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Abstract

Objective: Multiple endocrine neoplasia type 2A (MEN 2A) is a rare syndrome caused by Key Words

RET germline mutations and has been associated with primary hyperparathyroidism > primary

(PHPT) in up to 30% of cases. Recommendations on RET screening in patients with hyperparathyroidism
apparently sporadic PHPT are unclear. We aimed to estimate the prevalence of > multiple endocrine
cases presenting with PHPT as first manifestation among MEN 2A index cases and to neoplasia type 2A
characterize the former cases. > RET _
Design and methods: An international retrospective multicenter study of 1085 MEN 2A > gf?il;ﬁnr);thyro'd

index cases. Experts from MEN 2 centers all over the world were invited to participate.

» pheochromocytoma

A total of 19 centers in 17 different countries provided registry data of index cases

followed from 1974 to 2017.

Results: Ten cases presented with PHPT as their first manifestation of MEN 2A, yielding a
prevalence of 0.9% (95% Cl: 0.4-1.6). 9/10 cases were diagnosed with medullary thyroid
carcinoma (MTC) in relation to parathyroid surgery and 1/10 was diagnosed 15 years
after parathyroid surgery. 7/9 cases with full TNM data were node-positive at

MTC diagnosis.

Conclusions: Our data suggest that the prevalence of MEN 2A index cases that present with
PHPT as their first manifestation is very low. The majority of index cases presenting with
PHPT as first manifestation have synchronous MTC and are often node-positive. Thus, our

observations suggest that not performing RET mutation analysis in patients with apparently
sporadic PHPT would result in an extremely low false-negative rate, if no other MEN 2A
component, specifically MTC, are found during work-up or resection of PHPT.
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(2020) 9, 489-497

Introduction

Multiple endocrine neoplasia type 2 (MEN 2) is an
autosomal inherited cancer syndrome
caused by germline mutations of the rearranged during
transfection (RET) proto-oncogene (1, 2, 3, 4, 5, 6). The
syndrome is divided into MEN 2A and MEN 2B with a
point prevalence of 13-24 per million and 1-2 per million,
respectively (7, 8, 9, 10). Virtually all patients with
MEN 2A develop medullary thyroid carcinoma (MTC),
while lower numbers develop pheochromocytoma,
primary hyperparathyroidism (PHPT), cutaneous lichen
amyloidosis (CLA) and Hirschsprung disease (HSCR) (11).

For identification of new MEN 2A index cases and
families, RET screening has been recommended for
years in all patients with apparently sporadic MTC,
pheochromocytoma, CLA and infants with HSCR (11, 12,
13, 14). However, for patients with apparently sporadic
PHPT, recommendations on RET screening are less clear.
Thus, in 2001 the consensus guidelines from the seventh
international workshop on MEN recommended against
RET screening in these patients (13), while the issue
lacks mentioning in the 2009 and 2015 guidelines by the
American Thyroid Association (11, 12).

To ascertain if all patients with apparently sporadic
PHPT should be RET screened, a valuable estimate would

dominant

be the prevalence of MEN 2A index cases presenting with
PHPT as first manifestation in an unselected population-
based cohort of apparently sporadic PHPT cases, who
have all been RET screened. To our knowledge, however,
no such cohorts exist. Instead, a surrogate cohort study
is to examine the prevalence of MEN 2A index cases
presenting with PHPT as the first manifestation in an
unselected cohort of MEN 2A index cases. Based on the
experience from previous MEN 2A PHPT series (15, 16),
we hypothesized that this prevalence would be low.
Consequently, we aimed to estimate the prevalence
of MEN 2A index cases presenting with PHPT as first
manifestation in an unselected cohort of MEN 2A index
cases. Additionally, we aimed to characterize the cases
presenting with PHPT as their first manifestation.

Methods
Study design and participants

This investigation is an international retrospective
multicenter study of 1085 MEN 2A index cases. We
invited experts from 40 MEN 2 centers all over the
world to participate. This yielded a total of 19 centers in

© 2020 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-20-0163

This work is licensed under a Creative Commons
Attribution 4.0 International License.

(©MOoM

Downloaded from Bioscientifica.com at 11/16/2020 09:10:32AM
via Cnio Fund Centro Nal Invest


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-20-0163
https://ec.bioscientifica.com

LV Larsen et al.

£ Endocrine
W CONNECTIONS

17 different countries, including Denmark, providing data
of index cases followed from 1974 to 2017 (Supplementary
Table 1, see section on supplementary materials given at
the end of this article). Data were retrieved from June
2017 to September 2019.

Data sources

Data were drawn from the registry of each center. Some
of the patients have been reported on previous occasions
and updated data were obtained (17, 18, 19, 20, 21, 22,
23, 24, 25, 26).

Variables

Patients were defined as having MEN 2 if they had tested
positive for a RET germline sequence change classified
as pathogenic (mutation) in the ARUP MEN 2 database
on February 1, 2020 (27). For inclusion of only the
MEN 2A patients, we excluded those with mutations
pathognomonic of MEN 2B (RET M918T and A883F) (28,
29). An index case was defined as a clinically affected
individual through whom attention is first drawn to MEN
2A in a family (https://www.cancer.gov/publications/
dictionaries/genetics-dictionary/def/index-case). The first
manifestation in MEN 2A was defined by the symptoms
or biochemistry leading to initial endocrine work-up and
was judged by the MEN 2 experts participating in the
study. PHPT had to be both biochemically (hypercalcemia
and an elevated or inappropriately normal parathyroid
hormone level (30)) and histologically proven, while
MTC, pheochromocytoma, CLA and HSCR were
considered by histology only. TNM staging was performed
according to the seventh edition of the American Joint
Committee on Cancer Staging Manual (31). Biochemical
cure was regarded as undetectable basal calcitonin at last
biochemical follow-up.

Statistical analysis

Continuous data were presented as median and range. All
analyses were done using Stata® 15.1 (StataCorp LP).

Ethics

Informed consent was given by all patients participating
in the study for RET screening. Ethical approval was
obtained from the institutional review boards of all
participating centers when required: French National
Commission for Computerized Data and Individual

PHPT as first manifestation of
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Freedom, Institutional Ethical Review Board of Shinshu
University School of Medicine (Matsumoto, Japan),
Comité de bioética y bienestar animal of the Instituto de
Salud Carlos III, Northern Sydney Local Health District
Human Research Ethics Committee, ICESP/HCFMUSP,
Ethics Committee of the Institute of Cardiology (Warsaw,
Poland), Regional Committee on Health Research
Ethics for Southern Denmark, Scientific and Research
Committee of the Medical Research Council of Hungary,
Ethics Committee of Aix Marseille University, Ethics
Committee of the Institute of Endocrinology (Prague,
Czech Republic), Ethics Committee of Reliance Life
Sciences (Navi Mumbai, India), Local Ethics Committee of
Ankara University Faculty of Medicine, Cleveland Clinic
Institutional Review Board for Human Subjects Protection
and Ethical Committee (Santiago, Chile). This was in
accordance with the ethical standards of each country
and center.

The investigation was approved by the respective
institutional review boards for human subjects protection
in accordance with the ethical standards of each country
and center.

Results

A total of 1085 MEN 2A index cases were included in the
study. The distribution of RET germline mutations in
these cases is shown in Table 1. The most frequent site of
mutations was exon 11 (53%), followed by exon 10 (25%),
exon 14 (12%), exon 13 (7%), exon 15 (3%), exon 8 (1%)
and exon 16 (0%). Of the 1085 cases, 10 had presented
with PHPT as first manifestation of the syndrome, yielding
a prevalence of 0.9% (95% CI: 0.4-1.6).

Characteristics of the ten cases are depicted in Table
2. In these cases, the female-to-male ratio was 4.0 (95%
CI: —2.2-10.2), while the median age at diagnosis of PHPT
was 34.5 years (range, 14-68). All cases were diagnosed
with PHPT between 1993 and 2012. Of these, seven were
diagnosed in the new millennium.

All cases with pertinent data (n=9) were symptomatic
at diagnosis of PHPT with symptoms being nephrolithiasis
(n=8) and polyuria (n=1). MTC was diagnosed in 10/10
cases. 9/10 were diagnosed in relation to parathyroid
surgery as a synchronous MTC and 1/10 was diagnosed
15 years after parathyroid surgery, as a metachronous
MTC. In three cases, MTC was not suspected during
preoperative PHPT work-up, but diagnosed during
parathyroid surgery. 7/9 cases with full TNM data
available had regional lymph node metastases at time of

© 2020 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-20-0163

This work is licensed under a Creative Commons
Attribution 4.0 International License.

(©MOM

Downloaded from Bioscientifica.com at 11/16/2020 09:10:32AM
via Cnio Fund Centro Nal Invest


https://www.cancer.gov/publications/dictionaries/genetics-dictionary/def/index-case
https://www.cancer.gov/publications/dictionaries/genetics-dictionary/def/index-case
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-20-0163
https://ec.bioscientifica.com

LV Larsen et al.

£ Endocrine
W CONNECTIONS

Table 1 Distributions of RET mutations among 1085 MEN 2A

index cases.
RET mutation n (%)
Exon 8
C531R 3 (0)
G533C 5 (0)
G548S 2 (0)
Exon 10
C609F/G/R/SIY 19 (2)
C611F/G/W/IY 48 (4)
C618F/G/R/S/W/Y 113 (10)
C620F/G/R/S/IW/Y 87 (8)
Exon 11
C630R/Y 4 (0)
D631Y 3 (0)
C634F/G/L/S/IRIW/Y 562 (52)
K666E/N/T 6 (1)
Exon 13
E768D 18 (2)
Q781R 1 (0)
L790F 52 (5)
Exon 14
V804L/M 132 (12)
Exon 15
S891A 28 (3)
Exon 16
R912P 1 (0)
M918V 1 (0)
Total 1085 (100)

Due to rounding up, not all sums of the numbers fit.
MEN 2A, multiple endocrine neoplasia type 2A; RET, rearranged during
transfection.

MTC diagnosis. Biochemical cure was achieved only in
the node-negative cases (n=2).

Discussion

This large international retrospective multicenter
study found that 0.9% of cases had PHPT as their first
manifestation of MEN 2A. In the cases presenting with
PHPT as first manifestation, MTC was coexistent and had
metastasized to regional lymph nodes in 7/9 cases.

Prevalence

In this study, we found 0.9% of our MEN 2A index cases
presented with PHPT as the first manifestation of the
syndrome. To our knowledge, no similar studies on MEN
2A index cases have been reported, rendering comparisons
difficult. However, there exist several studies, in which the
study cohorts comprise only MEN 2A cases with PHPT. In
these cohorts the prevalence of MEN 2A cases presenting
with PHPT as a first manifestation ranges 0-11%

PHPT as first manifestation of
MEN 2A

9.6 492

(15, 16, 32, 33, 34, 35). Considering the selection of
these cohorts and the fact that they included index and
non-index cases, presumably a majority of the latter, our
prevalence of 0.9% appears as a solid estimate. This is in
line with the experience of other smaller series, that PHPT
rarely was the first diagnosed manifestation (16, 36). In
fact, there seems to be a decrease in the overall prevalence
of PHPT in MEN 2A cohorts reported over time, possibly
explained by inclusion of more patients with the full-
blown syndrome (MTC, pheochromocytoma and PHPT)
in the earliest series (6, 33, 37).

In our overall cohort, the most frequently mutated
codon was 634, followed by codons 804, 618, 620, 790,
611, 891, 609, 768 and other rarely mutated codons. With
only minor differences, likely accounted for by founder
effects, the distribution of mutations in our cohort is, by
and large, comparable to that of series in the literature (7,
17, 19, 20, 21, 38, 39, 40, 41, 42, 43, 44, 45).

Characteristics of cases

Our study depicts the characteristics of MEN 2A index
cases presenting with PHPT as first manifestation. Age
at diagnosis is by and large similar to that of other MEN
2A PHPT cohorts (15, 16, 32, 33, 35, 46). Our female-to-
male ratio of 4.0 is higher than that (1.3-1.9) reported by
others (15, 16, 32, 34). This may be a question of sample
size, but may also indicate that female MEN 2A cases in
comparison to males are more prone to present with PHPT
as first manifestation.

In our cohort all cases with pertinent data were
symptomatic at diagnosis of PHPT. This is in contrast
with other MEN 2A PHPT cohorts, in which most cases
(58-84%) are asymptomatic (15, 16, 32, 33, 34). A likely
explanation is the difference in cohorts, where our cohort
solely comprises index cases presenting with PHPT as
first manifestation, while the other cohorts presumably
comprise mainly non-index cases diagnosed with PHPT
by screening before they become symptomatic.

Nine of our ten cases were diagnosed with MTC, either
due to a suspected or unsuspected finding in relation to
parathyroid surgery. As a consequence, RET screening
would be prompted by the MTC, if not instigated by the
PHPT diagnosis. To our knowledge, the MTC TNM stage
of the cases has not previously been reported in MEN
2A PHPT cohorts. In our cohort, 7/9 cases with available
data were MTC node positive. This may reflect an over-
representation of codon 634 mutation carriers (6/10), who
generally have earlier age at MTC onset compared with
other MEN 2A patients (47, 48). The over-representation
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A limitation of the study is the lack of preoperative
data, especially regarding ultrasonography and serum
calcitonin. This hinders the elaborations on reasons for
the preoperative suspicion of MTC during PHPT work-up
and makes it difficult to assess potential diagnostic
bias. High-resolution ultrasonography is routinely
used in the preoperative setup for PHPT patients, while
measurements of serum calcitonin are not (64). In some
patients the preoperative serum calcitonin will likely be
measured as a consequence of thyroid nodules found
by ultrasonography (65, 66, 67, 68, 69). Some authors
have suggested systematically preoperative calcitonin
measurements in patients with apparently sporadic PHPT
to exclude potential MEN 2 cases (70). Such a strategy in
all PHPT patients or in PHPT patients with synchronous
thyroid tumors found by ultrasonography would likely
prove more cost effective than systematically carrying out
RET mutation analysis. However, to our knowledge no
evidence for or against this strategy exists.

Conclusion

Our data suggest that the prevalence of MEN 2A index
cases that present with PHPT as their first manifestation
is very low. The majority of index cases presenting with
PHPT as first manifestation, have synchronous MTC,
often node-positive. Thus, our observations suggest that
not performing RET mutation analysis in patients with
apparently sporadic PHPT would result in an extremely
low false negative rate, if no other MEN 2A component,
specifically MTC, are found during work-up or resection
of PHPT.
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