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Background: The diagnosis of thyroid neoplasms necessitates the identification of distinct histological features. Various education/hos-
pital centers located in cities across Indonesia likely result in discordances among pathologists when diagnosing thyroid neoplasms. 
Methods: This study examined the concordance among Indonesian pathologists in assessing nuclear features and capsular and vascu-
lar invasion of thyroid tumors. Fifteen pathologists from different centers independently assessed the same 14 digital slides of thyroid 
tumor specimens. All the specimens were thyroid neoplasms with known BRAFV600E and RAS mutational status, from a single center. 
We evaluated the pre- and post-training agreement using the Fleiss kappa. The significance of the training was evaluated using a paired 
T-test. Results: Baseline agreement on nuclear features was slight to fair based on a 3-point scoring system (k = 0.14 to 0.28) and poor 
to fair based on an eight-point system (k = –0.02 to 0.24). Agreements on vascular (κ = 0.35) and capsular invasion (κ = 0.27) were fair, 
whereas the estimated molecular type showed substantial agreement (κ = 0.74). Following the training, agreement using the eight-point 
system significantly improved (p = 0.001). Conclusions: The level of concordance among Indonesian pathologists in diagnosing thyroid 
neoplasm was relatively poor. Consensus in pathology assessment requires ongoing collaboration and education to refine diagnostic 
criteria.
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In 2022, thyroid neoplasm ranked as the seventh most preva-
lent cancer worldwide, with approximately 80%–90% of cases 
being papillary thyroid carcinoma (PTC) [1,2]. Histologically, 
PTC is a well-differentiated thyroid malignancy originating 
from follicular cells of the thyroid gland. The incidence of PTC 
has increased over recent decades [3,4]; however, the reasons for 
this increase have been the subject of considerable debate among 
global experts [5]. The major risk factors for PTC include ion-
izing radiation and obesity, the incidences of which have also 
continued to increase within the last decade [1]. However, the 
increasing attention to thyroid examination may also lead to 
greater detection of subclinical papillary carcinoma, as seen in 
developed countries such as South Korea and the United States 
[1]. Despite the increased incidence, mortality rates have re-
mained unchanged, suggesting a favorable prognosis with a 10-
year cause-specific survival rate in 73% of patients [3,4].

Establishing the diagnosis of PTC involves assessment of the 
gross pathology and histology of the thyroid gland. The gross 
appearance of the tumor may manifest as either solid nodules or 
cystic structures within the thyroid gland. Definitive diagnosis 
of PTC requires microscopic identification of papillary, follicular, 
and/or solid architectural structures, specific nuclear features, 
and the determination of the infiltrative pattern of the tumor [2]. 
Under the current World Health Organization (WHO) classifi-
cation, various tumor diagnoses are encompassed under ‘encap-
sulated follicular-patterned thyroid lesions’ depending on the 
nuclear features and capsular and vascular invasion [2]. Repro-
ducibility, particularly concerning the nuclear features of PTC 
and the presence of capsular and vascular invasion, was a signifi-
cant concern among experts. Previous studies have shown con-
siderable variation among pathologists when diagnosing the nu-
clear features of PTC, especially in tumors showing encapsulated 
follicular patterns [6-10]. Other studies have also highlighted 
challenges in the evaluation of thyroid tumor capsular invasion 
and minimal extrathyroidal invasion [11,12]. This variability 
encompasses both interobserver variability, which refers to dif-
ferences between experts, and intra-observer variability, which 
pertains to variations within the same expert. The absence of 
well-defined evidence-based diagnostic criteria is the primary 
reason for this variability.

Various nuclear features have been utilized to diagnose PTC, 
including identification of tumor cells with high nuclear-to-cy-
toplasm ratio; nuclear enlargement; nuclear overlap, crowding, 
and elongation; irregular nuclear contours; intranuclear cytoplas-
mic inclusions; chromatin clearing; and multiple nucleoli locat-
ed near the cell membrane [7]. To reduce variation in histologi-

cal assessments, the WHO has adopted the three-point scoring 
system originally proposed by Nikiforov et al. [13] to evaluate 
nuclear features of PTC with low subjectivity. The scoring sys-
tem consists of three measures: cell nucleus size and shape (en-
larged, elongated, and crowded), nuclear membrane features 
(irregular nuclear contour, nuclear grooves, and nuclear pseudo-
inclusion), and chromatin characteristics (clear chromatin, chro-
matin margination to the cell membrane, and glassy nuclei). 
Each criterion contributes a score of 1, resulting in a total nuclear 
score range of 0–3. A nuclear score of 0–1 does not meet the 
criteria for typical PTC, whereas a score of 2–3 is considered 
typical. In 2018, the Asian Thyroid Working Group proposed 
a more detailed eight-point scoring system to evaluate the nu-
clear features of PTC [6]. In a study by Jung et al. [14], the eight-
point scoring system was able to distinguish BRAF-like tumors 
from RAS-like tumors based on nuclear pseudo-inclusion and a 
high nuclear score. 

Indonesia comprises more than 17,000 widely dispersed is-
lands, which are organized into 38 provinces. Presently, Indo-
nesia is home to approximately 860 pathologists who exhibit a 
wide array of educational backgrounds and professional experi-
ence. The presence of various medical education centers in In-
donesia may also contribute to a higher likelihood of interob-
server disagreement in the diagnosis of certain diseases. 

To date, there have been no interobserver studies aimed at 
evaluating the extent of concordance among Indonesian pathol-
ogists in the assessment of the nuclear features and capsular and 
vascular invasion of PTC. The primary objective of this study 
was to assess the level of agreement among pathologists from 
various centers in Indonesia regarding the diagnosis of nuclear 
features as well as capsular/vascular invasion and the presumed 
molecular type of PTC cases.

MATERIALS AND METHODS

Study design

We conducted an interobserver agreement study in which 15 
pathologists from multiple educational/hospital centers in Indo-
nesia were recruited to perform an independent histology assess-
ment of thyroid neoplasm cases. As depicted in Fig. 1, the par-
ticipating pathologists were from Padang, Palembang, Bandar 
Lampung, Jambi, DKI Jakarta, Bandung, Yogyakarta, Surabaya, 
Semarang, Malang, Bali, Balikpapan, Makassar, Kupang, and 
South Halmahera. 

This study consists of two rounds of histological assessment 
with two online training sessions in between. For histological 
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assessment, the pathologists received digital slides of thyroid 
tumor specimens along with a questionnaire in which to record 
their histology conclusions. Basic demographic data about the 
pathologist’s age; sex; numbers of years in pathology practice, 
in a teaching hospital, and/or in thyroid consultancy; number 
of thyroid cases diagnosed per year; history of study abroad; the 
pathologist’s experience in diagnosing non-invasive follicular 
thyroid neoplasm with papillary- like nuclear features (NIFTP) 
in pathology practice; the routine acquisition of clinical and radi-
ology information; and the pathologist’s prior experience with 
digital pathology slides were included in the initial questionnaire 
during the first round. In addition, pathology data including the 
method used for tumor capsular sectioning and the number of 
blocks submitted for a 4-cm thyroid nodule were also analyzed.

After the first round, all pathologists received a learning module 
(Supplementary Materials) and attended two online training 
sessions directed by the authors. To evaluate the impact of the 
training, a second-round assessment was performed two months 
after the first. 

Digital slides of tumor specimens

The tumor specimens used in this study were thyroid neo-
plasms collected from Dr. Cipto Mangunkusumo Hospital, Ja-
karta, Indonesia. The histologic slides were stained with hema-
toxylin and eosin and were scanned using Aperio software (Leica 
Biosystems, Buffalo Grove, IL, USA) and converted into digital 
slides accessible for online viewing. Both rounds of assessment 
consisted of 14 cases of thyroid neoplasms. The second round 
comprised seven cases previously examined in the first round 
and seven new cases. We randomly mixed the sample cases in 
the second round to prevent memory bias. We determined the 
mutational status of BRAFV600E and RAS for all specimens 
following a previous procedure [15]. Seven of each BRAFV600E 
and RAS mutations were identified in each round.

This study evaluated the pathologists’ diagnoses of thyroid 

neoplasm, particularly their evaluation of the nuclear features of 
PTC. We asked each pathologist to assess the nuclear features 
based on the two nuclear scoring systems. As noted above, the 
three-point scoring system developed by Nikiforov et al. [13] 
encompasses three key parameters of nuclear size and shape, 
membrane abnormalities, and chromatin characteristics (Table 1). 
The evaluation of nuclear features was enhanced by a compre-
hensive eight-point scoring system modified from the schemes 
of Liu et al. [6] and Jung et al. [14]. The eight-point scoring 
system used in the current study encompassed the assessment of 
nuclear enlargement, nuclear crowding, nuclear elongation, ir-
regular nuclear contour, nuclear grooves, nuclear pseudo-inclu-
sion, chromatin clearing, and PTC-nuclear feature distribution. 
Specific scores were assigned to each of these features, as outlined 
in Table 2. The nuclear examination was conducted using adja-
cent benign follicular thyroid tissue as a comparative reference.

In addition to the evaluation of nuclear features, assessment of 
capsular and vascular invasion (categorized as invasive, non-inva-
sive, or equivocal), molecular status (classified as BRAF-like or 
RAS-like), and whether the case was straightforward or doubtful 
was also completed.

Statistical analyses

The pathologists’ demographic information was presented in 
the form of categorical data, displayed as frequencies and per-
centages. The levels of interobserver agreement in the first and 
second rounds were analyzed using Fleiss kappa statistical anal-
ysis. The interpretation of kappa’s statistical result was as fol-
lows: 0.01–0.20, slight agreement; 0.21–0.40, fair agreement; 
0.41–0.60, moderate agreement; 0.61–0.80, substantial agree-
ment; and 0.81–0.99, almost perfect agreement. A kappa value 

Fig. 1. The geographical distribution of participating pathologists. 
Each main island of Indonesia had at least one participating pa-
thologist, with the largest number coming from Java and Sumatra.

Table 1. Three-point nuclear score system

Nuclear feature Score

Nuclear size and shape
   Nuclear enlargement
   Nuclear crowding/overlapping
   Nuclear elongation

0: Absent or only slightly expressed
1: Present or well developed

Membrane irregularities
   Irregular membrane contour
   Nuclear grooves
   Nuclear pseudoinclusions

0: Absent or only slightly expressed
1: Present or well developed

Chromatin characteristics
   Chromatin clearing
    Margination of chromatin to  

  membrane
   Glassy nuclei

0: Absent or only slightly expressed
1: Present or well developed

Total score 0–1: Not diagnostic for PTC nuclei
2–3: Diagnostic for PTC nuclei

PTC, papillary thyroid carcinoma.
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of 1 indicated perfect agreement, while values < 0 indicated 
pure chance alone. A stratified analysis based on endocrine exper-
tise was also performed. All statistical analyses were performed 
using SPSS software ver. 20 (IBM Corp., Armonk, NY, USA).

RESULTS

The average age of pathologists in this study was 46 years, 
and the majority was female. Most participating pathologists 
were based in teaching hospitals, with an average of 10 years of 
practical experience. Nine respondents were pathologists who 
had passed national board examinations with a subspecialty in 
endocrinology. The number of thyroid cases diagnosed by the 
respondents ranged from 21 to 1,200 per year, with a median of 
110 cases and interquartile range of 50–217 cases (Table 3). The 
tumor sampling techniques varied between the pathologists; 
some pathologists sectioned the entire capsule of follicular-pat-
terned tumors, while all other pathologists sampled < 8 blocks. 
Most of the pathologists were familiar with digital pathology.

The sample cases exhibited varying degrees of ambiguity 
(Fig. 2), which consequently influenced the interobserver agree-
ment. The greatest level of agreement among pathologists was 
reported for a case with a positive RAS mutation, for which 
most pathologists provided a total nuclear score of 1. The assess-
ment for other histological parameters such as capsular invasion 

Table 2. Eight-point nuclear scoring system 

Nuclear feature Score

Nuclear enlargement 0: Absent
1: Present in < 10% of tumor cells
2: Present in ≥ 10% of tumor cells

Nuclear crowding/ overlapping 0: Absent
1: Present in < 10% of tumor cells
2: Present in ≥ 10% of tumor cells

Nuclear elongation 0: Absent
1: Present in < 10% of tumor cells
2: Present in ≥ 10% of tumor cells

Irregular membrane contour 0: Absent
1: Present in < 10% of tumor cells
2: Present in ≥ 10% of tumor cells

Nuclear grooves 0: Absent
1: Present in < 10% of tumor cells
2: Present in ≥ 10% of tumor cells

Nuclear pseudoinclusions 0: Absent
1: Present

Chromatin clearing 0: Absent
1: Present in < 10% of tumor cells
2: Present in ≥ 10% of tumor cells

PTC-nuclear features distribution 0: Focal
1: Diffuse

Total score 0–14

PTC, papillary thyroid carcinoma.

Table 3. Demographics of participating pathologists

Characteristic No. (%)

Age (yr)
   Mean ± SD 45.7 ± 5.1
   31–40 1 (6.7)
   41–50 12 (80.0)
   51–60 2 (13.3)
Sex
   Male 3 (20.0)
   Female 12 (80.0)
Years of practice
   Mean ± SD 10.3 ± 3.9
   0–5 2 (13.3)
   6–10 7 (46.7)
   11–20 6 (40.0)
Teaching hospital
   Yes 12 (80.0)
   No 3 (20.0)
Pathology consultant
   Yes 9 (60.0)
   No 6 (40.0)
Thyroid case/yr
   Median (min–max) 110 (21–1,200)
   IQR (25–75) 50–217
Study pathology abroad
   Yes 5 (33.3)
   No 10 (66.7)
Length of study (mo)
   Mean ± SD 8.2 ± 9.9
   1–6 3 (60.0)
   7–12 1 (20.0)
   13–18 0
   19–24 1 (20.0)
Topic/field of the study
   Bone marrow pathology 1 (20.0)
   Lymphoma 1 (20.0)
   Molecular pathology 2 (40.0)
   Vascular 1 (20.0)
Section entire tumor capsule
   Yes 7 (46.7)
   No 8 (53.3)
Blocks sample in a 4 cm thyroid nodule
   < 5 blocks 4 (50.0)
   5–8 blocks 4 (50.0)
   > 8 blocks 0
Diagnose NIFTP in pathology practice
   Yes 15 (100)
   No 0
Receive clinical and radiological information in routine practice
   Yes 6 (40.0)
   Sometimes 8 (53.3)
   No 1 (6.7)
First time using digital pathology
   Yes 4 (26.7)
   No 11 (73.3)

SD, standard deviation; IQR, interquartile range; NIFTP, non-invasive follicu-
lar thyroid neoplasm with papillary-like nuclear features.
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also varied between the pathologists.

Pathologist agreement regarding the assessment of nuclear 
features 

In the first round of assessments using the three-point sys-
tem, the Fleiss kappa values were as follows: nuclear size and 
shape (κ = 0.14), chromatin features (κ = 0.21), and membrane 
irregularities (κ = 0.28). These findings indicated slight to fair 
agreement among pathologists when evaluating each nuclear 
feature. When evaluating the total score for nuclear features us-
ing the three-point system, only slight agreement between the 
pathologists assessments was evident (κ = 0.17). Using the eight-

point nuclear scoring system, the Fleiss kappa values represented 
poor to fair agreement (Table 4), with the highest kappa values 
obtained for the assessment of nuclear pseudo-inclusion (κ = 

0.24) and nuclear elongation (0.20). The lowest kappa value was 
obtained for the assessment of PTC nuclear features distribution 
(κ = –0.02) and nuclear crowding/overlapping (κ = 0.01). The 
concordance for the total score of nuclear features based on the 
eight-point system was poor (κ = –0.01).

Although not statistically significant (p = .052), there was an 
improvement in the average kappa agreement of the three-
point nuclear score system following the training (Table 5). In 
the second (post-training) round, the pathologists displayed fair 

Fig. 2. (A) The assessment of the microscopic appearance of this NRASQ61R-mutated case led to the most significant interobserver dis-
agreement when using a three-point scoring system, primarily due to the ambiguous nature of the nuclear features. (B) The assessment of 
this HRASQ61R mutated-case led to the strongest interobserver agreement when assessed using a three-point system. Most pathologists 
assigned a total nuclear score of 1 for this case. (C) A BRAFV600E-mutated papillary thyroid carcinoma case showing marked nuclear alter-
ations such as nuclear crowding, an irregular nuclear membrane, chromatin clearing, and nuclear grooves, with most pathologists agreeing 
on a total score of 3. (D) All pathologists noted vascular invasion (arrow). (E) This case demonstrated the greatest level of interobserver dis-
agreement regarding capsular invasion, with some pathologists indicating "no" and others indicating "equivocal" (arrow).

A B

C

E

D
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to moderate agreement when evaluating the nuclear size and 
shape (κ = 0.30), membrane irregularities (κ = 0.57), and chro-
matin features (κ = 0.59). When evaluating the total score of nu-
clear features based on the three-point system, the pathologists 
displayed a fair level of agreement (κ = 0.39). Furthermore, there 
was a significant improvement in the agreement when using the 
eight-point nuclear scoring system (p = .001). The pathologists 
displayed fair agreement when assessing most nuclear features 
and moderate agreement when evaluating irregularities of the 
membrane contour (κ = 0.48). The only feature with slight agree-
ment was nuclear grooves (κ = 0.19). The agreement for the total 
nuclear score based on the eight-point system was slight (κ = 

0.05). As displayed in Fig. 3, total nuclear scores for both the 
three- and eight-point systems were lower in the second round 
than in the first round. 

The study also compared the assessments of the 15 patholo-
gists in the two rounds of slide assessments (Fig. 4). Four pa-
thologists (Nos. 4, 7, 9, and 15) demonstrated uniformity in 
their average nuclear scores with the three-point assessment be-
tween the two rounds. Upon analysis of the scores obtained us-
ing the eight-point scoring system, two pathologists (Nos. 2 

and 7) demonstrated marked differences in nuclear scoring as-
sessment compared to the initial round, while only three pa-
thologists (Nos. 4, 9, and 13) showed minimal alterations in 
the evaluative outcomes between the two rounds.

Stratified analysis based on the expertise of pathologists

Using the three-point system, the interobserver agreement 
for nuclear features was higher among endocrine experts com-
pared to non-endocrine experts (Fig. 5). The greatest agreement 
among the endocrine experts was obtained when assessing chro-
matin features (κ = 0.52), followed by membrane irregularities 
(κ = 0.27) and nuclear size and shape (κ = 0.22). In comparison, 
non-endocrine experts displayed fair agreement for membrane 
irregularities (κ = 0.21) and slight agreement for both chroma-
tin features (κ = 0.10) and nuclear size and shape (κ = 0.08). The 
endocrine experts displayed fair agreement for the total nuclear 
score of the three-point system (κ = 0.26) relative to the slight 
agreement seen among the non-experts (κ = 0.11). 

Using the eight-point nuclear score system, both the endo-
crine and non-endocrine experts showed variation in their level 
of concordance (Fig. 5). The endocrine experts displayed better 
agreement regarding nuclear pseudo-inclusion (κ = 0.31) relative 
to the non-endocrine experts (κ = 0.18). However, the non-endo-
crine experts displayed more concordance when assessing other 
nuclear features, such as nuclear elongation, nuclear enlarge-
ment, irregular membrane contour, and chromatin clearing.

After the training, there was significant improvement in the 
agreement between the endocrine and non-endocrine experts 
when assessing nuclear features (Fig. 6). In the second (post-

Table 4. Agreement regarding nuclear features assessment using the three-point and eight-point scoring systems

Nuclear feature
Round one Round two

Kappa p-value 95% CI Strength Kappa p-value 95% CI Strength

Three-point scoring system
   Nuclear size and shape 0.14 < .001 0.14 to 0.14 Slight 0.30 < .001 0.30 to 0.30 Fair
   Membrane irregularities 0.28 < .001 0.28 to 0.28 Fair 0.57 < .001 0.57 to 0.58 Moderate
   Chromatin features 0.21 < .001 0.20 to 0.21 Fair 0.59 < .001 0.59 to 0.59 Moderate
   Total score 0.17 < .001 0.17 to 0.17 Slight 0.39 < .001 0.39 to 0.39 Fair
Eight-point scoring system
   Nuclear enlargement 0.09 .001 0.08 to 0.09 Slight 0.36 < .001 0.36 to 0.36 Fair
   Nuclear crowding/overlapping 0.01 .987 –0.01 to 0.01 Slight 0.38 < .001 0.38 to 0.38 Fair
   Nuclear elongation 0.20 < .001 0.20 to 0.20 Slight 0.37 < .001 0.37 to 0.38 Fair
   Irregular membrane contour 0.13 < .001 0.13 to 0.13 Slight 0.48 < .001 0.48 to 0.48 Moderate
   Nuclear grooves 0.07 .005 0.07 to 0.08 Slight 0.19 < .001 0.19 to 0.20 Slight
   Nuclear pseudo-inclusion 0.24 < .001 0.24 to 0.24 Fair 0.35 < .001 0.35 to 0.36 Fair
   PTC-nuclear features distribution –0.02 .481 –0.02 to –0.02 Poor 0.23 < .001 0.23 to 0.23 Fair
   Chromatin clearing 0.12 < .001 0.12 to 0.12 Slight 0.38 < .001 0.38 to 0.39 Fair
   Total score –0.01 .611 –0.01 to –0.01 Poor 0.05 < .001 0.04 to 0.05 Slight

CI, confidence interval; PTC, papillary thyroid carcinoma.

Table 5. Paired T-test analysis on the average kappa value before 
and after training

Variable Round Mean kappa 95% CI p-value

Three-point score system First 0.21 –0.57 to 0.01 .052
Second 0.49

Eight-point score system First 0.10
–0.32 to –0.16

.001
Second 0.34

CI, confidence interval.
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training) round, the experts displayed moderate agreement when 
assessing each nuclear feature using the three-point system: κ = 

0.52 for membrane irregularities; κ = 0.44 for nuclear size and 
shape; and κ = 0.44 for chromatin features. Furthermore, the 
non-endocrine experts displayed substantial agreement when as-
sessing chromatin features (κ = 0.69), moderate agreement for 
membrane irregularities (κ = 0.57), and fair agreement for nucle-
ar size and shape (κ = 0.20). Both the endocrine experts (κ = 0.34) 
and non-experts (κ = 0.39) reached fair agreement when assess-
ing the total nuclear score using the three-point system. Using 
the eight-point system, the agreement level showed considerable 
variation, as displayed in Fig. 6. The endocrine experts showed 
better agreement when assessing nuclear elongation, nuclear 
crowding/overlapping, nuclear pseudo-inclusion, and chromatin 
clearing compared to the non-experts. 

Pathologists’ agreement for other histological parameters

This study also analyzed interobserver agreement for the as-
sessment of additional histological parameters, including the 

presumed molecular type and the presence of vascular and/or 
capsular invasion (Table 6). The kappa statistics indicated sub-
stantial agreement for all pathologists (κ = 0.74) regarding the 
presumed genetic type, with an almost perfect agreement level 
among endocrine experts. The accuracy of the molecular type 
identification ranged from 67%–100%, with 10 pathologists 
assigning 100% correct answers. The assessment of vascular in-
vasion reached fair agreement among all pathologists (κ = 0.35). 
A stratified analysis displayed better agreement (k = 0.53) for the 
assessment of vascular invasion among the non-endocrine experts 
compared to the experts. The capsular invasion agreement was 
fair among all groups. 

DISCUSSION

Obtaining consistency in thyroid neoplasm diagnosis presents 
a challenge to pathologists across the globe. Variation between 
assessments performed by individual pathologists may arise due 
to the application of different standard criteria in different geo-

Fig. 3. Box plots of total nuclear scores using the three-point scoring system (A) and the eight-point scoring system (B). As shown by the 
vertical axis, the total nuclear score after training was lower and showed a narrower range compared to the first round. Using the eight-point 
score system, there was a significant difference between the level of agreement in the first and second rounds (p = .001). aThe p-value is ob-
tained from the mean calculation of Kappa value using a paired T-test.
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graphic regions [9,10]. Pathologists in developed countries often 
employ ancillary tools such as immunohistochemistry and mo-
lecular examinations to assist in the establishment of a diagnosis. 
Although such methods are widely accepted, it is crucial to un-
derstand that the final diagnosis of thyroid neoplasm relies on 

the assessment of morphological features [16]. Our study con-
firmed that pathologists in Indonesia, influenced by their educa-
tional background, experiences, and viewpoints, demonstrated 
only moderate agreement when applying the standardized di-
agnostic criteria. We assessed concordance among pathologists 

Fig. 5. Comparison of kappa values for nuclear features between endocrine and non-endocrine experts in the first round. PTC, papillary thy-
roid carcinoma.
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from several cities in Indonesia with varied educational back-
grounds and working environments when assessing the histo-
pathological features of thyroid neoplasms. The discordances 
highlight the need for clear and uniform standards in patholog-
ical evaluation to reduce variability in interpretations.

The nuclear features of thyroid neoplasms range widely from 
nuclei with minimal atypia to prominent nuclear changes. The 
heterogeneity of the nuclear morphology is due in part to the 
presence of molecular alterations such as BRAFV600E and RAS 
mutations. Tumors with BRAFV600E mutations have more 
prominent PTC nuclear features, while those with RAS muta-
tion show less noticeable nuclear features [14]. Additional ge-
netic alterations may also contribute to the typical morphologi-
cal features of PTC, including translocation of the NTRK gene, 
THADA-IGF2BP3 gene fusion, and DICER1 mutation [17-19]. 
The three-point nuclear scoring system is currently used by ex-
perts to diagnose NIFTP and papillary carcinoma. A total nuclear 
score of 0–1 favors a diagnosis of benign tumors while a total nu-
clear score of 2–3 favors NIFTP or carcinoma. This study found 
only slight to fair baseline concordance among Indonesian pa-
thologists when assessing nuclear features using the three-point 
system. This result indicated lower concordance than was re-
ported in an earlier validation study of the three-point nuclear 
system that showed good to substantial concordance among pa-
thologists across California, the UK, and Japan [7]. Nonetheless, 
consistent with this earlier study, nuclear size and shape were the 
criteria with the lowest concordance, whereas membrane irreg-
ularity was the criterion with the highest agreement level [7]. 

Although the three-point system acts to standardize the di-
agnosis of nuclear features in thyroid tumors, continuous refine-
ment is needed to accommodate the complexity of pathological 
features while ensuring an accurate and consistent diagnosis [7]. 
We also evaluated concordance among pathologists when evalu-
ating nuclear features using the eight-point system. The baseline 
concordance among pathologists ranged widely from poor to 
fair. The pathologists demonstrated the greatest agreement for 
nuclear pseudo-inclusion. The three-point scoring system dem-
onstrated better agreement than the eight-point scoring system, 

suggesting that its simplicity may facilitate more consistent as-
sessments.

The training was significantly effective in enhancing the level 
of agreement among participating pathologists, particularly 
when using the eight-point nuclear scoring system. Following 
the training, moderate agreement was obtained for assessment 
of membrane irregularities, chromatin features, and irregular 
membrane contours. Interestingly, the feature of nuclear grooves 
yielded the greatest discordance, even after training. This find-
ing contrasts with the results from a study by Elsheikh et al. [9], 
which identified nuclear grooves as having the second-highest 
level of agreement after nuclear clearing. Despite recent en-
hancements, the concordance achieved with the scoring system 
remains suboptimal, potentially attributable to variability in the 
experience of and thyroid case volumes among pathologists. The 
study conducted by Thompson et al. [7] demonstrated a minor 
trend in which pathologists practicing in the UK exhibited 
slightly lower accuracy than those in California and Japan.

The comparative analysis of performance scores for the 15 pa-
thologists across two evaluation rounds provided insights into 
the dynamic nature of diagnostic assessments. This analysis of 
this line chart highlighted significant fluctuations in individual 
pathologist scores within each round, suggesting variability in 
the application of the scoring systems. These observations un-
derscore the complexities of achieving uniformity in pathologi-
cal assessment and highlight the need for ongoing training and 
calibration among pathologists to enhance the reliability of the 
processes used to diagnose thyroid neoplasms.

Another important finding was the correlation between the 
clinician’s area of expertise and the level of diagnostic agreement. 
Our findings suggest that endocrine experts often reach consen-
sus on cellular characteristics, while non-endocrine experts dem-
onstrate consistency in other aspects. According to Farmer et al. 
[20], expert input often significantly alters the initial diagnosis, 
with a very low kappa coefficient indicating substantial differ-
ences between assessments by expert and non-expert patholo-
gists. Kerkhof et al. [21] reported moderate agreement among 
pathologists with varying levels of expertise when evaluating 

Table 6. Agreement regarding the assessment of other histological parameters 

 
Molecular type Vascular invasion Capsular invasion

Kappa p-value 95% CI Strength Kappa p-value 95% CI Strength Kappa p-value 95% CI Strength

All pathologists 0.74 < .001 0.74–0.74 Substantial 0.35 < .001 0.35–0.36 Fair 0.27 < .001 0.29–0.27 Fair
Endocrine experts 0.84 < .001 0.84–0.85 Almost perfect 0.21 < .001 0.21–0.22 Fair 0.26 < .001 0.26–0.27 Fair
Non-endocrine experts 0.69 < .001 0.68–0.69 Substantial 0.53 < .001 0.52–0.52 Moderate 0.25 < .001 0.25–0.26 Fair

CI, confidence interval.
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dysplasia, with greater concordance achieved when assessing 
more advanced cases. Notably, Thompson et al. [7] found that a 
uniform scoring system fosters agreement among pathologists 
in different subspecialties when diagnosing papillary carcinoma. 
Together, these findings suggest that, while expertise is irre-
placeable, particularly in complex cases, the definition and adop-
tion of clear, structured diagnostic criteria may provide common 
ground upon which to establish diagnostic objectivity and clar-
ity, and interobserver agreement should improve.

Additional histological features contributing to the diagnostic 
challenges presented by PTC include capsular and/or vascular 
invasion. The categories of capsular invasion span non-invasive, 
questionable invasion, and unequivocally invasive forms. Zhu 
et al. [11] reported fair agreement among thyroid pathologists 
for non-invasive and invasive tumors, whereas questionable in-
vasion elicited poor agreement, indicating that borderline tu-
mors pose a significant challenge in the practice of thyroid pa-
thology. The present study, which involved the evaluation of a 
mixture of encapsulated and invasive cases, resulted in fair agree-
ment overall in determining capsular invasion. The identifica-
tion of vascular invasion holds critical importance not only in es-
tablishing a definitive diagnosis, but also in prognostication and 
assessing the aggressiveness of the disease [22]. This study dem-
onstrated fair to moderate agreement among pathologists when 
evaluating vascular invasion. The assessment of vascular invasion 
is complicated by several factors, including the presence of clefts 
that mimic vessels and artifacts related to floating tumor cells. 
Some immunohistochemistry markers (such as CD 31 or ERG) 
might help to evaluate this feature more robustly but were not 
used in this study.

The potential to utilize histological assessment to predict genetic 
alteration of thyroid tumors has been emphasized by several experts 
[15,19]. In the present study, the agreement among pathologists 
regarding the identification of tumors with BRAFV600E or RAS 
mutations ranged from substantial to nearly perfect. Ten pathol-
ogists involved in this study demonstrated 100% accuracy. The 
three-point scoring system exhibited 85%–94% accuracy for 
prediction of molecular alterations in NIFTP [19]. Notably, nu-
clear pseudo-inclusion is believed to be a distinctive feature of 
BRAFV600E-mutated PTC.

The major limitation of this study was the heterogeneous 
background and broad experience among pathologists. The small 
number of pathologists limited the generalizability of the find-
ings to the large population of Indonesian pathologists. 

Following the training, the overall agreement among pathol-
ogists when assessing nuclear features using the three- and eight-

point scoring systems was slight to moderate. There was fair 
agreement regarding the identification of capsular invasion, 
whereas fair to moderate agreement was achieved for vascular in-
vasion. The level of agreement was greatest for presumed genetic 
type. Despite enhancements to the scoring systems, the level of 
agreement attained in this study remained below optimal, pos-
sibly due to the diverse backgrounds of the individual patholo-
gists. The pursuit of national standardization in pathological as-
sessment, and especially with respect to the evaluation of nuclear 
features, is an ongoing effort that requires collaboration among 
pathologists to refine the applicable criteria, enhance training, 
and ultimately improve the reliability and validity of diagnostic 
processes in the field of thyroid pathology.
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