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Abstract

Objective: The American Thyroid Association (ATA) proposed a new risk classification for hereditary medullary
thyroid carcinoma (MTC) in 2015. This study aimed to assess whether the new guidelines are suitable for the
Chinese population, and reported our experience on prophylactic thyroidectomy.

Methods: A total of 73 patients from 22 families were screened as rearranged during transfection (RET) mutation
carriers from 2010 to 2016 in Cancer Hospital, Chinese Academy of Medical Science; the medical history for each
patient was collected. Based on the initial treatment, we identified the risk factors for poor prognosis by univariate
and multivariate logistic regression. Then, 4 RET mutation carriers were enrolled for prophylactic thyroidectomy,
and their pathological data and follow-up outcomes were recorded.

Results: In univariate and multivariate logistic regression analyses, age at initial surgery and risk classification
were significant risk factors for stage III/IV hereditary MTC at initial diagnosis. The likelihood was increased by
11.6% per year of age at initial surgery [95% confidence interval (95% CI), 1.040-1.198; P=0.002). It was 7.888
times more likely to have III/IV stage disease for ATA highest risk patients, compared to ATA moderate risk
individuals (95% CI, 1.607-38.717; P=0.003). Postoperative pathological results showed all 4 multiple endocrine
neoplasia type 2A (MEN2A) patients had C-cell hyperplasia (CCH); multifocal malignancies were detected in 3 of
them. All 4 patients were cured biochemically, and none developed permanent hypoparathyroidism.
Conclusions: In Chinese individuals, hereditary MTC aggressiveness is in line with the new ATA risk
classification. Germline RET gene mutation carriers should undergo prophylactic thyroidectomy according to basal

serum calcitonin levels.
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Introduction

Hereditary medullary thyroid carcinoma (MTC), one of
the main clinical manifestations of multiple endocrine
neoplasia type 2 (MEN2), is autosomal dominant. Other
common symptoms of MEN?2 include pheochromocytoma
(PHEO) and hyperparathyroidism (HPT). Germline
mutations of rearranged during transfection (RET) proto-
oncogene were found to be responsible for the
development of MEN2 syndromes. Age at initial MTC
diagnosis, life expectancy and overall prognosis after
thyroidectomy are associated with different RET gene
mutations; indeed, the RET mutation genotype determines
the phenotype.

RET gene mutations are classified into 3 categories,
including highest (ATA-HST), high (ATA-H) and
moderate (ATA-MOD) risk groups, in the new 2015
American thyroid association (ATA) guidelines (1,2).
Prophylactic surgical intervention and follow-up intervals
should be tailored to the various mutation risk categories.

RET gene mutations in hereditary MTC have been rarely
assessed in the Chinese population, for the correlation
between genotype and phenotype. In the present study, we
assessed whether the new ATA risk classification is suitable
to Chinese patients with hereditary MTC. In addition, we
reported our initial experience of prophylactic thyroi-
dectomy in RET-gene mutation carriers.

Materials and methods
Patient enrollment

Patients treated in Cancer Hospital, Chinese Academy of
Medical Science, from 2010 to 2016, with high probability
of hereditary MTC were screened. High probability was
considered when the patient: 1) had a family history of
MTC and/or PHEO; 2) had no apparent familial history of
endocrine neoplasia, but was initially treated at an age
below 35 years; and 3) had multiple lesions or other
endocrine neoplasia. This study was approved by the Ethics
Committee of Cancer Hospital, Chinese Academy of
Medical Science, and written informed consent was
obtained from all the participants.

RET mutation detection

RET mutations in exons 8, 10, 11, 13, 14, 15 and 16 were
detected in genomic DNA specimens from peripheral
blood leucocytes of highly suspected hereditary MTC
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patients, by polymerase chain reaction (PCR) and direct
DNA sequencing (3). The sequencing data were compared
with the web based ARUP online Scientific Resource RET
database to determine RET-gene mutation carriers. Then,
the carrier’s relatives were also recruited for germline RET
gene assessment. A total of 73 subjects from 22 families
were recruited in this study, including 20 patients
diagnosed with MTC but without gene detection for
patient refusal or death. The patients with no RET
mutation genotype were evaluated by taking into
consideration their relatives’ data.

Follow-up and prophylactic thyroidectomy

For patients with confirmed MTC, original laboratory
results, radiographic imaging data, and operative and
pathology reports were reviewed. Then, they were followed
up and treated as necessary. For the carriers who had never
undergone surgery for thyroid disease, transcutaneous
cervical ultrasonography, computed tomography (CT), and
plasma basal calcitonin and carcinoembryonic antigen
(CEA) level assessment were prescribed. For young carriers
who were not diagnosed with MTC, prophylactic
thyroidectomy was recommended according to the new
ATA guidelines, and performed after consent of their
parents. Prophylactic thyroidectomies were performed by
an experienced surgeon (Mr. Zhang) using 2.5x magnifying
glasses.

Statistical analysis

The disease stage at the initial diagnosis was used to
measure the biological aggressiveness of MTC. Staging was
based on the American Joint Committee on Cancer TNM
Classification 7th edition. Patients with advanced disease
(stage III, IV) were considered to have more aggressive
disease than those with small, localized MTC (stage I or
IT). Univariable and multivariable logistic regression
analyses were used to derive the associations of risk factors
with the original TNM classification. The statistical
analysis was performed with SPSS software (Version 14.0;
SPSS Inc., Chicago, IL, USA).

Results
RET gene mutation and ATA risk classification

A total of 73 patients from 22 families were recruited in this
study, including 53 who had undergone RET exon
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sequencing. Among the remaining 20 patients, 16 were
diagnosed pathologically with MTC, 1 patient was
diagnosed with M'T'C clinically but declined treatment, and
2 with a history of cervical mass died of PHEO related cardio-
vascular accident. An infant who died of Hirschsprung’s
disease was also assessed.

According to the new ATA guidelines, the present study
population included 1 patient (1 family) in the ATA-HST
group, 48 (12 families) in the ATA-H group, and 24 (9
families) in the ATA-MOD group. The distribution of the
identified RET mutations is shown in Table 1.

RET gene mutations and aggressiveness of bereditary
MTC

General information of ATA-H & ATA-MOD groups

Except for one MEN2B patient who carried an ATA-HST
mutation, the remaining 72 patients, in the ATA-H and
ATA-MOD groups, had MEN2A. The clinical
characteristics of MEN2A patients are shown in Table 2. In
the ATA-MOD group, according to the new guidelines, 7
families were subtyped as classical MEN2A, 1 as MEN2A
with Hirschsprung’s disease, and 10 as familial medullary
thyroid carcinoma (FMTC). Among the patients, 1 patient

Table 2 Clinical characteristics of MEN2A patients

225

died of Hirschsprung’s disease, while all the remaining 23
survived at the time of last follow-up. A total of 16 patients
had undergone thyroidectomy, and the median age at
initial treatment was 36.5 (range, 7.0-56.0) years. Lymph
node metastases at the initial treatment were found in 8
(50.0%) of the 16 patients. At the time of diagnosis, 8
patients (50.0%) had stage 0, I, or II disease and 8 (50.0%)
had stage III or IV disease. A total of 7 patients underwent
a second operation because of local recurrence. At the last
follow-up, 2 patients had persistent disease.

In the ATA-H group, 7 families were subtyped as

Table 1 Distribution of RET mutations (N=73)

Patient risk RET Patient Family = Composition
category codon No. No. ratio (%)
ATA-HST 918 1 1 1.4
ATA-H 634 48 12 65.8
618 7 4 9.6
620 6 2 8.2
ATA-MOD 630 5 1 6.8
790 3 1 4.1
891 3 1 41

RET, rearranged during transfection; ATA, American Thyroid
Association.

Clinical characteristics

Patient risk category

ATA-MOD ATA-H

Patient No. 24 48
Family No. 9 12
Subtypes of MEN2A (n)

Classical 2 26

With CLA 0 14

With HD 4 0

FMTC 18 8
Thyroidectomy (n) 16 42

Median age at initial treatment for patients with
MTC [median (range)] (year)

LNM at initial treatment (n)
TNM staging [n (%)]

0-l1

-1V
Local recurrence (n)
Survival distant metastasis (n)
Deceased (n)

36.5 (7.0-56.0) 30.0 (13.0-55.0)

8 29
8 (50.0) 13 (31.0)
8 (50.0) 29 (69.0)

7 17

2 3

1 5

MEN2A, multiple endocrine neoplasia type 2A; ATA, American Thyroid Association; CLA, cutaneous lichen amyloidosis; HD,
Hirschsprung’s disease; FMTC, familial medullary thyroid carcinoma; MTC, medullary thyroid carcinoma; LNM, lymph node metastasis.
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classical MEN2A, 3 as MEN2A with cutaneous lichen
amyloidosis (CLA), and 2 as FMTC. In this study
population, 3 patients died of advanced MTC and 2 of
PHEO related cardiovascular accident; the remaining 43
patients survived at the time of last follow-up. A total of 42
patients had undergone thyroidectomy, and the median age
at initial treatment was 30.0 (range, 13.0-55.0) years.
Lymph node metastases at the initial treatment were found
in 29 (69.0%) of the 42 patients. At the time of diagnosis,
13 patients (31.0%) had stage 0, I, or II disease and 29
patients (69.0%) had stage III or IV disease. A total of 17
patients underwent a second operation due to local
recurrence. At the last follow-up, 3 patients had persistent
disease.

Comparison of initial treatment data between ATA-H
& ATA-MOD groups

Univariate logistic regression was used to assess the
associations of various risk factors and risk categories
(ATA-MOD & ATA-H) with MTC aggressiveness (stage)
at initial treatment. The detailed data are listed in Table 3.
Age at initial treatment and risk category showed
significant associations with MT'C stage at initial diagnosis.
The probability of advanced MTC was increased by 9.1%
per year of age at initial treatment. The patients with high

Table 3 Univariate logistic regression for advanced MTC (stage
IIT or IV) at diagnosis

Variables P OR 95% Cl
Gender 0.372 - -
Index case 0.939 - -

pge at intial 0.003 1091 1.081-1.155
Risk categories 0.002 4.167 1.238-14.022
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risk had 4.167 times higher probability than those with the
modest risk of having III/IV stage disease. Gender and
index case had no significant associations with disease stage
at initial treatment.

Two significant independent variables in univariate
analysis were used in multivariate logistic regression
analysis further, and the statistical difference was even more
significant (Table 4). On the basis of multivariate analysis,
the risk of having stage III or IV MTC at the time of
diagnosis increased 11.6% per year of age at initial
treatment. The likelihood of having stage III or IV MTC
at the time of diagnosis for ATA-H group was 7.888 times
higher than that of ATA-MOD group.

Prophylactic thyroidectomies

A total of 4 RET-gene mutation carriers with no apparent
MTC underwent prophylactic thyroidectomy. Their
clinical characteristics are shown in Table 5. Their RET
codon mutations were S891A, C618S, C634R and C634W,
respectively. Cases 1 & 2 were categorized as ATA-MOD;
the other 2 carrying mutated codon 634 were categorized
as ATA-H. Preoperative basal serum calcitonin levels were
15.3-27.4 pg/mL, which were slightly above normal levels.
Prophylactic total thyroidectomy and central compartment
neck dissection were performed for these patients. Except
for case 1, whose histological exam revealed C-cell
hyperplasia (CCH), multifocal micro MTCs (<1.0 cm) were
found in thyroid specimens from cases 2—4, with no lymph

Table 4 Multivariate logistic regression for advanced MTC (stage
IIT or IV) at diagnosis

Variables P OR 95% CI
Age at initial treatment  0.002 1.116 1.040-1.198
MTC risk categories 0.003 7.888 1.607-38.717

MTC, medullary thyroid carcinoma; OR, odds ratio; 95% Cl,
95% confidence interval.

Table 5 Clinical characteristics of 4 prophylactic thyroidectomies

MTC, medullary thyroid carcinoma; OR, odds ratio; 95% ClI,
95% confidence interval.

Case RET codon Risk Age (year) Gender Basal serum calcitonin CEA Histological TNM
mutation category ge ly (pg/mL) (pg/mL) results staging
1 S891A ATA-MOD 5 F 15.3 1.15 CCH 0
2 C618S ATA-MOD 19 M 20.5 0.84 MTCI>_ ’\:lvli\;hout |
3 C634R ATA-H 13 M 19.0 1.11 MTC without |
LNM
4 C634W  ATAH 15 F 27.4 N

RET, rearranged during transfection; CEA, carcinoembryonic antigen; CCH, C-cell hyperplasia; MTC, medullary thyroid carcinoma;

LNM, lymph node metastasis.
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node metastasis (LNM). Figure I shows micrographs for
case 4. Multifocal CCH was detected at low magnification
and MTC at high magnification. Basal serum calcitonin
amounts were detected the day after surgery, and dropped
to <2.0 pg/mL rapidly. The 4 patients were followed up for
6 months to 4 years. Basal serum calcitonin levels remained
below 2.0 pg/mL. Cervical ultrasound found no local
recurrence or metastasis.

Serum parathyroid hormone (PTH) levels were detected
the day after surgery; in case of levels below the normal
value (15 pg/mL), detection was performed repetitively at
every follow-up. Transient hypoparathyroidism was found
in cases 1 and 4. The lowest PTH levels were 2.76 pg/mL
in case 1; 11.36 pg/mL was found in case 4. PTH amounts
of the 2 patients returned to normal 1 year and 1 month
post-operation, respectively. Postoperative hematoma,
transient recurrent laryngeal nerve paralysis, and infection
were not detected.

ATA-HST patient

Only one ATA-HST patient with the RET M918T
mutation was found in this study. The female patient
presented with the complaint of cervical mass for 7 months.
Ultrasound and CT of the cervix revealed multiple goiters
in both lobes, with the largest one (3.5 cm x 3.0 cm)
located in the right lobe, suppressing the trachea. Enlarged
lymph nodes were detected in both lateral cervical
compartments. Basal serum calcitonin levels were >2,000
pg/mL; serum CEA amounts were 43.54 ng/mL.

Beside MTC symptoms, the patient had a history of
Hirschsprung’s disease and chronic constipation. Mucosal
neuromas were found on her lips and tongue. In spite of a
young age, development abnormalities, decreased upper to
lower body ratio, and Marfanoid habitus were present.

Despite the lack of family history of MTC, the girl was
screened for the RET gene and diagnosed as MEN2B.
Then, she underwent thyroidectomy and bilateral radical
neck dissection. The lesion was found to invade the

Figure 1 Microscopy images for case 4. (A) 4x; (B) 20x.
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recurrent laryngeal nerve, vagus, internal jugular vein, and
anterior fascia perioperatively. Pathological examination
revealed multifocal MTC in bilateral lobes, and LNM was
detected in 21/53 lymph nodes. The patient had local
lesion recurrence at 34 months postoperatively, and
underwent a second surgery; remote metastases occurred 4
months thereafter.

Discussion

In 1985, Takahashi et al. (4) discovered the RET oncogene.
In less than a decade, it was demonstrated that virtually all
MEN?2 patients display RET germline mutations, with
approximately 50% of sporadic M'T'Cs having somatic RET
mutations. To date, over 100 mutations, duplications,
insertions, or deletions involving the RET gene have been
identified in patients with hereditary MTC (5-10). In the
2009 ATA guidelines, hereditary MTCs were categorized
into A, B, C and D groups, according to increasing
aggressiveness. In order to eliminate confusion of
hereditary M'TC risk categories with other workgroups,
e.g. the Seventh International Workshop on MEN, the
North American Neuroendocrine Tumor Society, and the
National Comprehensive Cancer Network, the new ATA
MTC guidelines recommend to change category D to a
new category, namely “the highest risk” (HST), category C
to “high risk” (H); and A and B to “moderate risk” (MOD).

Several studies had shown that distinct RET mutations
are always associated with MTC aggressiveness. Studies
carried out before clinical genetic screening reported that
in four large classical MENZ2A families with a RET codon
634 mutation, the average life span of gene carriers was 48
years vs. 60 years in FMTC variant families with a codon
618 mutation (11,12). It was reported that age at initial
MTC diagnosis is also correlated with the genotype. The
age at conversion from normal to elevated plasma
calcitonin levels during a C-cell stimulation test was 18 to
31 years (mean, 23 years) in FMTC variant families,
compared with 6 to 33 years (mean, 16 years) in classical
MEN? families (11).

The American M.D. Anderson Cancer Center (13)
reported the data of 71 patients from 39 families.
Multivariate analysis revealed that the odds of having stage
IIT or IV MTC at the time of diagnosis were increased by
3-fold for each incremental increase in the MTC risk
group, from levels 1 to 3. In the Chinese population, the
likelihood of ATA-H patients having stage III or IV MTC
at the time of diagnosis was 7.888 times that of ATA-MOD
patients, as shown above. Thus, in Chinese MEN2A
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patients there is a correlation between genotype and
phenotype, which fits the ATA risk category.

Another high risk factor is age at initial treatment. The
probability of advanced MTC increases by 11.6% per year
of age at initial treatment, in agreement with M.D.
Anderson’s findings. This is likely because nearly 100% of
mutation gene carriers would develop into MTC finally.
The older the carrier at treatment initiation, the more
likely the C cell development into CCH (14), MTC, and
advanced disease ultimately. It is worth noting that a
C618R mutation carrier underwent surgery at the age of
16, and was diagnosed with multiple focal MTC and
bilateral LNM; 1 year later the patient was diagnosed with
multiple distant metastasis in the lungs and liver (15).
These findings suggested that early treatment is essential,
even for patients categorized as ATA-MOD.

When DNA sequencing was unavailable, basal and
induced serum calcitonin levels were used to screen
potential mutation carriers. Consequently, a large number
of patients with no mutations were operated. With the
technological development, the importance of calcitonin
stimulation test has been reduced considerably (12). The
earliest onset ages of 634 and 918 codon mutations are 9
and 2 months, respectively (16,17). Therefore, the ATA
guidelines recommended ATA-HST carriers to be
operated within the 1st year of life, and ATA-H carriers at
the age of 5 years. Prophylactic thyroidectomy could be
considered from the age of 5 for ATA-MODs.

However, hypoparathyroidism occurrence after
thyroidectomy is significantly higher in very young
children. It is difficult to identify the parathyroid glands
which are small, translucent, and not fully developed, from
the surrounding tissues (18,19). Once hypoparathyroidism
occurs, the pediatric patient may suffer from developmental
retardation both mentally and physically (20). Therefore,
prophylactic thyroidectomy is not recommended to
individuals below 2 years of age. In the current study, the
surgeon had extensive clinical experience, and used
magnifying glasses during operation. In this population, 2
kids developed temporary hypoparathyroidism after
thyroidectomy. Parathyroid function in case 1, whose
parathyroid was partly or completely embedded in the
thyroid, did not recover until a year later.

We believe the current findings may help define a
balance point for judging the safety and effectiveness of
prophylactic thyroidectomy. All 4 patients in this study
underwent surgery only when basal serum calcitonin levels
were higher than normal values (21). Only case 1 met the
recommendations of the new ATA guidelines. However, all
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patients were biochemically cured, as assessed at last
follow-up. Therefore, delaying prophylactic thyroidectomy
until basal serum calcitonin levels are higher than normal
values could achieve the same therapeutic effects;
meanwhile, the risk of developing hypoparathyroidism
would be controlled as well.

We recommend that RET mutation carriers of the ATA-
H and ATA-MOD groups should be clinically screened as
early as possible based on the ATA guidelines. Surgery is
indicated for hereditary MTC patients with positive
calcitonin or abnormal thyroid ultrasound results to ensure
early cure.

Hereditary MTC with the germline M918T mutation
are much more aggressive than MEN2A MTC, and is
difficultly cured. A long-term study published in 1985
found that 50% of patients with MEN2B die of MTC,
while MEN2A patients show a mortality rate of 9.7% (22).
Meanwhile, 95% of MEN2B patients carry the M918T
mutation in exon 16. Approximately 75% of MEN2B cases
are sporadic and affected patients have de novo RET
mutations, while 25% of cases occur in families with
previous or current MEN2B manifestations (23,24). This is
likely because MEN2B is a highly fatal disease; the patients
often present MTC in infancy as well as early metastasis to
regional lymph nodes and beyond.

The patient with M918T mutation recruited in this
study showed sporadic medullary carcinoma, and her tested
parents harbored no mutation. The 12-year-old girl
presented advanced disease at initial diagnosis. Local
recurrence and distant metastases took place shortly after
the initial treatment. The manifestations of this patient
were not observed in the MEN2A group. These findings
suggested that Chinese MEN2B presents a more aggressive
hereditary MTC than MEN2A.

Conclusions

In the Chinese population, the aggressiveness of hereditary
MTC is related to specific RET mutations. The risk
classification of Chinese hereditary MTC is in line with the
new ATA guidelines. We recommend germline RET gene
mutation carriers classified as ATA-H and ATA-MOD to
undergo close follow up at an early age, with prophylactic
thyroidectomy unless basal serum calcitonin is beyond
normal.
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