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Abstract

Multiple endocrine neoplasia type-4 (MEN4) is a rare form of multiple endocrine neoplasia due to a pathogenic variation in the cyclin-dependent
kinase inhibitor 1B (CDKN17B) gene. It has a similar presentation to patients with multiple endocrine neoplasia type-1 (MEN1), with primary
hyperparathyroidism and pituitary adenomas being the most common features. In this case, we describe a 54-year-old woman presenting
with a pituitary macroadenoma cosecreting growth hormone and prolactin and primary hyperparathyroidism. She was initially managed with
cabergoline without satisfactory response. Eventually she proceeded to transsphenoidal pituitary resection of the adenoma, and histology
revealed appearances consistent with a mixed somatotroph-lactotroph adenoma. Subsequently genetic analysis confirmed the presence of a
pathogenic variant in the CDKN1B gene (CDKN1B c¢.410del), in keeping with a diagnosis of MEN4. This is the first case of a cosecreting
pituitary macroadenoma to be described in a patient with MEN4.

Key Words: MEN4, prolactin, growth hormone, pituitary tumor, cosecreting

Abbreviations: ACTH, adrenocorticotropin; COKN1B, cyclin-dependent kinase inhibitor 1B gene; IGF-1, insulin-like growth factor-1; MEN1, multiple endocrine
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rare. Plurihormonal pituitary tumors are more common in
MENT1 than sporadic pituitary tumors [6]; however, to date,
they have not been reported in MEN4. Here, we describe the
first case of a plurihormonal pituitary tumor in a patient with
genetically proven MEN4.

Introduction

MEN4 is a rare disorder due to a pathogenic variation of
the CDNK1B gene that was first identified in 2006 [1]. It
was initially termed MENX, with a change in nomenclature
to MEN4 in 2008. Before CDNKI1B gene testing, patients
with MEN4 were diagnosed as having mutation-negative mul-
tiple MENT1, based on their clinical presentation [2]. The
prevalence of MEN4 in phenotypic MEN1 patients that are
negative for a pathogenic variation in the MENT1 gene is less
than 1% [3]. With fewer than 100 cases of MEN4 having
been reported in the literature, its clinical presentation and
genotype-phenotype correlation is still being characterized.

Case Presentation

In 2003, a 54-year-old woman was admitted to the hospital
with epigastric pain, nausea, and vomiting. She also gave
a 1-year history of fatigue and headaches. She was 6 years
post menopausal. She was taking no medications and had
no significant past medical history. She denied galactorrhea

To date, it appears that patients with MEN4 present later
and with milder symptoms than those with MEN1 [4]. The
most common presentation of this condition is the combin-
ation of hyperparathyroidism and an adenoma of the anterior
pituitary gland, although other features clinical features have
been described, including pancreatic neuroendocrine tumors,
papillary thyroid carcinoma, adrenocortical tumors, thymic
tumors, and renal angiomyolipomas [1, 5]. Nonfunctioning
and hormone-secreting pituitary tumors both have been
reported. In MENT1 prolactinomas are the most common
functioning pituitary adenoma. By contrast, growth hormone-
and adrenocorticotropin (ACTH)-producing pituitary aden-
omas are the most common in MEN4 and prolactinomas are

or a history of kidney stones. There was no family history of
endocrine disorders. On clinical examination she had clinical
features consistent with acromegaly, including large hands
and feet, coarse facial features, and hirsutism. Laboratory
investigations showed a raised insulin-like growth factor-1
(IGF-1) concentration, hyperprolactinemia, and evidence of
hyperparathyroidism (discussed later).

Diagnostic Assessment

At the time of presentation the patient had a plasma IGF-1
concentration of 590 pg/L (SDS> +5.0) (reference range,
69-246 pg/L), prolactin 12 459 mIU/L (585 pg/L) (reference
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Table 1. Oral glucose tolerance test (75 g) with glucose and growth
hormone measurement

Time, min Glucose mmol/L (mg/dL) Growth hormone, pg/L
0 5.6 mmol/L (100 mg/dL) 4.6
30 9.6 mmol/L (173 mg/dL) 2.8
60 8.3 mmol/L (150 mg/dL) 7.1
90 5.5 mmol/L (99 mg/dL) 4.8
120 5.2 mmol/L (94 mg/dL) 5.6

Normal range for plasma glucose during oral glucose tolerance test: 0 minutes: less
than 5.5 mmol/L (100 mg/dL); 120 minutes less than 7.8 mmol/L (140 mg/dL).
Normal response of growth hormone is suppression to less than 0.3 pg/L.

range, 102-496 mIU/L [4.8-23.3 pg/L]), cortisol 795 nmol/L
(28.8 pg/dL) (reference range, 171-536 nmol/L [6.1-19.4 pg/
dL]), free thyroxine 12.1 pmol/L (0.94 ng/dL) (reference range,
10-24 pmol/L [0.77-1.86 ng/dL]), thyrotropin 1.28mIU/L
(reference range, 0.5-4.7 mIU/L), follicle-stimulating hor-
mone 44 IU/L (postmenopausal reference range, 20-138 U/
L), luteinizing hormone 11 IU/L (postmenopausal reference
range, 15-62 IU/L). The serum calcium level was elevated at
2.82 mmol/L (11.3 mg/dL) (reference range, 2.1-2.6 mmol/L
[8.4-10.4 mg/dL]), phosphate 0.81 mmol/L (2.51 mg/dL) (ref-
erence range, 0.81-1.55 mmol/L [2.51-4.80 mg/dL]), parathy-
roid hormone 10.3 pmol/L. (97.1 pg/mL) (reference range,
1.6-7.0 pmol/L [15.1-66 pg/mL]), and a 24-hour urine cal-
cium concentration was 7.1 mmol/24 hours (284 mg/24 h)
(reference range, 2.5-7.5 mmol/24h [100-300 mg/24 h]).
The serum gastrin concentration was normal at 70 ng/L (ref-
erence range, 30-150 ng/L). A 24-hour urinary free cortisol
concentration was normal at 379 nmol/24 hours (137 pg/24 h)
(reference range, 100-400 nmol/24 h [36-144 pg/24 h]).

A glucose tolerance test was performed indicating failure to
suppress growth hormone levels and normal glucose tolerance
(Table 1).

A computed tomography scan of the abdomen was normal
apart from thickening of the greater curvature of the stomach.
Upper gastrointestinal endoscopy revealed grade 3 esopha-
gitis, prominent folds in the body of the stomach, and a large
duodenal ulcer. Tests were positive for Helicobacter pylori,
and biopsies revealed chronic gastritis. Magnetic resonance
imagining (MRI) of the pituitary revealed a pituitary macroa-
denoma measuring 2.3 x 1.9 x 1.5 cm (3.4 cm®) invading the
right cavernous sinus (scans no longer available).

The clinical presentation together with the diagnostic tests
confirmed a diagnosis of a pituitary tumor secreting both growth
hormone and prolactin in a patient with underlying hyperpara-
thyroidism. The patient met the criteria for a clinical diagnosis of
MENT and proceeded to genetic testing; however, no pathogenic
variations in the menin gene were identified.

Treatment

Initially, the patient commenced a trial of cabergoline therapy.
This resulted in normalization of serum prolactin levels; however,
the IGF-1 level remained significantly elevated. Fighteen months
following diagnosis, cabergoline was discontinued, and she
underwent transsphenoidal resection of her pituitary macroade-
noma. Pathological examination of the tissue resected revealed
appearances consistent with a mixed somatotroph-lactotroph ad-
enoma (Fig. 1).
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Outcome and Follow-up

Initially, following surgery, her IGF-1 level normalized al-
though she remained hyperprolactinemic, suggesting that
remnant pituitary tumor tissue was present. An MRI scan
8 months postoperatively revealed the presence of a 2.1 x
1.5 x 1.2 mm (1.97 cm®) pituitary tumor remnant (Fig. 2).

Over the subsequent 2 years her IGF-1 concentration grad-
ually increased and treatment with a somatostatin analogue
was reintroduced with normalization of the IGF-1 level. The
prolactin level remained elevated at approximately 2600
mlU/L (122 pg/L), and the MRI scan appearances remained
unchanged. Her hyperparathyroidism was stable with a serum
calcium of 2.7 mmol/L (10.8 mg/dL), and she had not devel-
oped any complications of this condition. In 2010 the patient
developed gallstones, likely due to somatostatin analogue
treatment, and underwent a cholecystectomy.

Repeat genetic testing was performed 9 years post surgery
and remained uninformative. Seventeen years after diagnosis,
updated testing for the MEN1 gene and 3 additional genes
(AIP, CDC73, and CDKN1B) was performed. This revealed
a pathogenic variant in the CDKNI1B gene (CDKNIB
¢.410del), in keeping with a diagnosis of MEN4. Genetic test-
ing was subsequently offered to her relatives; however, none
have pursued this option.

Twenty years following initial presentation, at age 74 years,
the patient remains well on monthly somatostatin analogue
treatment, with normal IGF-1 levels (161 pg/L SDS +1.3), a
prolactin concentration of 2912 mIU/L (137 pg/L), and stable
appearances of her pituitary tumor remnant on MRI scan. Her
hyperparathyroidism has not progressed (calcium 2.64 mmol/
L [10.58 mg/dL]), apart from the development of osteopenia,
treated with cholecalciferol. Cross-sectional scanning of the
pancreas reveals no abnormalities and both chromogranin A
(92 pg/L) and gastrin (79 ng/L) levels are normal.

Discussion

MEN4 was first described in 2006 in a MEN-like syndrome in
the rat and then in a family with mutation-negative MEN1
and is transmitted in an autosomal dominant inheritance pat-
tern [1]. The gene responsible, CDKN1B, is on chromosome
12 and encodes the protein p27Kipl (p27). P27 is a cyclin-
dependent kinase inhibitor that acts as a tumor-suppressor
by regulating cell cycle progression and consequently cell pro-
liferation. The product of the menin gene appears to modulate
the activity of CDKN1B gene [7]. Pathogenic variants of the
menin gene result in MEN1. This explains the similarity of
the clinical presentation of MEN1 and MEN4.

MEN4 is transmitted in an autosomal dominant pattern
and has a prevalence of less than one in a million [8]. MEN1
is significantly more prevalent than MEN4. Approximately
10% of patients with the MEN1 phenotype have no pathogenic
variations identified in the menin gene and are termed pheno-
copies. In a large French study only 4 out of 5600 (0.07%)
MENT1 phenocopy patients were found to have a pathogenic
variant of the CDKN1B gene [3]. The largest case series of gen-
etically proven MEN4 identified that 53% developed primary
hyperparathyroidism and 23.2% developed pituitary aden-
omas [8]. This compares to 90% to 100% of patients with
MENT developing primary hyperparathyroidism and 30% to
40% developing pituitary adenomas. Of the patients that
develop pituitary tumors with MEN4, the most common
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Figure 1. Histology showing a mixed pituitary neuroendocrine tumor comprising two distinct cell populations. A, Hematoxylin-eosin (H&E) staining shows
a smaller, uniform cell population with scant cytoplasm (left) characteristic of a sparsely granulated lactotroph tumor, and a second population of larger cells
with abundant eosinophilic cytoplasm (right) characteristic of a densely granulated somatotroph tumor (H&E, original magnification x 400). B, Periodic acid
Schiff-Orange G (PAS-OG) staining highlights the abundant orange acidophilic cytoplasm of the second population of densely granulated somatotroph tu-
mor on the right (PAS-OG, original magnification x 400). C, Both cell populations show a disrupted reticulin network in keeping with their neoplastic nature

(reticulin, original magnification x 400).

Figure 2. Coronal noncontrast T1 image of the right pituitary region post-
operatively. Arrows point to the right pituitary mass.

functioning tumors produce growth hormone or ACTH [8].
Only one confirmed case of a prolactinoma in a patient with
MEN4 has been reported [9]. This contrasts with MENT1, in
which prolactinomas are the most commonly presenting pituit-
ary adenoma. To date, no cases of MEN4 patients with pluri-
hormonal pituitary adenomas have previously been reported.

Plurihormonal pituitary tumors can be found both sporad-
ically and as part of genetic syndromes such as MENT.
Approximately 20% of patients with acromegaly have a pitu-
itary tumor that cosecretes both growth hormone and prolac-
tin [10]. In MENT1 they comprise 7% to 10% of functioning
pituitary tumors, with the most common hormones cosecreted
being prolactin and growth hormone [11]. With this case, plu-
rihormonal pituitary tumors cosecreting prolactin and growth
hormone can now be added to the potential presentations of
MEN4.

Plurihormonal tumors producing growth hormone and
prolactin can be divided histologically into mammosomato-
troph and mixed somatotroph and lactotroph adenomas
(MSLASs). These account for approximately 25% of growth
hormone-producing adenomas. MSLA tumors are typically
larger, have higher preoperative prolactin and IGF-1 levels,
and are more invasive with consequently lower cure rates [12].

First-line treatment of acromegaly is surgery with medical
therapy reserved for those with persistent disease postopera-
tively [13]. Somatostatin analogues are generally the first-line
medical therapy, with the addition of pegvisomant or dopa-
mine agonist therapy reserved for those who do not achieve
biochemical remission with somatostatin analogue therapy
alone. A recent report suggests that patients with plurihormo-
nal pituitary adenomas that cosecrete growth hormone and
prolactin respond to combination somatostatin analogue
and cabergoline treatment as first-line therapy [14].

In conclusion, we report the first case of a patient with gen-
etically confirmed MEN4 presenting with hyperparathyroid-
ism and a plurihormonal secreting pituitary adenoma. This
adds to the list of possible pituitary adenoma presentations
in this disorder.



Learning Points

¢ Plurihormonal pituitary tumors can occur in MEN4.

¢ MEN1 phenocopy patients that include a plurihormonal
pituitary tumor should be screened for MEN4.

e First-line therapy with a combination of a somatostatin
analogue and cabergoline can be considered in the man-
agement of combined growth hormone and prolactin-
secreting pituitary tumors.
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