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Abstract

Introduction: We aimed to determine whether two clinically accessible parameters, tumor size and location within the thyroid, correlate with
clinicopathological features that are predictors of high risk in papillary thyroid microcarcinomas (PTMCs). Materials and Methods: PTMC
cases were obtained from the database of the Department of Pathology, Emergency County Hospital, Targu Mures, Romania. Four tumor
groups were created based on tumor size and location: Group | (=5 mm, subcapsular), Group Il (=5 mm, nonsubcapsular), Group Il (<5 mm,
subcapsular), and Group IV (<5 mm, nonsubcapsular) PTMCs. Clinicopathological features and follow-up data were compared by univariate
and multivariate analysis. Results: Our study included 164 PTMCs (n=70/20/19/55 in Groups I/IINII/IV, respectively). High-grade morphological
features, such as plump pink cells (p=0.010), tumor desmoplasia (p=0.022) and sclerosis (p=0.001), infiltrative tumor borders (p=0.005),
positive resection margins (p=0.005), invasion into the perithyroid adipose tissue (p=0.001), irregular nuclear membranes (p=0.004), and
pseudoinclusions (p=0.001) were significantly more prevalent among Group | PTMCs. Group IV PTMCs were characterized by a paucity of
the above-mentioned morphological features, while Group Il and Ill PTMCs displayed intermediate morphological profiles. Conclusions:
Group | PTMCs proved to be associated with more aggressive morphological features and might need a more careful clinical approach.
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& Introduction

Worldwide, the incidence of papillary thyroid carcinoma
(PTC) has significantly increased over recent decades [1,
2]. There is agreement that small tumors, namely
papillary thyroid microcarcinomas (PTMCs), are the main
drivers of this increase [2—5]. While PTMCs accounted
for 25% of all thyroid cancers in 1988-1989, 20 years
later (2008-2009) this percentage reached 39% [2, 6] and
later, in 2016, 47.5% [7]. Many factors contribute to this
rising incidence of PTMCs. Among them, increased
surveillance of the general population, with the widespread
use of neck ultrasound (US) examination and fine-needle
aspiration (FNA) biopsy of the thyroid nodules, has played
an important role [1, 8, 9]. Moreover, recent advances in
sampling techniques and more careful examination of
thyroid specimens resected for benign diseases have
resulted in the detection of many PTMCs [10]. For all
these reasons, PTMCs are responsible for a phenomenon
referred to as thyroid cancer “overdiagnosis” [11-14] or
as an “epidemic of diagnosis” [12].

PTMCs are commonly described as indolent cancers,
harboring an excellent prognosis in the great majority of
cases [2, 11]. Nevertheless, some PTMCs are associated

with extrathyroidal extension, lymph node metastasis, and
tumor recurrence [15, 16]. In line with this, controversies
regarding the management of PTMCs have grown
dramatically over recent years [3]. Based on the
observation that PTMC is generally a harmless occult
carcinoma, several studies from Japan have proposed
active surveillance instead of immediate surgery as a safe,
but effective choice for adequately selected low-risk
PTMC patients [17]. More recently, in 2015, the American
Thyroid Association (ATA) also recognized active
surveillance as an alternative to thyroidectomy in patients
with low-risk PTMCs [18]. As Miyauchi highlighted,
low-risk PTMC refers to the absence of high-risk features,
such as lymph node metastasis, extrathyroidal extension,
FNA biopsy findings suggesting high-grade malignancy,
growth progression, and location close to the recurrent
laryngeal nerve [19]. Controversy still exists on how to
appropriately manage this group of patients, as some
PTMC:s classified as low risk at the time of the initial
surgery may later be associated with disease recurrence or
with other features entailing a more aggressive behavior
[20].

If surgical treatment is nevertheless indicated,
lobectomy is a valid option for unifocal PTMCs and total
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thyroidectomy (without subsequent radioactive iodine
[RAI] ablation) for multifocal and bilateral PTMCs, as well
as for PTMCs harboring worrisome clinicopathological
features (such as aggressive histological subtype, vascular
invasion, extrathyroidal extension or lymph node
involvement) [18]. The problem with these high-risk
clinicopathological features is that they are all available
only after surgery.

Recently, Tallini et al. [13] analyzed a series of 298
PTMCs, aiming to investigate whether the location of the
PTMC foci within the thyroid (subcapsular versus
nonsubcapsular) and the tumor size have a potential
outcome on the risk stratification of patients with PTMC.
The authors demonstrated that the tumor location
(subcapsular versus nonsubcapsular) and tumor size
(<5 mm versus >5 mm) represent valuable morphological
tools for the proper selection of patients for active
surveillance. Based on these results, the authors proposed
an easy, four-group risk stratification system that can be
successfully applied to patients with PTMC before surgery.

Aim

With the study by Tallini ez al. [13] as our starting
point, we aimed to determine in our series of cases whether
these two clinically accessible parameters, tumor size and
location within the thyroid, correlate with clinico-
pathological features that are predictors of high risk in

PTMCs and consequently whether they could have an
impact on the clinical management of patients with PTMC.

& Materials and Methods
Case selection

We performed a retrospective study on a series of
PTMCs. All consecutive PTMC cases registered in the
database of the Department of Pathology, Emergency
County Hospital, Targu Mures, Romania, from 2003
(January) to 2014 (December) were reevaluated. Inclusion
criteria were: (i) cases with a histopathological (HP)
diagnosis of PTMC and (i) availability of Hematoxylin—
Eosin (HE)-stained slides for case review.

Clinical information (age at the time of the diagnosis,
gender, and date and type of surgery), and biochemical,
imaging, and HP data were obtained from medical records.

The Ethics Committee of the George Emil Palade
University of Medicine, Pharmacy, Science, and Technology
of Téargu Mures approved the study. Informed agreement
was obtained from all of the patients included in this study.

Pathological data

The corresponding HE-stained slides for all the cases
were independently reexamined by three pathologists with
a particular interest in thyroid pathology (EAS, ANB, and
AB). All controversial features were further discussed
using a triple-headed microscope and a consensus was
established.

The following pathological features were evaluated:
tumor size; histological type (conventional, or variant
of PTC); the tumor margins (well circumscribed [not
encapsulated or encapsulated] versus infiltrative); the
stromal reaction (sclerosis /desmoplasia/fibrosis versus
absence of all these changes); the intratumoral lymphocytic

infiltrate, presence of psammoma bodies, intratumoral
multinucleated giant cells, or plump pink cells; nuclear
features; distance from the tumor’s edge to the thyroid
capsule, used to assess the location of the tumor with regard
to the thyroid capsule (subcapsular versus nonsubcapsular)
(Figure 1, A and B) [13]; invasion into the perithyroid
adipose tissue; multifocality, lymph node involvement;
and surgical resection margin status.

The diagnosis of PTMC, as well as the histological
tumor type (conventional versus variant of PTC), were
defined in accordance with the World Health Organization
(WHO) Classification of Tumors of Endocrine Organs
(4™ edition, 2017) [21]. We defined PTMCs as PTCs
smaller or equal to one centimeter in size, incidentally
discovered (either on the thyroidectomy specimen or
following a targeted FNA procedure performed for a
clinically “silent” subcentimeter nodule) [13]. Tumor-
associated stromal reactions were defined on a spectrum
ranging from a paucicellular, thick, collagenized stroma
(sclerosis) (Figure 1C), a plump fibroblastic proliferation
in a loose myxoid stroma (desmoplasia), or collagenous,
non-myxoid stroma (fibrosis) (Figure 1D) at one end of
the spectrum, and a lack of all these changes at the other
end [22]. Plump pink cells were defined as polygonal
tumor cells with nuclear features of PTC and moderate to
abundant homogenous, eosinophilic cytoplasm; the
plump cells differed from the cells associated with a
diagnosis of tall cell PTC variant as their height was less
than twice their width (were not “tall enough”) [22]. To
establish the nuclear grade of the tumor, the following
nuclear features were assessed: enlargement, overlapping
(size and shape), irregular contours, grooves, pseudo-
inclusions (nuclear membrane irregularities), and chromatin
clearing (Figure 1, E and F). As in the nuclear score used
to assist diagnosis of noninvasive follicular thyroid
neoplasms with papillary-like nuclear features (NIFTP)
[23], nuclear enlargement together with overlapping alone
were considered low-grade nuclear features (present in
all PTMC cases in our study), whereas the combined
presence of nuclear membrane irregularities and chromatin
clearing warranted a higher nuclear score and were thus
regarded as high-grade nuclear features. Multifocality
was defined when at least two separate tumor foci were
identified in the same or contralateral thyroid lobe. Lymph
node involvement was considered when tumor cells were
identified in regional lymph nodes.

Based on relevant literature [13, 22, 24-26], histology
consistent with a rare variant of PTC (tall cell, oncocytic,
or Warthin-like), tumor sclerosis and desmoplasia, presence
of plump pink cells, infiltrative tumor borders, invasion
into the perithyroid adipose tissue, multifocality, lymph
node involvement, and positive resection margins were
considered to be high-risk morphological features.

The distance from the tumor’s edge to the thyroid
capsule and the tumor diameter were carefully measured
on the HE-stained sections under the microscope (Olympus
BX46 Olympus BX46, Olympus Life Science, Waltham,
Massachusetts, USA) at a low magnification (x40). The
thyroid “capsule” was considered to be the thin, fibrous,
peripheral layer separating the gland from its surrounding
adipose stroma [27].

By applying the methodology of Tallini et al. [13], we
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divided our series of cases into four study groups, as
follows:

= Group I: large subcapsular PTMCs of >5 mm, and
distance from the tumor’s edge to the thyroid capsule — 0
mm;

» Group II: large nonsubcapsular PTMCs of >5 mm,
and distance from the tumor’s edge to the thyroid capsule
>0 mm;

)
S i B ALY

Figure 1 — Morphological features of the PTMCs in our s

tudy: (A) Group I (large =5 mm, sub

= Group III: small subcapsular PTMCs of <5 mm, and
distance from the tumor’s edge to the thyroid capsule — 0
mm;

= Group IV: small nonsubcapsular PTMCs of <5 mm,
and distance from the tumor’s edge to the thyroid capsule
>0 mm.

All pathological features, as well as relevant follow-up
data, were compared between these four groups.

capsular) PTMC with

infiltrative tumor borders and invasion into the perithyroid tissue; (B) Group 1V (small <5 mm, nonsubcapsular) PTMC,
not encapsulated, well circumscribed; Tumor-associated stromal reaction consistent with sclerosis (C) and fibrosis (D);
(E) High-grade nuclear features in a Group I PTMC and intratumoral multinucleated giant cells; (F) Plump pink cells
defined as polygonal-shape cells, with homogenous, eosinophilic, abundant cytoplasm and high-grade nuclear features,
including pseudoinclusions. HE staining: (A) x25; (B) x4; (C and D) x100; (E and F) x400. HE: Hematoxylin—Eosin;

PTMC: Papillary thyroid microcarcinoma.
Follow-up data

The follow-up included the time interval starting from
the initial surgical treatment up to last oncological
examination (January 2005 to December 2017). Data
were obtained from the medical records of the patients

registered in the Department of Nuclear Medicine, Prof.
Dr. Ion Chiricuta Oncological Institute, Cluj-Napoca,
Romania.

The follow-up data consisted of: RAI (if received),
basal and stimulated serum levels of thyroglobulin (Tg),
thyroid-stimulating hormone (TSH) and Tg antibodies
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levels, US evaluation of the cervical region, and whole-
body scans (WBS). On the basis of these data, the disease
status of the patients was set in accordance with the 2009
[28] and 2015 [18] ATA risk of recurrence stratification
system, as follows: disease free (residual disease absent
on WBS and US, and low serum levels of basal and
stimulated Tg), persistent disease (presence of a detectable
residual or metastatic tumor on WBS or US, and/or
elevated serum levels of basal and stimulated Tg), and
recurrent disease (new biochemical disease or tumor
recurrence in patients previously classified as disease free).

Statistical analysis

Statistical Package for Social Sciences (SPSS, version
20, Chicago, IL, USA) and GraphPad Prism 5 (GraphPad
Software, San Diego, CA, USA) software were used
for statistical assessment of the data. Data were labeled
as nominal or quantitative variables. The Kolmogorov—
Smirnov test was applied to test for normality of distribution
of the quantitative variables; the quantitative variables
were described by median and percentiles (25-75%) or
mean =+ standard deviation (SD), depending on the case.
Analysis of variance (ANOVA) method was used to test
differences between categories for variables with a normal
distribution of variances, and Kruskal-Wallis analysis
for non-normally distributed variables, respectively.
The Bonferroni—-Dunn correction was used for post hoc
comparisons between pairs of categories. The association
between nominal variables, that were described as absolutes
and relative frequencies (%), was analyzed by Pearson’s
x° (chi-squared) test. Odds ratio (OR) expressed with 95%
confidence intervals (CI) was used to quantify the size
effect for statistically significant associations.

The relationship between PTMC groups and variables
was analyzed using univariate and multivariate conditional
logistic regression models. A backward-stepwise approach
was applied for model building and Wald chi-squared
analysis was the term significance test. We included as
independent variables the data that achieved significance
at p<0.05 in univariate analysis. Univariate and multi-
variate logistic regression analysis was performed for
biomarkers and ORs were displayed. Two-tailed tests
of significance were used for all p-values; statistically
significant values of p were considered <0.05. A forest
plot was created to illustrate the most important results of
the multivariate analysis in a single graphic.

@ Results
Clinical, pathological, and follow-up data

Our study comprised 164 patients with PTMC who
fulfilled the inclusion criteria. Table 1 summarizes their
clinical, pathological, and follow-up data.

The mean age at diagnosis was 51.5+10.4 years old
and most cases occurred in women (n=148/164, 90.2%).
Half of the PTMC cases were conventional PTMCs
(n=79/164, 48.2%), closely followed by the follicular
variant of PTMCs (n=70/164, 42.7%). Fifteen (9.2%)
PTMCs were rare variants of PTC (oncocytic, tall cell, or
Warthin-like). Tumor invasion into the perithyroid adipose
tissue was documented in 15 PTMCs (24.6%). Lymph
node dissection was performed in only 11 cases (6.7%).
Of these, four cases displayed lymph node involvement.

Table 1 — Clinical, pathological and follow-up data for
164 patients with PTMC included in the study

Clinical, pathological and follow-up data
Demographic data

Age at diagnosis (meanxSD, years) 51.5+10.4
Female gender (n, %) 148 (90.2)
Pathological features
Conventional PTMC (n, %) 79 (48.2)
Follicular variant of PTMC (n, %) 70 (42.7)
Other .valjiants of PTMC (tall cell, oncocytic, 15 (9.2)
Warthin-like) (n, %)
Tumor size (mean+SD, mm) 4.97+2.7
(I?;s{;t:&ze(rf;%n; the tumor’s edge to the thyroid 1.4841.47
Lymph node involvement?® (n, %) 4/11 (36.4)
Infiltrative tumor borders (n, %) 84 (51.2)
Invasion into the perithyroid adipose tissue (n, %) 15 (24.6)
Type of surgery
Lobectomy (n, %) 4(2.4)
Total thyroidectomy (n, %) 149 (90.8)
Total thyroidectomy with lymph node dissection 11(6.7)
(n, %)

Follow-up data (n, months, median, range) 1[1 g—(?g;)
31| therapy (n, %) 95 (80.5)
Disease free (n, %) 117 (99.1)
Persistent disease (n, %) 1(0.8)
Recurrent disease (n, %) 0(0.0)

31]: lodine-131; n: No. of cases; PTMC: Papillary thyroid micro-
carcinoma; SD: Standard deviation. 2Only cases with lymph node
dissection are included (n with lymph node metastasis/n with lymph
node dissection).

Most patients were treated by total thyroidectomy
(n=149/164, 90.8%). We obtained follow-up information
for 118 (71.9%) patients; the median follow-up time
interval was 59.5 months (range 18—135 months). Most
of the patients received RAI therapy (n=95/118, 80.5%);
this was in accordance with the 2009 (28) ATA Guidelines for
the management of patients with thyroid cancer followed
by the Department of Nuclear Medicine, Prof. Dr. Ion
Chiricuta Oncological Institute, Cluj-Napoca, during the
study period. At the last clinical assessment, all patients
were disease free, apart from one for whom persistent
disease occurred 94 months after the initial surgery. This
case corresponded to an 8 mm subcapsular PTMC with
infiltrative tumor borders.

Tumor size and location within the thyroid

The mean tumor size and the mean distance from the
tumor’s edge to the thyroid capsule for included PTMCs
were 4.9742.7 mm and 1.48+1.47 mm, respectively.

Based on these two parameters, all patients were
categorized into the four study groups described in the
“Materials and Methods” section, as follows: Group I,
n=70; Group II, n=20; Group III, »=19; and Group 1V,
n=55.

Clinical, pathological, and follow-up data were
analyzed for each case and within each of the four
groups; the data were then compared between these four
groups by univariate analysis to estimate their possible
relevance for risk stratification of patients. Table 2
summarizes the results.
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Table 2 — Univariate analysis comparing the clinical, morphological and follow-up data between the four PTMC groups

Group | Group Il Group Il Group IV
Variables Subcapsular, Nonsubcapsular, Subcapsular, Nonsubcapsular, p-value
25 mm (n=70) 25 mm (n=20) <5 mm (n=19) <5 mm (n=55)
Demographic features
Age (meanzSD, years) 51.2+10.0 51.6x11.5 51.1+7.7 52.0+11.5 0.920
Female gender (n=148) 65 (92.9) 17 (85.0) 16 (84.2) 80 (90.9) 0.580
Pathological features
Histological variant 0.012
Conventional (n=79) 41 (58.6) 3(15.0) 8 (42.1) 27 (49.1)
Follicular (n=70) 20 (28.6) 14 (70.0) 10 (52.6) 26 (47.3)
Tall cell (n=1) 0(0.0) 1(5.0) 0(0.0) 0(0.0)
Oncocytic (n=7) 4 (5.7) 1(5.0) 1(5.3) 1(1.8)
Warthin-like (n=7) 5(7.1) 1(5.0) 0(0.0) 1(1.8)
Nuclear features
Nuclear enlargement (n=164) 70 (100.0) 20 (100.0) 19 (100.0) 55 (100.0) 0.950
Overlapping (n=158) 67 (95.7) 19 (95.0) 19 (100.0) 53 (96.4) 0.890
Irregular nuclear membranes (n=164) 67 (95.7) 17 (85.0) 16 (84.2) 42 (76.4) 0.019
Grooves (n=163) 70 (100.0) 20 (100.0) 19 (100.0) 54 (98.2) 0.570
Chromatin clearing (n=158) 69 (98.6) 17 (85.0) 19 (100.0) 53 (96.4) 0.037
Pseudoinclusions (n=72) 44 (62.9) 8 (40.0) 6 (31.6) 14 (25.5) <0.001
Plump pink cells (n=40) 25 (35.7) 2(10.0) 5(26.3) 8 (14.5) 0.016
Tumor-associated stromal reaction
None (n=63) 17 (24.3) 12 (60.0) 8 (42.1) 26 (38.4) <0.001
Fibrosis (n=57) 17 (24.3) 7 (35.0) 9(47.4) 24 (43.6)
Desmoplasia (n=18) 13 (18.6) 1(5.0) 2(10.5) 2(3.6)
Sclerosis (n=26) 23 (32.9) 0(0.0) 0(0.0) 3(5.5)
Psammoma bodies (n=20) 13 (18.6) 3(15.0) 1(5.3) 3(5.5) 0.100
Intratumoral lymphocytic infiltrate (n=39) 15 (21.4) 2(10.0) 5(26.3) 17 (30.9) 0.270
Intratumoral multinucleated giant cells (n=26) 20 (28.6) 1(5.0) 1(5.3) 4 (7.3) 0.001
Tumor borders
EIX:g-SC)ircumscribed, non-encapsulated 20 (28.6) 7 (35.0) 7(36.8) 19 (34.5) 0.005
Encapsulated (n=27) 3(4.3) 6 (30.0) 5(26.3) 13 (23.6)
Infiltrative (n=84) 47 (67.1) 7 (35.0) 7 (36.8) 23 (41.8)
Multifocality (n=43) 19 (72.9) 8 (40.0) 4(21.1) 12 (21.8) 0.430
Positive resection margins (n=9) 9(12.9) 0(0.0) 0(0.0) 0(0.0) 0.005
(r’;\f;ssi;)n into the perithyroid adipose tissue 12 (17.1) 0(0.0) 3(15.8) 0(0.0) 0.004
Lymph node metastasis (n=4)* 3/10 0/0 11 0/0 0.476
Follow-up data
Administration of RAI (n=95) 42 (80.8) 11 (73.3) 11 (84.6) 31 (83.8) 0.820
Unfavorable disease-related events 1(1.9) 0(0.0) 0(0.0) 0(0.0) 0.950

(persistent disease) (n=1)

n: No. of cases; PTMC: Papillary thyroid microcarcinoma; RAI: Radioactive iodine. Statistically significant differences are shown in bold and
italics. *Data regarding only cases with lymph node dissection (10 cases Group | and one case Group Ill) — n with lymph node metastasis/

n with lymph node dissection.

Group I PTMCs (large >5 mm, subcapsular) were
significantly associated with conventional histology
(p=0.012); high-grade nuclear features, such as irregular
nuclear membranes (p=0.019), chromatin clearing (p=0.037),
and pseudoinclusions (p<0.001); the presence of plump
pink cells (p=0.016); tumor sclerosis (p=0.0001); the
presence of intratumoral multinucleated giant cells
(»=0.001); infiltrative tumor borders (p=0.005), positive
surgical margins (p=0.005); and tumor invasion into the
perithyroid adipose tissue (p=0.004). Out of the four
patients with PTMC who had documented lymph node
metastasis, three had PTMCs that had been classified as
Group 1. The only patient in our study with an unfavorable
follow-up event (persistent disease) also had PTMC that
had been classified as Group 1.

While high-risk morphological features were significantly
prevalent among Group I PTMCs, Group IV PTMCs (small
<5 mm, nonsubcapsular) revealed a completely different
morphological profile. Almost half of the cases were
PTMC:s, follicular variant (47.3%). Unlike Group I PTMCs,
Group IV PTMCs were characterized by a scarcity of
tumor-associated stromal reactions (desmoplasia 3.6% or
sclerosis 5.5%), plump pink cells (14.5%), and nuclear
pseudoinclusions (25.5%).

Group II (large >5 mm, nonsubcapsular) and III (small
<5 mm, subcapsular) PTMCs revealed a morphological
profile somewhere between those of Group I and Group
IV PTMC:s. In these groups, most PTMCs were of the
follicular variant (70.0% and 52.6%, respectively). Stromal
reactions were absent in 60% of the PTMCs in Group 11
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and in 42.1% of PTMCs in Group III. Only a few cases To further define the clinical relevance of the four
displayed plump pink cells (10.0% Group II and 26.3% PTMC groups for risk stratification, we performed a
Group III). One patient with a PTMC classified as Group = multivariate analysis using all variables that proved to be
III had lymph node metastasis, and three PTMCs in statistically significant in the univariate analysis (p<0.05)
Group III exhibited tumor invasion into the perithyroid (Tables 3 and 4).

adipose tissue.

Table 3 — Multivariate analysis comparing the pathological features between the four PTMCs

Group | Group I Group Il
Variables Subcapsular, 25 mm Nonsubcapsular, 25 mm Subcapsular, <5 mm

OR p-value 95% Cl OR p-value 95% CI OR p-value 95% CI

Histological variant

Conventional variant 1.14  0.033 1.01-293 260 0.086 0.87-7.76 1.24 0.680 0.43-3.52
Follicular variant 1.27  0.180 0.15-2.54 254 0950 0.12-3.56 0.34 <0.001 0.12-0.68
Other variants® 3.91 0.090 0.81-189 294 0.290 0.38-224 147 0.750 0.12-17.22
Nuclear features
Irregular nuclear membranes 6.91 0.004 1.85-25.70 1.75 0420 0.40-6.94 165 0470 0.41-6.57
Chromatin clearing 260 0440 0.23-29.48 0.21 0.100 0.03-1.38 5.79 0.960 0.11-7.58
Pseudoinclusions 495 0.001 2.28-10.77 195 0.220 0.66-5.75 1.35 0.600 0.43-4.23
Plump pink cells 3.26 0.010 1.33-7.98 065 0.610 0.12-3.37 2.098 0.250 0.59-7.44
Tumor-associated stromal reaction
None 0.35 0.008 0.16-0.76 1.67 0.330 0.59-4.73 0.81 0.690 0.28-2.32
Fibrosis 0.41 0.024 0.19-0.81 0.69 0500 0.24-2.01 1.16 0.770 0.40-3.31
Desmoplasia 6.04 0.022 1.30-28.05 1.39 0.790 0.12-16.27 3.11 0.270 0.40-23.84
Sclerosis 8.48 0.001 2.39-30.08 0.56 0.960 0.12-1240 058 0.950 0.11-12.50
Intratumoral multinucleated giant cells ~ 5.10  0.005 1.62-15.98 0.67 0.73 0.07-6.39 0.70 0.760 0.07-6.76
Infiltrative tumor borders 2.84 0.005 1.36-5.91 260 0.086 0.87-7.76 1.24 0.680 0.43-3.52
Positive resection margins 4.50 0.005 1.03-30.70 0.36 <0.0017 0.12-0.85 0.34 <0.0017 0.11-0.68

Invasion into the perithyroid adipose

tissue 5.36 0.001 1.37-41.50 0.36 <0.0017 0.14-0.63 555 0.980 0.63-6.89

Cl: Confidence interval; OR: Odds ratios; PTMCs: Papillary thyroid microcarcinomas. Statistically significant differences are shown in bold and
italics. @Including tall cell, oncocytic, Warthin-like.

Table 4 — Multivariate analysis comparing the pathological features between the four PTMC groups, considering Group
I (subcapsular, 25 mm) as reference

Group Il Group Il Group IV
Variables Nonsubcapsular, 25 mm Subcapsular, <5 mm Nonsubcapsular, <5 mm

OR p-value 95% Cl OR p-value 95% CI OR p-value 95% CI

Histological variant

Conventional variant 5.83 0.001 1.96-17.31 2.77 0.054 0.98-7.85 224 0.033 1.07-4.70
Follicular variant 590 0980 0.01-547 0.27 0.010 0.12-0.96 0.77 0.180 0.25-4.58
Other variants® 0.75 0.730 0.15-3.80 0.38 0.370 0.05-3.17 0.25 0.090 0.05-1.23
Nuclear features
Irregular nuclear membranes 0.25 0.110 0.05-1.37 024 0.097 0.04-1.29 0.14 0.004 0.04-0.54
Chromatin clearing 0.08 0.035 0.01-0.84 444 0950 0.12-6.84 0.38 0.440 0.03-4.34
Pseudoinclusions 0.39 0.073 0.14-1.09 0.27 0.020 0.09-0.80 0.20 0.001 0.09-0.44
Plump pink cells 0.22 0.041 0.04-093 0.64 0440 0.20-199 030 0.010 0.12-0.75
Tumor-associated stromal reaction
None 0.21 0.004 0.08-0.61 0.44 0.13 0.15-1.27 0.35 0.008 0.16-0.76
Fibrosis 168 0.340 0.57-4.88 2.80 0.06 0.97-8.04 241 0.024 1.12-5.17
Desmoplasia 0.23 0.170 0.03-1.88 0.51 041 0.10-2.51 0.16 0.022 0.04-0.79
Sclerosis 0.02 0980 0.02-12.50 0.10 095 0.10-5.78 0.11 0.001 0.03-0.41
Intratumoral multinucleated giant cells  0.13  0.056 0.02-1.05 0.14 0.06 0.02-1.11 0.19 0.005 0.06-0.61
Infiltrative tumor borders 544 0.002 1.81-16.10 259 0.071 0.92-7.30 2.09 0.049 1.00-4.36
Positive resection margins 056 0950 0.12-6.23 0.89 0.950 0.12-6.25 0.62 0.960 0.42-2.54

Invasion into the perithyroid adipose

tissue 056 0.940 0.12-2.35 090 0.890 0.22-3.60 0.95 0.950 0.12-2.35

Cl: Confidence interval; OR: Odds ratios; PTMC: Papillary thyroid microcarcinoma. Statistically significant differences are shown in bold and
italics. @Including tall cell, oncocytic, Warthin-like.

Unlike those in Group IV, Group I PTMCs indepen-  pseudoinclusions (p=0.001); presence of plump pink cells
dently correlated with the following pathological features:  (p=0.010), tumor desmoplasia (p=0.022) and sclerosis
conventional histology (p=0.033); high-grade nuclear (p=0.001), and intratumoral multinucleated giant cells
features, such as irregular membranes (p=0.004) and  (p=0.005); infiltrative tumor borders (p=0.005); positive
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resection margins (p=0.005); and invasion into the peri-
thyroid adipose tissue (p=0.001) (Table 3). Although not
reached statistical significance, because of the low
number of cases, multinomial logistic regression analysis
also revealed that the rare PTC variants (tall cell, oncocytic,
Warthin-like) were more likely to be found in Group I

than in the other groups (OR: 3.91, 95% CI: 0.81-18.9,
p=0.090). Figure 2 illustrates the abovementioned results,
summarizing the multivariate analysis when Group IV,
the most indolent PTMC group was used as the reference
for statistical analysis.

Conventional variant -— 114 1 0.033
Follicular variant - 1.27 1 0.180
Other variants (tall cell, oncocytic, Warthin-like) - 3.91 ' 0.090
Irrégular nuclear membrane —_—r— 6.91 1 0.004
Chiomatin clearing 2.60 1| 0.440
Pseudoinclusions —_—r 495 1 0.001
Plump, pink cells A EE— 3.26 ' 0.010
Stromal reaction - none . AEE—— 0.35 ' 0.008
Stromal reaction - fibrosis — 11— 0.41 1 0.024

Stromal reaction - desmoplasia
Stromal reaction - sclerosis
Intratumoral multinucleated giant cells
Infiltrative tumor borders

Positive surgical margins

Inviasion into the perithyroid adipose tissue

0.001 0.01 0.1

e 6.04 | 0.022

e 8.48 1 0.001
—_—, 510 | 0.005
—— 2.84 1| 0.005

& 450 |

0.005

* 5.36 1 0.001

1 10 100

Figure 2 — Multivariate analysis comparing the four microcarcinoma groups (using Group IV as the reference for
statistical analysis). The concept of this figure was inspired from the publication by Tallini et al. (2020) [13].

By contrast, Group IV PTMCs were significantly less
likely than Group I PTMCs to exhibit high-grade
morphological features, such as irregular nuclear membranes
(»=0.004) and pseudoinclusions (p=0.001), and presence
of plump pink cells (p=0.010), tumor desmoplasia
(»=0.022), and sclerosis (p=0.001) (Table 4).

Analysis of PTMCs in Group II revealed an independent
association with conventional histology (»=0.001) and
infiltrative tumor borders (p=0.002) (Table 4). Compared
to PTMCs in Group I, these cases exhibited significantly
fewer tumor-associated reactions (p=0.004) and plump
pink cells (p=0.041) and significantly less nuclear chromatin
clearing (p=0.035).

PTMCs from Group III were significantly less likely
to be associated with positive resection margins (p<0.001)
and follicular histology (»<0.001) than those in Group IV
and with nuclear pseudoinclusions (p=0.020) than those
in Group I (Table 3 and 4).

=& Discussions

PTMCs are generally indolent tumors harboring an
excellent prognosis [18, 21]. Despite this, data in the
literature indicate that PTMCs may include at least
two biologically different subpopulations: a large group
comprising tumors that are at a minimal or no risk of
progression, which could benefit from active surveillance
instead of immediate surgery, and a small group that
includes cases with a potentially aggressive course [29].
This dual behavior of PTMCs has gradually captured the
attention of many researchers aiming to identify as
accurately as possible those risk factors that are associated
with or could predict a high-risk PTMC phenotype (tumor
persistence or recurrence, development of lymph node
metastasis). Distinguishing those PTMCs that will cause

significant disease from those that will cause no harm
to the patient would be of exceptional clinical value:
patients who require more aggressive treatment could be
selected and separated from most patients with PTMC
who should be spared overtreatment [29]. Male gender
[30, 31], age <45 [30] or <50 [32] years old, tumor size
>5 mm [31, 33], subcapsular tumor location [13, 32],
multifocality [24, 34], aggressive histological variants of
PTC (e.g., tall cell, oncoytic, hobnail) [35-37], extra-
capsular invasion [30, 31, 33, 38], poorly defined tumor
borders, tumor-associated stromal reactions (fibrosis,
desmoplasia, and/or sclerosis), and the presence of plump
pink cells [22] have been shown to be predictors of high
risk in PTMC. However, information on most of these
variables is available only after surgery.

Our study aimed to determine whether two parameters
that can be clinically assessed, tumor size (>5 mm versus <5
mm) and location within the thyroid (subcapsular versus
nonsubcapsular), could be used for the risk stratification
of patients with PTMC. Based on these two parameters
and by applying the methodology of Tallini ef al. [13],
we divided our series of 164 cases into four PTMC
groups. Clinical, pathological, and follow-up data were
assessed and compared between these four groups by
univariate and multivariate analysis to estimate their
possible relevance for risk stratification of the patients.
Our results have highlighted important differences between
the four PTMC groups.

Group I PTMCs (large >5 mm, subcapsular) were
strongly associated with high-grade morphological features,
such as tumor desmoplasia (p=0.022) and sclerosis
(»=0.001), infiltrative tumor borders (p=0.005), tumor
invasion into the perithyroid adipose tissue (p=0.001),
positive surgical resection margins (p=0.005), and irregular
nuclear membranes (p=0.04) and pseudoinclusions (p=0.001).
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Although statistical significance was not reached, PTC
variants such as the tall cell, oncocytic, and Warthin-like
variants were more likely to be found in Group I than in
the other groups. Assessment of lymph node metastasis
revealed that three out of the four PTMCs with documented
positive lymph node involvement had been classified as
Group 1. However, we did not observe statistically significant
differences between Group I and other groups, most likely
due to the small number of patients who underwent lymph
node dissection in our study. During the follow-up period,
the only patient with an unfavorable event (persistent
disease) had a PTMC that had been classified as Group I.

While aggressive morphological features were highly
prevalent among Group I PTMCs, at the other end of the
spectrum Group IV PTMCs (small <5 mm, nonsubcapsular)
revealed a completely different morphological profile.
Almost half of cases (47.3%) were PTMCs, follicular
variant. Group IV PTMCs were characterized by a paucity
of plump pink cells (p=0.010); of high-grade nuclear
features, such as irregular nuclear membranes (p=0.004)
or pseudoinclusions (p=0.001); and of tumor desmoplasia
(p=0.022) and sclerosis (p=0.001). No patients with
Group IV PTMCs had lymph node metastasis.

Plump cell morphology first came to prominence as a
morphological feature predictive of poor prognosis in
PTCs in 2013 following the publication of a study by
Virk et al. [22]. Our results revealed a high prevalence of
plump pink cells among Group I PTMCs and a scarcity
of these cells among Group IV PTMCs, highlighting the
different tumor phenotype of the two PTMC groups.

The assessment of the tumor (T) stage in thyroid
cancer has suffered significant changes according to
the 2017 American Joint Committee on Cancer/Union
for International Cancer Control (AJCC/UICC) TNM
Classification of Tumors of Endocrine Organs [39].
Extrathyroidal extension is no longer defined as limited
tumor extension into perithyroid adipose tissue only;
gross extension into strap muscles is needed for a tumor to
be considered extrathyroidal. For PTMC, tumor extension
into the strap muscles remains rarely or even never
documented, mainly due to the small tumor size [40]. By
contrast, tumor invasion into the perithyroid adipose
tissue can be seen in peripherally located tumors. In our
study, it was significantly more prevalent among Group I
PTMCs (large >5 mm, subcapsular), highlighting their
more aggressive behavior.

Group II (large >5 mm, nonsubcapsular) and III (small
<5 mm, subcapsular) PTMCs exhibited morphological
features between those of Group I and Group IV PTMCs.
According to univariate and multivariate logistic regression,
Group II and III PTMCs displayed lower risk features
than did Group I PTMCs. Group II PTMCs were typically
of a conventional histotype and were significantly less
likely to display tumor-associated stromal reactions, plump
pink cells, and nuclear chromatin clearing than Group I
PTMCs. Group III PTMCs did not feature nuclear pseudo-
inclusions or positive resection margins.

Both the tumor size and the tumor’s site of origin
relating to the thyroid surface can easily be measured by
neck US examination, allowing preoperative stratification
of PTMCs into the one of the abovementioned groups.
Thus, this easy-to-use system of dividing PTMCs into

four risk groups could help in refining the selection of
thyroid nodules for FNA, surgery, or active surveillance.
Moreover, it could play a role in lowering the rate of
overdiagnosis and overtreatment of patients with PTMC.

Some limitations of our study are also important to be
considered. First, its retrospective character. However,
this enabled us to obtain long-term follow-up data that,
in accordance with data from the literature [18],
demonstrates the indolent biological behavior of PTMCs
in our series; only one patient experienced an adverse
event during the follow-up period. Second, we could
not evaluate lymph node involvement, an important
morphological parameter, with optimal accuracy, as in
our study only a limited number of patients with PTMC
had undergone lymph node dissection. This is mainly
because the diagnosis of cancer was made only after
surgery for most patients in our study.

= Conclusions

Tumor size and location within the thyroid are two
important, clinically accessible parameters that correlate
with specific clinicopathological factors, enabling easy four-
group risk subdivision of PTMC cases. This subdivision
of PTMC:s could have a clinical impact on the preoperative
assessment of subcentimeter thyroid nodules. Our results
have shown that a closer, more attentive follow-up and
management is justified for large (>5 mm) subcapsular
tumors, since they seem to be associated with high-grade
morphological features. By contrast, most other PTMCs,
and in particular those that are small (<5 mm) and non-
subcapsular, may be considered appropriate candidates
for active surveillance programs. However, further larger
studies with long-term follow-up data are needed to
confirm these results.
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