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ABSTRACT

Acromegalic patients have an increased prevalence of prostatic disorders compared to age-
matched healthy subjects. Increased size of the whole prostate or the transitional zone, together
with an elevated incidence of other structural changes, such as nodules, cysts, and calcifica-
tions, have been reported. Prostate enlargement in young acromegalic patients with low testos-
terone levels due to central hypogonadism supports the hypothesis that chronic GH and IGF-I
excess cause prostate hyperplasia. The relationship between prostatic carcinoma and acrome-
galy is, until now, only circumstantial. Long-term follow-up of these patients is necessary since
epidemiologic studies showed association between serum IGF-I levels in the upper normal limit
and prostate cancer in the general population. This review approaches prostate diseases in pa-
tients with acromegaly. Arq Bras Endocrinol Metab. 2009;53(8):963-8
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RESUMO

Pacientes com acromegalia ttm uma prevaléncia aumentada de desordens prostaticas em
comparagao a controles saudaveis da mesma idade. Aumento do tamanho de toda a prostata
ou da zona de transicao, juntamente com uma incidéncia elevada de outras alteragoes estru-
turais, como nodulos, cistos e calcificagoes, foi descrito. O aumento da prostata em acrome-
gdlicos jovens e com niveis baixos de testosterona devido ao hipogonadismo central sugere
que o excesso cronico do GH e do IGF-I cause hiperplasia prostatica. A relagdo entre cancer de
prostata e acromegalia é, até o momento, apenas circunstancial. Entretanto, um seguimento
prolongado desses pacientes € necessario uma vez que estudos epidemioldgicos reportaram
uma associacgao entre niveis séricos de IGF-I no limite superior da normalidade e cancer de
prostata na populagdo geral. Esta revisao aborda as patologias prostaticas em pacientes com
acromegalia. Arq Bras Endocrinol Metab. 2009;53(8):963-8
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INTRODUCTION
q cromegaly is a rare disease usually caused by a growth

ormone (GH) secreting pituitary adenoma (1,2).
The growth effects of GH are primarily mediated throu-
gh the hepatic production of insulin-like growth factor I
(IGF-I), which has a central role in regulating cell proli-
feration and differentiation (1). Active acromegaly is as-
sociated with increased morbidity and mortality, mainly
due to cardiovascular, cerebrovascular and respiratory
diseases (3,4). In addition, almost 20% of the deaths
occurrences among acromegalic patients are attributa-
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ble to malignancy (5,6); nonetheless, the relationship
between acromegaly and cancer risk remains controver-
sial (6,7).

Acromegalic patients have an increased prevalence
of prostatic disorders compared to age-matched healthy
subjects. Increased size of the whole prostate or the tran-
sitional zone, together with an elevated incidence of other
structural changes, such as nodules, cysts, and calcifica- &
tions, were shown in a large proportion of patients (8,9). =

The relationship between prostatic carcinoma and ©
acromegaly is circumstantial (10) probably because ©
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acromegaly is a rarely diagnosed disease, which makes it
difficult for single centers to bring together significant
number of patients for statistical analysis. Furthermore,
this cancer is usually limited to elderly men, and only
nowadays, with improved treatment of acromegaly and
of the other complications, acromegalic patients are
surviving long enough to reach the age of increased
cancer risk (10).

PROSTATE DISEASES

Prostate enlargement starts approximately at the age of
40 (11) and develops almost exclusively in the transition
and periurethral zones (12). Benign prostate hyperpla-
sia is a progressive and prevalent disease. It is estimated
that 50% and 90% of the men with respectively 50 and
80 years of age present histological evidences of pros-
tate hyperplasia (13). The mean prostate volume was
reported as 30 mL in a normal population of 181 men,
aged from 40 to 79 years (14). The accepted criteria for
benign prostate hyperplasia is a prostate volume greater
than 30 mL (12). No data is available in normal men
younger than 40 years old.

After nonmelanoma skin cancer, prostate cancer re-
presents the most frequently diagnosed cancer in adult
men and is the second cause of death due to cancer
among Brazilian men (15). The annual incidence is ap-
proximately 50 cases per 100.000 men (15).

IGF-1 AND PROSTATE DISEASES

The physiological development and growth of the
prostate have been shown to depend on testosterone
and dihydrotestosterone (DHT), a more potent 5 alfa-
reduced metabolite, which seem to be the leading fac-
tors in stimulating benign and malignant prostatic disor-
ders (16). However, androgens action alone seems to
be insufficient to explain prostatic diseases (11,16). The
existence of important cross-talk among androgens,
growth factors and IGF binding proteins (IGFBPs) at
prostatic level has been suggested (17).

Both IGF-I and IGEF-II have direct mitogenic
effects on several tissues, including normal and tumo-
ral prostate epithelial cells, and have been implicated
in the pathogenesis of prostate cancer (18,19). They
exert the mitogenic action by stimulating the cell cycle
progression (20). In addition, IGF-I also inhibits apop-
tosis (21). The actions of IGF-I on cell proliferation
and apoptosis are mediated via a specific cell-membra-

964

ne receptor, IGF-I receptor (IGF-IR), which contains
tyrosine kinase activity (22,23).

In a retrospective review of nonacromegalic men,
those with prostate carcinoma proven to be histologi-
cal were found to have serum IGF-I levels higher than
control group, although still within the normal range
(19,24). The relative risk was estimated at 1.9 for each
60 mg/mL increment in serum IGF-1, although incre-
ased almost 7-fold in the presence of a higher serum
testosterone level, as during testosterone replacement
therapy (24). These findings were supported by a pros-
pective epidemiological study in which Chan and cols.
(18) found a 4 times increased risk of developing prosta-
te cancer in men with IGF-I levels in the upper quartile
of the normal range, compared to men with IGF-I in
the lowest quartile, seven years before the cancer was cli-
nically apparent and also found a 5-fold increased risk of
advanced stage prostate cancer (25). This risk was incre-
ased to almost 18 times in men aged over 60 years (18).

A recent analysis based on individual patient data
from 12 prospective studies (n = 3,700 prostate can-
cer cases) found an increased prostate cancer risk in
the highest compared to the lowest quintiles of IGF-I
(odds ratio, OR = 1.38, confidence interval, CI = 1.19-
1.60) (26). A meta-analysis of nine prospective studies,
that included 1,512 men with prostate cancer, found
a similar risk (OR = 1.31; CI = 1.03-1.71) (27). This
association with IGF-I was weaker than that reported
in an earlier meta-analysis that estimated a summary
OR of 1.83 (CI = 1.03-3.26) for the association of the
uppermost categories of serum IGF-1 compared to the
lowermost (28). Finally, Shi and cols. (29), analyzing
14 case-control studies, reported an OR of 1.47 for
higher IGF-I (CI = 1.27-1.71) (Table 1). All studies
were consistent with higher circulating levels of IGF-I,
conferring an increased risk of prostate cancer.

The largest review analyzing the association between
IGF-I and prostate cancer was published in 2009 (30).
This meta-analysis revealed that the published literature
is consistent with an average 21% increase risk of prosta-
te cancer per standard deviation increase in IGF-1. They
also showed a stronger association of IGF-I with more
aggressive and advanced cancers, compared to nonag-
gressive and localized (30). This finding could imply
that the IGF-I system plays a more relevant role in can-
cer progression than in cancer initiation. Mouse models
of prostate cancer have shown that progression from
androgen-dependence to androgen-independence is as-
sociated with a major increase in IGF-I gene expression,
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Table 1. Meta-analyses of serum IGF-I levels (comparison of highest and lowest)
and prostate cancer risk

Author Studies included OR (95% CI)

Shiand cols., 2001 (29) 14 1.47 (1.27-1.71)
Renehan and cols., 2004 (28) 6 1.83 (1.03-3.26)
Morris and cols., 2006 (27) 9 1.31(1.03-1.67)
Roddam and cols., 2008 (26) 12 1.38 (1.19-1.60)
Rowlands and cols., 2009 (30) 42 1.21 (1.07-1.36)

OR: odds ratio; Cl: confidence interval.

which supports the potential of IGF-I as a biomarker of
more aggressive cancer (31). Therefore, the IGF system
will probably become a potential therapeutic target, ei-
ther alone or in combination with other chemothera-
peutic agents, for the treatment of prostate cancer (30).

A possible explanation for variability in normal
IGF-I levels was recently proposed. Johansson and cols.
(32) hypothesized that genetic variation in the 3’ re-
gion of the IGF-I gene influences levels of circulating
IGF-1 and, therefore, prostate cancer risk.

The interaction between IGF-I and IGF-IR is re-
gulated by the IGFBPs. The most abundant of the six
known IGFBPs found in the circulation is IGFBP-3,
a potent inhibitor of IGF-I action (33,34). At the tis-
sue level, IGFBP-3 regulates the mitogenic activity
and inhibits the anti-apoptotic effect of IGF-I (34). In
addition to its role as an IGF-I modulator, IGFBP-3
has been linked to induction of apoptosis (35,36). The
levels of IGFBP-2 and IGFBP-3 are also found to be al-
tered in the serum and prostate tissue of prostate cancer
patients. In these patients, levels of IGFBP-2 are often
increased, whereas levels of IGFBP-3 are often decrea-
sed (37-39). Recently, the meta-analysis of Rowlands and
cols. (30) found that the association between IGFBP-3
and prostate cancer was inconsistent. In addition, the
authors showed little evidence for a role of IGF-II,
IGFBP-1 or IGFBP-2 in prostate cancer risk. Since
IGFBP-3 is a substrate for PSA, a member of the kalli-
krein family of serine proteases, it is postulated that ri-
sing PSA levels during the natural history of prostate
cancer facilitates disease progression by proteolytically
cleaving IGFBP-3, thereby increasing the level of bioa-
vailable IGF-I at the cellular level (40).

PROSTATE DISEASES IN ACROMEGALIC PATIENTS

It is well known that GH promotes a stimulatory effect
on both IGF-I and IGFBP-3. IGF-I stimulates cell
proliferation and growth advantage (20), however,
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IGFBP-3 stimulates apoptosis and consequently arrests
cell growth (35). Thus, GH excess, increasing both
IGF-I and IGFBP-3 levels, promotes deregulated cell
growth balance characterized by dynamic signals for
cell growth advantage and cell apoptosis (41).

Several epidemiologic studies have suggested that
high-normal serum IGF-I levels may be concordant
with a higher risk of prostate cancer in the general po-
pulation, and that high-normal serum IGFBP-3 levels
are concordant with a lower risk (18,19,24,28). Since
acromegalic patients exhibit both elevated, IGF-I and
IGFBP-3 levels, their relative risk for cancer develop-
ment seems to be lower than expected (41).

Significant prostate enlargement has been demons-
trated in young (age below 40 years old) patients
with acromegaly and hypogonadism, as compared to
age-matched controls, with a prevalence of micro and
macro-calcifications higher than expected (8,42). The
presence of prostate disorders in young acromegalic, in
whom we did not expect to have age-dependent prosta-
te diseases, and in presence of hypogonadism supports
the hypothesis that chronic GH/IGF-I excess causes
prostate hyperplasia (8,9,43). Suppression of GH and
IGEF-I levels by surgery or somatostatin analogs indu-
cing a significant decrease in prostate volume, despite a
possible increase in androgen levels during acromegaly
treatment, confirms this hypothesis (8,43).

Prostate epithelial cells express IGF-IR mRNA and
IGF-I stimulation increases stromal cell density by 80%,
providing a possible explanation for the abovementio-
ned association of acromegaly with benign prostate
hyperplasia (44). Even though acromegaly is associated
with benign prostate hyperplasia as well as micro and
macro-calcifications regardless of age or gonadal status
(8,9), the incidence of prostate cancer in patients with
acromegaly is not elevated (6,45). It has been argued
that this incidence may be seen because prostate cancer
is limited to elderly men and only recently men with
acromegaly have survived long enough to participate in
epidemiologic studies (10).

Nabarro (3) showed one prostate cancer in a group
of 133 men. The men prostate cancer incidence rate
found by the author was almost the same as expected
from registrations in England and Wales for the year
1980. Cheung and Boyages (46) described no signifi-
cant increase in cancer risk for men (1 prostate cancer

case in 29 male patients) although statistical power of &

such study has been questioned. Colao and cols. (9)
studied 46 acromegalics, aged from 26 to 74 (50.5 =
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2.2) years and 30 age-matched controls. No abnorma-
lity of prostate structure was detected in 10 of 46 pa-
tients. Prostate hyperplasia was reported in 27 patients
(59%) and eight controls (27%). Calcifications were
detected in 28 acromegalic patients (61%) and seven
controls (23%), cysts were found in 12 patients (26%)
and clear-cut nodules in six patients (13%). None of the
patients and controls presented prostate cancer. They
concluded that acromegalic patients have an increased
prevalence of prostate disorders in comparison to age-
matched control subjects mainly because of increased
transitional zone and prostate volumes and elevated
incidence of nodules and calcifications. Baris and cols.
(45) found that prostate cancer risk was slightly, but
non-significantly, elevated, mainly among men 70 years
old or older (Table 2).

An important consideration is that acromegalic pa-
tients presenting cancer before the diagnosis of acro-
megaly are usually excluded from the epidemiological
studies. It is interesting to point out that an established
cancer in a patient with acromegaly and uncontrolled
GH and IGF-I levels are likely to be more aggressive,
with potentially increased cancer-associated morbidity
and mortality (41).

Recently, we studied 35 male acromegalic patients,
aged from 24 to 69 (45.4 = 11.6) years with transrectal
ultrasonography. This was the first Brazilian study that
assessed prostate diseases in patients with acromegaly.
It was performed after approval of the local ethics com-
mittee and once the patient’s informed consent was
obtained. We found 10 patients (28%) with prostate
hyperplasia and one cancer case (2.8%) (Table 2). Pro-
bably, we found less prostate hyperplasia than Colao’s
group because our patients are younger. Calcifications
were detected in 10 acromegalic patients (28%), one of
them younger than 40 years old, and cystic dilatations in

5 (14%). Analyzing patients according to age, 12 (34%)
were younger than 40 years old and prostate hyperpla-
sia was not found. Four (40%) out of 10 patients with
prostate hyperplasia were aged from 40 to 50 years
old. Considering the gonadal status, 14 patients (40%)
were hypogonadic and were not receiving testosterone
replacement due to severe sleep apnea. In this group,
two (14%) presented prostate enlargement. The patient
with prostate cancer was 56 years old at diagnosis. He
presented with clinical features of acromegaly and labo-
ratory confirmation was done [GH = 2.1 ng/mL and
IGF-I = 747 ng/mL (normal value: 78-258 ng/mL)].
Octreotide LAR was started as primary therapy with
biochemical control and, four months later, the cancer
was diagnosed. He was not receiving testosterone re-
placement. Also, there was no family history of prostate
cancer. After radical prostatectomy, goserelin was star-
ted with satisfactory disease control.

In summary, of the five studies shown in table 2,
three (3,45,46) assessed only the prevalence of prostate
cancer in acromegalic patients. None found a signifi-
cantly elevated cancer risk. From a total of 909 men
studied, 15 cases were diagnosed. The other two stu-
dies (9, unpublished) evaluated the prevalence of can-
cer, hyperplasia and other prostatic diseases. One can-
cer case and 37 patients with prostate hyperplasia were
found among 81 men.

The management of acromegaly may be surgery,
medical therapy (dopamine agonists, somatostatin ana-
logs and GH receptor antagonist) and/or radiothera-
py. Somatostatin receptors, primarily subtypes 1 and 2,
were detected in stromal cells of benign and malignant
prostate (47-49). Somatostatin analogs could act on
prostate size by different mechanisms. It can induce a
decrease in prostate dimension by displaying a direct
antiproliferative effect and indirectly by suppressing cir-

Table 2. Studies of prostate diseases prevalence in acromegalic patients

direitos reservados

Author Male patients (n) Hyperplasia (n) Cancer (n) Other

Nabarro, 1987 (3) 133 NA 1 NA

Cheung and Boyages, 1997 (46) 29 NA 1 NA

Colao and cols. 1999 (9) 46 27 0 Calcifications: 28
Cysts: 12
Nodules: 6

Baris and cols., 2002 (45) 747 NA 13 NA

Corréa, 2009 (unpublished data) 35 10 1 Calcifications: 10

Spyright® ABE&M todos

Cystic dilations: 5

> NA: not available.
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culating levels of GH/IGF-I (50). It may also prevent
prostate enlargement by inducing apoptotic processes
of the mesenchymal tissue and by modifying the hemo-
dynamics of local blood circulation (51). The positive
effect of somatostatin analogs treatment on prostate
volume and morphology was observed despite a signi-
ficant increase in testosterone levels. It should be men-
tioned that these drugs were employed together with
complete androgen blockade in patients with prostate
carcinoma, showing beneficial results (52,53).

A similar approach was taken with GH receptor
(GHR) antagonist pegvisomant. This molecule com-
petes with the native GH and prevents GH receptor
dimerization and, therefore, blockade of its signaling
pathway (54). This leads to inhibition of IGF-I syn-
thesis and secretion. It may potentially have therapeu-
tic effects in the treatment of malignant diseases (55).
These effects may, in part, be exerted indirectly through
reduction in the levels of hepatic IGF-1, however, the
main action ¢z vivo appears to be the direct suppression
of the autocrine and /or paracrine production of IGF-I
and IGF-II in tumors (56). In vitro, pegvisomant inhi-
bits the proliferation of prostatic cancer cells (56).

In conclusion, chronic excess of GH and IGF-I cau-
ses prostate overgrowth and structural abnormalities, al-
though the relationship between prostatic carcinoma and
acromegaly, even in patients receiving testosterone repla-
cement, is circumstantial. However, long-term follow-up
of these patients is necessary since epidemiologic studies
related high-normal plasma levels of IGF-I to prostate
cancer in the general population (18,19,24). In agree-
ment with the literature, we suggest that men with acro-
megaly be carefully screened for prostate cancer as the
general population (7). Measurement of serum PSA and
rectal examination is recommendable annually (7,57,58).

Disclosure: no potential conflict of interest relevant to this article
was reported.
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