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Ectopic growth hormone-releasing hormone secretion by a
metastatic bronchial carcinoid tumor: a case with a non
hypophysial intracranial tumor that shrank during long acting
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Patricia Fainstein Day - Lawrence Frohman < Hernan Garcia Rivello * Jean Claude Reubi *
Gustavo Sevlever - Mariela Glerean * Tomas Fernandez Gianotti -+ Marcelo Pietrani -
Alejandra Rabadan - Silvina Racioppi + Martin Bidlingmaier

© Springer Science+Business Media, LLC 2007

Abstract Ectopic acromegaly represents less than 1% of
the reported cases of acromegaly. Although -clinical
improvement is common after treatment with somatostatin
(SMS) analogs, the biochemical response and tumor size of
the growth hormone-releasing hormone (GHRH)-producing
tumor and its metastases are less predictable. Subject A
36-year-old male was referred because of a 3-year history of
acromegaly related symptoms. He had undergone lung
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surgery in 1987 for a ‘‘benign’’ carcinoid tumor. Endocrine
evaluation confirmed acromegaly Plasma IGF-1: 984 ng/ml
(63-380), GH: 49.8 ng/ml (<5). MRI showed a large mass in
the left cerebellopontine angle and diffuse pituitary hyper-
plasia. Pulmonary, liver and bone metastases were shown by
chest and abdominal CT scans. Ectopic GHRH secretion was
suspected. Methods Measurement of circulating GHRH
levels by fluorescence immunoassay levels and immuno-
histochemical study of the primary lung tumor and meta-
static tissue with anti-GHRH and anti-somatostatin receptor
type 2 (sst2A) antibodies. Results Basal plasma GHRH:
4654 pg/ml (<100). Pathological study of liver and bone
biopsy material and lung tissue removed 19 years earlier was
consistent with an atypical carcinoid producing GHRH and
exhibiting sst2A receptor expression. Treatment with
octreotide LAR 20-40 mg q. month resulted in normaliza-
tion of plasma IGF-1 levels. Circulating GHRH levels
decreased dramatically. The size of the left prepontine
cistern mass, with SMS receptors shown by a radiolabeled
pentetreotide scan, decreased by 80% after 18 months of
therapy. Total regression of pituitary enlargement was also
observed. No changes were observed in lung and liver
metastases. After 24 months of therapy the patient is
asymptomatic and living a full and active life.

Keywords Ectopic acromegaly - Acromegaly -
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type 2

Introduction

Ectopic secretion of growth hormone-releasing hormone
(GHRH) is responsible for less than 1% of the reported
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cases of acromegaly. Bronchial and pancreatic carcinoid
tumors are the most frequent sources of ectopic secretion of
GHRH [1, 2]. Less frequently, pancreatic islet tumors,
pheochromocytomas, medullary carcinomas of the thyroid,
and small cell carcinomas of the lung and the thymus,
among others, have been reported to cause acromegaly due
to GHRH secretion [3-5]. Surgical resection of the primary
tumor can cure the disease [6]; however, the diagnosis is
frequently not established until the disease is metastatic,
and therefore surgical cure is not possible. Although
experience is still limited (only 19 patients to our knowl-
edge) [5, 7, 8], somatostatin (SMS) analogs have been used
in the treatment of ectopic acromegaly since they may not
only control the endocrine hypersecretion but also tumor
proliferation. Despite the favorable clinical improvement
documented for most of the patients, the significant de-
crease in GH and insulin-like growth factor 1 (IGF-1) [9—
12] and shrinkage of the previously hyperplastic pituitary
gland [7, 12], the response of the GHRH-producing tumor
and its metastases is less predictable and tumor size can
increase despite suppression of the GH axis [5-9].

We describe a patient with ectopic acromegaly sec-
ondary to a metastatic bronchial carcinoid tumor with
multiple metastases, pituitary hyperplasia and a large ex-
trapituitary intracranial mass in the left cerebellopontine
angle cistern with SMS receptors shown by a radiolabeled
octreotide scan, likely representing another metastasis from
the carcinoid tumor. The size of the pituitary and the left
intracranial mass decreased dramatically after 3 months of
treatment with long acting octreotide. We also describe the
clinical and biochemical evolution of the patient during
2 years of treatment with long acting octreotide.

Subjects and methods
Clinical presentation

A 36-year-old male was referred to the Endocrinology
Department at the Buenos Aires Italian Hospital because of
acromegaly. The patient had a 3-year history of hyperhi-
drosis, flushing, headaches and weakness. These symptoms
had been recently accompanied by severe arthalgias that
affected ambulation. He had undergone lung surgery in
1987 for a “‘benign’’ carcinoid tumor which was believed
to have been totally removed. No post-operative follow-up
was available. The patient had no history of hyperglycemia
or hypertension.

In addition to the typical acral and facial changes of
acromegaly, physical examination revealed a husky voice,
diminished hearing in the left ear, a diffuse goiter of
approximately 40 g, and thickened and moist skin.
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Biochemical examinations

Blood glucose level: 105 mg/dl, hematocrit: 43%, WBC
count: 7,400/mm3, blood urea nitrogen: 36 mg/dl, serum
creatinine: 1.1 mg/dl, serum Na+ 145 meq/l, serum K+
4.3 meq/l, serum Ca** 10.6 mg/dl (8.5-10.5), liver func-
tion test normal. IGF-1: 984 ng/ml (63-380), GH: 49.8 ng/
ml (<5), PRL: 23.3 ng/ml (5-20), testosterone: 3.6 ng/ml
(3-12), LH: 2.0 mIU/ml (2-8), FSH: 3.9 mIU/ml (2-8),
mid-molecule PTH: 31.2 pg/ml (<125), gastrin: 29 pg/ml
(£90), 5-hydroxyindoleacetic acid: 9 mg/24 h (<6), serum
chromogranin A: 20 nmol/l (<4).

Imaging studies

Brain magnetic resonance imaging (MRI) showed a mass
of 4.4 cm x 3.8 cm X 3.0 cm (volume 27.1 cc) in the left
cerebellopontine angle and prepontine cistern that caused a
significant displacement of the cerebellar fissure including
the brainstem, and diffuse enlargement of the pituitary
gland (Fig. 1A). Chest CT scan revealed a nodular mass of
12 mm in the right parahilar region and a smaller mass of
2 mm in the right upper lobe, with no enlarged mediastinal
nodes. Abdominal CT scan showed an enlarged liver and
multiple heterogeneous lesions of 5-75 mm in diameter
compatible with metastatic disease (Fig. 2A). Multiple
osteolytic and osteoblastic images were observed in the
axial skeleton, a left rib and the right ilium. The largest
lesion was found in L2, with an approximately 40%
impigement of the medullary canal.

Based on the presumptive diagnosis of acromegaly
secondary to ectopic GHRH secretion, we determined the
GHRH plasma concentration, performed pathological and
immunohistochemical studies on aspiration of the liver and
bone metastases and on the lung tumor tissue surgically
removed 19 years previously and performed a radiolabeled
octreotide scan.

The patient was subsequently treated with long- acting
octreotide 20 mg q. month.

Methods
GHRH measurements

GHRH plasma concentrations were measured by fluores-
cence immunoassay (FIA) as previously described in detail
[13]. In brief, ether isopropanol extracted plasma samples
were incubated for 3 days in microtiter plates coated with a
polyclonal rabbit-anti-GHRH antiserum. Thereafter, bioti-
nylated GRF 1-44 (Peninsula, San Carlos, CA) was added
as a tracer for 24 h. Plates were measured using a DELFIA
1232 fluorometer (Wallac, Turku, Finnland) after addition
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Fig. 1 Mid-sagittal and coronal A
brain MRI images show v
cerebellopontine angle tumor

( — ). (A) pre-treatment; (B)

3 months after treatment with
octreotide; (C) 18 months after
treatment with octreotide. IGF-1
circulating levels and
cerebellopontine angle tumor
volume are shown for each pair
of images

Vol: 27,13cm?
IGF-1: 974,5ug/L

of streptavidin-europium. Sensitivity was 100 pg/ml, with
an intraassay CV of <11% and an interassay CV of <15%.

Histopathologic analysis

Routinely processed paraffin sections were used for
hematoxylin—eosin staining. Immunocytochemistry was
performed using the streptavidin—biotin—peroxidase com-
plex method. Immunostaining was performed with anti-
bodies to chromogranin, synaptophysin, GH and GHRH,
ki67 and sst2A. A characterization of the GHRH antibody
has been previously published [14]. Ki67 nuclear antigen
immunostaining was performed to evaluate the prolifera-
tion rate of tumor cells. Immunohistochemistry for sst2A
was performed on sections of primary lung and liver tu-
mors, using a sst2A-specific antibody R2-88 (kindly pro-
vided by Dr. A. Schonbrunn, Houston, USA) as well as the

Fig. 2 Liver imaging studies.
(A) pre-treatment; (B) 3 months
after treatment with octreotide;
(C) 18 months after treatment
with octreotide

Vol: 9,93cm?
IGF-1: 337,9ug/L

Vol: 4,39cm?
IGF-1: 210,5ug/L

commercially available SS-800 (Gramsch, Germany) as
previously reported [15].

SMS receptor scintigraphy

Technetium-99 (°™Tc) labeled pentetreotide was used for
whole body SMS receptor scintigraphy and single photon
emission computed tomography (octreo-SPECT) was used
to study SMS receptors in the brain image observed on
MRI

Medication

Treatment with 20 mg of long acting octreotide was started
after ectopic acromegaly secondary to GHRH-producing
metastatic tumor was suspected. The dose of octreotide was
titrated to mantain IGF-1 circulating levels in the normal
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range. After 15 months of treatment the dose was increased
to 40 mg g. month.

Results
GHRH measurement

Basal plasma GHRH levels were found to be very high
(4,654 pg/ml (<10)).

Pathological studies

The aspiration specimen of the liver lesion revealed
atypical cell growth with monomorphic nuclei and
homogeneous chromatin. Immunostaining was positive for
chromogranin and synaptophysin, consistent with an
atypical neuroendocrine carcinoid tumor. The immuno-
histochemical studies with anti-GHRH antibody were
strongly positive (Fig. 3A), while GH antibody staining
was negative. Similar results were found in pathological
studies of the lumbar lesion (not shown). Interestingly, the
pathological study of the lung tissue operated 19 years
previously, showed it to be an atypical neuroendocrine
GHRH-producing carcinoid tumor (Fig. 3B). Ki67 im-
munostaining was positive in less than 1% of the tumor
cells. Sst2A immunostaining was identified in the
majority of tumor cells with both antibodies. Immuno-
staining was intense in tumors from both sites. The
distribution was both cytoplasmic and membranous.
Immunostaining was virtually absent in control preab-
sortion experiments in the presence of peptide antigens
(Fig. 4A, B).

Pentetreotide scan

Multiple areas of bone and soft tissue exhibited increased
activity (Fig. 5A), including a left intracranial area that
corresponded to the left prepontine cistern mass shown by
MRI (Fig. 5B).

Fig. 3 Immunohistochemical
staining on: (A) aspiration of
liver metastasis (x100); (B) lung
tissue surgically removed
(x400), both showing strong
positivity to anti-GHRH
antibody
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Clinical response and biochemical studies during
octreotide treatment

Treatment with octreotide LAR 20 mg q. month was
initiated which resulted in symptomatic improvement
immediately after the first administration.

After 3 months of therapy, further regression of the
acromegalic symptoms and normalization of serum GH,
plasma IGF-1 (Fig. 6B, C) and urine 5-hydroyindoleacetic
acid were observed. Although serum cromogranin A levels
decreased significantly, they never reached normal values
(nadir 8 nmol/l).

Following 15 months of octreotide LAR 20 mg, symp-
toms of acromegaly recurred, accompanied by an increase
in circulating GH and IGF-1 levels. After increasing the
dose to 40 mg, serum GH levels diminished significantly
and IGF-1 concentrations were again normalized (Fig. 6B,
C). Pretreatment plasma GHRH levels were 40 fold above
normal values. Although circulating GHRH levels were
greatly reduced by octreotide, they did not reach the
normal range (Fig. 6A).

Imaging studies during octreotide treatment

The left prepontine cistern mass was suggestive of a
chordoma, an invasive acoustic neuroma, or a metastasis.
An MRI obtained after 3 months of therapy revealed a
significant shrinkage of the pituitary gland and the
cerebellopontine angle tumor (Fig. 1B) and further size
reduction was observed with continued treatment. The
tumor decreased by 80% of its original size after
18 months of therapy (Fig. 1C).

No changes were observed in the size and number of
lung, bone and liver metastases (Fig. 2A, B, C).

Although asymptomatic, the vertebral metastasis was
successfully treated with radiotherapy because of its infil-
tration into the medullary canal.

Based on the hormonal, radiologic and histopathologic
findings, we confirmed the diagnosis of ectopic acromegaly
secondary to a GHRH-secreting bronchial carcinoid tumor
with lung, liver and bone metastases.
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Fig. 4 sst2A immunostaining
in the tumor cells of the lung
(A) and compared with control
preabsorption experiment (B)
(x400)

Fig. 5 (A) Whole body A
somatostatin receptor
scintigraphy with **™Tc-
pentetreotide. Increased activity
is present in multiple areas of
soft and bone tissue: brain,
neck, left temporomandibular
joint, lungs, liver, lumbar rachis
and pelvis. (B) *™Tc-
pentetreotide SPECT shows
increased activity in left and
posterior area of the head (+)
that corresponds to lesion in left
cerebellopontine angle and
prepontine cistern seen in MRI
(=)

Anterior

Posterior

Pelvis

OCTREO SPECT
Transaxial

After 2 years of therapy with long acting octreotide,
20 mg initially and 40 mg subsequently, we observed
normalization of IGF-1 levels, regression of the pituitary
hyperplasia and a remarkable reduction of the left intra-
cranial tumor, probably another carcinoid metastasis. Li-
ver, bone and lung metastases remained unchanged. The
patient is well and is living a full and active life.

Sagittal

Discussion

Acromegaly is caused in over 95% of the cases by a
monoclonal GH-secreting pituitary tumor. Pituitary
enlargement with the absence of a detectable tumor com-
bined with a history of a pulmonary carcinoid tumor and
acromegalic signs and symptoms, as is the case of our
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Fig. 6 Changes in circulating A
levels of: (A) GHRH; (B) GH

and (C) IGF-1, during

octreotide treatment
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patient, are strongly suggestive of acromegaly secondary to
ectopic GHRH hypersecretion. Our suspicions were en-
hanced by the presence of metastases seen on imaging
studies. The diagnosis was later confirmed by the elevated
plasma GHRH levels and positive GHRH immunoreac-
tivity in tumor tissue.

The patient had undergone pulmonary carcinoid surgery
19 years earlier and never had follow-up evaluation. Car-
cinoid tumors of the lung are grouped with benign or less
aggressive malignant pulmonary tumors and represent the
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most indolent form of a spectrum of bronchopulmonary
neuroendocrine tumors that include small cell carcinoma of
the lung as its most malignant member and several other
forms of intermediately aggressive tumors, such as atypical
carcinoids.

Typical carcinoid tumors characteristically grow slowly
and tend to metastasize infrequently. Atypical carcinoid
tumors have a more aggressive histologic and clinical
picture. They metastasize at a considerably higher rate than
do typical carcinoid tumors and, therefore, carry a worse
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prognosis [16]. Ki67, a molecular marker thoutht to stain
only in those cells undergoing active division was low in
both the primary lung tumor and peripheral metastases.
Ki67 staining is usually low in typical and atypical carci-
noid tumors versus small and large cells lung tumors and
helps to better characterize neuroendocrine lung tumors
[17]. In our patient, histologic review of the lung tissue
surgically removed 19 years earlier as well as the histo-
logic study of the metastases and the clinical outcome
support the diagnosis of atypical carcinoid. Immunostain-
ing was negative for GH and positive for GHRH, thus
supporting the diagnosis of acromegaly due to ectopic
secretion of GHRH.

The association of acromegaly and carcinoid tumors
had also been recognized in some patients before the
characterization of hypothalamic GHRH, whose structure
was determined from pancreatic islet tumor tissue [18].
Most of the neoplasms associated with ectopic acro-
megaly are carcinoid tumors. On the other hand,
although overt acromegaly is rare in carcinoid tumors,
approximately 25% of such cases express immunoreac-
tivity for GHRH [19].

GHRH also exhibits a wide range of proliferative
behavior on the pituitary cells producing GH, and chronic
hyperstimulation could lead to somatotroph hyperplasia
and possibly to the development of adenomas [20]. MRI of
our patient revealed an image typical of pituitary hyper-
plasia.

Surgical resection of the GHRH-secreting tumor is the
treatment of choice in patients with ectopic acromegaly;
however, this approach is not indicated in patients with an
advanced disease and multiple metastases. SMS analogs
appear to be highly effective agents for the treatment of
ectopic acromegaly because of their suppressive effects on
GH hypersecretion and antiproliferative action on the tu-
mor cells.

Unlike its antisecretory properties, the antiproliferative
role of SMS was detected later during subsequent studies
with the SMS analog octreotide in the therapy of pancre-
atic, intestinal and pituitary tumors [21].

These antitumoral effects are produced through direct
and indirect pathways. Direct effects involve apoptosis and
inhibition of the cell cycle mediated by SMS receptors
present in the target tumor cells [22], while the indirect
effects involve, both inhibition of angiogenesis and inhi-
bition of secretion of hormones and growth factors in non-
tumoral cells [23]. The five SMS receptor subtypes (sst 1—
5) are expressed in various normal and tumor cells.
Octreotide, binds with high affinity to sst-2 and with less
affinity to sst-5 but does not bind to subtypes 1 and 4 [21].

In human somatotroph tumor cells, octreotide promotes
apoptosis by activating sst2 [24]. On the other hand, oct-
retotide does not induce apoptosis in nonfunctioning pitu-

itary adenomas which express comparable amount of sst2
[25]. In carcinoid tumors, determination of sst2 status by
immunohistochemical investigation showed a strong cor-
relation with the expression of mRNA for sst2 as well as
with radiolabeled octreotide uptake and clinical response to
SMS analogue treatment. The authors defined a positive
clinical response as patients remaining stable or having
biochemical response during treatment [26]. Our patient
showed a positive biochemical response and although the
liver and bone metastases did not shrunk as did the brain
mass and the hyperplastic pituitary, the size and number of
peripheral metastases did not change during more than
2 years of treatment.

Indirect antiproliferative mechanisms in ectopic secre-
tion of GHRH include, among others, reduction in circu-
lating GHRH, GH and IGF-1 levels, the latter with a
known antiapoptotic action [27]. In our patient, all GHRH,
GH and IGF-1 levels decreased significantly. It has re-
cently been reported that greater inhibition of GHRH
secretion by a bronchial carcinoid in vitro occurred in re-
sponse to an sst5 specific analog (BIM 23206) than to other
specific analogs or octreotide [28]. This observation sug-
gests that this analog, or others with high affinity for sst5,
may be more effective than currently available analogs in
suppressing GHRH secretion in vivo in patients with ec-
topic secretion of the hormone.

Plasma IGF-1 levels normalized with octreotide therapy,
but GH levels—although reduced 6-fold—remained be-
tween 5 and 10 ng/ml. Discrepancies in GH and IGF-1
levels have been previously observed in about 25% of
acromegalic patients during treatment with octreotide [29].
Circulating GHRH levels decreased dramatically, although
they remained above the normal range. These findings have
been reported elsewhere [10, 11]. However, since poly-
clonal antibodies were used for GHRH measurements, it is
possible that part of GHRH levels might represent immu-
noreactive molecules without biological activity, as has
been previously reported [30]. This could explain the total
regression of the pituitary hyperplasia in our patient.
However, as high performance liquid chromatographic
analysis of circulating GHRH was not performed we could
not confirm this possibility. On the other hand, it has been
previously suggested that inhibition of GH secretion by
direct action of SMS analogs on the pituitary is more potent
than is suppression of GHRH secretion by tumor cells [31,
32].

One case of normalization of both serum levels of
GHRH and chromogranin A was reported in a patient with
ectopic acromegaly cured by surgical removal of a bron-
chial carcinoid tumor [33]. Lower but abnormally elevated
levels of serum GHRH and chromogranin A during
treatment could be related to the presence of metastatic
neuroendocrine tumor tissue.
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The experience with SMS analogs in the treatment of
ectopic GHRH secretion is limited. As was previously
mentioned, fewer than 20 cases have been reported and in
most, short half-life analogs were administered. As with
our patient, GH and IGF-1 circulating levels decreased
significantly [9, 12]. Although infrequent, dramatic
reductions of pituitary hyperplasia have been reported
elsewhere [12], but the antiproliferative effect of SMS
analogs in metastases is uncommon [7]. Barkan et al. were
the first to report a significant reduction in the size of liver
metastases in a patient who had failed to respond to pre-
vious conventional chemotherapy [12]. In other cases,
normalization of the GH axis hyperactivity has been
associated with an increase in the size and number of
metastases [9]. Our patient experienced total regression of
the pituitary hyperplasia and a reduction of 84% of the
intracranial mass after 18 months of octreotide therapy.
However, no reduction was observed in the size of liver
and lung metastases. It is possible that SMS receptors
subtypes, other than sst2, might vary in the different
metastases, and therefore, the development of new analogs
that bind to a broader spectrum of SMS receptor subtypes
may be useful in these patients [24]. Othman et al. have
recently described GHRH receptors in a GHRH-producing
pulmonary neuroendocrine tumor which suggests auto-
crine/paracrine regulation of its own proliferation and
endocrine function [34]. Differences in abundance of
GHRH receptors and abundance and subtypes of SMS
receptors might account for the different responses to
treatment observed in the hyperplastic pituitary, the non-
pituitary intracranial mass and the peripheral metastases.
However, this issue needs further investigation.

Only 1.5% of carcinoid tumors metastasize to the
brain [35]. The initial differential diagnosis of the cere-
bellopontine angle mass involved neoplasms of different
etiology such as chordoma and acoustic neurinoma.
Acoustic neurinomas lack SMS receptors [36]. Chordo-
mas are rare tumors that arise from the neuraxis and
have a poor prognosis when located in the cranial base
and tend to recur after surgery and radiotherapy. Inter-
estingly enough, such tumors appear to have SMS
receptors, which could be used for diagnostic and ther-
apeutic purposes [37]. A patient with an intracerebral
metastasis from a bronchial carcinoid tumor that did not
change in size during 6 months of octreotide treatment
has been reported [38].

In our patient, a biopsy of the intracranial lesion was not
justified in light of the remarkable response to medical
treatment. However, radiolabeled octreotide scan and
radiological evolution are suggestive of a carcinoid
metastasis of unusual location that regressed after octreo-
tide treatment.
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