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Summary

Background Growth hormone raises serum concentrations of
insulin-like growth factor IGF-I, which is mitogenic and
antiapoptotic. There is evidence that raised endogenous
levels of growth hormone and IGF-I might be associated with
increased risk of certain solid cancers, but there have been
no data on long-term risks of solid cancers after growth
hormone treatment.

Methods We did a cohort study to investigate cancer
incidence and mortality in 1848 patients in the UK who were
treated during childhood and early adulthood with human
pituitary growth hormone during the period from 1959 to
1985. Patients were followed up for cancer incidence to
December, 1995 and for mortality to December, 2000. Risk
of cancer in the cohort was compared with that in the general
population, controlling for age, sex, and calendar period.

Findings Patients treated with human pituitary growth
hormone had significantly raised risks of mortality from
cancer overall (standardised mortality ratio 2·8, 95% CI
1·3–5·1; ten cases), colorectal cancer (10·8, 1·3–38·8; two
cases), and Hodgkin’s disease (11·4, 1·4–41·3; two cases).
Incidence of colorectal cancer was also greatly raised 
(7·9, 1·0–28·7). After exclusion of patients whose original
diagnosis rendered them at high risk of cancer, the
significance and size of the risks of colorectal cancer
incidence and mortality, and of Hodgkin’s disease mortality
were increased. 

Interpretation Although based on small numbers, the risk of
colorectal cancer is of some concern and further
investigation in other cohorts is needed. We have no
evidence as to whether growth hormone in modern dosage
regimens is associated with an increased risk of colorectal
cancer.
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Introduction
Treatment of patients with growth hormone was initially
used to remedy short stature in childhood.1 However, as
experience with, and availability of, the treatment
improved, the range of indications and the number of
patients for which growth hormone was prescribed
increased greatly. This increase was especially noticeable
after synthetic growth hormone became available in 1985.
The role of growth hormone in carcinogenesis is unclear,
but it raises serum concentrations of insulin-like growth
factor (IGF)-I, which is mitogenic and antiapoptotic, and
results from in-vitro and animal studies suggest that
growth hormone might raise the risk of hyperplasia and
malignancy.2,3 Furthermore, there is epidemiological
evidence that the growth hormone/IGF-I axis might affect
cancer risk in human beings. Results of cohort studies
suggest,4–8 although not entirely consistently,9 that raised
concentrations of IGF-I in serum predict a greater risk of
certain cancers, and there is evidence that the risk of
colonic polyps and colon cancer are increased in patients
with acromegaly,10–13 a disorder attributable to endogenous
excess of growth hormone.

Direct evidence about cancer risk in patients treated
with growth hormone is very limited. Studies of leukaemia
after childhood growth hormone treatment14–17 have found
a raised risk in patients overall.14,16,17 However, several
cases were in patients with an underlying high risk (eg,
Fanconi’s anaemia) and after exclusion of these high risk
conditions, risk does not seem to be substantially raised, if
at all. There are no reported data on long-term risks of
solid malignancies; the only analyses have been after an
average of 4 years since first treatment.18 We therefore
examined risk of malignant neoplasms in patients in the
UK who were treated with human pituitary growth
hormone before its use was discontinued in May, 1985,
and for whom there is now up to 40 years of follow-up.

Methods
Treatment with human pituitary growth hormone in the
UK started in 1959 as a Medical Research Council
clinical trial, and when this trial ended in 1977, treatment
was continued as a health service activity administered by
a central committee. Treatment of each new patient had
to be authorised centrally, and the end of treatment
reported to the central authority, whereon supplies of
growth hormone for the patient were stopped.

After approval from the Great Ormond Street Hospital
and Institute of Child Health ethics committee, we used
many sources of information to compile a list of all
patients who received growth hormone treatment as part
of the national scheme, during the period from 1959 to
May, 1985, and extracted data on all of the treatments
every patient had received. Sources of this information
included the records of the national co-ordinating centre,
local listings at each of the 21 endocrinology centres in the
UK where patients were treated, endocrinology case-notes
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held at these centres, research records for auxological
studies related to growth hormone, records from the
central distribution centre, local pharmacies, and the
Medical Research Council and Department of Health
central steering committees when they authorised
patients to be treated, notifications to these committees
when patients finished treatment, and listings compiled
to enable discontinuation of treatment nationally in May,
1985, when the risk of Creutzfeldt-Jakob disease
transmission was identified. We excluded patients treated
in the UK who were resident abroad because we could
not achieve full follow up. We also excluded patients
treated solely with commercially prepared growth
hormone (there were about 40 of these in the UK)19

because they were not treated via the national scheme
and there is no way to identify them systematically.

Identifying information about all treated patients in the
cohort was sent to the UK National Health Service
(NHS) Central Registers for England and Wales and for
Scotland, and to the Central Services Agency (CSA) for
Northern Ireland, which are national population
registers, to obtain follow-up information on occurrence
of cancer, death, and emigration. Follow-up data were
also provided by clinical sources, and information from
death certificates was coded to the revision of the
International Classification of Diseases in use at the time
of death.20

We calculated person-years at risk of death from cancer
in cohort members by sex and 5-year age-group starting
from the date of first treatment with growth hormone and
ending at Dec 31, 2000, death, or other loss to follow-up,
whichever was earliest. For analyses of cancer incidence,
risk was calculated from the date of first treatment or 
Jan 1, 1971 (cancers incident from this date onwards
were entered in the NHS Central Registers), whichever
was later, and ended at the date of cancer incidence,
death, other loss to follow-up, or Dec 31, 1995,
whichever was earliest. The curtailment of follow-up at
the end of 1995 was because recent data on cancer
incidence were not complete on the NHS Central
Registers. For the data on cancer incidence, but not
mortality, Northern Ireland patients were excluded from
analysis because the population register there does not
record cancer incidence.

We calculated the expected numbers of cancers and
cancer deaths in the study group overall and in
subdivisions by analytical variables, by multiplying the
person-years at risk in these groups specific by age, sex,
and calendar year, by British national cancer incidence
and mortality rates for the same age, sex, and calendar
year categories, compiled from data from the Office for
National Statistics and the Information Services Division
and General Register Office for Scotland. Standardised
incidence ratios (SIRs) and standardised mortality ratios
(SMRs) were then calculated by the division of the
observed number of cancers and cancer deaths by the
number expected. The Poisson distribution was used to
obtain exact confidence intervals and exact p values and,
where appropriate, we did trend and heterogeneity tests.21

In all analyses we excluded non-melanoma skin cancer,
because national cancer registration is particularly
incomplete for these tumours.22 We also excluded cancers
of the nervous system, because many of the initial
diagnoses were either nervous system tumours or
diagnostic categories such as idiopathic growth hormone
deficiency that might have included undiagnosed nervous
system tumours. We also excluded from the mortality
analyses, deaths from other cancers that were the reason
for the start of growth hormone therapy.

Role of the funding source
The sponsors of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results
We identified 1849 UK residents who had been treated
with human growth hormone as part of the national
scheme between 1959 and 1985. Because this scheme was
centrally administered and controlled, and also because
data from many different sources were used, we are
confident that we have identified all patients treated under
the national scheme. We were able to ascertain the
commencement date of growth hormone treatment for all
patients, and definite end dates of treatment for all but ten
patients, whose treatment we regarded as ended when the
last known batches supplied to them were used. All but
one of the patients were traced for follow-up at the NHS
Central Registers and CSA; the individual who could not
be traced was excluded from analysis. 

There were 1209 men and 639 women in the cohort,
almost all younger than 10 years (39%) or 10–19 years
(60%) at first treatment. Growth-hormone deficiency was
of idiopathic origin in 53% of patients and attributable to
intracranial neoplasia in 26%. Many other disorders
affected the remaining 21% of patients, including 22 cases
of leukaemia or lymphoma, four of chromosome fragility
syndromes, and two of glycogen storage disease. During
follow-up to Dec 31, 2000, 241 patients died and 28
(1·5%) were lost to follow-up. Certified cause of death was
ascertained for all but four deaths. In total, there were 
29 817 years of follow-up in the cancer incidence analyses
(average 16·1 years per patient), and 39 178 person-years
of follow-up in the mortality analyses (average 21·2 years
per patient). Most of the follow-up (76% of the person-
years for the cancer incidence analyses, 81% for the
mortality analyses) was at ages of 15 years and older, but
few patients had yet reached older adulthood—only 0·6%
of person-years were at ages 45 years or greater. 
12 cancers, other than of the nervous system or non-
melanoma skin cancer, were noted in the cohort by the end
of 1995, and 10 deaths attributable to such cancers by 
Dec 31, 2000. All but one of the cancers, and all of the
cancer deaths, happened at age 15 years or older and all
cancers occurred after human growth hormone treatment
had ceased.

The overall risk of cancer incidence in the cohort was
greater, but not significantly so, than that of the general
population (table). Among cancer sites of interest from the
previous literature on growth hormone and IGF-I, there
were no cases of breast cancer (expected=0·62), prostate
cancer (expected=0·01), or leukaemia (expected=0·69).
Three cancers occurred in patients with a previous tumour,
one of which (a bone cancer) might well have been caused
by radiotherapy for the initial tumour. One cancer (of the
cervix) was reported in a patient with Bloom’s syndrome,
and a liver cancer occurred in a patient with type I
glycogen-storage disease. We reanalysed data excluding
496 patients whose initial diagnoses could have put them
at high risk of subsequent cancer—ie, patients with
neoplasia (including intracranial tumours; either pituitary
or non-pituitary, benign or malignant), who might have
received cranial radiation and chemotherapy, and those
with chromosome fragility or glycogen-storage disease.
After these exclusions, we calculated an SIR for cancer in
total that was less raised than that for the cohort overall,
and an SIR for colorectal cancer that was greater than that
for the whole cohort, and significantly raised compared
with the general population (table).
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Cancer mortality was significantly raised in the cohort
(table), with significantly increased risks of death from
cancer of the colon and rectum, and Hodgkin’s disease.
The two deaths from colon cancer were at young ages 
(23 years and 37 years) in patients whose original
diagnosis was idiopathic growth hormone deficiency
(IGHD); the Hodgkin’s disease deaths occurred at ages
22 years and 32 years in patients whose original diagnosis
was IGHD also; these cases were all histologically
confirmed. None of the patients with colorectal cancer or
Hodgkin’s disease had a family history of the same or a
related cancer. There was an unclear possibility of
polyposis coli in one of the patients with colorectal cancer.
No deaths from breast cancer (expected=0·32), prostate
cancer (expected=0·01), or leukaemia (expected=0·64)
were reported. Reanalysis of the cancer mortality risks
excluding high-risk patients left significantly raised risks of
cancers of the colon and rectum and of Hodgkin’s disease.
Cancer mortality overall was greater, but not significantly
so, than for the general population (table).

Examination of risks of overall cancer incidence by sex,
age at first treatment, diagnosis that led to treatment, and
duration of treatment, showed no substantial patterns of
risk (data not shown). There were too few cases of any
one site to conduct such analyses site-specifically. For
mortality, similar analyses did not show significant results.
When cohort members with an existing high risk of cancer
were excluded, reanalyses showed that all cases occurred
at least 10 years after first treatment, but again there were
no significant patterns (data not shown).

Discussion
Concern about cancer in patients treated with growth
hormone has focused primarily on risk of leukaemia,
perhaps because available data have largely been for
children, in whom leukaemia is the most common cancer.
No leukaemias occurred after treatment in our cohort; we
calculated an expected incidence of 0·71. Our finding
adds to evidence from other cohort studies14,16,17 which
suggest that leukaemia risk is not substantially raised if
high-risk groups such as those with chromosomal fragility
are excluded.

There has been much less research on other cancer
risks, and our findings in this area were not reassuring.
There was significantly raised mortality from cancer
overall, colon and rectal cancer, and Hodgkin’s disease,
and risk of incidence was also raised for all of these
categories, although not significantly. When high-risk
groups were excluded from the cohort, overall cancer
mortality was less raised and not significant, but the risks

of colon and rectum cancer and of Hodgkin’s disease were
further increased. The exclusion of high-risk groups is not
straightforward to interpret because the general
population, from whom expected rates were gained, also
includes high-risk groups whose deaths we cannot
exclude, and hence the relative risks we calculated could
be underestimates. On the other hand, one of the
colorectal cancer patients might have had familial
polyposis. At the young ages examined in the study, an
appreciable proportion of the colorectal cancer patients in
the general population used to calculate expected
numbers would have had such a family history.

One should not overinterpret risks based on such small
numbers; our results should be considered cautiously, and
we emphasise the need for more data from other sources.
Another minor caveat is that, although we went to great
effort to ensure that the data on human growth hormone
treatment were as complete as possible, we have no
information on treatment with synthetic (recombinant)
growth hormone after May, 1985, when the national
scheme was discontinued. This lack of information will
not have affected most of the analyses, which were based
on ever-treatment or first treatment, but will have
introduced misclassification into the analyses by duration
of treatment. Therefore if there is truly a duration-
response effect, it might not have been apparent in our
analyses because of misclassification. The expected rates
of cancer in the analyses were taken from national general
population rates. We have no evidence on whether there
were differences in social background between the cohort
and the general population, but if so they would not
plausibly explain the magnitude of the risks we report.
The ideal comparison group for this study would have
been comparable growth hormone-deficient patients who
had not received growth hormone treatment. We have no
such cohort from the same period but, on the basis of
results from studies of such cohorts,23,24 our results would
be unlikely to be much different if such a comparison were
possible.

Despite these limitations, the high incidence of cancer,
and in particular of colon cancer, is worrying. That
growth hormone might increase the risk of colorectal
cancer is plausible for several reasons. Growth hormone
causes raised serum IGF-I and to a lesser extent IGF
binding protein-3 (IGFBP-3), and consequently causes a
raised ratio of IGF-I to IGFBP-3, with this ratio being
greater as growth hormone concentrations increase.25–27

IGF-I receptors have been identified on human colorectal
cells, mRNAs for IGF-I have been detected in 
colorectal tumours, IGF-I is a potent stimulator of
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Entire cohort Cohort excluding high-risk groups*

Number of cancers Number expected SIR/SMR (95% CI) p Number of cancers Number expected SIR/SMR (95% CI) p

Incidence
Colon and rectum† 2 0·25 7·9 (1·0–28·7) 0·05 2 0·18 11·1 (1·3–39·9) 0·03
Bone 2 0·27 7·3 (0·9–26·4) 0·06 0 0·21 0 (0–17·7) 1·00
Hodgkin’s disease 2 0·85 2·3 (0·3–8·5) 0·42 2 0·64 3·1 (0·4 -11·3) 0·27
All sites‡ 12 7·14 1·7 (0·9–2·9) 0·11 7 5·16 1·4 (0·5–2·8) 0·52

Mortality
Colon and rectum† 2 0·19 10·8 (1·3–38·8) 0·03 2 0·13 14·9 (1·8–53·9) 0·02
Bone 1 0·19 5·2 (0·1–28·7) 0·35 0 0·15 0 (0–24·8) 1·00
Hodgkin’s disease 2 0·18 11·4 (1·4–41·3) 0·03 2 0·13 15·3 (1·9–55·2) 0·02
All sites‡ 10 3·58 2·8 (1·3–5·1) 0·01 6 2·60 2·3 (0·8–5·0) 0·10

SIR=Standardised incidence ratio. SMR=Standardised mortality ratio. *Excluding patients treated with human pituitary growth hormone after a malignant neoplasm,
chromosomal fragility syndrome, or glycogen storage disease. †Both were cancers of the colon. SIRs for colon cancer are 12·0 (1·5–43·3), and 16·7 (2·0–60·2) for
entire cohort and after exclusion of high-risk groups, respectively; SMRs are 16·4 (2·0–59·2) and 22·9 (2·8–83·0). ‡All sites except nervous system and non-
melanoma skin cancer. In addition to sites shown in table, there were single cases of cancers of the mouth, liver, bile duct, cervix, ovary and testis, and there were
deaths from these cancers except for testicular cancer.

Risks of cancer incidence and mortality after treatment with human pituitary growth hormone
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colorectal-cancer-cell proliferation in vitro, and blockade
of IGF-I receptors inhibits growth of human colorectal
cancer cells.28 Patients with acromegaly have raised
colonic epithelial cell proliferation, and this proliferation
rises with greater growth hormone and IGF-I
concentrations,29 although the same has not been found in
adults treated with growth hormone.30 There is evidence
from cohort studies that patients with acromegaly have a
higher risk of colon cancer than the general population,10–12

and colonoscopy has suggested a high rate of colonic
polyps in such patients,13 although calculation of
appropriate expected numbers is difficult and
controversial.31 Raised serum IGF-I concentrations have
been noted in patients with high-risk colorectal
adenomas,32 and three cohort studies in Western
populations report a raised risk of colon cancer in relation
to raised serum IGF-I concentrations6–8 (and in two
instances decreased concentrations of IGFBP-3) several
years earlier.6,7 A study in Shanghai, China did not find
this result.9 The only previous data on solid-cancer risks
in growth hormone-treated patients are from a
commercial database reliant on physician reports on
cancer, which had a short follow-up (maximum 8 years,
average 4 years).18 No colon or rectal cancers were
reported, nor was a raised rate of extracranial non-
leukaemic tumours noted overall. However,
completeness of reporting is unclear, especially after
patients left paediatric care, and person-years in the
analysis do not seem to have been censored at death or
loss to follow-up, which would dilute risks.

It is possible that growth hormone-deficient patients
might be intrinsically at high risk of colorectal cancer, and
this predisposition rather than growth hormone
treatment, might be responsible for the raised incidence
in our study. Intuitively, this possibility seems unlikely,
because deficiency of a mitogenic hormone would be
expected, if anything, to diminish cancer risk. Also, in
cohort studies, growth-hormone-deficient patients who
did not receive growth hormone have had cancer risks the
same as23 or below24 those in the general population, and
had no indication of raised colorectal cancer risk.

Information on serum IGF-I and IGFBP-3
concentrations in the cohort would have been valuable in
explaining the raised risk, but such data are not available;
satisfactory immunological assays did not exist for most of
the period when human growth hormone was used. Our
results are therefore epidemiological observations of an
association, and do not give evidence on mechanisms.
However, data exist that show that growth hormone
treatment of young patients with growth hormone
deficiency raises their IGF-I and IGFBP-3 concentrations,
and their IGF-I/IGFBP-3 ratio.25 Although IGF-I would
be expected to increase the risk of cancer, IGFBP-3 would
be expected to diminish it; however, a raised IGF-I to
IGFBP-3 ratio would be expected to increase free IGF-I
and hence to favour its action. The dosage regimen used
for human growth hormone would be expected to result in
supraphysiological peaks of serum growth hormone,
especially because it was only given two to three times per
week in doses of up to 10 IU. Growth hormone
concentrations would have been especially high in younger
children, because the same dose was given to all ages of
patient, irrespective of their body size.

Whether our results can be generalised to patients
treated presently is uncertain, and our caution about
small numbers of colorectal cancers should be
remembered. Also the young age of these patients at
treatment should be taken into account, because
applicability to treatment at older ages is uncertain. 

Furthermore, there are differences between the human
growth hormone treatment given in the study period 
and the synthetic growth hormone treatment given
afterwards. Although there is no reason to believe that
there would be an intrinsic difference in carcinogenicity
between human pituitary and synthetic growth hormone,
human pituitary growth hormone was usually given 
two or three times per week, whereas the synthetic
version has been given daily. Therefore peaks of 
serum growth hormone will have been substantially
greater for the regimen with human pituitary growth
hormone than for that with the synthetic hormone. 
Also, the dosage of synthetic growth hormone is 
titrated by body size, whereas all patients who received
human pituitary growth hormone were given the 
same dose, which effectively resulted in a much larger
dose for young children. There is no evidence on
whether growth hormone in modern dosage regimens 
is associated with colorectal-cancer risk. There is a 
need for large-scale follow-up data on this topic,
especially as such studies could potentially overcome 
a weakness in our investigation by including measured
serum growth hormone, IGF-I, and IGFBP-3
concentrations.

Cancers of the breast4 and prostate5 have also been
associated with raised IGF-I concentrations in cohort
studies, although in each instance data are available from
only one study. No cases of these tumours were reported
in our cohort, but because the cohort members are
young, expected numbers of cancers incident were small,
especially for prostate cancer. Therefore if treatment has
an effect on the frequency of these cancers, it might not
yet be apparent.

The risk of death due to Hodgkin’s disease was
significantly raised in the cohort, based on two cases; 
the increase in incidence was less pronounced. 
We know of no evidence that Hodgkin’s disease 
incidence or survival are affected by endogenous 
growth hormone or IGF-I concentrations. Three 
cases of Hodgkin’s disease have been reported in US
cohorts of growth hormone-treated patients, without
calculation of expected numbers for this tumour.14,18

Analyses of relative risks of incidence and mortality
based on larger numbers than the present study are
desirable. 

In conclusion, we found a significantly raised
frequency of colon cancer mortality after growth
hormone treatment which, although based on small
numbers, is of concern because it concurs with raised
risks found in patients with acromegaly and in
individuals with previously increased concentrations of
IGF-I. Two cases are too few to allow firm conclusions
to be drawn, but there are no previous data to help in
evaluation. In view of the large relative risk and
supporting evidence, there is an urgent need to gain
further data. An association between human pituitary
growth hormone treatment and raised frequencies of
certain malignant disease in patients from our cohort
cannot necessarily be generalised to patients treated 
with synthetic hormones in regimens which are intended
to produce hormone concentrations that are closer 
to physiological. There are an estimated 100 000
patients worldwide who have received growth 
hormone treatment.33 Our data do not show conclusively
whether cancer incidence is increased by growth 
hormone treatment, but they do suggest the need 
for increased awareness of the possibility of cancer 
risks, and for surveillance of growth hormone-treated
patients. 
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