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Abstract
Objective-To determine the cause of death

and incidence of neoplasia in patients treated with
human pituitary growth hormone.
Design-A long term cohort study established to

receive details of death certification and tumour
registrations through the Office of Population
Censuses and Surveys and NHS central register.
Patients-All patients (1246 male, 662 female)

treated for short stature with pituitary growth
hormone under the Medical Research Council work-
ing party and health services human growth hormone
committee.
Main outcome measures-Death or development

of neoplasia.
Results-110 patients died (68 male, 42 female;

aged 0 9-57 years) from 1972 to 1990. Fifty three
deaths were from neoplasia responsible for growth
hormone deficiency (27 craniopharyngioma, 24
other intracranial tumour, two leukaemia); two from
histiocytosis X; and 13 from pituitary insufficiency.
Six patients died of Creutzfeldt-Jakob disease, six of
other neurological disorders, and eight of acute
infection. Other deaths were apparently unrelated to
growth hormone deficiency or its treatment. Seven-
teen tumours (in 16 patients) were identified during
or after growth hormone treatment. Four were in
patients with previous intracranial neoplasia and two
were after cranial irradiation. Thirteen were intra-
cranial, the others being Hodgkin's lymphoma,
osteosarcoma, carcinoma of colon, and basal cell
carcinoma.

Conclusions - Recuffence or progression of intra-
cranial tumours and potentially avoidable metabolic
consequences of hypopituitarism were the main
causes of death. Growth hormone treatment prob-
ably did not contribute to new tumour development.
Creutzfeldt-Jakob disease after pituitary growth
hormone treatment continues to occur in the United
Kingdom. This cohort must remain under long term
review.

Introduction
Treatment of short stature with human pituitary

growth hormone was first described in 1958.' A similar
preparation was introduced in the United Kingdom
under a Medical Research Council working party in
1959, and from 1977 pituitary growth hormone was
available through the Health Services Human Growth
Hormone Committee.2 By 1985 over 850 patients in the

United Kingdom and Eire were receiving growth
hormone, and its use for causes of short stature
other than classical growth hormone deficiency was
under reassessment.3 The only adverse effect of
this treatment then known was the occurrence of
growth hormone antibodies, which rarely inhibited the
response.24

In 1985 pituitary growth hormone treatment became
associated with fatal Creutzfeldt-Jakob disease, includ-
ing one case in the United Kingdom,`8 and such
preparations were withdrawn almost world wide. Our
study was then instigated to review mortality and
monitor prospectively the long term health of patients
in the United Kingdom treated with growth hormone.
We report the mortality and cancer registration data
from 1959 to December 1990.

Patients and methods
Patients treated with growth hormone from 1959 to

1985 in the United Kingdom and Eire were identified
from Health Services Human Growth Hormone Com-
mittee records. These were collated with the NHS
central register and registrar's offices in Scotland
and Northern Ireland to ascertain deaths and cancer
registrations and "flag" survivors so that future deaths
and cancer registrations could be notified. In addition,
deaths from Creutzfeldt-Jakob disease and similar
neurological disorders from 1971 to 1984 were
reviewed; none of these patients had been treated with
growth hormone. About 40 patients from the United
Kingdom received commercial growth hormone pre-
parations and were excluded from the study, as
were patients who received only recombinant growth
hormone. 15

Cause of death was determined from death certifi-
cates, case notes, and discussion with doctors caring
for the patients. Information from necropsy was avail-
able in 44 cases. Comparison between groups was by X2
or unpaired Student's t test, with significance at the 5%
level.

Results
Overall, 1908 patients were registered as having

received pituitary growth hormone (fig 1). Treatment
started at ages from 1 month (congenital hypo-
pituitarism) to 55 years (idiopathic hypopituitarism).
Figure 2 shows their distribution by year of birth, and
table I shows diagnoses when treatment started.
Patients deficient in two or more anterior pituitary
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hormones were designated "panhypopituitary. "
Follow up data were insufficient to reclassify patients
according to evolution of disease-for example, from
isolated growth hormone deficiency to panhypo-
pituitarism. Such revision would have been limited

FIG 1-Cumulativeyearly totals
of the number ofpatients treated
with human pituitary growth
hormone (line) and the number of
deaths (bars)

-

a)

-o0)
0
z

Year

TABLE II-Causes of death after treatment with human pituitary
growth hormone

No of deaths

Cause of death M F Total

Craniopharyngioma 15* 12 27
Other intracranial tumour 17 8 25

Medulloblastoma 6 2 8
Glioma 2 1 3
Astrocytoma 4** 3 7
Germinoma 1 1
Ependymoma 1 1
Other 4 1 5

Other neoplasia:
Acute leukaemia 2 2
Adenocarcinoma of the colon 1 I

Histiocytosis X 2 2
Hypopituitarism 8 5 13
Accident or trauma 6 2 8
Infection 3 5 8
Neuromuscular disorders 3 3 6
Creutzfeldt-Jakob disease 4 2 6
Other 7 5 12

Total 68 42 110
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FIG 2-Number ofpatients
treated with human pituitary
growth hormone byyear of birth

FIG 3 -Number ofdeaths after
treatment with human pituitary
growth hormone by age at death
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*, ** Include one death each from astrocytoma arising after cranial
irradiation for craniopharyngioma (*) or acute lymphoblastic leukaemia
(**)-

mainly to a small proportion of patients considered
initially to have isolated growth hormone deficiency.
The category "other" applies mainly to those treated
when growth hormone treatment for short stature was
first evaluated.2 16 Treatment was for a one year assess-
ment period then, when appropriate, until stature was
satisfactory or growth complete. The weekly dose
ranged from 10 to 20 IU, given in two or three
injections.-
The status of 1810 patients is known, but it is

unconfirmed for 98 patients, including 28 in Ireland.
These untraced patients are representative of the
cohort. If they had remained in the United Kingdom
death or the occurrence of cancer would probably
have been reported. For statistical purposes they are
assumed to be alive.

There were 11O deaths (fig 1). Mean age at death was
17-0 years (SD 7 9) (fig 3) compared with their mean
age when starting treatment of 11-3 years (SD 6-2;
range 0 5-53).

NEOPLASIA

Death resulted from the cause of growth hormone
deficiency in 55 cases, most from recurrence or
complications of intracranial tumours (table II). Four
deaths were from intracranial tumours not apparent
when treatment started, two developing within
an irradiation field. Table III shows the tumours
identified after starting growth hormone treatment.

TABLE I-Indications for treatment with pituitary growth hormone of 1908 patients and number ofdeaths in each diagnostic category

No treated No of deaths No untraced

Diagnosis M F Total M F Total M F Total

Idiopathic isolated growth hormone deficiency 734 270 1004 12 3 15 40 15 55
Idiopathic panhypopituitarism 125 63 188 7 1 8 3 3 6
Craniopharyngioma 126 104 230 20 15 35 9 7 16
Other intracranial tumour 109 85 194 19 13 32 9 1 10

Medulloblastoma 30 21 51 6 4 10 3 3
Glioma 11 16 27 3 2 5
Astrocytoma 11 5 16 2 2 4 1 1
Germinoma 9 11 20 2 2 1 1
Ependymona 8 5 13 2 2 1 1
Chromophobe adenoma 9 2 11 1 1 2 1 1
Other 17 13 30 3 2 5 2 2
Unspecified 14 12 26 2 2 1 1

Histiocytosis 14 8 22 2 1 3
Septo-optic dysplasia 11 16 27 3 1 4
Other central nervous system lesion -for example,

hydrocephalus, postmeningitis 36 26 62 1 5 6 3 2 5
Acute leukaemia or lymphoma 17 6 23 3 3
Genetic short stature and growth delay, or both 47 15 62 1 1 2
Turner's syndrome 44 44 1 1 1 1
Low birth weight or Silver's syndrome 12 9 21 3 3
Other-for example, Prader-Willi syndrome 15 16 31 1 2 3

Total 1246 662 1908 68 42 110 68 30 98
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Osteosarcoma of the fibula (case 13) developed distant
from the irradiation field (anterior and lateral beams to
the pituitary area). One patient developed Hodgkin's
lymphoma five years after hormone treatment, and
one developed the myelodysplastic syndrome after
eight years' treatment for isolated growth hormone
deficiency; Fanconi's anaemia was then diagnosed.'7

Follow up from diagnosis and initial management
of patients with craniopharyngioma, including those
identified after starting hormone treatment, ranged
from 6 to 37 years (mean 17 3, SD 6-7, n=227;
missing= 5). When the eight patients dying from other
causes and the five (one death) with missing data were
excluded 76 patients received radiotherapy during
initial tumour management; eight of these died of
tumour recurrence or complications. This number was
not significantly different from the 18 deaths among
143 patients who did not receive early irradiation.
Furthermore, there were proportionately no more
deaths from craniopharyngioma (27 of 232) than other
known intracranial primary tumours (24 of 202); the
mean follow up from diagnosis and initial treatment
of these tumours w%s 13 4 years (SD 4 9, n=200;
missing=2). Deaths from craniopharyngioma
occurred at a mean of 10-1 years (SD 5 9; range 1-14)
after tumour diagnosis, which did not differ from the
7-3 years (51; 0 5-20; 23;1) for other intracranial
tumours. Only 25% of patients with intracranial
tumours began growth hormone within two years of
diagnosis, whether this was a craniopharyngioma
(mean interval 4-1 years, SD 3-8, n=226; missing=6)
or other tumour (4-0, 3-2, 200;2). These patients
survived early complications and were likely to have a
better prognosis.

Both patients who died of leukaemia had had
a previous relapse. One relapsed within a year of
starting growth hormone (previous central nervous
system relapse twice and testicular once). The other
began treatment four years after testicular relapse but
relapsed again seven months later only to die in
remission after bone marrow transplantation. Meta-
static colonic carcinoma occurred in a boy with
hypopituitarism who had had previous surgery for
imperforate anus; his sister died of acute childhood
leukaemia.

HYPOPITUITARISM

Thirteen deaths were attributed to hypopituitarism
(table IV), including six of 11 deaths in children under
six years (the others were from medulloblastoma,
bronchiolitis, pulmonary fibrosis after nitrogen
mustard chemotherapy for medulloblastoma, subdural
haemorrhage, and prolonged convulsion in a child with
septo-optic dysplasia). The three youngest patients
with panhypopituitarism were identified by hypo-

glycaemia in the neonatal period. Only the 15 year old
was not established on glucocorticoid replacement
treatment before starting growth hormone treatment
aged 5 years. Gonadotrophin deficiency was suggested
by hypospadias, and thyrotrophin and adrenocortico-
trophin deficiency (with hypoglycaemic convulsions)
developed within two years.

CREUTZFELDT-JAKOB DISEASE

The first of the deaths from Creutzfeldt-Jakob
disease (table V) antedated this study and was exten-
sively reported.56 The other cases were ascertained
before death, and all but the sixth have been confirmed
by neuropathological findings of spongiform en-
cephalopathy. All presented with clinical features
typical of spongiform encephalopathy after pituitary
hormone treatment18: rapidly progressive cerebellar
dysfunction, ataxia as an early feature (with or without
myoclonus), followed by dementia and death within 12
months of onset.
Three patients (cases 2, 5, and 6) had neither had

neurosurgery nor received donor blood products or
tissues. No single batch of growth hormone was
common to the six patients, but all received growth
hormone prepared before column chromatography
was introduced into the purification procedure. One
patient (case 3) received only four batches of hormone
and another (case 4) never received hormone prepared
by the Raben method.2 Three (cases 2, 4, and 6)
completed their treatment with recombinant growth
hormone.

Other deaths from neuromuscular disorders
occurred in two patients with primary neuromuscular
disease and four with epilepsy who died during
seizures without evidence of hypoglycaemia.

OTHER CAUSES OF DEATH

Among six patients who died from respiratory
infection two had cardiorespiratory complications post
partum (isolated growth hormone deficiency) or post-
operatively (jejunal bypass for obesity associated with
hypothalamic dysfunction). A girl with hydrocephalus
died of recurrent bacterial meningitis. Other deaths
included respiratory failure in Prader-Willi syndrome,
aortic dissection in Turner's syndrome, asthma in a
hypopituitary boy, and a 14 year old boy found hanged
("open" verdict at inquest). One death, 17 years after
treatment for subfrontal neuroblastoma, remained
unexplained.

Discussion
This is the largest reported study of mortality in

growth hormone deficient patients receiving growth
hormone treatment, although subgroups of this cohort

TABLE III- Tumours diagnosed after treatment with human pituitary growth hormone

Time after
Age when start of
tumour growth

diagnosed hormone
Case Sex Tumour (years) Indication for growth hormone treatment (years) Outcome

1 F Pituitary* 19 Panhypopituitarism 2 Alive
2 F Hypothalamic* 14 Growth hormone deficiency, diabetes insipidus 2 Alive
3 F Third ventricle* 12 Growth hormone deficiency, diabetes insipidus 2 Alive
4 F Germinoma of pituitary 27 Growth hormone deficiency, diabetes insipidus 11 Alive
5 F Germinoma of fossa hypophysialis 13 Isolated growth hormone deficiency 1 Alive
6 F Germinoma 21 Isolated growth hormone deficiency, delayed puberty 6 Alive
7 F Pinealoma 19 Short stature, delayed puberty 2 Alive
8 F Astrocytoma 18 Isolated growth hormone deficiency, temporal lobe epilepsy, tuberous sclerosis 3 Dead
9 M Anaplastic astrocytoma 19 Isolated growth hormone deficiency 3 Dead
10 M Craniopharyngioma 11 Isolated growth hormone deficiency 2 Alive
11 M Anaplastic astrocytoma (1988) (medially right temporal lobe) 21 Craniopharyngioma (1982), 54 Gy cranial irradiation 6 Dead
12 M Craniopharyngiomat 18 Panhypopituitarism 1 Alive

Basal cell carcinoma (nose) 25 8
13 F Osteosarcoma of fibula (1979) 14 Chromophobe adenoma (1974), 45 Gy cranial irradiation 2 Deadt
14 M Hodgkin's lymphoma (lymphocyte depleted) 25 Isolated growth hormone deficiency 10 Alive
15 M Adenocarcinoma of transverse colon 22 Isolated growth hormone deficiency 14 Dead
16 M Astrocytoma (1988) (left frontal region) 17 Acute lymphoblastic leukaemia, 35 Gy craniospinal irradiation 3 Dead

*History unavailable. tNo cranial irradiation. tAsphyxia in house fire.
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TABLE IV-Deaths from hypopituitarism in patients who received huiman pituitary growth hormone

Age Year of
Cause of death Diagnosis (years) death

Hypoglycaemia Panhypopituitarism 3 1985
Hypoglycaemia, cerebral infarction, infection Septo-optic dysplasia 3 1987
Electrolyte disturbance Panhypopituitarism 4 1972
Electrolyte disturbance, diabetes insipidus Septo-optic dysplasia 5 1979
Gastroenteritis, diabetes insipidus Craniopharvngioma 5 1974
Hypoglyvcaemia Panhypopituitarism 5 1986
Epiglottiditis Craniopharyngioma 13 1985
Bronchopneumonia, diabetes insipidus Germinoma 14 1985
Adult respiratory distress syndrome, viral pneumonia, hypopituitarism Panhypopituitarism 15 1989
Acute laryngotracheobronchitis, pneumonia Glioma 17 1987
Respiratory infection, asthma, intracranial haemorrhage Craniopharyngioma 18 1973
Bronchopneumonia, diabetes insipidus Histiocytosis X 18 1976
Hypopituitarism Panhypopituitarism 57 1977

TABLE V-Clinical details of six patients dyingfrom Creutzfeldt-Jakob disease after treatment with human
pituitary growth hormone

Period and duration
(years) of pituitary growth Date and age (years)

Case Sex Diagnosis at start of treatment hormone treatment at death

1 M Craniopharyngioma (surgery 1964) 1972-77 (4-5) February 1985 (22)
2 M Isolated growth hormone deficiency 1974-85 (9-6) April 1988 (20)
3 M Craniopharyngioma (surgery 1968) 1970-74 (3 0) April 1990 (34)
4 M Craniopharyngioma (surgery 1972) 1976-85 (9 0) April 1990 (20)
5 F Isolated growth hormone deficiency 1974-85 (10-9) July 1990 (20)
6 M Isolated growth hormone deficiency 1975-85 (10-3) December 1990 (21)

have been reported. 19-21 Half the deaths resulted from
recognised brain tumours that were related to the
growth hormone deficiency. Because of the patients'
ages it was predictable that accidents and infection
would be other main causes of death.22 This mortality
pattern was found in growth hormone treated patients
in France, although the mortality rate was one third of
that in our study.2'
The mortality findings for patients with cranio-

pharyngioma were no better than for those with malig-
nant intracranial tumours, representing late tumour
recurrence for both groups. Deaths among patients
with craniopharyngioma were apparently not reduced
by early radiotherapy yet cranial irradiation may have
contributed to two fatal second intracranial tumours.
Children with tumours of the central nervous system
seemed to have an increased risk of developing a
second tumour in the central nervous system,24 and
development of second tumours within radiotherapy
fields after latencies such as the 6-10 years found by us
has been reported.29
Our study could not assess not-fatal tumour recur-

rences, and a control group not treated with growth
hormone was not available. We cannot therefore
conclude whether growth hormone contributed to
tumour recurrence and death. Studies of subgroups
of these patients showed no excess recurrence of
commoner intracranial tumours compared with
patients who had not received growth hormone'920;
small studies suggest no increased risk of tumour
recurrence.26 27

First intracranial tumours were identified in 10
patients with "idiopathic" growth hormone deficiency.
These were probably causally related to the hormone
deficiency but undetectable at the time. Improved
imaging now permits earlier localisation of tumours
although clinical features, such as epilepsy, delayed
puberty, and diabetes insipidus, present in some of
these cases, should alert doctors to the need for regular
reassessment and long term follow Up.- 29

Deaths from hypopituitarism should be prevent-
able. The risk of hypoglycaemia in young children,
aggravated by acute infection, and the added compli-
cation of diabetes insipidus cannot be overemphasised.
Education should minimise the risks of hypopituitary
crises. The importance of periodic evaluation of pitui-
tary function in growth hormone deficient patients

is shown by the death of one boy whose panhypo-
pituitarism evolved over several years. Morbidity
associated with non-fatal metabolic disturbances due
to hypopituitarism needs to be reviewed.
There have been recent reports of leukaemia

developing after growth hormone treatment9'4 but we
identified no new cases of leukaemia; both instances of
relapse were at high risk of further relapse. Of four
extracranial malignancies two were second primary
tumours (osteosarcoma and basal cell carcinoma).
The first (reported previously as osteosarcoma of the
femur25) had only cranial irradiation and neither
had chemotherapy. Without a control group it is
impossible to assess the relevance of growth hormone
deficiency or treatment to increased risk of tumour
formation. Short stature is associated with conditions
with increased risk of malignancy and such patients
have received growth hormone. These conditions
include Fanconi's anaemia (two patients died from
narrow aplasia and infection), neurofibromatosis,
Bloom syndrome, Kearns-Sayre syndrome, and
bilateral retinoblastoma. These patients should be
monitored with particular care for tumour develop-
ment.
World wide there have now been 16 cases of

Creutzfeldt-Jakob disease after pituitary growth
hormone treatment, the incidence among pituitary
growth hormone recipients in the United States being
similar to that in the United Kingdom (P Brown and
J-C Job, personal communications). Additionally, two
cases of the disease have occurred after treatment in
Australia with extracted pituitary gonadotrophins (A
Harding, personal communication30). Although the
feared "epidemic" of this disease8 has not yet occurred,
the rising number of cases suggests that people
should remain alert to public health implications;
transmission of Creutzfeldt-Jakob disease may occur
through donor tissue, infected blood, and urine.7 Four
patients with the disease in the United Kingdom
received hormone concurrently in 1974, all six having
treatment between 1974 and 1976, when about 400
patients were undergoing treatment in the United
Kingdom. As no single hormone batch was common to
these six patients, multiple contaminations with the
infective agent must have occurred. One case of the
disease in the United States was subclinical, diagnosed
on review of necropsy tissue."' Only 40% of patients
who died in our study underwent necropsy, and
evidence of the disease may have been missed. All
patients treated with pituitary growth hormone have a
small but presently undefined risk of developing
Creutzfeldt-Jakob disease, and general practitioners
and neurologists need to be aware of this possibility.
Pathologists should heed precautions advised in these
cases,32 and expert neuropathological studies of all
future deaths among these patients are necessary.
The oldest surviving patient treated with pituitary

growth hormone is only 47 years old. Lifelong surveil-
lance of these patients is essential to assess fully both
the benefits and possible adverse consequences of their
treatment.
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R 0 Weller for the neuropathological findings in cases of
Creutzfeldt-Jakob disease; the Health Services Human
Growth Hormone Committee; Miss Joanne Nash and Miss
Carole Lawrence for their help in collating the data. This
study was funded by the Department of Health.
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Dengue haemorrhagic fever: a
risk of returning home

M G Jacobs, M G Brook, W R C Weir,
B A Bannister

The number of imported cases of infection with
dengue virus each year is rising as a consequence of
increased travel and an increase in the worldwide
incidence of dengue.' Almost all travellers who become
infected with the virus experience a benign, if
uncomfortable, febrile illness. We report on two
adult residents of the United Kingdom who visited
their country of origin and developed a severe, life
threatening complication of this infection known as
dengue haemorrhagic fever.

Case reports
Case I-A 73 year old Malaysian woman had been

living in the United Kingdom for many years. She
spent two months visiting Malaysia and on her return
complained ofunremitting fever, anorexia, and nausea.
By the fourth day she had developed nose bleeds,
haemoptysis, haematuria, and a generalised petechial
rash. Tests showed severe thrombocytopenia (platelet
count 3 x 1I /1) with a low white cell count (total
white cells 1 6x 0l/l; neutrophils 0 48x 10/Il) and
haemoglobin concentration (86 g/l). Virus related
haemophagocytic syndrome was diagnosed on bone
marrow aspiration. Management consisted of treat-
ment with broad spectrum antibiotics appropriate for
neutropenia and platelet transfusions. She made an
uneventful recovery. Infection with dengue virus was
diagnosed by an eightfold rise in antibody titres.

Case 2-A 41 year old Pakistani man returned to the
United Kingdom, where he had been living for many
years, after a two week visit to Pakistan. He developed
a confluent petechial rash after six days of fever,
nausea, diarrhoea, and headache. Tests showed
thrombocytopenia (platelet count 18 x 109/1) and a

severe coagulopathy (partial thromboplastin time 66 s;
thrombin time >120 s). He was treated with blood
products and made an uneventful recovery. Infection
with dengue virus was diagnosed by an eightfold rise in
antibody titres.

Comment
Dengue viruses, comprising four distinct serotypes

of flavivirus, are transmitted from infected to sus-
ceptible humans by Aedes mosquitoes. This vector
is ubiquitous in the tropics, where dengue is a major
public health problem. The first infection with
dengue virus, usually in early childhood, may pass
unrecognised or cause a self limiting febrile illness.
This is followed by lifelong homotypic immunity, but
after a few months of cross protection the subject
is susceptible to infection with other serotypes.1
Considerable evidence suggests that haemorrhagic
complications are associated with subsequent infection
with a second serotype. This explains an early
observation that foreign visitors who have not
been exposed to dengue virus previously develop
uncomplicated dengue during outbreaks of dengue
haemorrhagic fever among indigenous people.4 It
is believed that "immune enhancement" of viral
replication underlies the development of severe,
haemorrhagic disease: non-neutralising, cross reacting
antibodies opsonise virus of a second serotype and
enhance uptake into mononuclear phagocytes, in
which the virus replicates.'

Large epidemics of dengue haemorrhagic fever
among children are frequently reported in the tropics,
particularly in South East Asia and the Caribbean, with
an associated mortality of 2-10%. This syndrome is
rare in adults and has not, we believe, been reported
before in travellers returning to the United Kingdom.
We presume that our patients acquired dengue
haemorrhagic fever as a result of infection with a
second serotype of dengue virus after a delay of many
years since their first exposure to the virus. This
potential problem should be remembered whenever
people return to the tropics, and they should be
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