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ECTOPIC ACROMEGALY DUE TO BRONCHIAL NEUROENDOCRINE TUMORS:

THE FIRST DESCRIPTION IN RUSSIA OF THREE CLINICAL CASES
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Acromegaly is a neuroendocrine disorder caused by excessive production of growth hormone (GH). In the majority of
cases the cause of acromegaly is a pituitary tumor producing GH. Cases of ectopic acromegaly are much rarer. Ectopic
acromegaly occurs in cases of tumors which produce growth hormone-releasing hormone (GHRH) or extrapituitary tu-
mors which produce GH. The main sources of excessive GHRH production are neuroendocrine tumors (NETs) of the lung
or pancreas. Treatment of ectopic acromegaly consists of surgical removal of the source of GHRH hyperproduction and in
cases where surgery is not an option, somatostatin analogues, pegvisomant, chemotherapy, immunotherapy or radiation
therapy are used.

In this article three cases of ectopic acromegaly due to GHRH-producing lung NETs are presented, each of them being
notable for a number of features. In the first two cases, clinical symptoms were mild, besides in the second case ectopic
acromegaly was accompanied by primary hyperparathyroidism. In the third case ectopic acromegaly was accompanied
by pituitary macroadenoma, and after surgical removal of the lung NET remission of acromegaly was not achieved. In all
three cases, lung NETs were detected incidentally on radiologic chest screening for other conditions.

KEYWORDS: ectopic acromegaly; neuroendocrine tumors; growth hormone-releasing hormone; primary hyperparathyroidism; pituitary
macroadenoma.

3KTOMUYECKAA AKPOMEIANINA BCJIEACTBUE HEMPOIHAOKPUHHBIX OMYXONEN JIETKUX:
MNEPBOE ONMNCAHUE B POCCUUN TPEX KITMHUYECKUX CJZTYYAEB
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"HaumoHanbHbI MeAULIMHCKMIA UCCnefoBaTebCKuI LeHTP 3HAoKpuHonorum, Mocksa, Poccusa
U Any A L A
2HaumoHanbHbIN MeQULMHCKUIA CCNE[OBATENbCKNN LIEHTP Xupyprum umenHn A.B. BuiiHesckoro, Mockga, Poccusa

AKpomeranma — HeNpOdHJOKPUHHOE 3aboneBaHne, BO3HUKaloLee BCneacTBME U3ObITOYHON NPOAYKLUN FOPMOHa
pocTa (comatoTponHoro ropmoHa, CTl). B 601bLWINHCTBE ClyYaeB NPUUYMHOW aKpOMeranum ABAATCA afeHoMbl FTUno-
¢un3a, npogyunpytowme CTT. lopa3fo pexe BCTpevaloTCs Cilyyan SKTONUYeCcKon akpomeranuu. MNocneaHsa BO3HMKA-
eT BCNefCcTBME ONnyxonei, Npoayunpyowmx ropMoH pocTa-punusnHr ropmoH (FPPT), unn onyxonein BHerunodusap-
HOW nokanusauuu, npogyumnpyrowmx CTI. OCHOBHbIMU UCTOYHMKaMK cekpeunn TPPT ABnAOTCA HEMPOIHAOKPUHHbIE
onyxonu (H30) nerkmx n noaxxenyaouyHon xenesbl. JleyeHre SKTONMNYECKON akpoOMeraanm 3akniovaeTca B Xupypru-
YeCcKOM yaaneHum NCToyHnka runepnpoaykuum PPl a B cnyyae HeBO3MOXHOCTW paiuKanbHOro yaaneHnsa Ncnosnb-
3yl0T aHanorm comaTtoctaTuHa ANAUTeNIbHOro AerCTBUA, N3rBUCOMAHT, XMMMUOTepanuio, UMMyHoTepanuio, ny4eBylto
Tepanuio.

B naHHOW cTaTbe NpuBefeHO onmncaHmne Tpex KINHMYECKMX CJlyyaeB IKTONnYeckomn akpomeranum scnegcreme NPPI-npopy-
umpytownx H30 nerkunx, Kax<ablii U3 KOTOPbIX MpMMeyaTesieH pagoM ocobeHHoCTeln. B nepBbix ABYX Cyyanax akpomeranusa
nmena MArkoe TeyeHre N HeapKue KnmHuyecKne NpoABaeHnsA, Npm 3ToM BO 2 Cilyyae NMesioCb coveTaHne SKToNnYyeckom
akpomeranum n nepBMYHOro runepnapaTnpeosa. B 3 cnyyae skronnyeckan akpomeranuma coyetanacb ¢ MaKpoageHoMom
runodusa, n nocne xupypruyeckoro neveHna H30 pemuccna akpomeranum He Hactynuna. Bo Bcex Tpex cnyyasax H30
nerkux 6b11M 06HapyKeHbl CyyaliHO NPV NPOBEAEHNIN PEHTIEHONOMMYECKOro 06CNef0BaHNN FPYAHON KNEeTKU Mo nosoay
APYrnX COCTOAHUN.

KJTIOYEBbIE CJIOBA: skmonuyeckasa akpomezanus; Helpo3HOOKPUHHblE ONYX0J1u; 20pMOH poCcma-pusiu3uHz 20pMOH; hep8uYHbIU 2unepnapa-
mupeos; MakpoadeHoMa 2unogusd.
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CASE REPORT

BACKGROUND

Acromegaly is a severe chronic neuroendocrine disease
resulting from excessive production of growth hormone
(GH) [1]. More than 95% of cases of acromegaly are caused
by GH-producing pituitary adenomas (both sporadic and fa-
milial forms) [2, 3]. Cases of ectopic acromegaly are much
rarer (less than 5%) [4]. The term “ectopic acromegaly”in fact
encompasses three definitions. First, these are tumours that
produce growth hormone-releasing hormone (somatoliber-
in, GHRH), which in turn stimulates excessive GH production
by the intact pituitary gland. These include both hypotha-
lamic tumours (hamartomas, gliomas, or gangliocytomas),
which may lead to the development of hyperplasia and
then GH-producing pituitary adenoma, and neuroendo-
crine tumours (NETs) or, rarely, GHRH-producing tumours
of non-neuroendocrine nature of various localisations [5].
Second, there are GH-producing ectopic pituitary adeno-
mas located outside the sella turcica - in the sphenoid sinus,
petrous part of temporal bone, or nasopharynx [6]. Third,
there are extracranial GH-producing tumours (e.g., pancre-
atic NETs [7], or non-Hodgkin lymphoma [8]). The first de-
scription of ectopic acromegaly dates back to 1949, when
Goldman described a patient with a combination of pul-
monary NET, pituitary tumour and bilateral adrenal lesions,
suggesting that the tumour produced a factor that stim-
ulated the growth of tumours in other organs [cited in 5].
The role of pulmonary tumour as a cause of acromegaly was
first demonstrated by Altmann and Schiitz, who in 1959 re-
ported a patient with clinical manifestations of acromega-
ly who did not achieve remission after pituitary irradiation
but improved significantly after resection of the pulmonary
tumour [cited in 9]. In 1982, two independent groups iso-
lated a protein that stimulates GH production (GHRH) from
pancreatic tumour tissue in two patients with acromegaly
[10, 11], establishing a causal relationship between the de-
velopment of acromegaly and a tumour of extra-pituitary
localisation.

By 2012, Garby et al. published a literature review sum-
marising data on 53 known cases of ectopic acromega-
ly [12]; Ghazy et al. published data on 98 cases [13]. In 2022,
Zendran et al. published a review summarising data on 127
known cases [14]. Overall, 2/3 of cases of ectopic acromeg-
aly are diagnosed in women [13], and the main sources
of GHRH secretion in ectopic acromegaly are bronchial NETs
(typical and atypical bronchial carcinoids) (up to 43%) and
pancreatic NETs (up to 35%) [14]. Pheochromocytomas, par-
agangliomas, lymphomas, thymomas and some other tu-
mours may occur in isolated cases [12-14]. Only in two cases
GHRH-producing tumours were not of neuroendocrine na-
ture (a diffuse large B-cell lymphoma [15] and adenocystic
bronchial carcinoma [16]). Among intracranial sources of ec-
topic GHRH production, mixed gangliocytomas-adenomas
of pituitary gland are more common [14].

The clinical picture of ectopic acromegaly does not dif-
fer from that of typical acromegaly, and it can be suspected
in the absence of visualisation of pituitary adenoma on brain
magnetic resonance imaging (MRI) or when diffuse pituitary
hyperplasia is detected [17]. Identifying the source of GHRH
production is the main challenge in diagnosing ectopic acro-
megaly, and the removal of the primary tumour is the main
treatment option [13, 14]. If radical removal of the tumour
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is impossible, long-acting somatostatin analogues, pegviso-
mant, chemotherapy, immunotherapy, and radiation thera-
py may be prescribed [13, 14].

This article describes three clinical cases of ectopic ac-
romegaly due to GHRH-producing bronchial NETs, each
of which is remarkable for a number of features. In Russia,
clinical cases of ectopic acromegaly have not been previous-
ly described.

CASES

Case 1

A female patient S.N.Y., born in 1962, was first admit-
ted to Endocrinology Research Centre at the age of 58.
Approximately 6-7 years before she noticed for the first time
some changes in her appearance (facial swelling, feet en-
largement), weight loss, general fatigue, irritability. During
a routine check-up by a gynaecologist in 2014, she was sus-
pected of having acromegaly and a brain MRI was recom-
mended. The brain MRI revealed a pituitary microadenoma.
A hormone blood test revealed hyperprolactinaemia (base-
line data were not provided), and therapy with cabergoline
0.25 mg once a week was prescribed. The therapy result-
ed in the normalisation of prolactin levels. In 2015, eleva-
ted concentrations of insulin-like growth factor 1 (IGF-1)
and GH were detected for the first time, and acromegaly
was diagnosed. At the follow-up MRI examination in 2016,
a 5x5 mm pituitary microadenoma remained. In September
2016, due to sustained normoprolactinaemia, cabergoline
was cancelled, and acromegaly therapy with somatosta-
tin analogues was started: 20 mg long-acting octreotide
once every 28 days intramuscularly, which she received for
6 months. During the treatment, the patient noticed an im-
provement of her condition, but IGF-1 remained elevated.
Due to poor tolerance of octreotide (lump and hyperaemia
at injection sites), the therapy was cancelled. In December
2016, hyperprolactinaemia up to 1,098 mU/L was detected
again, and cabergoline therapy was periodically resumed
and cancelled. No changes in the size of the pituitary ade-
noma during treatment with somatostatin analogues and
cabergoline were noticed.

In February 2017, during a routine chest X-ray, a tumour
lesionin theleftlung was detected for the first time. Multislice
computed tomography (MSCT) revealed a lesion in the hilum
of the left lung with clear distinct contours 44x42x50 mm
in size, of heterogeneous density with small calcium inclu-
sions of 32-30 Hounsfield Units. The lesion was suspected
to be malignant, and in May 2017 the patient’s local oncol-
ogist’s practice performed a typical left lung S4-5 segmen-
tectomy and lymphadenectomy. Immunohistochemical
(IHC) examination of the removed tumour found a highly
differentiated Grade 1 bronchial NET with Ki-67 proliferation
index under 2%, which is characteristic of a typical carcinoid.
In the postoperative period, the patient noted a significant
improvement of her condition: return of her former weight
(weight gain of 18 kg), disappearance of facial swelling, re-
duction of general fatigue. Follow-up control established
normalisation of IGF-1 and GH levels. MSCT found no evi-
dence of tumour relapse. The patient still had hyperprolact-
inaemia: monomeric prolactin level was 1,897 mU/L, and
a 4x5x5 mm pituitary microadenoma remained; the patient
was periodically treated with cabergoline, with positive
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effect, and continued to be observed by an endocrinologist
as she was diagnosed with acromegaly and no connection
was established between the removal of the bronchial tu-
mour and the achievement of acromegaly remission.

In 2020, the patient with acromegaly, pituitary mi-
croadenoma, bronchial NET, chromogranin A elevated
to 169.12 pg/L (0-100) was suspected to have multiple
endocrine neoplasia type 1 syndrome (MEN1) and was ad-
mitted to Endocrinology Research Centre. During in-pa-
tient examination, remission of acromegaly was confirmed:
IGF-1 was 177.2 ng/ml (17-238); growth hormone nadir
during oral glucose tolerance test (OGTT) was 0.274 ng/ml.
On physical examination, mild manifestations of acromegaly
were observed (Figure 1). Brain MRI revealed a lesion that
was slightly hyperintense on T2 and hypointense on T1 WI,
definitely not absorbing contrast agent, 14.4 mm wide, up
to 7.3 mm high, and 2 mm in anteroposterior measurement.
It was located at the border between anterior pituitary and
posterior pituitary. The lesion was most consistent with
Rathke’s cleft cyst. In the anterior right part of pituitary along
the edge of the bottom and the right-side cavernous sinus,
an area of slightly reduced content of contrast agent was
found (5x5.7 mm, a microadenoma). The pituitary stalk was
not displaced. A diffusely reduced MR signal was observed
on T2 WI (Figure 2). An additional IHC study detected no
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GH expression in the removed bronchial carcinoid; diffuse
GHRH expression was detected. (Figure 3 A, B).

During examination for complications of acromeg-
aly, there was no evidence of carbohydrate metabolism
disorders (fasting blood glucose 4.88 mmol/L, two-hour
blood glucose 5.8 mmol/L). Given a history of multinodu-
lar goitre, an ultrasound examination of the thyroid gland
was performed, which revealed an increase in volume up
to 27.7 ml with multiple nodular lesions with a maximum size
up to 3.8 cm in diameter in the right lobe and up to 1.3 cm
in the left lobe of the thyroid gland. A fine-needle aspiration
biopsy confirmed a proliferative colloid goitre of varying
degree (Bethesda Il). Hormonal examination showed euthy-
roidism (TSH - 0.565 mIU/L; free T4 - 14.1 pmol/L (9.0-19.0);
free T3 - 3.5 pmol/L (2.6-5.7), calcitonin - 3.41 pg/ml (0-4.8).
No cardiovascular complications were found. Colonoscopy
excluded any colon neoplasms. Due to complaints of back
pain, a spinal radiography was performed, and a compres-
sion fracture of the Th12 vertebra was detected. The patient
was diagnosed with osteoporosis of mixed origin, and an-
tiresorptive therapy was prescribed.

After cancelling cabergoline and achieving acromega-
ly remission, persistent elevated monomeric prolactin up
to 1,116 mlU/L (64-395) was noticed. To exclude possible
secondary causes of prolactin level increase, the patient was

Figure 1: Patient S.N.Y. Typical changes in appearance in mild acromegaly at advanced age.

Slight enlargement of facial features (A); enlargement of hands (B).
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Figure 2: Patient S.N.Y. anterior pituitary cor MRI.

A:T1 Wl with contrast agent. A microadenoma (see arrow) in the left anterior pituitary; B: T1 Wl with contrast agent. Rathke’s cleft cyst (see arrows);
C: T2 WI. A diffusely reduced MR signal on T2 WI from anterior pituitary tissue (see arrow)
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Figure 3: Immunohistochemical examination of Patient S.N.Y.s bronchial carcinoid.

A: diffuse GHRH expression; B: no GH expression. Histological scans.

examined for gynaecological diseases and no pathology
was found. The patient’s fibrocystic breast changes could be
a possible cause of hyperprolactinaemia. Given a moderate
increase in the prolactin level, achievement of normoprol-
actinaemia after administration of small doses of cabergo-
line, and no growth of the pituitary adenoma in size, this
pituitary microadenoma was considered non-functioning.
Given the combination of pituitary microadenoma and
a bronchial NET, screening examination for possible com-
ponents of MEN1 syndrome was carried out: no data for
primary hyperparathyroidism (PHPT), pancreatic or adrenal
tumours were obtained. Blood test for chromogranin A -
2.1 nmol/L (under 2).

In 2022, the patient continued to be monitored
in Endocrinology Research Centre. Persistent acromegaly
remission was maintained, and positive changes in bone
mineral density were observed after administration of zole-
dronic acid.

Case 2

A female patient D.L.E., born in 1959, was first admitted
to Endocrinology Research Centre at the age of 60. Her com-
plaints included marked general weakness, headaches, joint
pain, sweating, weight loss, and facial swelling. The patient
considered herself to have been unwell for the last two years,
ever since an examination after the flu revealed an increase
in blood glucose up to 9.3 mmol/L. Later, glycaemic param-
eters normalised and diet therapy was recommended. Due
to general malaise, the patient visited a local endocrinolo-
gist's practice, and the examination revealed an increase
in IGF-1 level up to 349 ng/ml (normal up to 200). Brain
MRI showed marked irregularity of the anterior pituitary
structure on the left side; thus, a pituitary adenoma could
not be excluded. In the middle part of the pituitary, a T2 WI
hyperintense structure was observed (3.8x1.5 mm), which
did not absorb contrast agent (Rathke’s cleft cyst). The MR
signal from the anterior pituitary was slightly reduced on T2
WI (Figure 4 a, b).

Upon admission to Endocrinology Research Centre,
active acromegaly was confirmed: IGF-1 at 591.1 ng/ml
(15-230); GH nadir of 2.53 ng/ml during OGTT. Notably,

clinical signs of acromegaly were subtle: a slight facial
oedema and the enlargement of the nose and fingers.
Also during the examination the PHPT diagnosis was veri-
fied for the first time: parathyroid hormone was elevated
to 78.8 pg/ml (15-65), total calcium was at 2.51 mmol/L
(2.15-2.55); ultrasound examination of parathyroid glands
revealed a 1.2x0.5x0.7 cm lesion in the right inferior par-
athyroid gland. PHPT complications included osteopenia
in 33% of the radial bone to -2.0 SD by T-score. A transnasal
transsphenoidal adenomectomy was performed in February
2019. GH nadir during OGTT in the early postoperative peri-
od was 0.89 ng/ml. The removed material included anterior
pituitary tissue with extensive areas of oxyphilic cells, and
the presence of a pituitary tumour was suspected. However,
additional slices with silver impregnation revealed a pre-
served network of reticulin fibres with microfoci of dilated
acinuses, which corresponds to anterior pituitary hyperpla-
sia. On immunohistochemical examination, most of the cells
were GH-immunopositive (Figure 5).

Given the combination of acromegaly and PHPT, in order
to exclude MEN1 syndrome, we performed high-throughput
parallel sequencing of a panel of candidate genes (AIP, CASR,
CDKN1A, CDKN1B, CDKN1C, CDKN2A, CDKN2C, CDKN2D,
DICERT, GNAS, CDC73, MEN1, POUTF1, PRKARTA, PRKCA,
PTTG2, SDHA, SDHB, SDHC, and SDHD (total coverage of cod-
ing exons: 96.7%)), and the results showed no mutations.

Three months after surgical intervention, IGF-1 remained
elevated at 389.2 ng/ml (89-255). When the patient was
readmitted to Endocrinology Research Centre one year af-
ter the surgical intervention, the absence of acromegaly
remission was confirmed: IGF-1 was 414.5 ng/ml (17-238).
However, contrast brain MRI did not provide conclusive evi-
dence of residual pituitary adenoma tissue. Long-acting oc-
treotide therapy was recommended, which resulted in nor-
malisation of IGF-1 level to 196.6 ng/ml (93-224).

At the age of 61, the patient had COVID, and chest MSCT
revealed an irregularly shaped 32x32 mm lesion in S10
of the left lung. It had clear, polycyclic contours and density
of 34 Hounsfield Units (Figure 4 ¢, d). The lesion was located
in the lumen of the posterior basal bronchus, as well as peri-
bronchially in the parenchyma of S10. Partial consolidation
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of the parenchyma of the segment distal to the lesion (sub-
segmental atelectasis) was observed. In S3 of the left lung,
there was a second lesion with clear irregular contours,
16x13 mm in size and density of 56 Hounsfield Units. A le-
sion was also located in the lumen of the anterior bronchus
and in the parenchyma of S3. Regional lymph nodes were
not enlarged. A conclusion was made: the lesion in S10
of the left lung was most consistent with NET; subsegmen-
tal atelectasis in S10 of the left lung was distal to the lesion;
the lesion in S3 was a seeding site. A videothoracoscopic
inferior lobectomy on the left side and a lymphodissec-
tion on the left side were performed at the patient’s local
clinic. Histological examination revealed atypical carcinoid
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of Grade 2 with maximum tumour size 30 mm. No tumour
growth was found in the bronchus resection margin, vessel
resection margins, visceral pleura, and in any of the exam-
ined specimens.

Due to suspected ectopic acromegaly, histological spec-
imens were re-examined at Endocrinology Research Centre
and an IHC study of the removed tumour was performed.
A conclusion was made: in the presented histological spec-
imens stained with haematoxylin and eosin, a tumour was
found with evidence of neuroendocrine differentiation with
two mitoses, evidence of invasive growth into the bronchi,
seven lymph nodes with reactive changes, without elements
of tumour growth in the pulmonary tissue. In the presented

Figure 4: Patient D.L.E. MRl and CT scans.

A: anterior pituitary cor MRI, T1 WI with contrast agent. Rathke's cleft cyst (see arrow). An area of slightly reduced contrast agent absorption in the left side

of anterior pituitary (see long arrow); B: Rathke’s cleft cyst (see arrow). Diffusely reduced MR signal on T2 WI from anterior pituitary tissue; C: lung MSCT;

pulmonary mode, native phase, axial projection. A neuroendocrine tumour in S10 of the left lung (see short arrow); D: lung MSCT; pulmonary mode, native
phase, axial projection. A lesion in S3 of the left lung with intra- and peribronchial spreading - a seeding site (bold arrow).
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Figure 5: Histological and IHC study of the material surgically removed from Patient D.|.E’s pituitary.

A: anterior pituitary tissue with extensive areas of oxyphilic cells (haematoxylin and eosin); B: preserved network of reticulin fibres with microfoci of dilated
acinuses (silver impregnation); C: diffuse GH staining of anterior pituitary cells (an HIS reaction with GH antibodies). Histological scans.

histological specimens stained with antibodies to Ki-67,
TTF-1, cytokeratin AE1/3 and CD56, expression of TTF-1, cy-
tokeratin AE1/3, CD56 was found in the tumour cells, Ki-67
label index was 13.2%. An IHC examination with antibod-
ies to GHRH revealed a focal GHRH expression of moderate
to high intensity in the majority of tumour cells; reaction
to GH was negative (Figure 6).

Thus, the diagnosis of ectopic acromegaly was estab-
lished based on the results of histological and IHC exami-
nation. A decision was made to temporally discontinue so-
matostatin analogues; following the discontinuation, IGF-1
remained within the reference values (136 ng/ml (17-238)).
Positron emission CT with %Ga-DOTATATE/DOTANOC per-
formed 9 months after the surgical intervention revealed no
signs of tumour growth. Two and a half years after the sur-
gical intervention, the patient remains in acromegaly re-
mission. During the follow-up, parathyroid hormone was
still elevated up to 102.5 pg/ml (15-65), with total calcium
at2.52mmol/1(2.15-2.55) and ionised calcium at 1.33 mmol/I
(1.03-1.29); no secondary causes of parathyroid hormone el-
evation were found. Given the mild course of PHPT (absence
of osteoporosis, urolithiasis, no decrease in the glomerular
filtration rate, normocalciuria), regular follow-up examina-
tions were chosen.

Case 3

A female patient S.N.A., born in 1978, was first admit-
ted to Endocrinology Research Centre at the age of 41 with
complaints of headache, back pain, joint pain, facial swell-
ing, hair loss, weight gain, menstrual cycle irregularities
(delays). From the age of 37 she began to notice enlarge-
ment of the feet, hands and nose, fingertip numbness, and
menstrual cycle delays. At the age of 40, she was seen by
an endocrinologist at her local medical practice, and acro-
megaly was suspected during examination. GH level was
8.29 ng/ml (0.5-7), but no IGF-1 data were available at that
time. Contrast brain MRI revealed a 25x30x33 mm pituitary
macroadenoma with endo-, supra-, infra-, and latero- (into
the left cavernous sinus, Knosp Grade 3) sellar growth. It
compressed the optic nerve chiasm (Fig. 7a). Iron deficien-
cy anaemia due to heavy menstruation associated with
uterine myoma was also detected at that time. At the age
of 41 the patient underwent transnasal transsphenoidal
adenomectomy at her local clinic. Histological examination
found a “large-cell pituitary adenoma”. After the surgery,
secondary hypothyroidism developed, but acromegaly
remission was not achieved, thus the patient was referred
to Endocrinology Research Centre. Before admission, due
to complaints of persistent cough, the patient underwent
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Figure 6: IHC study of Patient D.I.Es bronchial carcinoid.

A: diffuse GHRH expression; B: no GH expression; C: positive expression of 2A somatostatin receptors (SSTR 2A) (3 points). Histological scans.

a chest MSCT, which revealed a 15x12 mm lesion in the up-
per lobe of the left lung, which the oncologist considered
benign on the basis of CT phenotype.

Upon admission to Endocrinology Research Centre
the patient’s examination confirmed active acromegaly:
IGF-1 at 538.9 ng/ml (64-395); there was no GH suppres-
sion during OGTT (GH nadir - 1.03 ng/ml). Contrast brain
MRI revealed a cystic-solid lesion 25x25x30 mm in the sella
turcica (left side), in the sphenoid sinuses, more on the left
side, in the left cavernous sinus (Knosp Grade 3). There was
uneven absorption of the contrast by the lesion. Compared
to MRI images made prior to transnasal transsphenoidal
adenomectomy, new images showed moderate reduc-
tion of vertical size (distance to the optic chiasm: 5 mm)
and spreading to the lateral part of the sphenoid sinus.
Conclusion: pituitary macroadenoma with endo-, infra-,
and latero- (S) sellar growth. The patient was consulted by
a neurosurgeon, and repeated transnasal transsphenoidal
adenomectomy was performed. Morphological and IHC
examination revealed densely granulated somatotroph ad-
enoma (Figure 8). GH nadir of 0.6 ng/ml was achieved dur-
ing OGTT in the early postoperative period. Subsequently,
long-acting octreotide 20 mg once every 28 days intramus-
cularly was prescribed by the patient’s local physician due

to the absence of GH suppression during OGTT. Repeated
examination at Endocrinology Research Centre one year
post-surgery, after a period of therapy with long-acting oct-
reotide, revealed IGF-1 elevation up to 332.4 ng/ml (51-271).
Contrast brain MRI found a cystic-solid lesion of heteroge-
neous structure with uneven contrast absorption located
in the sella turcica, with infrasellar growth into the sphenoid
sinus, laterosellar spread into the left cavernous sinus (Knosp
Grade 3), antesellar spread to the ethmoidal labyrinth, with
maximum size: vertical - 18 mm, transverse - 25 mm, anter-
oposterior — 28 mm. Suprasellar cistern was not narrowed,
nor was the optic nerve chiasm compressed. Compared
to the previous examination, there was a decrease in the tu-
mour size (Figure 7b). Given the lack of effect after two surgi-
cal interventions, the patient was recommended to increase
the dose of long-acting octreotide to 30 mg once every
28 days intramuscularly.

At the age of 44, the patient was readmitted
to Endocrinology Research Centre for a follow-up ex-
amination. At the time of admission, she was receiving
long-acting octreotide 40 mg once in 28 days (the dose
was increased by her local physician due to the lack
of IGF-1 level normalisation). During examination, the ab-
sence of acromegaly remission was confirmed: IGF1 was
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at 300.8 ng/ml (51-271). Contrast brain MRI found a cyst-
ic-solid lesion of heterogeneous structure in the sella turci-
ca, in the sphenoid sinus (spreading to the posterior laby-
rinth).The lesion was protruding from anterior pituitaryand
unevenly absorbing contrast and had the same size: verti-
cal - 18 mm, transverse - 21 mm, anteroposterior - 25 mm,

KNUHUYECKIMI CNYYAW

without any changes vs. the previous examination. Given
alung lesion in the history, a contrast chest MSCT was per-
formed: in the left S4 lung parenchyma a perivascular solid
lesion 15x12%x19 mm was seen with smooth and slightly
bulging contours, moderately absorbing contrast agent
(native/ arterial/ venous/ deferred phases: 13/ 15/ 69/ 79

Figure 7: Patient S.N.A. MRl and CT scans.

A: pre-surgery pituitary MRI coronal T1 WI contrast. A pituitary macroadenoma (see arrow); B: post-surgery pituitary MRI coronal T1 WI contrast. A pituitary
macroadenoma (see arrow), decreased in size; C: lung MSCT; pulmonary mode, arterial phase, axial projection. A neuroendocrine tumour in 54 of the left
lung (see arrow).
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Figure 8: Histological and IHC study of the material surgically removed from Patient S.N.A’s pituitary tumour.

A: a solid tumour of chromophobe cells (haematoxylin-eosin); B: irregular cytoplasmic staining with low-molecular-weight cytokeratin CAM 5.2 clone
(IHC reaction); C: pronounced diffuse GH expression in tumour cells (IHC reaction); D: pronounced expression of 2A somatostatin receptors, IRS=12 (HIS
reaction). Histological scans.

Hounsfield Units). Conclusion: the lesion was most con-
sistent with NET (Figure 7c). A S4-5 bisegmentectomy
on the left side with groups 3, 5, 7, 9 lymphodissection was
performed. Morphological examination detected a dense,
homogeneous pale yellow 1.6x1.5x1.3 cm tumour nod-
ule located within the lung lobe tissue. Microscopically,
the tumour nodule was a dense cellular formation with
scanty, slightly eosinophilic, vaguely contoured cell cy-
toplasm and small oval uniform nuclei. The cells formed
solid-alveolar structures; no foci of necrosis were found.
There were three mitoses in 50 fields of view at X400 mag-
nification. The tumour involved the bronchus wall, grew
under the epithelium of its mucous membrane and nar-
rowed the bronchus lumen. The nodule had a clear border
with the surrounding pulmonary tissue, without a visible
pseudocapsule. A IHC study revealed tumour cells to have
diffuse expression of chromogranin A (clone DAK-A3,
DAKO), Ki-67 (clone SP6, Cell Marque) — nuclear expres-
sion in less than 1% of cells. Conclusion: typical carcinoid
of the left lung, Grade 1, with a lesion of the upper lobe
subsegmental bronchus wall, without invasive elements
in the resection margins and without metastases in seven
regional lymph nodes.

Given the findings, ectopic acromegaly was suspected.
IHC examination revealed diffuse GHRH expression, which
confirmed ectopic acromegaly diagnosis (Figure 9).

However, IGF-1 levels remained elevated in the postop-
erative period, thus necessitating continued therapy with
somatostatin analogues. Table 1 compares the parameters
of ectopic acromegaly cases described above.

DISCUSSION

This article describes three clinical cases of ectopic acro-
megaly in women due to bronchial NETs, which is consist-
ent with the literature, according to which they are the most
frequent localisation of GHRH-producing NETs, and that
the disease is more frequent in women [13, 14]. Each case
is notable for a number of features. Case 1 presented with
weight loss, which is not typical of acromegaly but may be
a symptom of NET. Case 2 was characterised by mild clin-
ical manifestations of acromegaly, although, as mentioned
above, clinical manifestations of classical and ectopic acro-
megaly are thought to be similar [17]. In all three patients,
the diagnosis of ectopic acromegaly was made ex post facto:
in Case 1, after retrospective analysis of the patient’s medical
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history, in Cases 2 and 3 - after failure to achieve acromeg-
aly remission after transnasal adenomectomy and after in-
cidental detection of lung lesions when screening for other
conditions.

The question remains relevant: what data could pro-
vide a basis for an endocrinologist to suspect ectopic GHRH
production in a patient with clinical signs of acromegaly?
In 2022, Potorac et al. retrospectively analysed brain MRI
data in 30 ectopic acromegaly patients in order to identify
distinctive features of pituitary imaging in such cases [17].
Theresults showed pituitary hyperplasiain 24 patients, in two
cases the vertical size of the pituitary gland was slightly in-
creased relative to normal, and in four cases pituitary gland
size was normal. Based on the analysis of MRl images, the au-
thors conclude that pituitary in ectopic acromegaly patients
is slightly to moderately enlarged in size; pituitary is hypoin-
tense on T2-weighted images, and normal pituitary tissue is
not visualised on MRI. In addition, there is no invasion into
cavernous sinuses or compression of the chiasm. The au-
thors highlight the following factors as suggesting that ec-
topic acromegaly could be suspected: hypointense pituitary
image on T2-weighted images (in 83.3% of cases), pituitary
hyperplasia (80%), average pituitary height of about 9.5 mm
(rarely more than 18 mm), normal pituitary tissue is not
visualised, no invasion into the cavernous sinuses/sphenoid
sinus, no pituitary stalk deviation, no changes in the sellar
floor. In addition to MRI characteristics, the authors note that
ectopic acromegaly is more frequent in females (73.3%), and
in males the disease occurs at a younger age. In addition,
in 50% of cases, acromegaly was diagnosed before a NET;
the most frequent localisations are lungs (56.7%) and pan-
creas (33.3%) [17].

Thus, the absence of pituitary adenoma MRl visualisation
in a patient with acromegaly allows us to suspect ectopic
acromegaly. Nevertheless, a number of studies indicate that
this is not always the case. In a study by Lonser et al. among
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190 acromegaly patients, there were six (three males and
three females) in whom no pituitary adenoma was visualised
on brain MRI. Three patients underwent MRI using the VIBE
sequence (volumetric interpolated breath-hold examina-
tion), which revealed a 4 mm pituitary adenoma in one pa-
tient. All patients underwent endoscopic transnasal revision
of the pituitary gland, and microadenomas were detected
in all of them. Morphological and IHC studies confirmed so-
matotroph adenoma in all cases, and all patients achieved
biochemical acromegaly remission after surgery [18]. Similar
observations have been reported by others [19].

In the described cases, the first patient had a pituitary
microadenoma (most likely non-functioning); the second
patient had pituitary hyperplasia, which was initially consid-
ered a pituitary microadenoma. Only Case 3 had a pituitary
macroadenoma, which is not typical for ectopic acromegaly.
It is possible that the pituitary macroadenoma developed
due to prolonged exposure of the pituitary gland to GHRH,
and this prevented acromegaly remission after surgical re-
moval of the bronchial NET. We found no cases of a combi-
nation of ectopic acromegaly with GH-producing pituitary
macroadenoma in one patient in the literature.

Measuring plasma GHRH levels may have diagnostic
significance in suspected ectopic acromegaly. Various re-
searchers have suggested the following plasma GHRH lev-
els at which it may be suspected: over 300 ng/L [20] or over
250 ng/L [12]. In general, there are commercial kits for GHRH
measurement; the most common one is ELISA [14]. However,
given the rarity of the disease and the difficulty in obtaining
such kits, it seems reasonable to perform diagnostic imag-
ing (chest and abdomen) if pituitary adenoma is not visible
on brain MR, both initially and in failure to achieve postop-
erative acromegaly remission and also in cases where resid-
ual tumour tissue is not visible on brain MRI after surgery.

In two of the three cases described (Cases 1 and 2),
surgical treatment (removal of bronchial NETs) resulted

Figure 9: IHC study of Patient S.N.A’s bronchial carcinoid. Diffuse GHRH expression. Magnification: 40x.
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Table 1: Parameters of patients with ectopic acromegaly

Case 1 Case 2 Case3
Age at the time of 58 60 a1
diagnosis
Sex Female Female Female
IGF-1 N/A 591.1 ng/ml (15-230) 538.9 ng/ml (64-395)
Basal GH N/A N/A 8.29 ng/ml (0.5-7)
GH nadir during OGTT N/A 2.53 ng/ml 1.03 ng/ml

(under 0.4 ng/ml)

Brain MRI data

Pronounced irregularity of
anterior pituitary structure;
suspected anterior pituitary
microadenoma; 3.8x1.5 mm
Rathke’s cleft cyst

A lesion in anterior pituitary,
consistent with anterior
pituitary microadenoma and
Rathke’s cleft cyst

A 25%30%33 mm pituitary
macroadenoma with endo-,
supra-, infra-, and latero-
(into the left cavernous sinus,
Knosp Grade 3) sellar growth;
the lesion is compressing

the optic nerve chiasma

A lesion in the left pulmonary A 32x32 mm lesion in 510 of

A 15%12 mm lesion in
the upper lobe of the left

the left lung, with a density of
34 Hounsfield Units; a seeding

lung. Histological test:

hilum; size: 44x42x50 mm; a typical carcinoid in the left

Histological test: a highly
differentiated Grade 1
bronchial NET with Ki-67
proliferation index under
2%, which is characteristic of
a typical carcinoid

Source of ectopic
acromegaly

site in S3 of the left lung,

with clear irregular contours,
16x13 mm in size and density
of 56 Hounsfield Units.
Histological test: an atypical
carcinoid, G2

lung; Grade 1; lesion of the
upper lobe subsegmental
bronchus wall, without
invasion elements in

the resection margins and
without metastases in seven
regional lymph nodes

in acromegaly remission. In general, surgical intervention is
the first-line treatment for ectopic acromegaly, as it allows
complete removal of the source of GHRH hyperproduction.
If radical removal of the tumour is not possible, various oth-
er treatments are used. Long-acting somatostatin analogues
can be used due to the presence of somatostatin receptor
type 2 expression in NETs [21]. If there is no expression
of these receptors in tumour tissue, somatostatin analogues
may still have a partial effect due to their impact on pituitary
somatotrophs, which reduces GH expression. In some cases,
radiation therapy, as well as chemotherapy, immunothera-
py, embolisation of metastases, and administration of peg-
visomant have been used [14].

The combination of ectopic acromegaly and PHPT
in Case 2 is noteworthy. Based on the combination
of acromegaly and PHPT, the patient was clinically suspect-
ed to have MEN1 syndrome. A review by Zendran et al. indi-
cated that 23 patients with ectopic acromegaly and MEN1
syndrome have been described in the literature, with ge-
netic analysis confirming the diagnosis in 19 of them [14].
Notably, 18 cases of NET were localised in the pancreas, and
one case in the thymus, but none in the lungs. In addition
to pancreatic NETs, most patients had PHPT [14], and some
patients also had pituitary adenomas (gonadotroph ade-
noma [20], GH/prolactin-secreting pituitary adenoma [12],
null-cell adenoma [23]). Thus, in MEN1 patients, diagnosis
of ectopic acromegaly due to GHRH-producing pancreatic

Mpo6nembl s3HAOKpUHONOrMK 2024;70(1):66-80

doi: https://doi.org/10.14341/probl13346

NET may be difficult due to a possible combination with pi-
tuitary adenoma (non-functioning or otherwise) within this
syndrome. In general, a combination of pituitary adenoma
and PHPT in a patient allows clinical diagnosis of MEN1 syn-
drome [24]. If no mutation in MENT gene is detected, this
case can be considered as a phenocopy of MEN1 syndrome,
and very rarely mutations in CDKN1B gene (multiple endo-
crine neoplasia syndrome type 4, MEN4) can be detected
in such patients [25]. In our patient (Case 2), no mutations
in MENT or CDKN1B were detected. Given no aggravated
family history of acromegaly and the fact that acromegaly is
associated with increased incidence of some neoplasms [27],
it is possible to assume either that the parathyroid adenoma
developed due to excessive IGF-1 exposure, or a coinciden-
tal combination of several endocrine tumours in the same
patient.

As of 1 May 2023, Russia’s National Hypothalamic-
Pituitary Tumour Registry had records on 5,726 patients
with acromegaly. International data suggests that 5%
of acromegaly patients will have an extra-pituitary cause
of the disease [4], and thus over 250 residents of Russia are
likely to have acromegaly caused by ectopic GH or GHRH
secretion. However, no such cases have been reported by
Russian authors in the literature. The reasons of untimely
(retrospective) diagnosis of ectopic acromegaly may in-
clude low awareness of doctors, including endocrinolo-
gists, lack of specific clinical manifestations, inaccessibility

Problems of Endocrinology. 2024;70(1):66-80
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of laboratory GHRH measurement, high sensitivity of NETs
to therapy with somatostatin analogues, lack of practicians’
vigilance with regard to patients with acromegaly who
have not achieved remission after neurosurgical treatment
involving radical removal of pituitary adenoma.

CONCLUSION

Acromegaly is relatively rare in the general population,
and ectopic acromegaly occurs in only about 5% of cases.
Nevertheless, endocrinologists need to suspect ectopic ac-
romegaly if pituitary adenoma is not visible on brain MRI
or when detecting a diffuse pituitary hyperplasia that is
hypointense on T2 WI. Diagnostic search should be started
with the exclusion of bronchial and pancreatic NETs, and
in case of pancreatic NETs, MEN1 syndrome should be sus-
pected. Surgical treatment is the first-line method as it po-
tentially enables a complete removal of the source of GHRH
hyperproduction and leads to acromegaly remission.

KNUHUYECKIMI CNYYAW

In the absence of ectopic acromegaly remission after sur-
gical treatment, it is advisable to prescribe various options
of drug treatment.
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