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Past exposure to sun, skin phenotype, and risk of
multiple sclerosis: case-control study
I A'F van der Mei, A-L Ponsonby, T Dwyer, L Blizzard, R Simmons, B V Taylor, H Butzkueven,

T Kilpatrick

Abstract

Objective To examine whether past high sun
exposure is associated with a reduced risk of multiple
sclerosis.

Design Population based case-control study.

Setting Tasmania, latitudes 41-3°S.

Participants 136 cases with multiple sclerosis and 272
controls randomly drawn from the community and
matched on sex and year of birth.

Main outcome measure Multiple sclerosis defined by
both clinical and magnetic resonance imaging criteria.
Results Higher sun exposure when aged 6-15 years
(average 2-3 hours or more a day in summer during
weekends and holidays) was associated with a
decreased risk of multiple sclerosis (adjusted odds
ratio 0.31, 95% confidence interval 0.16 to 0.59).
Higher exposure in winter seemed more important
than higher exposure in summer. Greater actinic
damage was also independently associated with a
decreased risk of multiple sclerosis (0.32, 0.11 to 0.88
for grades 4-6 disease). A dose-response relation was
observed between multiple sclerosis and decreasing
sun exposure when aged 6-15 years and with actinic
damage.

Conclusion Higher sun exposure during childhood
and early adolescence is associated with a reduced risk
of multiple sclerosis. Insufficient ultraviolet radiation
may therefore influence the development of multiple
sclerosis.

Introduction

Contributing factors in the cause of multiple sclerosis
include a defect in immunological self tolerance result-

ing in a T helper cell type 1 mediated attack on myelin
proteins.! One of the most striking features of multiple
sclerosis is a gradient of increasing prevalence with
latitude.” Recent photoimmunological work has rekin-
dled interest in this observation because ultraviolet
radiation can attenuate T helper cell type 1 mediated
immune responses through several mechanisms.” Also,
administration of wultraviolet radiation or 1,25-
dihydroxycholecalciferol, the active form of vitamin D,
which is produced under the influence of ultraviolet
radiation, has shown protective effects against the
induction or progression of experimental allergic
encephalomyelitis." > In humans, ultraviolet radiation
or vitamin D may also protect against multiple sclero-
sis.”” Exposure to ultraviolet radiation during a critical
period in early life may be important as may
cumulative or later life exposure.®

Tasmania is located at latitudes 41-3°S and has a
high prevalence of multiple sclerosis at 75.6 per
100 000 population.” We conducted a case-control
study in Tasmania to examine whether high past sun
exposure was associated with a reduced risk of multiple
sclerosis.

Participants and methods

Our source population consisted of people aged under
60 years who were residents of Tasmania and who had
at least one grandparent who was born in Tasmania.
Cases were members of a source population who had
a diagnosis of multiple sclerosis. To recruit participants,
information evenings were held for members of the
local multiple sclerosis societies, and information packs
were sent to doctors and pharmacists, who were to
inform people with multiple sclerosis about the
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programme. Letters were sent to eligible patients in the
south of the state encouraging them to participate. In
total, 169 people responded. We included 136 cases in
the final sample: 30 people (18%) did not meet the
study criteria for diagnosis of multiple sclerosis, one
person refused a neurological assessment, one person
died before interview, and one person deteriorated and
was unable to take part. Respondents were interviewed
and examined by one of the participating neurologists.

of vitamin D supplements at ages 10-15 years, medical
history, and other factors thought to be associated with
multiple sclerosis. For the timing of exposures we
obtained either the exact age or the five year age range
in which the exposure occurred. Before interview, par-
ticipants were asked to fill in a lifetime calendar for
each year of their life. During the interview,
participants answered the time in the sun question for
summer only for each year of their life, and from the
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the diagnosis for 134 cases (99%), and for the other two  years where time in the sun was constant or not. There
cases we obtained the reports of previous scans. was moderate agreement between the questionnaire
Controls were selected from the source population  based measure and the calendar measure for both
using the roll of registered electors, a comprehensive  cases and controls.
listing of the population of Tasmania. We randomly
selected two controls for each case and matched them  Actinic damage and skin phenotype
to the index case on sex and year of birth. Overall, 272  Silicon casts of the skin surface of the hand, measuring
of 359 eligible controls participated (response rate  actinic damage, were used as an objective marker of
76%). In an unmatched design, we required atleast 100 cumulative lifetime sun exposure (see bmj.com). Skin
cases and 200 controls to detect an odds ratio of 2.0 or ~ phenotype and cutaneous melanin density were
0.5 for the effect of a dichotomous exposure where  assessed with a spectrophotometer at the upper inner
40% of the controls were exposed. arm and buttock-body sites usually not exposed to
sunlight. Skin colour was also assessed visually by the
Time in sun research assistants who also recorded the number of
Two research assistants conducted all interviews and  naevi greater than 5 mm on the left arm, hair and eye
measurements between March 1999 and June 2001.  colour, height, and weight. The standardised question-
Participants were asked validated questions about the  naire included a question on lifetime sunburns where
amount of time they would normally have spentin the  the pain lasted more than two days, a measure that
sun during weekends and holidays in winter and sum-  reflects both skin phenotype and exposure behaviour.
mer (“time in the sun” question). Answers to the time in
the sun question for winter predict levels of serum  Data analysis
25-hydroxycholecalciferol in 8 year old Tasmanian  Correlations were calculated as measures of linear
children." The standardised questionnaire included  association, and odds ratios and 95% confidence inter-
questions on measures to protect against the sun, use  vals were estimated by conditional logistic regression.
Odds ratios for multiple sclerosis and reported measures of sun exposure in childhood and adolescence
Age 6-10 Age 11-15 Age 16-20
No (%) of No (%) of Unadjusted odds No (%) of No (%) of Unadjusted odds No (%) of No (%) of Unadjusted odds
Sun exposure cases controls ratio (95% Cl) cases controls ratio (95% CI) cases controls ratio (95% CI)
In winter, by questionnaire
Time in sun (h/day):
<1 26 (19.1) 27 (10.0) 1 22 (16.3) 28 (10.3) 1 29 (21.3) 7 (13.6) 1
1-2 29 (21.3) 61(227)  0.50 (0.24 to 1.00) 29 (21.5) 69 (25.4)  0.55 (0.27 to 1.10) 37 (27.2) 4(30.9)  0.59 (0.32 to 1.07)
23 26 (19.1) 64 (23.8) 043 (0.21 10 0.87) 30 (22.2) 65(23.9)  0.61(0.30 to 1.22) 26 (19.1) 53 (195) 063 (0.32 to 1.24)
34 14 (10 3) 34 (126) 0.4 (0.19 to 1.01) 22 (16.3) 37 (136)  0.76 (0.36 to 1.61) 7 (12.5) 9 (14.3)  0.56 (0.26 to 1.22)
>4 (30.2) 83 (30.9)  0.50 (0.26 to 0.98) 32 (23.7) 73 (26.8) 057 (0.28 to 1.14) 27 (19.9) 9 (21.7)  0.60 (0.30 to 1.17)
Linear trend P=0.18 P=0.45 P=0.22
Dichotomised (>1-2 v <1) 0.47 (0.26 to 0.84) 0.60 (0.33 to 1.09) 0.59 (0.35 to 1.01)
In summer, by questionnaire
Time in sun (h/day):
<1 6 (4.4) 8 (3.0) . 3(22) 2(0.7) | 1 (8.1) 3(4.8) !
12 15 (11.0) 15 (5.6) 13 (9.6) 26 (9.6) 19 (14.0) 37 (13.6)
23 20 (14.7) 39 (14.4) 059 (0.27 t0 1.28) 20 (14.7) 37 (136)  0.94 (0.40 t0 2.17) 22 (16.0) 64 (23.6) 055 (0.28 to 1.10)
34 17 (12.5) 48 (17.8) 039 (0.17 to 0.88) 27 (19.9) 61(22.4)  0.77 (0.35 to 1.68) 26 (19.1) 61(22.5)  0.71 (0.38 to 1.35)
>4 78 (574) 160 (59.3)  0.55 (0.30 to 1.03) 73 (53.7) 146 (53.7)  0.88 (0.44 to 1.74) 58 (42.7) 96 (35.4)  1.00 (0.57 to 1.78)
Linear trend P=0.15 P=0.72 P=0.56
D|c<h10_t;)m|sed (23 v 0.50 (0.24 t0 1.02) 0.86 (0.4 to 1.66) 0.79 (0.47 t0 1.33)
In summer, by calendar
Time in sun (h/day):
<1 2 (15) 2(0.7) ; 429 2(0.7) | 6 (4.4) 8 (2.9) !
12 17 (12.5) 14 (5.2) 11 (8.1) 12 (4.4) 20 (14.7) 47 (17.3)
23 18 (13.2) 23 (85 063 (0.23101.73) 27 (19.9) 40 (147)  0.65 (0.26 to 1.61) 27 (19.9) 58 (21.3) 099 (0.50 to 1.95)
34 19 (14.0) 44 (16.3) 035 (0.14 to 0.88) 22 (16.2) 53 (195  0.39 (0.16 to 0.95) 30 (22.1) 55 (20.2)  1.16 (0.59 to 2.26)
>4 80 (58.8) 187 (69.3)  0.34 (0.16 0 0.74) 72(529) 165 (60.7)  0.40 (0.18 10 0.89) 53 (39.0) 104 (382)  1.09 (0.60 to 1.97)

Linear trend P<0.01

P=0.01

P=0.70

Dichotomised (=2-3 v <1-2) 0.36 (0.17 to 0.76)

0.4 (0.20 to 0.94)

1.07 (0.63 to 1.85)
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Tests for trend were performed. Analysis of actinic
damage was restricted to 323 high quality casts. The
recording of year by year exposure by the lifetime cal-
endar allowed an estimation of average exposure for
any age span. To take account of duration of disease, we
stratified by time elapsed since the first symptom of
multiple sclerosis. Controls were given the years of
duration of the age at onset of their case pair. See
bmj.com for details.

Results

Overall, 68% (n=92) of the cases were female, and
most of the cases (96%; n=131) and controls (95%;
n = 258) were born in Tasmania and living there at age
10. Sixty six per cent of the cases had relapsing remit-
ting multiple sclerosis. Although only of borderline
significance, the odds of having light skin colour (< 2%
melanin) was 1.59 times higher for cases than for con-
trols. Skin colour assessed by the research assistant
showed a significant relation with multiple sclerosis
(odds ratio 1.62, 95% confidence interval 1.05 to 2.51),
but reported tendency to burn or tanning ability did
not.

Childhood sun exposure

People with multiple sclerosis were less likely to report
severe sunburn episodes during their lifetime, despite
their fairer skin (0.55, 0.32 to 1.63). We observed a
strong inverse association between sun exposure in
childhood and adolescence and multiple sclerosis
(table). This inverse association was observed for expo-
sure both in winter and in summer. Compared to
bivariate analysis, including both summer and winter
questionnaire based measures for exposure as
dichotomised terms in the model left the estimated
effect of exposure in winter almost unchanged
(adjusted odds ratio 0.52, 0.28 to 0.95 at ages 6-10
years), but greatly reduced the effect of exposure in
summer (0.63, 0.30 to 1.35 at ages 6-10 years). This was
found irrespective of the age at exposure.

We then estimated the effect of average exposure at
ages 6-15 years on multiple sclerosis from the year by
year calendar taking into account other factors that
related to multiple sclerosis. After controlling for
smoking and melanin density at the upper inner arm,
the magnitude of the odds ratio increased from 0.39
(0.22 to 0.70) to 0.31 (0.16 to 0.59) for higher sun
exposure (average 2-3 hours or more a day in
summer). Additional adjustment for the other factors
made no important difference to the results.

Lifetime sun exposure

The figure shows the odds ratios for higher sun expo-
sure by age using the calendar data. The odds ratio
estimates of the apparent protective effect of higher
exposure were greatest for age spans before 15 years
(6-10 years: 0.43, 0.21 to 0.88; 6-15 years: 0.40, 0.20 to
0.80). Inclusion of later years into the cumulative
lifespan measure diluted the effect. We repeated the
analysis on a subgroup of participants who had
indicated on a checklist before interview that they did
not believe that climatic factors such as sun exposure
were an important cause of multiple sclerosis. For this
group, the protective effect of past exposure was even
stronger than for the total group (figure).

Greater levels of actinic damage were also
associated with a reduced risk of multiple sclerosis
(adjusted odds ratios 0.32, 0.10 to 0.98 for grade 4;
0.33,0.12 to 0.96 for grade 5; 0.17, 0.05-0.60 for grade
6, compared with grade 3) with evidence of a
dose-response relation (P<0.01 for test for trend).
After controlling for smoking before the age of onset,
melanin density at the upper inner arm, and amount of
sun exposure after disease onset, the magnitude of the
odds ratio increased from 0.39 (0.17 to 0.90) to 0.32
(0.11 to 0.88) for greater actinic damage (grades 4-6).
Duration of disease was not strongly associated with
past sun exposure or actinic damage after adjustment
for age. Moreover, the relative risk estimates for neither
exposure to age 15 nor actinic damage differed by
duration of disease, and the protective effects were also
observed among cases of recent (<5 years) onset. We
then assessed whether higher exposure before age 15
and greater actinic damage were each important in
predicting the risk of multiple sclerosis. Compared to
bivariate analysis, including both in the same model as
linear terms left the effect of each factor almost
unchanged.

Age at onset
The odds ratios for 2-3 hours or more sun exposure in
summer during weekends and holidays were 0.95 (0.55
to 1.64), 0.92 (0.55 to 1.54), and 1.06 (0.65 to 1.74) for
10 years, five years, and one year before the onset of
multiple sclerosis, respectively. Thus, in contrast to the
inverse association between sun exposure in early life
or actinic damage and multiple sclerosis, there was no
evidence that exposure at these particular years in the
decade before the onset of disease was important.
Finally, we examined age at onset of multiple
sclerosis among cases. No evidence was found that
increasing exposure from ages 6-15 years or lifetime
actinic damage were associated with earlier onset of
disease. However, skin phenotype did relate to age at
onset. Low melanin density at the buttock and fair skin
assessed by the research assistant were associated with
earlier onset of disease.

0dds ratio
N
o

—— Total sample
---- Subsample
6-10 6-15 6-20 6-25 6-30 6-35
Age span (years)
Association between sun exposure and multiple sclerosis for
different age spans. Odds ratios and 95% confidence intervals for
higher (average 2-3 hours or more a day) sun exposure in summer
during weekends and holidays. Subgroup is participants who did not

believe that sun exposure was an important cause of multiple
sclerosis
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Discussion

Higher sun exposure during childhood and early
adolescence and greater actinic damage are associated
with a decreased risk of multiple sclerosis. Both
exhibited a dose-response relation with multiple sclero-
sis. The inverse association between past exposure to
ultraviolet radiation and multiple sclerosis was consist-
ently found regardless of whether exposure was
measured by questionnaire, calendar, or actinic damage.
Both ultraviolet radiation and vitamin D, have been
found to suppress T helper cell type 1 immune
responses.' ' Clinical symptoms of experimental allergic
encephalomyelitis—an animal model of multiple
sclerosis—can be prevented or delayed by providing
ultraviolet radiation or 1,25-dihydroxycholecalciferol
(the active form of vitamin D,) at the time of immunisa-
tion."  ** High residential or occupational sunlight expo-
sure was found to be negatively associated with mortality
due to multiple sclerosis in a death certificate based
case-control study.” Regular vitamin D supplementation
in the first year of life in a Finnish cohort was associated
with a reduced risk of subsequent type 1 diabetes,
another T helper cell type 1 autoimmune disease."

The case sample was similar to other populations
with multiple sclerosis of north European ancestry for
disease related features such as type of disease, age at
diagnosis, and sex ratio. Tasmania provides a good
setting for this type of study. Unlike northern Australia,
the region has relatively low levels of ambient ultraviolet
radiation in winter, and exposure to sun in winter is a
major determinant of serum 25-hydroxycholecalciferol
concentration." Participation rates were high, reducing
non-response bias, but it is possible that some selection
bias may have occurred. The use of measures of past
time in the sun could have led to substantial misclassifi-
cation of the measurement of past exposure if
participants had resided in locations with varying levels
of ambient ultraviolet radiation, but a high proportion of
participants had lived in Tasmania for most of their life.
A possible weakness of our study was that prevalent, not
incident, cases were studied. It is unlikely that recall bias
fully explains the observed strong reported associations.
The inverse association did not seem to be caused by the
participants’ knowledge of the hypothesis, because the
odds ratios for exposure were more protective for the
participants who did not believe sun exposure was an
important cause of multiple sclerosis. Also, if the results
were caused by recall bias, we would expect this to affect
the results of exposure after age 20 or exposure
immediately before the age at onset in a similar manner,
but this was not the case. In addition, actinic damage, an
objective marker of past exposure, also showed an
inverse association with multiple sclerosis, and this
objective marker is free of recall bias. Also disease related
changes in behaviour did not explain the findings.

We found that higher sun exposure in winter was
particularly important. In Tasmania, the daily levels of
ambient ultraviolet radiation are more than 10-fold
lower in mid-winter than they are in mid-summer,
compounded by less time spent outdoors. This
suggests that, in winter in particular, minimum thresh-
old requirements for ultraviolet radiation and vitamin
D may not have been met.

The apparent protective effect seemed to be great-
est for sun exposure during childhood and early

BMJ VOLUME 327 9 AUGUST 2003 bmj.com

What is already known on this topic

Multiple sclerosis shows a gradient of increasing
prevalence with latitude

This has been attributed to differences in regional
levels of ultraviolet radiation

Ultraviolet radiation may have a protective role in
T helper cell type 1 mediated autoimmune disease

What this study adds

Higher sun exposure during childhood and early
adolescence and greater actinic damage are
associated with a reduced risk of multiple sclerosis

These associations persisted after adjustment for
fair skin and exposure after onset of disease

Insufficient ultraviolet radiation or vitamin D, or
both, may influence the development of multiple
sclerosis

adolescence. However, we can only address the timing
issue through self reported data, because actinic
damage measures cumulative damage but cannot pro-
vide data on timing of sun exposure. The finding of no
association between sun exposure in the decade before
onset of multiple sclerosis may indicate that the timing
of low exposure may relate more to age related
immunological development than to onset of disease.
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Contributors: See bmj.com

Funding: This project was supported with funding from the
National Health and Research Council of Australia, the Austral-
ian Rotary Health Research Fund, and MS Australia. IvdM is
supported by the Cooperative Research Centre for Discovery of
Genes for Common Human Diseases (gene-CRC), and TK is a
Viertel fellow. The gene-CRC was established and is supported
by the Australian government’s Cooperative Research Centre’s
programme. The guarantor accepts full responsibility for the
conduct of the study, had access to the data, and controlled the
decision to publish.

Competing interests: None declared.

Ethical approval: The project was approved by the human
research ethics committee of the Royal Hobart Hospital.

1 Hemmer B, Cepok S, Nessler S, Sommer N. Pathogenesis of multiple
sclerosis: an update on immunology. Curr Opin Neurol 2002;15:227-31.

2 Ebers GC, Sadovnick AD. The geographic distribution of multiple sclero-
sis: a review. Neuroepidemiology 1993;12:1-5.

3 McMichael AJ, Hall AJ. Does immunosuppressive ultraviolet radiation
explain the latitude gradient for multiple sclerosis? Epidemiology
1997;8:642-5.

4 Hayes CE. Vitamin D: a natural inhibitor of multiple sclerosis. Proc Nutr
Soc 2000;59:531-5.

5 Hauser SL, Weiner HL,, Che M, Shapiro ME, Gilles F, Letvin NL. Prevention
of experimental allergic encephalomyelitis (EAE) in the SJL./] mouse by
whole body ultraviolet irradiation. J mmunol 1984;132:1276-81.

6 Van der Mei IA, Ponsonby AL, Blizzard L, Dwyer T. Regional variation in
multiple sclerosis prevalence in Australia and its association with ambient
ultraviolet radiation. Neuroepidemiology 2001;20:168-74.

7 Freedman DM, Dosemeci M, Alavanja MC. Mortality from multiple scle-
rosis and exposure to residential and occupational solar radiation: a case-
control study based on death certificates. Occup Environ Med
2000;57:418-21.

319



Papers

Oncology Centre
(Box 193),
Addenbrooke’s
NHS Trust,
Cambridge

CB2 2QQ

Pippa Corrie
consultant and
assoctate lecturer in
medical oncology
Justin Shaw
clinical trials
coordinator

Roy Harris
research network
manager

Correspondence to:
P Corrie
pippa.corrie@
addenbrookes.nhs.uk

BMJ 2003;327:320-1

320

8 Hammond SR, English DR, McLeod JG. The age-range of risk of devel-
oping multiple sclerosis: evidence from a migrant population in
Australia. Brain 2000;123:968-74.

9 Hammond SR, McLeod ]G, Millingen KS, Stewart-Wynne EG, English D,
Holland JT, et al. The epidemiology of multiple sclerosis in three Austral-
ian cities: Perth, Newcastle and Hobart. Brain 1988;111:1-25.

10 Jones G, Blizzard C, Riley MD, Parameswaran V, Greenaway TM, Dwyer T.
Vitamin D levels in prepubertal children in Southern Tasmania:
prevalence and determinants. Fur J Clin Nutr 1999;53:824-9.

11 Garssen J, van Loveren H. Effects of ultraviolet exposure on the immune
system. Crit Rev Immunol 2001:21:359-97.

12 Cantorna MT, Hayes CE, DeLuca HF. 1,25-Dihydroxyvitamin D3 revers-
ibly blocks the progression of relapsing encephalomyelitis, a model of
multiple sclerosis. Proc Natl Acad Sci USA 1996;93:7861-4.

13 Freedman DM, Dosemeci M, Alavanja MC. Mortality from multiple scle-
rosis and exposure to residential and occupational solar radiation: a case-
control study based on death certificates. Occup Environ Med
2000;57:418-21.

14 Hypponen E, Laara E, Reunanen A, Jarvelin MR, Virtanen SM. Intake of
vitamin D and risk of type 1 diabetes: a birth-cohort study. Lancet
2001;358:1500-3.

(Accepted 3 June 2003)

Rate limiting factors in recruitment of patients to clinical
trials in cancer research: descriptive study

Pippa Corrie, Justin Shaw, Roy Harris

In 2004 the national cancer research network,
established in 2001, will be evaluated on a perform-
ance target of increasing recruitment of patients into
cancer clinical trials. The national average in 2000-1
was 3.5% of incident cancer cases and the target was set
at 7.5%. Much may depend on this target being met as
£11.5m of government funding is being invested
annually to provide infrastrucuture to conduct clinical
trials within 34 networks across England. The future of
this funding is not secure. We audited patients’ involve-
ment in clinical trials from a cohort of new cancer
cases managed within a single research network to
identify obstacles to recruitment.

Participants, methods, and results

The West Anglia cancer research network, a first wave
regional research network, was established in 2001. It
functions in close collaboration with the service based
network. It covers a population of 1.65 million, and
about 8000 new cases are seen each year. Patients dis-
cussed at weekly multidisciplinary team meetings are
reviewed for their potential entry into trials. A database
is kept of all patients considered for any clinical trial.

The figure summarises patients’ data collected
from team meetings in the cancer centre and four of
the seven network cancer units during 2002. Of 1411
patients reviewed, 267 (19%) eventually entered a trial
(the overall recruitment rate for our network in 2002
was actually 10%). No trial was available for 561 (40%)
patients, and 390 (28%) were immediately excluded as
they failed entry criteria. Of the 460 patients
considered potentially eligible for trial entry, only 19
(4%) were not approached at all, 88 (19%) declined to
take part, and 59 (13%) of those prepared to consider
doing so ultimately failed screening procedures for
specific trials. Overall, entry criteria disqualified 449
(53%) of the 850 patients for whom a trial was
available.

Comment

The main reasons for cancer patients not entering a trial
were lack of an available study and failure to meet entry
criteria. The task of doubling numbers of patients in
cancer clinical trials by 2004 would therefore be made
easier if a wider range of pragmatic trials was available.
There is growing pressure on cancer specialists to

Reviewed (n=1411)
Breast 303  Pr/BI 254 Brain 3
CRC 362  Gynae 46  Sarcoma 5
Upper GI 88 Melanoma 24 Liver 8
Lung 310 Kidney 8
No trial available (n=561)
Breast 126  Pr/BI 106  Brain 3
——> CRC 125 Gynae 21 Sarcoma 5
Upper GI 41 Melanoma 3 Liver 8
Lung 117 Kidney 6
Definitely ineligible (n=390)
Breast 86  Pr/BI 136
——> CRC 112 Gynae 5 f------m-nn ,
UpperGI 19 Melanoma 5 '
Lung 25 Kidney 2 '
Potentially eligible (n=460)
Breast 91 Pr/BI 12 Excluded
CRC 125  Gynae 20 by entry
Upper GI 28  Melanoma 16 criteria
Lung 168 .
Not approached (n=19) :
Breast 4 '
> CRC 14 ;
Lung 1 5
Failed screening (n=59) E
Breast 22 Pr/BI LI !
CRC 30 Gynae 1
UpperGI 4 Melanoma 1
Declined entry (n=88)
Breast 15 Pr/BI 3
CRC 34 Gynae 7
UpperGl 7 Melanoma 2
Lung 20
Other (n=27)
CRC 8  PrBl 8
UpperGI 2 Gynae 2
Lung 5 Melanoma 2
Entered trials (n=267)
Breast 50 Lung 142
CRC 39 Gynae 10
Upper GI 15 Melanoma 11

Outcome for patients reviewed for entry into clinical trials according
to type of cancer (CRC=colorectal; Pr/Bl=prostate/bladder;
Gl=gastrointestinal). Where cancer type is not mentioned there were
no relevant patients

ensure an active rolling national trial programme for
each tumour type. Even so, funding for clinical research
is limited. Research expenditure in the United Kingdom
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