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Abstract

Medullary thyroid carcinoma (MTC) is a rare thyroid carcinoma with a variable clinical behavior. Potential
clinical and pathological prognostic markers have been investigated, but studies are limited and
controversial. In neuroendocrine neoplasms of various other sites, necrosis and proliferation (mitotic
activity and/or Ki67 index) are integrated to provide a histological grade. Recently, an International
Medullary Thyroid Carcinoma Grading System (IMTCGS) has been designed to define high- or low-grade
MTC by combining proliferative activity and necrosis. This proposal integrates two previously published
grading schemes by American (2-tiered grading, low- and high-grade MTC) and Australian authors (3-tiered
grading, low-, intermediate-, and high-grade MTC). To validate the clinical role of these systems, their
prognostic impact was evaluated in an independent cohort of 111 MTCs. Necrosis, which was the only
parameter integrated into the 3 grading systems, proved to be individually correlate with tumor relapse,
while no association was found with the proliferation (mitotic count and Ki67 index); however, by
combining the different parameters according to all three grading systems, “high-grade” MTCs turned out
to be significantly associated with the disease recurrence (p < 0.005) in all systems. In disease-free survival
analysis, the IMTCGS stratification was the only one that demonstrated a significant impact at Cox
regression analysis (p = 0.004), further confirmed by the Kaplan—Meier curves (p = 0.002). Similar findings
were also reproduced when analysis was restricted to sporadic MTCs (68 cases). In conclusion, our results
confirm the prognostic role of IMTCGS, supporting the importance of incorporating this information into



the pathology report. However, none of the systems proved to predict the overall survival in this validation
cohort.

Introduction

Medullary thyroid carcinoma (MTC) is a rare epithelial neuroendocrine neoplasm originating from
parafollicular calcitonin-producing C-cells of the thyroid, showing an incidence of 0.11 per 100,000. About
25% of cases show a hereditary transmission as part of multiple endocrine neoplasia (MEN)2A or MEN2B
syndromes. Almost all the hereditary MTCs are associated with a mutation of the RET gene and share some
distinctive clinicopathological features, being generally smaller, more frequently multifocal, and usually
diagnosed in younger patients [1, 2]. RET somatic mutations are nonetheless present in about 50% of the
sporadic forms.

It is generally considered an aggressive disease when compared with other thyroid tumors, although its
clinical course may be variable, with long-term survivors and patients that rapidly relapse and progress to a
fatal outcome [3]. Therefore, clinicians are constantly looking for prognostic markers that may help to
identify high risk patients who may benefit of a more intensive treatment. Age, male sex, extrathyroidal
extension, the presence of familial disease, and somatic RET and RAS mutations have been shown to impact
survival in univariate analysis, but only age and stage resist in multivariate analysis [4,5,6,7,8]. Preoperative
serum levels of calcitonin [9] and CEA [10] are routinely evaluated for prognostic purposes, but recently
other circulating markers, such as serum levels of miR-375, have been under investigation [11]. Other
studies have also explored the prognostic role of morphological, cytological, and architectural patterns, but
the assessment of these parameters was biased by a high degree of subjectivity and led to contrasting
results [1, 12].

So far, several investigators have assessed the value of necrosis and proliferation markers as prognostic
tools in MTC. These factors are of particular importance in neuroendocrine neoplasms of other locations,
and grading systems based on proliferation and necrosis (with some differences depending on the site of
the neoplasm) are widely established in the routine neuroendocrine pathology [13,14,15]. However, in
MTC, the usefulness of necrosis, mitotic rate, and Ki67 showed conflicting results [16,17,18,19,20,21,22].

Until recent years, a formal grading system was not described for MTCs, unlike other neuroendocrine
neoplasms, in which grading generally relies on necrosis and proliferative activity (mitotic index and/or Ki67
index).

Considering this background, in 2020, two different groups independently developed and validated distinct
but comparable MTC grading systems. Fuchs et al. from the Royal North Shore Hospital, Sydney, Australia,
evaluated 76 cases and proposed a three-tiered scheme based on mitotic count (< 3/2 mm2, 3-20/2

mm?2, >20/2 mm2), Ki67 proliferative index (< 3%, 3—20%, > 20%), and necrosis (present/absent) (Sydney
grading system) [23]. The second study, by Alzumaili et al. from the Memorial Sloan Kettering Cancer
Center (MSKCC), New York, USA, separated their 144 MTC patients into 2 groups (low grade and high
grade) combining only mitosis (< 5/10 high power fields (HPF), = 5/10 HPF) and necrosis (present/absent)
(MSKCC grading system) [24]. The Sydney grading system showed a significant stratification of patients
according to the overall survival (0S), and the MSKCC grading system proved to be a predictor of disease



specific survival, local recurrence free survival, and distant metastasis free survival. About 1 year later, a
multi-institutional study, including members of the two groups from New York and Sydney, examined
several morphological criteria (including those of the two already published studies) and eventually
selected a two-tier grading scheme that confirmed the relevance of the previously selected parameters
(proliferation activity and necrosis) with a redefinition of the cut-offs [25]. According to this International
Medullary Thyroid Carcinoma Grading System (IMTCGS), low-grade tumors are defined by < 5 mitoses/2
mm?2, Ki67 proliferative index < 5%, and absence of tumor necrosis, whereas tumors with at least one
criterion among > 5 mitoses/2 mm?2, Ki67 proliferative index > 5%, or tumor necrosis are classified as high
grade. The three grading systems are summarized in Table 1.

The aim of the present study is to validate the prognostic role of all three proposed grading systems in an
independent MTC cohort collected from the two academic hospitals of the University of Turin, Italy.

Material and Methods

Patients

The study population was extracted from the files of the Pathology units of two academic hospitals, “Citta
della Salute e della Scienza” Hospital and “San Luigi Gonzaga” Hospital, both affiliated to the University of
Turin. Inclusion criteria were a diagnosis of MTC occurred between 1st January 1986 and 1st June 2015 and
the availability of material from the primary tumor, thus excluding patients with metastatic samples only.
Pathological and clinical data have been collected from pathology reports and medical charts.

The study was conducted in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans and following the guidelines and regulations
defined by the Research Ethics Committee of the University of Turin. Considering the retrospective nature
of the study and that there was no impact on patient care, a specific written informed consent was not
required. All cases were anonymized by a pathology staff member not involved in this project, and only
coded data were used.

Histopathological Parameters

All cases have been revised by three senior pathologists with an experience in endocrine pathology (F.M.,
M.V., and M.P.). Diagnosis of MTC was confirmed for all the cases. Multifocal disease has been defined as
the presence of more than one pathologic focus within the thyroid gland, either in the same lobe or the
contralateral lobe. The mitotic rate has been reported as the number of mitoses per 2 mm2 (generally
equivalent to 10 high power field in most microscopes) and the count have been performed in the area
with the highest proliferative activity (“hot spot area”) [25]. Tumor necrosis has been defined by the
presence of degenerating cytoplasm and punctate karyorrhectic nuclear debris and has been reported as
present/absent, irrespective of its extension. As suggested in a previous series [25], infarct-like necrosis
ascribable to preoperative procedures (e.g., fine-needle aspiration, core biopsy) was not considered.

Ki67 Immunohistochemistry



Tissue sections were immunostained using an automated platform (Ventana BenchMark AutoStainer,
Ventana Medical Systems, Tucson, AZ, USA) with anti-Ki67 mouse monoclonal antibody (Clone 30-9,
Ventana Medical System). Ki67 proliferation index was assessed as the percentage of cells with a weak to
strong staining confined to the nuclei. A range of 500-2000 cells per tumor has been counted.

Grading

For each sample, tumor grade was calculated according to the 3 grading systems recently proposed
[23,24,25] and summarized in Table 1.

Statistical Analyses

Statistical analyses were carried out using Stata 15.0 software (StataCorp, College Station, TX, USA.). The
differences in the distribution of the variables evaluated based on clinical-pathological parameters were
analyzed using parametric and non-parametric tests (Student’s t test, Pearson’s chi-square test and
Bonferroni’s correction, Wilcoxon’s rank test). Time to relapse (disease-free survival (DFS)) was assessed
from the date of diagnosis to the date of relapse or the date of the last checkup. OS was calculated from
the date of diagnosis to the date of death or last check-up. All dead patients were considered as events.
Survival curves were determined by the Kaplan—-Meier method, and Mantel log-rank test was used to
compare statistical differences. Cox proportional hazards regression univariate analysis to calculate HRs and
95% Cls was used to assess the independent role of different variables across DFS and OS. p values < 0.05
were considered significant.

Results

Study Population

We collected 151 MTC cases from the pathology files of the University of Turin between January 1st, 1986,
and June 1st, 2015, including 133 cases from the “Citta della Salute e della Scienza” Hospital and 18 cases
from “San Luigi Gonzaga” Hospital. Forty cases were excluded due to incomplete clinical or pathological
data. For the remaining 111 patients, clinical follow-up data were available, with a median follow-up time
of 113.1 months (range 62.8—-160.5). Clinical and pathological features of the 111 patients are reported in
Table 2.

Patients included 67 females and 44 males, with a median age at diagnosis of 57 years (range 16—-82).
According to the last follow-up data, 27 relapses and 23 deaths were recorded in our cohort.

Data on the familial predisposition (sporadic versus hereditary MTCs) were available for 88 patients: 20
(22.7%) were affected by a familial syndrome associated to MTC (MEN2) and 68 tumors were sporadic
(77.3%).

Most cases were histologically classified as pT1 (58.6%), and the median tumor size was 15 mm. Moreover,
23 patients (20.7%) presented multifocal disease: of these, 8 had a sporadic MTC (8/68, 11.7%), and 12 had
a hereditary MTC (12/20, 60%) (p < 0.001); for the remaining 3 patients, the genetic status was not known.



Lymph node metastases were present in 43 patients (43.4%). Considering the eight edition of the American
Joint Committee on Cancer/Union for International Cancer Control (AJCC/UICC) TNM Classification of
Malignant Tumors, 47 cases were assigned to stage |, 21 as stage Il, 13 as stage lll, and the remaining 30
cases as stage IV. Necrosis was observed in 26 tumors (23.4%).

Mitotic figures ranged from 0 to 9 mitoses/2 mm2 with a median of 0; 7 cases only showed a mitotic
count =3/2 mm2, and only in 5 cases mitoses were = 5/2 mm?2.

The Ki67 proliferation index was assessed only for 101 cases, since for 10 cases leftover tumor material was
insufficient to perform and evaluate immunohistochemical reactions (median = 2%, range: 0—20%). Fifty-
one cases presented a Ki67 = 3% but moving the cut-off to = 5% only 15 cases showed a high Ki67
proliferation index.

Application of the Three Grading Systems

The MSKCC grading system was assessed in tumors from 111 patients, whilst only 101 tumors were graded
according to the Sydney grading system and the IMTCGS, due to the lack of Ki67 data in 10 patients.
According to the two-tiered MSKCC grading system, 85 cases were assigned to a low-grade disease, and 26
had high-grade MTC. The Sydney grading system classified 49 MTCs as low grade, 34 were assigned to an
intermediate grade, and 18 tumors were high grade MTCs. Finally, 69 MTCs were defined as low grade and
32 as high grade using the IMTCGS (Fig. 1).

Then, possible correlations between the three grading systems and the clinical and pathological features of
our study population were investigated (Table 2). As expected, we observed an association between all
three grading systems and the mitotic activity (p < 0.001 for all the systems). Similarly, the Ki67
proliferation index was associated with the Sydney system (p < 0.001) and the IMTCGS (p < 0.001), but also
with the MSKCC grade (p = 0.001) that actually does not include this parameter into its algorithm. No
association was found with familial genetic status.

Analysis on All Sporadic and Familial Medullary Thyroid Carcinomas

A male gender (p =0.017), high pT (p < 0.001), high tumor dimension (p = 0.003), lymph node metastasis
(p =0.001), AJCC/UICC stage IV (p < 0.001), and presence of necrosis (p = 0.003) were more common in
patients with disease recurrence. Neither the number of mitoses per 2mmz2 nor the Ki67 proliferation
indices were individually associated with relapse (Table 3). However, all three grading systems were
significantly associated with disease recurrence.

Among the MSKCC grading system defined high-grade MTCs, the relapse rate was 46.2% (12/26) compared
to 17.6% (15/85) of low-grade MTCs (p = 0.003). Similarly, the Sydney grading system showed higher
percentage of relapses among intermediate (11/34, 32.4%) and high-grade MTCs (8/18, 44.4%) compared
to the low-grade MTCs (7/49, 14.3%) (p = 0.024), but considering the single categories, only high grade
versus low grade was consistently different (p = 0.036). When the IMTCGS grading system was applied, 50%



of relapses were noticed in the high grade (16/32) and only 14.5% (10/69) in the low-grade MTCs
(p <0.001).

Thereafter, Cox regression analysis was performed to investigate potential pathological features associated
to DFS (Table 4). Higher tumor dimensions (HR = 1.03; p = 0.003), higher pT (HR =2.82; p < 0.001), and
presence of lymph node metastasis (HR = 16.8; p < 0.001) turned out to be associated with a lower DFS.
Considering the parameters integrated in the three grading systems, higher Ki67 proliferation indices were
associated with a lower DFS (HR = 1.38; p < 0.001); however, no association was found for mitotic activity
and presence of necrosis (HR =2.21; p = 0.087). No significant associations were found for the MSKCC and
Sydney grading systems (MSKCC HR = 2.22, p = 0.087; Sydney intermediate-grade HR = 2.89, p = 0.057;
Sidney high-grade HR = 2.67, p =0.121). On the contrary, the IMTCGS-defined high-grade MTC was
associated with a shorter DFS (HR =3.97; p =0.004).

In order to correct for the potential role of familial/germline pathogenic variant status on the different
grading systems, DFS Cox regression analysis was repeated adjusting the standard error for 2 clusters,
sporadic and hereditary cases. Cases with unknown familial predisposition were excluded. The results
confirmed the ability of IMTCGS to predict DFS (HR =3.71; p = 0.004), regardless of the status of familial
disease (germline inheritance).

Kaplan—Meier curves were also performed for all the grading schemes considering DFS (Fig. 2). The MSKCC
grades showed a trend toward a prognostic relevance, since a higher DFS for patients affected by low-grade
MTCs was observed, although this result did not reach the statistical significance (p = 0.079). Considering
the Sydney grading system, Kaplan—Meier curves still showed a better survival for low grade tumors, but
intermediate- and high-grade curves did not show a considerable different trend, and overall, the
differences were not significative (p = 0.115). On the other hand, the IMTCGS clearly showed a longer DFS
for low-grade MTCs compared to high-grade MTCs (p = 0.002).

We also analyzed the association between the three grading systems employing Cox regression analysis,
but none of the grading systems predicted the OS (Table 5).

Analysis on Sporadic Medullary Thyroid Carcinoma Subgroup

To exclude a bias due to more favorable pathological features usually associated with hereditary cases and
to investigate if the previous results could be reproduced in the subgroup of sporadic MTCs, we repeated
all analyses in this subset of patients (n = 68).

Disease recurrence was more frequent in sporadic MTC patients with higher pT (p < 0.001), lymph node
metastasis (p < 0.001), higher AJCC/UICC TNM stage (p < 0.001), and presence of necrosis (p = 0.029).
Furthermore, in this subgroup, we also found an association with tumor relapse for multifocality (p = 0.006)
and Ki67 proliferation index (p = 0.037). Tumor relapses were more frequent among patients affected by
high-grade MTCs according to the MSKCC system (p = 0.029) and IMTCGS grading scheme (p = 0.005);
conversely, the Sydney grades did not show any association with disease recurrence.



The DFS analysis showed a significant different hazard ratio for pT (p < 0.001), pN (p = 0.003) and AJCC/UICC
TNM stage (p = 0.002). Data obtained from the whole cohort were partially confirmed, as higher Ki67
proliferation index was associated with a shorter DFS (HR = 1.34; p = 0.008), but not the mitotic count or
presence of necrosis. Furthermore, the IMTCGS scheme stands out as the only grading system to predict a
shorter DFS in the sporadic MTCs (HR = 2.87; p = 0.050).

Finally, Kaplan—Meier curves were plotted (Fig. 3), and a significant difference between the curves was
found only applying IMTCGS (p = 0.041).

As already observed in the general analyses, the OS was not correlated with any grading systems.

Discussion

Both the rarity of MTC and the heterogeneity of its clinical behavior render prediction of outcome a difficult
task: in some patients, the disease may pursue a very slow clinical course with prolonged patient survival,
even in the presence of distant metastases, while in others, it exhibits a much more aggressive biological
behavior.

According to the most recent guidelines of the American Thyroid Association (ATA) and the European
Society of Medical Oncology (ESMO), postoperative MTC risk stratification and long-term follow-up are
mainly based on histopathological data, including tumor stage, the presence of lymph node, and/or distant
metastases (TNM classification), and on serum concentration of two biomarkers: calcitonin and CEA [8, 26].
In the past years, many studies aimed at investigating the potential prognostic roles of additional several
parameters. Among them, proliferation-related markers (mitotic count and Ki67) and necrosis showed
controversial results [23, 24]; this uncertainty has led experts of the 8th edition of the American Joint
Committee on Cancer (AJCC) not to incorporate these histological features in their staging system [27].

In the last 2 years, three novel grading systems [23,24,25] had been proposed in order to predict the clinical
behavior of MTC by combining proliferative activity (mitotic count and/or Ki67 proliferative index) and
coagulative tumor necrosis. The aim of the present study was to test the three grading systems in our case-
series of MTC, in order to find how they perform in an independent cohort of MTC, with the final aim to
implement the adoption of these grading schemes into routine clinical practice, in line with the
recommendations for other neuroendocrine neoplasms.

In the present study, male gender (p =0.017), high pT (p < 0.001), lymph node metastasis (p = 0.001), and
AJCC/UICC stage IV (p < 0.001) were more frequent in patients with disease recurrence, in line with the
previous literature findings.

Multifocality (or multiple foci) was not associated with tumor relapse in sporadic and familial MTC cases
taken together, while in the subgroup of sporadic MTC, a significant association was found (p = 0.006). In



sporadic MTC, multifocality is likely the result of tumor spread from the main tumor rather than a sign of
germline susceptibility (as in hereditary MTC); this might reflect a more aggressive behavior and explain its
association with tumor relapse, which was not observed in overall (sporadic and familial) MTC series.
Necrosis turned out to be a predictor of disease recurrence (p = 0.003) but was not significantly related to
DFS at univariate analysis. Neither the number of mitoses per 2 mm2 nor the Ki67 indices were associated
with relapse when analyzed separately; however, at univariate analysis, the Ki67 was significantly related to
DFS: a possible explanation for the different Ki67 significance is that DFS considers the role of time to
relapse. In other words, the Ki67 index might predict early relapse, rather than relapse in general.

On the contrary, by combining these parameters, we found that the three grading systems were all
significantly associated with disease recurrence. However, in terms of DFS, the three grading systems did
not perform all the same. Cox regression analysis for DFS showed no significant associations for the MSKCC
and Sydney grading systems, although a trend might be noticed for both. On the contrary, the IMTCGS-
defined high-grade disease was significantly associated with a shorter DFS (HR =3.97; p = 0.004). Similar
results were obtained from Kaplan—Meier curves considering DFS for the three grading schemes.
Nonetheless, none of the grading systems showed correlation with the OS; this may be due to different
reasons: our series (probably unlike previous ones) is not affected by a significant referal selection bias,
with all patients being operated and treated in the same hospital; this may influence the prevalence of
other possible factors (different percentage of comorbidities and number of “death for causes other than
MTC,” different chemotherapy regimen) which may alter the results obtained in OS analysis.

In order to test whether the hereditary (germline pathogenic variants)/sporadic status may affect the
performance of the three grading systems, a separate analysis on sporadic versus hereditary MTC was
performed. The results indicated that there were no differences in the distribution of disease recurrences
according to the germline inheritance/familial status. If Cox regression analysis was performed adjusting
the standard error in the two subgroups (hereditary and sporadic), the IMTCGS stands out as the only
grading scheme that identified subgroups of patients with a significantly different DFS (HR = 3.71;

p =0.004). Furthermore, the prognostic relevance of the IMTCGS was confirmed in the subgroup of
sporadic cases, only.

Therefore, our results show that the two-tiered IMTCGS [25] performs better in our retrospective case-
series of MTC than the other two grading schemes [23, 24]. Our data also support previous findings [25]
that a three-tiered grading system is weaker than a two-tiered scheme. When applying the Sydney grading,
statistical significance was found only if high-grade MTCs were compared to low-grade MTCs, while the
intermediate grade had no prognostic significance. Moreover, none of the patients in our cohort showed a
high proliferation activity (Ki67 > 20%, mitosis > 20/2 mm?2) similarly to the cohorts analyzed by the Sydney
team and the IMTCGS team, confirming that this condition is very rare and is of less clinical significance [23,
25]. Finally, a two-tiered grading system is simpler and more immediate to apply than a three-tiered

grouping.

To our knowledge, this is the first European/Italian series which compares the three grading systems on an
independent set of MTCs demonstrating the superiority of IMTCGS in predicting clinical behavior of MTC,
irrespective of the hereditary predisposition status. We suggest the implementation of the IMTCGS scheme
in routine clinical practice: one of the main advantages of this grading scheme is that both mitoses and



tumor necrosis are relatively well-defined and objective histologic features, less prone to interobserver
variability than other parameters (for example, vascular invasion or cell morphology). This grading system is
easy to adopt in routine clinical practice since the three parameters are already widely used for grading
other neuroendocrine neoplasms. In addition, it is easy to use and cheap and does not require the use of
expensive or scarcely available molecular testing.

The identification of these parameters still requires the skills of a well-trained pathologist: mitoses should
be carefully looked for in hot spots, counting unequivocal mitotic figures rather than pyknotic or
degenerating nuclear fragments. Ki67 index should be assessed according to the same methods proposed
for gastrointestinal neuroendocrine tumors [14]; moreover, caution should be taken in distinguishing tumor
necrosis (so-called “comedo-like” necrosis) from other type of necrosis (for example, the one related to fine
needle aspiration or to infarct-like degenerative phenomena) [25].

Furthermore, some issues still need to be addressed: the present grading scheme does not consider the
effect of somatic RET or RAS mutation on prognosis. In that regard, data are in part conflicting: some
authors have found that somatic RET mutation status correlated with a worse outcome [20], while others
did not find such a relationship [28, 29]. Moura et al. found that MTC with RET mutations in exons 15 and
16 had a higher number of nodal metastasis than those with other types of RET mutations; however, no
statistically significant survival differences between the three groups of patients were found [28]. Ciampi et
al. found a correlation between RAS mutation and better outcome in MTC, but it did not reach statistical
significance [30]. Interestingly, the recent study by Najdawi et al. [31] found that there was no correlation
between the Sydney and MSKCC systems [23, 24] and also with respect to the RET or RAS mutation status.
Specifically, neither RET mutations in general nor high-risk RET mutations in exons 15 and 16 were enriched
in high-grade tumors. These findings suggest that grade and genotype may give independent prognostic
information. The explanation for these conflicting results is that probably larger studies using multivariate
analysis are needed to assess the additive prognostic value of molecular profiling in sporadic MTC.

Moreover, the molecular findings may gain further significance in the era of targeted therapy including RET
inhibition [32], and further studies considering data on treatment modalities may be needed. In this regard,
the histological grade should be considered in future clinical trials for experimental adjuvant therapies [19].

Conclusion

In conclusion, our data support the importance of including the IMTCGS, based on mitosis, Ki67 index, and
necrosis, in the pathology report in order to provide a reliable risk stratification for clinical decisions. While
the lack of association with the OS is an area of interest in this series, the IMTCGS may be used to pave the
way to a customized patient follow-up and therapy, by enabling the treating clinician to better counsel the
patient, design the optimal follow-up, and better select those individuals who may benefit from systemic
therapy.

Data Availability

The datasets generated and/or analyzed during the current study are not publicly available due to privacy
reasons but are available from the corresponding author on reasonable request.
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Table 1 Medullary thyroid carcinoma grading system according to the Royal North
Shore Hospital, Sydney [23], the Memorial Sloan Kettering Cancer Center (MSKCC),
New York [24], and the International Medullary Thyroid Carcinoma Grading
System (IMTCGS) [25]

From: External Validation of Three Available Grading Systems for Medullary Thyroid
Carcinomain a Single Institution Cohort

Sydney grading system (Fuchs et al.)

Mitotic count Ki67 proliferationindex Tumor necrosis Grade

(miteses/2 mm2) (%)

<3 <3 Absent Low grade

<3 <3 Present Intermediate grade
3-20 3—20 Absent Intermediate grade
3-20 3—20 Present High grade

=20 =20 Present or absent High grade

MSKCC grading system (Alzumaili et al.)

Mitotic count Tumor necrosis Grade

(mitoses/10 HPF)

<5 Absent Low grade
Any Present High grade
=5 Any High grade
IMTCGS (Xu etal.)

Mitotic count Ki67 proliferationindex Tumor necrosis Grade
(mitoses/2 mm?) (%)

=5 <5 Absent Low grade
Any =5 Any High grade
=5 Any Any High grade

Any Any Present High grade



Table 2 Distribution of clinico-pathological features and correlations
according to the three grading systems

From: External Validation of Three Available Grading Systems for Medullary Thyroid
Carcinoma in a Single Institution Cohort

MSKCC grading system Sydney grading system IMTCGS
Total p Total p p
(111 cases) (101 cases)
Gender Female &7 0.438 62 0.272 0.5470
Male &4 39
Age Median 57 0.460 57 0.221 0.053
(interval) (16-83) (16—82)
Hereditary pathogenesis Sporadic [1:] 0.557 65 0.313 0.626
Hereditary 20 18
pT 1 65 0.285 37 0.217 0.056
2 28 26
3 13 13
4 ] 5
pH* 0 56 0.318 50 0.379 0.164
1 &3 43
Stage I 47 0.504 39 0.565 0.359
] 21 19
(AJCC/UICC) m 3 -
v 30 30
Multifocality No 88 0.735 4] 0.381 0.855
Yes 23 Al
Ki67 Median 2 0.001 2 <0.001 <0.001
(interval) (0-20) (0-20)
Tumer Dimension Median (mm) 15 0.065 16 0.224 0.177
{mm) {interval) (0.5-90) (0.5-90)
Mitotic count Median o] <0.001 1] <0.001 <0.001
{mitoses/2 mmz} {Interval) (0—9) (0-9)

MSKCC Memorial Sloan Kettering Cancer Center, IMTCGS International Medullary Thyroid Carcinoma Grading System, AJCC/UICC American
Joint Committee on Cancer/Union for International Cancer Control

In bold the significative p values

SHereditary pathogenesis (germline RET variant) status was unknown in 23/111 cases and 18/101 cases

*pN was assessed in 99 cases only (the lymph node status was not known in 12 cases) for the MSKCC grading and in 93 cases only (the lymph
node status was not known in 8 cases) for the Sydney and IMTCGS schemes



Fig.1

From: External Validation of Three Available Grading Systems for Medullary Thyroid
Carcinoma in aSingle Institution Cohort

Examples of a low-grade medullary thyroid carcinoma (MTC) and a high-grade MTC according to the 3 grading systems. A—B Low-grade MTC
shows typical neuroendocrine morphology, absence of necrosis and mitoses, and a low Ki67 proliferation index. C—D High-grade MTCIS

characterized by areas of “comedo-like"” necrosis and increased mitoses (black arrows) and a high percentage of Ki67-positive cells



Table 3 Distribution of clinicopathological features, including the 3
grading systems, according to disease recurrence

From: External Validation of Three Available Grading Systems for Medullary Thyroid
Carcinoma in a Single Institution Cohort

Disease recurmence
Total Mo ik Il
{111 cases) (B4 cases) {27 cases)
Gemder Female &7 56 1 o.mT
Male 44 18 16
Hereditary pathogenesisi Sporadic G 52 16 0.750
Hereditary 20 [ I
pT 1?2 G5 57 3 <0001
» 15 17 & {cwsa<0.00)
dvsa0.001
3 13 ] o
cvilb0.002
4° 5 1 4
dvsboom®
ph* i} S 54 2 0.0
1 43 piil 23
Seage I 47 L5 2 <0001
{ajcC/ucc) nt 21 19 2 {avsd <0001
m 13 a 3 bvsd < 0.001
d 30 o] rli}
w cvsd0.001}®
Multifocalivy Mo 88 70 18 0063
Yeg 23 14 o
Mecradis Mo 8% 70 15 0.003
Yes 25 14 12
Kia7 Median 2 1 I 0130
(inperval) {0—20) {0—=71] {1—20)
Tumor dimension Median 15 12 25 0.003
{mm) (inverval) (0.5—90) {0.5—80) {6—90)
Mitotic caunt Median 0 o o 0210
(mitoses/2 mm) (inerval) (0—%) {0—7) (0—g)
MSKCC grading system Low grade 85 70 15 0.003
High grade 26 14 12
Sydney grading system Low grade® 1] 42 7 0.024
" b I 13 11
{101 cases) Intermediate grade (evea0.036) 5
High grade® 18 a &
IMTCGS Low grade 6% 59 10 <0001
High grade 2 16 16

(101 cases)

SBonferroni's correction

MEKCC Memorial Sloan Kettering Cancer Center, IMTCGS International Medullary Thyroid Carcinoma Grading System, AJCC/UICC American
Joint Committee on Cancer/Union for International Cancer Control

In bold the significative p values

EiHeradil:ary pathogenesis | permline RET variant) stats was not known in 23 cases

“pM was assessed in 99 cases only {the lymph node status was not known in 12 cases)



Table 4 Disease-free survival univariate analysis using Cox regression

model

From: External Validation of Three Available Grading Systems for Medullary Thyroid

Carcinomain a Single Institution Cohort

DFs HR Cl p
Gender Male vs Female 2.26 0.92-5.59 0.076
Age linear 1.00 0.97-1.04 0.590
Hereditary pathogenesis Hereditary vs sporadic 0.42 0.10-1.87 0.258
Tumor dimension linear 1.03 1.01-1.06 0.003
(mm)
pT linear 2.82 1.88-4.23 <0.001
pN 0Owvs1 16.8 3.87-72.9 <0.001
Stage I 1

I 2.60 0.16-41.6 0.499
(ajccjuice) 1 10.2 0.92-112.6 0.058

v 35.5 4.68-268 0.001
Multifocality Present vs absent 1.72 0.65-4.54 0.270
Necrosis Present vsabsent 2.21 0.89-5.53 0.087
Mitotic count Linear 1.13 0.89-1.44 0.287
(mitoses/2 mm?)
Kic7 linear 1.38 1.21-1.59 <0.001
(101 cases)
MSKCC grading system High vs Low 2.22 0.89-5.53 0.087
Sydney grading system Low 1

Intermediate 2.89 0.97-8.66 0.057
(101 cases) High 2.67 0.77-9.24 0121
IMTCGS High vs Low 3.97 1.57-10.1 0.004
(101 cases)

DFS Disease-free survival, HR Hazard ratio, CI Confidence interval, MSKCC Memorial Sloan Kettering Cancer Center, IMTCGS International
Medullary Thyroid Carcinoma Grading System, AJCC/UICC American Joint Committee on Cancer/Union for International Cancer Control

In bold the significative p-values



Fig. 2

From: External Validation of Three Available Grading Systems for Medullary Thyroid

Carcinomain a Single Institution Cohort
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Kaplan—Meier curves for disease-free survival on all medullary thyroid carcinoma (MTC) cases according to A the Memorial Sloan Kettering

Cancer Center (MSKCC) grading system (p = 0.079); B the Sydney grading system (p = 0.115); C the International Medullary Thyroid Carcinoma
Grading System (IMTCGS) (p=0.002)



Table 5 Overall survival univariate analysis using Cox regression model

From: External Validation of Three Available Grading Systems for Medullary Thyroid
Carcinoma in a Single Institution Cohort

0s HR a p
MSKCC grading system Highvs Low 149 0.59—3.75 0.393
Sydney grading system Low 1

Intermediate 0.94 0.31—2.90 0.923
(101 cases) .

High 2.20 0.75—06.46 0152
IMTCGS Highvs Low 1.61 0.64—4.09 0.314
(101 cases)

05 overall survival, HR hazard ratio, CI confidence interval, MSKCC Mermorial Sloan Kettering Cancer Center, IMTCGS International Medullary
Thyroid Carcinoma Grading System



Fig.3

From: External Validation of Three Available Grading Systems for Medullary Thyroid

Carcinoma in a Single Institution Cohort
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Kaplan—Meier curves for disease-free survival on sporadic manifestations (absence of pathogenic germline RET variant) only according to A the
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