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Abstract

Aim: Capsule thickness and papillary carcinoma nuclear features are common diagnos-
tic criteria for invasive follicular variant papillary thyroid carcinoma (IEFVPTC), non-
invasive follicular thyroid neoplasm with papillary nuclear features (NIFT-P), and en-
capsulated papillary thyroid carcinoma (E-PTC). Our goal in this study is to evaluate
these two histomorphological criteria using computerized image analysis systems and to
determine whether they can serve as auxiliary criteria for distinguishing these diagnostic
groups.

Materials and Methods: 10 patients were selected from IEFVPTC, NIFT-P, and E-
PTC diagnostic groups. Slides containing the largest tumor diameter were scanned and
digitized. Using computerized image analysis systems, tumor capsule thickness was mea-
sured from 4 areas of 4 equal quadrants, and the average tumor capsule thickness (TCT)
was determined. Furthermore, from these 4 equal quadrants, the nucleus diameter of 10
clearly distinguishable cells was measured to determine the average tumor cell nucleus
diameter (ND).

Results: TCT and ND histomorphological criteria were statistically significant among
the diagnostic groups. For IFVPTC diagnosis, both TCT and ND were found to be
significant diagnostic tools. We demonstrated that ND can easily be used as a diagnostic
tool for NIFT-P, whereas more caution is required for TCT.

Conclusion: Differentiating papillary nuclear feature-containing follicular variant thyroid
papillary carcinomas is challenging. In this study with a limited number of patients, we
demonstrated that the TCT and ND criteria can, to some extent, contribute to differential
diagnosis between diagnostic groups. Future studies with larger patient groups and more
advanced computerized image analysis programs will yield more promising results.

@@@@ Copyright (© 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
ATl under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Additionally, while IFVPTC possesses a BRAF-like ge-

The most common of thyroid carcinomas is PTC, con-
stituting 85-90%. The second most common subtype of
PTC is the follicular variant, accounting for 9-22% of cases
[1, 2]. Among follicular variant papillary thyroid carci-
noma (FVPTC) subtypes, the commonly encountered en-
capsulated follicular variant papillary thyroid carcinoma
(EFVPTC) has been shown to have a much better prog-
nosis than infiltrative follicular variant papillary thyroid
carcinoma (IFVPTC) subtype in numerous studies [3, 4].

*Corresponding author:
Email address: dr.kilicaydan@gmail.com (®Aydan
Kilicarslan)

netic profile, EFVPTC is characterized by a RAS-like ge-
netic profile, indicating distinct molecular profiles for these
two subtypes [5, 6, 7]. Based on the presence or absence
of capsule and/or vascular invasion, EFVPTC has been
divided into invasive and non-invasive subtypes. In 2016,
the World Health Organization revised the non-invasive
EFVPTC diagnostic group, identifying that they have a
better prognosis. They added non-invasive follicular thy-
roid neoplasm with papillary nuclear features (NIFT-P)
as a new entity in thyroid endocrine classification [8]. Dif-
ferent form this entity, the IEFVPC subtype with capsule
and/or vascular invasion has been shown to have a higher
recurrence and metastatic potential in some studies [4, 6].
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For differentiation within the FVPTC group, the tumor-
parenchyma relationship and capsule continuity must be
accurately assessed. However, when evaluation criteria are
not clearly established, distinguishing between IFVPTC,
NIFT-P, and E-PTC becomes challenging. Among pathol-
ogists who are not experts in endocrine pathology, evalu-
ating capsule integrity and invasion status often presents
a challenge. Numerous sections need to be prepared from
blocks containing suspicious areas to assess capsule inva-
sion, increasing costs and prolonging the diagnostic pro-
cess. Furthermore, the diagnostic criteria used in this
group of thyroid tumors, namely the nuclear cytological
atypia of papillary tumor cells, are heterogeneous within
the tumor. Nuclear atypia evaluation criteria and defini-
tions can vary between pathology clinics [9].

Chevillar et al. identified over 43 different genes between
follicular adenoma and FVPTC in a study [10]. Molecular
tests for differential diagnosis are not widely available and
increase healthcare costs.

The role of computerized image analysis systems is ex-
panding in pathology practice [11, 12, 13]. In challenging
cases like IEFVPTC, NIFT-P, and E-PTC, computerized
image analysis can be used to precisely measure the nuclear
diameters of follicular tumor cells and capsule thicknesses.
In our research, we aimed to quantify these histomorpho-
logical criteria, compare them across IEFVPTC, NIFT-P,
and E-PTC diagnoses, and determine their potential con-
tributions to diagnosis.

Materials and Methods

Between the years 2019 and 2022, out of 2310 thyroidec-
tomy specimens conducted at our institution, 580 of them
contained follicular neoplasm. For our research, we needed
to take a more limited number of cross-sectional sam-
ples from NIFT-P, IEFVPTC, and E-PTC patient groups
within these follicular neoplasms. Therefore, the G*Power
Ver. 3.1.9.6 (G*Power, Franz FAUL, Universitdt Kiel)
software was utilized to determine the necessary sample
size for the study. The effect size for a significant difference
between research groups was calculated using values from
the article https://doi.org/10.1177/1066896919859085. In
the study, it was determined that to discern a difference
with an effect size of {=0.90 among the three groups at an
=0.05 type I error and 95% power, at least 8 samples from
each group and a minimum of 24 samples in total were
required. It was decided that for the retrospective study,
taking at least 10 samples from each group, totaling 30
samples, would be sufficient. No random sampling was
applied; the quota sampling method was used. Starting
from January 2022, records were reviewed from the most
recent to the past until the quota for each group was met.

Demographic information, tumor diameter, and tumor lo-
calization of the cases were obtained from the hospital in-
formation system. The specimens of the cases were re-
examined by two pathologists (AK, OE), and the diag-
noses were revisited. Cases with multiple tumors and those
with a tumor diameter of 5mm or smaller were excluded
from the study. The invasion was evaluated as the tu-
mor’s invasion outside the capsule and/or the presence
of vascular invasion. If there was suspicion of invasion,
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these cases (well-differentiated tumor of uncertain malig-
nant potential) were excluded from the study. The dif-
ferential diagnosis separating NIFT-P from EFVPTC was
made using the criteria specified in WHO Endocrine and
Neuroendocrine Tumours (5th ed.) (criteria in favor of
NIFT-P; <1% true papillae, no psammoma bodies, <30%
solid /trabecular /insular growth pattern, no tumor necro-
sis, low mitotic count <3 mitosis/ 2mm?2, lack of mor-
phologic characteristics of other PTC variants, e.g., tall
cell features). The diagnostic criteria for IEFVPTC cases
were; they were encapsulated tumors consisting of follicu-
lar structures with papillary nuclear features and the tu-
mor showed capsular invasion. The diagnostic criteria for
E-PTC cases were encapsulated tumors with papillary nu-
clear features. Among these E-PTC cases, those without
capsule invasion were selected for the study.

Specimens stained with H&E, where the tumor diameter
was the largest, were selected and images were transferred
electronically. Using a software analysis system (Virasoft
Software Trading Joint Stock Company /Istanbul /Turkey),
the capsule thickness was measured from 4 areas over the
4 equal quadrants. On the same images, groups of cells
showing the most nuclear enlargement and nuclear clarity
in 4 different areas were identified. The largest nuclear di-
ameter of 10 cells in this area was measured and recorded.

In 19075 Declaration of Helsinki performed all procedures.
The study was approved by the Local Institutional Clini-
cal Research Ethics Committee (Ankara City Hospital no.
1 Clinical Research Ethics Committee Chairmanship, E.
Kurul-E1-23-3286, 08.02.2023).

Statistical analysis

The conformity of measurement values to the normal dis-
tribution was checked with the Shapiro-Wilk test. In
the presentation of descriptive statistics, numbers (%)
were used for gender and pathological diagnosis; mean +
standard deviation and [95% CI] was used for age, cap-
sule thickness, and average nucleus diameter which fol-
lowed a normal distribution. For the tumor diameter
which did not follow a normal distribution, the median
(IQR-InterQuartile Range) values and [95% CI] were used.
One-way analysis of variance (ANOVA) was utilized to
compare capsule thickness and average nucleus diameter,
which conformed to a normal distribution, among diagnos-
tic groups. When a difference was found, the Bonferroni
test was applied for post-hoc pairwise comparisons. The
non-parametric variance analysis (Kruskal-Wallis) test was
used to compare the tumor diameter variable, which did
not conform to a normal distribution, among diagnostic
groups. ROC analysis was conducted to diagnose using tu-
mor capsule thickness (TCT) and average tumor nucleus
diameter (ND), and AUC (Area Under Curve) and cut-
off point values were determined. Sensitivity, specificity,
and Youden index values were calculated for the specified
different cutoff points. Statistical analysis and calcula-
tions were performed using Ms-Excel 2016 and IBM SPSS
Statistics 22.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY, IBM
Corp.). In statistical decisions, p<0.05 was considered as
an indicator of significant difference.
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Results

In the study, samples from a total of 30 patients, 9 (30%)
male and 21 (70%) female, ranging in age from 25 to 78
were used. The age and gender distribution of the samples
examined within the scope of the study were not different
between groups (respectively F = 0.310; p = 0.737 and 2=
0.966; p = 0.617).

In the examined samples, while patients’ diagnosis ages
ranged from 25 to 78, the average diagnosis age was found
to be 48.5+13.4 years. Tumor diameters ranged between
6-50 mm, and the median of the tumor diameter was calcu-
lated to be 21.0 (IQR=30.0) mm. Findings related to the
examined samples and the results of group comparisons
are summarized in Table 1.

After significant differences were observed among tumor
types in terms of TCT (Figure 1) and average ND (Fig-

(b) Tumor capsule thickness of NIFT-P (HEx40).

Figure 1. A: Where the capsule of IEFVPTC is fully
invaded, B: Tumor capsule thickness of NIFT-P.
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(b) Tumor nucleus diameter of NIFT-P (HEx100).

Figure 2. Tumor nucleus diameter of IEFVPTC and

NIFT-P.

ure 2), it was investigated whether these two variables
could be used to determine the type of tumor. As a re-
sult of the ROC analysis, both variables were found to
have sufficient sensitivity and specificity power to deter-
mine the type of "follicular neoplasms with papillary nu-
clear features" (Figure 3).

Sensitivity and specificity values for different cutoff points
of TCT and average NC were calculated, and with the
combination of these values, the Youden index value was
determined (Table 2).

Cutoff points that could be used for diagnosis based on the
tumor capsule thickness and tumor cell nucleus diameter
variables, which are shown in Table 2, were calculated.
The area under the ROC curve (AUC) values for these
calculated cutoff points and their statistical significance
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Table 1. Demographic and pathological findings related to the samples.

Variables NIFT-P IEFVPTC E-PTC Group Comparison*
Age, year (mean+Sd) 51.0£15.6 48.8+11.2 45.8+13.4 F=0.310
[95% CI] [39.8 - 66.2] [40.8 - 56.8] [35.9 - 55.7] p=0.737
Gender

Male (n=9, 30%) 2 (20%) 3(30%) 4 (40%) X2_0.966;
Female (n=21, 70%) 8 (80%) 7 (70%) 6 (60%) p=0.621
Tumor localization

Isthmus (n=6, 20%) 2(20.0%) 3(30.0%) 1(10.0%)

Right (n=9, 30%) 2(20.0%) 3(30.0%) 4 (40.0%) X2_2129;
Left (n=15, 50%) 6 (40.0%) 4 (40.0%) 5 (50.0%) p=0.712
Tumor Diameter (mm) (Median (IQR)) 14.0 (IQR=24.8) 11.5 (IQR=18.8) 32.5 (IQR=23.0) 2=3.376;
[95% CI] [10.0 - 31.2] [9.9 - 29.5] [21.6 - 41.0] p=0.185
Tumor Capsule Thickness (mean+Sd) 31.1£27.0 182.6+173.9% 25.3+12.7 F=7.663;
[95% CI] [11.8 - 50.4] [58.2 — 307.0] [16.2 - 34.4] p=0.002
Average Tumor Nucleus Diameter (mean+Sd) 6.8+0.7 8.00.72 7.1£0.7 F=7.236;
[95% CI] [6.3-7.3] [7.5 - 8.5] (6.6 - 7.7] p=0.003

3. The IEFVPTC group has a higher average capsule thickness and tumor cell nucleus diameter compared to the other NIFT-P and non-IEFVPTC groups. The

NIFT-P and E-PTC groups are statistically indistinguishable.
* F: One way ANOVA test, X2: Kruskal-Wallis test.

Table 2. Sensitivity and Specificity values for different tumor capsule thickness and tumor cell nucleus diameter cutoff

points.
2 . .
2 Tumor Capsule Thickness Tumor Nucleus Diameter
c
)
g Cutoff Point (um) Sensitivity (%) Specificity (%) Youden Index Cutoff Point (um) Sensitivity (%) Specificity (%) Youden Index
> 94.88 70 100 1.700 > 17.36 920 80 1.700
8 > 34.00 90 75 1.650 >7.25 90 75 1.650
a
E > 39.75 80 85 1.650 >7.17 90 70 1.600
w
- > 78.00 70 95 1.650 > 747 80 80 1.600
>30.75 90 70 1.600 > 1753 70 80 1.500
AUC=0.900; p<0.001 AUC=0.850; p=0.002
< 94.88 100 35 1.350 < 6.88 70 80 1.500
a < 13.63 40 90 1.300 <717 80 65 1.450
o
% < 38.88 80 50 1.300 < 7.02 70 75 1.450
< 117.88 100 30 1.300 <6.81 60 80 1.400
<30.75 70 60 1.300 <725 80 60 1.400
AUC=0.705; p=0.071 AUC=0.760; p=0.022
< 60.00 100 45 1.450 <736 80 55 1.350
%) < 34.00 80 60 1.400 <747 80 50 1.300
l’D_-I- <39.75 90 50 1.400 <725 70 55 1.250
w
< 78.00 100 40 1.400 <753 80 45 1.250
< 27.50 70 65 1.350 < 8.03 90 35 1.250

AUC=0.695; p=0.086

AUC=0.590; p=0.428

levels are also provided in Table 2. Upon examining the
AUC values, it was observed that the TCT and tumor cell
ND values can comfortably be used to diagnose IEFVPTC
(AUC=0.900; p<0.001, AUC=0.850; p=0.002). The ND
variable was identified as a good marker when diagnos-
ing NIFT-P (AUC=0.760; p=0.022). However, caution
should be exercised when using the TCT value in diag-

nosing NIFT-P (AUC=0.705; p=0.071). For diagnosing
E-PTC, it was noted that the TCT and ND diameter vari-
ables might not provide sufficient evidence, and a diagno-
sis based on these variables might not achieve satisfactory
sensitivity and specificity levels (AUC=0.695; p=0.086,
AUC=0.590; p=0.428).

1538



Kilicarslan A. et al.

ROC Curve

AUC (TCT) = 0.800; p<0.001

Sensitivity

Source of the Curve
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Figure 3. ROC Curve of Tumor Capsule Thickness
(TCT) and Tumor Cell Nucleus Diameter (ND).

Discussion

Encapsulated papillary nuclear feature-bearing follicular
neoplasms (NIFT-P, IEFVPTC, and E-PTC) require eval-
uation of a series of complex qualitative and quantita-
tive histological parameters when differentiating between
them. There is a need for simpler and more repeatable di-
agnostic methods to distinguish these group diagnoses. In
our research, we found that the numerical values of tumor
cell ND and TCT obtained with the help of an image anal-
ysis software were statistically significant in distinguishing
IEFVPTC from NIFT-P and E-PTC. Thus, we demon-
strated that these two histomorphological criteria can be
useful additional diagnostic tools during routine patholog-
ical examination.

The common diagnostic criterion in follicular neoplasms
with papillary nuclear features, including the diagnoses of
NIFT-P, IEFVPTC, and E-PTC, is the resemblance of the
tumor cell nuclei to papillary carcinoma. Nuclear scores of
2-3 for nuclear features of thyroid papillary carcinomas are
criteria also used in the diagnosis of this group of carcino-
mas [14]. However, this histological criterion does not con-
tribute to the differential diagnosis between follicular neo-
plasms with papillary nuclear features when using routine
pathological examination methods. The findings of cyto-
logical atypia are heterogeneous within the neoplasm and
require challenging and high-level specialist training for
evaluation [15]. Small changes in the diameters of tumor
cell nuclei between diagnostic groups would be hard to per-
ceive and interpret by the human eye. Computer software
programs that can overcome these challenges can convert
the features of these similar-looking cells into parameters
that can assist in diagnosis. In our study, we demonstrated
that ND values were statistically significant for differen-
tial diagnosis for IEFVPTC and NIFT-P (AUC=0.850;
p=0.002, AUC=0.760; p=0.022). We revealed that if the
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ND is 7.36 um, there is a high probability of IEFVPTC
diagnosis, and if it is 6.88 pm, the likelihood of NIFT-P
diagnosis is high.

In their study, R. Yashaswini and colleagues measured
nuclear dimensions (nuclear diameter, nuclear area, and
nuclear circumference) on thyroid cytologic materials us-
ing computerized image analysis for nuclear morphometric
studies [16]. They identified the maximum nuclear diame-
ter of tumor cells diagnosed as malignant to be 8.67 pm. In

our study, we similarly determined the tumor cell nuclear
diameter in IEFVPTC to be 7.36 pm.

In the literature, several studies have demonstrated that
nuclear size measurements on thyroid cytology materials,
when done with computerized image analysis, can serve
as a diagnostic tool to differentiate malignant lesions from
benign ones [17, 18, 19, 20]. Another study, using the
Aperio imaging system on cytology materials, has shown
that the nuclear elongation values derived from the ratio
of nuclear area to maximum and minimum diameters can
be utilized to distinguish between NIFT-P and PTC [21].

Furthermore, in a study conducted on tissue samples us-
ing computerized image analysis, it was revealed that the
chromatin textural characteristics (grey intensity) of tu-
mor cell nuclei in NIFT-P were different from those of
tumor cell nuclei in IEFVPTC [22].

During tissue processing, inadequate hydration can cause
contractions and shrinkages in nuclei. Thus, ensuring the
accuracy of morphometric measurements is closely related
to the standardization of tissue processing. Pathology clin-
ics that will use computerized image analysis should pri-
oritize establishing this standardization.

The clinical behavior and genotypic characteristics of
NIFT-P are distinct from IEFVPTC and are regarded as
an entity to be managed conservatively [8, 23]. In cases
with unclear capsular and vascular invasion, the presence
of invasion is clearly detected with new serial sections, thus
NIFT-P and E-PTC can be differentiated and IEFVPTC
can be diagnosed. However, it’s crucial for managing the
patient’s clinical treatment post-surgery. In our study,
we demonstrated that TCT could be utilized to distin-
guish between IEFVPTC, NIFT-P, and E-PTC (p<0.001).
Specifically, the optimal cut-off point for TCT was deter-
mined to be 94.9 nm. However, considering this as a sig-
nificantly high value, it is recommended to use a TCT
value of 34.0 pm, sacrificing some of the test’s diagnos-
tic power for more consistent results. A TCT of 34.0 pm
should raise suspicion of IEFVPTC, whereas the possibil-
ity of NIFT-P and E-PTC should be viewed with caution.
Pathologists should continue their pathological examina-
tion with additional leveled tissue sections, presuming the
potential oversight of a minor invasion focus in these cases.

There are limited studies in the literature about TCT
in follicular variant papillary carcinomas. One study
demonstrated that TCT could be a criterion to differ-
entiate NIFT-P from IEFVPTC, suggesting suspicion of
IEFVPTC when the TCT exceeds 0.2 mm [24]. How-
ever, the TCT values found in this study for NIFT-P,
IEFVPTC, and E-PTC are higher than in our study. The
software we used in our study might provide more precise
measurements. In another study, TCT was measured ul-
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trasonographically and microscopically, considering it an
independent risk factor for distal metastasis if it was 1lmm
[25].

Our study is limited by the small number of cases included
in the diagnostic groups. Although larger-scale studies are
needed to validate this technique for routine clinical use,
we’ve shown that when used together ND and TCT are
helpful quantitative measures in routine pathology prac-
tice to determine NIFT-P and IEFVPTC. As a result, un-
necessary lymph node dissection, radioactive iodine treat-
ment, and frequent clinical follow-ups are avoided when
NIFT-P cases are clearly distinguished from IEFVPTC
cases.

To summarize, the ability to distinguish between differ-
ent encapsulated papillary nuclear feature-bearing follicu-
lar neoplasms is crucial in pathology. Our study highlights
the potential utility of specific quantitative measurements,
such as tumor cell ND and TCT thickness, as aids in mak-
ing these differential diagnoses. Using modern tools like
software analysis can help in making these determinations
more accurate and consistent.
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