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Abstract

Acromegaly is a chronic disease characterized by sustained elevation
of circulating growth hormone (GH) and insulin-like growth factor-I
(IGF-I). It is clearly associated with increased morbidity and overall
mortality, primarily due to cardiovascular, metabolic, and respiratory
diseases. Although the influence of acromegaly on carcinogenesis
remains controversial, numerous studies have confirmed that
acromegalic patients are at an increased risk of developing different
types of neoplasms. Endangered patients are especially those who
have been untreated for a long period and show increased serum
concentrations of GH and IGF-I. Prevention and early detection of
potential neoplasms remain a crucial part of treatment. This review will
focus on the occurrence and mortality of benign and malignant tumors
in acromegalic patients.
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1. Introduction
Acromegaly is a rare chronic disease caused by excessive
secretion of growth hormone (GH) and consequently of
insulin-like growth factor-I (IGF-I). The excess of GH
induces insulin-like growth factor-binding protein 3
(IGFBP-3) and IGF-I levels and promotes dysregulated
cell growth balance. It results in peripheral tissue exposure to both excessive growth-promoting and growth-arresting influences. Classic clinical features of acromegaly
include acral overgrowth, sweating, glucose intolerance,
hypertension, menstrual disturbances, impotence, and
headaches. Long-term tissue exposure to GH hypersecretion leads to cardiovascular, respiratory, metabolic,
or malignant diseases. Acromegaly reduces the patients’
life expectancy and leads to many complications.
Acromegalic patients have a four-fold higher mortality
rate compared to the general population [1]. The cancer
risk of these patients is still controversial. In 1950, Moon
et al. first suggested the correlation between GH and
cancer [2]. They observed a high incidence of lung, adrenal, and mammary tumors in female rats treated with
high doses of pituitary hormones. Large cohort studies
of acromegalic patients exploring the most common
types of tumors, indicate higher rates of both benign and
malignant neoplasms [3]. Results of some studies are
shown in Table 1. However, earlier retrospective studies did not demonstrate increased risk of carcinogenesis,
probably because many of these patients died prematurely due to unregulated disease [4]. According to some
authors, in cases of concomitantly present neoplasms,
acromegaly should be aggressively treated, because elevated IGF-I levels could stimulate tumor growth; however, there is no clear evidence that tumor initiation is
triggered by IGF-I [5]. On the other hand, some authors
presume that acromegaly and concomitantly present
neoplasms might share a common non-endocrine etiology [6]. Hence, it is of essence to clarify whether or not
elevated GH and IGF-I levels are an initiating or permissive factor in carcinogenesis.

2. Cancer incidence and acromegaly
2.1. Colorectal neoplasms

Studies analyzing cancer incidence and mortality in
acromegalic patients seem to report the most reliable
data exactly for this group of neoplasms [7].
Previous studies examining the incidence of colorectal

neoplasms in acromegaly varied significantly depending on the study population and design. However, a
recent meta-analysis has proved a statistically significant higher incidence of premalignant lesions such as
tubulo-villous adenomas and hyperplastic polyps (OR
3.3 and 3.6 respectively), as well as colorectal cancer
(OR 4.4) [8]. Furthermore, there is some evidence that
colorectal neoplasms tend to have different characteristics compared to the general population. Neoplastic
lesions are more likely to be right-sided (35-68% of
adenomas, 50% of carcinomas), situated in the ascending and transverse colon [9,10,11], tend to be multiple, larger, more dysplastic, and often have malignant
alteration [12]. Moreover, there is also a 25% chance
of their recurrence within 3 years. According to these
findings, patients with acromegaly should be regarded
as a high-risk group and offered regular colonoscopy
screening visits [11]. This requirement is difficult to fulfill due to several practical issues that affect the success
of colonoscopy in acromegalic patients. These are the
increased length and volume of the colon, which can
be overcome by rigorous bowel preparation [8, 11]. The
question arises as to when the screening should begin
and how often it should be repeated. Approximately
19.3% of acromegalic patients younger than 40 years
have been shown to have colonic neoplasia when compared to 4.4% of controls [12]. Therefore, initial screening is suggested at the time of diagnosis with subsequent
reevaluation intervals dependent on the colonoscopic
findings and disease activity. Jenkins et al. found that all
patients with a new tubular adenoma detected on follow up colonoscopy had significantly higher IGF-I concentrations when compared to controls [13]. Therefore,
in patients with polyps or persistently elevated IGF-I
concentrations screening should be done every 5 years,
while in those without polyps and normal IGF-I concentrations screening should be repeated every 10 years
[14].
The mechanism for developing colorectal neoplasia is
likely to be multifactorial. The most frequently discussed
factor is the role of IGF-I. In-vitro models have found
IGF-I receptors on the surfaces of colon cancer cells
and of normal gastrointestinal cells. IGF-I is a known
mitogen that stimulates proliferation of intestinal cells
and their migration, but the exact contribution to colon
carcinogenesis still remains unclear [15]. In the normal
intestinal cell, deactivation of the tumor suppressor
adenomatous polyposis coli (APC) gene may lead to the
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cell transformation, proliferation and further polyps
appearance. In vivo, GH and IGF-I have been shown
to activate c-myc transcription, which is believed to
play a central role in sporadic colorectal tumorigenesis
[16,17]. It is found that not only the absolute concentration of IGF-I, but also the ratio of IGF-I to IGFBP-3
concentration play an important role in carcinogenesis
[7]. In acromegaly, GH excess increases IGF-I concentration and, to a lesser extent, IGFBP-3 concentration
resulting in greater IGF-I to IGFBP-3 ratio [8]. The GH/
IGF-I axis is most likely involved in the pathogenesis of
colorectal neoplasia as a permissive factor [5].
In the case of colorectal cancer, other mechanisms
should also be taken into consideration. Alterations
in the intracolonic environment might play a role, for
instance the unconjugated secondary bile acid and
deoxycholic acid (DCA). Serum concentration of DCA
reflects intracolonic concentration and appears to be
elevated in patients with neoplasia. Similar difference
also exists in acromegalic patients [18,19]. In vivo,
somatostatin analogues increase DCA concentration,
while in vitro they seem to inhibit the growth of colonic
cancer cell lines [20,21].

2.2. Thyroid neoplasms

Series of studies have shown that acromegaly is clearly
associated with thyroid patology.
Thyroid nodular disease is more frequent in acromegalic
patients (OR = 3.6, RR = 2.1), with a prevalence rate of
60% [22]. Disease duration correlates with the number of nodules on palpation. However, the majority of
patients have normal thyroid function [7]. The increase
in the incidence can partially be explained by the diagnostic improvement and better treatment of acromegalic patients who now live long enough to develop both
benign and malignant lesions. Wolinski et al. found
that the risk of malignant alteration to thyroid cancer is
about 8%, which is insignificantly higher than in control
group [22].
However, the most recent meta-analysis confirmed that
thyroid cancer is more common in patients with acromegaly (OR = 7.5, RR = 7.2) with the prevalence of
4.3% [22]. When comparing these results with results
of meta-analysis focusing on other neoplasms, they
support the fact that thyroid cancer is one of the most
commonly detected cancers in acromegaly [23]. A large
retrospective study evaluated 442 acromegalic patients
during the period of 6 years and reported that 4.7% of
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patients were diagnosed with cancer. Thyroid cancer
was the most common type of cancer in the latter cohort
[24]. This indicates that periodic thyroid ultrasound
examination should be important part of follow-up of
these patients, especially in a case of palpable thyroid
nodules [14,23]. Special emphasis should be placed on
the fine-needle aspiration of all non-functioning nodules 1 cm or greater in size [25].
The reason why this malignancy appears more often in
acromegaly, may be explained by the effect of IGF-I on
thyrocytes. Not only does IGF-I induce proliferation
and inhibit apoptosis itself, but also potentiates TSHmediated thyroid cell proliferation [26]. Other potential
causes include pituitary irradiation and hereditary syndromes accompanied by acromegaly (i.e. Carney syndrome, MEN-1) [27].

2.3. Breast cancer

The incidence of breast cancer is even more difficult to
ascertain due to the restriction to female patients [6,28].
A study by Nabarro et al. showed a 4-fold increase in the
risk of developing breast carcinoma [29], while the study
by Ruchała et al. found similar association but only for
a subgroup of premenopausal acromegalic patients [7].
Moreover, Orme et al. noted a 1.6-fold increase in breast
carcinoma mortality in acromegaly, but without increase
in the incidence. This suggests that patients with acromegaly may have more aggressive forms of breast cancer
[4].
In contrast to colorectal neoplasms, there is some evidence that GH/IGF-I axis is engaged in the pathogenesis
of breast cancer in general population. Growth hormone
receptor (GH-R) is found in normal tissue as well as in
human breast cell lines, which suggests a possible autocrine/paracrine role for GH on tumor development and
growth [30,31]. Similarly, IGF-I receptor (IGF-I-R) is
expressed on cultures of malignant breast epithelial cells,
as well as in estrogen-dependent and, at lower levels,
in estrogen-independent cell lines [32]. Furthermore,
non-acromegalic patients with breast cancer have significantly higher serum GH and IGF-I levels compared
to those without cancer. High IGF-I levels along with
low IGFBP-3 level, are associated with increased risk of
breast cancer in premenopausal, but not in postmenopausal women [33]. Therefore, it is advisable to offer
female acromegalic patients a regular mammography
screening, even before the age of 50 [7].
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2.4. Prostate cancer

Acromegaly is associated with benign prostate
hyperplasia as well as micro- and macro-calcifications [34]. Even though elevated serum IGF-I levels are often found in patients with prostate cancer, there is no evidence for higher incidence of
prostate cancer in patients with acromegaly [4,35].
As observed in breast cancer studies, both in vitro studies and studies on general population have confirmed
the involvement of GH/IGF-I axis in prostate cancer
[5]. The meta-analysis estimated an odds ratio of 1.83
for developing prostate cancer comparing the uppermost levels of serum IGF-I to the lowermost levels
[36]. Furthermore, increased expression of IGF-I-R is
associated with progression of androgen-sensitive to
androgen-independent prostate cancer cell lines [37].
Studies have also demonstrated synergistic effect of
high testosterone level and high IGF-I levels in increase
of risk for prostate cancer [38]. Moreover, patients
with prostate cancer have decreased serum IGFBP-3
levels and decreased expression of IGFBP-3 in prostatic tissue [39]. Since the IGFBP-3 is a prostate specific antigen (PSA) substrate, elevated PSA levels in the
prostate cancer facilitates disease progression by proteolytically cleaving IGFBP-3, and thereby increasing
IGF-I at the cellular level [40]. Since IGFBP-3 proteolysis is not increased in acromegaly, it might have protective effect against developing prostate cancer [41].
Nevertheless, men with acromegaly should be screened
for prostate cancer and provided regular serum PSA
measurement, rectal examination, and/or prostatic
ultrasound annualy. Those with persistently high IGF-I
levels, receiving replacement testosterone, should be
monitored with special attention [6].

2.5. Haematopoietic system neoplasms

The data regarding the association between acromegaly and the incidence of hematopoietic neoplasms are
scarce. There are few reports of three cases of leukemia
in a group of 106 acromegalic patients and three cases of
hematopoietic malignancies (one case of Hodgkin’s lymphoma and two cases of leukemia) in a different cohort
of 220 patients [42,43]. The rest of the studies found
either no increase or a small increase (OR = 1.2-2.0) in
the incidence of hematopoietic malignancies in acromegalic patients [44,45].

2.6. Lung cancer

In a meta-analysis by Renehan et al. IGF-I was not associated with the risk for lung cancer [46]. Experimental
studies have shown that normal and tumoral lung tissue does express the IGF-I-R and produces IGF-I in an
autocrine fashion. Stimulation with IGF-I or increase of
expression of the IGF-I-R induces cell proliferation and
increases the metastatic activity of lung cancer cells [47].

2.7. Neoplasms of the urinary tract

While some authors have found 3 times higher incidence
of renal cancer in acromegalic patients, others estimated
that the prevalence of these neoplasms is approximately
the same as in the general population [35,48]. According
to some of them, the increased risk of developing malignant tumors of urinary system is only confirmed within
the period of five years from the diagnosis of acromegaly
[49].

2.8. Neoplasms of the central nervous system

The most common type of CNS tumor in acromegalic
patients is meningeoma [35,50]. The higher incidence of
CNS neoplasms can be explained by the use of pituitary
irradiation as a modality of treatment of acromegaly [35].

2.9. Other neoplasms

Numerous case reports describe various benign and
malignant tumors including bone tumors [51], skin epidermoid tumors, dermatosis and melanomas, parathyroid and adrenal tumors [1,52,53]. Baris et al. observed
higher morbidity in small intestine carcinoid tumors;
however, this was limited to patients with the MEN-1
syndrome [35]. According to Ron et al. the incidence of
oesophageal and gastric cancer was higher in a group of
1041 male acromegalic patients [48]. Finally, Cohen et
al. detected uterine myomas in 81% of female acromegalic patients [54].

3. Overall and cancer mortality
Retrospective studies focusing on mortality in acromegaly have shown that approximately 60% of patients
succumb to cardiovascular disease, 25% from respiratory disease and 15% due to malignancy [5]. Some older
studies demonstrated 2-3 fold increase in overall mortality in acromegaly, while cancer related mortality rates
were either not increased or increased only in females
or in males [6]. Such studies evaluated cancer mortality
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rates in comparison to post-treatment GH levels. If the
post-treatment GH level was within normal range, both
overall and cancer mortality was similar to the general
population. Thus, cancer mortality was increased only in
patients with poorly controlled disease [5]. Orme et al.
found a 1.8 fold increase in mortality risk for all cancers,
a 4.6 fold increase in colon cancer mortality risk and 2.9
fold increase in breast cancer mortality risk if random
serum GH levels were higher than 10 ng/ml. On contrary,
there was no significant relationship between the duration
of acromegaly and cancer related mortality [4].
A recent meta-analysis clearly showed 72% increase in
overall mortality in acromegaly compared with the general population [55]. Even transsphenoidal surgery, which
is in 60-80% of patients effective in controlling GH levels,
is associated with a 32% increased overall mortality. This
excess of mortality may be related to a high proportion of
patients with poorly controlled disease. However, even a
biochemical cure rate of 100% will not result in complete
normalization of mortality rates [55]. For patients with
acromegaly, it seems that balancing GH levels, controlling
hypertension and heart disease are the most important for
improving overall mortality [5].

4. Conclusions
Studies reporting higher incidence of neoplasms in
acromegalic patients should be interpreted carefully.
Epidemiological studies with sufficient power are still
lacking due to low incidence of acromegaly. In summary,
few meta-analyses have found increased incidence of colorectal and thyroid neoplasms [8,22]. Colonoscopy should
be performed at diagnosis in all patients and repeated
in 5-year intervals in patients with polyps and 10-year
intervals in patients with normal findings. Acromegaly is
associated with an increased thyroid volume and nodularity. Thus, thyroid ultrasound is suggested in all patients
with palpable thyroid nodules. Some evidence exists that
patients with active acromegaly have increased incidence
of breast and prostate cancer, but further epidemiological studies on this matter are required. Therefore, we can
not recommend routine mammography or PSA measurement in all patients. Since cancer is strongly associated with age, adequate treatment of acromegaly and
long-term follow up, may reveal some new insights in the
future. Individualized approach in patients with acromegaly is mandatory, taking into consideration age, disease
activity and genetic susceptibility.
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