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Fertility is usually compromised in acromegaly 
due to hyperandrogenemia, hyperprolactinemia and 
impairment of gonadotropin-secreting cells as a result 
of tumor mass effect or treatment (surgery and radio-
therapy) [1, 2].  Thus, pregnancy is a rare event in acro-
megalic patients, and few cases have been described 
[3-5].  However, with the improvement in treatment 
modalities, pregnancy in acromegaly will become 
more frequent. 

The behavior of GH and insulin-like growth fac-
tor I (IGF-I) levels is controversial during pregnancy, 
but tumor growth is not observed in the majority of the 
cases [2, 4-6].  No information is available in the litera-
ture regarding the outcome of pregnancy in acromega-
lic patients with invasiveness markers. 
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Abstract.  Pregnancy in acromegalic patients is a rare event, but is usually uneventful, with stable GH and insulin-like 
growth factor I (IGF-I) levels and no tumor enlargement.  Medical treatment can usually be withdrawn without problems 
and although no major adverse event has been reported, the suspension of drug treatments is generally recommended.  No 
case report exists in the literature regarding evolution of a somatotropinoma with invasiveness markers throughout 
pregnancy.  We report a case of an acromegalic patient who was submitted to surgery and treated with octreotide LAR 
maintaining a stable residual tumor and an IGF-I close to the normal levels.  Her tumor presented with a high Ki-67 (11.6%) 
and a low aryl hydrocarbon receptor-interacting protein (AIP) expression.  When she became pregnant, octreotide LAR 
was withdrawn, and despite remaining asymptomatic during pregnancy, tumor growth occurred with compression of 
surrounding structures.  In conclusion, pregnancy in acromegalic patients has usually a favorable prognosis with no tumor 
growth.  However, in the presence of high Ki-67 labeling index and low AIP expression, tumor enlargement may occur and 
somatostatin analogue treatment throughout the pregnancy should be considered.  
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In this article, we describe a case of an acromega-
lic woman whose tumor presented with high Ki-67 and 
low aryl hydrocarbon receptor interacting-protein (AIP) 
expression, in whom tumor growth was observed during 
pregnancy. 

Subjects and Methods

The patient is currently being followed in the endo-
crinology unit of the Hospital Universitário Clementino 
Fraga Filho/Universidade Federal do Rio de Janeiro 
and signed informed consent was obtained.   

Immunohistochemistry
Paraffin-embedded tissue sections (4 µm) were dew-

axed and, after rehydration, were submitted to heat-me-
diated antigen retrieval for Ki-67 in Dako® Retriever 
buffer (Dako, Carpinteria, CA, USA), pH 9.0 in a 
steamer for 30 minutes, for AIP in Tris-EDTA buffer, 
pH 9.0 in a microwave for 5 minutes at 750 W [7] and 
for somatostatin receptor subtype 2 (SSTR2) in citric 
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moderate expression) or 2 (>50% - high expression).  
Both membrane-bound and intracytoplasmic immuno-
positivity were considered for staging [8]. 

Analysis of AIP mutation
Genomic deoxyribonucleic acid (DNA) was extracted 

using QIAamp DNA MiniKit (Qiagen, Valencia, CA) 
from peripheral white blood cells, according to man-
ufacturer’s protocol.  The entire coding sequence of 
AIP (NM_003977.2), conserved splice sites (from the 
conserved A of the upstream branch site to +10 down-
stream of each exon) and 1200 base-pairs of the pro-
moter region were direct sequenced.  The MLPA 
(P244-B1 kit MRC-Holland, Amsterdam, Netherlands) 
dosage analysis was carried out to look for partial or 
whole gene deletions. 

Case Report

A 26-year-old female patient presented with head-
ache, paresthesias and enlargement of hands and feet, and 
the diagnosis of acromegaly was made: basal GH was 
16.2 ng/mL and IGF-I was 734 ng/mL (normal range 
(NR): 117-321); the prolactin level  was slightly  ele-
vated: 47 ng/mL (NR: 9-23).  The rest of pituitary func-
tion was normal.  Pituitary magnetic resonance imag-
ing (MRI) showed a macroadenoma of 2.2 x 1.7 x 1.5 
cm with suprasellar and right cavernous sinus exten-
sion (Fig. 1).  The patient underwent adenomectomy by 
the transsphenoidal approach, with significant tumor 
removal (tumor size after surgery: 0.9x1.3x1.5 cm) and 
reduction of GH (basal 4.7 ng/mL, nadir on OGTT 3.3 
ng/mL) and IGF-I (528 ng/mL) levels.  Her pituitary 
function at this time was normal, including the prolac-
tin levels (7.3 ng/mL).  The tumor presented with high 
cellularity and nuclear pleomorphism (approximately 
10% of the nuclei), with some mitoses and apoptotic 
cells.  There was positive immunostaining for GH 
and negative staining for all other pituitary hormones, 
including prolactin.  The SSTR2 was expressed in 90% 
of the cells.  The tumor also had a KI-67 LI of 11.6 % 
and a low AIP expression (score 1 – patchy and weak) 
(Fig. 2).  She had no familial history of pituitary ade-
nomas, but as she was a young patient, screening for 
AIP mutation was done, but it was negative. 

Octreotide LAR was started after surgery at an ini-
tial dose of 20 mg every 28 days.  After 6 months of 
octreotide LAR in this dosage, tumor size was stable 
and she maintained a GH of 7.5 ng/mL and an IGF-I 

acid buffer 0.01M, pH 6.0 in microwave for 10 minutes 
at 750 W [8].  Endogenous peroxidase was inhibited in 
0.3% hydrogen peroxide for 10 minutes, followed by 
blocking unspecific immunoglobulin binding with 5% 
bovine serum albumin in phosphate saline buffer (pH 
7.4), before primary antibody incubation.

Mouse monoclonal antibodies directed against 
Ki-67 antigen (1:100, Dako, MIB-1 clone, cat.  number 
M-7240) and AIP (1:500, Novus Biological, Littleton, 
CO, USA, 35-2 clone, cat.  number NB100-127) were 
used.  Policlonal antibodies anti-SSTR2A (SS-800, 
Gramsch Laboratories, Schwabhausen, Germany) were 
used.  Antibodies were revealed with the EnVision per-
oxidase kit (Dako, cat. number K1491) and peroxidase-
labeled, polymer-conjugated secondary antibodies, fol-
lowed by the chromogen substrate diaminobenzidine 
(Liquid DAB, Dako, cat. number K3468).  Tissues 
were then lightly counterstained with hematoxylin.  

For Ki-67, human breast carcinoma was used as pos-
itive control, whereas normal human pituitary was used 
for AIP and SSTR2.  Negative controls were performed 
by incubating in the isotype immunoglobulin or omit-
ting the primary antibody.  

Histomorphometry was performed using Image-
Pro Plus 4.5.1 (Media Cybernetics, Silver Spring, MD, 
USA) coupled to a digital camera (Evolution, Media 
Cybernetics) and a light microscope (Eclipse 400, 
NIKON, Japan).  For Ki-67, high-quality images (2048 
x 1536 pixels) of immunostained tumor cells from 10 
representative areas with at least 1000 cells were cap-
tured using a 40x objective lens.  Both immunolabeled 
and unlabeled nuclei were evaluated, and the percent-
age of positive cells (labeling index - LI) was calcu-
lated.  For AIP, high-quality images (2048 x 1536 pix-
els) of immunostained tumor cells from 20 random 
areas were captured using a 20x objective lens.  For 
semi-quantitative estimate of cytoplasmic AIP immu-
nostaining, slides were scored for pattern (diffuse 
(score 2) or patchy (score 1)) and for intensity (strong 
(score 3), moderate (score 2) and weak (score 1)), and 
the final score was calculated by multiplying the two 
(pattern and intensity) scores, as previously described 
[7, 9].  Scores 0 (no expression), 1 and 2 are consid-
ered low AIP expression [7].  For SSTR2, high quality 
images (2048 X 1536 pixels buffer) of immunostained 
tumor cells were randomly captured using a 40x objec-
tive lens (10 microscopical fields).  Tumor was staged 
according to the percentage of stained cells in score: 
0 (<25% stained cells – low expression), 1 (25-50% - 
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cose abnormalities.  Cesarean delivery took place at 
37 weeks as an obstetrics choice due to lack of dilata-
tion of the cervix on labor.  The newborn was healthy 
with normal weight and length.  Two weeks after deliv-
ery, the patient complained of headache, hands and feet 
edema, severe asthenia and hyperidrosis.  Laboratory 
evaluation showed a GH of 18.1 ng/mL and an increase 
in IGF-I from 377 ng/mL (one month earlier, at 34 
weeks of pregnancy) to 1076 ng/mL. In the pre-gesta-

of 341 ng/mL, so the dosage was increased to 30 mg 
every four weeks.  However, she became pregnant after 
the first injection of octreotide LAR 30 mg and the drug 
was discontinued.  

During pregnancy, the patient remained clini-
cally asymptomatic and maintained a high GH and 
an IGF-I close to the upper limit of normality (ULN) 
(Table 1).  Pregnancy period was uneventful and the 
patient remained without arterial hypertension or glu-

Fig. 1	 Pituitary magnetic resonance imaging showing a macroadenoma of 2.2 x 1.7 x 1.5 cm with right cavernous sinus and suprasellar 
extension (abutting the optic chiasm) 254x190mm (72 x 72 DPI)

Fig. 2	 AIP immunostaining (A and B). A – Patient’s AIP: score 1 (weak and patchy). Scale bar = 100 μm. B – Example of tumor with 
AIP score 6 (strong and diffuse). C – Mitose in the tumor (arrow). D – Patient’s positive nuclear Ki-67 immunostaining. Scale 
bar = 500 μm. 254x190mm (72 x 72 DPI)

A B

C D
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sively replacing pituitary GH around 15-20 weeks [11, 
12].  This elevation in placental GH levels increases 
IGF-I [11].  However, different from normal pituitary, 
the placental GH does not inhibit the secretion of GH 
by somatotropinomas, and therefore it is expected to 
find increased levels of GH and IGF-I in acromegalic 
patients.  Although earlier data confirm this hypothesis 
[2], several reports have recently shown improvement 
of IGF-I levels during pregnancy, which usually are 
within normal range or around the ULN [3, 5, 13].  We 
observed the same behavior of the IGF-I levels in our 
patient, even after cessation of octreotide LAR treat-
ment.  In fact, her IGF-I levels remained close to nor-
mal, and she did not present with clinical symptoms of 
active disease.  The possible explanation for this is an 
inhibition of hepatic synthesis of IGF-I by increased 
estrogen, what is supported by the discordant increase 
of GH levels in our patient.  It is not possible to deter-
mine whether this increase was due to tumoral GH, as 
our assay is not able to distinguish pituitary and placen-
tal GH variants.   

tional MRI the tumor measured 0.9x1.3x1.5 cm while a 
new MRI at this moment showed an important increase 
in tumor size (2.2x1.7x1.7 cm) with invasion of right 
cavernous sinus and compression of the temporal lobe 
(Fig. 3).  Lactation was discontinued and octreotide 
LAR at a dosage of 30 mg was restarted.  She presented 
with a decrease in IGF-I, without normalization, main-
taining a high GH (Table 1) and no tumor reduction.  A 
second surgery was tried with the same skilled neuro-
surgeon, however, there was significant bleeding and 
the cavernous artery was blocking the access to the 
tumoral tissue, so she was submitted to radiotherapy 
(Intensity modulated radiotherapy - IMRT) with 50.4 
Gy divided in 28 sessions. 

Discussion

Limited data is available about pregnancy in acro-
megaly [4, 10].  In relation to hormonal hypersecretion, 
it is known that in normal pregnancy occurs secretion 
of placental GH variant, whose levels increase progres-

Table 1  Evolution of GH and IGF-I levels
GH IGF-I (NR:117-321)

Diagnosis 16.2 734
Post surgery 4.7 528
Octreotide LAR 20mg 6 months (pre-gestational) 7.5 341
Pregnancy first trimester 9.1 462
Pregnancy second trimester 12.3 360
Pregnancy third trimester (34 weeks) 13.8 377
Two weeks post-partum 18.1 1076
Octreotide LAR 30 mg 3 months (post-partum) 18.0 533

Fig. 3	 Pituitary magnetic resonance imaging showing growth of the pituitary tumor from the pregestational (A) to the post-partum (B) 
moment, invading the cavernous sinus and compressing the temporal lobe 254x190mm (72 x 72 DPI)

A B
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In our patient, the withdrawal of octreotide LAR 
treatment probably contributed to tumor enlargement.  
Although in most of the previously described cases 
the patients were not on octreotide LAR therapy or it 
was stopped when pregnancy was diagnosed, there are 
some reports in which somatostatin analogs (SA) were 
maintained throughout the pregnancy without signifi-
cant side effects on the mother or fetus [13, 24, 25].  A 
recent publication of two referral centers, with 13 new 
cases and literature review, suggested that pregnancy 
in treated acromegalic women can proceed without sig-
nificant complications or teratogenicity [5].  However, 
medical treatment with SA during pregnancy was asso-
ciated with low birth weight.  In another recent publi-
cation, the effects of octreotide on uterine artery blood 
flow, octreotide concentrations in biological fluids of 
mother and newborn, SSTR expression and binding at 
the level of the maternal-fetal barrier tissues were stud-
ied [26].  Only an acute decrease in uterine artery blood 
flow was observed after octreotide injections, without 
affecting the pregnancy course, delivery or fetal devel-
opment.  Octreotide concentrations were higher in the 
maternal serum and colostrum and lower in the umbili-
cal cord, amniotic fluid and newborn serum.  In addi-
tion, SSTR subtypes were expressed in the placental 
tissue but their binding profile was weak both in the 
placenta and umbilical cord.  So, despite the concern 
regarding fetal growth, the treatment of acromegalic 
patients with octreotide during pregnancy is probably 
safe for the mother and the fetus and, although not gen-
erally recommended, if it had been maintained in our 
patient, the course could have been different. 

In conclusion, pregnancy in acromegalic patients 
has usually a favorable prognosis, with maintenance 
of IGF-I levels near the normal range and no tumor 
growth.  However, in the non-cured acromegalic patient 
after surgery with high Ki-67 LI and low AIP expres-
sion, carefully follow-up with regular visual fields 
should be done.  In the presence of worsening of symp-
toms or visual field abnormalities, a plain pituitary 
MRI should be done to check if there is tumor enlarge-
ment and somatostatin analogue treatment throughout 
pregnancy should be considered if it is found.  
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Regarding tumor growth during pregnancy, although 
adenoma enlargement may theoretically be expected in 
acromegalic patients because of estrogen exposure [2], 
in the majority of patients tumor enlargement is not 
observed [3-5, 13, 14].  Some cases of tumor growth 
have been described, mainly in patients with large 
tumors not submitted to surgery before pregnancy, 
which stopped somatostatin analogue treatment [13, 
15].  So far, no information regarding the behavior of 
somatotropinomas with positive invasiveness markers 
is available in the literature.  Despite our patient has 
been operated on and remained with a relatively small 
remnant tumor before conception, she presented with a 
rapid tumor growth during pregnancy, with compres-
sion of parasellar structures.  In the tumor evaluation 
we found a high Ki-67 LI and a low AIP expression.  
Ki-67 is a proliferative marker associated in some 
studies with tumor invasiveness or recurrence [16, 17].  
Most of these studies adopted a 3% cut-off point to 
define a tumor as invasive [17, 18].  In our previous 
series, median Ki-67 LI was also higher among inva-
sive somatotropinomas [7].  In this same publication 
we demonstrated that low AIP expression was associ-
ated with invasiveness in somatotropinomas as well, 
with a better accuracy than Ki-67 LI for this classifica-
tion.  Thus, the tumor growth observed in our patient is 
probably not related to the pregnancy itself, but to the 
aggressiveness of the tumor.  This hypothesis is corrob-
orated by the literature data, including a recent review 
[4] that did not observed tumor growth related to preg-
nancy in acromegaly.  

Mutations in the AIP gene are found in about 50% 
of familial isolated somatotropinomas and are associ-
ated with a more aggressive phenotype [19].  In seem-
ingly sporadic pituitary adenomas, the occurrence of 
mutations is much less frequent [20, 21].  However, 
it has been previously described that younger patients 
with somatotropinomas have a higher frequency of 
germline mutations, especially those less than 30 years 
old [22].  As our patient was young and presented with 
an aggressive tumor, we performed a search for an AIP 
mutation, but it was negative.  Although mutations are 
rare in sporadic somatotropinomas [20, 21], a subset of 
invasive tumors present with low AIP protein expres-
sion in the absence of mutations, as demonstrated by 
our group and others [7, 23].  These data indicate that 
another mechanism different from mutation is respon-
sible for this low expression.  Further studies are neces-
sary to clarify this topic.  
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