Malignant Disease and Cardiovascular Morbidity in Hypopituitary Adults
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Abbreviation:

IGFBP-3 - IGF-binding protein-3

A retrospective comparison was performed between 1411 hypopituitary adults
without GH replacement [mean age, 56.9 ( sp 18.6) yr| and the normal population in
terms of fatal and nonfatal morbidity. A similar prospective comparison was then
made in 289 hypopituitary patients on long-term GH replacement [mean age, 47.6 (
sp 14.8) yr; mean duration of GH treatment, 60 months].

In the 1411 hypopituitary patients without GH replacement, overall mortality ( P <
0.001), and the rates of myocardial infarctions ( P < 0.01), cerebrovascular events (
P <0.001), and malignancies ( P <0.001) were increased compared with the normal
population. Colorectal cancer was the most common malignancy in this cohort ( P <
0.001 vs. the background population). In the 289 hypopituitary patients on GH
replacement, overall mortality and the rate of malignancies were similar to the



normal population. In the hypopituitary adults on GH therapy, the rate of
myocardial infarctions was lower than that in the background population ( P <
0.05), and there was a tendency toward an increased rate of cerebrovascular events.

In conclusion, overall mortality and the rate of myocardial infarctions were
increased in hypopituitary patients without GH replacement. An increased rate of
malignancies was observed in the hypopituitary adults without GH therapy, with a
predominance of colorectal cancer. GH replacement appeared to provide protection
from myocardial infarctions. The rate of cerebrovascular events tended to be
increased also in hypopituitary adults on GH therapy. ( J Clin Endocrinol Metab 89:
3306-3312, 2004)

THREE RETROSPECTIVE STUDIES @ 2 & have revealed an increase in mortality in
hypopituitary adults on routine hormone replacement therapy. Two of these studies ' &
found that the premature mortality was due to an increase in cardiovascular mortality,
whereas there was a small nonsignificant increase in cardiovascular deaths in the third
study # . In a fourth retrospective study ¥ , a small but nonsignificant increase in overall
mortality was found, although cardiovascular mortality was decreased. In a recent large
prospective study ', an increase in overall mortality was observed to a similar degree as
that described in the previous retrospective studies " 2 & . The extent to which the
increase in mortality in hypopituitary adults is due to untreated GH deficiency,
insufficient replacement of other anterior pituitary hormones, or the treatment of the
underlying disease that often involves surgery and radiation therapy is unknown.

Several important cardiovascular risk factors have been observed in adults with untreated
GH deficiency such as abdominal obesity and dyslipoproteinemia, which benefit from
GH replacement therapy © @ . Moreover, premature atherosclerosis has been found with
increased carotid intima media thickness, also suggested to be reduced by GH
replacement @ @ 19 The extent to which GH replacement therapy in adults can reduce
vascular morbidity and mortality is not known. A report from a large postmarketing
surveillance program found that adults on GH replacement therapy had similar overall
mortality as the background population ' . The safety of GH treatment is, however, still
under debate as patients included in such studies may be highly selected. In intensive care
unit patients, administration of high doses of GH increased overall mortality 2 .

Previous studies have presented conflicting results regarding the incidence of
malignancies in patients with pituitary disease. A decreased rate of malignancies in
hypopituitary men without GH replacement has been observed in some studies ' &',
whereas an increased rate of malignancies was observed in hypopituitary women who did
not receive GH therapy © . In retrospective studies by Popovic et al. ' and Nilsson et al.
te | the rate of, and the mortality from, neoplasia were increased in patients with pituitary
tumors. Studies suggest that high GH/IGF-I levels may be associated with increased
incidence of colorectal cancer in acromegalic patients 2 1 17 " as well as in young adults
who previously had received long-term GH treatment in childhood © .



In the present study, a retrospective comparison was made between 1411 hypopituitary
adults identified from the National Board of Health and Welfare in Sweden and the
normal population in terms of fatal and nonfatal morbidity from cardiovascular disease
and malignancies. The rates of vascular disease and malignancy were then determined
prospectively in 289 hypopituitary patients being treated with GH at a single center (1443
patient years; mean duration of treatment, 5 yr). Patients with a history of previous
acromegaly or Cushing's disease were excluded from both studies.

Patients and Methods

Retrospective study

A total of 1411 adult patients (747 men and 664 women) was included in a retrospective
study. The mean age at inclusion was 56.9 ( sp 18.6) years, the minimum age for
inclusion was 18 yr. The patients were selected on the basis of inpatient care in the years
1987-1992 with a primary or secondary medical diagnosis of hypopituitary disease
recorded by the National Board of Health and Welfare in Sweden (a governmental
institution in Sweden that supervises the health care system) 1 2 . Patients with a
diagnosis of previous acromegaly or Cushing's disease were excluded from the analysis.
Only medical diagnoses for inpatient stays are available using the data supplied by the
National Board of Health and Welfare in Sweden. Baseline descriptive data such as
number of anterior pituitary hormonal deficiencies, estrogen treatment in women,
previous surgery or radiotherapy, duration of hypopituitarism, multiple endocrine
neoplasia, and other similar baseline data are not given. Therefore, in the retrospective
study, the included 1411 patients are presented as hypopituitary patients without giving
any further baseline characteristics.

After inclusion of the 1411 hypopituitary patients, the number of these patients who had
received inpatient care up to the end of year 1994 (if not dead before) with a primary or
secondary diagnosis of a stroke, myocardial infarction, or malignancy (recorded by the
National Board of Health and Welfare in Sweden) was determined. A total of 5593
patient years were studied. Fatal as well as nonfatal events were included. Subsequently,
the number of these hypopituitary patients who had received inpatient care with a
primary or secondary diagnosis of stroke, myocardial infarction, or malignancy was
compared with that in the normal population during the same time period. A maximum of
one inpatient stay for stroke, myocardial infarction, and malignancy, respectively, for
each patient was permitted in the calculation to exclude the possibility of there having
been several hospitalizations for the same event.

Before the end of 1994, the use of GH replacement therapy in GH-deficient adults was
limited to research in Sweden. It can therefore be assumed that a large majority of the
hypopituitary patients included in this retrospective analysis did not have GH
replacement therapy. The number of patients with childhood or adult-onset hypopituitary
disease and the number of patients who had received GH replacement therapy during



childhood could not be determined from the National Board of Health and Welfare. As
stated above, the mean age of the 1411 hypopituitary patients at inclusion in 1987—1992
was 56.9 ('sp 18.6) yr. GH replacement therapy in children was introduced in the early
1960s in Sweden. Most of the included patients were therefore older than 18 yr of age
when GH replacement therapy in children became available in Sweden. A small portion
may, however, have received GH therapy during childhood.

In addition to medical diagnoses for inpatient stays, data were also available from the
National Board of Health and Welfare in Sweden relating to fatal myocardial infarctions
occurring outside a hospital. Fatal coronary events occurring outside a hospital are
obviously the most serious ones with very rapid time courses; death most frequently
occurs during transport to hospital 2/ . Data regarding myocardial infarctions are therefore
presented as myocardial infarctions (including fatal events occurring outside a hospital)
or myocardial infarctions (excluding fatal events occurring outside a hospital). Data
relating to fatal cerebrovascular events occurring outside a hospital were not available,
but fatal cerebrovascular events generally have a slower time course than fatal
myocardial infarctions 2V .

Mortality data for the 1411 hypopituitary patients as well as the background population
were available from the Swedish Cause of Death Registry (for instance, see Ref. 22). The
reporting rate is 99.6% = . The Swedish Cause of Death Registry contains information of
all deaths in Sweden and underlying as well as contributing causes of death 2 . Overall
mortality in malignant diseases as well as mortality in colorectal cancer could also be
calculated in the 1411 hypopituitary patients without GH replacement therapy and in the
background population using the Swedish Cause of Death Registry.

The morbidity in malignant diseases (fatal as well as nonfatal) was, in the 1411
hypopituitary patients without GH replacement therapy, as stated above, determined
based on inpatient stays with a primary or secondary diagnosis of a malignancy recorded
by the National Board of Health and Welfare in Sweden. A maximum of one inpatient
stay for malignancy for each patient was permitted in the calculation to exclude the
possibility of there having been several hospitalizations for the same event. For the
background population, the number of expected malignancies was calculated based on
data from the Swedish Cancer Registry (for instance, see Ref. ='). According to the law
in Sweden, all physicians must report all malignancies to the Swedish Cancer Registry.
Ninety-eight percent of all diagnosed tumors are reported to the Swedish Cancer Registry
=1, Also, malignancies that are treated without any inpatient stays, for instance some skin
cancers, are also included in the Swedish Cancer Registry. Therefore, in the hypopituitary
patients, the number of malignancies was based on inpatient stays with a primary or
secondary diagnosis of a malignancy, whereas in the normal population, the expected
number of malignancies was calculated based on both outpatient and inpatient medical
care reported to the Swedish Cancer Registry.

Prospective study



The prospective study is an ongoing, prospective, open-label treatment trial of the
replacement of recombinant human GH in adult patients with GH deficiency. The
database was started on October 8, 1990 and was closed for analysis on August 15, 2000.
Two hundred eighty-nine adults with pituitary deficiency (186 men and 103 women) and
with a mean age of 47.6 ('sp 14.8; range, 17-75) yr were included. At analysis, the mean
duration of GH replacement therapy was 59.9 ( sem 1.9; range, 2—118.5) months; a total
of 1443 patient years. Patients with previous acromegaly or Cushing's disease were
excluded from the analysis. Sixty-four of the patients had previously received GH
treatment during childhood. The diagnosis of GH deficiency was based on known
pituitary disease combined with a GH stimulation test in 268 of the patients. In 21
patients with multiple anterior pituitary hormonal deficiencies, the diagnosis was based
on measurements of the GH secretory pattern or serum IGF-I concentration. The pituitary
deficiency was mainly caused by pituitary tumors or their treatment ( Table 1 ). One
hundred one patients (35%) had been treated with transfrontal surgery, and 97 (34%) had
previously had transsphenoidal surgery. Ninety-two (32%) of the patients had previously
received radiotherapy. Most patients had multiple anterior pituitary deficiencies ( Table 1
). When required, patients received replacement therapy with glucocorticoids, thyroid
hormone, gonadal steroids, and desmopressin throughout the study period. At entry in the
study, 70% (62 of 89) of the hypogonadal women received

TABLE 1 -- Causes of pituitary deficiency and the type of pituitary deficiency in 289
GH-deficient adults

Men Women Total

Nonsecreting pituitary adenoma 89 44 133
Secreting pituitary adenoma 20 6 26
Craniopharyngioma 18 13 31
Empty sella 5 7 12
Meningioma 3 4 7
Sheehan's syndrome 0 4 4
Pituitary apoplexy 3 1 4
Sarcoidosis 4 2 6
Trauma 5 1 6
Previous brain tumor (other than pituitary 11 3 14
adenoma/craniopharyngioma/meningioma)

Idiopathic 14 10 24
Other pathology 14 8 22

No. of deficiencies

Isolated GH deficiency 20 9 29



TABLE 1 -- Causes of pituitary deficiency and the type of pituitary deficiency in 289
GH-deficient adults

Men Women Total

1 Additional deficiency 20 13 33
2 Additional deficiencies 29 17 46
3 Additional deficiencies 117 64 181
Diabetes insipidus 19 13 32

estrogen replacement therapy. All the hypogonadal men received testosterone
replacement therapy.

In five subjects (2%), GH treatment was discontinued due to adverse events other than
those listed in Results [reoccurrence of pituitary tumor (n = 1), angina pectoris without
myocardial infarction (n = 1), intermittent claudication (n = 1), epileptic seizures (n = 1),
and excessive weight loss without any malignant disease being found (n = 1)]. Treatment
was discontinued in 10 patients (3%) due to lack of compliance. Six patients (2%) were
lost to follow-up because they moved to other parts of Sweden or abroad.

The initial target dose of GH in the first 80 patients was 11.9 pg/kged (0.25 TU/kgewk).
The dose was gradually lowered and individualized when the weight-based dose regimen
was abandoned 2 . In the remaining 209 patients, the GH dose was individualized from
the start 2 . The dose of GH was individualized with the aim of normalizing IGF-I sp
score and body composition 2¢ . Dose titration, safety monitoring, and determinations of
serum IGF-I concentrations were performed on visits every 3 months during the first year
and every 6 months thereafter. Mortality, arthrosclerotic vascular disease, and
malignancy were evaluated. Overall mortality, cardiovascular and cerebrovascular
morbidity, and the rate of malignancies were compared with those in the normal
population (based on data relating to the normal population in Sweden obtained from the
National Board of Health and Welfare in Sweden in a similar way as in the retrospective
study).

FEthical considerations

Informed consent was obtained from all the patients in the prospective part of the study.
The present study was approved by the Ethics Committee at the University of Goteborg
and the Swedish Medical Products Agency (Uppsala, Sweden).

Biochemical assays

Serum IGF-I concentration was determined by a hydrochloric acid-ethanol extraction
RIA using authentic IGF-I for labeling (Nichols Institute Diagnostics, San Juan
Capistrano, CA). Interassay and intraassay coefficients of variation were less than 7%.
The individual serum IGF-I values were compared with age- and sex-adjusted values



obtained from a reference population 2 . The individual IGF-I sp scores could then be
calculated 2.

Statistical methods

For serum IGF-I concentration and IGF-I sp score, all the descriptive statistical results are
presented as the mean ( sem). The statistical analyses

TABLE 2 -- Overall mortality and incidence of, and mortality in, malignancies in 1411
hypopituitary adults (747 men and 664 women) without GH therapy

Risk 5%
Observed Expected ratio C?nﬁdence value
interval
Deaths
Men 222 66.1 3.36 | 2.93,3.83 <0.001
Women 177 39.0 | 4.54 3.89,5.26 <0.001
All 399 105.1 |3.80 3.43,4.19 <0.001
All malignancies (fatal as well as
nonfatal)
Men 66 44.0 1.50 | 1.16,1.91 | <0.01
Women 67 28.6 2.34 | 1.82,2.98 <0.001
All 133 72.6 1.83 | 1.53,2.17 <0.001
All malignancies (deaths)
Men 60 16.7 |3.59 | 2.74,4.63 <0.001
Women 44 9.8 449 | 3.26,6.03 <0.001
All 104 265 392 3.21,4.76 <0.001
Cancer of colon and rectum (fatal as
well as nonfatal)
Men 18 398 4.52 2.68,7.15 <0.001
Women 13 246 | 5.28 2.81,9.04 <0.001
All 31 6.44 481 3.27,6.83 <0.001
Cancer of colon and rectum (deaths)
Men 10 1.8 5.56 1 2.66,10.22 <0.001
Women 6 1.2 5.00  1.83,10.88 # 0.003
All 16 3.0 533 3.05,8.66 <0.001

P values are vs. the normal population in Sweden.



for IGF-I values are based on a one-way ANOV A with time as the independent variable,
followed by Student-Newman-Keuls post hoc test.

The expected number of deaths provided that the death hazard function coincided with
that of the general population was calculated taking the current age, gender, and current
calendar time into account. In a similar way, the expected number was calculated for
other events. Confidence intervals were calculated using Poisson distributions.

Results
Retrospective analysis of hypopituitary adults without GH therapy

In the 1411 hypopituitary patients identified from the National Board of Health and
Welfare in Sweden, overall mortality and the incidence of and mortality in malignant
diseases were increased in both sexes as compared with the normal population ( Table 2
). The mean age of the patients in whom a malignancy was diagnosed was 64.7 ('sp 14.8;
range, 20-92) yr. The most common malignancy was cancer of the colon and rectum (
Table 2 ). The mean age of the patients with colorectal cancer was 70.0 ( sp 14.1; range,
32-92) yr. Both the incidence of and mortality in colorectal cancer were increased in the
hypopituitary adults without GH therapy as compared with the background population (
Table 2 ). The malignancies (apart from cancer of the colon and rectum) in the 1411
hypopituitary patients were as follows: malignant head/neck tumor (n = 18), malignant
brain tumor (n = 16), malignant tumor in other endocrine organs (n = 15), lymphoma (n =
12), malignant breast tumor (n = 7), malignant primary liver tumor (n = 7), malignant
gynecologic tumor (n = 5), myeloid leukemia (n = 5), malignant prostate tumor (n = 4),
malignant tumor in the urinary bladder (n = 4), malignant tumor in the kidney (n = 4),
malignant tumor in the thymus (n = 2), malignant esophageal tumor (n = 1), malignant
bile bladder tumor (n = 1), and malignant meningeal tumor (n = 1).

An increase in the rate of all myocardial infarctions was found in the 1411 hypopituitary
adults. This was mainly explained by an increase in the relative risk among the
hypopituitary women ( Table 3 ). However, if fatal myocardial infarctions occurring
outside a hospital were excluded, the rate of myocardial infarctions was similar in both
hypopituitary men and women to that observed in the normal population ( Table 3 ). The
rate of cerebrovascular events was increased in both sexes as compared with the normal
population ( Table 3 ).

Prospective study of GH-treated hypopituitary adults

Serum IGF-I concentrations and IGF-I sp scores in the 289 GH-deficient adults are given
in Table 4 . In patients in whom a malignant disease was diagnosed during the study
period (n = 7), mean IGF-I sp score before the diagnosis of the malignant disease was
statistically similar to that in the total study population: —0.56 (0.46) at baseline, 2.60



(0.98) at 1 yr, 1.66 (0.63) at 3 yr, and 1.41 (0.58) at 5 yr. At the actual time point of the
diagnosis of the malignant disease, IGF-I sp was 1.61 (0.44) in these patients. Serum
IGF-binding protein-3 (IGFBP-3) concentration was not measured in the present study.

Eight deaths occurred during GH replacement in the 289 GH-deficient adults (1 death in
180 patient years; P = non-significant vs. the normal population; Table 5 ). The causes of
death were radiation-induced encephalitis (n = 1; after 1.3 yr of GH replacement),
malignant brainstem tumor (n = 1; 2.9 yr), cerebral hemorrhage (n = 1; 3.1 yr), renal
carcinoma (n = 1; 3.3 yr), pulmonary edema due to suspected myocardial infarction (n =
1; 8.3 yr), cerebral infarction (n = 1; 8.6 yr), and unknown cause of death (n=2; 1.0 and
3.9 yr, respectively).

A malignant disease was observed in seven patients [prostate cancer (n = 1; diagnosed
after 0.2 yr of GH replacement), colonic cancer (n = 2; 0.8 and 5.4 yr, respectively),
malignant brainstem tumor (n = 1; 2.9 yr), renal carcinoma (n = 1; 3.3 yr), pulmonary
adenocarcinoma (n = 1; 3.7 yr), and malignant tumor in the urinary bladder (n = 1; 6.1
yr)]. This rate (incidence) of malignancies was similar to that in the normal population (
Table 5 ).

Two myocardial infarctions occurred after 5.7 and 8.3 yr of GH replacement therapy,
respectively. This rate of myocardial infarctions (including out-of-hospital deaths from
myocardial infarctions) was lower than that in the normal population ( Table 5 ).
However, if fatal myocardial infarctions occurring outside a hospital were excluded, the
rate of

TABLE 3 -- The number of cardiovascular events in 1411 hypopituitary adults (747 men
and 664 women) without GH therapy

Risk 5%
Observed Expected . Confidence
ratio . value
interval
Myocardial infarctions (including fatal
events outside hospital)
Men 46 383 1.20 | 0.88,1.60 @ 0.25
Women 31 16.6 1.87 | 1.27,2.65 | <0.01
All 77 54.9 1.40 | 1.10,1.75 | <0.01
Myocardial infarctions (excluding
fatal events outside hospital)
Men 21 244 1 0.86  0.53,1.32 >0.30
Women 12 10.1 1.19 1 0.61,2.08  >0.30
All 33 345 096  0.66,1.34 >0.30

Cerebrovascular events (no. of events)



TABLE 3 -- The number of cardiovascular events in 1411 hypopituitary adults (747 men
and 664 women) without GH therapy

Risk 5%
Observed Expected . Confidence
ratio . value
interval
Men 47 20.7 227 1.71,3.02 <0.001
Women 46 13.3 3.46 | 2.53,4.61 <0.001
All 93 340 274 2.21,3.35 <0.001

P values are vs. the normal population in Sweden.

myocardial infarctions in the 289 patients was similar to that in the normal population.

The rate of cerebrovascular events was statistically similar to that in the normal
population ( Table 5 ). The cerebrovascular events consisted of six cerebral infarctions
(diagnosed after 0.6, 0.7, 2.3, 2.4, 7.6, and 8.6 yr, respectively) and one hemorrhage after
3.1 yr of GH replacement therapy. Four of the six patients with cerebral infarctions had
previously received radiotherapy.

Discussion

This is the first large study that has determined not only mortality but also morbidity in
hypopituitary adults with and without GH replacement therapy. Our data demonstrate an
increase in overall mortality and in morbidity from myocardial infarctions and
malignancies in a large cohort of hypopituitary adults without GH replacement therapy.
In the younger and smaller cohort of hypopituitary adults who received GH replacement,
overall mortality and the rate of malignancies were similar and the rate of myocardial
infarctions was lower than that observed in the background population. The rate of
cerebrovascular events was increased in hypopituitary adults without GH therapy and
also tended to be increased in the hypopituitary adults undergoing GH replacement
therapy.

The study cohort in the retrospective study is not comparable with the study cohort in the
prospective study. The study cohort in the retrospective study was older [mean age, 56.9 (
sp 18.6) yr] and larger (n = 1411) than that in the prospective study [mean age, 47.6 ( sp
14.8) yr; n = 289]. Although comparisons with the background population were corrected
for age, sex, and calendar time, differences in the outcome of the patients in the
retrospective and the prospective study could be an effect of factors other than GH
replacement therapy.

The retrospective study of 1411 hypopituitary adults without GH replacement revealed an
increase in cardiovascular and cerebrovascular morbidity. These data on both fatal and



nonfatal morbidity are in line with and confirm previous observations of an increase in
the relative risk of total and vascular mortality in hypopituitary patients @ 2 = The 3.8-
times increase in the relative risk for total mortality in the 1411 hypopituitary patients in
this study is larger than that observed in previous publications W 2 & @

TABLE 4 -- Serum IGF-I concentration and IGF-I 8P score in 289 GH-deficient adults
(186 men and 103 women) on GH replacement therapy

Study
Baseline end
(n = lyr(nm 3yr(n Syr(n 7yr(n 9yr(n (August
289) =259) =205) =166) =68) =26) 15,
2000; n
=260)
Serum IGF-I (men; 125(6) @ 322 308 283 275 260 (22) 239 (8):
pg/liter) (1) | (11)= | (11)= | (16) )
Serum IGF-I 83 (6) 224 226 229 231 | 151 (34) 210(10)
(women; pg/liter) (1D (12) | (15> | (21): ) ’
IGF-I sp score (men) | —1.39 2.74 2.54 2.06 1.88 1.46 1.38
(0.12) 1 (0.21)+ (0.22): | (0.22)= | (0.34): | (0.50)* | (0.17):
IGF-I sp score —2.12 0.51 0.70 0.83 0.87 —-0.17 0.81
(women) (0.13) | (0.22):  (0.23): | (0.29): | (0.43)* | (0.77)> | (0.18):
“ P <0.001 (vs. baseline);
" P<0.01;
*P<0.05.

TABLE 5 -- Overall mortality and the number of malignancies and cardiovascular events
in 289 GH-deficient adults (186 men and 103 women) on GH replacement therapy

Risk 5%
Observed Expected . Confidence
ratio| . value
interval
Deaths
Men 8 7.2 1.11 | 0.48,2.20 >0.30
Women 0 23 0.00 | 0.00,1.62 | 0.20
All 8 9.5 0.84 | 0.36,1.66 @ 0.78
All observed malignancies
Men 6 5.1 1.17 | 0.43,2.56 >0.30



TABLE 5 -- Overall mortality and the number of malignancies and cardiovascular events
in 289 GH-deficient adults (186 men and 103 women) on GH replacement therapy

Risk 5%
Observed Expected ratio C?nﬁdence value
interval
Women 1 2.9 0.34 | 0.01,1.92 >0.30
All 7 8.0 0.88 | 0.35,1.80 # 0.91
Cancer of colon and rectum
Men 2 0.63 3.17 10.38,11.48 | 0.26
Women 0 0.27 1 0.00 0.00,13.67 | 0.47
All 2 090 222 0.27,8.03 0.46
Myocardial infarctions (including fatal
events outside hospital)
Men 2 6.12 1 0.33  0.04,1.18 0.25
Women 0 1.17 10.00 | 0.00,3.15 >0.30
All 2 7.29 1 0.27 | 0.03,0.99 <0.05
Myocardial infarctions (excluding fatal
events outside hospital)
Men 2 4.51 0.44 | 0.05,1.60 >0.30
Women 0 0.84 0.00 | 0.00,4.39 >0.30
All 2 535 0.37 0.04,1.35  0.20
Cerebrovascular events
Men 6 277 217 0.79,4.71 | 0.13
Women 1 0.82 1.22 | 0.02, 6.80 >0.30
All 7 3.59 1.95 1 0.78,4.02 0.15

P values are vs. the normal population in Sweden.

If the prevalence of hypopituitarism was similar to that estimated in Spain in 1992 & | the
total number of hypopituitary adults in Sweden would be 2500. We cannot therefore
exclude the possibility that some selection bias may have occurred, because the age of
our patients was higher than that reported in previous mortality studies and our patients
might have a more severe hypothalamic-pituitary disease. On the other hand, some
patients may not have been included in previous reports that mainly included patients
from referral centers.



In the 289 hypopituitary adults who received GH replacement, 30% percent of the
women were not receiving estrogen treatment at baseline. This is a similar percentage
than that reported in a prospective trial of survival in hypopituitary patients in whom
untreated gonadotropin deficiency was associated with increased mortality & . In the 1411
hypo-pituitary patients who did not receive GH replacement, data regarding estrogen
replacement were not available. In the general population, however, recent studies have
shown an increased risk of breast cancer during estrogen replacement therapy in
postmenopausal women 2, and estrogen replacement did not improve cardiovascular
disease outcomes 2 & . Therefore, the outcome of estrogen replacement in hypopituitary
patients is not yet clear.

Overall mortality in the 289 hypopituitary adults on GH replacement therapy was similar
to that in the normal population. The upper limit of the 95% confidence interval for the
relative risk was 1.66 in the total study population. As a result, this study does not have
the statistical power to exclude a small increase in overall mortality in hypopituitary
adults on GH replacement as compared with the normal population. However, as
discussed above, the relative risk of overall mortality was 3.8 in the 1411 hypopituitary
adults without GH replacement therapy. Although the study cohort in the retrospective
study is not fully comparable with the study cohort in the prospective study, the present
results could suggest that GH replacement therapy reduces mortality in hypopituitary
adults.

The rate of myocardial infarctions was increased in hypopituitary women without GH
replacement therapy if fatal out-of-hospital myocardial infarctions were included.
Furthermore, the rate of myocardial infarctions (including fatal events occurring outside a
hospital) in the hypopituitary patients on GH replacement therapy was even lower than
that in the normal population. If fatal myocardial infarctions occurring outside a hospital
were excluded, however, no difference was found between hypopituitary adults with or
without GH therapy and the background population. The present results therefore suggest
that GH may play an important role in providing protection from serious myocardial
infarctions with a rapid time course. Furthermore, in the hypopituitary women, no death
and only one malignancy (malignant tumor in the urinary bladder) were observed, and
only one woman suffered from a cerebrovascular event. The present results could
therefore suggest that GH replacement is accompanied by less adverse events in women
than in men. One possible explanation for this could be that men were overtreated during
the first years of GH replacement, as their mean IGF-I sp score was above +2 sp during yr
1-5 of treatment.

The rate of cerebrovascular events was increased in both hypopituitary men and women
without GH replacement therapy. In the 289 hypopituitary adults undergoing GH
replacement therapy, there was a tendency toward a higher rate of cerebrovascular
disease than predicted. A power analysis revealed that a 3.8-times-larger study cohort
was needed in the prospective study to achieve 80% power. Radiation-induced
angiopathy has been suggested as a risk factor for stroke 2V &2 | and two previous studies &
= have found that radiotherapy is a predictor of stroke in hypopituitary patients. A
possible interpretation of our data is that GH replacement therapy does not provide



protection from strokes that are caused by radiation angiopathy. This is perhaps
supported by the fact that four of the six patients treated with GH who suffered cerebral
infarctions had previously received radiotherapy. This suggests that the increase in
morbidity and mortality that we and others have observed in hypopituitary patients is
multifactorial, including untreated hypogonadism, previous radiotherapy, and underlying
disease as important contributory factors together with untreated GH deficiency.

In the 1411 hypopituitary adults without GH replacement, the incidence as well as the
mortality in malignancies was increased as compared with the normal population. The
mean age of the patients in whom a malignancy was diagnosed was 64.7 ( sp 14.8; range,
20-92) yr. As discussed above, the patients included in the retrospective study were older
than in previous mortality studies ' @ @ @ & The relatively high age of the patients with
malignant disease in the present retrospective study may possibly explain why we, in
contrast to most previous studies, found an increased incidence of malignant disease in
hypopituitary patients without GH therapy. One cause of the increased incidence of
malignancies in hypopituitary patients without GH therapy could be that surgery and
radiotherapy on pituitary tumors had caused secondary brain tumors @ . Furthermore, 15
malignant tumors in other endocrine organs were found in the 1411 hypopituitary adults,
which is probably explained by multiple endocrine neoplasia in these patients. It is
therefore plausible that the increased rate of malignancies in the hypopituitary patients
can be partly explained by factors other than their hypopituitarism.

Studies of acromegalic patients suggest that high GH/IGF-I levels are associated with an
increased risk of colorectal cancer ! t¢' 17 | In mice with deficiency of liver-derived IGF-I,
the onset and development of colon cancer and mammary tumors are delayed & &3 | [n
vitro data suggest that functional IGF-I receptors on the tumor cells may be needed for
tumor formation and progression ¢ £2 . An association between serum IGF-I levels and
prostate, breast, and colon cancer risk in the general population has been demonstrated in
prospective trials &9 2 =0 ku 21 There appears to be an inverse association between risk of
prostate, breast, and colon cancer and serum IGFBP-3 concentration B2 68 22 0 &0 21| [y
the present study, in patients in whom a malignant disease was diagnosed during the
study period, serum IGF-I concentration was similar to other patients. Serum IGFBP-3
concentration was not measured in the present study.

The number of the 1411 hypopituitary patients who had childhood- or adult-onset disease
as well as the number of patients who had received GH treatment during childhood could
not be obtained in the retrospective study. However, GH replacement therapy in children
was introduced in the early 1960s in Sweden. Only three of the patients with colorectal
cancer could therefore have received GH treatment (born 1947 and later). All other
patients with colorectal cancer were too old to have received GH treatment in childhood
(born 1937 and earlier). Even if the three patients who could possibly have received GH
treatment in childhood were excluded, the increase in colorectal cancer was still highly
significant ( P < 0.001 vs. the background population). We can therefore exclude the
possibility that the increase in colorectal cancer in the hypopituitary patients without GH
treatment in adult life was due to GH treatment in childhood. In contrast, our data suggest
that not only increases in GH/IGF-I levels play a causal role in the development of



colorectal cancer in patients with pituitary disease. Two retrospective studies "2 !4 have
found increased rate and mortality from neoplasia in patients with pituitary tumors,
suggesting an association that may be inherent or due to increased surveillance of this
patient population.

In the prospective study, the rate of malignancies was similar to that in the normal
population. Two patients had colorectal cancer in the 289 hypopituitary patients who
received GH replacement therapy ( P = 0.46 vs. normal population). The risk ratio for
malignant disease in hypopituitary adults undergoing GH replacement therapy must,
however, be determined in studies with longer follow-up time than that in the present
study.

In conclusion, overall mortality and the rate of all observed malignancies were increased
in hypopituitary adults before GH replacement therapy in adult life became available.
Colorectal cancer was the most frequently found malignancy in these patients. GH
replacement appeared to provide protection from fatal myocardial infarctions with rapid
time courses. An increased rate of cerebrovascular events was also present in
hypopituitary adults who received long-term GH replacement therapy, demonstrating that
factors other than GH in the overall treatment have an important effect on the outcome in
this patient group.
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