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Abstract We report on three newly diagnosed patients
with extracranial ectopic GHRH-associated acromegaly
with long-term follow-up after surgery of the primary tu-
mor. One patient with a pancreatic tumor and two para-
thyroid adenomas was the index case of a large kindred of
MEN-I syndrome. The other two patients had a large
bronchial carcinoid. The first patient is still in remission
now almost 22 years after surgery. In the two other patients
GHRH did not normalize completely after surgery and they
are now treated with slow-release octreotide. IGF-I nor-
malized in all patients. During medical treatment basal GH
secretion remained (slightly) elevated and secretory regu-
larity was decreased in 24 h blood sampling studies. We
did not observe development of tachyphylaxis towards the
drug or radiological evidence of (growing) metastases. We
propose life-long suppressive therapy with somatostatin
analogs in cases with persisting elevated serum GHRH
concentrations after removal of the primary tumor. Inde-
pendent parameters of residual disease are elevated basal
(nonpulsatile) GH secretion and decreased GH secretory
regularity.
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Introduction

Acromegaly caused by ectopic extracranial growth hor-
mone-releasing hormone (GHRH) secretion is a very rare
disorder occurring probably in less than 1 % of the acro-
megalic patients [1]. The majority of the GHRH-secreting
tumors are bronchial carcinoids. Other GHRH-secreting
tumors in decreasing order of occurrence are pancreatic
adenomas, gastro-intestinal tumors, thymic tumors, and
tumors associated with the MEN-I syndrome [2].

Here we report our clinical experience in three patients
with the ectopic GHRH-syndrome derived from a popula-
tion of over 200 acromegalic patients, diagnosed and
treated at the Leiden University Medical Center from 1976
till 2002. Long-term follow-up studies in these patients and
results of medical therapy with somatostatin analogs are
scarce. The purpose of this report is to expand our
knowledge of this rare clinical entity. In addition, we report
detailed results of diurnal GH secretion, before and after
removal of the GHRH-producing source in order to
investigate whether pulsatile and basal GH secretion due to
GHRH overproduction differs from that of a primary
pituitary somatotropinoma.

Methods

Basal concentrations of hormones, including prolactin, free
thyroxin, triiodothyronine, cortisol, testosterone, estradiol,
progesterone, IGF-I, and IGFBP3 were measured. In
addition the following tests were performed: Oral glucose
loading test (75 g), TRH test (200 pg i.v. ), and a GHRH
test (50 pg i.v. ) and the following hormones were mea-
sured: glucose tolerance test: GH, insulin and glucose at 0,
30, 60, 90 and 120 min, TRH test: TSH, prolactin and GH
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at —15, 0, 15, 20, 30 45, 60, 90 and 120 min; GHRH test:
GH and prolactin at 0, 20, 30, 45, 60, and 90 min. For the
24-h GH secretion profile the patients were hospitalized,
and an indwelling i.v. cannula was inserted in a forearm
vein, and blood samples were withdrawn at 10-min inter-
vals. The patients were free to move around, but not to
sleep during daytime. Meals were served at 0800, 1230 and
1730 h. Lights were turned off between 2200 and 2400 h.

Assays

Plasma GH was measured with a sensitive time-resolved
fluoro-immunoassay (Wallac Oy, Turku, Finland). The
assay is specific for the 22 kDa GH. The standard was
biosynthetic recombinant human GH (Genotropin, Phar-
macia & Upjohn, Uppsala, Sweden), and was calibrated
against the WHO First International Reference Preparation
80/505 (to convert pg/l to mU/l multiply by 2.6). The limit
of detection of this assay (defined as the value 2 SD above
the mean value of the zero standard) was 0.01 mU/I
(0.0038 ng/ml). The intraassay coefficient of variation
varied between 1.6% and 8.4% in the range from 0.01 pg/l
to 18 pg/l and interassay coefficient of variation was 2.0-
9.0% in the same range.

Total IGF-I was determined by RIA (Incstar, Stillwater,
MN) after extraction and purification on ODS-silica col-
umns. The intraassay coefficient of variation was less than
11%. The detection limit was 1.5 nmol/l. Age-related
normal data were determined in the same laboratory. The
measurement of IGFBP3 was performed by RIA (Nichols
Institute Diagnostics, San Juan Capistrano, CA). The limit
of detection of this assay was 0.08 mg/l, and the interassay
coefficient variation was below 6.8%.

Deconvolution analysis

A multiparameter deconvolution technique was used to
estimate relevant measures of GH secretion from the 24-h
serum GH concentration profiles, as described previously
[3]. Initial estimates of basal GH secretion rate were cal-
culated to approximate the lowest 5% of all plasma GH
concentrations in the time series. Peak detection entailed
application of 95% statistical confidence intervals to two
thirds of all GH secretory peaks considered jointly and
individual 95% statistical confidence intervals to the
remaining one third smaller pulses, as validated in simu-
lations [4]. The following four secretory and clearance
measures of interest were estimated: (1) the number and
locations of secretory events; (2) the amplitudes of secre-
tory bursts; (3) the durations of randomly dispersed GH
secretory bursts; and (4) the endogenous single component
subject specific plasma half-life of GH. It was assumed the
GH distribution volume and half-life were time and
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concentration invariant. The following parameters were
calculated: Half-duration of secretory bursts (duration of
the secretory burst at half-maximal amplitude), hormone
half-life, burst frequency, amplitude of the secretory burst
(maximal secretory rate attained within a burst), mass se-
creted per burst, basal secretion rate, pulsatile secretion rate
(product of burst frequency and mean burst mass) and total
secretion (sum of basal and pulsatile).

Approximate entropy

The univariate approximate entropy (ApEn) statistic was
developed to quantify the degree of irregularity, or disor-
derliness, of a time series [5]. Technically, ApEn quantifies
the summed logarithmic likelihood that templates (of length
m) of patterns in the data that are similar (within r), remain
similar (within the same tolerance r) on next incremental
comparison and has been formally defined elsewhere [6].
The ApEn calculation provides a single non-negative
number, which is an ensemble estimate of relative process
randomness, wherein larger ApEn values denote greater
irregularity, as observed for ACTH in Cushing’s disease,
GH in acromegaly, and PRL in prolactinomas [7-9]. In the
present analysis, we calculated ApEn with r = 20% of the
SD of the individual time-series and m = 1. This choice of
parameters affords sensitive, valid and statistically well-
replicated ApEn metrics for assessing hormone time-series
of this length. ApEn results are reported as absolute values
or as the ratio of the absolute value to that of the mean of
1,000 randomly shuffled data series. Ratio values that ap-
proach 1.0 thus denote mean empirical randomness.

Copulsatility

Copulsatility between the GHRH and GH time-series was
quantified by the hypergeometric (joint binomial) distri-
bution [10]. This program calculates the probability that
hormone pulses in time-series occur randomly. We used a
time-window of 20 min, with GHRH as leading hormone
series. Because details of the secretion characteristics of
GHRH are not well established, we estimated significant
pulses in both time-series with Cluster, which is largely
model-free [11].

Clinical findings at diagnosis and initial treatment

Case 1. A 50-year-old male was referred in 1982 because
of recurrent kidney stones, hypercalciuria (24 h urinary
calcium excretion between 14.5 mmol and 16.3 mmol,
normal upper value 6 mmol/24 h) and hypercalcaemia
(serum Ca between 2.86 mmol/l and 2.95 mmol/l, normal
values between 2.25 mmol/l and 2.60 mmol/l). The
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referring internist suspected the patient of having mild
acromegaly, because of the coarse facial features. The
diagnosis primary hyperparathyroidism was confirmed and
the patient underwent parathyroid surgery, and two large
adenomas were removed, after which the patient became
normocalcaemic until now. The patient had noted increase
in size of his feet and hands since several years, but
otherwise he had no complaints. Glucose loading decreased
GH from 12 mU/1 to below 0.5 mU/I (normal value during
glucose suppression is below 2.5 mU/l with RIA). Intra-
venous administration of 200 pg TRH, however, increased
GH from 3.5 mU/1 to 58.0 mU/I and PRL increased from
7.0 pg/lto 13 pg/l. CT scanning of the pituitary gland with
the first generation CT-scanner (in 1983) did not show
abnormalities, and CT scanning of the thorax and abdomen
also failed to show the presence of a tumor. Because of
progressive complaints of fatigue after cure for hyper-
parathyroidism and strong clinical suspicion of acromeg-
aly, the patient underwent transsphenoidal pituitary
exploration. At surgery a small suspect lesion was removed
with part of the surrounding pituitary gland tissue. Histol-
ogy of the lesion was compatible with somatotrope
hyperplasia. After the patient had recovered from surgery,
CT, MRI and arteriographic studies were repeated, and
serum samples were sent to St. Bartholomew’s Hospital,
London, UK (Dr L.H. Rees) for GHRH measurement. The
abdominal CT-scan showed a 4 cm mass in the middle
section of the pancreas (Fig. 1) and the mass was also
visible with selective arteriography of the superior mes-
enterial artery (Fig. 1). The fasting GHRH concentration
amounted to 3,810 pg/ml (normal range 10-60 pg/ml).
GHRH concentration in the arterial supply to the tumor
was 12,470 pg/ml, and in the venous tumor outflow
31,120 pg/ml, while in the systemic venous system the
concentration was 8,900 pg/ml. After removal of the pan-
creatic tumor, peripheral GHRH concentration decreased to
normal values of 16-33 pg/ml. In retrospect, the first
abdominal CT-scan, 2 years before, already showed the
pancreatic tumor with a similar size.

The patient was the index case of a large kindred af-
fected by MEN-I syndrome. Later, a gene mutation was
revealed in exon 2 of chromosome 11q13. During long-
term follow-up GH and IGF-I concentrations remained
normal.

Six years later, in 1988, the patient developed diabetes
mellitus, initially treated with oral hypoglycemic drugs and
with insulin from 1992 onwards. The patient also had mild
bilateral nodular adrenal hyperplasia since 1988, with no
evidence of growth during the last recent 10 years. No
excess of adrenal (cortex and medulla) hormones or pre-
cursors was demonstrable during follow-up. During the last
3 years the plasma level of pancreatic polypeptide (PP)
increased to 350 nmol/l (normal < 100 nmol/l). Repeat CT
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Fig. 1 Upper panel shows the abdominal CT at the level of the
pancreas and the lower panel the selective arteriography of the
superior mesenterial artery

and MRI scanning of the upper abdomen failed to reveal
the presence of a pancreatic tumor thus far.

Random serum GH during follow-up ranged from
0.16 mU/I to 1.81 mU/I and IGF-I ranged from 12 nmol/l
to 17 nmol/l from 1994 till now (see Fig. 2). All these
values are perfectly normal for his age and gender. The last
serum GHRH measurement in 2006 was normal with
32 pg/ml.

Case 2. A 27-year-old acromegalic female patient was
referred in 1993 to our center for octreotide treatment. She
had a 5-year history of hyperhydrosis, fatigue, paraesthe-
sias, and acral enlargement. After delivery of a healthy
daughter in 1992 she had persisting amenorrhea and
galactorrhea. Physical examination revealed mild, although
characteristic features of acromegaly. Serum GH concen-
tration was elevated at 99 mU/l and decreased insuffi-
ciently to 55 mU/1 following oral glucose administration.
IGF-I concentration amounted to 86 nmol/l (normal upper
level for her age 32 nmol/l) Thyroid and adrenal functions
were normal, but prolactin concentration was elevated to
20 pg/l (normal upper limit for females 12 pg/l). Other
investigations performed (TRH test, GHRH test, and the
i.v. octreotide test) are summarized in Fig. 3. TRH bolus

@ Springer



240

Pituitary (2007) 10:237-249

20 30
Case 1

15 A

10 r1s

GH mU/L
/10wt I-4D1

0 ‘ ‘ ‘ ‘ 0
0 5 10 15 20 25

Years

Fig. 2 Follow-up of GH and IGF-I concentration in patient 1 after
removal of the pancreatic source of GHRH. Fasting serum GH
concentrations are depicted as circles, and IGF-I as triangles

injection (200 pg iv) caused a ~8-fold increase of GH and a
3.5-fold increase of PRL. Intravenous injection of 50 pg
GHRH (1-40) caused a decrease of GH while PRL con-
centrations remained unchanged. Octreotide (50 pg i.v.)
caused a 98% inhibition of serum GH but no effect on PRL.
MRI scanning of the pituitary gland showed global

Fig. 3 Dynamic GH (circles)

enlargement without signs of an adenoma (Fig. 4). Further
investigations revealed a large tumor in the right lower lobe
of the lung (Fig. 5). The tumor and the pituitary gland were
positive on '''In-labeled-octreotide scintigraphy (Fig. 6).
The plasma GHRH concentration was increased 50-fold by
2,519 pg/ml (normal values <50 pg/ml).

Under the diagnosis of ectopic GHRH-producing lung
tumor (carcinoid) the patient underwent thoracotomy and
the tumor was resected completely. The plasma GHRH
disappearance profile after removal of the tumor is shown
in Fig. 7, but the GHRH concentration did not normalize.
GHRH concentrations in simultaneously withdrawn blood
samples from the arterial supply to the tumor, venous tu-
mor outflow and the systemic venous system were 1,890,
2,180, and 1,680 pg/ml, respectively.

Two weeks after surgery, endocrine investigations re-
vealed a persisting paradoxical increase (9-fold) of GH to
TRH, insufficient GH suppression after oral glucose load-
ing (52-16 mU/1) and a GH increase after GHRH injection.
Octreotide caused a 98% decrease of GH from 41 mU/1 to
0.9 mU/l (see Fig. 3). Treatment with octreotide was
started in 1994, about 8 months after surgery, because of
persisting elevated GHRH concentration (between 360 pg/
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Fig. 4 MRI scans of the
pituitary gland of patient 2 (left
panel) and of patient 3 (right
panel) before treatment

Fig. 5 Chest X-rays of patient
2 (left panel) and patient 3 (right
panel), showing the large
bronchial carcinoid

Fig. 6 Octreoscans of the patients 2 and 3. In the female patient (left
panel) the tumor is seen in the right lower lobe of the lung and also
the positive staining of the pituitary gland. The male patient (right
panel) had a large tumor in the left lung, without pituitary staining

ml and 488 pg/ml), increased GH( 31-42 mU/1), insuffi-
cient suppression by glucose loading (minimum GH
concentration 9.13 mU/1), an increased IGF-I concentration
( 40-43 nmol/l), and lesions in the liver on repeat CT
scans, suspect for metastases (one lesion in segments 2 and
8, and two lesions in segment 7).

Case 3. A 27-year-old male was referred in 1997 to our
center. He had a 9-year history of hyperhydrosis, acral
enlargement and headaches. Examination revealed moderately
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Fig. 7 Decrease in serum GHRH concentration in two patients
before and immediately following removal of the lung tumor. Patient
2 is shown by triangles and patient 3 by circles. Note that the GHRH
concentration is shown on a logarithmic scale. The GHRH
concentration did not normalize in the patients after 2 and 3 days,
respectively. Upper normal GHRH is 50 pg/ml

advanced features of acromegaly. The circulating GH con-
centration was elevated at 110 mU/l and decreased insuffi-
ciently to 52 mU/1 following glucose administration, and IGF-I
was elevated to 63 nmol/l (normal upper level at this age
32 nmol/l). Thyroid and adrenal functions were normal, but
prolactin concentration was elevated to 21 pg/l (normal upper
limit for males 6 pg/l). Other investigations performed (TRH
test and the i.v. octreotide test) are summarized in Fig. 3. TRH
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bolus injection (200 pg i.v.) caused a ~8-fold increase of GH
and a 2-fold increase of PRL. Octreotide (50 g i.v) caused a
94% inhibition of GH (Fig. 3). MRI scanning of the pituitary
gland showed a macroadenoma II “F (Hardy classification,
modified by Wilson [12, 13] see Fig. 4). He was treated for
6 months with sc octreotide (100 pg tid). The size of the ade-
noma decreased slightly, but because of the moderate clinical
response to medical treatment and failure of normalization of
GH and IGF-I, pituitary surgery was advised. One day before
surgery a chest X-ray was taken, showing a large parahilar
lesion (Fig. 5). CT scanning of this lesion was classified by the
consultant pulmonologist and radiologist as a bronchial cyst
and apparently unrelated to acromegaly. During pituitary sur-
gery the adenoma was removed completely, but the neurosur-
geon remarked that the consistency of the adenoma was firmer
than normal. Since we suspected that the lung tumor was
potentially a GHRH-producing source, postoperative investi-
gations were focused on this possibility. After surgery, MRI
scanning of the pituitary region did not show residual tumor,
GH concentrations decreased considerably and PRL concen-
trations became normal. GH dynamic tests did not completely
normalize: GH increased after TRH injection from 4.63 mU/1
to 22.1 mU/l and after glucose loading GH decreased from
4.33 mU/1 to 2.56 mU/1 (normal value below 1 mU/1). During
an i.v. octreotide test GH decreased from 6.21 mU/l to
0.85 mU/L, but treatment with this drug was not reinstituted. On
"""n-labelled-octreotide scanning the tumor was positive (see
Fig. 6).

Under the diagnosis of ectopic GHRH-producing lung
tumor (carcinoid) the patient underwent thoracotomy and
the tumor was removed completely. GHRH concentrations
in the arterial supply to the tumor were 48,290 pg/ml, in
the venous outflow 94,000 pg/ml and in the systemic ve-
nous system 49,000 pg/ml. After removal of the tumor
GHRH concentrations remained slightly elevated, as
shown in Fig. 7.

Histopathological studies
Pituitary gland

The removed part of the anterior pituitary gland of patient
1 consisted of hyperplastic cells, immunostaining posi-
tively for GH. The removed tissue of the third patient
consisted of a mixture of hyperplasia and adenoma for-
mation. The cells stained positively for both GH and PRL.

GHRH-producing tumors
Patient 1. The pancreatic tumor had a diameter of 5 cm.
Amorphous material was present between the cells, stain-

ing as amyloid. On electronmicroscopy, the cells contained
neurosecretory granules with a diameter between 100 nm

@ Springer

and 200 nm. The tumor stained positively, but sparsely for
somatostatin, insulin and glucagon and negatively for
cytokeratine, vimentine, neurofilaments, desmine and GH.
In the removed part of the pancreas three additional small
adenomas with identical staining characteristics were
present.

Patient 2. The diameter of the removed lung tumor was
5 cm, and contained centrally calcified material. The cells
were layered in nests, slightly polymorphic, but without
mitotic figures. The tumor cells stained positively for
keratine, vimentin, synaptophysin, SCCL (N-CAM), leu 7,
and chromogranin and negatively for calcitonin, GH,
pancreatic polypeptide, insulin, prolactin, somatostatin,
gastrin, ACTH, CEA, and neurofilaments.

Patient 3. The dimensions of the tumor were
8 x 7x7 cm®. The tumor showed clear proliferation of
neuroendocrine cells with three mitotic figures per high
power field, staining positively for NSE, CD56, and syn-
aptophysin and negatively for keratine, chromogranin,
serotonin, somatostatin, prolactin, insulin, glucagons, gas-
trin, ACTH, GH, and insulin.

Somatostatin analog therapy

After removal of the lung carcinoid, patients 2 and 3 re-
ceived long-term treatment with octreotide, because GHRH
was not normalized. Patient 2 received the medication via
chronic sc infusion (300 pg/24 h) till the end of 1998. Her
complaints quickly disappeared and the menstrual cycle
was restored. GH and IGF-I concentrations normalized and
are detailed in the left panel of Fig. 9. The size of the
pituitary gland decreased markedly (Fig. 8). PRL concen-
tration also normalized from 15.2 +0.2 pg/l to
6.8 + 0.2 pg/l. From 1999 onwards the medication was
changed to octreotide long-acting repeatable (Sandostatin
LAR), 20 mg in 4-weekly i.m. injections. Growth hormone
and IGF-I concentrations remained unchanged (see Fig. 9).
During chronic treatment with the short-acting octreotide
formulation treatment was withheld several times for
GHRH measurement. Invariably, the concentration was
(slightly) elevated (range 116-363 ng/ml) so that in com-
bination with the radiological suspicion for liver metasta-
ses, treatment is continued until now. During treatment
with octreotide long-acting repeatable (Sandostatin LAR)
GHRH concentration ranged from 63 ng/ml to 108 ng/ml.
Repeat CT scanning of the liver during the successive years
demonstrated the stabilization of size and number of le-
sions until now.

After removal of the carcinoid tumor in patient 3,
GHRH, GH, and IGF-I concentrations remained elevated,
and therefore he was also treated with the long-acting
repeatable octreotide (20 mg/4 weeks). GH and IGF-I
concentrations are shown in Fig. 9, right panel, showing
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Fig. 8 MRI of the pituitary gland of patient 2 during therapy with
octreotide. These pictures were taken after 12 months treatment with
300 pg octreotide given as a continuous subcutaneous infusion

clinically normal values. Repeat investigations with CT,
" n-labeled octreotide and '*'I-MIBG however, did not
reveal suspect (liver) metastases. At the end of 2001,
GHRH was elevated to 1,725 ng/ml, so that thereafter the
dose of Sandostatin was increased to 30 mg at 4-weekly
intervals, which normalized IGF-I concentrations. Last
year the patient stopped medication. Subsequently, IGF-I
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Fig. 9 GH (circles) and IGF-I (triangles) concentrations during long-
term treatment with octreotide. Patient 3 received only the long-acting
repeatable form, but patient 2 was treated initially with chronic sc
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levels increased, as shown in Fig. 9. GHRH concentration
became larger than 2,000 pg/ml. Detailed localizing stud-
ies with octreotide and CT revealed a small metastasis in
the superior anterior mediastinum for which surgery is
scheduled.

GH secretory profiles

Detailed GH secretory profiles were obtained before re-
moval of the GHRH-producing bronchial carcinoids
(Fig. 10). The secretory patterns were irregular, showing
increased burst frequency and increased basal concentra-
tions. The GH secretory parameters as estimated by mul-
tiparameter deconvolution are listed in Table 1 with
normal values obtained in healthy adults of comparable
age. The distinct and persisting abnormality in both pa-
tients after removal of the carcinoid and while on octreo-
tide treatment was the increased basal (nonpulsatile) GH
secretion.

In addition, the secretory regularity was quantified with
the approximate entropy statistic, ApEn. In patient 2, ApEn
was 1.256 before removal of the carcinoid, and after sur-
gery and under somatostatin analog treatment ApEn was
still increased to 0.686 (median normal for women 0.400,
95% confidence interval 0.300-0.440). In patient 3 ApEn
also remained abnormal: preoperative 1.256 and after
surgery 0.687, median normal for males 0.240, 95% con-
fidence interval 0.160-0.350 (see Table 2). In addition, the
serum GH profiles of two patients reported in literature
were digitized and analyzed in a similar way [14, 15]. The
results of these analyses are also displayed in Table 1. In
these male patients basal GH secretion was much higher
than in our healthy controls and pulsatile secretion was
augmented via increased pulse frequency and pulse
amplitude. ApEn of GH secretion was 1.533 in Jaffe’s
patient and 1.248 in the patient reported by Vance (in-
creased SD scores by 8- and 6-fold, respectively). ApEn for

Case 3
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octreotide infusion. The time of change into the slow-release

formulation is indicated by the arrow. Normal values for IGF-I for
this age: <32 nmol/l. Normal value for random GH < 5 mU/I
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Fig. 10 Serum GH
concentrations obtained by

10 min blood sampling for 24 h.
Patient 2 was studied before
therapy and after surgical
removal of the lung tumor. Note
that GH concentration
decreased more than 10-fold
and that the secretion pattern
became more regular, but basal
GH concentration remained
slightly elevated. The left lower 0
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the serum GHRH-time series were 1.759 and 1.223,
respectively. Copulsatility of the GH and GHRH hormone
series was highly significant in both patients (P < 0.0001).

Discussion

In this study we described in detail the clinical and bio-
chemical characteristics of three patients with ectopic
extracranial GHRH secretion diagnosed in a series of about
200 acromegalics investigated and treated in our center
during the last 25 years. The incidence in the present series
agrees with that mentioned in literature [1, 16]. Faglia
summarized the clinical findings of 39 reported acromegalic
patients with proven ectopic GHRH secretion [17]. Subse-
quently, van den Bruel and colleagues [18] mentioned 52
reported patients in 1999, including their own patient and
since then 14 other patients have been reported, bringing the
total number reported to 66 patients [19-32]. From a con-
servative estimation of the total number of newly diagnosed
acromegalic patients in Europe, Japan and the USA, it is
evident that most patients with ectopic GHRH syndrome are
either not reported or remain undiagnosed.

The criteria for demonstration of ectopic extracranial
GHRH-induced acromegaly are summarized by Losa and
von Werder [2], and include the presence of high circulating
concentration GHRH by specific radioimmunoassays, the
presence of GHRH in the tumor, the presence of mRNA for
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GHRH by in situ hybridization and/or a significant arterio-
venous gradient across the ectopic source. The second
requirement to be fulfilled is the reversibility of acromegaly
after complete removal of the ectopic-hormone producing
tumor. All our patients met at least two criteria, although the
tumors were not investigated for the presence of GHRH.

The clinical symptomatology in ectopic GHRH-induced
acromegaly is not different from that of the primary
pituitary adenomatous form. However, symptoms due to
the underlying neoplasm or cosecretion of other sub-
stances by the tumor might suggest the ectopic origin of
acromegaly [33]. Specific dynamical tests for GH excess
do not allow classification with certainty in either cate-
gory, although most patients with ectopic GHRH syn-
drome exhibit a paradoxical increase of GH after TRH and
glucose (i.e. >50%) and a blunted GH rise (<100%) after
exogenous GHRH injection [33]. In addition, most pa-
tients also exhibit a moderate increase in serum prolactin
concentration, which regresses after removal of the ectopic
GHRH source, supporting the notion that GHRH is di-
rectly responsible for the hyperprolactinemia, a finding
also present in hGHRH-transgenic mice [34]. The patients
reported here all exhibited GH increase after TRH, and
two had mild hyperprolactinemia. After surgery, hyperp-
rolactinemia normalized, but GH still increased after TRH
administration, suggesting that GHRH was still being
produced by tumor remnants or metastases in two patients
(nos. 2 and 3).
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Table 1 Deconvolution of the 24 hour serum GH profiles in patients with ectopic GHRH syndrome and controls

Vance’s
patient

Jaffe’s

Male controls

Patient 3 after

surg.

Patient 3 before

surg.

Female controls

Patient 2 after

surg.

Patient 2 before

surg.

patient

21

30
24

17 (14-21) 30 24 12 (7-14)

16

30

Pulse frequency (no/24 h)

Half-life (min)

16.2

6

17.5 (15.2-19.7)

15.7

15.6

2

12.9 (12.0-15.5)
27.7 (22.7-29.8)
0.387 (0.198—

159

15.5

41.3

30.5

25.3 (19.5-34.4)
0.141 (0.087-

232

5.3

20.9 329

4.92

Pulse half-duration (min)

1.87

6.0

0.160

0.227

0.442

Pulse height (mU/I /min)

0.422)
4.44 (2.42-9.55)

3.4(1.4-5.3)

0.881)
10.2 (7.3-18.5)
9.1 (5.5-17.6)

76.5

81

1

3.68
14.9
88

5.66

101 144

Pulse mass (mU/1)

4,60

3,900

2,261 30.2 18.0
230

Basal secretion(mU/1 /24 h)
Pulsatile secretion (mU/1 /

1,600

5,400

43.5 (17.8-103)

170

173 (122-312)

3,047

24 h)
Total secretion(mU/1 /24 h)

2,060

260 182 (132-325) 188 103 47 (19.7-107) 9,300

5,309

Blood samples were taken at 10-min intervals for 24-h and analyzed by multiparameter deconvolution. The female patient (no. 2) was studied before surgical removal of the GHRH-secreting

bronchus carcinoid and repeat sampling study was done after thoracic surgery under octreotide LAR. The male patient (no. 3) was studied first after adenomectomy of the pituitary tumor, but
before thoracic surgery. The second sampling study was performed after removal of the bronchial carcinoid during octreotide-LAR treatment. The serum profiles of the patients reported in

literature were digitized and deconvoluted with the assay precision according to the authors. The GH data were subsequently transformed from pg-mass units into mU using the conversion

factor 2.0. Reference values were obtained in nine males and 10 females healthy controls. Values shown are medians and 95% confidence intervals between brackets

The most frequent source of ectopic GHRH is the
bronchial carcinoid, followed by pancreatic islet tumors
[17], as we also found in the present evaluation of our
patient series. The pancreatic tumor in the first patient was
found by CT-scanning and MRI. The large bronchial car-
cinoids were easily seen by chest X-ray examination, and
showed uptake of radio-labeled octreotide, thus demon-
strating in vivo the presence of somatostatin receptors.
Although positive somatostatin receptor-scintigraphy is
usually found in carcinoids in general, its demonstration in
ectopic GHRH tumors is limited. Nevertheless, this
examination could be particularly useful in the diagnostic
phase of patients with suspected, but not yet proven,
ectopic GHRH secretion.

Histological investigation of surgically removed pitui-
tary tissue revealed pituitary hyperplasia in most cases (i.e.
with an intact reticulin fiber network), but in other patients
adenomatous transformation can be found [35]. Indeed, the
histological findings in hGHRH transgenic mice resemble
those in the human: in young animals diffuse hyperplasia
was found, while those of older mice showed adenomas
[34, 36]. The pathological changes in the pituitary gland
are the result of GHRH per se and not of GH, since
hyperplasia and tumor formation still occur in the absence
of GH signaling [37]. A hypothalamic GHRH-producing
tumor (gangliocytoma) is generally associated with a
pituitary adenoma rather than with pituitary hyperplasia
and is attributed to a much higher (assumed) local (pitui-
tary) concentration of GHRH or the presence of other
growth stimulating factors [38]. In addition, the combina-
tion of an intrasellar GHRH-containing gangliocytoma and
a somatotropinoma has been described in rare patients [39,
40]. In two of our patients pituitary histology was avail-
able: one patient (no. 1) showed hyperplasia in the absence
of an enlarged gland, while histology in the other patient
(no. 3) showed a mixture of hyperplasia and adenomatous
transformation.

Neuroimaging studies of the pituitary gland are variable:
in about half of the patients no tumor or a slight enlarge-
ment of the sella is detected, while in other patients in-
trasellar adenomas or macroadenomas with suprasellar
extension are found [18]. The CT-scan of patient 1 was
normal and MRI scanning in patient 2 showed diffuse
enlargement of the pituitary gland without a clear adenoma
and with diffuse uptake of gadolinium DTPA. In patient 3
asymmetric enlargement was present, suggestive of a
macroadenoma, but uptake of gadolinium DTPA through-
out the whole pituitary gland was diffuse, illustrating the
variability of imaging results. Although the pituitary MRI
studies in the ectopic GHRH syndrome are non-specific, in
the absence of a clear adenoma, ectopic GHRH secretion
should be considered and appropriate investigations in-
stalled to prevent unnecessary pituitary surgery. On the
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Table 2 Approximate entropy of GH secretion in ectopic GHRH syndrome

Before removal of the
ectopic GHRH source

Patient

Reference values,
Median and 95% CI

After surgery and during
octreotide treatment

No. 2 (female) 1.256
No. 3 (male) 0.842
Jaffe’s patient 1.533
Vance’s patient 1.248

0.686
0.561

0.400 (0.300-0.440)
0.240 (0.166-0.350)
0.240 (0.166-0.350)
0.240 (0.166-0.350)

Calculations were performed on GH data series consisting of 145 samples obtained at 10 min intervals during 24 h. Normal values were derived

from nine males and 10 females healthy controls

other hand, primary medical treatment for acromegaly in
these patients might obscure the real cause.

Carcinoids, especially of the lung and gastrointestinal
tract constitute about two-thirds of all cases reported so far,
followed by pancreatic islet cell tumors [17, 33]. Metas-
tases of carcinoid tumors were present in about 30%, a
frequency similar to lung carcinoids in general [35]. Two
of our patients had a large primary lung carcinoid, but had
no histological proven metastases. Because serum GHRH
concentration did not normalize after removal of the
GHRH source we assumed (liver) metastases.

Immunochemistry of the GHRH-secreting tumors has
regularly demonstrated cosecretion of other hormones,
including gastrin, gastrin-releasing peptide, calcitonin,
pancreatic polypeptide, VIP, glucagon, insulin, and
somatostatin, pointing to the multihormonal nature of these
tumors. Particularly, cosecretion of somatostatin may
modify the clinical picture and severity [31-44].

Only few patients with a GHRH-producing pancreatic
islet cell tumor and with MEN I syndrome have been de-
scribed [41, 43, 44]. In agreement with our patient 1, they
had multiple tumors; however, the pancreatic tumors in our
patient showed an identical immunohistochemical profile
in contrast with the other reported patients. The tumor
stained positively for somatostatin, which might explain
the only moderately increased GH concentration and pos-
sibly also the normal GH response to glucose loading, as
alluded to above. In the follow-up of more than 20 years,
no recurrence of acromegaly occurred, but the (modest)
increase of pancreatic polypeptide could point to the
development of a new pancreatic adenoma.

GH secretory characteristics of two patients were
investigated before removal of the GHRH source. We
established that pulsatile and non-pulsatile (basal) secre-
tion, pulse frequency and secretory regularity (ApEn) were
comparable to untreated acromegalic patients with primary
pituitary adenomas [8, 45]. Because of the highly signifi-
cant copulsatility of GHRH and GH in two other patients
reported in literature, it is reasonable to postulate that
pulsatile GH secretion in these patients was generated via
episodic GHRH secretion of the primary tumor, while in

@ Springer

patients with a pituitary GH-secreting adenoma pulsatile
secretion is probably a tumorous feature [8].
Approximate entropy calculations of serum GHRH
profiles disclosed high values, suggesting highly irregular
secretion, a feature common with many other hormone-
secreting tumors [7-9]. It is reasonable to assume that the
irregular secretion of GH in the four patients who were
investigated till now was mainly the result of the irregular
GHRH-input signal, and analogous to the irregular cortisol
secretion driven by ACTH in pituitary-dependent Cush-
ing’s syndrome [7, 46]. Nevertheless, part of the irregu-
larity of GH secretion might also be due to increased
GHRH per se, since GHRH infusion in healthy subjects
augments irregular GH secretion [47]. After surgery and on
effective octreotide therapy aimed at normalizing IGF-I,
GH secretion became almost normal. GH secretion re-
mained however irregular (increased ApEn), notwith-
standing the increased feedback signal of octreotide, and
the diminished forward input signal of GHRH by octreotide
[48, 49]. Similarly, octreotide treatment in (classical)
acromegaly represses secretory-burst mass and non-pulsa-
tile secretion but does not restore event frequency or or-
derly GH secretion [50]. Collectively, these results suggest
that even a modestly increased GHRH concentration can
maintain irregular GH secretion in ectopic acromegaly.

Therapy

Surgical removal of the GHRH source is obviously the
treatment of choice and results in the resolution of acro-
megaly when no metastases are present, as we observed in
the first patient with more than 20 year follow-up. In the
presence of metastases octreotide treatment is often, but
not invariable, successful in suppressing GH and GHRH,
because of its dual action on the pituitary gland and the
GHRH-secreting tumor [51]. Most published reports con-
cerned subcutaneously administered octreotide mostly by
three daily injections and in a minority by chronic subcu-
taneous infusion [48, 52] and summarized by van den Bruel
et al. [18]. In the majority of patients GH decreased
substantially, but IGF-I remained elevated in eight of 13
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patients in whom IGF-I was measured. The serum con-
centration of GHRH generally remained elevated [2], as we
found in patient 3. Publications of treatment results with
the slow release formulation of octreotide and lanreotide
are scarce and follow-up short-term. We could find only
four cases in literature: three patients were treated with
lanreotide and one with octreotide-long acting repeatable
(octreotide LAR) [19, 21, 24, 25]. In the present study we
reported the long-term effect of octreotide-LAR treatment
in two patients, which resulted in suppressed GH secretion
and normalized IGF-I concentration in both patients, but
with still slightly elevated GHRH concentrations, as long
as the patients continued suppressive therapy. The latter
finding is indeed often mentioned in other reports as well,
as discussed above. Other treatment modalities applied in
single cases are the use of a GHRH-receptor antagonist and
chemotherapy in a patient with severely metastasized dis-
ease [15, 53].

During octreotide treatment no visible growth of
(eventual) metastases was noted for many years with high-
sensitivity liver CT scanning and CT scanning of the thorax
in our patients, which suggests that in selected cases
octreotide can inhibit growth of metastases from a carci-
noid tumor. In addition, pituitary hyperplasia, the likely
cause of the preoperative enlargement in patient 2, slowly
disappeared completely, as previously described in other
patients under medical therapy or after complete surgical
removal of the GHRH source [27, 54]. Nevertheless, in
patient 3 GHRH levels increased slowly, suggesting
growing metastasis under octreotide restraint. Recently, we
could localize a suspect lesion in the anterior mediastinum.

GHRH and its receptor are normally present in several
organs, including the ovary and testis, playing a role in the
regulation of steroidogenesis, and the pancreas [55-57]. It
has been found that some GHRH-producing carcinoids also
express GHRH-receptors, which may stimulate tumor
growth via an autocrine mechanism [22]. Particularly
interesting was the description of a single acromegalic
patient whose large pituitary adenoma co-expressed
GHRH-receptor and GHRH together with a 100-fold in-
creased plasma GHRH concentration. After pituitary ade-
nomectomy plasma GHRH normalized. It is likely that the
high local concentration of GHRH contributed to the
growth of the adenoma [58].

GHRH and its receptor are also expressed in cancers of
the breast, ovary, and endometrium and small-cell lung
cancer, and may function as a paracrine/autocrine growth
factor in regulating local IGF-I and/or IGF-II secretion.
Other studies have shown that GHRH receptor-antagonists
inhibit the growth of colorectal, prostatic, mammary, lung,
and pancreatic cancers, partly by direct suppression of IGF-
I and IGF-II production, or acting directly without influ-
encing these growth factors [59-63]. When more potent

GHRH-receptor antagonists will become available for
clinical application patients with advanced disease may
benefit from this new approach, because they respond at
best to somatostatin analogue therapy by suppressing GH
secretion and partly that of GHRH, but the tumor and
metastases will usually grow with fatal outcome.
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