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ABSTRACT

Introduction and aim. Thyroid nodules are common, though few are malignant. In lower-middle-income countries such as Sri
Lanka, limited diagnostic resources make accurate preoperative assessment essential to avoid unnecessary surgery. While the
Thyroid Imaging reporting and Data System (TIRADS) and Bethesda systems are widely used, both have limitations, particularly
in differentiating follicular lesions. This study aimed to evaluate the potential value of immunocytochemistry (ICC) as an adjunct
to preoperative diagnosis in suspicious thyroid nodules.

Material and methods. A prospective observational diagnostic accuracy study was conducted on 106 patients with TIRADS >3
nodules. Fine-needle aspiration cytology was classified using the Bethesda system, and cell blocks from 34 cases underwent
ICC with HBME-1, CK-19, and CD-56. Final diagnoses were established using histopathology where available or a composite
reference standard based on stable imaging follow-up over two years. Diagnostic performance was assessed using logistic re-
gression, ROC curves, and confusion matrices.

Results. Bethesda showed sensitivity of 80.8% and specificity of 60.6% (AUC=0.73), while TIRADS showed sensitivity of 89.0%
and specificity of 30.3% (AUC=0.65). Among the ICC-tested cases, specificity was 100%; sensitivities were 94.1% for HBME-1,
88.2% for CD-56, and 41.2% for CK-19. The HBME-1*/CD-56" pattern was strongly associated with malignancy. The combined
Bethesda+ICC model demonstrated the best predictive performance (lowest AIC). Papillary carcinoma was the most frequent
malignancy.

Conclusion. In this cohort, ICC using HBME-1, CK-19, and CD-56 showed potential as an adjunct to the Bethesda classification
for the preoperative assessment of thyroid nodules. These findings suggest a possible role for ICC in selected cases, although
further studies with larger histologically confirmed cohorts are needed.
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Introduction

Thyroid nodules are a common clinical finding, al-
though only a small proportion are malignant. Accurate
preoperative diagnosis is therefore essential to ensure
appropriate patient management and to avoid unneces-
sary surgical intervention." With the global incidence of
thyroid carcinoma continuing to rise, reliable methods
for distinguishing benign from malignant thyroid nod-
ules remain an important clinical priority.?

Ultrasonography (USS) and fine-needle aspiration
cytology (FNAC) are the principal preoperative diag-
nostic tools used in the evaluation of thyroid nodules.
USS findings are commonly reported using the Thyroid
Imaging Reporting and Data System (TIRADS), while
ENAC results are classified according to the Bethesda
System for Reporting Thyroid Cytopathology.> These
approaches play a central role in risk stratification and
surgical decision-making. However, both modalities
have recognized limitations, particularly in the eval-
uation of follicular-patterned lesions, as they provide
limited information regarding tissue architecture. As a
result, distinguishing benign follicular adenomas from
malignant follicular neoplasms may remain challeng-
ing, leading to diagnostic uncertainty and, in some cas-
es, unnecessary surgical procedures.

This diagnostic challenge is particularly relevant in
lower-middle-income countries such as Sri Lanka, where
healthcare resources are limited and avoiding unneces-
sary surgery is an important clinical and economic con-
sideration. Although histopathological examination
remains the gold standard for the diagnosis of thyroid tu-
mors, it requires surgical excision and therefore cannot be
used as a preoperative diagnostic tool. Furthermore, both
cytological and histological assessment of thyroid lesions
may be complicated by the gland’s predominantly follicu-
lar architecture and nodular growth patterns.*

To improve preoperative diagnostic accuracy, sever-
al immunomarkers have been investigated as adjuncts to
conventional cytological assessment. While these mark-
ers are traditionally applied to surgically resected speci-
mens, they can also be evaluated on FNAC-derived cell
block preparations using immunocytochemistry (ICC).
This approach utilizes material obtained during routine
FNAC and may provide additional diagnostic informa-
tion without requiring more invasive procedures. There-
fore, ICC performed on FNAC-derived cell blocks has
the potential to serve as a practical adjunct to existing
diagnostic methods, particularly in resource-limited
settings. This study aimed to assess the value of selected
ICC markers in improving the preoperative diagnosis of
suspicious thyroid nodules.

Aim
Accordingly, the present study aimed to assess the utility
of immunocytochemistry as an adjunctive technique to

improve the accuracy of preoperative diagnosis in sus-
picious thyroid nodules. This study further explored the
feasibility and potential diagnostic contribution of im-
munocytochemistry performed on FNAC-derived cell
blocks alongside conventional TIRADS and Bethes-
da assessment in a Sri Lankan resource-limited setting,
where access to advanced molecular diagnostic tech-
niques is limited.

Material and methods

A prospective observational diagnostic accuracy study
was carried out at the Departments of Radiology and Pa-
thology of Colombo South Teaching Hospital (CSTH),
Sri Lanka, and the Department of Pathology, Faculty of
Medical Sciences (FMS), University of Sri Jayewardene-
pura (USJP). A total of 106 patients presenting with thy-
roid nodules radiologically suspected to be malignant
(TIRADS category 3 or higher) on ultrasonography
were recruited for the study. Patients with incomplete
or inadequate radiological data were excluded. Ethi-
cal approval for the study was obtained from the Ethics
Review Committee of the Faculty of Medical Sciences,
USJP (Ref. No. 65/2019). Written informed consent was
obtained from all study participants.

Ultrasonography (USS) examinations were per-
formed and reported by a consultant radiologist accord-
ing to the TIRADS classification. Ultrasound-guided
fine-needle aspirations (FNAs) were subsequently ob-
tained from the radiologically suspected malignant
nodules by the same radiologist. Direct smears were
prepared from the aspirated material, while the resid-
ual needle rinse was used for cell block preparation.
Cell blocks were processed using the alcohol-acid-for-
malin (AAF) method. Both the direct smears and cell
block sections were stained with hematoxylin and eosin
(H&E). The stained preparations were independently
examined by two consultant pathologists and catego-
rized according to the Bethesda System for Reporting
Thyroid Cytopathology.

ICC staining was performed on adequately cellu-
lar FNAC-derived cell block sections using a manual
streptavidin-biotin peroxidase method. Heat-induced
epitope retrieval was carried out in citrate buffer (pH
6.0) using a pressure cooker. The immunocytochemical
panel consisted of HBME-1 (Invitrogen; diluted 1:24),
CK-19 (Dako; ready-to-use), and CD56 (Dako; ready-
to-use). Following antigen retrieval, the sections were
incubated with the respective primary antibodies for
one hour. A secondary antibody and 3,3'-diaminoben-
zidine (DAB) chromogen were subsequently applied,
and the slides were counterstained with hematoxylin.
Appropriate positive and negative controls were includ-
ed in each staining batch. The stained slides were inde-
pendently evaluated by two consultant pathologists who
were blinded to the cytological diagnosis.
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For interpretation, cytoplasmic and/or membranous
staining patterns were assessed according to the specific
marker characteristics. HBME-1 and CK-19 were consid-
ered positive when moderate to strong membranous or
cytoplasmic staining was observed in more than 10% of
tumor cells, whereas CD56 expression was interpreted as
positive when diffuse membranous staining was detected
in more than 10% of follicular cells. Loss of CD56 expres-
sion was considered supportive of malignancy. If any dis-
crepancies were observed between the two pathologists, a
joint slide review followed by a consensus discussion was
undertaken to resolve the differences and ensure consis-
tency and accuracy in the final interpretations.

All patients included in the study were prospectively
followed over a period of two years to determine the fi-
nal outcome of their thyroid nodules as benign or malig-
nant. For those who underwent surgical excision during
the follow-up period, the definitive diagnosis was estab-
lished through histopathological examination of the re-
sected specimen. Among patients who did not undergo
surgery, nodules that were classified as TIRADS 3 or 4
on ultrasonography or reported as non-diagnostic on
initial FNAC were re-evaluated with repeat FNAC. In
addition, serial ultrasonographic assessments were per-
formed at six-month intervals to monitor changes in
nodule size, morphology, or the appearance of suspi-
cious features. If, during the follow-up period, any ul-
trasound scan revealed a nodule categorized as TIRADS
3 or above, a repeat FNAC was carried out.

The reference standard for malignancy was based
on a composite outcome. Nodules reported as Bethes-
da category II on cytological evaluation were consid-
ered benign and managed with surveillance. Surgical
intervention was undertaken when indicated based
on comprehensive clinical, radiological, and cytolog-
ical assessment (e.g., suspicion of malignancy, trache-
al compression, significant cosmetic concerns, or poor
compliance with follow-up). In patients who underwent
surgery, the final diagnosis was determined by histo-
pathological examination.

In the absence of surgical indications, patients were
followed for two years. Nodules that remained stable in
size and imaging characteristics and did not require sur-
gery during follow-up were classified as benign for this
study.

Clinical management was undertaken through stan-
dard multidisciplinary evaluation involving surgeons,
radiologists, and the treating team. The estimated risk
of malignancy was communicated to patients, and de-
cisions regarding surgical intervention were made fol-
lowing shared clinical discussions integrating imaging,
cytological, and clinical findings.

Data analysis was performed using the R language
(version 4.3.1). Descriptive statistics were presented as
frequencies and proportions. Diagnostic accuracy cal-

culations were based on a composite reference standard
consisting of histopathological diagnosis in surgical-
ly treated patients and two-year clinical and radiologi-
cal follow-up in patients who did not undergo surgery.
Fisher’s exact test was employed to evaluate associations
between categorical diagnostic variables. Logistic regres-
sion analysis was conducted to quantify the strength and
direction of associations among relevant variables. The
diagnostic performance of the tests was further assessed
using the receiver operating characteristic (ROC) curve
analysis. Sensitivity, specificity, positive predictive val-
ue (PPV), and negative predictive value (NPV) were cal-
culated based on the confusion matrix. A p-value of less
than 0.05 was considered statistically significant. Logis-
tic regression was performed to evaluate the predictive
performance of cytological, radiological, and immuno-
histochemical classification systems for malignancy. Six
predefined models were assessed: (1) ICCxBethesda, (2)
ICCxTI-RADS, (3) ICC alone, (4) BethesdaxTI-RADS,
(5) Bethesda alone, and (6) TI-RADS alone. Model per-
formance was compared using the Akaike Information
Criterion (AIC), with lower values indicating better rel-
ative model fit. AIC was used for comparative evaluation
within the dataset and does not imply absolute predictive
superiority. Models were constructed based on clinical
relevance without automated variable selection.

Results

The majority of the participants in the study were fe-
males (n=84, 79.2%). The age of the enrolled partic-
ipants ranged from 15 to 76 years, with a mean and
standard deviation of 47.20 + 12.90, respectively.

All 106 radiologically malignancy-suspected pa-
tients were subjected to FNAC. Of them, 78 (73.58%)
were diagnosed as cytologically benign, while 28
(26.41%) were diagnosed as malignant or suspicious
of malignant. At the two-year follow-up, 24 of the 78
cytologically benign patients had undergone surgery.
Of those 24 patients, 15 patients were histological-
ly confirmed to have malignant nodules, while 9 had
benign nodules. Of the 28 cytologically malignant or
malignancy-suspected patients, only 21 had undergone
surgery. Of those 21 patients, 18 were histologically
confirmed to have malignant tumors, while 3 patients
were confirmed to have benign nodules.

As only patients with radiologically suspected ma-
lignancies were enrolled in the study, all patients were
classified in TIRADS 3 or above categories. The ma-
jority (n=80, 75.4%) of the nodules belonged to the
TIRADS 4 category (TIRADS 4a: n=54, TIRADS 4b:
n=8, TIRADS 4c: n=18). Furthermore, 21 nodules in
the TIRADS 3 cohort and 5 in the TIRADS 5 cohort
were also reported.

Although all 106 enrolled patients had radiological-
ly malignant nodules, only 28 (26.4%) had cytological-
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ly diagnosed with suspicion of malignant (Bethesda 5:
n=20, 18.9%) or malignant (Bethesda 6: n=8, 7.5%)
nodules. The majority (n=43, 40.6%) of the nodules be-
longed to the benign category (Bethesda 2). Further-
more, 15 Bethesda 3 nodules, 14 Bethesda 1 nodules,
and 6 Bethesda 4 nodules were also reported (Fig 3).
Of the 20 cytologically malignant-suspected nodules,
the majority (n=10) belonged to the TIRADS 4c cat-
egory. The other ten patients were classified into TI-
RADS 4a (n=6), TIRADS 3 (n=2), TIRADS 4b (n=1),
and TIRADS 5 (n=1) categories. Of the 8 cytological-
ly malignant patients, 6 were classified in TIRADS 4c,
and the other 2 cases were distributed in one per each
of TIRADS 4b and TIRADS 5 categories (Table 1).

Table 1. Association of TIRADS classification and FNAC
results*

TIRADS category vs direct cytology cross tabulation

Direct cytology — Bethesda category

1 2 3 4 5 6 fotal
3 1 14 3 1 2 0 2
4 N 26 9 2 6 0 54
TIRADS Category 4b 1 2 1 2 1 1 8
4¢ 1 0 1 0 10 6 18
5 0 1 1 1 1 1 5
Total 14 L3 15 6 20 8 106

* Non-diagnostic or unsatisfactory — Bethesda 1, benign
- Bethesda 2, atypia of undetermined significance or
follicular lesion of undetermined significance - Bethesda
3, follicular neoplasm or suspicious of follicular neoplasm
- Bethesda 4, suspicious for malignancy - Bethesda 5,
malignant — Bethesda 6

Among the forty-five (n=45) patients who had un-
dergone surgery, thirty-three (n=33) were histolog-
ically confirmed to have malignant tumors, while the
remaining twelve (n=12) were confirmed to have be-
nign nodules. Of the 33 confirmed malignant cases,
only 18 were both radiologically and cytologically ma-
lignancy suspected/ malignant (papillary thyroid car-
cinoma: n=16, papillary microcarcinoma: n=02), while
the other 15 cases were cytologically non-malignant
(papillary thyroid carcinoma: n=10, follicular variant
of papillary thyroid carcinoma: n=03, cystic papillary
thyroid carcinoma: n=01 and papillary microcarcino-
ma: n=01). However, radiologically and cytologically
malignancy suspected three cases (Chronic thyroiditis:
n=2, hyperplastic nodule: n=1) were histologically con-
firmed to have benign nodules. Nine patients were ra-
diologically, cytologically, and histologically confirmed
to have benign nodules (chronic thyroiditis: n=3; mul-
tinodular goiter: n 3; hyperplastic nodule: n 2; and col-
loid cyst: n=1).

Among the forty-five patients who underwent sur-
gery, papillary thyroid carcinoma was identified as the

most common type (n=26) of malignant tumor (TI-
RADS 4a=10, TIRADS 4c=9, TIRADS 4b=3, TIRADS
3 =3, TIRADS 5=1). In addition, 3 papillary micro-
carcinoma cases (TIRADS 3: n=1, TIRADS 4c: n=1,
TIRADS 5: n=1), 3 follicular variants of papillary car-
cinoma (TIRADS 3: n=1, TIRADS 4a: n=1, TIRADS
4b: n=1), and one cystic papillary carcinoma case
(TIRADS 5=1) were reported.

Of the twelve (n=12) patients who were histological-
ly confirmed to have benign nodules, 5 had chronic thy-
roiditis (TIRADS 3: n=2, TIRADS 4c:n=2, TIRADS 4a:
n=1), while three had hyperplastic nodules (TIRADS 4a
=3), two had multinodular goiter with thyroiditis (TI-
RADS 4a n=2), and one had a colloid cyst (TIRADS 3).

At the two-year follow-up, seventy-three (n=73) pa-
tients had clinically benign outcomes (TTIRADS 3: n=15,
TIRADS 4a: n=38, TIRADs 4b: n=5, TIRADS 4c: n=18,
TIRADS 5: n=5).

Of the 26 patients with confirmed papillary thyroid
carcinoma (PTC), sixteen were cytologically malignan-
cy suspected (Bethesda 5: n=10) or malignant (Bethes-
da 6: n=6), while 6 cases were in Bethesda 2, 2 cases in
Bethesda 1, and 1 case each in Bethesda 3 and 4 cat-
egories. However, the three papillary microcarcino-
ma cases belonged to the Bethesda 2 (n=1), Bethesda
5 (n=1), and Bethesda 6 (n=1) categories.

All three (n=3) follicular variants of papillary thy-
roid carcinoma patients were in cytologically nonma-
lignant categories (Bethesda 2: n=1, Bethesda 3: n=1,
Bethesda 4: n=1), while they were radiologically classi-
fied under TIRADS 3, 4a, and 4b categories. Further-
more, one (n=1) cystic papillary thyroid carcinoma
case was reported, and it was classified as Bethesda
category 5 and TIRADS category 5.

Standardized residual analysis demonstrated a sig-
nificant association between TIRADS classifications
(=TIRADS 3) and Bethesda categories, indicating that
nodules with higher TIRADS scores were more like-
ly to align with higher Bethesda categories, particular-
ly among radiologically suspected malignant nodules.
A statistically significant correlation was observed be-
tween TIRADS classification (XTIRADS 3) and Bethes-
da categories (p=0.00009). Additionally, Fisher’s exact test
revealed a significant association between TIRADS clas-
sification and the benign-malignant status of patients at
two-year follow-up (p=0.046). Notably, the TIRADS 4c
category had a significant contribution to this association
(p=0.047), with nodules in this category demonstrating
a four-fold increased risk of malignancy compared to
those classified as TIRADS 3 (Table 2). ROC curve anal-
ysis further indicated that the TIRADS system possessed
a limited to modest discriminatory ability to differentiate
between benign and malignant lesions, with an area un-
der the curve (AUC) of 0.65 (Fig. 1).
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Table 2. Logistic regression data analysis - TIRADS
classification

TIRADS classification 0dd ratio 95% CI1 p
3 — —
4a 091 0.29,3.24 0.900
4b 3.20 0.57,18.9 0.200
4c 4.00 1.06,16.9 0.047
5 213 0.23,16.9 0.500

Fig. 1. ROC curve for the ultrasound scan findings
(AUC=0.5: model performs like random guessing, AUC=1.0:
model perfectly separates positive and negative cases,
AUC > 0.5: model has some ability to predict correctly)

Furthermore, a statistically significant association
was identified between the Bethesda classification and
the benign-malignant status of patients at the two-year
follow-up (p=0.00143). Logistic regression analysis re-
vealed that patients classified as Bethesda category 6
had a significantly increased likelihood of malignancy,
with an odds ratio of 13.1 (95% CI: 2.52-102; p=0.004),
compared to those in Bethesda category 2. Similarly,
individuals in Bethesda category 5 exhibited a fivefold
higher risk of malignant outcomes (OR: 5.0; 95% CI:
1.70-18.0; p=0.005) (Table 3). The Bethesda system also
demonstrated a moderate discriminatory capacity for
distinguishing between benign and malignant lesions,
as indicated by an AUC of 0.73 (Fig. 2)

Table 3. Logistic regression data analysis — Bethesda
classification

Bethesda classification 0dd ratio 95% confidence p
interval
Bethesda 02 - - -
Bethesda 03 0.67 0.09,4.99 0.600
Bethesda 04 438 0.70,27.9 0.100
Bethesda 05 535 1.70,18.0 0.005

Bethesda 06 131 2.52,102 0.004

Fig. 2. ROC curve of FNAC findings compared to histology
(AUC=0.5: model performs like random guessing.,
AUC=1.0: model perfectly separates positive and negative
cases, AUC > 0.5: model has some ability to predict
correctly)

Diagnostic performance was evaluated separately in
the histology-verified subgroup and the entire cohort.
In the histology-verified subgroup, where histopa-
thology served as the gold standard, TIRADS (=TR4)
demonstrated a sensitivity of 94.3%, specificity of 22.2%,
PPV of 77.3%, NPV of 57.1%, and accuracy of 75.0%. In
comparison, Bethesda classification showed a sensitiv-
ity of 62.9%, specificity of 77.8%, PPV of 88.0%, NPV
of 46.7%, and accuracy of 67.3%. In the entire cohort,
using a composite reference standard, TIRADS showed
a sensitivity of 89.04%, specificity of 30.30%, PPV
of 73.86%, NPV of 55.56%, and accuracy of 70.75%,
whereas Bethesda demonstrated a sensitivity of 80.82%,
specificity of 60.61%, PPV of 87.94%, NPV of 58.82%,
and accuracy of 74.53% (Fig. 3).

Table 4. Frequency of HBME-1, CK-19 and CD-56
immunomarker

IHC_HBME1 HESEDS6 Total
Negative Positive Equivocal

Negative IHC_CK19  Negative 17 17
Total 17 17

Positive IHC_CK19  Negative 5 0 5
Positive 7 0 7

Focal positive 2 2 4

Total 14 2 16

Focal Positive IHC_CK19  Focal positive 1 1
Total 1 1

Total IHC_CK19  Negative 5 17 0 22
Positive 7 0 0 7

Focal positive 3 0 2 5

Total 15 17 2 34
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Fig. 3. Microscopic appearance of cell block sections and
direct cytology smears, A: Cell block section showing
papillary structures characteristic of papillary thyroid
carcinoma (H&E stained, x100 magnification), B: Cell block
section showing nuclear pseudoinclusions typical of papillary
thyroid carcinoma (H&E stained, x100 magnification),

C: Direct smear of papillary thyroid carcinoma displaying
nuclear pseudoinclusions (H&E stained, X200 magnification),
D: Cell block section demonstrating hyperplastic benign
nodules of a hyperplastic thyroid nodule (H&E stained, X200
magnification), E: Direct smear showing benign follicular
epithelial cells in a hyperplastic nodule (H&E stained, X100
magnification)

ICC was performed on 34 FNAC-derived cell blocks
with adequate cellularity. Of these, 17 (50.0%) cases were
negative for HBME-1, 16 (47.1%) were positive, and one
(2.9%) was focally positive. All HBME-1-negative cas-
es were negative for CK-19 and positive for CD56. In
contrast, among the HBME-1-positive or focally posi-
tive cases, the majority demonstrated positive or focally
positive CK-19 expression together with loss of CD56
expression (Table 4) (Fig. 4).

A statistically significant association was observed
between the expression patterns of HBME-1, CK-19,
and CD56 and the final benign-malignant status of thy-
roid nodules at two-year follow-up (p<0.001). All three
markers demonstrated 100% specificity. Sensitivity
was highest for HBME-1 (94.11%), followed by CD56
(88.23%) and CK-19 (41.17%). ROC analysis yielded
AUC values of 1.00 for HBME-1, 0.853 for CK-19, and
0.882 for CD56.

Fig. 4. IHC staining patterns observed in the study,

A: Negative staining for HBME-1 (x40 magnification),

B: Focal staining for CK-19 (x40 magnification), C: Focal
staining for HBME-1 (X200 magnification), D: Positive
staining for CK-19 (x200 magnification), E: Positive staining
for HBME-1 (X200 magnification), F. Positive staining for
CD-56 (x200 magnification)

Of the 34 cases evaluated by ICC, 24 had histo-
pathological confirmation, while 10 were classified ac-
cording to the two-year follow-up reference standard.
The ten non-operated cases were negative for HBME-1
and CK-19 and positive for CD56 and demonstrated be-
nign clinical outcomes throughout follow-up.

When ICC findings were compared with the final
diagnosis, all nodules negative for HBME-1 and CK-19
but positive for CD56 were classified as benign. Con-
versely, all nodules demonstrating positive or focally
positive HBME-1 staining were classified as malignant.
Among the 17 malignant cases, CK-19 was positive in
seven (n=7) cases, focally positive in five (n=>5) cases,
and negative in five (n=5) cases. CD56 expression was
absent in 15 cases, while two (n=2) cases demonstrated
equivocal staining.

PTC was the most common malignant lesion iden-
tified in the ICC subgroup, accounting for 12 of 34 cases
(35.3%). All PTC cases demonstrated positive or focally
positive HBME-1 staining. CK-19 expression was posi-
tive in four cases, focally positive in five cases, and neg-
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ative in three cases. CD56 expression was absent in 11
of 12 PTC cases, while one case demonstrated equivocal
staining. No PTC case demonstrated the combination of
HBME-1 negativity and CD56 positivity.

Among the papillary microcarcinoma cases (n=2),
one showed positivity for both HBME-1 and CK-19
with loss of CD56 expression, while the other was pos-
itive for HBME-1, negative for CK-19, and negative for
CD56. The cystic and follicular variants of papillary thy-
roid carcinoma each demonstrated positive HBME-1
and CK-19 staining with loss of CD56 expression. The
multifocal PTC case was positive for HBME-1 and neg-
ative for both CK-19 and CD56.

All benign lesions, including chronic thyroiditis
(n=4), colloid cyst (n=1), hyperplastic nodule (n=1),
and multinodular goiter with thyroiditis (n=1), demon-
strated the characteristic staining pattern of HBME-1
negativity, CK-19 negativity, and CD56 positivity.

The predictive performance of six logistic regres-
sion models was compared using the Akaike Informa-
tion Criterion (AIC), with lower values indicating better
relative model fit. The combined immunocytochemistry
(ICC) and Bethesda classification model demonstrated
the lowest AIC value (AIC=4), indicating the best rela-
tive fit among the evaluated models. The ICCXTIRADS
model showed the second-lowest AIC value (AIC=12),
followed by ICC alone (AIC=14), BethesdaxTIRADS
(AIC=18), Bethesda alone (AIC=20), and TIRADS
alone (AIC=22). Overall, models incorporating ICC
showed lower AIC values than models based solely on
TIRADS or Bethesda classifications. These findings sug-
gest that the addition of ICC may improve the relative
predictive performance of conventional classification
systems in identifying malignant thyroid nodules with-
in this study cohort.

Discussion

The observed female predominance and peak incidence
in the fourth to fifth decades are consistent with estab-
lished epidemiological patterns in thyroid neoplasia.®®
These findings support previously reported associations
between thyroid neoplasia and biological susceptibility
factors, including hormonal influences and X-chromo-
some inactivation, although the exact mechanisms re-
main incompletely understood.’

The relatively higher false-negative rate observed in
the cytology findings highlights recognized limitations
of FNAC in routine clinical practice. While false-posi-
tive results were infrequent, false-negative findings may
result from sampling inadequacy, operator-dependent
factors, and overlapping cytomorphological features
between benign and malignant lesions.'® In particular,
atypical cyst lining cells, granular cytoplasm, cytoplas-
mic processes, small micronodules, and subtle nucle-
ar features may contribute to diagnostic uncertainty

and misclassification.'"* These findings reinforce the
well-recognized challenges associated with the diagno-
sis of follicular-patterned lesions using cytology alone.

Misclassification of follicular variants of papil-
lary thyroid carcinoma further illustrates the inher-
ent limitations of cytology. Subtle nuclear alterations,
such as nuclear enlargement, membrane irregularities,
and chromatin clearing, may overlap with benign reac-
tive changes when present in a limited number of cells,
thereby reducing diagnostic specificity."” This reinforces
the recognized difficulty in distinguishing follicular-pat-
terned lesions using cytology alone.

The significant association between higher TIRADS
categories (4c and 5) and malignancy supports the clin-
ical utility of ultrasound-based risk stratification. How-
ever, the magnitude of risk observed in the present study
was lower than that reported in previous studies, includ-
ing an Indian study demonstrating higher risk estimates
across TIRADS categories."”” Despite these differences,
the progressive increase in malignancy risk with high-
er TIRADS categories supports its role as a stratification
tool rather than a standalone diagnostic method.

Comparison of TIRADS and Bethesda classification
demonstrated complementary diagnostic strengths. In
the histology-verified subgroup, TIRADS showed higher
sensitivity, supporting its role in reducing missed malig-
nancies, whereas the Bethesda classification demon-
strated higher specificity and positive predictive value.
A similar pattern was observed in the overall cohort us-
ing the composite reference standard. These findings are
broadly comparable to those reported by George et al.,
although differences in specificity and overall diagnostic
performance may reflect variations in case selection, in-
clusion of indeterminate nodules, and the use of a com-
posite reference standard.” The comparatively lower
diagnostic accuracy relative to larger cohorts' further
highlights the influence of case mix and methodologi-
cal differences. Collectively, these findings support the
complementary use of radiological and cytological as-
sessment in the evaluation of thyroid nodules.

The observed differences in diagnostic performance
between the histology-verified subgroup and the over-
all cohort may be explained by verification bias and the
use of a composite reference standard. Histopatholo-
gy-based evaluation provides a definitive diagnosis but
is limited to surgically treated patients, who are more
likely to have a higher risk of malignancy. In contrast,
inclusion of non-operated cases in the overall cohort
may introduce potential misclassification, particular-
ly among patients managed conservatively. Therefore,
these findings should be interpreted in light of the ap-
plied reference standards and the characteristics of the
study population.

The present study demonstrates the added value of
immunocytochemistry in improving diagnostic pre-
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cision, particularly in indeterminate cases. The high
specificity observed for HBME-1, CK-19, and CD-56
supports their utility as adjunctive markers.'">'¢ The su-
perior performance of HBME-1 is consistent with its
established association with papillary thyroid carcino-
ma,'”'® while lower sensitivities reported in other stud-
ies may reflect differences in tumour spectrum.'®?
Although CK-19 demonstrated lower sensitivity, its
high specificity supports its role in excluding malignan-
cy when negative.?' The absence of CD-56 expression in
malignant nodules further reinforces its inverse associ-
ation with malignancy.?-*

The marker expression patterns observed in this
study are consistent with the concept of panel-based
interpretation. The combination of HBME-1 positivi-
ty, CK-19 positivity, and loss of CD-56 expression was
associated with malignant lesions, whereas benign le-
sions typically demonstrated the opposite staining pro-
file. Similar observations have been reported previously,
supporting the potential value of combined marker as-
sessment.” This approach may be particularly relevant
in resource-limited settings where access to advanced
molecular diagnostic techniques is limited.?** In addi-
tion, subtype-specific expression patterns observed in
papillary thyroid carcinoma and its variants were broad-
ly consistent with previous reports.?** However, given
the relatively small number of cases evaluated by immu-
nocytochemistry, these findings should be regarded as
preliminary and require validation in larger cohorts be-
fore firm conclusions can be drawn.

Although markers such as galectin-3, BRAF VEI,
and TROP-2 have demonstrated diagnostic value in thy-
roid cytology, they were not included in the present study
because they were not part of the routinely applied pan-
el during the study period. Future studies incorporating
broader immunocytochemical and molecular panels may
provide additional diagnostic information.

In the present study, the AUC for TIRADS was 0.65,
indicating limited to modest discriminatory ability. Al-
though this suggests some capacity to differentiate be-
tween benign and malignant lesions, such performance
does not reflect strong diagnostic accuracy. Therefore,
TIRADS classification alone may be insufficient to guide
definitive clinical decision-making, and its findings
should be interpreted in conjunction with cytological,
immunocytochemical, and clinical parameters.

Comparative AIC analysis suggested that the com-
bined immunocytochemistry and Bethesda classifi-
cation model provided the most favorable relative fit
among the evaluated models. Models incorporating im-
munocytochemistry generally demonstrated lower AIC
values than models based solely on TIRADS or Bethes-
da classifications. However, these findings should be
interpreted cautiously. The relatively small number of
cases available for immunocytochemistry increases the

risk of overfitting and limits the generalizability of mod-
el-based inferences. Consequently, the observed differ-
ences in AIC values should be regarded as exploratory
indicators of relative model fit rather than evidence of
superior predictive performance.

Several limitations should be considered when in-
terpreting the findings of this study. Histopathological
confirmation was available only for patients who under-
went surgical excision, creating the potential for verifica-
tion bias. Patients managed conservatively were classified
according to cytological findings and imaging stabili-
ty during two years of follow-up, which reflects routine
clinical practice but may not completely exclude indolent
malignancies. Furthermore, the relatively small number
of malignant outcomes and immunocytochemistry-test-
ed cases may have increased the risk of model overfitting
and reduced the precision of multivariable estimates. The
wide confidence intervals observed for several predic-
tors further suggest uncertainty in some effect estimates.
Therefore, the multivariable and model-comparison find-
ings should be interpreted as exploratory and require
confirmation in larger, independent cohorts.

Conclusion

This study demonstrates that while TIRADS and the
Bethesda system are valuable tools in the preoperative
evaluation of thyroid nodules, each has inherent limita-
tions, particularly in the assessment of follicular-patterned
lesions. The findings suggest that immunocytochemistry
using a panel of HBME-1, CK-19, and CD-56 may pro-
vide useful additional diagnostic information when used
as an adjunct to conventional radiological and cytological
assessment. The combined use of immunocytochemistry
with Bethesda classification showed improved predictive
performance within the study cohort and may help re-
duce diagnostic uncertainty in selected cases. These find-
ings indicate a potential role for immunocytochemistry
in supporting preoperative decision-making, particular-
ly in resource-limited settings where access to advanced
molecular diagnostics is restricted. However, given the
relatively small number of cases evaluated by immuno-
cytochemistry, further validation in larger, independent
cohorts is required before its routine clinical application
can be recommended.

Acknowledgements

The authors gratefully acknowledge Dr. Apsara Epa and
Dr. Cherine Sosai of Colombo South Teaching Hospital,
Colombo, for their valuable contributions to data col-
lection.

Declarations

Funding

The Cancer Research Grant (002/2019) and University
Research Grant (ASP/MED/01/2021/55) from the Uni-



Pre-operative diagnosis of suspicious thyroid nodules — an integrated multidisciplinary approach

455

versity of Sri Jayewardenepura, Sri Lanka, provided fi-
nancial support for the study. The funder had no role
in the design, data collection, data analysis, and re-
porting of this study.

Author contributions

Conceptualization, H.K, B.S., N.E, A.P, B.G. and A.S;
Methodology, H.K., B.S., A.P. and B.G.; Software, H.K;
Validation, H.K., B.S., N.E A.P,, and B.G.; Formal Anal-
ysis, H.K and B.S.; Investigation, H.K,, B.S., N.F, AP,
and B.G.; Resources, B.S. and N.E.; Data Curation, H.K,
B.S., N.E, A.P, B.G. and A.S.; Writing - Original Draft
Preparation, H.K.; Writing - Review & Editing, H.K,
B.S.,,N.E, A.P, B.G. and A.S,; Visualization, H.K.; Super-
vision, B.S., N.E, A.P, B.G. and A.S.; Project Administra-
tion, B.S.,N.E, A.P, B.G. and A.S; Funding Acquisition,
B.Sand N.E

Conflicts of interest
The authors have no financial or proprietary interest in
any material discussed in this article.

Data availability

Data supporting the findings of this study are available
from the corresponding author upon reasonable re-
quest.

Ethics approval

Ethical approval for the study was obtained from the
ethics review committee of the Faculty of Medical Sci-
ences, University of Sri Jayewardenepura (65/19) and
informed written consent was taken from every partic-
ipant of the study.

Use of AI and Al-assisted technologies in the writing
process

During the preparation of this work, the author(s) used
ChatGPT to correct the language. After using this tool/
service, the author(s) reviewed and edited the content as
needed and take/s full responsibility for the content of
the published article.

References

1. Mazeh H, Mizrahi I, Halle D, et al. Development of a mi-
croRNA-based molecular assay for the detection of pa-
pillary thyroid carcinoma in aspiration biopsy samples.
Thyroid. 2011;21(2):111-118. do0i:10.1089/thy.2010.0356

2. Jayarajah U, Fernando A, Prabashani S, Fernando EA,
Seneviratne SA. Incidence and histological patterns of
thyroid cancer in Sri Lanka 2001-2010: an analysis of na-
tional cancer registry data. BMC Cancer. 2018;18(1):163.
doi:10.1186/s12885-018-4083-5

3. Grant EG, Tessler FN, Hoang JK, et al. Thyroid Ultraso-
und Reporting Lexicon: White Paper of the ACR Thy-
roid Imaging, Reporting and Data System (TIRADS)

10.

11.

12.

13.

14.

15.

16.

17.

Committee. ] Am Coll Radiol. 2015;12(12PtA):1272-
1279. doi:10.1016/j.jacr.2015.07.011

Liu H, Lin E Application of immunohistochemistry in
thyroid pathology. Arch Pathol Lab Med. 2015;139(1):67-
82. doi:10.5858/arpa.2014-0056-RA

Baloch Z, Mete O, Asa SL. Immunohistochemical biomar-
kers in thyroid pathology. Endocr Pathol. 2018;29(2):91-
112. doi:10.1007/s12022-018-9526-4

Dabbagh AA, Ibraheem MM. Clinical, cytological and hi-
stological correlation of thyroid nodule(s): an observatio-
nal study. ] Med Sci Clin Res. 2019;7(1):61-70.

Kristo B, Krzelj IV, Krzelj A, Perkovi¢ R. Ultrasound-gu-
ided fine needle aspiration cytology (FNAC): an asses-
sment of the diagnostic potential in histologically proven
thyroid nodules. Acta Clin Croat. 2022;61(1):184-188.
Kumar SK, Seetharamaiah T, Rampure D, Ramakrishna C,
Devi RY. Thyroid nodule: cytohistological correlation. Sch
J App Med Sci. 2013;1(6):745-747.

Brix TH, Knudsen GP, Kristiansen M, Kyvik KO, Qrstavik
KH, Hegediis L. High frequency of skewed X-chromo-
some inactivation in females with autoimmune thyroid
disease: a possible explanation for the female predispo-
sition to thyroid autoimmunity. J Clin Endocrinol Metab.
2005;90(11):5949-5953. d0i:10.1210/jc.2005-1366
Haberal AN, Toru S, Ozen O, Arat Z, Bilezik¢i B. Dia-
gnostic pitfalls in the evaluation of fine needle aspiration
cytology of the thyroid: correlation with histopatholo-
gy in 260 cases. Cytopathology. 2009;20(2):103-108. doi:
10.1111/j.1365-2303.2008.00594.x

Kumar S, Aqil S, Dahar A. Role of fine needle aspiration cy-
tology in thyroid diseases. J Surg Pak (Int). 2008;13(1):23-26.
Malheiros DC, Canberk S, Poller DN, Schmitt F. Thyro-
id FNAC: causes of false-positive results. Cytopathology.
2018;29(5):407-417. doi:10.1111/cyt.12560

George NA, Suresh S, Jiji V, et al. Correlation of TIRADS
and Bethesda scoring systems with final histopathology
of thyroid nodules: an institutional experience. Indian
J Otolaryngol Head Neck Surg. 2022;74(3):5753-5758.
doi:10.1007/s12070-021-02380-8

Horvath E, Majlis S, Rossi R, et al. An ultrasonogram
reporting system for thyroid nodules stratifying cancer
risk for clinical management. J Clin Endocrinol Metab.
2009;94(5):1748-1751. doi:10.1210/jc.2008-1724

Cha H, Pyo JY, Hong SW. The usefulness of immunocytoche-
mistry of CD56 in determining malignancy from indetermi-
nate thyroid fine-needle aspiration cytology. J Pathol Transl
Med. 2018;52(6):404-410. doi:10.4132/jptm.2018.09.20
Margari N, Giovannopoulos I, Pouliakis A, et al. Ap-
plication of immunocytochemistry on cell block sec-
tions for the investigation of thyroid lesions. Acta Cytol.
2018;62(2):137-144. doi:10.1159/000485824

Chen Y], Zhao RM, Zhao Q, et al. Diagnostic significance
of elevated expression of HBME-1 in papillary thyroid car-
cinoma. Tumour Biol. 2016;37(7):8715-8720. doi:10.1007/
$13277-015-4169-5



456

European Journal of Clinical and Experimental Medicine 2026; 24 (3): 447-456

18.

19.

20.

21.

22.

23.

24.

Ozolins A, Narbuts Z, Strumfa I. Diagnostic value of
HBME-1, galectin-3, and cytokeratin 19 in thyroid pa-
thology. Proc Latv Acad Sci Sect B Nat Exact Appl Sci.
2010;64(5-6):200-206.

Xiong Y, Luo D, Cheng S, Dong Y, Liu Y. Diagnostic value
of immunomarkers in thyroid tumors: a comparative stu-
dy. Endocr Pathol. 2021;32(2):161-168.

Sanuvada R, Nandyala R, Chowhan AK. Utility of HBME-
1 and galectin-3 in differentiating benign and malignant
follicular-patterned lesions of the thyroid. J Lab Physi-
cians. 2020;12(3):199-205. doi:10.1055/s-0040-1716607
de Matos PS, Ferreira AP, de Oliveira Facuri F, Assumpgéo
LV, Metze K, Ward LS. Usefulness of HBME-1, cytokera-
tin 19 and galectin-3 immunostaining in the diagnosis of
thyroid malignancy. Histopathology. 2005;47(4):391-401.
doi:10.1111/§.1365-2559.2005.02221.x

Kyung MS, Jeong HS, Kim BM. Diagnostic utility of
CD56 in papillary thyroid carcinoma. Korean ] Pathol.
2011;45(6):573-578.

Pyo JS, Kim DH, Yang J. Diagnostic value of CD56 im-
munohistochemistry in thyroid lesions. Int J Biol Markers.
2018;33(2):161-167. doi:10.1177/1724600818754620

El Demellawy D, Nasr AL, Babay S, Alowami S. Diagnostic
utility of CD56 immunohistochemistry in papillary car-
cinoma of the thyroid. Pathol Res Pract. 2009;205(5):303-
309. doi:10.1016/j.prp.2008.11.007

25.

26.

27.

28.

29.

30.

Nasr M, Mukhopadhyay S, Zhang S, et al. Immunohisto-
chemical markers in diagnosis of papillary thyroid carci-
noma: utility of HBMEI combined with CK19 immuno-
staining. Mod Pathol. 2006;19(12):1631-1637. doi:10.1038/
modpathol.3800705

Agrawal SJ, Patil SB, Umap PS, Oberoi JS, Agrawal SS.
Diagnostic utility of fine needle aspiration cytology and
cell block technique in thyroid lesions. ] Med Sci Clin Res.
2020;8(7). doi:10.18535/jmscr/v8i7.72

Cochand-Priollet B, Giannini C, Dupuy R, Vénissac N, Al-
wan Z, Vielh P. Inmunocytochemistry in the diagnostic
work-up of thyroid nodules: a panel of three markers on
liquid-based cytology. Diagn Cytopathol. 2011;39(10):730-
736. doi:10.1002/dc.21493

Mai KT, Landry DC, Thomas J, Yazdi HM. The application
of immunostains in the cytologic diagnosis of thyroid neo-
plasms. Diagn Cytopathol. 2000;23(3):187-191.

Song JY, Kim SY, Ahn S. Immunohistochemical expres-
sion of CK19 and HBME-1 in papillary thyroid carcinoma
and other thyroid lesions. Ann Diagn Pathol. 2019;41:75-
80. doi:10.1016/j.anndiagpath.2019.05.003

Barut F, Onak Kandemir N, Bilezik¢i B. Comparative
expression of HBME-1, galectin-3, and cytokeratin 19 in
the diagnosis of thyroid neoplasms. Turk Patoloji Derg.
2010;26(1):60-67.



