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ABSTRACT

Context: Tumour capsule integrity is becoming a relevant issue to predict the biological behaviour of

human tumours, including thyroid cancer.

Aim: To verify if a whole tumour capsule in the classical variant of PTC (CVPTC) could have a predictive role

of a good outcome as for follicular variant (FVPTC).

Methods: FVPTC (n=600) and CVPTC (n=554) cases, were analysed. We distinguished encapsulated-FVPTC
(E-FVPTC) and encapsulated-CVPTC (E-CVPTC) and, thereafter, invasive (Ei-FVPTC.-and Ei-CVPTC) and non-
invasive (En-FVPTC and En-CVPTC) tumours, according to the invasion or integrity of tumour capsule,
respectively. Cases without tumour capsule were indicated as invasive-FVPTC (I-FVPTC) and invasive-CVPTC

(I-CVPTC). Sub-group of each variant was evaluated for BRAF mutations.

Results: E-FVPTC was more frequent than E-CVPTC (p<0.0001). No differences were found between En-
FVPTC and En-CVPTC or between Ei-FVPTC and Ei-CVPTC. After 18 years of follow-up, a greater number of
not-cured cases were observed in Ei-CVPTC with respect to Ei-FVPTC, but not in En-CVPTC to En-FVPTC.
Multivariate clustering analysis showed that En-FVPTC, En-CVPTC, and Ei-FVPTC have similar features but
different from I-FVPTC and I-CVPTC and, to a lesser extent, from Ei-CVPTC. 177/614 (28.8%) cases were
BRAF"*™*_mutated and 10/614(1.6%) carried BRAF-rare alterations. Significantly higher rate of En-CVPTC

(22/49,44.9%) than En-FVPTC (15/195,7.7%) (p<0.0001) were BRAF***-mutated.

Conclusions: En-CVPTC is less prevalent than En-FVPTC. However, they have a good clinical/ pathological
behavior comparable to En-FVPTC. This finding confirms the good prognostic role of a whole tumour
capsule also in CVPTC. New nomenclature for En-CVPTC, similar to that introduced for En-FVPTC (i.e, NIFTP)

could be envisaged.

Key words: Whole tumour capsule, papillary thyroid cancer, follicular variant, classical variant.
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Introduction

The increasing incidence of papillary thyroid carcinoma (PTC) over the last decades is due to many factors,
and in particular, it is attributable to a more clinical surveillance which leads to improved detection of small
PTCs (1-3). Nevertheless, this increasing incidence is also attributable to the evolution of histological
criteria for certain variants, particularly the follicular variant of PTC (FVPTC) (4—-8). The tumour capsule in
FVPTC has been traditionally considered an important feature and has been used to classify FVPTC into two
different sub-variants: the encapsulated FVPTC (E-FVPTC) and infiltrative FVPTC (I-FVPTC), according to the
presence or absence of a fibrous capsule that surrounded the tumour, respectively (9-14). In agreement
with the indolent behaviour of some E-FVPTCs to others with capsular and vascular invasion prone to
metastasize, some physician proposed to further divide the E-FVPTC into two different groups: the
noninvasive (En-FVPTC) and invasive E-FVPTC (Ei-FVPTC) based on the presence or absence of capsular
and/or vascular invasion (15). Emerging data regarding the indolent nature of the En-FVPTC (9,10) led to
the problem of the overtreatment of these patients. Based on this, the need to reclassify the En-FVPTC as
an entity closer to the follicular adenoma is emerging and has brought an international working group of
Endocrine Pathologists and other physicians to critically re-examine this entity. After an accurate revision of
more than one-hundred cases of En-FVPTC, only surgically treated and with no evidence of disease after 13
years of follow-up, they decided to remove the term “carcinoma” and named these tumours as
“Noninvasive follicular thyroid neoplasm with papillary like nuclear features” with the acronym of NIFTP
(16). Over the last years, other criteria have been established to better define this new entity (17) that has
been finally included in the 2017 World Health Organization Classification of Tumours of Endocrine Organs
book (18). Therefore, nowadays the pathologists and clinicians paid a specific attention to the presence of a
whole tumour capsule in the FVPTC to identify NIFTP cases that are now considered as ‘premalignant’
lesion and do not require further treatments. This new concept is going to have a great impact on the
clinical scenario since it has been recently demonstrated that there is a relevant decline of FVPTC incidence

after 20 years of continuous increase (19).
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Recently, we demonstrated that, in a big monocentric series of PTC (FVPTC and CVPTC), the presence of an
encapsulated tumour, without evidence of the invasion of the tumour capsule, was an independent
prognostic factor for a good prognosis, independently from the histological variant (20). Based on this
observation, we planned this study to verify if the presence of a whole tumour capsule could have a similar
pathological and clinical significance also in a classical variant of PTC (CVPTC) and if the encapsulated

noninvasive CVPTC (En-CVPTC) could be better considered a premalignant lesion like NIFTP.

Patients and Methods

Patient Population

We reviewed the pathological data of 1154 consecutive patients with PTC who underwent total
thyroidectomy between 1999 and 2006, divided into 2 different groups according to the histological
variant: 600 follicular variant of PTC (FVPTC) and 554 classical variants of PTC (CVPTC). All patients signed
informed consent to share personal data for research purposes. The study was approved by the local

Ethical Committee (CEAVNO, Comitato Etico Area Vasta Nord Ovest) (Prot. n. 57880, December 7, 2020).

The epidemiological, clinical and pathological data of all patients were collected in an electronic
database and reviewed for this study. To consider the outcome of patients we used the response to
therapy criteria previously reported (20,21) with a slight modification since we merged those cases with a

biochemical persistence or an indeterminate response in a single group named “biochemically affected”.

Histology revision

Cases were classified according the WHO classifications available in the time frame (1999-2006)
during which patients were operated (22,23). The presence and the integrity of the tumor capsule was
revised by two independent pathologists (L.T. and C. U.) to distinguish those cases with a whole tumour

capsule and those with capsular invasion. The presence of a whole tumour capsule was defined as the

6
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presence of a distinctive fibrous capsule around the lesion without evidence of capsular and/or vascular

invasion (Fig. 1).

According to these criteria, cases with a tumour capsule were indicated as either encapsulated
FVPTC (E-FVPTC) or encapsulated CVPTC (E-CVPTC). Both groups were further divided into two sub-groups
named invasive (Ei-FVPTC and Ei-CVPTC) and noninvasive (En-FVPTC and En-CVPTC) tumours, according to
the presence of a tumour capsule invasion or a whole tumour capsule, respectively. The remaining cases,
those cases without tumour capsule, were indicated as invasive FVPTC (I-FVPTC) and invasive CVPTC (l-

CVPTC).

Microdissection and DNA extraction

Serial 5-m sections were taken from formalin-fixed, paraffin-embedded (FFPE) tissues. The last
section was stained with hematoxylin-eosin; the tumour area was marked, and the percentage of tumour
cells was estimated by an experienced pathologist. The tumour tissue was manually microdissected to
obtain tumour cell enrichment by excluding lymphocytic infiltration, hemorrhagic area, and fibrous tissue.
Deparaffinized samples were lysed and digested with proteinase K. DNA was extracted from tumour tissues
utilizing commercial kits (Puregene; Gentra Systems, Minneapolis, MN, USA) and its concentration was
measured using an UV spectrophotometer (SmartSpec Plus Spectrophotometer, BioRad, Hercules, CA) and

was stored at 4°C before use.

BRAF gene analysis

For B-RAF mutations analysis in exon 15 the DNA was PCR amplified using specific intronic primers
according to the following protocol: 35 cycles of denaturation (94°C for 1 min), annealing (60 °C for 1 min)
and extension (72 °C for 2 min) on a fast thermal cycler (Hybaid, Basingstoke, Middx, UK). The primer
sequences were as follows: 5-TTCATGAAGACCTCACAGTAAAAA-3 (forward), and 5-

CCACAAAATGGATCCAGACA-3 (reverse). After purification, PCR products were directly sequenced. An
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aliquot of 3-10 ng/100 bp purified DNA and 3.2 pmol of either the forward or reverse primer was used in
standard cycle sequencing reactions with ABI PRISM big dye terminators and run on an ABI PRISM 310
genetic analyser (PE Applied Biosystems, Foster City, CA, USA). The cycle-sequencing conditions consist of

25 cycles of 96 °Cfor 30's, 50 °C for 15 s and 60 °C for 4 min.

Statistical analysis

Categorical variables are presented as frequencies and rates. Continuous variables are expressed as
meanxSD if normally distributed or as median and interquartile range if not. The Kolmogorov-Smirnov test

was used to assess normality distribution.

Statistical tests used to assess differences between groups included Student’s t-test for Gaussian
variables, y* test for categorical variables and Wilcoxon rank-sum test for quantitative variables with

skewed distribution.

Multiple correspondence analysis (MCA) was conducted to identify groups of correlated variables
and to visualize clusters of patients with similar clinical characteristics by calculating the underlying
dimensions based on the chi-square distance between variables. The following binary variables were
included in this multivariate analysis: gender, age (< 55 vs. 2 55 years), tumour size (<2 vs >2 c¢cm), thyroid
capsule invasion, extrathyroidal extension, focality, lymph node metastasis, and outcome, while the E-PTC

classification was used as supplementary variable.

A p-value less than 0.05 was considered statistically significant. All statistical analysis was carried
out with JMP 9.0.1 software package for Mac (SAS Institute, Inc, Cary, NC) and SPSS Statistics for Mac,

Version 20.0 (IBM Corporation, Armonk, NY).
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Results

Tumour capsule: overall prevalence and differences between CVPTC and FVPTC

As shown in Fig 2, we found that 475/1154 (41.2%) had a tumour capsule (E-PTC) while the
remaining 679/1154 (58.8%) did not (I-PTC), with a statistically significant higher prevalence of
encapsulated cases in FVPTC (E-FVPTC) respect to encapsulated CVPTC (E-CVPTC) (55.8% vs 25.3%,
respectively; p<0.0001). Thereafter, we looked at the tumour capsule integrity or invasion in the 2 groups
of E-FVPTC and E-CVPTC (i.e., En-FVPTC [82.4%] vs En-CVPTC [89.3%)] and Ei-FVPTC [17.6%)] vs Ei-CVPTC

[10.7%]) and we did not find any difference of prevalence between the groups (p=0.06).

Different epidemiological, clinical and pathological features: En-FVPTC vs En-CVPTC and Ei-FVPTC

vs Ei-CVPTC

As shown in Table 1, when we compared the epidemiological, clinical-pathological features of En-

FVPTC vs En-CVPTC and Ei-FVPTC vs Ei-CVPTC we did not find any statistically significant difference.

After a median follow-up of 18 years (mean 17 + 2 years, range 15-20) we observed a few cases of
not cured patients in both En-PTC and Ei-PTC (Table 2), mostly with the persistent biochemical disease
(12/16) and only 4/16 with the structural disease. While no difference was observed in the outcome of
patients with En-FVPTC and En-CVPTC, a greater and statistically significant number of not cured cases in

the Ei-CVPTC with respect to Ei-FVPTC were found (Table 1, last line).

Invasive FVPTC (I-FVPTC) vs invasive CVPTC (I-CVPTC)

As shown in Figure 2, 679/1154 (58.8%) of our PTC did not show any capsule and 74/475 (15.6%) of
those with a capsule showed its infiltration. All together 65.3% of our PTC, which include only classical and

follicular variant, but not the other aggressive variants, are invasive.
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According to the different variant, 265/600 (44.2%) FVPTC and 414/554 (74.7%) CVPTC did not have

a tumour capsule and they were named I-FVPTC and I-CVPTC, respectively.

Eleven out of 414 (2.6%) patients belonging to the I-CVPTC group were lost at follow-up after
surgical treatment, and they were excluded from the statistical analysis for the outcome. No patients were

lost at follow-up in the I-FVPTC group.

As shown in Table 3, when we analyzed the clinical, epidemiological and pathological features of I-
FVPTC and I-CVPTC patients, we found several features that were significantly different in the two groups
and particular I-FVPTC patients were older, more frequently females, tumours were smaller in size and
showed less frequently a thyroid capsule invasion, extrathyroidal extension (ETE) and cervical lymph node

metastases with respect to I-CVPTC.

When we analyzed the 18 years of follow-up of patients of the two groups of I-FVPTC and I-CVPTC
we found that a statistically significant greater number of I-CVPTC patients were not cured respect to those

of the I-FVPTC group (Table 3, last line).

Multivariate clustering analysis

Because data analysis showed that the En-FVPTC, the Ei-FVPTC and the En-CVPTC had similar
features and outcomes, we performed a multivariate clustering analysis (Fig 3) to confirm our hypothesis.
The first MCA dimension (x-axis, 30% of explained variance) was characterized by thyroid capsule invasion
(loading=0.83) and extrathyroidal extension (loading=0.83) and, to a lesser extent, lymph node metastasis
(loading=0.47) (Fig. 3, panel A). This first MCA dimension clearly separate the three E-PTC groups (En-
FVPTC, En-CVPTC, Ei-FVPTC) from the I-CVPTC group. The second MCA dimension (y-axis, 14%) was mostly
dependent on tumour size (loading=0.44) (Fig. 3, panel A) and further separates I-FVPTC from Ei-CVPTC.
The clinical interpretation of the results obtained by multivariate analysis is that, as shown in Fig 3, panel B,
the En-FVPTC, the En-CVPTC and the Ei-FVPTC have similar clinical and pathological features (as shown by

the cluster made by these three groups on the right side of Figure 3, panel B), which are significantly
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different from I-FVPTC and I-CVPTC on Dimension 1 (x-axis of Fig. 3, panel B) and, to a lesser extent, also

from Ei-CVPTC (y-axis of Fig. 3 panel B).

BRAF mutational status and pathological features

Among the entire group of PTC (n=1154) we assessed the BRAF molecular status on 614 cases, in
particular on 384 FVPTC and 230 CVPTC cases. We found BRAF"*** in 177 cases (28.8%) and BRAF rare
alterations in 10 cases (1.6%). The most frequent rare BRAF mutation was a point ¢.1801A>G mutation
(p.K601E) that was present in 5 cases, followed by 1-bp insertion ¢c.1794 1795insGTT (p.A598-T599insV)
that was relived in 2 cases, an in-frame deletion of a triplet c.1799 1801delTGA (p.V600_K601delinsE) in 2
cases and a 14-bp deletion c.1798_1811del with a concomitant 2-bp insertion ¢.1798_ 1799ins (p. T599I-
V600_R603del) in one case. All these rare variants were found in the group of FVPTC. Five out of 10 rare
mutations were in the group of En-FVPTC, 3/10 were in the group of Ei-FVPTC, and 2 in the group of I-
FVPTC. Due to the very low number of rare-BRAF mutations in our series and being associated with a good
outcome as previously reported by Torregrossa et al. (24) in the subsequent analysis we decided to merge

the 10 rare-BRAF mutations FVPTC mutated with BRAF wild type cases.

According to the histological variant, BRAF"*®" mutation was present in 116/230 (50.4%) CVPTC and
61/384 (15.9%) FVPTC. According to the presence or absence of the tumour capsule or its invasion we
found that BRAF'®” mutation was present in 37/244 (15.2 %) En-PTC, in 7/42 (16.7 %) Ei-PTC cases, and in

133/328 (40.4 %) I-PTC (p <0.0001).

As shown in Fig 4, when the groups were divided also considering the histological variant, we found
a statistically significantly higher rate of mutated cases in En-CVPTC (22/49, 44.9%) than in En-FVPTC
(15/195, 7.7%) (p<0.0001). Similarly, a significantly higher rate of mutated cases was found in Ei-CVPTC

(4/4, 100%) than in Ei-FVPTC (3/38, 7.9%) (p=0.0003) as well as in I-CVPTC (90/177, 50.8%) with respect to I-
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FVPTC (43/152, 28.3%) (p<0.0001). No differences in the morphological features and clinical manifestation

of the sub-groups of BRAF"*°* and BRAF wild-type E-FVPTC were observed.

Discussion

The importance of the tumour capsule in PTC has already been questioned as far back as 1984 by
Schroder and colleagues (25) and by Carcangiu M.L. et al. in 1985 (26). In this regard, it is worth noting that
the presence of a whole tumour capsule is a strong predictor of the better outcome not only in follicular

cell-derived thyroid tumours but also in medullary thyroid cancer (27).

In our series, we found a high prevalence of E-PTCs (41%) that is much higher than that reported in
the previous series by Schroder S. et al. (14%) (25) and, more recently, by Rivera M. et al. in 2009 (12.8%)
(28). There are at least two possible explanations for this discrepancy. The first could be related to the high
prevalence of FVPTC in our series, likely also including cases that nowadays could be renamed as NIFTP and
eventually excluded from this series. Since this was a retrospective study, our pathologists could not apply
all the criteria that nowadays are used to define the NIFTP (17) and we cannot exclude the presence of
several cases of them. The other possible explanation of this difference can be due to the fact that, at
variance with previous studies, we analysed only CVPTC and FVPTC that is, in general, characterized by less
aggressive behaviour with respect to the other variants (i.e., tall cells, columnar, solid ecc). We do not have
the data regarding the prevalence of the tumour capsule in these other more aggressive variants but, we
can suppose that they are less frequently capsulated in agreement with the evidence that the prevalence of
the tumour capsule in our series was lower in CVPTC (25.3%) with respect to FVPTC (55.8%) and it is known
that CVPTC is more aggressive than FVPTC (29). Thus, including more aggressive variants as done in other

studies, the prevalence of tumour capsule could be lower.

When we looked at the tumour capsule invasion (Ei-PTC), we found that it was more frequent, but

not statistically significant, in E-FVPTC than in E-CVPTC. At variance, Rivera M. et al demonstrated that E-
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CVPTC had a significantly higher rate of tumour capsule invasion than E-FVPTC (65% vs 38%) (28), similarly
to that reported by other authors from the University of Pennsylvania (30). Nevertheless, other series
showed results similar to ours with a higher prevalence of capsular invasion in E-FVPTC with respect to E-
CVPTC, even statistically significant (31,32). One possible explanation of this discrepancy between ours and
other studies can rely on the retrospective nature of our study. Although all our thyroid tumours samples
were accurately reanalysed by our pathologists, it is worth to note that they revised tumour which were
sampled more than 10 years before when they performed one capsule sample every 8-10 mm. Probably
the problem of the different rate in tumour capsule invasion lies in the frequency of tumour capsule
sampling, used in different studies. The complete sampling of the tumour capsule interface is still not the
standard of practice in most laboratories and in particular, it was not the standard of practice in our lab

until the definition of NIFTP.

When we compared the En-CVPTC vs En-FVPTC, no epidemiological, clinical and pathological
difference was found, showing a similarly good outcome after a long median time follow up of 18 years.
Instead, a significantly lower rate of Ei-CVPTC patients was cured with respect to the Ei-FVPTC patients,

even if they showed similar aggressiveness features.

At variance, a statistically significant difference was found in all epidemiological, clinical, and
pathological features between I-CVPTC and I|-FVPTC, except for the tumour focality, with a higher
prevalence of the features of aggressiveness in I-CVPTC. This result was in agreement with the already well
demonstrated greater aggressiveness of CVPTC with respect to FVPTC, although this was demonstrated in
all cases independently from the presence/absence of the tumour capsule (29). Since the prevalence of
CVPTC without a tumour capsule is high (almost 75% in our series), it is conceivable that they play a major
role in determining both the rate of survival and the rate of recurrence when pulled together with those

with a tumour capsule (29).

The truthfulness of our results was supported by the multivariate clustering analysis that confirmed

that the En-FVPTC, the En-CVPTC, and the Ei-FVPTC have similar clinical and pathological features which are

13
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significantly different from those of I-FVPTC and I-CVPTC and even if to a lesser extent, also from those of

Ei-CVPTC.

To the best of our knowledge, this is the first study that compared CVPTC and FVPTC with a whole
tumour capsule (En-CVPTC vs En-FVPTC). Taking into account these results and the very good behaviour of
En-CVPTC, we believed that this pathological entity could be considered similar to En-FVPTC, that is NIFTP
per new nomenclature (16). If this would be the case, En-CVPTC could also be considered a “premalignant
lesion” without the necessity of aggressive treatment. A new nomenclature, similar to NIFPT, could be
proposed by pathologists also for the En-CVPTC. As matter of fact, a quite similar.concept has been already
introduced by Ohba et al. (33) and Rosario P.W. (34) who, by describing singular cases, suggested to use the
acronymous NEPRA (noninvasive encapsulated papillary RAS-like thyroid tumor) to indicate the
encapsulated thyroid tumor with papillary architecture and RAS type nuclear features. Moreover, Kakudo
et al. (35,36) had already proposed to downgrade noninvasive E-PTC (both classic and follicular variant)
from malignant to borderline tumor category in 2012. However, so far, only encapsulated follicular variant

of PTC with well-defined features (16,17) have been officially reclassified as NIFTP (18).

As far as the molecular status-is concerned, it is well established that BRAF alterations are the most

common genetic events in PTC (37) and-among these, the BRAF"***

mutation is the most frequent and best
described (37-40) due to its known prognostic role. However, several different rare BRAF alterations have
been described in a significantly smaller number of cases with a rather indolent prognostic role as already

V0% mutation was the most frequent

demonstrated by Torregrossa et al. (24). In our series, the BRAF
genetic alteration, occurring in 28.8% of the entire series (i.e, CVPTC + FVPTC) with a lower rate than that

reported in the literature. The possible explanation is that our study evaluates a predominant number of

FVPTC that, as far as we know, are more RAS-like than BRAF-like tumours.

In agreement with the data already reported (24,41), our study confirmed the higher prevalence of
BRAF"*°* mutation in CVPTC (50.4%) with respect to the FVPTC (15.9), and this difference of BRAF'***

prevalence was confirmed also in the subgroups of En-PTC, Ei-PTC, and I-PTC, thus indicating that the
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relationship of the mutation with the histological variant is stronger than with the presence/absence of the
capsule. Consistently with data reported in other studies (24,42-44), we found that 10/614 (1.6%) PTCs
carried a rare BRAF mutation and all of them were present in FVPTC, independently from the presence or
absence of the tumour capsule and its integrity. Our finding confirmed that the rare BRAF mutations are

almost exclusive of the FVPTC and thus related to lower aggressive behaviour.

In our series, the outcome of En-FVPTC and En-CVPTC was similar and, after 18 years of follow-up,
only a very low percentage of cases were not cured (2% and 3%, respectively). One could argue that in both
groups the outcome of the disease is not positive in all cases but we have to consider that 8/10 cases (4/4
En-CVPTC and 4/6 En-FVPTC) have been considered not cured for very low levels of serum Tg whose clinical
meaning is unknown (45,46). For the other 2 cases with a structural disease (2/6 En-FVPTC) it is conceivable

that, if we could have more information regarding the presence of BRAF"*°*

or a more appropriate
description of the invasion of the tumour capsule they might be excluded. In this regard, it is useful to
recall, three studies (47-49) have found up to a 6% rate of metastasis (predominantly nodal) in NIFTP
patients, particularly in those cases containing a small percentage (< 1%) of true papillae. Because of these
studies, members of the NIFTP consensus group proposed to revise the diagnostic criteria from “less than
1% papillae” to “no well-formed papillae” (17). Moreover, since some studies showed that BRAF'***
mutation is correlated with the percentage of papillae and risk of nodal metastases (41,50) it was suggested

to exclude from NIFTP definition those cases with a BRAF®%%

mutation. If we applied these criteria in En-
CVPTCs, which represent in our series about 23% of all CVPTC, and we excluded the BRAF'*** mutated

cases, still, approximately 12.5% of all CVPTC could be considered similar to NIFTP from a clinical,

pathological, and molecular point of view.

Other than the retrospective nature, another limitation in our study is that most of our patients
were treated, as per the standard clinical practice of those years, with total thyroidectomy and radioiodine
thyroid remnant ablation. We cannot exclude that the excellent course of these cases was due to this initial
treatment that nowadays is no more indistinctly performed to all patients. However, about 10% of our

patients did not undergo 131l ablation therapy because unifocal micro-PTC and all of them were cured
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after a median follow-up of 18 years. Nevertheless, a prospective study in a consecutive series of En-CVPTC
treated only by surgery could answer the question of whether thyroidectomy alone, mostly lobectomy, can

be safe in the En-CVPTC as well as in En-FVPTC.

In conclusion, we demonstrated that the En-CVPTC are less frequent than the En-FVPTC but still
they represent about a quarter of all CVPTC. They have a clinical and pathological behavior similar to that of
En-FVPTC that is NIFTP per new nomenclature. Probably, in the near future, we might consider En-CVPTC as
a “pre-malignant lesion” just like NIFTP. If this would be the case, about 15% of CVPTC will no more be
considered as malignant lesions and treated less aggressively. However, these data need to be confirmed
in a prospective study with En-CVPTC cases selected according to criteria similar to those already
established for NIFTP and treated only by surgery, which is nowadays the standard of care for

nonmalignant thyroid lesions.
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Figure legends

Fig. 1: Representative histological images of CVPTC and FVPTC (hematoxylin and eosin stain). Panel a:
CVPTC (magnification 4X): papillary architecture composed of branching papillae lined by neoplastic cells.
Panel a;: CVPTC (magnification 40X): at higher power, characteristic nuclear features of PTC in the
neoplastic cells are observed (chromatin clearing, nuclear grooves, overlapping, and nuclear
pseudoinclusion). Panel a,: a thin tumour capsule that surrounds CVPTC with papillary architecture
(magnification 10X). Panel b: FVPTC (magnification 4X): the lesion is entirely composed of variable-sized
follicles. Panel by: FVPTC (magnification 40X): at higher power, the scalloping of the colloid is seen, as
typically observed in this variant of PTC; moreover, there is nuclear overlapping and nuclear clearing. Panel

b,: a thin tumour capsule that surrounds FVPTC with folliculararchitecture (magnification 10X).

Fig. 2: Classification of the 1154 PTCs according to the presence/absence of a whole tumour capsule. In
particular, 335/600 FVPTC and 140/554 CVPTC had a tumour capsule with a statistically significantly higher
prevalence of encapsulated cases in FVPTC with respect to CVPTC. Among the encapsulated tumours (E-
PTC, 475), 276/335 FVPTC, and 125/140 CVPTC had a whole tumour capsule, without capsular and/or

vascular invasion with any difference between the groups.

Fig. 3: results of the multiple correspondence analysis (MCA) between En-CVPTC, Ei-CVPTC, I-CVPTC, En-
FVPTC, Ei-FVPTC, and I-FVPTC. Panel A: the contribution (loading) of each clinical variable to the first two

MCA dimensions. Panel B: the location of the six groups based on E-PTC classification.

Fig. 4: rate of BRAF mutations in FVPTC and CVPTC across different groups divided according to the
presence/absence of a whole tumour capsule. Panel A: rate of BRAF mutations in En-PTC and comparison
between En-CVPTC and En-FVPTC; Panel B: rate of BRAF mutations in Ei-PTC and comparison between Ei-
CVPTC and Ei-FVPTC; Panel C: rate of BRAF mutations in I-PTC and comparison between |-CVPTC and I-

FVPTC.
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Table 1: comparison of the epidemiological, clinical and pathological features of the 4 groups of E-
PTC: En-FVPTC vs En-CVPTC and Ei-FVPTC vs Ei-CVPTC.

En-PTC Ei-PTC
n, 401 n, 74
En-FVPTC En-CVPTC pt” Ei-FVPTC Ei-CVPTC p?
Total number, n 276 125 59 15
Age at the diagnosis, years
<55 205 (74.3) 102 (81.6) 0.1 47 (79.7) 13 (86.7) 0.7
>55 71 (25.7) 23(18.4) 12 (20.3) 2(13.3)
Gender
Female 201 (73) 92 (74) 0.87 46 (78) 8(53) 0.06
Male 75 (27) 33(26) 13 (22) 7 (47)
Tumor size, cm
<2cm 184 (66.7) 92 (73.6) 0.16 40 (67.8) 10 (66.7) 0.9
>2cm 92 (33.3) 33(26.4) 19 (32.2) 5(33.3)
Thyroid capsule invasion
Present 0(0) 0(0) - 3(5) 1(6.7) 0.8
Extrathyroidal extension,
Present 0 (0) 0 (0) = 3(5) 1(6.7) 0.8
Focality, n
Unifocal 207 (75) 86 (68.8) 0.19 49 (83) 10 (66.7) 0.15
Multifocal 69 (25) 39(31.2) 10 (17) 5(33.3)
Lymph node metastasis, n
Present 2/276 (0.7) 4/125 (3.2) 0.058 2(3.4) 2(13.3) 0.18
Outcome
Cured 270 (98) 121 (97) 05 58 (98.3) 10 (66.7) <0.0001
Not cured 6 (2) 4(3) 1(1.7) 5(33.3)

En-PTC, encapsulated noninvasive papillary thyroid cancer.

En-FVPTC, encapsulated noninvasive follicular variant of papillary thyroid cancer.
En-CVPTC, encapsulated noninvasive classical variant of papillary thyroid cancer.
Ei-PTC, encapsulated invasive papillary thyroid cancer.

Ei-FVPTC, encapsulated invasive follicular variant of papillary thyroid cancer.
Ei-CVPTC, encapsulated invasive classical variant of papillary thyroid cancer.

p*, x* test to compare the categorical variables of En-FVPTC vs En-CVPTC.

p?, x? test to compare the categorical variables of Ei-FVPTC vs Ei-CVPTC.

“value was corrected for Fisher’s exact test.

In bold p value statistically significant.
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Table 2: epidemiological, clinical and pathological features of patients with En-PTC and Ei-PTC persistently
affected after a median of 18 years of follow-up.

En-PTC persistently affected

Ade at Tumo Lymph Local or
Patien Age at Gende | Histolog TNM, 8th . . node Outcom UTg, distant
diagnosis o rsize, | Focality
t r y edition metastase e pg/L metastase
, years cm s s
1 24 Female | CVPTC T2NxMx 2.2 Unifocal Absent BD 0.32 Absent
2 26 Female | CVPTC T2NxMx 35 Unifocal Absent BD 1.82 Absent
3 40 Male CVPTC T3aNxMx 45 Unifocal Absent BD 0.48 Absent
4 65 Female | CVPTC | TlaNxMx 1.0 M“'tl'foca Absent BD 1.0 Absent
5 24 Female | FVPTC T1bNOMx 1.6 Unifocal Absent BD 0.59 Absent
6 29 Female FVPTC T1aNxMx 1.0 Unifocal Absent BD 0.37 Absent
7 45 Female FVPTC T1aNxMx 0.7 Unifocal Absent BD 0.50 Absent
8 65 Male FVPTC T3aNxMx 4.8 Unifocal Absent BD 4.65 Absent
<0.1
. (TgAb
9 50 Female | FVPTC T1bNOMx 15 Unifocal Absent SD s<1 Bone
Ul/ml)
. Lung
10 68 Female FVPTC T2NxMx 2.2 Unifocal Absent SD 4.2 metastases
Ei-PTC persistently affected
Lymph Local or
Patien Age at_ Gende | Histolog TNM, 8tig Tu_mo . node QOutcom UTg, distant
diagnosis UICC/AJC | rsize, | Focality
t r y o metastase e pg/L metastase
, years C edition cm s s
24 Male CVPTC T2NxMx 2.7 Unifocal Absent BD 0.25 Absent
34 Female | CVPTC T3bNxMx 1.2 Unifocal Absent BD 0.41 Absent
3 36 Male CVPTC T1aN1bMx 0.6 Unifocal Present BD 1.99 Absent
<0.1
. (TgAb
4 36 Male CVPTC T1bNOMx 1.3 Unifocal Absent BD 75 Absent
U/ml)
Lymph
5 32 Male CVPTC T1bNxMx 1.6 Unifocal Absent SD 0.63 node
metastases
Lymph
6 47 Female | FVPTC T3aNxMx 4.1 Unifocal Absent SD 3.8 node
metastases

En-PTC, encapsulated noninvasive papillary thyroid cancer.

Ei-PTC, encapsulated invasive papillary thyroid cancer.

CVPTC, classical variant of papillary thyroid cancer; FVPTC, follicular variant of papillary thyroid cancer.

BD, biochemical disease (biochemical persistence or an indeterminate response according to ATA guidelines) (21).

SD, structural disease.

UICC/AJCC American Joint Committee in Cancer adopted by the Union for International Cancer Control.
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Table 3: comparison of the epidemiological, clinical and pathological features of I-FVPTC and I-

CVPTC cases.

I-FVPTC I-CVPTC
n (%) n (%)

Total number, n 265 414°
Age at the diagnosis, years

<55 210 (79.25) 354 (85.5)

255 55 (20.75) 60 (14.5)
Gender

Female 206 (77.7) 291 (70.3)

Male 59 (22.3) 123 (29.7)
Tumor size, cm

Mean £ SD (range), median 1.5+1.0 (0.1-7), 1.3 1.7+1.2 (0.2-10), 1.5

<2 214 (80.75) 304 (734)

>2 51 (19.25) 110 (26.6)
Thyroid capsule invasion, n

Present 89 (33.6) 193 (46.6)

Absent 176 (66.4) 221 (53.4)
Extrathyroidal extension, n

Present 76 (28.7) 176 (42.5)

Absent 189 (71.3) 238 (57.5)
Focality, n

Unifocal 143 (54) 228 (55)

Multifocal 122 (46) 186 (45)
Lymph node metastasis, n

Present 42 (15.8) 127 (30.7)

Absent 223 (84.2) 287 (69.3)
Outcome

Cured 242 (91.3) 330 (81.9)

Not cured 23 (8.7) 73 (18.1)

I-FVPTC, invasive (without tumour capsule) follicular variant of papillary thyroid cancer.
I-CVPTC, invasive (without tumour capsule) classical variant of papillary thyroid cancer.
p, x° test to compare the categorical variables of I-FVPTC vs I-CVPTC.

SD, standard deviation.

$The outcome data has been available in 403 patients because 11 patients were lost at follow-up.

In bold p value statistically significant.
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Figure 4
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