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Abstract

Purpose Current international guidelines recommend colonoscopy in patients with acromegaly at the time of diagnosis, even
though the risk of developing colorectal neoplasm is still controversial. The main objective of this Argentine multicenter
study was to analyze through screening colonoscopy the presence of advanced neoplastic lesions considered as precancerous,
in patients with acromegaly compared to a control group.

Methods This is a case—control retrospective study. Full length colonoscopy of 70 acromegalic patients and 128 control
subjects were studied. Polyps were classified into non pre-cancerous lesions and advance neoplastic lesions which included
advanced adenomas (preneoplastic) and colorectal carcinomas.

Results Thirty three out of 70 acromegalic patients and 32 out of 128 subjects controls presented polyps in the colonoscopy
[47.1% vs 25%, p=0.002, OR 2.68]. Non precancerous polyps were found in 11 (15.7%) and 23 (17.9%) (p=0.690), while
advanced neoplastic lesions were found in 22 (31.4%) and 9 (7.0%) (p =0,0001 — OR: 6.06) patients and controls respectively.
Advanced adenomas and colorectal carcinomas were found in 18 (27.3%) and 9 (7.0%) (p=0,0006—OR: 4,57), and 4 (5.7%)
and 0 (0.0%) p=0.0063) of patients and controls respectively. The presence of insulin resistance was the only statistically
significant associated factor among acromegalic patients with and without colonic polyps.

Conclusions Our findings show an increased risk of preneoplastic colonic lesions and colorectal carcinoma in patients with
chronic and sustained GH excess compared to a control group. This supports the recommendation to perform screening
colonoscopy at diagnosis of acromegaly.

Introduction

Acromegaly is a progressive disease characterized by the
inappropriate secretion of growth hormone with visceromeg-
aly and acral enlargement due to high IGF-1 levels. Without
proper treatment and partial control it can lead to serious
and disabling complications [1-3]. Considered as a rare dis-
ease, both the incidence of 4 cases per million/year and the
prevalence of 60 per million/inhabitants increase to 11 and
78 cases respectively according to recent publications [4].
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Disease features develop insidiously over decades, often
leading to a delay of around 6 to 10 years in diagnosis after
the onset of symptoms [5]. The effects of prolonged expo-
sure to supra-physiological GH/IGF-1 levels in several tis-
sues are well known and contribute to increase morbidity
and mortality of these patients [3, 5-7].

While some studies show that the main causes of death
in acromegaly are cardiovascular disease and malignancies
with similar prevalence [5]; other studies show similar can-
cer incidence in these patients and the general population
[8].

Some publications have shown that patients with acro-
megaly have a high prevalence of colonic neoplasms,
which rank second in frequency after thyroid neoplasms
[9-11]. However, the risk of developing “de novo” colonic
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malignancies and the direct relation with high levels of GH/
IGF-1 in acromegaly is not well documented and it is still
controversial in the literature [8, 12—14].

Current International guidelines recommend colonos-
copy (CC) screening in patients with acromegaly at the
time of diagnosis, but there is no consensus regarding the
frequency of repeating colonoscopy during the follow up [3,
6, 7, 15-20]. Lack of a reliable consensus is due to the low
number of patients and the absence of an adequate control
group in some studies that assess the association between
colonic lesions and acromegaly.

There are different types of colonic polyps: hyperplastic
and low grade of dysplasia adenomatous polyps without any
risk for carcinoma development, and high grade dysplasia
adenomatous polyps that may be precursor lesions to car-
cinoma through “adenoma-carcinoma” sequence [21-24].
The “advanced neoplastic lesions” (ANL) are defined as
an advanced adenoma (> 10 mm diameter, >25% villous
component or high-grade dysplasia), an advanced ser-
rated lesion, or colorectal carcinoma (CRC) [25, 26]. The
advanced adenomas and advanced serrated lesions show a
high risk of carcinoma development. The positive relation-
ship between colonic polyps, adenomas and colorectal car-
cinoma in acromegaly is well established in some publica-
tions [7, 8, 10, 15, 16, 24, 27, 28], however the association
between advanced adenomas and acromegaly has not been
studied yet.

The main objective of this study was to compare the pres-
ence of advanced neoplastic lesions through colonoscopy
between a group of patients with acromegaly and a control
group without acromegaly, in a multicenter study in Argen-
tina. The secondary objective was to elucidate associated
predictors with the presence of colorectal lesions in patients
with acromegaly.

Subjects and methods

It is a case—control retrospective study. We analyzed 145
medical records of patients with acromegaly from 15 hos-
pitals of Buenos Aires city. The control group included 128
non acromegalic subjects from a database of Gastroenterol-
ogy unit of Carlos G. Durand Hospital, in Buenos Aires city.

For each case, the controls were randomly selected, and
matched for age and gender.

Acromegaly diagnosis was made based on clinical suspi-
cion, and biochemical confirmation with high serum levels
of IGF-1 matched for age and gender, and lack of serum GH
level suppression to < 1 ng/mL during a 75-g oral glucose
tolerance test (OGTT) [3].

The information obtained from clinical records is listed as
follows (1) personal and first degree family history of ade-
noma and colorectal carcinoma, (2)insulin resistance index

by homeostatic model assessment (HOMA-IR) with a cut off
of 2,5 and diabetes mellitus, (3) smoking, (4) time of disease
until diagnosis, (5) baseline serum GH and IGF-1 levels.
IGF-1 index was calculated (IGF-1 basal level divided by
the upper normal limit reported in each assay (IGF-1/UNL).

We also considered acromegaly stage at the time of colo-
noscopy: Cured include patients with normal IGF-1 levels
after different treatment modalities, Controlled are those
patients with normal IGF-1 levels on medical treatment, and
Non-Controlled is defined when levels of IGF-1 are elevated
despite adequate treatments.

Control group included subjects who underwent colonos-
copy screening for irritable bowel syndrome suspicion or
age screening recommendations.

Inclusion criteria

— Patients > 18 years old.

— Reason for colonoscopy: in patients with acromegaly it
was performed as a screening according to international
guidelines. In control group it was requested due to age
recommendation (> 50 years old) or due to symptoms of
irritable bowel syndrome.

— Full-length colonoscopy/satisfactory colonic preparation
defined according to Boston scale > =6 with cecal intu-
bation confirmed by identification of the appendix orifice
and the ileocecal valve [29-31]. Boston bowel prepara-
tion scale gives objective information on the presence or
absence of fecal matter [30, 31].

Exclusion criteria

— Personal history of inflammatory bowel disease, colorec-
tal cancer, familial adenomatous polyposis, hereditary
non-polyposis colon cancer.

— Colonoscopy without cecal intubation or inadequate
preparation (Boston scale < 6).

Colonoscopy interpretation

Colonoscopy was considered positive when any type of pol-
yps was found and negative in those patients without lesions.
Patients and controls were classified according to the histo-
logical classification of their colonic lesions: (1) non pre-
cancerous polyps (hyperplastic and low grade adenomas,
(2) Advanced adenomas (> 10 mm diameter, >25% villous
component or high grade dysplasia), (3) advanced serrated
lesions and (4) carcinoma colorectal. Colorectal adenomas
were classified in low or high grade of dysplasia based on
Vienna classification [32, 33]. Patients with multiple lesions
were classified according to the most advanced histology.
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Statistical analysis

For qualitative variables, the distribution of frequencies,
percentages and 95% confidence intervals was calculated.
As regards quantitative variables, the average, standard
deviation, median, quartiles, minimum and maximum,
was calculated. Student test for independent samples was
used to compare the two groups with quantitative variables.
Independence (Chi-square) test was applied to compare the
relationship between qualitative variables. Fisher’s exact
Test was applied to comparisons of dichotomous variables
and with expected frequencies less than 5. Test Binomial
for sample independent with Bonferroni correction was
used to compare proportions between groups. The risk was
expressed in Odds Ratio (OR) with 95% confidence interval.
In all cases the applied statistical tests are for independent
samples. A less than 5% significance level was used to reject
the null hypothesis. p-values < 0.05 were considered statisti-
cally significant.

Results

Seventy out of 145 patients with acromegaly met inclusion
criteria; 40 women (57.1%; mean age 51.7 +11.2) and 30
men (42.9%; mean age 50.9 + 11). Control group included
128 subjects, 76 women (59.4%; mean age 51.5+11.2)
and 52 men (40.6%; mean age 49.7 + 11.1). All patients
with acromegaly underwent CC for screening. In contrast,

in the control group 64.1% was performed for age screen-
ing and 35.9% due to irritable bowel syndrome symptoms.

No statistical differences were observed in gender, age,
first degree family history of adenoma or colorectal cancer,
smoking and diabetes between patients with acromegaly
and control group. (Table 1).

Thirty three out of 70 patients with acromegaly and 32
out of 128 in the control group, harbored colonic polyps in
the CC. Comparing to controls, patients with acromegaly
had a significant higher risk of developing colonic polyps
[47.1% vs 25%, p=0.002, OR 2.68 (CI1 95% 1.44-4.96)].

The histopathological findings in patients and con-
trols were as follows: (1) non precancerous polyps in 11
(15.7%) and 23 (17.9%) in patients and controls respec-
tively, (2) Advanced adenomas in 18 (27.3%) and 9 (7.0%)
in patients with acromegaly and controls respectively, (3)
CRC in 4 (5.7%) and 0 (0.0%) in patients with and con-
trols respectively. ANL (AA + CRC) were found in 22
(31.4%) and 9 (7.0%) acromegalic and controls respec-
tively. None advanced serrated lesion was found in either
group. (Table 2).

The prevalence of preneoplastic colonic lesions in our
acromegalic population was significantly higher than
in the controls subjects, being the OR of 6.06 (CI 95%
2.60-14.10) and 4.57 (CI 95% 1.92-10.85) for ANL
and AA respectively. The risk of CRC was significant
p=0.0063 with an OR non measurable due to the lack
of patients with CRC in the control group. Interestingly,
when non precancerous polyps were separately analyzed

Table 1 Clinical characteristic

. . Acromegaly Controls P
of patients with acromegaly
compared to controls n=70 n=128
Women/Men; n (%) 40 (57.1%) /1 30 (42.9%) 76 (59.4%) / 52 (40.6%) 0.760
Age; mean (range) 51.3 (22-72) 50.8 (21-73) 0.754
Family history adenoma; n (%) 3 (4.3%) 3(2.3%) 0.435
Family history CRC; n (%) 7 (10.1%) 17 (13.3%) 0.521
Smoking; n (%) 11 (15.7%) 19 (14.8%) 0.870
Diabetes; n (%) 9 (12.9%) 8 (6.2%) 0.113
Table 2 Colonoscopy: pathological findings
Acromegaly n="70 Controls n=128 P
No lesions (Normal CC) 37 96
Total polyps 33 32 p=0.002
No precancerous polyps 11 23 p=0.690
AA 18 9 p=0.0006
CRC 4 p=0.0063
ANL (AA+CRC) 22 9 p=0.0001

Non Precancerous lesions: hyperplastic polyps and low grade adenomas

AA advanced adenomas, CRC colorectal carcinoma, ANL Advanced Neoplastic lesions

@ Springer



Pituitary (2021) 24:96-103

99

Table 3 Profile of acromegalic patients with or without colorectal
neoplasm

Polyps No polyps
‘Women/Men; n 15/18 25/12 p=0.062
Basal IGF-1/UNL 30(2.6-34) 2.8(2.2-3.3) p=0.438
Basal GH (ng/ml) 24.5 (14.8-36) 23.3(11.4-35.3) p=0.792
Age CC (years) 53 (29-71) 49.8 (22-72) p=0.231
Controlled disease 17 (45.9) 20 (54.1) p=0.737
n (%)
Insulin-resistance (%) 18 (62.1) 11 (37.9) p=0.023
Disease duration 8.3(6.3-10.4) 6.9 (4.6-9.2) p=0.343

(years)

Data are shown as mean (range)—CC: colonoscopy

we found that there was no increase risk between patients
and controls.

The age of patients with acromegaly was not sig-
nificantly different in the group with or without polyps
(p=0.231), while in the control group subjects with pol-
yps were older (p=0.012). The median age of the patients
with acromegaly and colonic lesions was 53 years with a
range of 29-71 years (Table 3).

Regarding the size of the polyps, 58.6% and 29.0% of
them were > 1 cm in the acromegalic and control group
respectively (p=0.021—O0Odds ratio: 3.45).

When comparing patients with acromegaly, the pres-
ence of insulin resistance (p: 0.023 OR: 3.147) was the
only statistically significant difference between patients
with and without colonic polyps. No differences were
found in IGF-1 index or GH levels, years of disease evo-
lution before diagnosis, age and disease stage at the time
of performing CC. (Table 3).

Patients with higher baseline levels of GH had polyps
greater than 1 cm (p=0.031). This relationship was no sta-
tistically significant in patients with higher baseline IGF-1
levels or longer period of disease progression.

The most frequent location of the polyps in both groups
was descending and rectum colon; however in control
group had a higher tendency to have a location prefer-
ably at this place (18/33 acromegaly vs. 23/32 controls).
Regarding advanced adenomas, the most frequent location
in both group was the rectum and the descending colon
(9/18 acromegaly and 8/9 controls). In the control group,
1 lesion was found in the transverse colon, while in the
acromegaly group 3 were located in the transverse colon
and 3 in the ascending colon, with no information in the
remaining 3 patients (Table 4).

In patients with acromegaly three out of four adenocar-
cinomas were in descending colon and rectum, 1 without
information.

Table 4 Site distribution of polyps and advanced neoplastic lesions

Acromegaly Controls
Polyps
Cecum/ascending colon (%) 5/33 (15.15%) 4/32 (12.50%)
Transverse colon (%) 4/33 (12.12%) 4/32 (12.50%)

18/33 (54.54%)
6/33 (18.19%)

23/32 (71.87%)
1/32 (3.13%)

Descending colon/rectum (%)
Without information (%)

Advanced adenomas

Cecum/ascending colon (%) 3/18 (16.66%) 0/9 (0%)
Transverse colon (%) 3/18 (16.66%) 1/9 (11.11%)
Descending colon/rectum (%)  9/18 (50%) 8/9 (88.88%)
Without information (%) 3/18 (16.66%) -

Colorectal carcinoma
Descending colon/rectum (%)  3/4 (75%) -
Without information (%) 1/4 (25%) -

Discussion

Patients with acromegaly have a high prevalence of colo-
rectal lesions, being the second most frequent after thyroid
carcinoma according to the latest publications. Several stud-
ies evaluate the prevalence of benign and malignant colonic
neoplasms in acromegaly, in order to review the recommen-
dation of colonoscopy screening at diagnosis which is still
controversial in the different international guidelines [11,
15, 16, 18, 28, 34-38]. Colorectal carcinoma in most cases
evolves from an adenomatous polyp, through the so-called
“adenoma-carcinoma sequence’. It is a multi-step process of
mutations and genetic aberrations that begins at stem cells
level of the epithelium, and then develops a balance disorder
between proliferation and apoptosis at the colonic crypt (the
intestinal epithelium functional unit), which ends in tumor
development [18, 21, 22, 39, 40].

Hyperplastic polyps are considered non-neoplastic
lesions, and like the adenomatous polyps with low grade
dysplasia have no risk of carcinoma progression. Conversely,
large size adenomatous polyps with higher dysplasia grade,
mainly those considered advanced adenomas, constitute a
greater risk for malignant neoplasm development. The pro-
gression to cancer in this type of polyps is estimated at just
over 5 years [23, 24, 27].

Experimental studies have shown that both normal
colonic mucosa cells and tumor cells express the IGF-1
receptor and even IGF-1 mRNA has been identified in these
cells, demonstrating its proliferative and anti-apoptotic
action on tumor cells in colorectal carcinomas [41-43].
The relationship between IGF-1 and abnormal cell prolif-
eration in colonic crypts with rapid cellular renewal from
pluripotential stem cells has also been demonstrated [44,
45]. In patients with acromegaly, the length of the colon
and the sigma are generally greater than in non-acromegalic
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subjects. On the other hand, epithelial cells in the sigmoid
crypts have a greater proliferation pattern, a preliminary step
for adenoma formation, which correlates with the circulat-
ing levels of IGF-1 [44—46]. Both circulating and local GH,
acting through the GHR, attenuate p53 stability, and block-
ing GH signaling results in p53 induction. GH excess sup-
presses p53 levels, with subsequent decreased p21 expres-
sion, suppressed PTEN, APC, and apoptosis, and enhanced
EMT transcription factors, thereby enabling cell survival
and motility [13]. It can then be speculated that in acro-
megaly, GH and IGF-1 excess increases cell proliferation
in the colonic epithelium and decreases apoptosis, while
larger intestine increases the amount of exposed stem cells,
susceptible to aberrant mutations, which could predispose
to the accumulation of mutations that can culminate in the
development of pre-cancerous lesions and carcinomas [6,
18]. There are sufficient reports on the higher prevalence
of colon polyps and colorectal cancer in patients with acro-
megaly, however, advanced adenomas and pre-neoplastic
lesions in these patients were never studied [8, 10, 11, 15,
28, 34, 36, 38].

The first evidence of the increased prevalence of pre-
malignant polyps in the colon was provided by Klein et al. in
1982, showing about 30% prevalence of adenomatous polyps
in a prospective analysis of colonoscopies in 17 patients with
acromegaly and a total of 4 carcinomas in a retrospective
study in 44 patients [47]. While subsequent studies did not
show an increase in the development of colon malignancies
[8, 12], other reports showed an increase in the incidence
and prevalence of colonic malignancies in patients with
acromegaly [10, 11, 15, 34, 36, 48-50]. Perhaps one of the
most representative studies is the meta-analysis published in
2008 by Rokkas et al. that included 9 studies with 701 acro-
megalic patients and a control group with a similar number
of individuals. They demonstrated a statistically significant
higher prevalence of hyperplastic polyps, adenomas and
colorectal carcinomas among patients with acromegaly vs.
controls (relative risk (RR) 3.6, 3.3 and 4.4 respectively)
[28].

A more recent Japanese study revealed an even higher
risk of colorectal malignancies in patients with acromegaly
versus controls. This study reports OR of 4.0, 8.7, and 17.5,
for hyperplastic polyps, adenomas, and adenocarcinomas,
respectively, using an historical control group of Chinese
patients with irritable bowel syndrome as a control group
[48].

Our study demonstrated a higher prevalence of polyps
in patients with acromegaly than in control subjects (OR
2.68) in agreement with most publications. We found an
increased risk of advanced neoplastic lesions (advanced
adenomas and CRC) with an OR of 6.06, but we did not
find an increased risk of non-preneoplastic lesions (hyper-
plasic polyps or low-grade adenomas) among patients with
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acromegaly vs controls (p=0.69). These findings allow us
to reinforce the hypothesis that the excess of GH/IGF-1
are predisposing factors for malignant colonic neoplasm.

Baseline IGF-1 levels, years of evolution of acromegaly
and disease stage at the time of CC were not associated
with increased risk of colorectal lesions in the present
study. Patients with higher baseline levels of GH showed
polyps greater than 1 cm, this relationship was not seen
with higher baseline IGF-1 levels, according to recent
publications [13]. Only insulin resistance was higher
in the group with colonic lesions (p: 0.023), similar to
what is reported in the literature [12, 16, 51, 52]. We also
observed that the polyps in the patients with acromegaly
were almost 4 times larger than in the controls; and that in
the acromegaly group the prevalence of polyps in young
patients was higher than in the control group.

Despite the findings in the literature that demonstrate
a greater location of polyps in the cecum and ascending
colon in patients with acromegaly [12, 17, 28], our data
show that the rectum and descending colon are the pre-
ferred locations in both controls and patients. We only
found some cases of advanced adenomas in the ascending
colon and none in that location in the control group. In any
case, a complete colonoscopy is the established recom-
mendation for patients with acromegaly.

Screening for colonic neoplasms in patients with acro-
megaly continues to be controversial, as well as the time
to perform it and the subsequent interval. According to
the international acromegaly guidelines published in 2013
[7] and 2014 [3], colonoscopy is recommended at the
time of diagnosis of the disease. The follow-up colonos-
copy should be requested every 10 years according to the
guidelines of general population in case of patients with
no lesions and controlled disease, and at lower intervals
for those uncontrolled. In the presence of polyps, follow-
up should be performed according to the general popula-
tion gastroenterology guidelines [17]. The latest clinical
practice guidelines supported colonoscopy screening at
diagnosis in acromegaly, without agreement on the sub-
sequent intervals [3].

The drawbacks affecting this study comprise the low
number of patients recruited, the potential risk of selection
bias, the retrospective nature of the study and the fact that
colonoscopy screenings in acromegaly patients were per-
formed in several different centers. On the other hand, the
evaluation of insulin resistance through the HOMA index is
imprecise. Unfortunately we lacked data on visceral obesity,
insulin peak during the OGTT, triglycerides/C-HDL index
or triglycerides and glucose index which are other surrogates
markers of insulin resistence.

As regards the strengths, we should mention that the con-
trol group was recruited at the same center, that only full-
length colonoscopy screenings were included in the study,
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and the fact of analyzing preneoplastic lesions separating of
those without risk of transformation into carcinoma.

Conclusion

Our findings show an increased risk of preneoplastic colonic
lesions and colorectal cancer in patients with acromegaly,
with larger polyps in younger patients compared to control
group. Our previous research is reinforced by this current
study with a larger number of patients [53].

Even though future prospective studies with a greater
number of patients are necessary, our findings support
the recommendation to perform colonoscopy screening in
patients with acromegaly at diagnosis.
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