit in the treatment of
malignant glioma.  However a recent study has shown that Gliadel does modestly
improve the median survival in patients with newly diagnosed glioma (Rhône-Poulenc,
2001), and this complements a similar finding in patients with relapsed glioma (Brem et
al, 1995).  Since the toxicity of this agent is low, it might be adopted as standard
treatment at some time in the future.  If so, the median survival improvement is likely to
be around 15%.  Furthermore Temozolomide, a new alkylating agent licensed for use in
relapsed glioma, is currently being explored as an adjuvant agent.  Benefits from this are
likely to be marginal (no more than 10% improvement in median survival).  

Although many new agents are being explored as treatment for glioma (including anti
angiogenesis agents, gene therapy agents, immunostimulants and conventional
cytotoxics), none has shown major promise in the clinic, so serious improvement in
treatment outcome is not expected within the next five years. 

The situation in the non-glial tumours is different.  Patients with diseases such as
intracranial germ cell tumours, PNETs, lymphomas, meningiomas, enjoy 5-year survival
rates of 60-90%, and many are cured.  The need here is to combine treatment

CANCER SCENARIOS: BRAIN AND CNS TUMOURS 191



modalities to improve these rates still further, investigate new approaches and to
examine methods of reducing toxicity. There is not scope in this report to detail all such
initiatives but suffice it to say that a slow but steady improvement is expected over the
next five years.  Since these are rare tumours this improvement is unlikely to make a
major impact in the overall survival figures for brain tumours.

Whilst not intrinsic tumours, metastases to the brain are frequently referred to neuro-
oncologists.  It has been increasingly appreciated that aggressive treatment in patients
with good prognostic factors, particularly solitary metastases, can produce excellent
outcome (Patchell et al, 1998).  This treatment places demands on neurosurgery and
stereotactic radiotherapy.  There is likely to be increased demand for these techniques in
the next five years.

Improvement in survival is the aim of all cancer medicine. However, in neuro-oncology
because survival is so poor for most patients, and because disease and treatment
related sequelae can be so severe in survivors, improvement in quality of life is an equally
great ambition.  Mechanisms for supporting patients and their carers need to be
developed alongside improved treatments.  It is only by concentrating expertise that the
appropriate protocol development and research can be undertaken and a top quality
service be provided. 

Estimates of the potential changes in incidence and mortality over the next 10 years are
summarised in table 4.

192 CANCER SCENARIOS: BRAIN AND CNS TUMOURS



Table 4: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Extrapolating current time trends in incidence and mortality, and taking into account age-
specific demographic changes, allows estimation of future incidence and mortality.  If
present trends apply, it appears that there will be an increase in the incidence of brain
and CNS tumours in males over the next 10 years (see figure 1), but no increase in
females.  A similar pattern will be seen for mortality which will be reduced if the changes
suggested in table 4 are implemented.
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Implementation of

evidence-based treatment

Re-organisation of services

Other

None

Increased investigation of

symptomatic (elderly)

patients who may otherwise

have not been referred (<5%)

None

-

-

-

None

None

None

Possible minor (5-10%) improvement in

median survival for gliomas following 

image guided resection 

Possible minor improvement (10%)

improvement in median survival

following radiotherapy dose escalation.

Referral of all patients for a specialist

opinion could increase survival for

those now not offered radiotherapy

New chemotherapy agents (Gliadel,

Temozolomide) used early in treatment

may improve median survival (10-20%)

Changes1 in incidence Changes1 in mortality 



Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected) 

3. Present (1985-94) age–specific rates apply

The expected numbers that this represents are shown in table 5.  If the present trends
(1960-1994) are projected into the future then the number of new cases per year will rise
from 153 in 1995-96 to 221 in 2010-14 in males, but will remain constant at 131 cases
per year in females.   For deaths, a rise from 149 to 233 is predicted in males, and a
slight increase 108 to 124 in females.  Neither screening nor treatment initiatives are
likely to substantially modify these figures over the next 5-10 years although the numbers
of deaths could be reduced to 210 for males and 111 for females.

194 CANCER SCENARIOS: BRAIN AND CNS TUMOURS

1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

2

4

6

8

10

In
ci

d
en

ce
 E

A
S

R
 p

er
 1

00
,0

00
 p

er
so

n
 y

ea
rs

Time Period

1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

2

4

6

8

10

In
ci

d
en

ce
 E

A
S

R
 p

er
 1

00
,0

00
 p

er
so

n
 y

ea
rs

Time Period

1

2

3

1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

2

4

6

8

10

M
o

rt
al

it
y 

E
A

S
R

 p
er

 1
00

,0
00

 p
er

so
n

 y
ea

rs

Time Period
1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014

0

2

4

6

8

10

M
o

rt
al

it
y 

E
A

S
R

 p
er

 1
00

,0
00

 p
er

so
n

 y
ea

rs

Time Period

1

2

3

1 2

3 4



Table 5: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

CONCLUSIONS

Tumours of the CNS are relatively rare, but because of their resistance to treatment they
have a disproportionate impact on mortality and morbidity.   If current trends are
followed, there is likely to be a modest but significant rise in incidence over the next 10
years.  There is little, if any, scope for prevention and, for most tumours, early diagnosis
has little impact on outcome. The importance of recognising the wide diversity in brain
tumours is manifest in tailoring treatment closely to the particular disease in order to
optimise outcome.  Prompt access to diagnostic and treatment facilities is also needed
to optimise treatment and limit morbidity.  This is not currently happening in Scotland
and a simple increase in standard treatment facilities could improve outcome, if not
overall survival.

A comprehensive support structure is required for patients and their carers through what
is frequently a debilitating and lethal illness.  To achieve all of this and to implement
adequate audit and development programmes, all patients should be referred to
specialist units comprising at least an oncological neurosurgeon, a neuro-oncologist and
a specialist nurse.  Whilst even this is not likely to impact on survival in the next five
years, such a development would allow the examination of new treatments in this period
and provide a base, hopefully for improved survival in the years that follow. 
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1990-41 No 163 146 126 112

1995-61 No 153 149 131 108

1995-9 No2 166 167 121 116 

Yes3 167 116

2000-4 No2 183 189 123 118 

Yes3 179 112

2005-9 No2 201 212 127 121 

Yes3 190 109

2010-14 No2 221 233 131 124

Yes3 210 111

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year
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HODGKIN’S DISEASE AND 
NON-HODGKIN’S LYMPHOMA
DR MIKE MACKIE

Western General Hospital, Edinburgh



INTRODUCTION

Hodgkin’s disease, which has recently been shown to be a
true lymphoma, represents just under 1% of cancers; its
position is about 20th in the “cancer league”, it being slightly
more common in females.  Hodgkin’s disease occurs in all
age groups but its distribution is bimodal.   There is a peak
in the 15-35 age group but 25% of patients are over 60.   

Non-Hodgkin’s lymphoma represents 3% of cancers and is
ranked 8th.  It occurs in equal frequency in males and
females and is a disease primarily of the elderly with a
median age of 65.  However, high grade forms of non-
Hodgkin’s lymphoma are found in all ages including children.
The incidence has been increasing annually over the last two
decades by the order of 4% per annum.  This increase is
mirrored in other parts of the UK, Europe and the USA.  The
increase is seen in the elderly and particularly for extra nodal
cases.  This raises the question of whether the increase is
genuine or reflects changes in diagnostic criteria and
registration.   However, although these factors may play a
part, the fact that the increase has been demonstrated in a
number of countries suggests that it is likely, to a significant
extent, to be real.   

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

Hodgkin’s disease
The five year relative survival for Hodgkin’s disease based on
Scottish Cancer Registry data is 69% for females and 75%
for males aged 15-99 years.   This compares with US data
(SEER) which gives a five year survival of 86% in patients
under 60 years.   Data from the Scotland and Newcastle
Lymphoma Group (SNLG) database shows that there is a
significant difference in outlook when patients under 60
years are compared with those of over 60.   In patients
under 60 the overall five-year survival is now 80%.  If a
patient is over 60, the overall survival is only 23%, and the
majority of these patients die of Hodgkin’s disease.
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The Epstein Barr virus can be found in some but not all patients with Hodgkin’s disease.
The most common histology in the younger patients, nodular sclerosing, is not associated
with Epstein Barr which tends to be associated with older patients who have mixed
cellularity Hodgkin’s disease.   There is an increase of Hodgkin’s disease occurring in
families with a diagnosed member but the exact genetics are not understood.   Clusters
of cases have been reported suggesting the involvement of an infectious agent, or a
genetic predisposition or both.   There is probably an association between HIV infection
and Hodgkin’s although this is not so frequent or well described compared to non-
Hodgkin’s lymphoma.   There seems to be no correlation of incidence with deprivation.

Non-Hodgkin’s lymphoma
In contradistinction to Hodgkin’s disease some 30-40% of non-Hodgkin’s lymphomas
are extra nodal and there are a greater number of histological subtypes, resulting in a
large number of clinical/pathological entities which have been described in the Revised
European American Lymphoma (REAL) and World Health Organisation (WHO)
classification.  Furthermore, as in Hodgkin’s disease, individual parameters such as age,
stage, performance status and the level of lactate dehydrogenase define prognostic
subtypes.  Thus, although Scottish Cancer Registry data shows a five year relative
survival of 45%, in contrast to Hodgkin’s disease, 60-70% of patients are over the age of
60 and SNLG data shows that the five year overall survival of such patients is only 23%
whereas the figure for patients under 60 is 55-60%.  At least three quarters of the
patients over 60 are dying of non-Hodgkin’s lymphoma.   Comparative data from Europe
gives a five year survival of 41% overall for non-Hodgkin’s and from the USA SEER
Programme gives an overall figure of 47% for men and 56% for women.

There are definite associations between non-Hodgkin’s lymphoma and certain infectious
agents and immunosuppression.  These, however, only account for a relatively small
number of cases and many other factors have been investigated.  There is no consistent
evidence to indicate a role for cigarette smoking, ionising radiation, defoliant exposure in
Vietnam veterans or hair dyes; there appears to be a modest (1 to 2 times) relative risk
for farming and related occupations although there has been no consistent link
associated with a particular agent.   There has also been interest in a possible
relationship to sunlight exposure, but again the data have been inconsistent.   However,
results of large studies are due to be reported in the next two years.

There is a well-known association with HIV infection.  Non-Hodgkin’s lymphoma occurs
in AIDS patients one hundred times more frequently than in the general population.  The
annual occurrence as a percentage of all AIDS defining illnesses has been estimated to
be just over 3%.  The lymphomas tend to be aggressive and the prognosis has been
poorer compared to non-Hodgkin’s lymphoma in the non-HIV positive population.  It
remains to be seen whether the introduction of highly active anti-viral therapy will lead to
a change in incidence of AIDS related lymphoma by reducing the viral load and degree
of immunosuppression.  It might also be possible to treat patients who do develop
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lymphoma but have more preserved immune function in a more effective way.
Nasopharyngeal carcinoma may be associated with the Epstein Barr virus but this is an
unusual subtype in Scotland; similarly the type of lymphoma associated with HTLV-1 is
extremely uncommon in Scotland.   

A relatively recent description of the role of Helicobacter pylori in the pathogenesis of a
relatively small specific subset of patients with gastric lymphoma is important.  These
patients often respond to specific treatment for H. pylori, although close follow-up is
needed and a number will need more conventional approaches to treatment.  The
incidence of H. pylori is evidently falling in the population and this should lead to a
reduction in these types of gastric lymphoma, although it must be stressed their present
incidence is low.   

A number of rare genetic syndromes are associated with an increased incidence of
lymphoma.

Rheumatoid arthritis has been associated with an increased incidence although this has
been inconsistent.  Any increased incidence is probably related to patients treated with
immuno-suppressive therapy.  There certainly is an increased incidence in patients
undergoing transplantation followed by immunosuppressive therapy.  The risk in patients
with renal transplantation is of the order of sixty times normal and, after cardiac
transplantation, one hundred times normal.

Despite the above known associations, it needs to be stressed that there is no obvious
aetiology in the majority of cases seen.  

SYMPTOMS, DIAGNOSIS AND CLINICAL INVESTIGATION
Most cases of Hodgkin’s disease and many cases of non-Hodgkin’s lymphoma present
with lymphadenopathy.   Either group of patients may present with systemic symptoms
only.   

Non-Hodgkin’s lymphoma, however, can present in many ways extranodally.  This means
that these lymphomas present to a wide variety of clinicians, for example dermatologists,
gastroenterologists, and ENT specialists.  Accurate diagnosis depends on an adequate
biopsy being obtained to allow interpretation in the case of nodal tissue of the
architecture of the whole node.   Lymphoma histology is demanding and requires
specialist pathologist input and an increasing range of investigations (see below) are
required to confirm the exact diagnosis. 

Cases of lymphoma following an accurate diagnosis require to have the full extent of the
disease documented – this process is called staging.   This allows the most appropriate
modality of treatment to be selected.   Positive investigations need to be repeated at the
end of treatment to objectively confirm response.   
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Central to staging is the identification of disease using body scanning.   This is most
commonly CT scanning but MRI can be used and newer techniques such as Positron
Emission Tomography (PET) look promising.  

SCOPE FOR INTERVENTION

Primary prevention
Because of the low incidence of Hodgkin’s disease and the lack of single aetiology, there
would seem to be no scope for primary prevention.  Also, as there is no known single
causative factor for non-Hodgkin’s lymphoma, there are no obvious opportunities for
primary prevention.

Early diagnosis
A small percentage of non-Hodgkin’s lymphoma cases that arise in well known risk
groups occur in groups of patients who are generally under continued medical specialist
surveillance.   

Screening
There is no scope for screening of Hodgkin’s disease or non-Hodgkin’s lymphoma.

Organisation of services
This is an area which is now recognised as being extremely important if optimal care is
to be supplied for patients with lymphoma.  The comments apply to both Hodgkin’s and
non-Hodgkin’s lymphoma, although, because of the extra nodal presentation in many
cases of NHL, a multi-disciplinary approach is especially important.   

Guidelines on the diagnosis and therapy for patients with non-Hodgkin’s lymphoma are
at an advanced stage of preparation by the British Committee for Standards in
Haematology and should be available in the first half of 2001.  It is likely that these will
be accepted in Scotland and many of the general approaches to care will be equally
applicable to Hodgkin’s disease.   

Major emphasis is on the multi-disciplinary approach to care.  The team should comprise
not only haematologists, medical oncologists and radiotherapists but specialist
pathologists and radiologists, and the service requires to be backed by dedicated
pharmacy and nursing support.  Such a team should be readily identifiable in the local
hospital community and meet regularly to discuss the diagnosis and management of all
new and relapsed cases.  It is important that clinicians to whom extra nodal cases
present, eg gastroenterologists and dermatologists, are involved.  

Cases of lymphoma often present considerable diagnostic and categorisation difficulties.
The availability of pathologists with specialist expertise is essential.  It is also becoming
accepted that access to central pathology review is extremely helpful, as when this is
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undertaken, alterations to the diagnosis have been made in around 20% of cases.  The
accuracy of diagnosis is aided by the use of techniques such as immunophenotyping,
and these require to be standardised.  Increasingly, diagnostic and important prognostic
information will require the use of techniques such as Polymerase Chain Reaction (PCR)
and Fluorescent In-Situ Hybridisation (FISH) and, in the next decade, the use of DNA
expression microarrays will allow the screening of a large number of genes to ultimately
identify those which will supply important prognostic information and hopefully indicate
the underlying genetic abnormality/ies which will provide therapeutic targets.

Guidelines are going to set time frames for seeing new referrals, obtaining a biopsy and
scanning, with a view to producing a treatment plan, following which, after a further
target period, treatment should be commenced.  The targets which are under discussion
are challenging and will require a review of work practices and will increase pressures,
particularly on pathology and radiology departments, which already suffer from
manpower shortages, and extreme pressure on scanning facilities.   

Good care will involve continuing and improving patient education and support, and
specialist nursing staff have an essential role in this area.

It is essential that registration of cases via local and national initiatives continue, as these
are the bedrock of essential audit activities.  Acceptance of practice guidelines and audit
of their implementation should occur both within local groups and across the networks
that are being established.

In order that registration and audit are underpinned, the central role of data management
staff must be appreciated and financed.  This is extremely important if recruitment to
clinical trials is to be improved, and if there is to be proper evaluation of the effectiveness
of newer therapies.   

Treatment
Hodgkin’s disease
It is anticipated that, over the next decade, treatment initiatives for Hodgkin’s disease will
be focussing on ensuring that younger patients receive optimal treatment that produces
the highest efficacy to toxicity ratio.  Ongoing studies will mature and hopefully
demonstrate whether the newer multi-drug regimens are indeed superior to the current
gold standard for drug combination (ABVD).  These and future trials should determine
not only efficacy but consider the quality of life and economic aspects of the different
treatments.  The role of autologous stem cell transplantation will be further explored both
in high risk patients with advanced disease and in patients who relapse – it is important
that these approaches are investigated in the context of clinical trials.

In younger patients with Hodgkin’s disease the question of long term toxicity will
continue to be addressed.  Current and future studies will look at using variable numbers
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of courses of chemotherapy, combined with different intensities of radiotherapy, to
determine the most effective combination associated with the least toxicity.

The major challenge in the treatment of Hodgkin’s disease is in the elderly.  There is a
need for a concerted approach.  In view of the small numbers of patients, ideally this
should involve collaboration across the UK and potentially with colleagues in Europe;
initial discussion with colleagues is underway.  If patients are treated in a uniform way,
this can facilitate audit and identification of prognostic factors.

A highly experimental approach to treating Hodgkin’s disease is the exposure of patients
with EBV to appropriately stimulated cytotoxic T lymphocytes.

Non-Hodgkin’s lymphoma
Non-Hodgkin’s lymphomas encompass a wide variety of pathological and clinical
entities.  Two main subtypes account for just over half the cases – diffuse large B-cell
and follicular B-cell non-Hodgkin’s lymphoma.  For many years the management of
follicular lymphomas has involved the management of symptomatic patients with
relatively simple single agent chemotherapy.  Patients could often be observed off
treatment.  A more aggressive approach even including bone marrow transplantation has
not conclusively been shown to improve survival.   Patients with this type of lymphoma
may have a survival lasting a number of years, during which time they require multiple
treatments.   

The introduction of a new chemotherapeutic agent, Fludarabine, and of monoclonal
antibodies, combined with some experience of bone marrow transplantation, has
resulted in more therapies being available.  These new treatments, though effective in
controlling the disease, have considerable resource implications as well as being
expensive and, as yet, show no clear survival benefit.  The monoclonal antibody
armamentarium is being extended by the use of antibodies labelled with radioactive
iodine or yttrium.  It is important that these various modalities of therapy continue to be
applied according to agreed guidelines in the setting of a trial, if available.

In diffuse large B-cell lymphomas most patients require chemotherapy.  There is
evidence that transplantation, usually autologous, benefits relapsed patients who
continue to be chemo sensitive, and the use of transplantation in first line therapy should
be explored as part of trials. 

The monoclonal antibodies referred to above do have effect in these lymphomas but, if
preliminary results for a combination of antibody plus chemotherapy are confirmed, then
the use of such combination chemotherapy might become more widespread with
significant cost implications.  The use of the antibody therapy is generally well tolerated
and may therefore be a particular bonus in elderly patients who do less well with
chemotherapy and continue to represent a significant challenge in this area.   
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Approaches such as the use of DNA vaccination, anti-sense oligonucleotides and mini
transplantation, require to be evaluated in the context of clinical trials.   

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 1.

Table 1: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

Incidence of and mortality from Hodgkin’s disease has remained fairly static over the last
20 years and predictions for the next decade show a slight decrease in incidence and
mortality in the 35+ age groups.  For younger patients (0-34), no change is predicted for
males and a slight increase in incidence predicted for females (see Figure 1). If these
present trends continue, given the changing population structure, the number of cases
of Hodgkin’s disease will not change over the next decade (see Table 2).
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Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

No prospects for HD or NHL

Monitoring of NHL high risk

groups is already performed.

No prospects for HD or NHL

-

-

None

-

-

-

None

1) Increasing use of monoclonal 

antibodies

2) Radio-labelled monoclonal 

antibodies

3) Minor contribution from new

drugs/combination/transplantation

use

Mortality reduction of up to 2%

through managed clinical networks

Changes1 in incidence Changes1 in mortality 



Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males and (4) mortality for females, Hodgkin’s
disease, ages 0-34 and 35+ displayed separately

1. Age 0-34 Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Age 0-34 Present (1985-94) age–specific rates apply

3. Age 35+ Present trends apply (ie if the best statistical model for historical data is projected into the future)

4. Age 35+ Present (1985-94) age–specific rates apply

If the present trends continue, there will be a large increase in the incidence of non-
Hodgkin’s lymphoma over the next decade in both males and females, and a smaller
increase in mortality (see Figure 2).  These estimates are for patients aged 35 or over
which cover the vast majority of patients with non-Hodgkin’s lymphoma. When the
potential impact of newer treatments is taken into account, the mortality rates only
increase very slightly.
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Table 2: Predicted numbers of cases and deaths for Hodgkin’s disease 
(all ages)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

The increase in incidence of non-Hodgkin’s lymphoma over the next decade could result
in up to 700 extra cases (compared to 1995-99), which is a 50% rise (see Table 3).
Correspondingly, there would be over 200 extra deaths.  These figures should be
accepted with a degree of caution because, as indicated above, there has been no
single causative driving factor to account for such a significant rise.  Furthermore, the
major increase appears to have been in extra nodal lymphomas, raising the possibility
that increased diagnosis, for example with the increase in upper gastro-intestinal
endoscopy, and fuller registration, may have resulted in part of the increase.

The predicted rise in incidence of non-Hodgkin’s lymphomas has diagnostic, treatment
and service related implications.  Firstly, there is a shortage of pathologists.  Central
review is not undertaken formally in Scotland on a national basis, although a pilot trial is
planned.  Modern diagnostic services generally are not available, although there will be
access to a service in Professor Jarrett’s laboratory which is to be funded from grant
money.  It is likely that fuller investigation with PCR and FISH will become routine and
newer diagnostic techniques such as DNA microarray will be important not only in
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1990-41 No 78 21 59 19

1995-61 No 79 17 53 12

1995-9 No2 73 16 59 19 

Yes3

2000-4 No2 70 14 60 17 

Yes3

2005-9 No2 70 13 63 16 

Yes3

2010-14 No2 69 14 65 14

Yes3

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



diagnosis but in identifying prognostic groups which will have therapeutic implications.
Access to CT and MRI scanning is variable and guidelines will put pressure to stage
patients more speedily.  The pressure for newer scanning modalities (PET) will increase.   

Figure 2: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males and (4) mortality for females, Non Hodgkin’s
lymphoma, ages 35+ 

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

The major impact on therapy resources is likely to be the increase in use of monoclonal
antibodies.  They may well be used in conjunction with chemotherapy.  The impact of
the newer treatments should be studied in the clinical trials setting to determine not only
efficacy but also economic benefit.

Finally, the functioning of clinical networks will require good quality information gathering
to allow audit.  Investment in data management and associated IT will be required.   
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Table 3: Predicted numbers of cases and deaths for non-Hodgkin’s
lymphoma (ages 35+)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

CONCLUSIONS

Hodgkin’s disease is not expected to increase in incidence.  Results of treatment are
very good in young patients where efforts will concentrate on delivering effective
treatment with minimum side effects.

The treatment of Hodgkin’s disease in older patients is much less satisfactory and new
initiatives need to be developed. 

Non-Hodgkin’s lymphoma presents in a wide variety of clinical ways.  The incidence has
been rising and is likely to rise significantly over the next decade.  New treatments,
particularly using monoclonal antibodies, will continue to be explored and have
considerable resource implications.

The optimum management of lymphoma is dependent on accurate diagnosis and timely
investigations and, to achieve this, further investment, particularly as regards specialist
staff, diagnostic techniques and scanning capability, will be required.
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1990-41 No 319 172 364 196

1995-61 No 376 209 375 202

1995-9 No2 395 194 449 236 

Yes3 194 236

2000-4 No2 490 222 539 266 

Yes3 220 263

2005-9 No2 615 253 641 294 

Yes3 248 288

2010-14 No2 775 291 769 330

Yes3 286 323

Time
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INTRODUCTION

Cancer is the second commonest cause of post-neonatal
death in childhood; the commonest remains road traffic
accidents.  Leukaemia and lymphoma jointly account for
approximately one third of childhood malignancy. Childhood
leukaemia is fortunately a rare disease with around 50-60
new cases per year in Scotland occurring in children less
than 15 years of age. 80-85% of children with leukaemia
have acute lymphoblastic leukaemia (ALL), whilst the
majority of the remaining 15-20% have acute myeloid
leukaemia (AML). Chronic myeloid leukaemia and
myelodysplastic syndromes affect a very small number of
children annually in Scotland.  

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

Cancer registration data suggests an increase in the
incidence of leukaemia in children (0-14 years) over the past
40 years.  The reliability of this data must, in part, be
dependent on the robustness of registration data in the
earlier part of the study period.  There has been an age-
specific increase in incidence for both boys and girls
confined to children in the 0-4 years age group.  The
increase in incidence appears to be more marked for boys
than girls.  The age cohorts 5-9 years and 10-14 years do
not show an increased incidence.  

The prognosis for both acute lymphoblastic and acute
myeloid leukaemia has improved dramatically over the past
30 years (Hann et al, 2000; Chessells et al, 1995; Richards
et al, 1998; Wheatley et al, 1999; Nachman et al, 1997).
This has been due to both advances in specific anti-
leukaemic therapies (Hann et al, 2000; Chessells et al, 1995;
Chessells et al, 1992; Richards et al, 1998; Hann et al,
2000; Eden et al, 1991), and as importantly to improvement
in supportive care (Riley et al, 1999).  Much of the success
can be attributed to the organisation of treatment within the
setting of clinical trials.  The overall survival for acute myeloid
leukaemia in the 1970s was 6% for the first half of the
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decade and 20% for the second half.  The overall and disease free survival for the
paediatric arm of MRC AML10, which recruited patients between 1987 and 1995, was
58% and 52% respectively.  Its successor, paediatric MRC AML12, continues to recruit
patients and the present 4 year-overall and disease free survival is 67% and 65%
respectively.  These results probably represent the best survival figures for AML
worldwide.  The last three UK national trials for acute lymphoblastic leukaemia, MRC
UKALL VIII (1980-84), MRC UKALL X (1985-90) and MRC UKALL XI (1990-1997),
achieved overall survivals of 65%, 71% and 79% respectively with event free survivals of
54%, 60% and 60% respectively at 10 years. Whilst it is difficult to compare UK results
with trials published by other international groups because of differences in patient entry
criteria, risk group stratification etc, the event free although not overall survival is towards
the lower end of the range reported by a number of International groups.  There are
many recognised prognostic factors in childhood leukaemia, but supreme amongst
these is the treatment delivered (Nachman et al, 1997).

Features at presentation which influence outcome include age (Chessells et al, 1998),
sex (Chessells et al, 1995), initial white cell count and acquired genetic (Chessells et al,
1997; Heerema et al, 2000; Uckun et al, 1998) changes in the leukaemic blasts.  The
presence of specific translocations, t(9;22) and t(4;11) (Heerema et al, 1999; Chessells et
al, 1994; Reaman et al, 1999) in infants, and a hypodiploid karyotype, are associated
with a poor outcome. The rate of response to initial treatment is an independent
prognostic indicator (Lilleyman et al, 1997; Lilleyman et al, 1998; Miller et al, 1989).
Techniques employing real-time polymerase chain reaction (PCR) and detecting
translocations or re-arrangements of the immunoglobulin gene (Coustan-Smith et al,
2000; Biondi et al, 2000; Verhagen et al, 2000) or T cell receptor site measures minimal
residual disease (MRD) at a sensitivity of 10-4. Gene expression profiling at diagnosis,
using DNA micro-arrays, may identify genes which are differentially expressed in patients
who will ultimately relapse or fail to remit.  The identification of such robust indicators of
outcome may allow stratification of treatment by predicted outcome, although this would
have to be proven by clinical trial. 

Space-time clustering involving both date and time of birth and date and place of
diagnosis, and spatial clustering, are observed.  A large national case control study of
the cause of childhood leukaemia has been carried out in recent years and continues to
report.  Ionising radiation is an established cause of childhood leukaemia, but other
putative risk factors which have been investigated include infection (population mixing),
electricity pylons, portable telephones, cell masts, administration of Vitamin K in the
neonatal period and genetic predisposition.  The aetiology may be multi-factorial, but an
infectious component is presently the popular theory. 

The survival figures for children with acute lymphoblastic leukaemia living in the West of
Scotland are as good as, or better than, the national UK figures (see Table 1).
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Table 1: Observed and event-free survival from acute lymphoblastic
leukaemia

However there is a significant difference in survival by social class with those children in
deprivation categories 6 and 7 faring worst (see Table 2).  This data needs to be
confirmed for the rest of Scotland.  A recent publication from England and Wales failed
to show any differences in survival by social class for childhood leukaemia, and the
finding in the West of Scotland may reflect its extreme social deprivation.  However, this
is an area for which there may be possible intervention.  

Table 2: Survival by deprivation category, West of Scotland 1985-92,
UKALL VIII,  X, XI

SYMPTOMS AND CLINICAL INVESTIGATION

Children presenting with acute leukaemia generally have a history of recurrent minor
upper respiratory tract infections during the preceding weeks or months and have often
visited their GP during this period.  They, or their parents, report lethargy and often bone
pain.  Toddlers who have previously walked often refuse to weight-bear or start limping.
There is often a more recent onset of pallor and bruising. 
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χ2 test for trend 5.3, p<0.05

Study

UKALL VIII 65% 54% 60% 50%

UKALL X 71% 60% 81.6% 69%

UKALL XI 79% 60% 81% 70%

UK West of Scotland

Observed Event-free Observed Event-free

Deprivation Number of Alive at 5
category subjects years(%)

1 17 82.4

2 22 81.8

3 25 84.0

4 33 78.7

5 21 71.4

6 34 64.7

7 18 61.1



At presentation, the children are usually pale and lethargic with bruising.  They may be
pyrexial.  Lymphadenopathy is usually present and may be generalised and of variable
degree.  There is often hepatosplenomegaly, again of a variable degree.  There may be
gum hypertrophy.  Fundoscopy should always be performed because of the possibility of
retinal haemorrhages. 

Investigations include a FBC which may show little abnormality, but generally
demonstrates pancytopenia and the presence of blasts on the peripheral smear.  A bone
marrow aspirate confirms the diagnosis of leukaemia, allows morphological classification
to ALL or AML, and allocation of a F.A.B. subtype and an immunophenotype.  A
karyotype is done for prognostic information, which may influence treatment stratification.
A translocation or re-arrangement of the immunoglobulin gene or T-cell receptor site is
identified as a means of tracking disease.  Urea and electrolytes, liver function tests, urate
and immunoglobulins are measured at presentation.  Electrolyte disturbances are not
uncommon, particularly in children with high white cell counts at presentation.  Hepatic
involvement at presentation can lead to disturbances of liver function tests.  A coagulation
screen is carried out because of the possibility of a coagulopathy secondary to
disseminated intravascular coagulation or hepatic dysfunction and the problems that a
coagulopathy might cause in a profoundly thrombocytopenic patient.  A chest x-ray
excludes infection in this area but is primarily carried out to exclude a thymic mass, which
may be present in T-cell leukaemia. Abdominal ultrasounds are not routinely done to
assess the degree of hepatosplenomegaly, but are done to assess renal involvement in
patients with high urates, significantly abnormal electrolytes or high presenting white cell
count with the potential for tumour lysis.  Thiopurine metabolites are measured centrally
for research purposes.  Any other investigation is patient/symptom specific.  

SCOPE FOR INTERVENTION

Primary prevention
There is currently no scope for primary prevention for this disease.

Early diagnosis
Screening
Screening for early diagnosis is not relevant to this disease.  

Organisation of services
More than 90% of children with leukaemia are registered with the UKCCSG and MRC
and are treated on MRC trials.  Those who are not, tend to be young adolescents
treated in adult units.  Increasingly, particularly for the rarer subgroups of childhood
leukaemia, it is recognised that international collaboration is necessary to accrue
sufficient patient entry to answer important biological and treatment related questions.  It
would be the view of the MRC Childhood Leukaemia Working Party that no child with
leukaemia should be treated outwith a clinical trial. 
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Treatment
Treatment is the most important prognostic factor in childhood leukaemia (Nachman et
al, 1997), and international collaboration and dialogue and parental pressure will
increasingly demand treatment results on a par with other respected international
groups.  This will have substantial cost implications, both in terms of specific anti-
leukaemic therapy and supportive care.  Improvements in our understanding of disease
biology will allow risk group stratification with treatment being reduced for those children
with very favourable prognostic features and a subsequent reduction in late effects and
an intensification of treatment for those with poor prognostic features.  With such a
strategy, the monitoring of response to treatment with molecular techniques (Coustan-
Smith et al, 2000; Biondi et al, 2000; Verhagen et al, 2000) will become increasingly
important. Gene expression profiling using micro-arrays at diagnosis may in time identify
genes which are differentially expressed in patients who will ultimately relapse or fail to
remit.  As more children survive to adulthood the management of the late effects of
treatment will consume increasing resources.  Two further changes will predictably occur.
Firstly, relapsed disease will be more aggressively (Wheeler et al, 1998; Feig et al, 1997)
and, possibly, successfully managed as parental expectations climb, consuming more
resources.  Secondly, although the number of bone marrow transplants may not
increase (Wheeler et al, 2000; Chessells et al, 1992), the use of alternative donors to
siblings, including unrelated and haplo-identical, will increase.  With changing patterns in
lifestyle, fewer children have a full sibling.  The use of alternative donors will be extremely
heavy on resource. 

Surgery
The role of surgery in the management of leukaemia is limited to the insertion of
Hickman lines/portacaths, biopsy procedures for diagnosis, eg testicular biopsy when a
testicle is enlarged, to exclude relapse and the management of complications of
treatment, eg surgical removal of aspergillomas. 

Adjuvant therapy
All children with leukaemia are treated on nationally agreed MRC protocols determined
by their type of leukaemia. Children with ALL are presently treated on MRC ALL
97(revised) which is based on the previous very successful CCG trial.  Treatment is
stratified by age and white cell count at presentation.  Children of 10 years and more
and/or those with a white cell count of greater than 50x109/l receive more intensive
chemotherapy during both induction treatment and consolidation.  The speed with which
leukaemia cells clear from the bone marrow is assessed morphologically at an
appropriate time point, and treatment further intensified for slow responders, ie those
who have more than 25% blasts in their bone marrow at day 14 if they have received a
three drug induction, and at day 7 if they have received a four drug induction.  The CCG
have shown this strategy to significantly improve survival for slow responders to
treatment (Nachman et al, 1997).  Following induction therapy all children receive two or
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three blocks of intensive chemotherapy followed by maintenance chemotherapy which is
given for two years to girls and three years to boys. CNS treatment is delivered with
ITMTX alone and cranial irradiation is now restricted to children with CNS disease.
Children who fail to achieve morphological remission with standard induction
chemotherapy have a dismal outlook (<10% survival) even if they subsequently achieve
remission.  Therefore children who require alternative therapy to achieve remission and
those with t(9;22) or a hypodiploid karyotype are eligible for bone marrow
transplantation.

Children with AML are treated on MRC AML 12.  Disease risk (Grimwade et al, 1998;
Wheatley et al, 1999) is allocated by karyotype and response to the first block of
chemotherapy and treatment stratified accordingly thereafter.  Good risk patients (10%)
classified by a favourable karyotype, t(8;21), t(15;17), inv16, have an overall survival in
excess of 70% and are not considered eligible for bone marrow transplant in first CR.
Standard risk patients who are those without a favourable karyotype, but who have less
than 15% residual blasts in their bone marrow after their first block of treatment are
presently eligible for bone marrow transplantation, but, at 4 years from presentation,
standard risk patients are not behaving significantly different from good risk patients and
may not be eligible for bone marrow transplant in subsequent trials.  All children receive
4 or 5 blocks of intensive chemotherapy, the number determined by randomisation.  The
outcome of this randomisation may provide information on the optimal number of blocks
of therapy required in AML. 

Infant leukaemia is treated on an international protocol. 

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT

Estimates of the potential changes in incidence and mortality are summarised in Table 3.
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Table 3: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data that are evidence-based, and likely to be implemented during the period up to

2010

ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

The available data does not divide the children by type of leukaemia.  Within the
recognised constraints of very small numbers, there is probably no increase in the
incidence of acute myeloid leukaemia in children.  The increased incidence for both
sexes in the 0-4 years age cohort is most likely explained by an increase in incidence for
acute lymphoblastic leukaemia for this age group and may fit with the theory of an
infectious component in the aetiology of childhood leukaemia with certain conditions of
rural isolation and population mixing or socio-economic status, or both, moderately
increasing risk.  Mortality is predicted to remain constant; however, this may be affected
by future developments in treatment (see Figure 1).  
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Figure 1: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

The numbers of cases and deaths will remain unchanged over the next 15 years (see
Table 4). 

CONCLUSIONS

Childhood leukaemia is a rare but emotive disease.  A vast improvement in survival has
been achieved in the past 30 years.  It is extremely important that overall and event free
survival for Scotland and the UK are on a par with the best achieved worldwide.
Treatment is most likely to be further improved by the recognition of robust risk
factors/indicators and stratification of treatment accordingly.  This will require local
availability of reliable molecular and/or immunophenotyping techniques at diagnosis, and
later for tracking minimal residual disease.  Gene expression profiling may become
increasingly important.  Detection of minimal residual disease is now routinely
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incorporated into clinical trials and gene expression profiling may soon be adopted. This
will take considerable investment in research and development.  Subtypes of disease
affecting small numbers of children will best be addressed through international
collaboration.  The cause of childhood leukaemia remains unknown, although an
infectious component is the current popular theory.  In the absence of an identifiable
cause, prevention is not possible.  The interplay of social class and survival in the West
of Scotland requires further investigation. 

Table 4: Predicted numbers of cases and deaths (ages 0-14)

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

REFERENCES

Biondi A, Valsecchi M G, Seriu T, et al (2000).  Molecular detection of minimal residual
disease is a strong predictive factor of relapse in childhood B-lineage acute
lymphoblastic leukaemia with medium risk features. A case control study of the
International BFM study group.  Leukaemia; 14: 1939-1943.

Chessells J M, Bailey C C, Richards S (1992).  MRC UKALL X.  The UK protocol for
childhood ALL: 1985-1990.  The Medical Research Council Working Party on Childhood
Leukaemia.  Leukaemia; 6 (Suppl 2): 157-161.  

CANCER SCENARIOS: CHILDHOOD LEUKAEMIA 223

1990-41 No 26 4 17 5

1995-61 No 21 3 13 4

1995-9 No2 26 5 17 6 

Yes3

2000-4 No2 25 5 16 5 

Yes3

2005-9 No2 23 5 15 5 

Yes3

2010-14 No2 23 5 15 5

Yes3

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year



Chessells J M, Bailey C, Wheeler K, et al (1992).  Bone marrow transplantation for high-
risk childhood lymphoblastic leukaemia in first remission: experience in MRC UKALL X.
Lancet; 340(8819): 565-568.

Chessells J M, Eden O B, Bailey C C, et al (1994).  Acute lymphoblastic leukaemia in
infancy: experience in MRC UKALL trials. Report from the Medical Research Council
Working Party on Childhood Leukaemia.  Leukaemia; 8(8): 1275-1279.

Chessells J M, Bailey C, Richards S M (1995).  Intensification of treatment and survival in
all children with lymphoblastic leukaemia: results of UK Medical Research Council trial
UKALL X.  Lancet; 345: 143-148.  

Chessells J M, Richards S M, Bailey C C, et al (1995).  Gender and treatment outcome
in childhood leukaemia. Report from the MRC UKALL trials. Br J Haematol; 89(2): 364-
372.

Chessells J M, Swansbury G J, Reeves B, et al (1997).  Cytogenetics and prognosis in
childhood lymphoblastic leukaemia: results of MRC UKALL X.  Br J Haematol; 99: 93-100.  

Chessells J M, Hall E, Prentice H G, et al (1998).  The Impact of Age on Outcome in
Lymphoblastic Leukaemia; MRC UKALL X and XA Compared.  Leukaemia; 12(4): 463-473.

Coustan-Smith E, Sancho J, Hancock M L, et al (2000).  Clinical importance of minimal
residual disease in childhood acute lymphoblastic leukaemia.  Blood; 96: 2691-2696.

Eden O B, Lilleyman J S, Richards S, et al (1991).  Results of Medical Research Council
Leukaemia Trial UKALL VIII (report to the Medical Research Council on behalf of the
Working Party on Leukaemia in Childhood).  Br J Haematol; 78(2): 187-196.  

Feig S A, Harris R E, Sather H N (1997).  Bone marrow transplantation versus
chemotherapy for maintenance of second remission of childhood acute lymphoblastic
leukaemia: a study of the Children’s Cancer Group (CCG-1884).  Med Paediatric Oncol;
29(6): 534-540.  

Grimwade D, Walker H, Oliver F, et al (1998).  The importance of diagnostic cytogenetics
on outcome in AML; analysis of 1612 patients entered into the MRC AML 10 trial. The
Medical Research Council Adult and Children’s Leukaemia Working Parties.  Blood;
92(7): 2322-2333.

Hann I, Richards S, Hill F, et al (2000).  Benefit of intensified treatment for all children with
acute lymphoblastic leukaemia: results from MRC UKALL XI and MRC ALL97
randomised trials. UK Medical Research Council’s Working Party on Childhood
Leukaemia. Leukaemia; 14(3): 356-363.

224 CANCER SCENARIOS: CHILDHOOD LEUKAEMIA



Hann I, Vora A, Richards S, et al (2000).   Benefit of intensified treatment for all children
with acute lymphoblastic leukaemia: results from MRC UKALL XI and MRC ALL97
randomised trials. Leukaemia; 14: 356-363.  

Heerema N A, Sather H N, Ge J, et al (1999).  Cytogenetic studies of infant acute
lymphoblastic leukaemia: poor prognosis of infants with t(4;11) – a report of the
Children’s Cancer Group.  Leukaemia; 13(5): 679-686.  

Heerema N A, Sather H N, Sensel M G, et al (2000).  Prognostic impact of trisomies of
chromosomes 10, 17, and 5 among children with acute lymphoblastic leukaemia and
high hyperdiploidy (>50 chromosomes).   J Clin Oncol; 18(9): 1876-1887.

Lilleyman J S, Gibson B E S, Stevens R F, et al (1997).  Clearance of marrow infiltration
after 1 week of therapy for childhood lymphoblastic leukaemia : clinical importance and
the effect of daunorubicin. Br J Haematol; 97: 603-606.

Lilleyman J S (1998).  Clinical Importance of Speed of Response to Therapy in
Childhood Lymphoblastic Leukaemia.  Leukaemia and Lymphoma; 31(5-6): 501-506.

Miller D R, Leikin S, Albo V, et al (1983).  Prognostic factors and therapy in acute
lymphoblastic leukaemia of childhood: CCG-141.  A report from childrens cancer study
group.  Cancer; 51(6): 1041-1049.

Miller D R, Coccia P F, Bleyer W A, et al (1989).  Early response to induction therapy as a
predictor of disease-free survival and late recurrence of childhood acute lymphoblastic
leukaemia: a report from the Children’s Cancer Study Group. J Clin Oncol; 7: 1807-1815. 

Nachman J, Sather H N, Gaynon P S, et al (1997).  Augmented Berlin-Frankfurt-Munster
therapy abrogates the adverse prognostic significance of slow early response to
induction chemotherapy for children and adolescents with acute lymphoblastic
leukaemia and unfavourable presenting features: a report from the Children’s Cancer
Group. J Clin Oncol; 15: 2222-2230.

Reaman G H, Sposto R, Sensel M G, et al (1999).  Treatment Outcome and Prognostic
Factors for Infants With Acute Lymphoblastic Leukaemia Treated on Two Consecutive
Trials of the Children’s Cancer Group.  J Clin Oncol; 17(2): 445.

Richards S, Burrett J, Hann I, et al (1998).  Improved survival with early intensification:
combined results from the Medical Research Council childhood ALL randomised trials
UKALL X and UKALL XI.  Medical Research Council Working Party on Childhood
Leukaemia. Leukaemia; 12(7): 1031-1036.

CANCER SCENARIOS: CHILDHOOD LEUKAEMIA 225



Riley L C, Hann I M, Wheatley K, et al (1999).  Treatment-related deaths during induction
and first remission of acute myeloid leukaemia in children treated on the Tenth Medical
Research Council acute myeloid leukaemia trial (MRC AML10).  The MRC Childhood
Leukaemia Working Party.  Br J Haematol; 106(2): 436-444.

Uckun F M, Sensel M G, Sather H N, et al (1998).  Clinical significance of translocation
t(1;19) in childhood acute lymphoblastic leukaemia in the context of contemporary
therapies: a report from the Children’s Cancer Group.  J Clin Oncol; 16: 527-535.

Verhagen O J H M, Willemse M J, Breunis W B, et al (2000).  Application of germline
IGH probes in real-time quantitative PCR for the detection of minimal residual disease in
acute lymphoblastic leukaemia. Leukaemia; 14: 1426-1435.

Wells R J, Woods W G, Buckley J D, et al (1994).  Treatment of newly diagnosed
children and adolescents with acute myeloid leukaemia: a Children’s Cancer Group
study. J Clin Oncol; 12: 2367-2377.

Wheatley K, Burnett A K, Goldstone A H, et al (1999).  A simple, robust, validated and
highly predictive index for the determination of risk-directed therapy in acute myeloid
leukaemia derived from the MRC AML10 trial. United Kingdom Medical Research
Council’s Adult and Childhood Leukaemia Working Parties.  Br J Haematol; 107(1): 69-
79.

Wheeler K, Richards S, Bailey C, et al (1998).  Comparison of bone marrow transplant
and chemotherapy for relapsed childhood acute lymphoblastic leukaemia: the MRC
UKALL X experience.  Br J Haematol; 101: 94-103.

Wheeler K, Richards S, Bailey C, et al (1998).  Comparison of bone marrow transplant
and chemotherapy for relapsed childhood acute lymphoblastic leukaemia: the MRC
UKALL X experience. Medical Research Council Working Party on Childhood Leukaemia.
Br J Haematol; 101(1): 94-103.

Wheeler K A, Richards S M, Bailey C C, et al (2000).  Bone Marrow Transplantation
versus chemotherapy in the treatment of Very High Risk Childhood Acute Lymphoblastic
Leukaemia in First Remission: results from MRC UKALL X and XI. Blood; 96: 2412-2418.

226 CANCER SCENARIOS: CHILDHOOD LEUKAEMIA



CANCER SCENARIOS: CHILDHOOD LEUKAEMIA 227



18
LEUKAEMIA IN ADULTS
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INTRODUCTION

One of the difficulties in the way in which statistics are
collected at the present time is that leukaemia in adults is not a
single disease but is actually a multiplicity of disorders, many of
which may have quite different prognoses, which present in
similar ways. The recently established initiative of the Scottish
Leukaemia Registry, based at the Western General Hospital
in Edinburgh, should go some way to improving the quality
of the statistics gathered, and to relate this to treatment
types.  Some of the information presently available does
divide leukaemias into lymphoid and myeloid types and this
provides some advantages, since most of the lymphoid
types would be chronic lymphocytic leukaemia; acute
lymphoblastic leukaemia in adults being a rare disorder.  

EPIDEMIOLOGY, AETIOLOGY AND CELL BIOLOGY

Leukaemias are the 11th most common cancer in males
and 14th most common in females in Scotland with around
500 cases and 300 deaths per annum (see Table 1).  In
Scottish adults (ages 15+) in 1997, 22 cases (4%) were
acute lymphoblastic leukaemia, 152 (28%) were acute
myeloid leukaemia, 222 (41%) were chronic lymphocytic
leukaemia and 52 (10%) were chronic myeloid leukaemia.

There are no clear environmental factors involved in
leukaemia, although speculation continues, especially for
childhood leukaemia, about the role of environmental
radiation, power lines and so forth.  No doubt mobile phone
use will be proposed as a cause in the near future.  
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Table 1: Leukaemia in Scotland, 1986-1995

Cell biology aspects are crucial to the diagnosis, treatment and prognosis in adult
patients with leukaemia, as they are for children (Bartolo and Viswanatha, 2000;
Greaves, 1999; Rowley, 1998; Stewart and Schuh, 2000).  Over the next decade there is
going to be an increasing reliance on molecular biology for the initial diagnosis of
patients and for monitoring of patients, particularly those with acute leukaemias, during
the course of their treatment (Burnett et al, 1999; Hochhaus et al, 2000).  Such
monitoring will be crucial in making decisions as to whether or not more or less intensive
therapy is needed, and in some sub-types, such as acute promyelocytic leukaemia, may
be used to decide whether or not to proceed to blood or marrow transplantation (BMT).
Specific chromosome abnormalities are found in almost all the broad types of
leukaemias.  In the chronic leukaemias the t(9;22) translocation is pathognomonic of
chronic myeloid leukaemia and trisomy 12 is a common feature of chronic lymphocytic
leukaemia, to cite but two examples (Burnett et al, 1999; Hochhaus et al, 2000).

In acute myeloid leukaemias, specific sub-types are becoming identified with specific
chromosome translocations (Rowley, 1998) such as t(15;17) for acute promyelocytic
leukaemia.  Whereas all these specific types of acute leukaemia are relatively rare,
together they make up a considerable number and in particular require intensive hospital
and nursing resources for their treatment.  It is likely that, over the next decade, more
types of acute and chronic leukaemias will become defined by chromosome markers
and so require careful molecular monitoring through treatment and afterwards.  

Multiple myeloma is a disease that falls somewhat between lymphomas and leukaemias.  It
is a disease of plasma cells, mature B lymphocytes, so would normally fit more with
lymphomas.  It has an annual incidence of about 4 per 100 000, and so around 200 new
cases, with a median age of onset of 65 years, are seen each year.  Survival has improved
for younger patients over the past few years and autologous and, less often, allogeneic
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Males Females

Rank amongst cancers 11 14

Relative frequency 2.4% 1.9%

Registrations per annum 276 232

Deaths per annum 154 145

% Risk of developing: up to age 64 years 0.4% 0.3%

up to age 74 years 0.8% 0.5%

3 year prevalence at December 1995 435 276

10 year prevalence at December 1995 870 642

5 year relative survival percentage 34.7% 38.0%

(1991-95 registrations, ages 0 – 74 years)



BMT are of increasing importance in management.  Here also there is an increasing
awareness of the importance of molecular biology in terms of the prognosis and monitoring
of patients through therapy (Shaughnessy et al, 2000).  This is something that is barely
entering routine clinical practice but will become important in the next decade.  

SYMPTOMS AND CLINICAL INVESTIGATION

Most patients with acute leukaemias will present with bone marrow failure syndromes or
occasionally with organ infiltration by tumour cells.  Investigation requires the resources of
routine haematology laboratories and experienced clinical haematologists able to interpret
bone marrow morphology.  More precise diagnostic aspects require histopathology
expertise, particularly in defining some of the more complex forms of the disease.  Access
to experienced flow cytometry services for immunophenotyping is critical at diagnosis,
although it is possible that these investigations may become less essential as molecular
lesions are identified for more and more leukaemia sub-types.  As mentioned above
molecular biology services are already required and will become more important over the
next 10 years.  This has been an area of significant under investment, in particular, in
regard to routine monitoring for chromosome translocations such as t(15;17) and bcr-abl.
Although conventional cytogenetics using metaphase analysis will still have its place in
diagnosis of undetermined chromosome abnormalities, the molecular monitoring of
previously identified lesions will become crucial in ensuring that patients in Scotland receive
optimal care.  These investigations will not be one off procedures at diagnosis, but need to
be repeated regularly during therapy, with the results available in a realistic time frame –
certainly less than one week.  The monitoring of donor/recipient chimerism (Bader et al,
1998; Serrano et al, 2000) in the increasing number of patients undergoing allogeneic BMT
also needs a rapid and reliable service, which can and should be incorporated in improved
molecular diagnostic services.  The next MRC trials in acute lymphoblastic leukaemia will
require ‘real-time’ detection of minimal residual disease, with the results being required for
the next stage of treatment to be planned.  Such monitoring has been standard in the
major German trials – considered ‘state-of-the-art’ – for some time but to achieve this in
Scotland will require considerable investment in laboratory services, as well as support for
clinicians, to ensure collection and analysis of all the necessary samples.  

SCOPE FOR INTERVENTION

Primary prevention
There is no evidence or prospect of being able to offer primary prevention for these
disorders at the present time.  Secondary prevention of chemotherapy-induced
leukaemia involves the tailoring of cancer chemotherapy regimens, especially in the
young, to try and avoid the most mutagenic drugs such as etoposide.  Much work is
already taking place in this area but it is possible that further work could be done, and I
suspect that we still have a way to go if we consider the 30–40 year impact of cigarette
smoking and 20–30 year impact of UV light exposure.  We don’t yet know whether we
are storing up problems with a lot of secondary leukaemias.  
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Early diagnosis
There is probably also little scope for early diagnosis.  Perhaps maintaining awareness in
primary and secondary care, and in dental practitioners to encourage early monitoring of
blood counts in non-specific illnesses, would pick up a few patients earlier but this is
unlikely to have a significant impact on morbidity or mortality.

Screening
There is evidence that tumour bulk does impair long-term survival in acute lymphoblastic
leukaemia and possibly also in chronic myeloid leukaemia.  However these diseases are
rare, and the requirement to implement any intervention that would detect these cases
earlier would almost certainly be disproportionate.  

Organisation of services
Randomised controlled trials are essential to improving the outcome for adult patients
with leukaemia (Durrant et al, 2000).  The Medical Research Council Leukaemia Trials
Programme has provided state of the art clinical trials for the last three decades. This
has ensured that, unlike in other cancers, the management of patients with acute
leukaemia in the UK has kept abreast of international standards, at least for those
entered into trials.  Unfortunately, actual trial participation and randomisation is still too
low (see Table 2).  This is despite the fact that there is a wealth of evidence that patients
who are included in clinical trials do better than those not in trials and also that each
successive trial has, in the main, led to improved outcome results (see Figure 1).  The
Scotland Leukaemia Registry will enable a more detailed analysis of the different sub-
types of disease and their outcomes to be provided but should be seen as an adjunct,
rather than an alternative, to clinical trial participation.  Serious consideration must be
given to providing support to hard pressed haematology departments to enable them to
improve trial participation, for example, by employing clerks to process the data.  

Table 2: Adult MRC trial recruitment in West of Scotland (1996-1997)

1 These figures are based on a population in the West of Scotland of 2.2 million.  

Figure 1 shows trial data for AML and indicates the higher survival for trial patients and the
progressive improvement in results over time.  Similar data are available for ALL (Durrant et
al, 2000).  In young patients who are eligible for Medical Research Council trials in acute

Leukaemia type AML ALL CML CLL

West of Scotland trial registrations 31 7 4 7

Whole UK trial registrations 549 101 91 129

UK cases per year (LRF) 1600 303 500 2700

West of Scotland cases per year (est)1 53 11 18 113

West of Scotland (%) 53% of expected 63% 22% 6%



leukaemias, we can expect about 50% long-term survival in acute myeloid leukaemia.
Unfortunately, Medical Research Council trials for elderly patients over the age of 65 have
two-year survival of around the 10% mark, so where we are seeing the biggest increase in
cases we have poor survival.  There are a number of reasons for that; elderly people have
worse diseases in terms of their chromosomes, obviously they also present with a
multitude of other pathologies, and they cope less well with intensive chemotherapy.  

Figure 1:  MRC AML trials: Survival at ages 15-59

Source: MRC Trials Organisation

Although only a minority of patients are enrolled and randomised within the Medical
Research Council Trials, most patients with acute leukaemia in adults, whether myeloid
or lymphoblastic leukaemia, are treated according to the protocols.  Most adult patients
with acute leukaemia will be treated in BCSH (British Committee for Standardisation in
Haematology) level II to III units (BCSH, 1995), with a wide geographical spread
throughout Scotland.  Most trials of initial leukaemia treatment suggest that the size of
the unit carrying out the treatment is unimportant with regard to outcome.  However
changes in junior doctor hours, less acceptability of intensive rotas for consultants and
Trust mergers should lead to a reduced number of these units over time.  Somewhere
between 9 and 12 adult level II to III acute leukaemia units within Scotland should be
ample to provide sufficient coverage.  There will be more haematology departments
however offering less intensive level I/II care.  

Clinical trials into the effect of immunotherapy in common malignancies have begun,
initially in a phase I study for breast cancer (Turner and Leonard, in preparation).  Two
trials at phase I and II level are planned for multiple myeloma, based in Glasgow, and a
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trial in AML based in Edinburgh has just received funding.  Such trials will, if efficacy is
shown, require the provision of cell processing laboratories to safely provide cellular
therapeutic products such as dendritic cells or T lymphocytes.  During the next 10 years
it will become clear whether these types of treatment, as well as gene therapy, will enter
routine clinical practice.  If they do, there will be a requirement for at least one, and
possibly more, cell processing/gene therapy facility in Scotland for the provision of
therapeutic cell/gene products to GMP standard.  

A minority of patients requires or benefits from bone marrow transplants (BMT).  There
are presently between 3 and 4 allogeneic (i.e. sibling or unrelated donor) transplant units
in Scotland and this seems to be too many.  There is one Paediatric Unit at Yorkhill,
Glasgow.  In the absence of Scottish Executive or National Services Division (NSD)
approval of national services, a managed clinical network in this area would seem to be
imperative.  The need for accreditation of bone marrow transplant units and services is
anticipated.  The Medicines Control Agency (MCA) is beginning inspections of tissue
banks and will include bone marrow stem cell cryopreservation facilities in these
inspections.  Although this is an accreditation rather than a licensing process, and,
therefore, in theory is voluntary, in practice this is going to rapidly become a standard of
care.   Those bone marrow storage facilities that have close links with the Blood
Transfusion Service will probably find it most easy to achieve MCA accreditation.
European-wide accreditation of clinical bone marrow transplant services is going to be
developed over the next two to five years (JACIE, 1999).  Again, although in theory
voluntary, it is anticipated that once a critical number of units has been accredited across
Europe it will only be possible, for example, for accredited centres to receive unrelated
donors from other countries.  UK accreditation is currently being co-ordinated by the
British Society for Bone Marrow Transplantation but it is unclear at present whether this
organisation, which is very much Southern England dominated, will operate to the
benefit of patients in Scotland.  It may be that a Managed Clinical Network might better
replace this, allowing direct accreditation with the European organisation (JACIE).  

Numbers undergoing allogeneic transplants are difficult to predict for the future because
it is unclear at present how successful current experimental procedures, aimed at
reducing the intensity of conditioning (so called ‘mini’-transplants;  Carella et al, 2000;
Giralt et al, 1999), and extending the range of indications, will be.  Current experience in
the UK, including Scotland, suggests that these transplants may be far from
straightforward and may significantly increase demand for molecular monitoring and
expert management of graft versus host disease.  Cord blood transplants are increasing
in numbers and importance in paediatric practice (Gluckman & Locatelli, 2000) but it
remains uncertain whether this source of haematopoietic stem cells will ever enter
mainstream adult transplantation.  

The interface between childhood and adult leukaemia units has been the focus of much
debate (Benjamin et al, 2000).  An adolescent cancer unit does exist in Glasgow, and a



debate as to whether adolescent leukaemia units are appropriate in Scotland would be
helpful in order to determine a way forward.  

Molecular biology services are important now and will become critical over the next 10
years in ensuring that Scottish patients have access to the best diagnostic services, and
also for monitoring post treatment.  Both of these are essential in enabling consultants to
ensure that optimum delivery of treatment is achieved.  In addition, patients in hospital
require excellent support services, which should be compared to intensive therapy
support or acute renal failure type care.   This requires ready access to, for example,
central line insertion services and to imaging (MRI/CT).  Provision of both of these services
throughout Scotland seems to be somewhat patchy with some areas being outstanding
and others very limited.  It will be important to ensure that all patients throughout Scotland
have access to the same high levels of vascular access and imaging services.

Treatment
Surgery
The role of surgery is not relevant in the treatment of adult leukaemias, other than its role
in the provision of vascular access for chemotherapy and supportive care.

Adjuvant therapy
Most patients with adult leukaemia will be treated with some form of chemotherapy.  

Patients with chronic lymphocytic leukaemia (CLL) in the main are over the age of 60
years and will have a median survival of between 4 and 10 years or even more (Keating,
1999).  In the past, chemotherapy tended to be outpatient-based with drugs such as
Chlorambucil.  This is a cheap and relatively effective agent at controlling disease bulk
early on in the course of the disease.  Recently more effective, but also much more
expensive, drugs such as Fludarabine have come into vogue.  Fludarabine is able to
achieve complete or major responses in patients which were almost never seen with
Chlorambucil.  It is particularly used for younger patients (65 years or less) or in second
line treatment.  Fludarabine also has an important role in younger patients in preparing
them for further treatment utilising intensive procedures such as autologous BMT.  In
addition to the acquisition costs of Fludarabine, which is high, this drug at present
requires intravenous infusion therapy, which places further strain on day case units.  This
problem will be alleviated when an oral form becomes available soon.  Fludarabine
produces profound immuno-suppression which means patients also require anti-microbial
prophylaxis, irradiated blood products and more careful outpatient monitoring.  The
precise role of Fludarabine in chronic lymphocytic leukaemia remains to be fully defined
and, furthermore, ongoing clinical trials at the present time will determine whether or not
improved survival will be added to the undoubted improved response rates.  

Chronic Myeloid Leukaemia (CML) until recently was treated with therapy such as
Hydroxyurea (low toxicity, very cheap) or alpha interferon (many side effects, expensive).
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Despite its expense, alpha interferon has been shown to induce molecular responses,
which are rarely seen with Hydroxyurea.  In this respect it is the corollary of Fludarabine.
More recently a new agent that specifically targets the chromosome translocation in CML
has been introduced into clinical trials (Hehlmann, 2000).  This drug, called STI 571, is
being developed by Novartis, and is likely to achieve a product licence in 2002.  STI 571
seems capable of producing dramatic clinical, cytogenetic and molecular responses, even
in CML patients with advanced disease.  At present it is uncertain how durable these
responses will be but there seems no doubt that this new agent provides the best
responses in this rare disorder, other than allogeneic bone marrow transplants.  It is likely
that allogeneic BMT will still be required (Faderl et al, 1999; Klein et al, 2000; Reiter et al,
1999) and, in fact, remain the treatment of choice for younger patients with CML who
have a sibling-matched donor, but the impact of STI 571 will be very substantial.  

FUTURE PROSPECTS AND MAGNITUDE OF BENEFIT
Estimates of the potential changes in incidence and mortality are summarised in Table 3.

Table 3: Estimates of the potential changes in incidence and mortality

1 Details of changes not implemented in the historical data, that are evidence-based, and likely to be implemented during the 

period up to 2010

Prospects for primary 

Prevention

Screening of high risk groups

General population screening

Treatment – Surgery

Treatment – Oncology

Re-organisation of services

Minimal.  Care needs to be taken

with therapy regimes for other

survivable cancers

No identifiable groups at present

Not appropriate

-

No impact

No impact

Minimal.  Care needs to be taken

with therapy regimes for other

survivable cancers

None

None

Not applicable

Likely steady improvement /

reduction. Trials needed especially

in older groups

Molecular monitoring services may

improve survival by ensuring correct

treatment

Fewer and better staffed units might

improve quality of care and

information, which might improve

outcome and would make

monitoring easier

Changes1 in incidence Changes1 in mortality 



ANTICIPATED TIME TRENDS IN INCIDENCE AND MORTALITY

The age-period-cohort modelling gives predictions that incidence will continue to rise for
both sexes, and mortality will decrease for both sexes by 2010-14 (see Figure 2).  Given
these predictions, we can expect around 685 cases and 250 deaths per annum by
2010-14 (see Table 4) compared to 530 cases and 280 deaths per annum during
1995-99.

Figure 2: Predicted (1) incidence for males, (2) incidence for females, (3)
mortality for males, and (4) mortality for females

1. Present trends apply (ie if the best statistical model for historical data is projected into the future)

2. Present Trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not

expected)

3. Present (1985-94) age–specific rates apply

One factor that is common across all the adult leukaemias is that these are diseases of
middle and older years.  Therefore it is likely that the predicted increase in numbers of
leukaemias will be borne out as much because of an increasingly ageing population as
for any other reason.  Incidence has been increasing steadily since 1960 in both sexes,
and is particularly striking for males.  Although the aetiology of most forms of leukaemia
is unknown, the increasing use of successful chemotherapy regimens in other
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malignancies may lead to a modest increase in secondary leukaemia in adults, since
previous cancer chemotherapy and/or radiotherapy is a risk factor for the subsequent
development of acute leukaemia.  Otherwise, more detailed speculation about
epidemiology will have to await an improved understanding of the possible role, if any, of
virus infections and other putative causes.  

Table 4: Predicted numbers of cases and deaths

1 Observed numbers of cases and deaths

2 Present trends apply (ie if the best statistical model for historical data is projected into the future)

3 Present trends are modified by plausible future changes based on current evidence (no estimates are given if changes are not expected) 

CONCLUSIONS

Current care for patients with leukaemia in Scotland is probably spread too thinly, not to
maintain basic quality of care, but to ensure that trial participation and access to all
specialist services is equable.  It seems likely that natural reductions in the number of
centres will occur for reasons outlined above.  

More effort needs to be expended on:

• Trial participation with provision of clerical/nursing support to achieve this 
• Establishing one or more international standard molecular monitoring service for

haematological malignancy
• Recognition that achieving national and international accreditation for clinical and

laboratory BMT services will be a labour intensive and costly matter
• Establishing managed clinical networks for adult BMT services, if national service

status is not considered appropriate

1990-41 No 254 135 215 126

1995-61 No 244 145 187 136

1995-9 No2 289 144 243 134 

Yes3 144 134

2000-4 No2 316 143 265 133 

Yes3 138 130

2005-9 No2 346 141 280 126 

Yes3 134 120

2010-14 No2 384 139 301 124

Yes3 132 117

Time
period

Effect 
applied

Males

Cases
per year

Deaths
per year

Females

Cases
per year

Deaths
per year
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INTRODUCTION

Cancer Control comprises a series of actions designed to
reduce mortality.  The three basic elements are grouped under
the convenient headings of Primary Prevention, Screening and
Tertiary Prevention, the latter being the cure of patients with
cancer.  Primary Prevention depends crucially on knowledge
of risk factors and then bringing about their alteration within
a society.  Neither is easy to accomplish.  It has been known
for over half a century that cigarette smoking was the major
cause of lung cancer (Doll and Hill, 1950; Wynder and
Graham, 1950; Shrek et al, 1950; Levin et al, 1950; Mills et
al, 1950), and the decline in smoking prevalence in men
since the peak of 1950 has undoubtedly been the main
factor behind the decline in lung cancer in men in the United
Kingdom (Peto et al, 2000). However, and in marked
contrast, the rapid decline in stomach cancer incidence and
mortality is not due to a conscious intervention in primary
prevention (Boyle et al, 2001).

When making recommendations about Primary Prevention
strategies, it must be borne in mind that actions can have
undesired effects on other diseases.  If the other disease is
more common, then the net effect of such an intervention
could be negative.  Therefore, an optimal strategy for public
health should be sought rather than adopting the strategy
which is best for cancer control.  For example, alcohol
drinking is a common habit world-wide and one which
increases the risk of a number of cancers, notably those of
the oral cavity, pharynx, larynx and oesophagus, as well as
breast cancer in women (Boyle et al, 1995).  With respect to
cancer risk, there is no safe dose.  However, modest, but
regular, alcohol consumption protects against cardiovascular
disease (Doll et al, 1994). Herein lies the quandary: the
optimal strategy for public health (to encourage moderate
alcohol consumption) is not that which should be proposed
if cancer control is the only issue (to encourage drinking no
alcohol).
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Everyone has lifestyle choices to make and there is strong evidence that some of these
choices can lead to a reduction in the risk of cancer.  The overall summary of these
lifestyle recommendations is outlined in Table 1 and the rationale, and scientific evidence,
behind these recommendations is outlined in the text which follows.

Table 1: Actions for Primary Prevention of Cancer in Scotland.

We all have lifestyle choices to make and some of these choices can result in a healthier life. There is
strong evidence that certain cancers may be avoided and general health improved if you adopt a healthier
lifestyle.  The following recommendations can be made to the Scottish population to reduce the risk of
developing cancer.  These recommendations are in line with the European Code Against Cancer (Boyle et
al, 1995) and will also have positive effects on other forms of chronic disease risk.

1. Do not smoke.  Do not smoke in the presence of others: passive smoking represents a measurable
health risk.  Everything must be done to prevent children and young adults from starting smoking: it is
easier not to start than to quit.  Most smokers want to quit smoking: every help must be given to
increase the number of quit attempts and to increase the probability that a quit attempt is successful.

2. Alcohol consumption should be reduced to one or two drinks per day (a drink is a glass of spirit, a
glass of wine, or a half pint of beer).  There is no safe level of alcohol consumption, vis-a-vis cancer
risk, but a balance of risk is necessary in view of the protective effect of moderate drinking levels
against cardiovascular disease.  In view of the high rates of breast cancer, and the relative lack of
evidence about alcohol consumption and cardiovascular disease risk in women, the recommended
maximum level may be lower in women.

3. Eat more vegetables and fruits: five servings (a glass of fruit juice, a piece of fruit, a salad, a serving of
vegetables) per day is recommended.  Reduce intake of fat in the diet and systematically replace red
meat by chicken or fish. 

4. Avoid becoming overweight and increase physical activity.  Thirty minutes of brisk walking per day is
the minimum necessary.

5. It is impossible to avoid all exposure to sunlight but it is important to avoid all deliberate episodes of
sunbathing and, particularly, sunburn.  When in the sun, clothing should be used to avoid direct
exposure to the sun.  Sunscreen should be used on body sites which cannot be covered up but
should not be used to extend the amount of time spent in the sun. Use of sunbeds and sunlamps for
tanning purposes should be avoided.  Every possible step should be taken to protect children against
the sun by implementing the steps outlined above for adults.

6. Although great progress has been made in cleaning up the workplace with regard to exposure of the
workforce to known carcinogens, there are still some carcinogenic exposures.  Reduction of
occupational cancer involves a three-way partnership.  First of all, all carcinogenic exposures should
be identified.  Employers should take every step to eliminate exposure of their workforce to such
exposures.  Individual workers should follow all Health and Safety instructions in the workplace.

Responsibility for such lifestyle changes cannot be placed solely on the individual.  Society in general, and
scientists, doctors, sociologists, politicians in particular, has an important role to play and needs to work
closely to create the correct environment to allow such changes to be accomplished.  The net benefit of
such a strategy, in terms in increased life expectancy of the Scottish population, is clear.
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AETIOLOGY OF CANCER

Cigarette smoking and alcohol consumption are independent risk factors for cancers of
the oral cavity, larynx, pharynx and oesophagus.  The joint effects of both habits is
multiplicative, as highlighted by the classical epidemiological study from Ile-et-Vilaine
(Tuyns et al, 1977). The risk among the heaviest drinkers and smokers is 100-fold that of
non-drinkers and non-smokers.  However, there is good evidence that the risk in non-
smoking drinkers and also in non-drinking smokers is much reduced (La Vecchia and
Negri, 1989).  Consumption of increasing amounts of vegetables and fruits seems to
reduce the risk of these forms of cancer. Chemoprevention is an enticing thought for
these types of cancer, given the success achieved in the chemoprevention of
oesophageal cancer in China (Blot et al, 1993).  However, subjects in that trial lived in an
area of China affected by extraordinary high levels of oesophageal cancer and had
experienced chronic, vitamin deficiency for many decades.

The aetiology of gastric cancer is poorly understood, to the extent that the reasons
behind the remarkable, world-wide declines are not at all clear.  It is almost certainly
dietary in origin and the declining use of salt preservation of foods, the increased use of
refrigeration, the all year round availability of fresh vegetables and fruits have probably all
contributed to this declining pattern.  As incidence and mortality rates continue to fall,
the continuing decline is clearly unsustainable (Boyle et al, 2001).

Colorectal cancer is now the third commonest incident form of cancer in men world-
wide and the second most common in women (Parkin et al, 1999).  Risk appears to be
increased in individuals with a diet high in fats and, in addition, red meat (Boyle and
Langman, 2000). Increased consumption of vegetables and fruits appears to reduce risk.
Obesity appears to increase the risk of disease while exercise appears to be protective
(Boyle and Langman, 2000).  Coffee consumption appears also to be protective (IARC,
1991) while there are still uncertainties surrounding the role of tobacco smoking and
alcohol consumption in the aetiology of this common cancer. 

Aspirin and use of other NSAIDs (Non-Steroidal Anti-Inflammatory Drugs) appears to be
protective against colorectal cancer (Boyle and Langman, 2000) and the new class of
drugs, the COX-2 inhibitors, hold great promise for chemoprevention, without the large
increased risk of gastrointestinal bleeding associated with NSAIDs (Langman and Boyle,
1999).  Of potential interest is the divergence in trends in colorectal cancer risk in women
compared to men in many countries (Boyle et al, 2001).  It is notable that an overview of
Oral Contraceptives (Fernandez et al, 2001) and also Hormone Replacement Therapy
(Beral et al, 1999) both demonstrated an overall relative risk of 0.8 among users
compared to non-users.  It is tempting, but a little speculative at present, to consider the
widespread use of these exogenous hormones as a possible chemopreventive for
colorectal cancer in women.
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Cigarette smoking increases the risk of cancer of the pancreas (Boyle et al, 1995) which
also appears to be related to a reduced intake of vegetables and fruits (Howe et al,
1992).  All risk factors for gallbladder cancer indicate the essential role of gallstones in
the aetiology of this condition (Zatonski et al, 1997) while liver cancer, of which over 40%
of incident cases occur in China, appears to be related to hepatitis infection, being
particularly common in carriers of hepatitis B (Beasley et al, 1981). 

Malignant melanoma is related to sunlight exposure although not in a simple way.  Risk
is particularly increased among those who have a sudden and unusual exposure to the
sun (intermittent sun exposure).  Risk also appears to be increased in those who use
sunscreens. Sunscreen itself is not carcinogenic (Autier et al, 1995), with the exception
of those containing psoralens (Tomatis et al, 1990).  It appears to be the case that
sunbathers use sunscreens to extend the time they spend in the sun (Autier et al, 1999)
and it is this duration of exposure which appears to be the critical risk factor (Autier et al,
1994a).  This is also true regarding the appearance of naevi in children where there is
also evidence that use of clothes as cover against the sun reduces the risk of this
biological marker of melanoma (Autier and Dore, 1999).  Extensive use of sunbeds and
sunlamps for tanning purposes appears to be associated with an increased melanoma
risk (Autier et al, 1994b).

The global cancer burden in women appears to have stabilised, according to the most
recent estimates available, although the distribution of cancer types appears to be
changing, with a sharp contrast between the increase in the absolute numbers of breast
cancers and a decline in cervix cancers.  Prospects for cancer control in women appear
to be good within our current knowledge (Boyle et al, 2000).  Rates of lung cancer in
women are increasing substantially in many countries and seem set to overtake breast
cancer as the commonest form of cancer death in women in many parts of the world.
While the higher case-fatality of lung cancer may be one factor in the mortality rates
overtaking breast cancer, there is increasingly evidence that there are regions of the
world where the gap in the incidence rate is now closing.  For example, in Glasgow, an
area where lung cancer has been high historically, by 1990 the incidence rate for lung
cancer (115 per 100 000) exceeded that for breast cancer (105 per 100 000) (Gillis et al,
1992).  The high levels of smoking current in young women, which have yet to have their
full impact on death rates, constitute an important hazard not only for future cancer risks
but for several other important causes of death. 

Although the breast is the commonest site of cancer in women in most western
countries, the aetiology of this disease remains elusive, and preventable causes remain
to be identified.  The major part of breast cancer is related to a series of hormonal
factors which increase risk including early age at menarche, nulliparity, a late age at first
and last birth, a late age at menopause, use of oral contraceptives and hormone
replacement therapy.  Given that we are living in a sea of oestrogens from a variety of
expected and unexpected sources, recent attention has turned to the role of pesticides,
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particularly organochlorine pesticides and fungicides, in the aetiology of breast cancer.
These chemicals, characterised by having oestrogen like properties and being very
persistent in the present day environment, including DDT and PCBs, do not appear to
be related to breast cancer risk, although there are still some open questions about
certain congeners of PCB (Boyle and Zheng, 2001).  Dietary intake of fat does not
appear to influence breast cancer risk (Hunter et al, 1996), while increased consumption
of vegetables and fruits appears to be protective (Gandini et al, 2000).  Alcohol
consumption, even at moderate levels of consumption, appears to increase the risk of
breast cancer (Smith-Warner et al, 1998). 

Endogenous hormones also appear to have a role in cancer risk in women: oral
contraceptives seem to increase slightly the risk of breast cancer in users during the
period of use and immediately thereafter.  Ten years after cessation the risk again returns
to that of never users. Oral contraceptive usage also appears to be protective against
ovarian and endometrial cancer (Boyle et al, 2000).  The use of Hormonal Replacement
Therapy (HRT) appears to increase the risk of endometrial cancer and a positive
association with breast cancer risk also appears to exist.  Within our current knowledge
of the epidemiology of cancer in women, the most important preventive strategies would
appear to be to reduce cigarette smoking and increase dietary intake of vegetables and
fruits.  Screening has also been shown to be effective in reducing incidence and
mortality of cervix cancer and mortality from breast cancer.  Although more work is
needed, it is becoming clear that there could be an important role of HPV testing to
further enhance cervix cancer screening.

Cigarette smoking is the best identified aetiological agent and a major cause of bladder
cancer, cancer of the renal pelvis and adenocarcinoma of the kidney, although the latter
association remains less well quantified.  Historically, occupational exposures have been
investigated as causes of bladder cancer, although this proportion of incident bladder
tumours is probably in decline.  Hormonal influences are frequently cited as being
aetiologically important in cancers of the prostate and testes although the precise
hormonal determinant(s) remains unclear and further research is needed.  Dietary and
nutritional factors appear to have essential roles in the aetiology of most forms of
urological tumours although the risks and the mechanisms have yet to be established
and quantified.  Within the constraints of our knowledge, up to one half of urological
cancers could be avoided, about one-third by cessation of cigarette smoking alone.  The
increases in the incidence of urological cancers should serve to focus activity on the
development of programmes focused on primary prevention.

For some other forms of cancer which have been investigated epidemiologically,
avoidable risk factors remain to be determined with any certainty.  Such cancers include
cancers of the brain, central nervous system (CNS) and the lymphomas and leukaemias
(Boyle et al, 1995).
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CANCER CONTROL

Epidemiology provides compelling evidence that a large proportion of human cancer
may be avoidable.  Different populations throughout the world experience different levels
of different forms of cancer and these levels change with time.  Groups of migrants
acquire the cancer pattern of their new home, sometimes within decades (as
demonstrated by migrants to Australia) (MacCredie et al, 1990) or sometimes requiring
generations, as in the case of breast cancer in Japanese migrants to the United States.
Furthermore, groups of individuals in a community with some characteristic which
differentiates them from other members of the same community (such as Seventh Day
Adventists, Mormons, Blacks in parts of the United States, etc) have markedly different
cancer patterns.  From evidence such as this, the environmental theory of
carcinogenesis has developed (Higginson and Muir, 1979; Doll and Peto, 1981) and it is
widely held that upwards of 80% and perhaps 90% of human cancer may be
attributable to environmental factors, defining “environment” in its broadest sense to
include a wide range of (sometimes poorly defined) life-style factors, including dietary,
social and cultural practices. 

In the context of Cancer Scenarios for Scotland for the next ten years it is important to
keep several important issues in the forefront of our thinking.  If we can alter behaviour in
the population with respect to some important risk factors, it may take longer than ten
years to see the effect.  This could well be the case with certain dietary practices, while
we know that smoking cessation will have a positive effect on lung cancer incidence
within ten years (Peto et al, 2000).  Thus, promoting smoking cessation can be
proposed as a method of primary prevention which will demonstrate some effect within
the next decade.  In making recommendations for the period covered in this scenario
report, it is essential to include those which are likely to be effective beyond this time
span.   The effects will come about in the following decade or even the one thereafter.

RECOMMENDATIONS FOR PRIMARY PREVENTION

There are a number of risk factors which appear to be related strongly to common forms
of cancer.  Doll and Peto (1981) estimated that upwards of 80% and perhaps even 90%
of cancer deaths in a country such as the United States may be avoidable.  Estimates
indicate that the single largest avoidable cause is tobacco smoking (Table 2).  It is
important to consider cancer prevention strategies on a global basis.  From such
considerations, several possibilities exist to reduce the incidence of cancer (Osborne et
al, 1997).
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Table 2: Estimate of the proportion of cancer deaths that will be found to
be attributable to various factors1

1 Refers to United Kingdom or United States cancer pattern

Source: Doll and Peto  (1981)

Tobacco
Tobacco smoking remains the largest single avoidable cause of premature death
internationally and the most important known carcinogen to humans (Peto et al, 1992).
It is estimated that between 25% and 30% of all cancers in developed countries are
tobacco-related.  For over 30 years it has been clear that prevention of smoking would
lead to substantial reductions in death associated with lung and other cancers, heart
disease, bronchitis, emphysema and a number of other conditions.  Despite this
knowledge, the problem of tobacco-related disease has increased in many parts of the
world.  In Europe, at the present time, tobacco smoking is a major cause of premature
death.  Throughout Europe, in 1990 tobacco smoking caused three quarters of a million
deaths in middle age (between 35 and 69).  In the Member States of the European
Union in 1990 there were over one quarter of a million deaths in middle age directly
caused by tobacco smoking: there were 219 700 in men and 31 900 in women.  Each
death loses an average of 14 years of non smoker’s life expectancy. There were
many more deaths caused by tobacco at older ages.  In countries of central and eastern
Europe, including the former USSR, there were 441 200 deaths in middle age in men
and 42 100 deaths in women (Peto et al, 1996).  Half of regular smokers die directly as a
result of their habit (Peto et al, 1992).

The encouraging news, recently quantified (Peto et al, 2000), is that as soon as a
smoker quits smoking, even in middle age, he or she begins to win-back the life
expectancy being lost. This is very clear and substantial for lung cancer (Peto et al,
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Best estimate Range

Tobacco 30 25-40

Alcohol 3 2-4

Diet 35 10-70

Food additives <1 5-2

Sexual behaviour 1 1

Yet to be discovered hormonal Up to 6 0-12

analogies of reproductive factors

Occupation 4 2-8

Pollution 2 1-5

Industrial products <1 <1-2

Medicines and procedures 1 0.5-3

Geographical factors 3 2-4

Infective processes 10 1-?



2000) and clearly highlights smoking cessation as the key issue in cancer control at
present, and also as the major element of tobacco control which will have the most
immediate public health benefit.

Tobacco research has turned to the association between exposure to environmental
tobacco smoke and a diversity of adverse health events, including lung cancer (US EPA,
1992).  On the basis of 30 epidemiological studies, the United States Environmental
Protection Agency (US EPA) concluded that environmental tobacco smoke (ETS) was a
human lung carcinogen. It has been estimated that each year in the United States, 434
000 deaths are attributable to tobacco use, in particular cigarette smoking (CDC, 1991)
112 000 of these smoking-related deaths from lung cancer (US DHHS, 1989).  There are
an estimated 1500 deaths annually in non-smoking women due to passive smoking and
500 deaths in non smoking men.   

The focus on passive smoking in epidemiological research and health policy in western
countries should not divert attention from the major public health issue of active cigarette
smoking: smokers are at much higher risk of cancer than those who involuntarily inhale
some of their cigarette smoke.  The situation in women world-wide is alarming (Chollat-
Traquet, 1992), with increasing numbers of women smokers, and with lung cancer now
rising strongly in women as well as men in many countries (La Vecchia et al, 1992; La
Vecchia et al, 1993).  In Japan, since 1950 lung cancer mortality has increased ten-fold
in men and eight-fold in women.  There is a major build-up of a tobacco-related disease
in China where the effects of increasing prevalence of cigarette smoking in the 1950s
and 1960s are being translated into increases in the incidence and mortality of smoking
related cancers.  In central and eastern Europe where some data are available to follow
the mortality patterns, there are currently more than 400 000 premature deaths each
year caused by tobacco smoking (Peto et al, 1992). The rates of lung cancer in younger
men (35-64) in Poland, Hungary and Czechoslovakia are set in the coming years to
exceed the highest rates ever recorded elsewhere internationally (in Scotland between
1960 and 1964), with no end to the rise yet in sight (La Vecchia et al, 1992).  In Poland,
life expectancy at age 45 in men has been declining for over a decade due to the
increasing premature death rates from cancer and smoking-related vascular disease
(Zatonski and Boyle, 1996).  In contrast to western Europe and North America, cigarette
consumption in central and eastern Europe and China is still rising. Action must be taken
both to monitor the evolution of this epidemic and to promote smoking prevention and
hence disease prevention.

There are a number of agreed elements to the core strategies of a comprehensive
tobacco control strategy which have the support of the International Union Against
Cancer (UICC), the World Health Organisation (WHO), and the ‘Europe Against Cancer’
program of the European Community and the European Institute of Oncology.  These
include, (i) a ban on all advertising and promotion of tobacco products, (ii) effective
Government health warnings on all tobacco products, (iii) a low tar/nicotine policy, (iv) tax
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and pricing policies, (v) alternative economic policies, (vi) policies to protect young
people from tobacco promotion and sales to prevent the onset of tobacco use, (vii)
policies to protect the rights of non-smokers and establish in law the right to smoke free
environments, including the workplace, (viii) policies to control smokeless tobacco and
prohibit other new methods of nicotine delivery and (ix) policies to ensure the wide
availability of help for tobacco users who wish to stop.

In any programme of cancer control, top priority should be given to control of tobacco:
this is likely to have the greatest impact on reducing cancer incidence, and cancer
mortality, than any other strategy currently known.  A series of recommendations for
tobacco control has been made by the European Cancer Experts’ Committee (Boyle,
1997) which deserves the active support of the international scientific community.

Diet
The focus of attention in human studies of diet and cancer has largely been centred
around associations with fat intake and the intake of vitamins in the diet.  Present
evidence indicates that increased consumption of saturated fat, and also red meat, is
associated with an increased risk of colorectal cancer and probably prostate cancer.  High
consumption of fruits and vegetables is associated with a reduced risk of a number of
forms of cancer including lung cancer, oral cancer, pancreas cancer, larynx cancer,
oesophageal cancer, breast cancer, colorectal cancer, bladder cancer and gastric cancer:
the major exceptions have been the lack of strong association with hormonally-related
forms of cancer such as prostate, breast, ovary and endometrium (Steinmetz and Potter,
1991).  The relationship appears to be a general effect and consistently found with many
different groups of fruits and vegetables.  Although many candidate mechanisms (and
molecules) have been put forward, there is little real evidence to suggest that it is one
particular component of diet as opposed to another that is responsible.

It is difficult to imagine the successful implementation of a randomised trial of increased
consumption of fruits and vegetables and the search continues for the molecule(s) in fruits
and vegetables responsible for the apparent protection.  The demonstration of a reduction
in mortality in a randomised intervention trial in China is of considerable significance and
gives hope for a potentially successful future for chemoprevention (Blot et al, 1993) at
least in certain circumstances.  This is a special population with high cancer rates and a
long history of low dietary intakes of several important micro-nutrients.  The results from
this population at a dietary extreme cannot be directly applied to most western
populations where the diet is generally much richer in essential micro-nutrients.  Indeed,
the failure of three recent major studies to demonstrate any beneficial effect of beta-
carotene supplementation on cancer risk (Alpha Tocopherol Study Group, 1994;
Hennekens et al, 1996; Omenn et al, 1996) in populations with essentially normal intakes,
poses key strategic questions regarding future directions in chemoprevention studies.
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Alcohol Drinking
Alcohol drinking is causally associated with cancers at a variety of sites but chiefly with
cancers arising in the oral cavity, pharynx, larynx and oesophagus (IARC, 1988).  It
appears that, although there is an independent action of alcohol drinking, its main effect
seems to arise in its joint effect with cigarette smoking where, in the sites mentioned
above, the joint effect is multiplicative in many studies.  Obviously, limitation of alcohol
consumption would reduce the incidence of these forms of cancer but so would
limitation of tobacco smoking.  Heavy consumers of alcohol should be advised to
moderate their consumption and to stop smoking. The impact of this health advice could
be quite important since cancers of the upper respiratory tract are estimated to account
for over 850 000 new cases each year world-wide.

Recent reports are highlighting the increasing amount of heavy drinking in young men and
women in Scotland (Erens, 1997; Goddard, 1997; Erens, 2000).  Between 1995 and 1998,
there was an increase in alcohol consumption among Scottish women aged 16-64: the
proportion of women exceeding 14 units per week increased from 13% to 15% and the
estimated mean weekly consumption increased from 6.3 to 7.1 units (Erens, 2000).  Among
men, alcohol consumption showed little change over the same period. 13% of men and
24% of women in the age group 16-24 exceeded the recommended maximum intake levels
(21 units per week for men and 14 for women).  Women in social class groups I and II had
the highest levels of consumption in terms of mean weekly consumption and in exceeding
14 units per week.  It is important to anticipate the threat that this increased level of alcohol
consumption will eventually pose in terms of increased risk of certain forms of cancer as
time progresses. The health effects of alcohol consumption need to be spelled out to the
population to reduce alcohol consumption in the near future.  Alcohol consumption could
represent the next major public health time-bomb.

Sunlight Exposure
Personal characteristics of natural susceptibility to sunlight are associated with an
increased risk of melanoma.  These characteristics include the number of naevi,
susceptibility to sunburn and a tendency not to develop a tan when in the sun, and fair
hair colour.  However, these characteristics do not explain the dramatic increase in
melanoma observed in developed countries during the second half of the last century.
The main factor responsible is generally thought to be the increased levels of recreational
sun exposure (Autier et al, 1994a).  There is strong evidence that acute, intermittent
exposure of skin to the sun is the main environmental factor implicated in melanoma
occurrence (Elwood and Jopson, 1997).  Sunburn is also associated with melanoma,
but seems to be a marker of both excessive sun exposure and inherited susceptibility to
ultraviolet radiation rather than a cause of melanoma per se.  Lastly, a high naevi count is
a strong predictor of melanoma, but it is important to stress that naevi development is
itself fostered by sun exposure. 
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Since 1980, the suntanning fashion has fostered the large scale marketing of sunbeds.  In
1995, nearly half of women 15 to 35 years old in Sweden reported to regularly expose to
sunbeds (Boldeman, 1996).  Frequent sunbed use is suspected to increase the risk of
melanoma (Autier et al, 1994b), but further studies are needed to correctly assess the
magnitude of this additional source of risk of melanoma.  The important message is to avoid
over-exposure to sunlight and, in particular, to avoid sunburns at all times and to be
particularly careful to protect children (Boyle et al, 1995).  There have been several very
effective campaigns especially in Australia and New Zealand.  The apparently growing use of
sunbeds among young women and men and  in many countries is of considerable concern.
Current levels of use may influence future melanoma rates among younger individuals.

Occupational  exposures
There are a number of clearly defined occupational risk factors for cancer and a number
of chemicals have been shown to be carcinogenic to man (IARC, 1994).  The list is long
and reflects considerable work by scientific researchers in a number of disciplines
including toxicology, carcinogenesis and epidemiology.  Today, with an improved safety
profile in the workforce apparent in many developed countries, it is important to ensure
that exposure to known carcinogenic hazards in the workplace is not transferred to the
developing countries. The standards of protection in place in developed countries should
be maintained in the developing countries.  Included in the list of demonstrated
carcinogenic exposures would be ionising radiation, asbestos and several other
commonly used substances.  However, for identified carcinogens there is generally
legislation in place to define exposure restrictions and dose limits. Ensuring that these
are followed would lead to further reductions in occupational cancers.

Infective Processes
There is now strong evidence that Human Papillomavirus (HPV) is associated with an
increased risk of cervix cancer (IARC, 1995), that Epstein-Barr Virus (EBV) is associated
with an increased risk of nasopharyngeal cancer (Epstein, 1978), that hepatitis B is
associated with an increased risk of primary liver cancer (Beasley et al, 1981) and that
HIV infection is associated with Kaposi’s Sarcoma (Biggar et al, 1996) and some forms
of lymphoma (Pedersen et al, 1995).   Globally, it was estimated that there were 315 000
new cases of liver cancer and 437 000 incident cases of cervix cancer in 1985.  With a
‘guestimated’ 100 000 incident cases of nasopharyngeal cancer, it would appear that
there are at least 850 000 incident cases each year where infective processes play an
important determining role: this represents about 11% of the global cancer burden.

Obviously, successful vaccination programmes against these virus infections would have
a considerable impact on reducing the burden of these forms of cancer, and the global
burden. This impact would obviously vary in different parts of the world.  The effects
would be greatest in the developing world where over three quarters of the world’s cases
of liver cancer are diagnosed: in China alone it has been estimated that 44% of the
world total of cases of liver cancer are to be found.  Because of the timing of the
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infection in developing and developed countries, it has been estimated that two-thirds of
all cases could be prevented by the introduction of vaccination against hepatitis-B into
the primary vaccination schedule for infants (Tomatis et al, 1990).

Endogenous Hormones
An important recent meta-analysis was undertaken to help clarify the association between
oral contraceptive use and risk of breast cancer.  The Collaborative Group on Hormonal
Factors in Breast Cancer (1996) brought together and reanalysed the entire
epidemiological database available regarding this association.  The findings from this
study provide strong support for two main conclusions.  Firstly, while women are taking
combined oral contraceptives and in the 10 years after stopping, there is a small increase
in the relative risk of having breast cancer diagnosed (Relative risk (RR) in current users
1.24, 95% Confidence Interval (1.15, 1.33); 1-4 years after stopping use RR=1.16 (1.08,
1.23); 5-9 years after stopping use RR=1.07 (1.02, 1.13)).  Secondly, there is no
significant excess risk of having breast cancer diagnosed 10 or more years after stopping
use (RR=1.01 (0.96, 1.05)).  Breast cancers diagnosed in women who had used
combined oral contraceptives were less advanced clinically than those diagnosed in
women who had never used these contraceptives: for ever-users compared to never-
users, the relative risk for tumours which had spread beyond the breast, compared to
localised tumours, was 0.88 (0.81, 0.95).  There was no obvious association in the results
for recency of use between women with different background risks of breast cancer,
including women from different countries and ethnic groups, women with different
reproductive histories and those with or without a family history of breast cancer. Other
features of hormonal contraceptive use such as duration of use, age at first use, and the
dose and type of the hormone within the contraceptives, had little additional effect on
breast cancer risk once recency of use had been taken into account.

The relationship between breast cancer risk and hormonal contraceptive use is unusual and
it is not possible to infer from these data whether it is due to an earlier diagnosis of breast
cancer in ever-users, the biological effects of breast cancer in ever-users, or a combination
of reasons. Women who are currently using combined oral contraceptives or have used
them in the past ten years are at a slightly increased risk of having breast cancer
diagnosed, although the additional cancers diagnosed tend to be localised to the breast.
There is no evidence of an increase in the risk of having breast cancer diagnosed 10 or
more years after cessation of use, and the cancers diagnosed then appear to be less
advanced clinically than the breast cancers diagnosed in never-users.  Further reassuring
news is that the relative risks are small and the period-at-risk appears confined to times of
life when the incidence of breast cancer, although not negligible, has not reached the
highest levels attained in the latter part of the sixth and seventh decades of life.

The other important, and increasingly common, source of exogenous hormones is
Hormonal Replacement Therapy (HRT).  There have been several important recent
studies of breast cancer risk and hormonal replacement therapy use.  To quantify the
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relationship between the use of hormones in post-menopausal women and the risk of
breast cancer, the follow-up in the Nurses’ Health Study was extended to 1992.  There
were 1935 cases of invasive breast cancer recorded during 725 550 woman-years of
follow-up among the post-menopausal women (Colditz et al, 1995).  The risk of breast
cancer was significantly increased among women who were currently using oestrogen
alone (RR=1.32, 95% CI (1.14, 1.54)) as compared to post-menopausal women who
had never used hormones.  The risk of breast cancer was significantly increased among
women who were currently using oestrogen plus progestin (RR=1.41, 95% CI (1.15,
1.74)) (Colditz et al, 1995).

Women currently taking hormones, and who had used such therapy for 5 to 9 years,
had an adjusted relative risk of breast cancer of 1.46 (95% CI (1.22, 1.74)).  Women
currently taking hormones and who had used such therapy for 10 years or more had an
adjusted relative risk of breast cancer of 1.46 (95% CI (1.20, 1.76)).  Breast cancer
associated with five or more years of post-menopausal hormone therapy was greater
among older women (RR for women aged 60-64 1.71 (95% CI (1.34, 2.18)).  The relative
risk of death from breast cancer was 1.45 (1.01, 2.09) among women who had taken
oestrogen for five or more years (Colditz  et al, 1995).

Recent meta-analyses of the available studies on HRT use and breast cancer agree that
little excess risk is associated with ever-use or short-term use of oestrogen replacement
(Collaborative Group on Hormonal Factors in Breast Cancer, 1997).  A small increase in
relative risk has a large impact on the number of women developing breast cancer
because of the high baseline rates.  For women in the United States aged 65, the
baseline rate is 210 new cases per 100 000 women per year.  A relative risk as small as
1.2 increases a woman’s chances of developing breast cancer each year from 1 in 250
to 1 in 200 (Hulka et al, 1994).

There is some evidence of an association between use of Hormone Replacement
Therapy and an increased risk of breast cancer (Collaborative Group on Hormonal
Factors in Breast Cancer, 1997), based on a pooled analysis of individual data on
52 705 women with breast cancer and 108 411 controls.  Among current users of HRT
or those who ceased use 1-4 years previously, the relative risk of breast cancer
increased by 1.023 for each year of use: the relative risk was 1.35 (95% CI (1.21, 1.49))
for women who had used HRT for 5 years or longer.  Five or more years after use of
HRT ceased, there was no significant excess of breast cancer overall or in relation to
duration of use.  The cumulative excess numbers of breast cancers diagnosed between
ages 50 and 70 years per 1000 women who began using HRT at age 50 and used it for
5, 10 and 15 years respectively, are estimated to be 2 (95% CI (1-3)), 6 (95% CI (3-9))
and 12 (95% CI (5-20)).  It was noted that cancers diagnosed in women who had ever
used HRT tended to be less advanced clinically than those diagnosed in never-users:
the effects on mortality is an open question (Collaborative Group on Hormonal Factors in
Breast Cancer, 1997).
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SUMMARY RECOMMENDATIONS

In summary, we all have lifestyle choices to make and some of these choices can result in
a healthier life. There is strong evidence that certain cancers may be avoided and general
health improved if you adopt a healthier lifestyle.  The following recommendations can be
made to the Scottish population to reduce the risk of developing cancer.  These
recommendations are in line with the European Code Against Cancer (Boyle et al, 1995)
and will also have positive effects on other forms of chronic disease risk.

1. Do not smoke. Do not smoke in the presence of others: passive smoking represents
a measurable health risk.  Everything must be done to prevent children and young
adults from starting smoking: it is easier not to start than to quit.  Most smokers want
to quit smoking (Boyle et al, 2000): every help must be given to increase the number
of quit attempts and to increase the probability that a quit attempt is successful.

2. Alcohol consumption should be reduced to one or two drinks per day (a drink is a
glass of spirit, a glass of wine, or a half pint of beer).  There is no safe level of alcohol
consumption vis-a-vis cancer risk, but a balance of risk is necessary in view of the
protective effect of moderate drinking levels against cardiovascular disease.  In view
of the high rates of breast cancer, and the relative lack of evidence about alcohol
consumption and cardiovascular disease risk in women, the level to recommend
may be lower in women.

3. Eat more vegetables and fruits: five servings (a glass of fruit juice, a piece of fruit, a
salad, a serving of vegetables) per day is recommended.  Reduce intake of fat in the
diet and systematically replace red meat by chicken or fish. 

4. Avoid becoming overweight and increase physical activity.  Thirty minutes of brisk
walking per day is the minimum necessary.

5. It is impossible to avoid all exposure to sunlight but it is important to avoid all
deliberate episodes of sunbathing and, particularly, sunburn.  When in the sun,
clothing should be used to avoid direct exposure to the sun.  Sunscreen should be
used on body sites which cannot be covered up, but should not be used to extend
the amount of time spent in the sun. Every possible step should be taken to protect
children against the sun by implementing the steps outlined above for adults.

6. Although huge progress has been made in cleaning up the workplace with regard to
exposure of the workforce to known carcinogens, there are still some carcinogenic
exposures.  Reduction of occupational cancer involves a three-way partnership.
First of all, all carcinogenic exposures should be identified.  Employers should take
every step to eliminate exposure of their workforce to such exposures.  Individual
workers should follow all Health and Safety instructions in the workplace.
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Responsibility for such lifestyle changes cannot be placed solely on the individual.
Society in general, and scientists, doctors, sociologists, politicians in particular, needs to
work closely to create the correct environment to allow such changes to be
accomplished.  The net benefit of such a strategy, in terms of increased life expectancy
of the Scottish population, is clear.
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PROSPECTS FOR EXTENDING POPULATION
SCREENING
PROFESSOR FREDA E ALEXANDER

University of Edinburgh



WHAT IS POPULATION SCREENING?

We shall adopt the definition of screening used recently in
the NHS Prostate Cancer programme, 2000.  Although this
document does not apply to Scotland, the definition includes
all the essential elements of the use of the term ‘screening’.  

• (Apparently) healthy people are invited to undergo a test
that is able to detect cancer that is causing no
symptoms and nobody suspects is present

Note that an approach is made to people who perceive
themselves to be healthy and have no symptoms (or none
that led them to seek medical care); this approach is
normally made by the health service though it could also be
made by employers, private health insurers and so on.

The qualification ‘population’ means simply that no selection
process is applied in the decision to invite people such as, for
example, restricting it to smokers or those with affected
relatives; by convention, population screening is normally
understood to involve selection by age group and by gender
(and probably also being registered with a GP).  Dunlop
(chapter 3) argues strongly that selection by age can render the
term population screening inappropriate but his argument is,
effectively, that the wrong age criteria are being applied.  In any
event, in this chapter, population screening will include selection
by age, sex and GP registration but not any other criterion.

The objective of population screening for cancer is 

• to identify people in the general population 
• who require diagnostic tests 
• so as to detect cancers early 
• and therefore cure cancers / extend lives.  

CANCER SCENARIOS: PROSPECTS FOR EXTENDING POPULATION SCREENING 265



Note that, in general, incidence will not be decreased and may even be increased (there
is evidence that cervical and, possibly also, colorectal screening does decrease
incidence – see below).  Often, treatment given at the early stage will be simpler and less
aggressive (e.g. lumpectomy rather than mastectomy for breast cancer) but this need
not always apply. 

Current UK Practice
Two population screening programmes for cancer currently form part of NHS practice.
These are the breast cancer screening programme (NHSBSP) and the cervical screening
programme (see Table 1). 

Table 1: Population Screening - Current UK practice

Future agreed UK practice 
Only one change in practice has already been adopted: following the demonstration
projects (not yet completed in England) it is clear that women older than 64 will continue
to attend for breast screening if invited but do not take-up their right to self-refer (10%,
on average, do refer).  Since randomised controlled trials (RCTs) elsewhere have found
evidence of benefit for these older women, the National Screening Committee
recommended in 2000 that women aged 65-69 should be invited to mammographic
screening.  This is due to be implemented in England by 2004.  In Scotland a Task
Group will make recommendations to the Minister for Health and Community Care.

Ongoing UK Pilot projects
Two pilot projects are currently in progress following recommendations of the National
Screening Committee (see Table 2).  The colorectal screening pilot is the first offer of
cancer screening for men by the NHS.  Its inception follows the successful completion of
RCTs (see below). The pilot is designed to determine whether similar reductions are
feasible outside the research setting and should be completed in 2002.  If a faecal occult
blood test (FOBT) screening programme is found to be feasible in the general population
it could be rolled out nationally. 
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Breast Screening (mammography) Women aged 50-64 yrs

Invited at 3-yearly intervals

Cervical Screening (PAP smear) Women aged 20-60 years

Invited at intervals of 3-5 years



Table 2: Ongoing UK pilot projects

The current pilots for cervical screening are intended to determine whether (i) the
introduction of LBC can reduce the numbers of inadequate smears and hence the
numbers of women recalled, and (ii) the use of HPV testing for smears showing mild
abnormalities or borderline smears can improve the programme by increasing sensitivity,
reducing the numbers of repeat smears and/or detecting lesions earlier.  These pilots are
likely to improve the performance of the cervical screening programme by reducing the
number of repeat smears but are unlikely to lead to major changes in terms of
reductions in incidence and/or mortality.     

The intention is that these pilots should, if feasible, influence NHS policy in the short
term.  By contrast, the feasibility study of spiral CT scanning for lung cancer screening
might, if successful, lead to research studies in future.  It is most unlikely to have
influence on NHS practice in the period we are considering.

The Evidence Base
In this era of evidence-based medicine, different levels of evidence are distinguished.  In
general, the best evidence (level I) comes from large randomised controlled trials,
intermediate (level II) from other prospective studies, and the weakest (level III) from other
studies including case-control studies, case-series and anecdotal reports.  The same
criteria apply to levels of evidence for population screening.  A relevant comment
(Strauss and Sackett, 1999) is:

• Given the misinformation that flows from non-experiments, I find level I evidence of
individual health benefit an absolute prerequisite for soliciting the symptomless for
screening

The general design of an RCT of screening is shown in Figure 1.  Studies using this
design are large (numbers of people randomised in 10 000s or even 100 000s and the
follow-up period long (with minima of 7-10 years).
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Colorectal cancer screening (FOBT) Men and women aged 50-69 are sent a test kit once 

(repeat every 2 years if rolled out)

Cervical screening (HPV testing)

applied to mild/borderline smears

England only

Cervical screening (LBC for PAP smears)

Lung Cancer (feasibility study - spiral CT)

Should reduce numbers of inadequate smears



Figure 1:  Randomised Controlled Trials of cancer screening 

They are able to avoid the effects of critical biases

• selection bias
• lead time bias
• length biased sampling

which be-devil evaluations of screening.

Future potential of population screening (individual sites)
Table 3 lists what we have considered as possibilities for realistic expectations for
improvements in population screening capable of making public health impact by 2010-
14 and research in progress.  Figure 2 shows the numbers of cases and deaths
predicted for these sites in 2010-14 if these expectations are fulfilled, as well as their
ranking.    
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Table 3: Future Potential for Population Screening 

Where research is in progress, we normally do not consider that public health impact will
follow within our timescale – although we recognise that the introduction of breast
cancer screening for younger women might follow speedily upon publication of positive
research findings.  We consider that prostate cancer may be an exception; research
findings are not expected from RCTs until the end of the present decade but pressure for
the provision of the test under the NHS is increasing.  In the next sections we consider:
breast, cervix, large bowel and prostate individually.

Figure 2:  The burden of cancers at (relevant) individual cancer sites (annual
number of cases and deaths in 2010-14)
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MAMMOGRAPHIC SCREENING FOR BREAST CANCER

Mammographic screening for breast cancer in women aged 50-64 was introduced
following the recommendations of the Forrest committee (Forrest, 1987); this committee
was able to review international evidence from two randomised controlled trials and
several other studies.  Subsequent confirmation has come from 5 other randomised
controlled trials (including one in Scotland, Alexander et al, 1999) that screening can
reduce breast cancer mortality in those invited by 28-30%.  This is very strong (level I)
evidence.  Stringent standards have been in operation and robust quality assurance
applied since the inception of the programme.  Both direct benefits (in those invited, see
Blanks et al, 2000) and indirect benefits (organisation of therapy, quality control etc) have
emerged following the introduction of the programme, and mortality benefits may
continue as time elapsed since the beginning of the NHSBSP increases;  such changes
will already be included in the ‘present trends’ found in our age-period-cohort analyses
of the historical data.  No additional changes for breast cancer mortality from screening
women aged 50-64 are anticipated.  

As indicated above, the RCTs which included older women showed no attenuation of
benefit, and demonstration projects have shown that British women aged 65-69 will
readily attend for mammography if invited.  If we predict that the invitation system will be
extended to women in this age range by 2004, then this is expected to increase
incidence in this age group and reduce mortality in women aged 70-74.  The magnitude
of these changes is predicted to be the same percentages as those seen in younger
women.   On this basis we predict that 40 deaths per year will be prevented in 2010-14
due to the extension of the invitation system to these older women.

THE PAP SMEAR FOR CERVICAL SCREENING

No randomised controlled trials of the PAP smear have ever been conducted and would
now be unethical.  Nevertheless, there is abundant evidence from the Nordic countries
and elsewhere (see Chapter 8) that its use decreases both incidence of and mortality
from invasive cancer of the cervix.  In addition, to justify use of lower-level evidence we
note that intervention in screen-positives is minimally invasive and without major side
effects.  It is also clear that this benefit has not been fully realised in the UK (Cuzick,
1999) and improvements in call-recall, achieving targets for uptake, are already
underway, which should bring the UK in line with the Nordic countries.  We have
estimated that, on this basis, decreases in incidence of 20% in the under 60s and of
mortality of 20% in the under 65s are realistic by 2010-14.  This would lead to the
prevention of 60 cases per year and 26 deaths per year in Scotland in 2010-14.   

We do not anticipate that the use of HPV screening, as a primary modality will be
introduced within our time frame, but use of LBC to assist in the evaluation of smears,
and HPV testing to assist in the processing of mild/borderline smears, may contribute to
the benefit we predict.
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FOBT SCREENING FOR COLORECTAL (LARGE BOWEL) CANCER

Three RCTs have been conducted world-wide and an overview analysis gives 16% as
the likely reduction of colorectal cancer mortality in those offered screening (Towler et al,
1998).  The age range adopted for the pilot project is 50-69 although Dunlop has noted
(see Chapter 3) that the upper age limit may be too young; for the purpose of making
predictions we have assumed that the pilot is successful in demonstrating that FOBT
screening is feasible in the general population and that FOBT screening will be rolled out
for this age range by 2004.   We have estimated that the benefit of 16% will appear
within a few years and apply in full to those aged 55-69, with smaller benefits of 8% (due
to a time lag) in those aged 50-54 and 70-74.  On this basis, 75 deaths per year should
be prevented in each sex in 2010-14.  In principle, polypectomy should eventually lead
to reduced incidence of colorectal cancer, and one RCT has now reported evidence to
confirm this (Mandel et al, 2000).  However, such effects will, if present, be very long
term and have not been considered in our predictions.  

Other consequences of roll-out are likely to include a major increase in endoscopy
resource use and the possibility of surveillance programmes for those found to have
(benign) adenomas (around 8 per 1000 screened).

PSA TESTING FOR PROSTATE CANCER

No guidance is yet available from RCTs.  Trials are ongoing in North America and Europe
with over 200 000 men randomised.  Results are unlikely to be reported before 2009.
Limited evidence (level II/III) is currently available from temporal comparisons in the US
(mortality rates before and after the introduction of screening compared) and
geographical comparisons in Austria (mortality rates in the Tyrol where PSA testing was
made freely available compared with those in the rest of Austria).  In both instances it is
not in doubt that the prostate cancer mortality rates have fallen substantially.  What
remains in doubt is whether there is a causal connection between the changes in rates
and the introduction of screening.  The National Screening Committee does not
recommend screening for prostate cancer in the UK.

There are several problems associated with PSA screening.  In particular, the PSA test
refers a large number (approximately 12%) of men for biopsy; vastly more men are
diagnosed with prostate cancer than would die from prostate cancer or have
symptomatic disease; no RCTs have demonstrated ‘best’ therapy for localised prostate
cancer; it is unclear whether any benefit will come from the treatment of localised or
locally advanced prostate cancer or both.

The (English) NHS Prostate Cancer Risk Management Plan recognises that ‘An
increasing number of men are sufficiently anxious about prostate cancer to seek help by
asking for a PSA test. …some men are being offered a PSA test but in an unstructured
and ill-informed way, whilst others are currently dissuaded from having a PSA test.’
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Under this plan:
Any man considering a PSA test will be given detailed information to enable him to
make an informed choice about whether to proceed with the test

Properly managed access to the PSA test has a significant part to play in
empowering people to make decisions about their own lives

If, having had access to this information, any man who still wishes to have his PSA
tested can have this provided for him by the NHS.  RCTs have shown that the provision
of information reduces the uptake of  PSA testing in places where it is already high (eg
from 80% to 62%).  Two things are almost certain:  the PSA test will have to be made
available to asymptomatic men in Scotland and consequently many more men will be
tested.  Thus, although screening (involving approach by health professionals to healthy
men) will probably not be introduced until the RCTs report, there will be substantial
public health impact from widespread use of the PSA test. 

The intention is that the policy will limit use of the PSA test, yet respond to public
expectations.  However, there is a real danger that it will lead to vastly increased use of the
PSA test - effectively population screening when we lack level I evidence.  In making the
predictions, we have assumed that this will be resisted and that PSA test use will increase
modestly.  On this basis we predict that 37 deaths per year will be prevented in 2010-4.

CONCLUSIONS

The predictions we have made are summarised in table 4.  Altogether, the extended
population screening should prevent 253 deaths per year in the Scottish population in
2010-14.  This is a very modest benefit but still likely to be of value – for many of the
cancer sites involved the only method of prevention IS secondary prevention.  The
resource use is, nevertheless, likely to be high.

Table 4: Predicted Benefits of Extended Population Screening
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Incidence Mortality Other effects

Cases per Deaths per 

year % year %

Women

Breast N/A N/A 40 3% Increase of 150 cases/yr

Cervix 60 15% 26 20%

Colorectal N/A N/A 75 8% Increase of 150 cases/yr

Men

Colorectal N/A N/A 75 8% Increase of 150 cases/yr

Prostate N/A N/A 37 4% Increase of 200 cases/yr

Total 60 0.2% 253 2%
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INTRODUCTION

Familial clustering of cancer has been well documented in
the literature, and was first recorded as far back as 100 AD
by the Romans who reported the familial aggregation of
breast cancer.  More recently, epidemiological studies of
many human cancers have shown that there is a significant
increase in risk to first-degree relatives of individuals of
developing a similar cancer (two to three fold). In a minority
of cancer patients (probably 5-10%) predisposing genetic
factors may have played a major role in the development of
the cancer. In a second group of patients where there is still
an excess of cancer in the family, there may be an
increased risk of cancer due to the presence of a genetic
factor with a lower penetrance or due to interactions with
environmental factors (Claus et al, 1991; Easton and Peto,
1990).

With the recent advances in molecular genetic techniques it
has become increasingly possible to define the exact nature
and frequency of such genetic predisposition to cancer and
hence more accurately estimate an individual’s risks.  Over
the past few years an increasing number of genes causing
familial cancer predisposition have been localised on the
genome, and many of the genes and their mutations have
been isolated and characterised.

SCOTTISH GUIDELINES

In 1994 the Scottish Cancer Co-ordinating and Advisory
Committee (SCCAC) established a cancer genetics sub-
committee under the chairmanship of Professor William
Duncan.  The group’s terms of reference were to assess the
need for cancer genetic services in Scotland and to make
recommendations.  As a result, a group of individuals from
this sub-committee assisted PACT in developing a planning
framework to take these issues forward (The Scottish Office
Home & Health Department, 1995; Department of Health,
1995); The Scottish Office Department of Health, 1996).
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This has resulted in the production of guidance to support the implementation of genetic
services for breast, ovarian and colorectal cancer.  This has been implemented by a
cancer genetics sub-group of the Scottish Cancer Group and provides a model for
service development which includes the use of referral guidelines, with all referrals being
funnelled through genetic nurses or counsellors at the regional genetics units in
Aberdeen, Dundee, Edinburgh and Glasgow.

Referral and screening guidelines for breast, ovarian and colorectal cancer have been
agreed.  Those for breast are derived from the current SIGN guidelines for management
of breast cancer, as partially are those for colorectal, with ovarian guidelines being based
on a consensus view. An example of the guidelines for colorectal cancer predisposition
are presented in table 1a and 1b.

Table 1a: Guidelines for Colorectal Cancer predisposition
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Low Medium High

Risk Stratification

One 1st degree relative affected by colorectal

cancer when aged <45yrs

Two (one affected at less than 55 yrs) one a 1st

degree relative subject

Three affected with colorectal or endometrial 

cancer who are 1st degree relatives of each other 

and one a first degree relative of subject

Two affected 1st degree relatives (one affected at 

less than 55 yrs)

Counselling

Individuals deemed to be at medium risk will be 

counselled by the genetic counsellor, who discuss 

with them information as recorded in Appendix 2.

Risk Stratification

Gene carriers of HNPCC mutation

Untested 1st degree relatives of gene carriers

People with a family history compatible with HNPCC

Counselling

Individuals deemed to be at high risk will be 

counselled by the clinical genetic physician.

Risk Stratification

Anyone not fulfilling medium or high

risk criteria

Counselling

Individuals deemed at low risk will

be informed either by:

Telephone consultation with the

genetic nurse associate, followed 

by letter with a copy to GP, or

Face to face consultation with the

genetic nurse associate and then

by letter to the patient and the GP.



Table 1b: Guidelines for Colorectal Cancer predisposition 

Resource implication
The model utilised allows the service to be designed around regional genetics centres
with one genetic nurse or counsellor per million population and, in addition, with the
recent funding of clinical scientists, one per regional genetics centre to facilitate the
identification of mutations in genes known to predispose individuals to cancer.  In
addition, most centres have managed to employ audit staff to assess the impact of the
service.

GENETICS OF BREAST CANCER

It now seems clear that around 5% of breast cancer is associated with highly penetrant
dominant predisposing genes.  In addition, in some families more breast cancers are
seen than would be expected in the general population and may be due to weakly
penetrant genes or gene environmental interactions.   However the bulk of breast cancer
remains sporadic (McPherson et al, 2000).

The two most common predisposing genes are BRCA1 and BRCA2.  These are
associated with a very significant lifetime risk of breast and ovarian cancer, and
increased risks in other cancers (Table 2) (Bishop, 1994; Ford et al, 1994; Ford et al,
1998; Lakhani et al, 2000; Liede et al, 1999; Rahman and Stratton, 1998; The Breast
Cancer Linkage Consortium, 1999).  
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Low Risk Medium Risk High Risk

Screening comprises:

A single colonoscopy at 30-35 yrs; if
findings are normal this need not be
repeated until 55 yrs of age.

Incomplete colonoscopy should be
followed by a barium enema, preferably
at same hospital attendance

Reassurance

Healthy lifestyle advice

Advise to report any
changes

Return to GP Care

Screening comprises:

Colonoscopy every 2 yrs from age 30 or 5 yrs younger than the youngest
affected, up until the age of 70.
Discussion of prophylactic surgery, if recurrent polyps are identified – total
colectomy, with rectal sparing and ileorectal anastomosis is the best option
Consideration needs to be given to screening for other cancers which may
occur in specific families and are part of the HNPCC spectrum

Gene Testing

Following counselling by a clinical genetics physician, gene testing should
ideally be available to all high-risk families and predictive testing offered to 
all at risk individuals within these families.

Surgical Management: High Risk Individuals

In unaffected individuals, continued screening will probably be the preferred option but prophylactic surgery may be considered in particularly
high-risk cases where recurrent polyps are identified on repeat screening
Affected subjects should undergo resection of tumour with a major portion of contiguous bowel to decrease the risk of other tumour recurrence.
Adjuvant therapy may subsequently be used and regular surveillance of any remaining large bowel is essential.
(It is anticipated that Cancer MCNs will include individuals with specific expertise in the surgical management of cancers in high risk individuals)

Management: Patients with Established Colorectal Cancer

These individuals require more extensive resection to reduce risk of metachronous tumours. Colonic tumour is best treated by colectomy with
ileorectal anastomosis; surgery for rectal cancer usually comprises extensive left hemi-colectmy with anterior resection.
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Table 2: Risks of cancers other than breast and ovarian in BRCA1 and
BRCA2 mutation carriers

A variety of studies have looked at the prevalence of BRCA1 and BRCA2 mutations.
This prevalence varies widely from one population to the next as can be seen in table 3.
In the United Kingdom, however, only 0.2% of the general population appears to carry
mutations in these genes, although around 6% of women with breast cancer at less than
49 years of age will have a mutation in these genes (Rahman and Stratton, 1998;
Streuwing et al, 1995; Johannesdottir et al, 1996). 

Table 3: Prevalence of BRCA1 and BRCA2 mutations

Based on this data one can attempt to model the number of breast cancers that were
caused by these genes in the Scottish population over a 10-year period.  As can be seen
in table 4, a little over 400 of the breast cancers occurring in women under 50 are likely to
be associated with these genes with a total of around 660 of breast cancers in women up
to the age of 70 years (Kramer et al, 1997; Peto et al, 1999; Macmillan, 2000).

Cancer type Relative Risk

BRCA1

BRCA2

Colon 3.30

Prostate 4.11

Buccal cavity/pharynx 1.87

Stomach 2.06

Pancreas 2.95

Gall bladder 4.14

Melanoma 2.43

Prostate 3.64

General population (%) Breast cancer (%)

Ashkenazi BRCA1 185del AG 0.8 20 (<42yrs)

BRCA1 5382insC 0.4

BRCA2 6174delT 1.2 8 (<42yrs)

Iceland BRCA2 999del5 0.6 24 (<40yrs)

Britain BRCA1 All mutations 0.1 3 (<49yrs)

BRCA2 All mutations 0.1 3 (<49yrs)



Table 4: Predicted Incidence of Breast Cancer due to BRCA1 or BRCA2 in
Scotland in 1988-97

Familial Breast Cancer
When one begins to look at familial cancers, that is those families where breast cancer is
more common than you would expect in the general population, it is much more difficult
to model the likely contribution of this group to breast cancer incidence.  It is highly likely
that these situations are associated with lower penetrance genes, probably interacting
with environmental factors.  It may be that up to 15-20% of breast cancers are
associated with women in these families who could be regarded as medium risk
individuals.  This could suggest that between 3500-4500 of the breast cancers occurring
in Scotland between 1988 and 1997 may have been associated with such lower
penetrance genes.

Interventions for breast cancer risk
Mammographic screening for breast cancer has clearly been shown in the general
population in the 50-64 age group in the national breast screening programme to offer
early detection of breast cancer and to decrease mortality.  In 1996, a large American
survey demonstrated a very high rate of detection of small tumours by mammographic
screening of women under 50 who had a family history of breast cancer.  Subsequent
European studies have supported this, showing that a combination of mammography
and expert clinical examination at annual intervals can detect 75% or more of these
tumours, the great majority being small and node-negative (Macmillan, 2000;
Kerlikowske et al, 1996; Moller et al, 1999; Vasen et al, 1993).    A MRI trial is underway
in the United Kingdom to look at sensitivity and specificity as compared to
mammographic screening (Brown et al, 2000).

In the United States a study of those women who had undergone prophylactic mastectomies
to reduce their risk suggested that in both the high and medium risk situation such
surgery reduces the risk of breast cancer by up to 90% (Schrag et al, 2000).

There is an ongoing debate as to the role of tamoxifen in high risk women.  Studies in
the United States suggested that it might be effective, but it is difficult to be certain yet
whether side effects outweigh any benefits and whether there are longer-term
consequences of tamoxifen use in young women (Cuzick, 2000).  
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Age 0-49 50-69 0-69

Incidence 6,440 17,380 23,820

BRCA1 200 90 290

BRCA2 210 160 370

Total (BRCA1 + BRCA2) 410 250 660
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INTERVENTIONS FOR OVARIAN CANCER RISK

A trial has been funded to assess the sensitivity and specificity as well as the impact of
ultrasound screening and CA125 estimation in high risk women.  Early studies suggest
that prophylactic removal of ovaries prior to the occurrence of ovarian cancer reduces
the risk of ovarian cancer in very high risk women by at least 80%.  It is clear that oral
contraceptive use also reduces the risk of ovarian cancer in high risk women as it does
in the general population (Houlston et al, 1990).

GENETICS OF COLON CANCER

As with breast cancer the bulk of colorectal cancer is sporadic with a small percentage
of cancers being associated with either familial adenomatous polyposis (FAP) or with
hereditary non-polyposis colon cancer (HNPCC).  Again a significant proportion are seen
in families where these cancers are more common than you would expect in the general
population (Lynch and Smyrk, 1996; Muto et al, 1975; Stephenson et al, 1991; Wijnen et
al, 1998; Farrington et al, 1998; Vasen et al, 1999).

Familial Adenomatous Polyposis Coli  (FAP)
In the UK, FAP accounts for around 1% of all colorectal cancer. The main feature is an
autosomal dominant predisposition to the development of several hundreds or
thousands of tubular adenomas throughout the large intestine, usually detectable by
sigmoidoscopy before the age of 35 years.  Malignant change can occur in these polyps
within 12 years of development (although less than 0.1% of all polyps become
malignant) (Wijnen et al, 1998).    Polyps can also commonly be found in the upper
gastrointestinal tract, giving rise to malignancies such as periampullary adenocarcinoma. 

Hereditary non-polyposis colon cancer
Hereditary non-polyposis colon cancer (HNPCC) is probably one of the most common
genetic diseases of man, affecting as many as 1 in 200 individuals, and accounting for 3 -
6% of all colorectal cancer cases (Muto et al, 1975).  Affected individuals often develop
tumours before the age of 50 years. HNPCC is associated with mutations in genes known
to be involved in DNA mismatch repair.  In gene carriers, the risk of developing colorectal
cancer by the age of 80 years is around 80% in men and begins to rise from about 20
years of age.  It is, however, clear that other cancers also occur in individuals in these
families, and the risk to females carrying an HNPCC mutation include endometrial, which
occurs in over 40% of such women, and ovarian cancer.  Other cancers that are common
in such families include stomach, biliary tract and urinary tract lesions (Papadopoulos and
Lindblom, 1997; Aaltonen et al, 1998; Dunlop et al, 1997; Jarvinen et al, 1995).

Familial Colorectal Cancer
In addition to families with known FAP or HNPCC, there are a large number of families
where there is an excess of cancer, including colorectal cancer. There may be one or
two bowel cancer cases in close relatives, or concern because cancer has appeared in



an individual at an early age.  It has been estimated that some 0.5% of the population
have two first degree relatives with colorectal cancer and a further 0.5% have a relative
aged under 45 years with colorectal cancer, giving a total of 1% with a history
suggestive of a possible family predisposition.  While some of this clustering will be due
to chance and some is due to shared environment, a proportion of such families will
have some inherited component. Some studies have suggested that up to 15% of
colorectal cancers fall into this group.

When deciding how to manage these people with a weak family history of colorectal and
other cancers, it is important to remember that at the moment there is no evidence of
benefit in this group from any form of surveillance. This is especially important, as
colonoscopy is not risk-free (Guillem et al, 1992; Vasen et al, 1995; Kewenter and
Brevinge, 1996; Puchner et al, 1996; Burke et al, 1997; Scholefield et al, 1998).

Incidence of CRC associated with cancer genetic syndromes in Scotland 1988 to 1997
is shown in table 5. Based on the occurrence of 21 000 colorectal cancers in Scotland
during that time, one would predict that less than 215 of these may have been
associated with FAP or other rare syndromes, while 400-1000 may have been
associated with HNPCC.  If one uses 15% as the possible frequency of familial CRC,
over 3000 could be predicted to have occurred in families where there were lower
penetrance genes associated with environmental factors.  Hence, around 4000 of the
cancers may have been associated with some increased genetic predisposition and
these individuals would each have, on average, 2-4 family members who were likely to
be at increased risk themselves.

Table 5: Incidence of CRC associated with Cancer Genetic Syndromes in
Scotland 1988-19971

1 Assuming 3 relatives at risk for every gene carrier

Interventions for risk of colorectal cancer
It is generally considered that colonoscopy is the tool of choice for bowel surveillance in
all people in whom there is concern about a genetic predisposition.  This view is based
on the common distribution of tumours in HNPCC, which have a tendency to be in the
proximal colon and thus out of reach of sigmoidoscopy.  No studies have, however,
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All Ages Relatives at Risk

Incidence 21,517

FAP (and other rare syndromes) <215 (<1%) Approx. 600

HNPCC 430 – 1075 (2–5%) Approx. 1200 – 3000

Familial 3225 (approx. 15%) ?

Total 3870 – 4515 >1800 – 3600
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been done to provide evidence for the effectiveness of colonoscopy in reducing
incidence or deaths in those with weakly positive family histories.  Our best evidence for
what colonoscopy might achieve comes from a decision analysis carried out in 1997 by
the American Gastroenterological Association which suggested that colonoscopy would
reduce the incidence of colorectal cancer by 72% and deaths by 74%  (Scholefield et al,
1998; Lynch et al, 1995; Winawer et al, 1997).

It has been suggested by the St. Marks registry that colonoscopic screening reduces the
cancer rate from around 66% to 5% in high risk families.  Hence, in the group of
individuals predisposed in Scotland, this could have a significant impact.  Work is
ongoing to quantify the exact size of the at risk population and the methods for
identifying this population.  Over time, audit will indicate the significance of the reduction
in colon cancer that can be achieved using different surveillance strategies.

Once cancer is detected in a high risk individual, based on the fact that these individuals
are likely to suffer from second and third primary lesions, prophylactic surgery is often
recommended and, hence, it is important to have guidelines for appropriate
management of colorectal cancers in such families.

MANAGEMENT OF RISK OF CANCER

While it is clear that there is a general consensus about the methods that can be utilised
to estimate risk to healthy individuals within families with both a strong and a more
moderate history of cancer, further evidence is required to support the most appropriate
surveillance methods to reduce morbidity and mortality in these individuals.  Gene testing
is now available in Scotland and is likely to have an impact on the small number of very
high risk families in the population.  In certain conditions it may also impact on the
management of incident cases of colorectal cancer allowing counselling of family
members.

Additional evidence is certainly required to demonstrate the impact of surveillance
techniques on at risk individuals.  It is therefore important to establish the most
appropriate methods of surveillance and the age at which these should begin, the
interval between screening episodes, and the timing of other forms of intervention.

In addition it is hoped that other forms of intervention will be developed which will allow
the risk to individuals carrying genetic predisposition to be reduced.
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INTRODUCTION

Primary care professionals make a significant contribution to
cancer care in terms of prevention, screening, early
detection, emotional and psychological support, treatment in
some cases, and palliative and terminal care in many.  They
also deal with treatment side-effects, symptoms related to
the cancer and co-morbidity which is being seen as an
increasingly important influence on outcomes in areas of
high deprivation (MacLeod et al, 2000). 

Because of the patient list system in the UK where every
citizen is, or should be, registered with an individual general
practitioner (GP), and because of the gate-keeping role of
GPs which controls access to secondary care, GPs are
uniquely placed to develop an accurate comprehensive
record of medical interventions and to oversee the co-
ordination of care.  Similarly community nursing staff are
often best placed to be key workers who facilitate the inter-
agency communication and information giving which is so
vital for optimal patient-centred care.

A comprehensive overview of cancer care in primary care is
contained in the RCGP report on ‘Cancer Care in Primary
Care’ containing 486 references (RCGP, 2000).

The current situation relating to each phase of the cancer
experience will be outlined followed by the implications of
future trends in cancer incidence and management.  Issues
relating to equity, communication, and research and audit
will also be discussed.

PRIMARY PREVENTION

Current situation
Primary care professionals give opportunistic advice on
many issues related to health promotion and disease
prevention, particularly on smoking, diet and exercise, during
daily routine consultations, and in a more structured fashion
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during clinics targeted at particular groups (eg, well woman, well man, chronic disease
management, routine elderly health checks and new patient medical examinations).
Health visitors conduct local in house practice based programmes of health education,
often as part of regional or national initiatives.  

Consultations for genetic advice, although rising, do not yet constitute a major pressure
on workload in primary care.

Evidence suggests that 5% of smokers can be enabled to quit on the basis of advice
and support from GPs, with the percentage rising to 10% or more with the addition of
nicotine replacement therapy or bupropion (Law et al, 1995).

Future trends
If the current health education messages do get through, the numbers requiring advice
should drop although as research throws up new information on aetiology new
messages may need to be delivered.  As the lay public become better informed
through education, the media and the internet, there will be increasing demand for
clarification on points of detail, a demand which will fall heavily on primary care.
Requests for genetic advice and referral for counselling will increase steadily over the
next 10 years.

SCREENING

Current situation
Evidence exists which suggests that uptake of screening can be increased by involving
GPs and primary care teams in encouraging their practice populations to participate.
Primary care staff are currently in receipt of many requests for screening tests of
uncertain value, particularly PSA testing.

Future trends
Primary care, especially management and administrative staff will be increasingly involved
in administering screening programmes as they come on-stream.  Even if programmes
are regionally or nationally organised the work associated with checking lists and dealing
with patient concerns will impact on primary care.  Primary care must be signed up to
screening programmes to optimise uptake and improve outcomes.

EARLY DETECTION 

Current situation
While it is true that GPs are not likely to see many new cases of cancer in the course of
a year and may only see some of the rarer cancers once or twice in their professional
lifetime, it does not follow that cancer is not an important and significant part of their
workload.  With 3200 GPs in Scotland and 26 000 new cases of cancer per year each
GP will see approximately eight new cases.  The number of individuals alive who have
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experienced cancer is estimated to be over three times the number of new cases
detected each year at the end of 1998 (RCGP, 2000). 

There is evidence that patients living at a distance from cancer centres present later than
those close by (Campbell et al, 2001).

It is also estimated that, in a large proportion of consultations patients present with
symptoms that might relate to a cancer diagnosis.  While the percentages of lung cancer
patients presenting with cough, and colorectal cancer patients presenting with rectal
bleeding are known, the percentages of patients with cough who turn out to have
cancer of the lung (Liedekerken et al, 1997) and patients with rectal bleeding who turn
out to have cancer of the colon are not.  Some GPs are providing community based
specialist investigations, eg ultrasound and endoscopy.

Local referral protocols derived from national evidence-based guidelines are being
developed by multi-disciplinary teams dealing with site-specific cancers.  Involvement of
primary care in this process is patchy but important to enable a sense of ownership
which is so important to facilitate implementation (Grimshaw et al, 1992).

Future trends
In an effort to reduce delays in referral, educational interventions are required.  GPs and
primary care teams must be involved in guideline referral developments through Managed
Clinical Networks.  The potential for devolving investigative procedures in primary care
should be exploited.  Research is needed on the discriminant functions of various symptom
complexes among patients in the community which might indicate a cancer diagnosis. 

TREATMENT

Current situation
A number of disease modifying treatments are currently prescribed and administered by
primary care professionals, usually on specialist advice (eg tamoxifen and LHRH
analogues), and community-based  cytotoxic chemotherapy is being delivered in many
parts of the country.  Primary care is often involved during hospital-based chemotherapy
and radiotherapy programmes dealing with physical symptoms as well as psychological
or emotional support for both patients and their relatives and carers.

It should be noted that GPs diagnose and consequently provide the treatment for a
number of cancers in different settings without reference to specialist care.  These might
include; skin malignancies from GPs work in minor surgery, patients who refuse to go to
hospital to be seen by a specialist, and patients with multiple pathologies in situations
where the quality of life is unlikely to be improved by complex treatment for the cancer
(RCGP, 2000).  Although it is not known what percentage of cancer patients are not
seen by specialists and therefore less likely to be entered onto cancer registries,
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estimates have varied from between 5-15%. The development of practice based cancer
registers is currently not common practice in Scotland, although in England and Wales
they are likely to be required as part of clinical governance through the National Cancer
Plan facilitated by Primary Care Organisation (PCO) lead clinicians.

Future trends
As oral cytotoxic therapies become more available GPs will become increasingly involved
in supervising care.  Joint working to agreed protocols will develop providing it is
underpinned by appropriate resources.  Development of reliable Primary Care Databases
will follow.  Funding of primary care lead cancer posts as part of Managed Clinical
Network development on the Macmillan lead cancer GP model will facilitate this process.

FOLLOW-UP

Current situation
Much cancer follow-up is probably unnecessary and follow-up in primary care in many
situations is possible without detriment to detection of recurrence or patient satisfaction
(Grunfeld et al, 1995).  Shared care arrangements to agreed protocols work well in other
clinical situations (eg obstetrics, hypertension, diabetes).  A recent report by a joint
working group of the RCGP and RCR Faculty of Clinical Oncology provides an excellent
summary of the issues surrounding follow-up in cancer care (RCGP/RCR, 2000).

Future trends
There is scope for devolving much follow-up and monitoring to primary care in line with
the desire to provide a patient-centred service where “primary care is the focus of care”
(EAGC, 1995).  As the number of people living with cancer increases this too will have
implications for workload and resources.

PALLIATIVE CARE

Current situation
Most GPs are quite clear that palliative care is a core activity of general practice and
provide generalist care to a reasonable standard. Many have undertaken further education
and training to allow them to develop a special interest in the field.  Intermediate palliative
care is delivered in community hospitals and residential and nursing homes by GPs often
to a very high standard.  Home death rates are around 25% in Scotland with higher
figures in rural areas compared to urban areas.  Many people currently die in institutional
care when their preferred place of death would be their own homes.

Future trends
As survival improves, maintaining quality of life where patients have multi-modal
therapies and ongoing symptoms from their cancers becomes more taxing.  Primary
care will be faced with increasing numbers of patients requiring palliative care and efforts
will be made to satisfy patient choice in terms of place of care and place of death.
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Twenty-four hour nursing care and ongoing education and training of primary care teams
are vital to address this future need.  Community hospitals will expand their provision of
palliative care guided by audit results based on standards set by the Scottish Partnership
Agency (SPA, 1998).  Projects developing the concept of urban community hospitals
should be supported.

COMMUNICATION

Current situation
There is much evidence that the communication skills of many health professionals leave
much to be desired (National Cancer Alliance, 1996; Macmillan Cancer Relief, 2000).
Failures of the communication process account for the majority of complaints in the NHS
(Reid, 1994).  There is also evidence of breakdown of communication between primary,
secondary and tertiary care.  

Future trends
All health professionals dealing with cancer patients should have communication skills
training in line with the Clinical Standards Board for Scotland generic cancer standards.
Ensuring a workforce capable of providing such training is a priority.  Addressing
manpower shortages should allow cancer specialists, in particular, to find more time to
enable them to spend the necessary time with patients to overcome deficiencies.  

Implementation of the SIGN Guideline documents on Referral Letters and The Immediate
Discharge Document (SIGN, 1996) should go some way to improving inter-agency
communication.  IT developments should allow more rapid transfer of information across
sectors and will include the ability for GPs to book appointments directly.

EQUITY

Current situation
It is known that deprivation affects survival.  Although many of the causes of deprivation
are outwith the scope of health services many areas of high deprivation are under doctored.  

Future trends
Primary Medical Services (PMS) pilots in which salaried GPs are encouraged to practice
in areas of high deprivation will improve access and may contribute to improving
screening uptake, reducing diagnostic delay and therefore improving survival.

RESEARCH AND AUDIT

Current situation
All departments of general practice in Scotland have an interest in cancer research.
Audit of cancer and palliative care patients is integral to Practice Accreditation and the
Quality Practice Award.  None of the site-specific cancer SIGN guideline data sets
engages primary care.
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Future trends
The agenda for research in primary care oncology will grow.  It includes:

• Early recognition
• Effects of deprivation and effects of rurality on access to treatment and on outcomes
• Follow-up in general practice
• Place of care/place of death and continuity of care
• Palliative care (highlighted as a priority for primary care research in Scotland) (Wyke

et al, 2000)

To ensure improved communication and joint working through Managed Clinical
Networks there is a need for primary care data to be captured in guideline data sets.

CONCLUSIONS

Primary care will have a continuing and expanding role in all aspects of cancer care over
the next 10 years.  There is much activity in developing generic quality assurance
processes in general practice including Practice Accreditation (PA), the Quality Practice
Award (QPA) and Fellowship by Assessment (FBA) which will impact favourably on
patient care.  Engaging primary care in service development through Managed Clinical
Networks and ongoing educational initiatives will not only improve incidence, mortality
and survival by facilitating prevention, screening uptake and early detection but will
ensure a more patient-centred holistic approach to patient care and improve the
individual cancer patient’s experience of interaction with health services.
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INTRODUCTION

The Acute Services Review process was underpinned by the
guiding principle that service organisation should be led by
patient need and that standards of service provision should
be decided locally.  It is evident from each of the
contributions to this document that the surgical disciplines
currently have a pivotal role in the delivery of cancer
management in Scotland.

In planning the provision of the best available cancer services
for the next ten years, there will clearly be a need to ensure
the provision of local access to services and in particular for
the management of emergency surgical admissions.
Pressures for change to the existing service have arisen not
just as a consequence of increasing patient expectation and
general practitioner demand, but also from the introduction of
new specialist training arrangements for surgeons, the
reduction in junior hospital doctors hours and the funding
demands imposed by emerging technology.  Underpinning
these changes has been the need for increased specialisation
within surgery to optimise outcomes.  While encouraging the
planned development of specialisation, it will be vital for
general surgeons to retain core general surgical skills.
Certain malignancies, such as those involving the large
intestine may only declare in the emergency setting when a
specialist surgeon may not be readily available.  On the other
hand, effective surgical treatment of uncommon tumours
including those affecting the liver and bile ducts or the head
and neck can only be contemplated within specialist centres.
It has been shown that the management of other
malignancies such as those involving the breast can be
managed within a multidisciplinary framework delivering high
quality patient care driven by well defined and proven
treatment protocols.

CANCER ASSESSMENT

Whilst increased resource is currently being made available
for cancer services and in particular for the management of
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patients with established neoplasia, there remains considerable concern regarding the
delays in assessing cancer patients following their referral for out-patient or in-patient
assessment.  Whereas the development and diagnosis of certain tumours may be
apparent at the outset, for tumours such as those arising from the gastrointestinal tract,
the non-specific nature of symptoms may make it difficult for the general practitioner and
indeed the surgeon to distinguish between the presentation of benign and malignant
disease.  In the management of breast disease, the provision of a one-stop clinic has
been driven not only by patient demand but also by demonstrating that improvements in
the quality of care to the individual have resulted.  The ability to deliver open access
facilities such as those which might be appropriate in detecting upper gastrointestinal
malignancy has been compromised in the past by lack of resource.  There is a need for
investment to both increase and improve existing facilities for the investigation of
malignancy with emphasis on the provision of equipment and training of radiological
staff.  Close cooperation and consultation between radiologists and other clinicians will
be vital in ensuring the best quality patient care.  Magnetic resonance imaging, for
example, has been established in the non-invasive investigation and management of
malignancy for some time but the recent investment in this imaging modality in Scotland
has been directed to the cancer centres and this investigation is still not readily available
for the assessment of patients at initial presentation in all hospitals.  In my own surgical
specialty, less invasive imaging may avoid compromise of the subsequent treatment of
patients with suspected malignant obstructive jaundice.  There is good evidence that the
more invasive techniques of obtaining a cholangiogram by endoscopic and
percutaneous means before specialist referral are not without significant risk to the
patient and may contribute to subsequent operative morbidity and mortality.  Similarly
new advanced resectional techniques such as those employed in the management of
head and neck malignancy will require investment.  The introduction of other newer
costly techniques such as endoscopic resection of colorectal malignancy will require
careful evaluation in centres of expertise.

SURGICAL AUDIT

Whilst there are observed differences between various populations within Scotland in
terms of outcome and access, it is not evident that these reflect differences in the
delivery of service quality.  The Scottish Audit of Surgical Mortality was established to
address the requirement for robust audit of outcome following surgery but there is a
pressing need to develop and maintain databases that will determine whether patients
across Scotland are receiving the appropriate investigation and treatment they need.
CRAG has supported regional and national initiatives that have led to the establishment
of intercollegiate guidelines in the management of cancer. Surgeons should not
necessarily see audit as a threat but as an opportunity to advance the delivery of patient
care.  It is reported in this document, for example, that preliminary evidence in the
management of oesophago-gastric malignancy in Scotland suggests a less than uniform
uptake of laparoscopy as a means of assessing resectability of patients whose
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malignancy can be managed by palliative interventions other than surgery.  If confirmed,
the reasons for this need to be established and appropriate facilities made available to
improve cancer management for these patients.

Previous audits undertaken in Scotland have demonstrated considerable variations in
resection rates and “curative” resection rates for colorectal malignancy.  There is
increasing evidence that perioperative mortality, local recurrence rates and cancer
survival are related to the experience of the surgeon or centre to which the patient is
referred.  Upper gastrointestinal malignancy uniformly carries a high operative mortality
rate with a poor prospect of long-term survival.  Whilst improvements in operative
mortality rate may not have a significant impact on long-term survival, it seems only
logical that the limited resource is focused on centres best able to offer a holistic
approach to patient care.  

CANCER NETWORKS AND SPECIALISATION

Specialist centres have been able to demonstrate consistently lower operative mortality
rates for both palliative and curative operative procedures for the patient presenting with
pancreatic cancer.  The recent Commissioner Guidelines document in England and
Wales has indicated that patients with oesophago-gastric malignancy should be
managed in centres drawing on a population base of at least 2 million whilst patients
with pancreatic cancer should be managed in centres drawing on a patient population
base of 4 million (NHS Executive, 2001).  These recommendations will have to be
reconciled with those made by the Royal College of Surgeons of England in “The
Provision of Emergency Surgical Services:  An Organisational Framework”, which
envisaged the development of acute general hospitals set in populations of
approximately half a million people.  

It is not inevitable, however, that concentration of services in large centres is necessary
and indeed appropriate for the management of all cancers in Scotland.  Whilst
centralisation of surgical services in the past may have contributed to improvements in
clinical outcome, it may be that managed clinical networks in Scotland can provide the
critical mass needed to achieve the improved outcomes that might result from increased
volume of activity.   It will be vital that appropriately trained and skilled surgeons are
supported by suitable facilities within a multidisciplinary setting that would provide an
environment for improved surgical training.  Such networking may involve different
surgical disciplines as in the management of testicular cancer, which may draw on
expertise in cardiothoracic and general surgery in addition to urology.  Gynaecologists
and coloproctologists have shown themselves willing to collaborate in managing patients
with complex pelvic malignancy and plastic surgeons may have a key role in the
immediate reconstructive aspects of tumour management in the head and neck cancer
patient as well as the patient with breast cancer.  There is a pressing need for surgeons
to not just co-operate but to take a lead in the participation of the assessment of
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adjuvant surgical techniques and therapy.  In the past, the lack of appropriate support to
surgical units has compromised the surgeon’s ability to consider patients for inclusion
into important clinical trials.

Surgeons may look with some envy at European and American colleagues who appear
better resourced to deliver cancer care in the 21st century but can also learn from their
experience in improving outcomes from within their existing facilities (Begg et al, 1998).
The involvement of colleagues from Denmark and The Netherlands in assisting in the
planning and prioritisation for cancer services in Scotland over the next ten years is
apposite.  Surgeons in Holland have shown themselves willing to implement advanced
surgical techniques in improving outcome for cancer. Adoption of extended lymph node
dissection for gastric cancer was only considered once procedures for quality control
including instruction and supervision in the operating room were introduced
(Bonenkamp et al, 1999).  Similar investment in the training of Italian surgeons in
Japanese techniques allowed the safe introduction of more extensive surgery for gastric
cancer by the Italian Gastric Cancer Study Group (Degiuli et al, 1998).  Swedish
surgeons were able to commence a surgical teaching initiative that resulted in a major
improvement in cancer outcomes with a 50% reduction in abdominoperineal
procedures and local recurrence rates for rectal cancer with early evidence of a decline
in rectal cancer mortality (Martling et al, 2000).  Such surgical networking should result
in improvements in outcome for Scottish patients with similar malignancies but will
require to be appropriately resourced.

CONCLUSION

The surgical community will play a key role in the management of cancer in Scotland
over the next 10 years.  For many patients, surgery will offer the only prospect of cure,
but early access to surgical intervention will only be possible if resource is available for
prompt investigation and appropriate management.  For those individuals with more
advanced disease the surgeon may serve as an important conduit to ensuring that a
holistic approach to their care is achieved. 
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INTRODUCTION

Radiotherapy along with surgery is a major modality in the
management of cancer despite the many recent advances in
chemotherapy and hormone therapy.  The role of other
agents including immunotherapy, gene therapy (Antonia et al,
2000; Dubinett et al, 1998) and photodynamic therapy (His
et al, 1999) is still unestablished, though they may well
become more important over the next decade. 

Most commonly, radiotherapy is administered from an
external source (usually a linear accelerator) with the beam
being concentrated on the tumour - this is called external
beam radiotherapy.  Less commonly, a source of X-rays is
inserted into an organ (eg the cervix) – this is called
Brachytherapy, sealed sources.  Alternatively, radioactive
materials may be administered as a medicine (eg radioactive
iodine) - Brachytherapy, unsealed sources. The latter two
will be mentioned later, but for practical purposes more than
95% of radiotherapy involves external beam.  External beam
radiotherapy treatment involves the use of X-rays or high
energy Electrons.  Other nuclear particles such as neutrons
(MacDougall et al, 1990; Catteral et al, 1989) and protons
(Royal College Radiologists, 2000; Miralbel et al, 2000) have
been used but on a very limited scale.  Neutrons were
found to cause excessive morbidity and are no longer used
in the UK.  Protons have specific physical characteristics and
are only used in the management of eye tumours.  There is
only one specialised unit in the UK based in Liverpool. 

Over the last two decades, radiotherapy has been used
more widely in combination with surgery (Robertson et al,
1986) and chemotherapy (Al-Sarraf et al, 1998).  Whether it
is used as a single modality or in combination, it is very
cost effective.  Although it requires an initial heavy capital
investment, the overall unit cost is low and economical
compared to many other health care interventions.  To be
effective, however, there must be adequate facilities
available at the cancer centre (COIN, 1999).  Recent
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studies have shown that, for certain tumour types, the time interval between diagnosis
and start of treatment should be kept to the minimum (O’Rourke et al, 2000; Do et al,
2000).  Many tumours grow rapidly with tumour cell doubling time 2-15 days (Fowler
and Lindstrom, 1992).  There must, therefore, be sufficient linear accelerators (linacs)
available at the cancer centre to keep the waiting list to a minimum.  The Royal
College of Radiologists (1998) recommends a maximum delay of four weeks for radical
treatments and two weeks for palliative therapies.  Therapists in the USA and Canada,
however, would be unhappy if the wait to start radical therapy is more than two weeks
(MacKillop et al, 1995).  The latter practice is certainly a better aim.

In addition, there must also be sufficient capacity on the linear accelerators to avoid
gaps in treatment (due, for example, to machine servicing, breakdown or public holidays)
and hence prolongation of overall treatment time for patients receiving radical therapy.  It
is well established that, for patients receiving radical radiotherapy, prolongation of overall
treatment time reduces the local control rates of certain tumours.  Extending overall
treatment time by one day reduces the local control rate-cure rate by 1% per day
(Hendry et al, 1996; RCR Guidelines, 1996).

Currently there are five cancer centres in Scotland. While they all have the same basic
requirements, the needs of each centre depend on the population served and, hence,
different configurations of the various machines are required by them to provide an
adequate service. 

Radiotherapy treatment is a relatively complicated process, involving various pieces of
sophisticated technology and a wide range of professional skills. Different equipment is
required for the four steps in the radiotherapy treatment process:

1 Localisation of the cancer 
2 Planning of treatment
3 Verification of treatment plan
4 Delivery of treatment

Localisation of the cancer
It is obviously necessary to localise the cancer itself, but often it is also important to
accurately localise adjacent critical structures (eg spinal cord, bowel, heart) which might
be damaged by excessive irradiation.  The cancer mass can be located in a variety of
ways. Some, such as skin tumours or breast tumours, can be directly visualised.  Some
can be imaged using conventional X-rays.  More precise information is obtained using
CT scans and MRI scanners. 

To avoid delays in starting treatment, it is important that there are adequate numbers of
scanners available.  At present, there can be a delay in patients getting a planning scan.
Within the cancer centre the CT and MRI scanners are networked with the planning
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system. To reduce the wait and ease the pressure on the CT and MRI scanners at the
cancer centres, it should be possible to modify the scanners in the district general
hospitals (DGH) referring to the centres, train the diagnostic radiographers to prepare
planning scans on these units and network the scanners with the Treatment Planning
Service (TPS).  Care will have to be taken to maintain high quality in reproducibility of
patient set up for treatment planning and delivery (Aletti and Bey, 1995).  This wider use
of CT scanners would allow the patients to attend their local DGH, have a planning scan
quickly and the data to be sent digitally to the centre, hence optimising the use of
equipment in Scotland.

PET scanners may be of value in this stage of the process; however, at this point in time,
PET scanners are only available in research units.  The role of PET scanners may
increase over the next decade. 

Planning of treatment
Once localisation data is available, it is then fed into the Treatment Planning System
(TPS) - phase two. The TPS can control a number of workstations.  The purpose of the
TPS is to calculate the dose of radiation given to the tumour and produce a plan that
optimises the radiation dose to the tumour volume and minimises the dose to normal
structures.

Each of the five cancer centres requires at least one planning system as shown in
Table 1. Over the next decade the number of workstations is only likely to increase in
Glasgow where, with the expansion of linear accelerators, the number may be
doubled.  The systems will, however, all need to be upgraded as the software
becomes obsolete. 

Table 1: Number of treatment planning systems per centre 
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Centre 2000 2010
TPS / work stations TPS / work stations

Aberdeen (Pop 0.6M) 1 / 2 1 / 2

Dundee (Pop 0.4M) 1 / 2 1 / 2

Edinburgh (Pop 1.2M) 2 / 4 2 / 4

Glasgow (Pop 2.7M) 2 / 4 2 / 8

Inverness (Pop 0.2M) 1 / 2 1 / 2

Total 7 / 14 7 / 18



Verification of plan
This phase involves another imaging device - the Simulator.  Images obtained on this
piece of apparatus should be compared with those obtained when the patient is being
treated - Portal Images.  By networking the simulator, the linac and the TPS to a
computer workstation, the images can be fused to ensure that the tumour is being
treated accurately. The treatment plans could/should also be transferred electronically
from the TPS to the simulator and linac, reducing the workload of the radiographers.

Table 2: Number of simulators in Scotland

Once again each of the five centres requires at least one simulator.  In Glasgow, with the
expected expansion in patient workload, the number will have to be increased by at
least one  (see table 2).  If treatment practices alter, Glasgow may require two extra
simulators and Edinburgh one extra.  All the simulators will require replacement, as the
life span is about 10 years.  When these units are replaced, the centre may wish to
purchase a CT-simulator.  It is essential that a rolling program for the replacement of all
radiotherapy equipment should be established and regulated by a central agency.

Delivery of treatment
The delivery of treatment phase involves the linear accelerator.  These are complex
machines ranging from basic workhorses to more sophisticated machines able to
produce multi-energy X-rays (photons) and electrons and with multi-leaf collimators
(MLC).  The MLC facility allows the therapist to direct a high dose to the tumour mass
and minimise the dose to surrounding normal tissue. This reduces the severity of long-
term morbidity.  It should be possible, using MLCs, to increase the dose delivered to the
tumour and hence improve the local control rates.  This will mean cure rates will be
improved.  Every centre will require at least one linac with the MLC facility, but they will
increasingly become a standard facility.

Stereotactic Radiotherapy is another specialist facility.  It is required to treat certain brain
tumours (benign and malignant).  This treatment should be available at, at least, one
Scottish centre.  If it is available in more than one then patients must be treated on a
networked protocol.  
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Centre 2000 2010

Aberdeen (Pop 0.6M) 1 1

Dundee (Pop 0.4M) 1 1

Edinburgh (Pop 1.2M) 2 2

Glasgow (Pop 2.7M) 3 4

Inverness (Pop 0.2M) 1 1

Total 8 9



It is difficult to calculate the number of linear accelerators each centre will require over
the next decade to ensure that the waiting time to start treatment is not more than two
weeks. There is no infallible algorithm.  One way is to adopt the average number of
linacs per million head of population recommended by the OECD (1998) as shown in
table 3.  These data have been used by other groups attempting to estimate their
country’s linac requirements (Harriman et al, 2000).

Table 3: Radiation treatment equipment per million population

Source: OECD Health Data 98. Paris: OECD, 1998
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Radiation
Treatment Health Spending

Rank Country Equipment (% of GDP)

1 Iceland (1997) 14.8 8.0

2 New Zealand (1997) 8.2 7.6

3 France (1996) 7.6 9.7

4 Greece (1994) 6.5 5.4

5 Czech Republic (1997) 6.4 7.0

6 Canada (1997) 5.3 9.3

Australia (1998) 5.0

Switzerland(1998) 5.0

7 Finland (1988) 4.9 7.3

8 Germany (1996) 4.7 10.5

9 Australia (1992) 3.8 8.6

10 Korea (1997) 3.8 4.0

11 United States (1992) 3.8 13.9

England 3.8

12 Austria (1997) 3.7 7.9

UK (1998) 3.5

13 Hungary (1996) 3.3 6.7

14 Spain (1996) 3.3 7.4

Scotland (2000) 3.0

15 Sweden (1993) 0.8 8.9

16 Portugal (1996) 0.5 8.3

17 Poland (1993) 0.1 4.9

OECD average 4.8 8.0



The values for the UK, England and Scotland were not in the original table but they show
where we stand in the “world ranking” - 16th, 14th and 19th respectively.  The number
of linacs per million population in Australia has been reported to have risen to 5, the
same number available in Switzerland (Cottier Report, 2000; Manual of Cancer Services,
2001).  The availability of equipment in Iceland is undoubtedly excessive, but if this value
(14.8 per million population) is ignored Scotland and the UK are still well below average
in supplying radiotherapy facilities.  If we assume that there should be 5 linacs per million
head of population then the number of linacs required by each of the Scottish cancer
centres is as shown in table 4.  Where a low fraction has arisen, as in the cases of
Dundee and Inverness, it is probably better to round the value up to allow for any
“hidden need for radiotherapy” not included in the estimate.  It is also important that any
centre has a minimum of two machines to allow for a breakdown, especially when the
centre is geographically remote, as is Inverness.

Table 4: Number of Linear Accelerators per centre

An alternative way to calculate machine requirement is to base it on the known workload
of the largest centre and extrapolate from that to the requirement for the whole country,
whilst allowing for geographical factors. 

In Glasgow, the workload, calculated by the number of treatment fractions delivered, has
increased by 5% each year for the last five to ten years.  At present the Average Fraction
Capacity of each linear accelerator in Glasgow is 12,182 fractions per linac per annum -
a high figure based on a number of linacs in Glasgow working an extended day, and
special provision being made for out of hours servicing (see Table 5).
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Estimate based
on 5 Linacs per

Centre 2000 1M popn 2010 2010

Aberdeen (Pop 0.6M) 2 2.75 3

Dundee (Pop 0.4M) 2 2.25 3

Edinburgh (Pop 1.2M) 4.5 6.5 7

Glasgow (Pop 2.7M) 6 14 14

Inverness (Pop 0.2M) 1 1.25 2

Total 16 26.75 29



Table 5: Number of hours per week per Linear Accelerator at Beatson
Oncology Centre

One Beatson Oncology centre (BOC) Av Linac is equivalent to 1.2 accelerators working
a standard 9am-5pm day.  The output of a Standard Linac is 10 117 fractions per linac
per annum, this corresponds to twice the annual output of a Standard Linac in Denmark
(Specht, 2000).  Any additional machines installed in the BOC Glasgow will be assumed
to work at the output of a BOC Av Linac. 

If the workload continues to increase at 5% per annum over the next decade then the
proposed increase in capacity to 11 linear accelerators will be adequate in 2005 but
insufficient by 2010 (see Table 6). By 2010 the centre in Glasgow will require at least 12
linacs. The increase in workload does not allow for the changes in practice that will
occur over the next decade.  

Table 6: Number of Linear Accelerators required in Glasgow in 2010
assuming a 5% annual increase in workload over the past 5 years

At present some of the therapies given to patients are sub-optimal.  There will, therefore,
be a change in approach to management of certain tumours, as described in other
chapters of this report.  On top of this, it is anticipated that there will be an increase in
the incidence of certain tumours which are treated predominantly by radiotherapy over
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Hours/
Machine week Comment Fraction /annum

Clinac 2000 45 Dual modality 12,117

Standard linacL-75-5-2 55 BDS 13,375

Standard linac-75-5-3 45 TBI 11,060

Standard linac-75-5-5 45 Palliative 10,646

Clinac 600C-6 55 13,936

Clinac 600C-8 45 MLC Imager 12,143

Current provision Allowing for
increasing workload

2000 2005 2010 2010

Number fractions per course 13.23 13.91 14.62 14.62

Total number of courses 5,891 7,518 9,595 9,595

Total number of fractions 77,000 105,000 140,000 140,000

Number Linacs available 6 11 11 12

Number courses available 5,500 9,600 9,200 10,000

Number fractions available 73,100 134,000 134,000 146,200

Adequate number of Linacs? NO YES NO YES



the next decade. Allowances have to be made for changes in practice, to make the
estimates of number of linacs required more realistic than those presented in table 6.

1. Lung tumours:  This group of patients has a very poor outlook when outcome
results obtained in Scotland are compared internationally.  It is hoped that it will be
possible to change the treatment technique.  At present, patients are treated
conventionally - once a day, 5 days a week; the CHART study (1996) showed an
increase in survival of 30% when patients with lung tumours were treated by the
CHART regimen - 40 fractions over 12 days instead of 20 over 28 days.  At present,
104 patients with non-small cell lung tumours are treated radically at the BOC in a
year.  If the waiting time to start radical radiotherapy treatment is brought down to
two weeks then the number of patients who would be suitable to receive radical
treatment would rise by 33% (O’Rourke, 2000). If patients receive chemotherapy
prior to their radiotherapy treatment, 25% may be down staged making them eligible
for radical radiotherapy.

104 radical patients  x  1.33 if waiting list reduced = 138
138 radical patients  x  1.25 if patients receive pre-RT Chemo = 173

If patients eligible for radical radiotherapy receive the CHART regimen then the
number of fractions = 173 x 40 = 6920

Using present regimens, these patients would receive 104 x 20 = 2,080
69 x 5 = 345
Total = 2,425            

An increase of  4,495 fractions per year.

2. Prostate tumours:  Patients with carcinoma of the prostate treated by radical
radiotherapy receive 32 fractions. Over the next year the number of fractions will be
increased to 40 (increase of 25%).  It is also anticipated that with change in practice
and use of PSA testing, about 30% more patients will be treated radically.

During 1999/2000, 173 patients with cancer of the prostate were treated with radical
radiotherapy.  Allowing for increase, 173 x 1.3 = 225 patients

No of fractions to be delivered 225 x 40 = 9,000
No of fractions delivered 1999/2000 173 x 32 = 5,536

An increase of 3,464 fractions per year.

3. Gynaecological tumours: Treatment of these tumours is moving more and more
towards combined chemo-radiotherapy. To make the side effects more tolerable, the
radical radiotherapy regime is being increased from 20 to 25 fractions.
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In 1999/2000 there were 188 patients treated radically.

No of fractions to be delivered 188 x 25 = 4,700
No of fractions delivered 1999/2000 188 x 20 = 3,760

An increase of 940 fractions per year.

4. Breast: It is anticipated that there will be an increase in the number of patients
needing radiotherapy following surgery for breast cancer.  Recent trials (NSABP, UK
DCIS) have demonstrated the benefits of radiotherapy following limited surgery for
DCIS of the breast.  In addition, the expansion of breast screening to the 65-69 age
group would be expected to increase the number of small tumours detected and
hence the number of patients receiving breast conservation and radiotherapy. 

5. Palliative therapy: In the year 1999/2000 there were 3444 courses of treatment
(56% of total) or 15 388 fractions (20% of total) given as palliative therapy.  This is an
area where there can be a high percentage of “hidden need”.  When the Danish
Cancer Society attempted to predict their requirements for radiotherapy over a ten
year period they under-estimated their requirements by failing to appreciate the
numbers requiring palliative therapy.  As facilities improve and waiting lists drop,
numbers referred increase dramatically.  The Danes found that, ultimately, 50% of
fractions delivered were given palliatively.  If the number of fractions delivered for
palliative therapy were doubled to 30 776 this would be a conservative estimate.  

Total number of fractions required per year allowing for developments:

6 Linacs at BOC 73,277
Linac at HCI 3,853
Increase from Ca Lung patients 4,495
Increase from Ca Prostate patients 3,464
Increase from gynaecological Ca patients 940
Increase from palliative therapies 15,388
Total No of fractions required 101,417

The data in table 7 shows that by the year 2010, allowing for the estimated increase in
workload, the cancer centre in Glasgow will require 14 linacs.  This is the same number
as that obtained assuming that there are 5 linacs per million head of population.  
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Table 7: Number of Fractions of radiotherapy required per year at BOC
(assuming a continued 5% per annum increase)

It could be assumed that the calculations in Table 4 give a reasonable prediction of linac
requirements for Scotland for the year 2010.  The calculations do not, however, allow for
research and development.  Glasgow and Edinburgh are the two largest units in
Scotland.  Glasgow is one of the largest in the UK. Both have Academic Units with
Professorial Chairs. They both require spare equipment to allow development of new
techniques. It would not be unreasonable to allocate an extra machine to each of these
units (see Table 8).   

The figures assume that all the linacs work to full capacity every day. As discussed
earlier, breaks in radical treatment can reduce control rates, and breaks in treatment
cause distress to all patients as well as delays in other patients starting therapy.  For
these reasons, continuity of treatment is important.  All centres can justify some notional
spare capacity so that patients can continue to be treated on another machine, even
when “their own” machine is out of use due to routine maintenance or breakdown.

Efficient use of these expensive machines involves the addition of a computerised
booking system to ensure that all treatment slots are filled every working day.

Table 8:  Number of Linear Accelerators per centre (allowing for R&D facility) 
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Year No Fractions No BOC Av Linacs

2001 106,488 (8.7) = 9

2002 111,812 (9.1) = 10

2003 117,403 (9.6) = 10

2004 123,273 (10.1) = 10

2005 129,437 (10.6) = 11

2006 135,908 (11.1) = 11

2007 142,704 (11.7) = 12

2008 149,839 (12.2) = 13

2009 157,331 (12.9) = 13

2010 165,198 (13.5) = 14

Estimate based 2010
on 5 Linacs per Allowing

centre 2000 million pop 2010 for R&D

Aberdeen (Pop 0.6M) 2 2.75 = 3 3

Dundee (Pop 0.4M) 2 2.25 = 3 3

Edinburgh (Pop 1.2M) 4.5 6.5 = 7 8

Glasgow (Pop 2.7M) 6 14 = 14 15

Inverness (Pop 0.2M) 1 1.25 = 2 2

Total 16 26.75 = 29 31



As all the machines mentioned are expensive and have a limited life span, it is important
that a rolling replacement programme is set up centrally to ensure adequate funding for
the purchase of both replacement and additional equipment when it is required and
avoid a repeat of the recent situation where inadequate facilities, compounded by old
unreliable machines, led to the centres delivering a poor standard of treatment.  

Radiotherapy is not a commodity that can be increased at the drop of a hat. Linacs have
to be housed in specially prepared bunkers and this increases the time to install new
machines unless the bunker has been built in anticipation of the machine’s installation. 
A new bunker will take at least nine months to build, and this does not include planning
time and time spent tendering and choosing the supplier.  Even if there is a bunker
available, the purchase of a replacement machine will also take a year.  Installation,
acceptance and commissioning takes from 6-12 months (RCR, 2000).  Each centre
should have a spare bunker to allow the installation of a new machine when required
and avoid disrupting the delivery of therapy.  If Glasgow eventually has 14 linacs, the
centre may require 2 spare bunkers - assuming machines are replaced every 10 years.
If it only has one bunker then one machine will be out of commission every few years,
when two machines are replaced in the same year.  Planning of the installation of
additional machines has to be done two or three years in advance. 

Obviously the equipment associated with radiotherapy treatments should all be housed
in a properly designed cancer centre with all the necessary facilities including clinics,
beds, chemotherapy facilities, offices etc.

Recent studies suggest that a few agents improve the response of cancer masses/cells
to radiotherapy.  Chemotherapy is known to increase response rates when given
concurrently with radiotherapy (Al-Sarraf et al, 1998) (see medical oncology section).
Nimorazole improves the sensitivity of hypoxic cells in the tissues and Epoetin improves
oxygenation of the tissues; both of which are reported to increase tumour response
rates to therapy (Overgaard et al, 1998).  Amifostine (Lindegaard and Grau, 2000;
Bourhis et al, 2000; Liu et al, 1992) is reported to protect normal tissue, salivary tissue
particularly, and reduce long-term morbidity without affecting tumour response.  If this is
confirmed, it will be an important agent for the management of patients with head and
neck tumours; it has, however, been contested (Denekamp, 1983).  

Not all radiotherapy is given using external beam machines.  Some is administered using
brachytherapy facilities where solid radioisotopes are placed near the tumour masses
either manually, or preferably using computer-controlled after-loading devices.  At
present, carcinoma of the cervix is treated using Selectron units.  The Selectron units in
Scotland are about 30 years old and the machines are no longer produced.  One
anticipates that parts will become difficult to obtain in the near future, so Selectron units
will be phased out and replaced with HDR (High Dose Rate) machines.  Brachytherapy is
becoming important in the treatment of early carcinoma of the prostate (Denis, 2000;
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Beyer and Brachman, 2000) and certain head and neck tumours (Sandhu et al, 1999).
Although the number of brachytherapy machines required to treat patients with
carcinoma of the cervix and uterus will fall during the next decade as the incidence falls
(see Chapters 8 and 9), an increased number may be required to deliver palliative
therapy to patients with carcinoma of the lung and oesophagus.  For the year 2010,
there are two possible scenarios: 

(a) Selectron units remain in service, the number required falls to 5 and one or two HDR
machines are introduced to assist in the delivery of palliative therapy

(b) All Selectrons are phased out over the decade and are replaced by new HDR machines
resulting in there being at least 8 in Scotland (see Table 9).  More may be required if
the apparatus is used more widely for palliative treatments of lung and oesophagus.   

Table 9: Number of Selectron and Brachytherapy devices

1 Selectron units remain in service, and HDR machines are introduced (see text)

2 All Selectron units are phased out over the decade and are replaced by HDR machines 

3 HDR = High Dose Rate Brachytherapy after-loading device

The machines require to be housed in specially built rooms to limit the dose of radiation to
staff, visitors and other patients.  New Opportunities Funding (NOF) is being used over the
next 12 months to develop a brachytherapy service for a select group of patients with
carcinoma of the prostate.  It is anticipated that the incidence of carcinoma of the prostate
could increase by 20% by 2010 (see chapter 11).  Two new planning systems will be
required for this service and a number of specially protected rooms may also be needed in
the Edinburgh and Glasgow centres where this national service will be available. 
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Aberdeen (Pop 0.6M) 1 1 0

Dundee (Pop 0.4M) 2 1 0

Edinburgh (Pop 1.2M) 1 1 0

Glasgow (Pop 2.7M) 2 2 0

Inverness (Pop 0.2M) 0 0 0

Total 6 5 0

Number of PDR/HDR3 machines

Aberdeen (Pop 0.6M) 0 0 1

Dundee (Pop 0.4M) 1 1 2

Edinburgh (Pop 1.2M) 0 1 1

Glasgow (Pop 2.7M) 0 2 3

Inverness (Pop 0.2M) 0 0 1

Total 1 4 8

Centre 2000 2010 (a)1 2010 (b)2

Number of SELECTRON Units



Staffing is very important.  Sophisticated machinery needs to be operated by well-qualified
staff.  If the appropriate staff are not available then the system will not work efficiently, if at
all.  The staffing levels in the five centres are shown in the Tables 10 and 11.  

Table 10: Radiographer staff

Efforts must be made to train and recruit diagnostic radiographers to work the CT and MRI
scanners, and therapy radiographers and physicists to operate the linacs and simulators
and to plan treatment and maintain the machines. There is a chronic shortage of therapy
radiographers and radiotherapy physicists nationally and internationally.  These staff are
state registered, and efforts need to be made now to increase the numbers being trained. 
If care is not taken to increase the numbers of staff available, machines may be installed
and commissioned but not used because there are not the staff to operate them.  Glasgow
Caledonian University only trains 12 graduate Therapy Radiographers per year, and there
are only four trainee clinical scientists appointed per year for all medical physics in Scotland.

Table 11: Physics staff
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Centre 2000 2001 2005 2010

Aberdeen (Pop 0.6M) 15 15 19 19

Dundee (Pop 0.4M) 14 (2 short) 14 20 20

Edinburgh (Pop 1.2M) 25 (1 short) 28 35 35

Glasgow (Pop 2.7M) 57.6 (2.5 short) 77.1 77.1 107.1

Inverness (Pop 0.2M) 8 (1 short) 8 13 13

Total 119.6 142.1 164.1 194.1

Centre 2000 2005 2010

Aberdeen (Pop 0.6M) 3.9 professional 4.9 4.9

3 technical 4 4

Dundee (Pop 0.4M) 4 professional 5 5

3 technical 4 4

Edinburgh (Pop 1.2M) 6.5 professional 8.5 8.5

11 technical 13 13

Glasgow (Pop 2.7M) 13 professional 20 30

17 technical 30 39

Inverness (Pop 0.2M) 4 professional 5 5

0.8 technical 1.8 1.8

Total 31.4 professional 43.4 53.4

34.8 technical 52.8 61.8



It is an area where good appointments are essential.  If the linacs and other machines
are networked, and if the network crashes, the cancer centre will be in chaos.  It is vital
that each centre has its own dedicated IT person/staff - a well-qualified person
appointed to run, maintain and develop the networks in each centre.  

It is very important that all treatment outcomes are known and that new treatments are
evaluated. This requires the establishment of ongoing audit facilities within each cancer
centre.  

CONCLUSION

Radiotherapy is an extremely important modality in the management of cancer.  Each
cancer centre requires adequate radiotherapy facilities.  Unscheduled interruption of a
radical course of radiotherapy reduces the efficacy and cure rate.  The cure rate is reduced
by 1% per day for each day overall treatment is prolonged.  Delay in starting radiotherapy
treatment also reduces the patient’s chances of being cured as the tumours grow rapidly.
The lack of MLC and intensity modulated radiotherapy (IMRT) facilities prevents therapists
treating tumour masses to a higher than normal dose without normal tissues receiving
greater than tolerance doses.  This reduces the tumour local control rates. 

Changes recommended:    

• Increased number of CT and MRI scanners - some linked to the planning systems at
the local cancer centre.  2-3 PET scanners will be required in the next decade

• The number of workstations associated with the planning systems will have to be
increased.  Planning systems will have to be updated

• The number of simulators will require to be increased slightly. These machines will
have to be replaced as they become obsolete and may be replaced by the new CT-
simulators

• The number of linacs in Scotland will have to be doubled

• State of the art clinical booking systems for radiotherapy/chemotherapy treatment will
be required in each cancer centre to ensure that each unit uses its facilities efficiently

• The various pieces of equipment will have to be networked to allow the ready
transfer of data and images digitally

• The appropriate numbers of staff from different disciplines required to run a cancer
centre efficiently will have to be employed. Steps will have to be taken to ensure
adequate numbers are trained to meet the increased demand
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• IT support staff will have to be employed specifically by each cancer centre to
support the new networks

• Adequate audit facilities will have to be established and funded in each cancer centre
to monitor effectiveness of work undertaken
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INTRODUCTION

This review considers the patterns and likely trends in the
use of systemic treatment in the management of cancer.
This includes cytotoxic chemotherapy but also endocrine
agents and novel, “biological” therapies that are now
emerging.

• Unlike surgery and radiotherapy, systemic treatments are
directed at tumour cells wherever they may be in the
body.

• The importance of systemic therapy is that most cancer
deaths are from metastatic, rather than localised, disease.

• Systemic treatments have, therefore, the greatest
potential to improve cancer outcomes in Scotland. This
will mean more patients with cancer cured of their
disease and others living for longer with their cancer. 

THE PLACE OF SYSTEMIC TREATMENT IN
CANCER MANAGEMENT

In addition to cytotoxic chemotherapy for patients with
advanced disease, systemic treatment includes both
endocrine and novel biological agents that may all be used
with curative intent in patients with early cancer and even in
cancer prevention.

Metastatic or widespread disease
Patients with metastatic disease (ie cancer that has spread
from it’s origin) have long been treated with systemic
chemotherapy and endocrine therapy.  

• For a number of the less common adult tumours (eg
lymphoma, leukaemia and teratoma) and for many
childhood tumours, systemic chemotherapy is potentially
curative.

• More often, however, the treatment of the common adult
solid tumours is palliative once they have spread.  In
these patients, systemic treatment can reduce
symptoms, improve quality of life and prolong survival.
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Early or localised  disease
Chemotherapy and endocrine therapy are also used either before (neo-adjuvant therapy)
or following (adjuvant therapy) primary treatment with surgery and/or radiotherapy.

• Adjuvant treatment substantially reduces the risk of recurrence in patients with
breast, colorectal, and other cancers.  As a curative treatment, its use will increase
with the emergence of increasingly effective systemic treatments.

• Neo-adjuvant systemic therapy increases the operability of some tumours such as
breast cancer, although the impact on long-term survival is unclear.

Preclinical disease
Clinical trials are underway evaluating the use of endocrine therapy as preventative
treatment in women at high risk of developing breast cancer.

• Preliminary results suggest that such treatment may indeed reduce the risk of breast
cancer. 

• If confirmed, these results may have major health care implications but it would be
premature to assume this will reduce the burden of breast or other cancers.  

Recent changes in perceptions of systemic treatment
Perceptions of systemic therapy in the treatment of cancer have changed markedly over
the last 10 years.  This reflects in part the emergence of new therapeutic agents, often
as a result of improved understanding of the biology of cancer.  There has also been an
increased acceptance of systemic therapy by doctors and increased demands from
patients that they receive optimal treatments that would be routinely available in other
countries.

• In 1990 there was widespread scepticism about the use of adjuvant chemotherapy.
Ten years later it is accepted that adjuvant chemotherapy improves survival.  

• Likewise, in 1990 it was believed that the natural history of metastatic disease was not
affected by chemotherapy or endocrine treatment.  Indeed, many clinicians doubted
the palliative benefit of systemic chemotherapy. Now it is clear that chemotherapy or
hormone therapy can both improve quality of life and prolong survival in patients with
advanced cancer even though they may not be cured of their disease.  

• The pace of change in systemic treatment is likely to accelerate over the next 10
years.  We can anticipate substantial, incremental benefits in outcomes such as we
have seen with the use of increasingly effective adjuvant therapy in women with early
breast cancer.

PROSPECTS FOR SYSTEMIC TREATMENT

Rather than attempt an overview of all systemic treatments across the full range of
cancers, we will focus on three specific areas with differing implications for future
provision of cancer services.
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Oral agents
Traditionally, most systemic anti-cancer treatment has been given as intravenous (i.v.)
chemotherapy injections or infusions.  Many novel cytotoxic and non-cytotoxic anti-
cancer drugs are emerging that can be taken by mouth.

• Oral treatment is attractive to patients, of whom 90% prefer oral treatment provided
it is as effective as i.v. therapy.

• There are also substantial cost savings for home-based oral chemotherapy
compared to i.v. treatment in hospital. 

• There will be implications for the relationship between the hospital oncologist, who
will need to monitor and prescribe such treatment, and the local hospital or general
practitioner seeing the patient in the community while they continue to take their oral
medication.

Capecitabine
Capecitabine (Xeloda) is just one example of a new, oral drug that has been licenced.  It
is a pro-drug of the established i.v. cytotoxic 5-Fluorouracil (5-FU) that has been
designed to be taken by mouth, absorbed intact then activated within the body to
generate 5-FU preferentially within the cancer cell rather than normal tissues.
Capecitabine is at least as effective as 5-FU but with fewer severe toxicities, fewer
admissions to hospital for the treatment of these side-effects and substantially less time
spent by each patient in hospital receiving their medication. 

• Oral fluoropyrimidines such as capecitabine may well replace i.v. 5-FU with
substantial cost implications for the clinic, the wards and the pharmacy.

• Patients receiving oral capecitabine attend the oncologist just once every three
weeks for their tablets. By contrast, many of those treated with i.v. 5-FU go to the
hospital for five successive days of chemotherapy injection, whilst others are
admitted regularly for two days to receive an infusion of 5-FU and many need a
special intravenous drip inserted that requires a surgical procedure and can become
blocked or infected.

Implications of oral chemotherapy
Oral therapy is a major focus of drug development.  Many oral cytotoxic and non-
cytotoxic drugs will be introduced into routine practice in the next five years.

• The shift from i.v. to oral treatment will have funding implications as drug costs will
usually be higher, but other costs lower, than with i.v. treatment.  This will require
flexibility in how cancer services are funded and delivered.

• Oral anticancer therapy is only safe if monitored and supervised by a trained
oncologist and their team.  The prescription of such drugs by non-specialists would
represent a major retrograde step for the quality and safety of cancer care.
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Novel non-cytotoxic therapies
For many years the majority of anticancer drugs have been “poisons”.  Advances in the
understanding of the biology of cancer have led to the development of novel agents that
act in a more selective manner. These drugs interfere with the mechanisms that drive
cancer cells to behave in an aberrant manner.

• Non-cytotoxic drugs may have fewer side effects than conventional chemotherapy
since they act on specific targets in the cancer cell.

• We now see clear evidence that these biological agents have a role in the treatment
of cancer.  They will become increasingly important in the management of cancer.

Herceptin
Cells have receptors on their surface that act as “docking stations” for chemical growth
factors.  When a growth factor binds to the receptor it triggers a signal within the cell
that changes how that cell behaves.  Cancer cells often have an excess of these
receptors making them over-sensitive to circulating growth factors and explaining their
abnormal behaviour.

• Herceptin is a novel biological agent recently approved for the treatment of breast
cancer that has been developed specifically to block one of these receptors. 

• Because it has a specific target, Herceptin is only effective against cancers that over-
express that receptor. Pathologists have developed tests to identify the 25% of
women with breast cancer who may benefit from Herceptin. 

• In this group of women, Herceptin substantially increases the effectiveness of
chemotherapy and produces a 25% increase in their survival.

• Although generally well tolerated, Herceptin can affect the heart especially when
given with certain chemotherapy drugs.

Implications of novel non-cytotoxic therapies
This novel, targeted approach to cancer treatment has important implications:

• Biological drugs will probably be used with chemotherapy or radiotherapy rather than
in place of standard treatments. 

• Although they may not cause the side effects typically associated with
chemotherapy, these novel drugs may have different and unexpected toxicities.

• Several of these novel drugs (eg MabThera, STI, ZD 1839) have already shown
sufficient evidence of benefit to indicate that they will become part of standard
treatment regimens for a range of tumours over the next five years.

• Improved diagnostic services will be needed to identify those patients whose cancers
have the particular biological characteristic targeted by a new drug.
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New cytotoxic drugs
Whilst there has been understandable enthusiasm for novel biological agents, important
new cytotoxics are also being developed in a rational manner.  Chemotherapy has a
proven track record in the treatment of cancer and it is likely that new cytotoxics will be
developed as novel targets are identified.  Increasingly, chemotherapy will take the form
of “smart” cytotoxics rather than non-specific cell poisons.  

Irinotecan
After 40 years when 5-FU was the only effective chemotherapy for bowel cancer, in the
last five years irinotecan has emerged as just one of the new cytotoxics with a role in the
routine treatment of colorectal cancer.

• Irinotecan acts against bowel cancer cells in a completely different way to 5-FU.
• Clinical trials have confirmed that irinotecan prolongs survival and quality of life in

patients whose cancer progressed after 5-FU.
• Moreover, the addition of irinotecan to 5-FU as first-line treatment for metastatic

bowel cancer prolongs survival for patients with colorectal cancer.

Implications of new cytotoxic drugs
During the 1990’s most new cytotoxics were modifications of existing drugs.  Now,
several cytotoxics acting against novel targets are entering the clinic.

• New cytotoxics (e.g. irinotecan, paclitaxel, docetaxel, paclitaxel, oxaliplatin) are used
much less in the UK than elsewhere in Europe or the USA.  Patients are, however,
increasingly aware of these drugs and asking for new treatments of proven benefit.

• The use of new cytotoxics in the adjuvant setting is likely to lead to substantial
improvements in long-term survival and cure.

• It is inevitable that this will add to drug costs but these may be offset by other savings.

ANTICIPATED PATTERNS OF ACTIVITY

Use of systemic anticancer treatments
Over the last 10 years there has been a relentless increase in cancer workload.  In
particular, the use of chemotherapy increased by 80% between 1993 and 1995; this
trend has continued over the last five years at the Beatson Oncology Centre in Glasgow.
There are at least three reasons underlying this increased level of activity, all of which
emphasise why it can be expected to continue.

• The “baseline” level of cancer treatment in the UK has historically been low.  In
raising the standards of treatment for patients in Scotland to the European standard
we already have ground to make up.

• The introduction of systemic therapies with increased activity and better tolerability
means that we will have treatments of proven benefit to offer patients for whom there
were previously no options. 
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• Both the public and government are no longer prepared to accept a proportion of
patients in the UK receiving sub-optimal treatment.

Supervision of systemic anticancer treatments
We can anticipate that the use of systemic anticancer treatment will at least double in
Scotland over the next 10 years.

Team-based treatment of patients with cancer
To improve outcomes for patients with cancer we need to move towards team-based
management. This will require adequate numbers of specialist oncologists with a
particular knowledge of systemic treatments, funding to allow the use of protocol-based
therapies and support staff, eg specialist nurses and pharmacists.

The majority of cancer treatments can, and should, only be administered under the
supervision of a trained oncologist. In most mainland European countries and the USA,
medical oncologists administer systemic treatments with radiation oncologists
supervising radiation therapy.  In the UK this distinction has been less clear.

• Medical oncologists concentrate on the use of systemic treatments and have
developed as a group with a greater emphasis on research and clinical trials.

• Clinical oncologists, who make up the majority of cancer specialists, are trained both
in use of radiotherapy and chemotherapy but with an emphasis on delivering
established treatments rather than the development of new systemic therapies.

Medical oncology
The relative under-provision of cancer specialists in the UK is particularly marked in
relation to medical oncology.  It is important, therefore, to emphasis the specific role of
the medical oncologist within the team structure. 

• Medical oncologists are and should remain predominantly responsible for drawing up
protocols for systemic treatment.

• The responsibility and skills for evaluating and implementing new therapies lie
primarily with medical oncologists.

• Medical oncologists alone are trained to have a special interest in clinical research
directed at identifying new systemic anti-cancer treatments. 

Provision of medical oncology by the NHS
Currently, in Scotland, as elsewhere in the UK, the majority of medical oncology
consultants are in academic posts employed by the cancer charities (Cancer Research
Campaign and Imperial Cancer Research Fund) or the universities.  This situation is
unsustainable, with many academic oncologists carrying an excessive clinical workload
that undermines their academic productivity. Moreover, these academic posts cannot be
considered an open-ended commitment by the charities.  It is quite possible that the
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number of posts or their routine clinical load will be reduced by the charities.  The NHS
cannot have its clinical service built upon academic oncologists.  Rather, they should
develop specific areas of research and give added value to the NHS clinical service.  The
number of medical oncologists required can be calculated from the national guidelines
that there should be one medical oncologist for every 250 000 population.

• At present, there are approximately 11 academic posts and only six NHS posts in
medical oncology.  Currently the service is dependent on academic oncologists
which is unacceptable and unsustainable as a basis of the NHS.   

• Based on the current recommendations for the provision of medical oncology
services, we can estimate that 28 FTE medical oncology consultants would be
required by 2006.

• This expansion in medical oncology must be supported by pharmacy, nursing,
administrative and other staff. 

SUMMARY AND RECOMMENDATIONS

Whatever the difficulties in interpreting measures of outcome for cancer patients in the
UK compared to other parts of Europe, we cannot escape the underlying message that
people with cancer are generally more likely to die of their disease here than elsewhere.
In looking to improve cancer services it is important to acknowledge that:

• There is a real opportunity to make improvements and the current, high standards of
care provided by the best of our cancer teams shows what is possible.

• The current initiative is timely, coming at a point when important advances in the
systemic treatment of cancer offer the prospect of further major improvements in
survival.

• Cancer services in the NHS currently offer remarkably good value for money.  There
is every likelihood that an appropriate level of increased investment will lead to
substantial improvements in outcomes.

New systemic therapies
Over the next 10 years there will be increasing demands for effective, often new,
systemic cancer treatments for an increasing proportion of patients with cancer:

• Cytotoxic drugs will be more effective and often better tolerated or more convenient
(eg administered orally).

• There will be more novel non-cytotoxic agents such as signalling inhibitors, in most
cases used in combination with chemotherapy or radiotherapy.

• Novel diagnostics will need to become a routine part of tumour assessment to
individualise treatment for each patient.
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Delivery of systemic treatment
The number of patients to be offered systemic treatments will increase markedly. Both
the current funding and staffing levels are inadequate to meet that demand:

• Drug costs are a modest (<15%) part of the total cancer care budget that must
increase if we are to use proven treatments that are routinely available elsewhere in
Europe.

• Scotland will need an expansion to 28 FTE medical oncologists by 2006 (supported
by pharmacists, chemotherapy nurses, pathologists, imaging facilities and staff)
alongside the proposed increased in clinical and surgical oncologists.

• There is a particular need to appoint NHS medical oncologists.

Structure of service
Improving outcomes for patients with cancer over the next 10 years will require the
increased and more effective use of systemic anti-cancer treatments.

• Implementation of clinical networks, in which medical oncologists play a central role,
will be essential.

• Currently, workload and resource constraints in the NHS serve to obstruct rather
than support clinical research. It is important that this be reversed if modern cancer
treatments are to be evaluated and implemented for patients in Scotland.

• Better information is needed on patterns of need and treatment so that a framework
can be established for investment in staff, facilities and drugs.

• The developments in systemic anti-cancer treatment require that funding be
increased but also flexible to adapt to a changing situation. Likewise, both staff and
facilities will need to adapt to changes in these treatments as well as in the
expectations of patients.
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IMPLICATIONS FOR PALLIATIVE CARE
PROFESSOR JOHN WELSH

Beatson Oncology Centre, Glasgow



BACKGROUND

The modern hospice movement which developed in the
early 1960’s has progressively gathered momentum and
been enthusiastically embraced by the general public and
more recently by the NHS.  The movement has grown into a
service delivering palliative care at different levels of
specialisation.  The service initially almost wholly funded from
the charitable sector now works in close partnership with
NHS Scotland.  This partnership working is progressively
strengthening with increasing provision of specialist palliative
care in acute trusts.

Depending upon definition, there are now 24 adult hospice
or specialist units providing palliative care in Scotland.
Currently there is one children’s hospice.  Together these
services provide 347 beds (8 for children).  Hospice services
also provide day hospice facilities, home care and acute
trust services, bereavement support and education.  

Palliative care is the active total care of patients with
diseases not amenable to cure and includes the care of the
patient’s family.  This is holistic care which spans the
patient’s journey and may continue for the family beyond the
death of the patient into the family’s bereavement.  The
majority of patients cared for by these services have cancer
(exceptions being the HIV service and the children’s
hospice).  Appropriately there are increasing demands being
made upon these services to supply care to non-cancer
conditions.  This will obviously impact on future provision of
care.  However, at present 97% of admissions to hospice
services have cancer (The Hospice Information Service at St
Christopher’s, 1998). Palliative care practices the code
based on the World Health Organisation (WHO) definition
(see box 1).
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Box 1: Palliative care practice code 

Affirms life and regards dying as a normal process.
Neither hastens or postpones death.
Provides relief from pain and other distressing symptoms.
Integrates psychological and spiritual aspects of patients.
Offers a system to help patients live as actively as possible until death.
Offers a support system for the family to cope during the patient’s illness and in their
bereavement.

The following figures are taken from the Hospice Activity Data System (HADS) all user
report which is an ISD publication.  Seven Scottish hospice services contributed data to
this report.

HOSPICE PATIENT DEMOGRAPHY

The hospice service in Scotland predominantly serves an elderly population.  Apart from
the over 85’s where females predominate, the male/female ratio is similar at other ages.
More than a third (36%) of hospice patients are over 75 years of age (see figure 1).

Figure 1: Percentage of patients registered with the hospices by sex and
age group; in the three months ending December 1997

Source: HADS ISD 1997
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FROM WHERE DO REFERRALS ARISE?

The pattern of referral has altered over the past 10 years.  Initially hospice outreach was
chiefly to the community and as a consequence most referrals arose from general
practitioners.  However this pattern has changed and acute trust referrals now exceed
GP referrals (see figure 2).  This trend is likely to continue both for transfer for in-patient
care and for home support after hospital discharge.  

There is evidence in Scotland that a greater proportion of hospice patients come from
more socially deprived categories (National Pain Audit Scotland, unpublished data).

The average length of stay in a hospice is 17 days.  More than 60% of hospice
admissions are discharged.  Hospice is not solely a place to die.  Assessment, symptom
control and rehabilitation of a patient population which has progressive and incurable
conditions takes longer and is less complete than in a patient with a self-limiting
condition.  If, as seems likely, the hospice service in the future has an increasing number
of older people to care for, demand upon their resources will increase.  Frail elderly with
co-morbid conditions will be more dependent and take longer to reach the point of
discharge.  In addition, if in the community, they are likely to require increased
hospice/health/social services.

Figure 2: Percentage of patients referred for consultation, by the care
professional who initiated the referral; in the three months ending
December 1997

Source: HADS ISD 1997
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COMMONEST CANCER TYPES REFERRED TO HOSPICES

The referral pattern mirrors the incidence of cancer types in the community (see figure 3).
As expected lung cancer constitutes the largest single cancer type.  The falling incidence
of lung cancer in males may alter this percentage.  However increased incidence of say
prostate cancer (currently 5% of hospice admissions) may compensate numerically.

Figure 3: Percentage of patients by the five most common main diagnoses
at registration; in the three months ending December 1997

Source: HADS ISD 1997

Palliative care requires to be firmly integrated with multi-modality cancer treatment (see
figure 4).

Figure 4: Multi Modality Cancer Treatment
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The Clinical Standards Board for Scotland states that all cancer centres should have a
multi-professional specialist palliative care team.  Achieving this will inevitably have
consequences on the existing hospice services as increasingly resources are drawn from
the hospice unit to provide input in other settings.

CONCLUSIONS

• The length of in-patient or home care attachment may increase.   
• More frail elderly may have or be receiving chemotherapy and with their existing co-

morbid conditions, rehabilitation will require to be more intensive and may take longer.
• Fewer patients may die from their cancer but it is likely that more patients will be

involved with palliative care.
• There will be greater need to fulfil the CSBS standards for specialist palliative care

services in acute trusts and for specialist palliative care teams in Scotland’s cancer
centres.  

• There is likely to be increased out-patient palliative care activity in the acute setting.
• Larger, adequately resourced community teams will be required to care for patients

many of whom will be older and will live longer with their cancers.
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INTRODUCTION

The NHS has rarely attempted to plan services on the basis
of epidemiological analysis of trends in incidence and
mortality over a long-term period.  The planning systems
and structures within the NHS are directed more at short-
term decision-making.  Until recently, allocations of capital
and revenue were made to Health Boards and Trusts on an
annual basis.  Planners found it difficult to make long-term
commitments to the development of services or the
purchase of new, expensive equipment without the
assurance of durable funding streams.  More recently,
allocation of funding has been made on a three yearly cycle,
making it more predictable.  However, major obstacles
remain in the planning system which make it difficult to co-
ordinate developments.  The main problem is one of
fragmentation.  The health care system in the UK is based
on funding for revenue and capital being given by the
government to Health Boards and Trusts who must
collectively agree that the funds should be spent on specific
projects. 

This system works well for most purposes but is problematic
when planning complex developments across a region and
which requires agreement from many different organisations.
These organisations will each have their own priorities for
spending.  Unless all the relevant players are prepared to
agree to fund a new service in a region, it is unlikely to get
off the ground.  Trusts are unwilling to invest in a service that
will not recover its costs from some Health Boards.

Trusts also have had negative incentives to modernise out-
of-date equipment.  A new linear accelerator might attract
capital charges of, perhaps, £60,000 per annum after it is
installed.  It might have replaced an old machine, long past
its useful life, which has been written down in the Trust’s
Register of Assets to the point where it is valueless and
attracting no capital charges.  Who could blame Trusts,
during the time of the internal market, from investing in
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expensive technology if there was uncertainty about their ability to fund the long-term
costs of such investments?

A further reason for the difficulties faced by any plan to develop cancer care is the
fragmentation and poor co-ordination of manpower planning arrangements in the NHS.
Royal Colleges, postgraduate deans and the Scottish Council for Postgraduate Medical
and Dental Education have control over the numbers of medical graduates being trained
for specialist posts.  Nurses, radiographers, physiotherapists and other professions are
mainly trained by universities whose ability to expand courses is determined by the
funding they receive from the Scottish Higher Education Funding Council.  To design a
coherent system for tackling cancer, each organisation with an interest in training staff
involved in its care needs to be involved in planning in a far more focused way than has
yet been possible.

The geography of Scotland is another factor which is important to consider when
planning services in this country.  Most of the population is concentrated in the central
belt, leaving large parts of the country sparsely populated and with significant distances
to travel to access acute health care.  Any plan for developing cancer care in Scotland
should balance the advantages of centralisation with the needs of patients to have
reasonable access to high quality, comprehensive cancer care.

With these points in mind, it is possible to suggest some ways in which the trends and
developments in this document might be translated into a strategy for improved care for
cancer patients.  

BETTER MANAGEMENT OF SERVICES

The modern management of cancer requires the collaboration of professionals from
many different disciplines.  No longer is it satisfactory to assume that a competent
surgeon working alone constitutes a satisfactory arrangement for treating cancer. Multi-
modality care is essential.  However, not all hospitals in Scotland have an appropriate
range of specialists.  The vast majority of patients will need the attention of a clinical
oncologist.  Clinical oncology is located in five centres and consultants travel extensively
to provide support and care to colleagues and patients across Scotland.  For rarer
cancers, Scotland may only have sufficient population to support care in one or two
centres.  Whether the cancer is common or rare, clinicians must work collaboratively,
across institutional boundaries, to make appropriate expertise available to all patients in
Scotland.

To facilitate better collaboration between clinicians who work in different settings, the
concept of managed cancer networks has been developed  These networks, if
supported appropriately, have the potential to reduce mortality and improve quality of
service to patients in a number of areas.  Soutar and Robertson (p12) have estimated
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that reshaping services for patients with head and neck cancer might improve survival by
up to 30% by 2010.  This improvement would be achieved through the establishment of
rapid access clinics working through clearly defined guidelines and patient pathways.  

Dunlop, in his section on colorectal cancer (p48), points to the need to establish a critical
mass of specialist surgeons dealing with the disease.  He estimates that better training
of clinicians working in a better organised environment might reduce mortality by 10% in
the coming 10 years.  

There is considerable evidence in the chapter on lung cancer (Gregor and Milroy, p64) of
the urgent need to reorganise services.  Streamlining investigation of patients would
reduce delays.  Referral protocols would ensure access to multi-disciplinary teams.  In
estimating that 5-year survival of patients might triple if the service was organised and
adequately resourced, Gregor makes a persuasive argument for a radical overhaul of
existing patterns of care.

The importance of recognising laboratory specialists as integral members of the team is
underlined in the discussion on lymphoma (Mackie, p200).  As with many cancers,
lymphomas can present considerable diagnostic difficulties. Expertise in molecular
pathology will become increasingly important as more is understood about the genetics
of the condition.  It is unlikely that Scotland will require more than a limited number of
centres to do this kind of work and a proactive approach to planning is necessary to
ensure that all patients have the opportunity to benefit from the highest level of expertise.

The importance of active management of clinical systems is emphasised throughout this
document and must become a feature of our cancer services in the coming years.  For
each major cancer, clinicians and managers should begin to examine opportunities for
reorganising referral, investigation and treatment pathways to ensure that delays to care
delivery are minimised.  Opportunities to involve specialists must be taken.  Where
patients are currently not being given access to specialist care – and this seems to be a
particular feature of lung cancer – protocols must be agreed to ensure that all are seen
appropriately.  

CENTRALISATION OF SERVICES

A number of authors express the view that a particular cancer should be treated in fewer
locations.  Regional centres are advocated for the management of ovarian cancer
(p138), bladder and kidney cancer (p170 and p176), pancreatic cancer (p82), colorectal
cancer (p48) and head and neck cancer (p12).

Some of these cancers are relatively uncommon and the case for more centralisation is
relatively easily made on the basis of better patient survival.  Others, however, are very
common and centralisation of services could only occur at the cost of significant
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reduction in access for patients in remoter areas.  In the case of pancreatic cancer,
where there are over 600 cases each year, the vast majority present at a point in the
evolution of the disease at which curative surgery is not possible.  It might be feasible to
agree protocols for investigation that would allow patients to be assessed locally and
referred to one or two centres for specialist surgery.  If such arrangements are to be
pursued, they should proceed on the basis of audit data which demonstrates the
enhanced effectiveness of specialist services.  There is no point in making access for
patients more difficult unless it can be shown that they are being asked to travel to
centres that will offer them real clinical benefit.

All the cancers mentioned above as possible candidates for centralisation of care have
already been audited or are being audited as part of a national project.  The exception is
pancreatic cancer.  A national audit of pancreatic cancer should be established and a
network of interested clinicians identified so that discussions on reconfiguration of the
service can take place.  Where reconfiguration is proposed, patient consultation should
take place.

INVESTMENT IN NEW EQUIPMENT

Over the past decades, investment in health care in Britain has been significantly less
than the rate of inflation in health care costs in other countries.  Britain has not, until
recently, been in a position to invest significantly in new equipment.  Even if the money
had been available, the planning structure of the NHS may not have been up to the task
of directing resource into appropriate new developments.  However, if new resource is
made available and an efficient system is in place to target it to necessary
developments, there is every expectation that significant advances can be made in the
service infrastructure.

Probably the most pressing and expensive investment identified is for radiotherapy
equipment.  Robertson and Dewar (p302) have identified a need to expand the number
of linear accelerators, planning equipment and brachytherapy machines over the next
decade.  Introducing new machines will require considerable planning because of the
need to site them in concrete bunkers which require time to build.  The complexity of the
procurement process for such significant pieces of equipment is such that a central
planning and purchasing effort is sensible.  Radiotherapy centre directors have, over the
past two years, been working with colleagues in the Finance Directorate of the Health
Department on the replacement of all out of date equipment.  This process will come to
an end soon and it would surely be sensible for this group, which has functioned
successfully, to begin work on the expansion of the radiotherapy service.

There are other equipment needs which have been identified.  If patients with sinister
symptoms are to be investigated promptly, it is likely that expansion of radiology and
endoscopy facilities will be necessary. The implications of a successful pilot project
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assessing the feasibility of a colon cancer screening programme for training of
colonoscopists and provision of equipment will require careful thought.

BETTER MANPOWER PLANNING

The increasing intensity with which cancer is treated has greatly added to the workload
of most clinicians involved in treating cancers.  In addition, the importance of a new
range of disciplines in improving patient care has been appreciated over the past few
years. Nurse specialists have proven themselves indispensable with patients and
clinicians.  Other disciplines such as clinical psychology have a contribution to make yet
they are not well represented in Scotland’s cancer services.  Improving cancer care
requires an approach to manpower planning that identifies need and is linked to the
training system so that the relevant numbers of students can be taken into training.

If Scotland is to have a properly staffed cancer service, an integrated approach to
training is essential.  As part of the service redesign process, it will be possible to identify
deficiencies in staffing and skill mix.  A mechanism by which this information is collated
and discussed with the various agencies involved in training is surely achievable. 

THE WAY AHEAD

Scotland has dedicated and well trained staff in its health service working hard to deliver
high quality care to cancer patients.  Over the past decades, the developments in the
science of oncology have outstripped the capacity of the NHS to respond.  If we are
entering a period of financial growth with an opportunity to expand our services, it is
essential to change the mechanism for planning that expansion.  A sound future for
cancer services requires:

• More active management of services
• Consideration of centralisation of services for some cancers
• Investment in new equipment
• Investment in and better planning for training new staff
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MATERIALS

Data from the Scottish Cancer Registry were used to
examine historical cancer incidence trends (1960-1996), and
data from the General Registers Office (GRO) for mortality
trends (1960-1996).  Population estimates (1960-1999) and
population projections (2000-2014) obtained from the GRO
were used to calculate incidence and mortality rates
adjusting for the changing age structure of the population.
Head and neck, stomach, oesophagus, large bowel, lung,
pancreatic, malignant melanoma of the skin, breast, cervical,
endometrial, ovarian, prostate, testicular, kidney, bladder,
brain and other central nervous system cancers, Hodgkin’s
disease, non-Hodgkin’s lymphoma and leukaemia have been
considered for analysis.  For most cancers, ages 35 plus are
included, with the exception of melanoma skin cancer (ages
20+), cervical (25+) and testicular (20+) cancer.  Analyses at
younger ages have been carried out for Hodgkin’s disease
(ages 0-34) and leukaemia (0-14).

METHODOLOGY

The basic principle has been to apply age-period-cohort
modelling to the historical data.  This process involved
selection of one of a series of alternative models as ‘best’
for each site and gender.  The best model was then used to
make predictions for the future using the population
projections; several (up to 6) models were all identical to the
best model for the historical data but gave different
predictions.  Since statistical considerations provided little
guidance regarding the choice this was based on subjective
comparisons of the possible predictions.  We emphasise
the limitations of this procedure; statistical predictions for
values outside the range used in an analysis should always
be approached cautiously.  There are theoretical reasons
why our predictions may be fallible and, in addition,
changes may occur in the future which had no influence on
the historical data and so cannot be identified in the
statistical analyses.
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These include changes in the exposure of the population to risk factors either in the new
time periods or in birth cohorts who were too young to be included in the analyses.  For
this reason we have also provided predictions for the future in which the age-specific
rates of the time period 1985-94 continue; the only thing which changes is the
population to which these rates are applied.

Age-period-cohort modelling
We have applied standard methodology due to Clayton and Schliffers (1987). Age
(5-year age groups, 35-39, …., 80-84, with the last group being 85 and over) was taken
as a factor at 12 levels except for testes, uterine cervix, malignant melanoma, Hodgkin’s
disease and childhood leukaemia where younger five year age-groups were also
included.   Time period and birth cohort values are shown in Table 1.  The ‘identifiability’
problem inherent in age-period-cohort modelling rests on the fact that a linear
relationship relates age group, time period and birth cohort (once any two of these three
are known the third is already determined – so that, for example, someone aged 35-39
in 1990-1994 must belong to the cohort born 1950-59).   The most important
consequence of this is the inability of the statistical modelling to distinguish between
linear effects of time period and of birth cohort.  We have adopted the standard practice
of referring to this linear term as ‘drift’.  Non-linear time period and non-linear birth
cohort effects are detectable using factors for time period (7 levels) and birth cohort (16
levels).  Following an initial inspection of the data we decided to include an additional
model term ‘twotime’ to indicate before and after 1975, a time when changes of
International Classification of Disease coding occurred.

Table 1:  Coding of time period and birth cohort
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Time Period Birth Cohort
(central year of birth)1

1. 1960-64 1. 1880

2. 1965-69 2. 1885

3. 1970-74 3. 1890

4. 1975-79 4. 1895

5. 1980-84 5. 1900

6. 1985-89 6. 1905

7. 1990-94 7. 1910

8. 1915

9. 1920

10. 1925

11. 1930

12. 1935

13. 1940

14. 1945

15. 1950

16. 1955

1 Additional birth cohorts included for certain sites



As a large number of models were being considered we adopted the conservative policy
of requiring a statistical significance level of p<0.01 to justify the use of a more complex
model.  The models we considered are shown in table 2.  

Table 2:  Terms considered for inclusion in the model

The null model was always fitted and then models 1-3 considered successively with the
procedure terminating when a model did not reach the significance level required for its
inclusion.  Each model was compared with the previous model by using the likelihood ratio
test; specifically, the difference in deviance was tested as a chi-square statistic with degrees
of freedom equal to the number of additional degrees of freedom in the model (eg for the
addition of drift, the chi-square statistic had 1 degree of freedom while for the addition of
non-linear period it had 5 degrees of freedom).  If, at the model 2 stage, both non-linear
period and non-linear cohort, individually, met the criteria for inclusion then the one selected
was that with the highest statistical significance.  If the best model included both non-linear
period and non-linear cohort we also checked that this was a significant improvement on
the model containing drift alone (i.e. p<0.01 for model 3 compared with model 1).

The end result of this procedure was the selection as best model the one which
contained twotime, age and one of the following groups of terms:

• Drift (linear period or linear cohort, not distinguished)
• Drift and non-linear period
• Drift and non-linear cohort
• Drift and non-linear period and non-linear cohort.

The modelling was performed using GLIM with in-house macros which could be run in
batch mode for all sites at the same time.

Future predictions
In applying the best model to the future time periods we have, first of all, no information
about the time periods not included in the historical data.  We have, therefore, had to
assume that the non-linear time period effect (if it is included in the best model) for future
time periods was identical to that for 1990-94.    

Secondly, we have no information about birth cohorts not included in the historical data.
Here, however, it is less clear which is the most appropriate assumption.  The nearest
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Model 1 Drift

Model 2 Non-linear period (factor) or Non-linear cohort

Model 3 Non-linear period and non-linear cohort



birth cohort included in the historical analysis to the new birth cohorts is (for most sites)
that aged 35-39 in 1990-94.  We must ask whether it is appropriate to regard the
experience of this cohort as indicative of the subsequent experience of this cohort itself
and also of all younger cohorts.  Reasons why it might not be appropriate are (i) the data
on which this experience is estimated are often very sparse (cancer incidence rates tend
to be low for the 35-39 age group) and (ii) risk factors may differ for this age group
compared with those applying to older people – especially for hormone related cancers.
We considered three alternative assumptions:

Assuming that all later birth cohorts (in the non-linear cohort model) have the same
experience as

(1) The cohorts aged 35-39 in 1990-94  (referred to below as c4)

(2) The cohorts aged 35-44 in 1990-94  (referred to below as c3)

(3) The cohorts aged 35-49 in 1990-94  (referred to below as c1)

Finally, it is by no means clear whether drift, the linear trend by period or cohort, should
be continued into the future.  We considered predictions both with and without the
inclusion of drift  (d or –d, respectively). 

This process yielded 6 alternative sets of predictions (whose distinctness depended
upon our choice of best model), labelled dc1, dc3, dc4, d–c1, d–c3 and d–c4.  We
examined each of these for plausibility against the statistical information (e.g. was the
regression coefficient for drift statistically significant), available observed data (modelled
1995-99 estimates could be compared to observed data for 1995-96) and their
relationship to the historical trends.  A single model was selected for each site and
gender.  The predictions ‘present trends continuing’, shown in the tables and graphs for
each chapter, are based on this model.

The process of obtaining predictions based on dc1-dc4 and d–c1- d–c4 used further
GLIM macros.  The best model was fitted to extended data containing the future
population projections with arbitrary observed future cases and weights set to 0 for time
periods beyond 1995.  The model fitted values were extracted and those for the later
time periods provided our predictions.

Some examples
The simple predictions are based on the assumption that existing age-specific rates from
the period 1985-94 will continue unchanged into the future.  Some extreme examples
show that this cannot be expected (see Figures 1 and 2).

346 CANCER SCENARIOS: MATERIALS AND STATISTICAL METHODOLOGY



Figure 1:  Incidence of ovarian cancer in Scotland (1986-95) by age

Figure 1 appears to suggest that incidence falls off with age – this is very untypical of
cancer.  It is much more likely that incidence is lower in those women who were oldest
at that time and had been lower throughout their lives.  This would be attributable to a
birth cohort effect in which these women were not exposed to some risk factor that
affected later cohorts.   It is a simple example of a birth cohort effect and we would
expect the curve to continue increasing for longer in later time periods.  

Figure 2 appears at first sight to show the familiar ‘Clemmenson’s hook’ in which breast
cancer incidence peaks around 50 and then actually falls slightly before beginning to rise
again though less steeply than in younger women.  However, close scrutiny shows that
the hook occurs 10 years too late! It is in fact attributable to the prevalence (first) screen
which was offered to women aged 50-64 during this time period.  Now, first screens are
largely restricted to women aged 50-52 and we would not expect to see the same
hump.  This is a simple example of a time period effect (in interaction with age).

Figure 2:  Incidence of breast cancer in Scotland (1985-94) by age

CANCER SCENARIOS: MATERIALS AND STATISTICAL METHODOLOGY 347

■ ■ ■ ■ ■ ■ ■ ■

■

■

■

■
■

■
■

■
■

■

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85+
0

10

20

30

40

50

60

70

80

R
at

e 
p

er
 1

00
,0

00

Age-band

■ ■ ■ ■ ■ ■
■

■

■

■

■
■

■
■

■
■

■

■

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85+
0

50

100

150

200

250

300

350

400

450

R
at

e 
p

er
 1

00
,0

00

Age-band



Figure 3 shows the historical trends in malignant melanoma age-standardised incidence
rates.  There is clear evidence, seen in numerous other data sets around the world, of a
steady and rapid increase with time.  The best model contained drift and non-linear period.
If this was used to predict the future without the inclusion of a continuing drift term then
rates beyond 1995 would be fixed at those of 1990-94 – which is highly implausible.

Figure 3:  Incidence1 of malignant melanoma in Scotland (1975-1997) by sex

1 European age-standardised incidence rates per 100 000 population

Figures 4 and 5 show all six prediction variants for breast cancer mortality and lung
cancer incidence in Scottish women.  

Figure 4:  Predicted mortality1 from breast cancer in Scotland, Females

1 Number of deaths in patients aged 35+; if the 1990-94 population and age structure has continued
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Figure 4 shows four models which are all very similar and consistent with the historical
patterns but two (d–c3 and d–c4 - those without drift continuing and with the experience
of younger cohorts that of those aged 35-44 or 35-49 in 1990-4) which differ markedly
from the rest and are most implausible.  Figure 5 also shows two prediction variants
which are implausible (d–c1 and d–c4).  The other variants are all consistent with the
historical data but three (dc1, dc3 and dc4) are most plausible.

Figure 5:  Predicted incidence1 for lung cancer in Scotland, Females 

1 Number of cases diagnosed in patients aged 35+; if the 1990-94 population and age structure has continued

It was, in general, the situation that two or more prediction variants were clearly ‘best’ in
the subjective approach.  We have then arrived at the predictions described in the
chapters.  These can and should be seen alongside both the ‘present rates hold’
predictions and those which allow new insights justified by the evidence-base to suggest
modifications.  Prediction is an inexact science; the very fact of having made these
predictions may influence the future. Caution is mandatory – these are ‘ball-park’ figures
of what at present looks most likely to happen – no more than that.
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