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Abstract

Acromegaly due to ectopic secretion of growth hormone-releasing hormone (GHRH) is rare. Treatment consists of surgical removal of the
primary tumor, cytostatic therapy, “cold” or radioactive somatostatin analogue treatment, and medical therapy for acromegaly, if needed.
A 53 yearold female had an ocular lesion noted on a routine optician visit, originally considered to be an ocular melanoma. She had a bronchial
carcinoid successfully removed 22 years previously. She had acromegalic features with an enlarged pituitary gland on magnetic resonance
imaging and, additionally, metastatic lesions in her bones, liver, and thyroid gland. Elevated GHRH levels (>250x upper limit of normal) sug-
gested a metastatic lung neuroendocrine tumor secreting GHRH. Cold and radioactive somatostatin analogue therapy reduced both GHRH and
insulin-like growth factor 1 (IGF-1) levels, but normalization of the biochemical markers of acromegaly was only achieved after pegvisomant was
introduced. Complete control of IGF-1 was achieved, and this may have hindered the growth of the metastatic lesions as well, as the patient
remains well 13 years after the diagnosis of metastatic disease and 35 years after the original lung operation. A gradual rise in prolactin levels
over last 4 years was noted, which is likely due to the prolonged effect of GHRH on prolactin-secreting cells. The diagnosis of this case applied
the law of parsimony from the Ockham's razor principle. We consider that breaking the vicious circle of IGF-1 feeding the metastatic tumor was

key for the long-term outcome of this case.
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Growth hormone-releasing hormone (GHRH)-secreting
tumors are rare causes of acromegaly/gigantism [1-3].
Neuroendocrine tumors (NETs), predominantly in the lung
[4-10] and pancreas [4, 9, 11-14], represent the vast ma-
jority of the cases, but the gastrointestinal tract [15, 16],
thymus [17, 18], phaeochromocytomas [19-21], mediastinal
paragangliomas [22], teratomas [23], hypothalamic [24] or
pituitary [25] gangliocytomas, diffuse B-cell lymphoma [26],
and even a pituitary tumor [27] have been shown to be the
source of GHRH. The majority of GHRH-secreting pancre-
atic NET patients have the MEN1 syndrome, some starting
in childhood causing gigantism [3]. A germline MAX mu-
tation has also been described with ectopic GHRH from a
phaeochromocytoma [28]. GHRH can be coexpressed with
other neuropeptides, such as calcitonin or adrenocortico-
tropic hormone, in the latter cases causing both acromegaly
and Cushing’s syndrome [23, 29]. To date, over 90 GHRH-
associated acromegaly cases have been reported in the
English-language literature [22, 30].

We describe here a patient who presented with a meta-
static bronchial carcinoid causing acromegaly. She has been

successfully treated to date with a “cold” and radiolabeled
somatostatin analogue and a growth hormone receptor an-
tagonist over a period of 13 years and currently remains with
a good quality of life and stable disease.

Case Presentation

A 53-year-old woman was referred to an ophthalmologist due
to a suspicious retinal lesion in her left eye, identified at a rou-
tine visit to her optician (Fig. 1). The suspicion of amelanotic
melanoma was raised, and radiotherapy was planned.
However, the orbital magnetic resonance imaging (MRI) also
revealed an enlarged pituitary gland (Fig. 1). Biochemical
testing showed an increased elevated bilirubin (52 pmol/L;
normal range 1.71-20.5 pmol/L) and borderline raised al-
kaline phosphatase (145 IU/L; normal range 20-140 IU/L).
Abdominal ultrasound revealed multiple liver lesions suggest-
ing metastases, but this finding was not thought to be consist-
ent with metastases from such a small ocular primary tumor.
In addition, plain chest radiology exhibited sclerotic changes
in the fifth rib and volume loss in the right hemithorax.
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Figure 1. (A) Fundal examination in the left eye with a round pink lesion. (B) Ultrasound of the left bulb with 2.4 mm retinal elevation. (C) Coronal T1
magnetic resonance imaging image in September 2008 exhibiting an enlarged pituitary gland with hypointense signal in close distance to the optic
chiasm to but not compressing the nerves. (D-F) Histopathology slides showing highly vascular neuroendocrine neoplasm favoring a lung primary origin.
(D) Hematoxylin and eosin staining (20x magnification). (E) Positive immunohistochemical staining for chromogranin. (F) Positive immunohistochemical

staining for thyroid transcription factor 1, suggesting the primary lung source.

The patient was referred to Oncology, where further review
of her history revealed that she had had a bronchial carcinoid
removed from her right lung 22 years previously. Since that
time she had been in a good health. Computed tomography of
the chest and the abdomen was performed, which exhibited
multiple hypervascular lesions in liver, a right adrenal nodule
(adenoma appearance), and sclerotic bone lesions, suggestive
of metastases. Liver biopsy confirmed the presence of a highly
vascular neuroendocrine neoplasm suggestive of a lung pri-
mary origin (Fig. 1) with low Ki-67 labeling index < 1% (not
shown). The clinical picture was highly suggestive of a meta-
static NET. At that time, however, there was clearly no evi-
dence of neoplastic lung disease on plain chest X-ray and on
chest computed tomography. No meta-iodobenzylguanidine—
avid disease was observed on '*I-meta-iodobenzylguanidine
single-photon emission computed tomography. In the light of
the diagnosis of a metastatic lung carcinoid, she was initiated
on chemotherapy in 2009 with lomustine and capecitabine,
but this had to be discontinued due to thrombocytopenia.

She was at that point referred to Endocrinology, where she
gave a history of increased sweating, snoring, and difficulty
with ring tightness and fatigue as well as increased shoe size
over the preceding 3 years. Physical examination revealed
striking facial and acral acromegalic features: as neither she
nor her partner had noticed any obvious facial changes, these
were clearly long-standing. Visual fields were full to confron-
tation. Endocrine testing demonstrated an elevated serum
insulin-like growth factor 1 (IGF-1) level of 768 pg/L (nor-
mal age-adjusted range, 81-225 pg/L) (Fig. 2), and a lack of
GH suppression after a glucose load with a nadir GH level
of 15 pg/L. Both chromogranin A and B levels were elevated
(904 pmol/L, normal range < 60 pmol/L, and 171 pmol/L,
normal range 150 pmol/L, respectively). Urinary 24-hour
5-hydroxyindoleacetic acid excretion was normal. Pituitary
MRI showed an enlarged fossa with a homogeneous T2-
hypointense content, 15.7 mm in transverse diameter (Fig. 3).
Plasma GHRH was markedly elevated at 8315 ng/L (normal
range < 30 ng/L,>300 ng/L indicates ectopic secretion) (Fig. 2).

An "™In-oradioctreotide single-photon emission computed
tomography scan revealed somatostatin receptor—positive
bone and liver metastatic disease with no clear signs of lung
disease, while a technetium 99m-methyl diphosphonate bone
scan revealed multiple metastatic bone lesions in the thorax,
lumbar spine, ribs, and humerus. The patient was initiated
on monthly pamidronate and 10 mg octreotide—long-acting
release, the latter then being gradually increased to 30 mg/
month. This reduced her IGF-1 initially from 3x upper limit
of normal (ULN) to 1.2x ULN and GHRH from 277x ULN
to 109x ULN. Her pituitary showed significance shrinkage.

Outcome and Follow-up

A year after the somatostatin analogue treatment was initi-
ated her IGF-1 increased to 2x ULN (Fig. 2), and pegvisomant
treatment (50 mg weekly) was started, which immediately
normalized her IGF-1 level. However, to treat her underlying
disease she received 3 cycles of peptide receptor radio-
nuclide therapy with *°Y-octreotide: *°Y-edotreotide (Onalta,
Molecular Insight Pharmaceuticals, Cambridge, MA, USA)
was infused intravenously over 10 to 15 minutes in 3 individ-
ual doses of 4.4 GBq (120 mCi) administered in 6- to 9-week
cycles to a total cumulative dose of 13.3 GBq (360 mCi)
in 2011-2012. The first dose dramatically reduced GHRH
levels from 182x ULN to 9x ULN before and after the first
dose. In the subsequent years, GHRH has remained stable
between 10x to 20x ULN levels, while her IGF-1 remained
within or close to the normal range. Both the clinical pic-
ture and the pituitary MRI scans showed remission of her
acromegaly. Chromogranin A and B levels also were reduced
(chromogranin A from 904 to 220 pmol/L).

The combined somatostatin analogue and pegvisomant
therapy allowed for good control of the secondary acromeg-
aly (Fig. 2), with the pegvisomant dose increased to 50 mg
twice weekly in 2018. Her bone and liver lesions have re-
mained stable, while the ocular lesion shrank from the ori-
ginal 2.4 mm to 0.8 mm in height.
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Figure 2. Insulin-like growth factor 1 (A), growth hormone-releasing hormone (B), and prolactin (C) levels since 2009. Orange lines show upper limit of
normal range. Abbreviations: GHRH, growth hormone-releasing hormone; IGF-1, insulin-like growth factor; PegV, start of pegvisomant treatment; PRRT,
treatment with peptide receptor radionuclide therapy; SSA, start of somatostatin analogue treatment.
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Figure 3. The magnetic resonance images of the pituitary gland exhibiting pituitary mass shrinkage in sagittal and coronal views. (A and E) Before
treatment. (B and F) After somatostatin analogue treatment started. (C and G) Under treatment before increase in prolactin levels. (D and H) Under

treatment with elevated prolactin levels.

While previously in the normal range, her prolactin level
has gradually increased and since 2018 became abnormally
high (Fig. 2). She was not taking any medication that could
increase prolactin levels and had normal thyroid function.
The latest MRI scan shows a pituitary gland slightly enlarged
compared to 2012 (still significantly smaller than at diagno-
sis) and still shows hypointensity on T2 imaging (Fig. 3).

Additional Issues

e Dueto theslightly elevated bilirubin but otherwise normal
liver function tests we suspected Gilbert syndrome, and
a homozygous UGTI1A variant was identified. She did
not develop liver enzyme elevations at the start of her
pegvisomant therapy. Moreover, she was diagnosed with
gallstones, before administration of “cold” somatostatin
analogue, which have not progressed during treatment.

e In 2011, she has developed diabetes and is currently con-
trolled on metformin and linagliptin. Her dyslipidemia is
controlled with atorvastatin therapy. Since 2017 she has
needed medication to control her blood pressure.

e She had repeated rectal and colon polyps (2010, 2014,
and 2021), and a 4 cm tubulovillous sigmoid adenoma
with focal high-grade dysplasia was removed in 2013,
with recurrence in 2014 and 2021.

¢ She has chronic anemia since 1 year after her last peptide
receptor radionuclide therapy dose and has lost weight
gradually from 61 kg at diagnosis to 55 kg currently over
the last 13 years.

¢ Due to increasing back pain, in 2015 she had received 30
Gy external beam palliative radiotherapy to the T3-T10
spinal lesions in 10 sessions, with good pain relief.

e In 2021 she had a 30-minute episode with memory
loss and black spot on her vision. She was started on
clopidogrel as a precautionary measure.

Discussion

Acromegaly due to ectopic secretion of GHRH represents
<1% of all patients with acromegaly. It is usually diagnosed
by the presence of acromegaly in a patient with a NET and
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elevated circulating GHRH. Ectopic secretion of GHRH leads
to pituitary hyperplasia manifesting either as a normal or en-
larged homogeneous pituitary rather than an adenoma, some-
times with a normal MRI scan [30, 31]. Surgical removal of
the NET is the optimal treatment, but any residual excess
GHRH secretion can usually be treated with somatostatin
analogue therapy [11, 22, 32].

The notable features of this case are the exceptionally long
time (22 years) before the tumor demonstrated symptom-
atic recurrence (although clearly the acromegaly must have
been present for many years, and the metastatic disease is
likely to have been present at the time of primary lung sur-
gery), the presenting feature of an ocular metastasis (typical
of NETs [33]), the initial tumor and endocrine responses
to cold and radiolabeled somatostatin analogue, long-term
tumor stabilization, the emergence of hyperprolactinemia
after prolonged GHRH secretion, and, finally, the use of
pegvisomant in acromegaly due to a GHRH-secreting meta-
static NET.

In terms of therapy, the use of somatostatin analogues is
important in this context, as they are both able to inhibit
GH release direct from the hyperplastic pituitary, while also,
as in this case, being able to inhibit GHRH secretion from
the tumor. Radiolabeled *°Y-octreotide was used in 2011 to
control the tumor, while currently ’Lu-labeled analogues
are in primary use [34]. However, over time, there was clear
evidence of escape. We demonstrate here that the addition
of pegvisomant to the somatostatin analogue is valuable, as
it was able to control the endocrine features of the tumor
and with normalizing IGF-1 potentially reducing tumor
growth. This combined therapy, breaking the hypothetical
vicious circle of IGF-1 feeding the tumor (Fig. 4), has pro-
duced good biochemical control of her acromegaly for the
next 5 years. According to RECIST criteria, the patient has
demonstrated stable disease of most liver and bone metas-
tases (since 2009), with slight diameter reductions for a few
liver lesions (visible in 2010, 2011, and 2014), as well as the
detection of some new metastases in the liver (2013) and 2
in the bones (2014), which are suggestive of some disease
progression. In April 2018, due to increasing levels of IGF-1,

Journal of the Endocrine Society, 2022,Vol. 6, No. 7

the weekly dose of pegvisomant was doubled, again with a
good biochemical response.

Another novelty of our case is also the observation of a pro-
gressive rise in prolactin associated with poorer control of ac-
romegaly caused by the GHRH-secreting tumor. GHRH may
stimulate release of prolactin secretion not only in patients
with acromegaly but also in healthy individuals, especially at
high doses [35-37]. Experimental data in transgenic mice sup-
port these data, as excess GHRH leads to high prolactin levels
[38], while lack of GHRH results in both GH and prolactin
deficiency [39]. We believe that the prolonged GHRH stimu-
lation has caused a slow trophic effect on lactotroph cells,
and over the years, this has led to slow-rising prolactin levels
and some re-enlargement of the gland.

Recent data suggest that patients with pituitary hyper-
plasia due to a GHRH-secreting tumor show a hypointense
T2-weighted MRI signal, which can normalize when GHRH
levels return to normal [40]. Our case, with a hypointense T2
signal both at diagnosis and more recently when the GHRH
level is still 10x ULN, supports this observation.

William of Ockham, a Franciscan philosopher, theologian,
political writer, and a late scholastic thinker from the 13th
century, established principle of Ockham’s razor (also spelled
Occam’s razor), called the “law of economy” or “law of parsi-
mony” (Lex parsimoniae). He suggested that “entities are not
to be multiplied beyond necessity.” In our case, the multiple
abnormalities in this patient—an ocular lesion, enlarged pitu-
itary gland, acromegalic physical appearance, elevated IGF-1,
and multiple metastasis with a history of lung operation—can
all be explained by a single disease, hence fitting Ockham’s
principle perfectly (Fig. ).

In conclusion, we have presented a patient with a bron-
chial carcinoid who represented 22 years later with an ocu-
lar metastasis and was found to have clinical acromegaly,
widespread metastatic disease, and grossly elevated levels
of GHRH. The prolonged high GHRH levels resulted in a
modest prolactin rise over the course of the disease. She was
treated with somatostatin analogue injections, radiolabeled
octreotide, and, eventually, pegvisomant, with long-term con-
trol of both her NET and acromegaly.

Breaking the vicious circle

‘Cold’” and
radiolabelled
somatostatin
analogue

Figure 4. We hypothesize that high insulin-like growth factor 1 (IGF-1) is supporting tumor growth in this case; therefore, reducing tumor burden with
cold and radiolabeled somatostatin analogues and reducing IGF-1 levels with pegvisomant helps to break the vicious circle. Abbreviations: GH, growth
hormone; GHRH, growth hormone-releasing hormone; IGF-1, insulin-like growth factor; NET, neuroendocrine tumor.
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Figure 5. Ockham'’s razor—multiple presenting abnormalities are unified by a single diagnosis representing the law of parsimony. The image of Sir
William of Ockham was adapted from Britannica (https://www.britannica.com/topic/Occams-razor).

Acknowledgments

We are grateful for Prof Francois Bonneville for the review
of the MRI images. We are grateful for Pfizer to provide
pegvisomant on a compassionate basis for the initial treat-
ment of this patient. We are grateful to the patient, who gave
written consent to be included into our clinical study with
local Ethics Committee permission and has given full consent
to publish her case history.

Funding

This manuscript was prepared during the internship obtained
by B.R. as part of financing the doctoral scholarship ETTUDA
from the National Science Centre of Poland UMO-2018/28/T/
NZ5/00304.

Disclosures

M.K. has received lecture fees from Ipsen, Novartis, Recordati,
and Pfizer and grant support from Pfizer. The other authors
have nothing to disclose.

Data Availability

Original data generated and analyzed during this study are
included in this published article or in the data repositories
listed in the references.

References

1. Sassolas G, Chayvialle JA, Partensky C, et al. Acromegaly, clinical
expression of the production of growth hormone releasing factor in
pancreatic tumors. Ann Endocrinol (Paris). 1983;44(6):347-354.

2. Thorner MO, Rivier J, Speiss ]J. Human pancreatic tumor growth
hormone-releasing factor selectively stimulates growth hormone se-
cretion in man. Lancet. 1983;321(8314-8315):24-28.

3. Srirangam Nadhamuni V, Iacovazzo D, Evanson ], et al. GHRH se-
cretion from a pancreatic neuroendocrine tumor causing gigantism
in a patient with MEN1. Endocrinol Diabetes Metab Case Rep.
2021;2021(1):20-0208.

4. Biermasz NR, Smit JW, Pereira AM, Frolich M, Romijn JA,
Roelfsema F. Acromegaly caused by growth hormone-releasing
hormone-producing tumors: long-term observational studies in
three patients. Pituitary. 2007;10(3):237-249. doi:10.1007/s11102-
007-0045-7

5. Butler PW, Cochran CS, Merino MJ, Nguyen DM, Schrump DS,
Gorden P. Ectopic growth hormone-releasing hormone secre-
tion by a bronchial carcinoid tumor: clinical experience follow-
ing tumor resection and long-acting octreotide therapy. Pituitary.
2012;15(2):260-265. doi:10.1007/s11102-010-0226-7

6. Mai M, Tonjes A, Trantakis C, Wittekind C, Stumvoll M, Fuhrer D.
Hirsutism and multinodular goiter in a 40-year-old female watch-
maker. Internist (Berl). 2013;54(9):1137-1140. doi:10.1007/
s00108-013-3351-3

7. Rojo Alvaro ], Pineda Arribas JJ, Anda Apinaniz E, Perez Gar-
cia L, Lafita Tejedor ], Forga Llenas L. Ectopic acromegaly due to
a bronchial carcinoid. An Sist Sanit Navar. 2013;36(3):563-567.
do0i:10.4321/s1137-66272013000300022

8. Cheung KK, Chow FC, Lo AW. “Open-and-close” pituitary surgery
in an acromegalic man presenting with excessive sweatiness. BM]
Case Rep. 2016;2016:bcr2016215183. https://casereports.bmj.
com/content/2016/bcr-2016-215183.info

9. Kyriakakis N, Trouillas J, Dang MN, et al. Diagnostic challenges and
management of a patient with acromegaly due to ectopic growth
hormone-releasing hormone secretion from a bronchial carcinoid
tumour. Endocrinol Diabetes Metab Case Rep. 2017;2017:16-
0104. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5292981/

10. Stelmachowska-Banas M, Glogowski M, Vasiljevic A, Raverot V,

Raverot G, Zgliczynski W. Ectopic acromegaly due to growth

220z aunp G| uo 1sanb Aq 6/21099/€809BAA/2/9/9101E/Sa]/W0d"dNO"d1WapED.//:Sd)lY WOy papeojumod


https://doi.org/10.1007/s11102-007-0045-7
https://doi.org/10.1007/s11102-007-0045-7
https://doi.org/10.1007/s11102-010-0226-7
https://doi.org/10.1007/s00108-013-3351-3
https://doi.org/10.1007/s00108-013-3351-3
https://doi.org/10.4321/s1137-66272013000300022
https://casereports.bmj.com/content/2016/bcr-2016-215183.info﻿
https://casereports.bmj.com/content/2016/bcr-2016-215183.info﻿
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5292981/﻿
https://www.britannica.com/topic/Occams-razor

11.

12.

13.

14.

1S.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

hormone-releasing hormone secretion from bronchial carcinoid
causing somatotroph hyperplasia and partial pituitary insuffi-
ciency. Pol Arch Intern Med. 2019;129(3):208-210.

Garby L, Caron P, Claustrat F, et al. Clinical characteristics and
outcome of acromegaly induced by ectopic secretion of growth
hormone-releasing hormone (GHRH): a French nationwide series
of 21 cases. | Clin Endocrinol Metab. 2012;97(6):2093-2104.
doi:10.1210/j¢c.2011-2930

Saleem TF, Santhanam P, Hamoudeh E, Hassan T, Faiz S.
Acromegaly caused by growth hormone releasing hormone
(GHRH) secreting tumor in multiple endocrine neoplasia (MEN-
1). WV Med J. 2012:108(2):26-30.

Sala E, Ferrante E, Verrua E, et al. Growth hormone-releasing
hormone-producing pancreatic neuroendocrine tumor in a multiple
endocrine neoplasia type 1 family with an uncommon phenotype.
Eur | Gastroenterol Hepatol. 2013;25(7):858-862. doi:10.1097/
MEG.0b013e32835f433f

Zornitzki T, Rubinfeld H, Lysyy L, et al. pNET co-secreting GHRH
and calcitonin: ex vivo hormonal studies in human pituitary cells.
Endocrinol Diabetes Metab Case Rep. 2016;2016(1):150134.
doi:10.1530/EDM-15-0134

Leveston SA, McKeel DW Jr, Buckley PJ, et al. Acromegaly and
Cushing’s syndrome associated with a foregut carcinoid tumor.
J Clin Endocrinol Metab. 1981;53(4):682-689. doi:10.1210/
jecem-53-4-682

Colak Ozbey N, Kapran Y, Bozbora A, Erbil Y, Tascioglu C,
Asa SL. Ectopic growth hormone-releasing hormone secretion
by a neuroendocrine tumor causing acromegaly: long-term fol-
low-up results. Endocr Pathol. 2009;20(2):127-132. doi:10.1007/
$12022-009-9067-1

Jansson J-O, Svensson J, Bengtsson B-A, et al. Acromegaly and
Cushing’s syndrome due to ectopic production of GHRH and
ACTH by a thymic carcinoid tumour: in vitro responses to GHRH
and GHRP-6. Clin Endocrinol (Oxf). 1998;48(2):243-250.

Boix E, Pico A, Pinedo R, Aranda I, Kovacs K. Ectopic
growth hormone-releasing hormone secretion by thymic car-
cinoid tumour. Clin Endocrinol (Oxf). 2002;57(1):131-134.
doi:10.1046/5.1365-2265.2002.01535.x

Roth KA, Wilson DM, Eberwine ], et al. Acromegaly and phe-
ochromocytoma: a multiple endocrine syndrome caused by a
plurihormonal adrenal medullary tumor. | Clin Endocrinol Metab.
1986;63(6):1421-1426. doi:10.1210/jcem-63-6-1421

Vieira Neto L, Taboada GF, Correa LL, et al. Acromegaly secondary
to growth hormone-releasing hormone secreted by an incidentally
discovered pheochromocytoma. Endocr Pathol. 2007;18(1):46-52.
doi:10.1007/s12022-007-0006-8

Mumby C, Davis JR, Trouillas J, Higham CE. Phaeochromocytoma
and acromegaly: a unifying diagnosis. Endocrinol Diabetes Metab
Case Rep. 2014;2014(1):140036. doi:10.1530/EDM-14-0036
Ghazi AA, Amirbaigloo A, Dezfooli AA, et al. Ectopic acro-
megaly due to growth hormone releasing hormone. Endocrine.
2013;43(2):293-302. doi:10.1007/s12020-012-9790-0

Babiker T, Kyrodimou E, Berney DM, Gurnell M, Drake WM,
Brooke A. Acromegaly and Cushing’s syndrome caused by a
neuroendocrine tumor arising within a sacrococcygeal tera-
toma. Clin Case Rep. 2017;5(11):1768-1771. do0i:10.1002/
ccr3.1148

Asa SL, Scheithauer BW, Bilbao JM, et al. A case for hypothalamic
acromegaly: a clinicopathological study of six patients with hy-
pothalamic gangliocytomas producing growth hormone-releasing
factor. | Clin Endocrinol Metab. 1984;58(5):796-803.

Teramoto S, Tange Y, Ishii H, Goto H, Ogino I, Arai H. Mixed
gangliocytoma-pituitary adenoma containing GH and GHRH
co-secreting adenoma cells. Endocrinol Diabetes Metab Case Rep.

2019;2019(1):19-0099.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Journal of the Endocrine Society, 2022,Vol. 6, No. 7

Ravindra VM, Raheja A, Corn H, e al. Primary pituitary dif-
fuse large B-cell lymphoma with somatotroph hyperplasia and
acromegaly: case report. | Newurosurg. 2017;126(5):1725-1730.
doi:10.3171/2016.5.JNS16828

Matsuno A, Katakami H, Sanno N, et al. Pituitary somatotroph
adenoma producing growth hormone (GH)-releasing hormone
(GHRH) with an elevated plasma GHRH concentration: a
model case for autocrine and paracrine regulation of GH secre-
tion by GHRH. ] Clin Endocrinol Metab. 1999;84(9):3241-3247.
doi:10.1210/jcem.84.9.6008

Seabrook AJ, Harris JE, Velosa SB, et al. Multiple endocrine tumors
associated with germline MAX mutations: multiple endocrine ne-
oplasia type 5? J Clin Endocrinol Metab. 2021;106(4):1163-1182.
doi:10.1210/clinem/dgaa957

Tadokoro R, Sato S, Otsuka F, et al. Metastatic pancreatic neu-
roendocrine tumor that progressed to ectopic adrenocorticotropic
hormone (ACTH) syndrome with growth hormone-releasing hor-
mone (GHRH) production. Intern Med. 2016;55(20):2979-2983.
doi:10.2169/internalmedicine.55.6827

Borson-Chazot F, Garby L, Raverot G, Claustrat F, Raverot V,
Sassolas G. Acromegaly induced by ectopic secretion of GHRH:
a review 30 years after GHRH discovery. Ann Endocrinol (Paris).
2012;73(6):497-502. doi:10.1016/j.and0.2012.09.004

Sano T, Asa SL, Kovacs K. Growth hormone-releasing hormone-
producing tumors: clinical, biochemical, and morphological
manifestations. Endocr Rev. 1988;9(3):357-373. doi:10.1210/
edrv-9-3-357

Lack EE, Harris GB, Eraklis AJ, Vawter GFE Primary bron-
chial tumors in childhood. A clinicopathologic study of
six cases. Cancer. 1983;51(3):492-497. doi:10.1002/1097-
0142(19830201)51:3<492::aid-cncr2820510322>3.0.c052-w
Isidori AM, Kaltsas G, Frajese V, et al. Ocular metastases sec-
ondary to carcinoid tumors: the utility of imaging with [(123)]]
meta-iodobenzylguanidine and [(111)In]DTPA pentetreotide. |
Clin Endocrinol Metab. 2002;87(4):1627-1633. doi:10.1210/
jcem.87.4.8407

Strosberg JR, Caplin ME, Kunz PL, et al. (177)Lu-Dotatate plus
long-acting octreotide versus high dose long-acting octreotide in patients
with midgut neuroendocrine tumours (NETTER-1): final overall sur-
vival and long-term safety results from an open-label, randomised,
controlled, phase 3 trial. Lancetr Oncol. 2021;22(12):1752-1763.
Gelato MC, Pescovitz OH, Cassarola F, Loriaux L, Merriam GR.
Dose-response relationships for the effects of of growth hormone-
releasing factor (1-44)-NH, in young adult men and women. | Clin
Endocrinol Metab. 1984;59(2):197-201.

Losa M, Schopohl ], Konig A, Muller OA, von Werder K. Growth
hormone (GH) and prolactin responses to repetitive administration
of GH-releasing hormone in acromegaly. | Clin Endocrinol Metab.
1986;63(2):475-480. doi:10.1210/jcem-63-2-475

Watanobe H, Tamura T. A re-evaluation of the prolactin-
releasing activity of growth hormone-releasing hormone
in acromegaly in vivo. Neuropeptides. 1995;28(2):73-78.
doi:10.1016/0143-4179(95)90078-0

Asa SL, Kovacs K, Stefaneanu L, ef al. Pituitary adenomas in mice
transgenic for growth hormone-releasing hormone. Endocrinology.
1992;131(5):2083-2089. d0i:10.1210/endo0.131.5.1425411

Le Tissier PR, Carmignac DF, Lilley S, ez al. Hypothalamic growth
hormone-releasing hormone (GHRH) deficiency: targeted ablation
of GHRH neurons in mice using a viral ion channel transgene. Mol
Endocrinol. 2005;19(5):1251-1262. d0i:10.1210/me.2004-0223
Potorac J, Bonneville JF, Daly AF, et al. MRI characteristics of the
pituitary gland in acromegaly due to ectopic GHRH secretion
from a neuroendocrine tumor: detailed analysis of 30 cases. | Clin
Endocrinol Metab. Published May 4,2022;dgac274. d0i:10.1210/
clinem/dgac274. Online ahead of print

220z aunp G| uo 1sanb Aq 6/21099/€809BAA/2/9/9101E/Sa]/W0d"dNO"d1WapED.//:Sd)lY WOy papeojumod


https://doi.org/10.1210/jc.2011-2930
https://doi.org/10.1097/MEG.0b013e32835f433f
https://doi.org/10.1097/MEG.0b013e32835f433f
https://doi.org/10.1530/EDM-15-0134
https://doi.org/10.1210/jcem-53-4-682
https://doi.org/10.1210/jcem-53-4-682
https://doi.org/10.1007/s12022-009-9067-1
https://doi.org/10.1007/s12022-009-9067-1
https://doi.org/10.1046/j.1365-2265.2002.01535.x
https://doi.org/10.1210/jcem-63-6-1421
https://doi.org/10.1007/s12022-007-0006-8
https://doi.org/10.1530/EDM-14-0036
https://doi.org/10.1007/s12020-012-9790-0
https://doi.org/10.1002/ccr3.1148
https://doi.org/10.1002/ccr3.1148
https://doi.org/10.3171/2016.5.JNS16828
https://doi.org/10.1210/jcem.84.9.6008
https://doi.org/10.1210/clinem/dgaa957
https://doi.org/10.2169/internalmedicine.55.6827
https://doi.org/10.1016/j.ando.2012.09.004
https://doi.org/10.1210/edrv-9-3-357
https://doi.org/10.1210/edrv-9-3-357
https://doi.org/10.1002/1097-0142(19830201)51:3<492::aid-cncr2820510322>3.0.co;2-w
https://doi.org/10.1002/1097-0142(19830201)51:3<492::aid-cncr2820510322>3.0.co;2-w
https://doi.org/10.1210/jcem.87.4.8407
https://doi.org/10.1210/jcem.87.4.8407
https://doi.org/10.1210/jcem-63-2-475
https://doi.org/10.1016/0143-4179(95)90078-0
https://doi.org/10.1210/endo.131.5.1425411
https://doi.org/10.1210/me.2004-0223
https://doi.org/10.1210/clinem/dgac274
https://doi.org/10.1210/clinem/dgac274

	Case Presentation
	Outcome and Follow-up
	Additional Issues

	Discussion

