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Abstract:

Introduction: Studies on clinical implications and management of endocrine tumors in pregnant women with Multiple
Endocrine Neoplasia Type 1 (MENL1) are limited to case reports or small series, which challenges individualized treatment
decision making. Potential risks of maternal and fetal complications related to MENL1 neoplasms, such as primary
hyperparathyroidism (PHPT) and prolactinoma, are primarily known from studies on sporadically occurring tumors.

Case Description: A 38-year-old woman with MEN1 developed mild and sustained hypercalcemia (serum calcium: 10.36 +
0.32, 9.9-10.8 mg/dL) due to PHPT, throughout her pregnancy, leading to careful periodic laboratory surveillance without
specific therapeutic intervention. Progressive intrauterine fetal growth restriction during the third trimester resulted in a
cesarean section birth at term (at 38 weeks and 4 days) of a low birth weight for gestational age newborn (< 3rd percentile:
2115 grams).

Conclusions: This case highlights the need for monitoring the progression of intrauterine growth in pregnant women with
PHPT associated with MEN1. Since there are no established guidelines for the clinical or surgical management of PHPT in
pregnant women with MEN1, treatment decisions should be individualized and made by a specialized multidisciplinary team,
based primarily on experience, albeit limited, from sporadic cases of PHPT.

Keywords: multiple endocrine neoplasia type 1; primary hyperparathyroidism; pregnancy; hypercalcemia; fetal growth
restriction

Introduction

division and proliferation. Germline mutations in the MEN1 gene —
deletions, insertions, missense, or nonsense mutations — inactivate this
protein, leading to loss of its tumor-suppressing function, and thus
predisposing individuals to the development of endocrine tumors that
primarily affect pituitary, gastrointestinal tract, and parathyroid glands [1-3].

Multiple Endocrine Neoplasia Type 1 (MENL1) is a rare genetic syndrome
caused by germline mutations in the MEN1 tumor suppressor gene
(chromosome 11qg13), which encodes the MENIN nuclear protein, an
ubiquitin ligase that regulates transcription, genome stability, and cellular
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The estimated prevalence of the syndrome is 3-20 cases per 100,000
individuals, and it affects predominantly women [4]. More than 80% of
individuals with a MEN1 germline mutation will present clinical
manifestations at the fifth decade of life [5], marking its high penetrance,
which is virtually complete at older ages, particularly characterized by
primary hyperparathyroidism (PHPT) and non-functioning pancreatic
neuroendocrine tumors (NETSs). Therefore, these tumors are the most
prevalent in MEN1, followed by gastrinoma and prolactinoma. Other
pituitary tumors, such as growth hormone-secreting, ACTH-secreting, and
non-functioning tumors, as well as other pancreatic NETSs, such as
insulinomas and glucagonomas, occur less frequently in MEN1. In addition,
other endocrine tumors, such as thymic, pulmonary, and gastric NETSs, as
well as adrenal cortical adenomas, dermal tumors (lipomas, angiofibromas,
collagenomas), and other non-endocrine tumors like meningiomas,
leiomyomas, and ependymomas, may also develop with variable prevalence
[5-71.

Clinical diagnosis of MENL is established by the presence of tumors
affecting at least two of the three main endocrine glands associated with
MENL1: parathyroid, pituitary, and pancreatic/duodenal endocrine tissue. The
diagnosis of familial MEN1 can be established when a first-degree relative
of a confirmed MEN1 patient also presents at least one endocrine tumor
affecting one of these tissues/glands. Molecular diagnosis is made by
identifying a MEN1 germline mutation in an individual, regardless of
phenotype [4-8].

The scarcity of studies and specific guidelines for the management of
pregnant women with MEN1 significantly challenges follow-up and
treatment. The rarity of MEN1, combined with the multiplicity of tumor
manifestations, requires individualized and multidisciplinary approach.

Copy rights @ Mirna Sanchez Carvallo,
Hogg et al. identified an increased risk of maternal and fetal complications
in 26 women with MEN1 throughout 96 pregnancies, as they were more
prone to hypertensive disorders, gestational diabetes, premature birth, and
low birth weight offspring [9].

The risk of complications during pregnancy varies according to the clinical
manifestations of the syndrome. The presence of PHPT has been associated
with higher risk of hypertensive disorders, hyperemesis gravidarum,
nephrolithiasis, and pancreatitis, as well as intrauterine growth restriction
and neonatal hypocalcemia [10]. Pregnant women with prolactinoma are at
a higher risk of pituitary adenoma enlargement and, consequently, pituitary
apoplexy and visual disturbances [11]. Given this complexity, pre- and
perinatal follow-up of pregnant women with MEN1 by an experienced and
multidisciplinary team is crucial to ensure the well-being of both mother and
child, as more than one endocrine tumor with potential risks to both may
synchronously occur.

We present the case of a pregnant woman with MEN1, highlighting the
endocrine manifestations of the syndrome during pregnancy and the
strategies employed to optimize maternal and fetal outcomes.

Case Presentation

At 23 years of age, following an endocrine investigation due to menstrual
irregularity, a female patient was diagnosed with a microprolactinoma and
started on dopamine agonist treatment (cabergoline), exhibiting an excellent
response, with normalization of serum prolactin levels and involution of the
tumor lesion at pituitary magnetic resonance imaging (MRI).

Four years later, the patient and her brother were referred to the
Endocrinology Outpatient Clinic at the Clementino Fraga Filho University
Hospital (HUCFF) for genetic counseling, since their mother had been
clinically diagnosed with MEN1 (Table 1).

Cases

Age at clinical / molecular
diagnosis (years)

Morbidities

Proband (mother) 46 /52

Prolactinoma
PHPT
Adrenocortical tumor (NF)
Insulinoma

Brother 34 /38

PHPT
Metastatic thymic NET

Pregnant (present case) 23/28

Prolactinoma
PHPT
Bronchial NET
Adrenocortical tumor (NF)

Table 1: Clinical features of a pregnant woman with MEN1 and her affected family members harboring the nonsense germline pathogenic variant
¢.1177C>T (p.Q393).

PHPT: primary hyperparathyroidism; NF: non-functioning

Molecular analysis of these three family members, performed at the Faculty of Medicine of the University of Sdo Paulo (FMUSP), revealed a pathogenic
germline variant, in heterozygosity, nonsense (c.1177C>T; p.Q393) in exon 8 of the MEN1 gene (Figure 1).
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Figure 1: A pathogenic variant was initially found in the proband and her two siblings, including her pregnant daughter with primary hyperparathyroidism
and prolactinoma. The normal MENL1 reference sequence, as well as the forward and reverse sequences amplified from the proband (mother), are
illustrated, revealing a change from cytosine to thymine at position 1177 of the complementary DNA (c.1177C>T) located in exon 8 of the MEN1 gene,
resulting in a stop codon corresponding to codon 393 of the MENIN protein, which encodes the amino acid glutamine, generating a truncated protein with
392 amino acids.

Due to the diagnosis of familial MEN1, active laboratory surveillance of
calcium, phosphate, and parathyroid hormone levels was initiated. Over the
first 11 years of follow-up, her serum calcium levels remained at the upper
normal limit with concomitant inappropriately normal or non-suppressible

PTH levels - characterizing mild primary hyperparathyroidism (PHPT). The
patient subsequently developed sustained mild hypercalcemia and elevated
PTH levels (Table 2). Bone densitometry was performed, showing a 4%
decrease in femoral neck bone density over a 7-year period.

Year Calcium (mg/dL) Phosphorus (mg/dL) PTH (pg/mL)
2007 9.7 3.6 47.7
2008 9.6 35 43.3
2009 10.1 3.6 51.4
2010 9.6 3.3 -
2011 - - -
2012 - - -
2013 10.1 3.8 66.4
2014 10.1 3.6 50.3
2015 9.3 2.7 36.0
2016 9.9 34 62.3
2017 10.0 3.0 76.3
2018 10.5 3.5 94.4

Table 2: Calcium, phosphorus and PTH levels (2007-2018)

Reference values: Calcium = 8.5 -10.2 mg/dL; Phosphorus = 2.5 - 4.5 mg/dL; PTH = 12 - 65pg/mL

Given these persistent changes, parathyroid scintigraphy was performed and
detected persistent 3h-uptake of sestamibi by the lower right cervical region,
suggesting the presence of a parathyroid adenoma. The patient was referred
to a parathyroidectomy. However, surgery was not performed, since the
patient returned to the outpatient clinic reporting an ongoing pregnancy. At
that moment, dopamine agonist treatment was discontinued and the 38-year-
old patient was subsequently referred to the Maternity School of the Federal
University of Rio de Janeiro (UFRJ) for prenatal follow-up by a
multidisciplinary team at 7 weeks and 3 days of gestation. During the first
consultation, she was counseled about the possibility of parathyroidectomy
during the second trimester of pregnancy.
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In the first trimester of pregnancy, daily treatment with levothyroxine 88 mcg
was initiated following the diagnosis of subclinical hypothyroidism [thyroid-
stimulating hormone (TSH) =5.29 mU/L, (reference range: 0.1 — 2.5 mU/L);
free T4 = 0.9 ng/dL (reference range: 0.7-1.9 ng/dL); negative anti-thyroid
peroxidase (TPO) antibody]. Daily vitamin D supplementation of 2000 1U
was initiated, with dose adjustments throughout pregnancy based on serum
levels of 25-OH vitamin D (Table 3). Starting at the 12th week of pregnancy,
acetylsalicylic acid (ASA) was initiated at a dose of 100 mg/day for
preeclampsia prophylaxis.

She progressed without complications associated with PHPT, maintaining
mild hypercalcemia without hypercalciuria or nephrolithiasis (Table 3).
Blood pressure remained normal throughout the prenatal follow-up.
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Gestational age TW3D 11W | 13W | 14wWe6D | 17W5D | 21w4D | 26WeD | 30w2D | 36W | 37W6D
Calcium 106 | 106 | 108 | 105 10.1 102 9.9 100 | 106 -
(mg/dL)

lonized calcium

- 5.3 55 - 5.3 5.4 5.6 5.65 5.97 -
(mg/dL)
Phosphorus (mg/dL) 3.1 2.9 35 - 3.6 2.7 3.9 3.6 3.2 -
PTH (pg/mL) 68 72 58 79 - 61 61 57 65 -
25-OH vitamin D 163 | 212 | 212 | 165 ; 221 145 192 | 195 -
(ng/mL)
Glucose (mg/dL) 94 82.6 83 - - 76 77.8 - -
1h: 124
OGTT (mg/dL) - - - - - - oh123 - - -
24 h-urinary calcium (mg/24h) 1735 - - - 248.6 - - - - -
Proteinuria (mg/24h) - - - - - - - - - 300
Albumin (g/dL) 4.9 4.2 4.2 4.0 3.9 3.8 3.3 34 3.3 -
TSH (mU/L) 5.29 - - 0.918 0.918 1.87 0.896 0.991 1.26 -
TPO (U/mL) - - - 19 - - - - - -

Table 3: Laboratory exams assessed during pregnancy.

W: weeks; D: Days

Reference values: Calcium = 8.5 -10.2 mg/dL; lonized calcium = 4.0 - 5.0 mg/dL; Phosphorus = 2.5 - 4.5 mg/dL; PTH = 12 - 65pg/mL; 25-OH vitamin D
=30 - 60 ng/mL; Fasting glucose= 92 mg/dL; OGTT: 1h < 180 mg/dL, 2h < 153 mg/dL; 24h-urinary calcium < 300 mg/24h; Proteinuria < 300 mg/24h;
Albumin =3.5-4.7 g/dL; TSH 1st trimester = 0.1 - 2.5, 2nd trimester = 0.2 - 3.0; 3rd trimester = 0.3 - 3.0 mU/L; TPO < 34 U/mL.

A fetal ultrasonography (USG) performed at 32 weeks and 3 days of
gestation showed fetal weight of 1,652 g (10.6th percentile). Five weeks
later, fetal weight was 2,387 g (4.9th percentile) and a cardiotocography
showed a reactive pattern, consistent with good fetal vitality.

At 38 weeks and 2 days of gestation, the patient was admitted to the
maternity ward for labor induction. After 2.5 days of induction, despite good
progression of uterine contractions and adequate cervical effacement, there
was a halt in fetal descent and elective cesarean section was indicated. The
female neonate was small for gestational age (weight= 2115 g, below the 3rd
percentile) with Apgar scores of 8 and 9 at the first and fifth minutes,
respectively. The baby was in good clinical condition at birth without
neonatal hypocalcemia. During the puerperal period, no signs of post-partum
hyperparathyroid crisis were observed. Breastfeeding occurred on demand
and hospital discharge occurred 48 hours after birth.

Clinical conditions frequently associated with intrauterine growth restriction,
such as gestational hypertension, placental insertion defects, smoking,
malnutrition, congenital infectious diseases, such as toxoplasmaosis, syphilis,
cytomegalovirus, rubella, HIV, hepatitis, genetic dysmorphisms or inborn
metabolic errors were excluded.

Two years after delivery, the patient returned to the endocrinology outpatient
clinic with laboratory tests revealing mild PHPT (Calcium = 10.8 mg/dL;
PTH = 86 pg/mL). Despite remaining out of dopamine agonist treatment
since the detection of pregnancy, normal prolactin levels and a pituitary
magnetic resonance imaging revealing a stable pituitary adenoma measuring
0.6 cm x 0.4 cm were obtained. During preoperative evaluation for
parathyroidectomy, she was diagnosed with a neuroendocrine bronchial
tumor greater than 2 cm and treated with octreotide LAR and
parathyroidectomy was once again suspended. Four years after her
pregnhancy, a computed tomography scan revealed the presence of a non-
functioning adrenal adenoma measuring 1.6 cm.
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Presently, although parathyroidectomy was not performed due to the
significant morbidity of the other manifestations, the patient remains
asymptomatic without bone or renal complications.

Discussion

Women with MEN1 germline mutations are at high risk of developing
various types of tumors, which in their sporadic form could interfere with
both fertility and pregnancy. However, studies on pregnant women with
MENL1 are limited, consisting mostly of case reports and two large
retrospective Australian studies [9,12-17].

Turner etal. highlighted the crucial role of family history on MEN1 detection
and suggested that even individuals without evident clinical manifestations
must be considered for diagnostic scrutinization of MEN1 when specific
endocrine tumors are identified in another family member. The goal of
follow-up is to detect early manifestations of the syndrome and implement
appropriate preventive and therapeutic measures [8].

In a 10-year retrospective study, Lourengo Jr et al. demonstrated the impact
of genetic testing family members at risk for MEN1 on appropriate clinical
management of the syndrome, observing that asymptomatic young
individuals carrying the MEN1 mutation benefited from early detection of
endocrine tumors [18]. Early diagnosis of tumors is possible through periodic
hormonal and radiological screening suggested by guidelines for carriers of
the MEN1 germline mutation [4-7].

Tumors that manifest during pregnancy have been associated with
complications, such as miscarriage, prematurity, and increase both maternal
and fetal mortality [9]. Therefore, counseling aimed at planning the best
timing for conception and implementation of appropriate preventive and
therapeutic measures is essential for women with MEN1 who wish to
conceive.
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Studies on the management of PHPT and prolactinoma in MEN1 during
pregnancy are scarce [4-7,9,12-17,19] and no clinical guideline has
addressed this subject.

In women with MEN1, the incidence of pituitary tumors is high (15% to
50%) with prolactinoma being the most common (approximately 65%) and
not rarely the first manifestation of the syndrome [4-8]. Symptoms of
hyperprolactinemia in MEN1 do not differ from those observed in sporadic
prolactinomas [20]. During pregnancy, increased estrogen levels can
stimulate the growth of prolactinomas in 2-3% of micro- and 31% of
previously untreated macroprolactinomas [21,22]. During her pregnancy
follow-up, our patient was monitored for tumoral growth with no need for
dopaminergic agonist therapy.

PHPT is the most frequent endocrine manifestation in MEN1, with a
prevalence of 90%. Symptoms include hypercalcemia, nephrolithiasis,
polydipsia, polyuria, constipation, osteoporosis, fractures, and impaired
quality of life [4-8,23-25]. Parathyroidectomy is the cornerstone of PHPT
treatment and generally curative, leading to normalization of calcium levels
and resolution of symptoms in sporadic forms. However, in cases with
multiglandular disease, such as in MENL, recurrence and persistence rates
are high, even after more extensive surgeries [4-8,23]. During pregnancy,
calcium homeostasis changes, resulting in relative fetal hypercalcemia.
Maternal serum calcium increases due to a higher production of active
vitamin D, increased intestinal calcium absorption, and placental parathyroid
hormone-related peptide released in response to estradiol, placental lactogen,
and prolactin [26,27]. PHPT may result in maternal hypertensive disorders,
hyperemesis gravidarum, nephrolithiasis, pancreatitis, and osteoporosis,
fetal death, intrauterine growth restriction and neonatal hypocalcemia
[10,14].

Mistry et al. reported the case of a 31-year-old primigravida with MEN1
(macroprolactinoma, PHPT, pancreatic gastrinoma, non-functioning adrenal
adenoma, and secondary hypothyroidism). During pregnancy, she developed
hypercalcemia, requiring an early cesarean section at 35 weeks due to
intrauterine growth restriction (IUGR). The fetus had adequate Apgar score,
but developed hypocalcemia, requiring intravenous calcium replacement
with good recovery and hospital discharge [12].

McCarthy et al. described three pregnant women with PHPT who underwent
surgery in the second trimester, including a 20-year-old patient with MEN1,
who had an uneventful pregnancy and delivery [19].

Hogg et al. studied 26 pregnant women with MEN1; 30% with PHPT and
peak serum calcium levels observed during the second trimester. They also
identified high rates of gestational diabetes mellitus (56%), hypertensive
disorders (25.9%) and low birth weight (30.1%) [9].

During pregnancy, 25-OH vitamin D levels tend to decrease due to its role
in fetal development, increasing the risk of complications such as
preeclampsia, gestational diabetes, prematurity, IUGR, and low birth weight
[28,29]. The establishment of target levels of 25-OH vitamin D above 40
ng/mL has been suggested for pregnancy [30]. Daily supplementation of
2000 IU of 25-OH vitamin D was prescribed to our patient, resulting in a
peak level of 22.1 ng/mL, at 21 weeks and 4 days of gestation. Low
adherence to 25-OH vitamin supplementation might explain the suboptimal
levels obtained during this pregnancy follow-up, since by that time the
referred medication was not provided by the Brazilian public health system
[31].
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Early recognition and strict monitoring of PHPT during pregnancy are
essential, and management depends on the severity of symptoms, maternal
complications, and potential risks to fetal development. Therapeutic options
may include hydration, discontinuation of thiazide diuretics, and
supplementation of calcium and vitamin D to prevent bone demineralization.
Bisphosphonates and denosumab cross the placental barrier, are associated
with adverse fetal skeletal effects, and should be avoided [10]. Calcitonin
and calcimimetics have been used to control moderate and severe
hypercalcemia during pregnancy, despite uncertain evidence on maternal
and fetal repercussion, requiring strict monitoring due to potential side
effects. Calcitonin reduces calcemia, while cinacalcet decreases both PTH
and calcium. [10,32].

During pregnancy, parathyroidectomy is generally considered as a treatment
option for PHPT with moderate to severe hypercalcemia (calcium >12
mg/dL) and is performed in the second trimester, when maternal and fetal
risk of untreated hyperparathyroidism outweighs the risks of a surgery
[10,32].

Based on data from a tertiary center with expertise on endocrine surgery,
DiMarco et al. studied a cohort of 17 pregnant women with PHPT in which
15 were submitted to a parathyroidectomy and two did not undergo surgery.
The parathyroidectomy subgroup had no cases of fetal distress or
miscarriage. Deliveries occurred without complications, except for one
membrane rupture at 39 weeks of gestation that resulted in a healthy cesarean
section-delivered baby. The two patients who did not undergo surgery, on
the other hand, experienced perinatal complications: one developed
preeclampsia and delivered an IUGR baby, while the other progressed to a
miscarriage [33].

Thompson et al. pointed that neonates of mothers with MEN1 had a higher
prevalence of IUGR (MEN1: 28.9% vs. No MEN1: 6.7%). In addition,
postnatal mortality was higher in offsprings of MEN1 (HR 4.6; p = 0.046 at
6 months of age). However, increased mortality and IUGR rates could not
be solely explained by neonatal or maternal hypercalcemia [16].

In the present case report, progressive IUGR started at the 32nd week of
gestation, with fetal weight decreasing from the 10.6th to the 4.9th, at week
36, and dropping below the 3rd percentile, at birth. Besides PHPT with
sustained maternal hypercalcemia and no spikes, no other maternal condition
could be related to the severity of IJUGR. The subclinical hypothyroidism
diagnosed at the 7th week of pregnancy was promptly treated and remained
well-controlled throughout the pregnancy, minimizing its potential impact
on the development of IUGR.

Limitations

This case report has some limitations. First, being limited to a single patient,
the report inherently limits the generalizability of the findings. While the
patient’s favorable maternal and neonatal outcomes are encouraging, these
results may not be extrapolated to all women with MEN1, especially those
presenting with more severe or multisystemic manifestations. Second, the
absence of postnatal neurodevelopmental follow-up to assess the impact of
IUGR potentially associated with sustained maternal hypercalcemia. Third,
the lack of consensus on when to surgically manage PHPT during pregnancy,
particularly in cases of mild hypercalcemia, further complicates clinical
decisions. Future studies, including prospective registries and comparative
cohorts, are essential to guide management and establish standardized care
protocols for pregnant women with MEN1.
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Conclusions

Pregnant women with MENL1 are prone to developing numerous maternal-
fetal complications. Those with PHPT require proper control of calcium,
PTH, and vitamin D to reduce the risk of peri- and prenatal complications.
More studies on the association between IUGR and MEN1 are necessary to
assess the potential impact of MEN1 on fetal growth, including the subset of
patients with PHPT and mild hypercalcemia. Significant IUGR development
could be used as an additional indication for surgical treatment in the second
trimester of pregnancy. This case highlights the importance of extending
knowledge regarding the clinical impact of endocrine tumors in pregnant
women with MENL1. Due to the rarity of the disease, there is no consensus
on the optimal management of these cases. Consequently, definition of
management strategies should be individualized, based on the data originated
from the treatment of corresponding sporadic endocrine tumors and involve
a specialized multidisciplinary team.
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