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Abstract
Background: Thyroid neoplasia is the most common endocrine
malignancy worldwide. Fine-needle aspiration biopsy of thyroid
nodules has a low sensitivity in distinguishing between benign
and malignant lesions. Evaluation of the rate of expression
and diagnostic value of immunohistochemical biomarkers in
differentiating between benign and malignant thyroid lesions
and different types of malignant lesions is the main purpose of
this study.
Methods: Sixty articles were reviewed in this systematic
review and meta-analysis study. The rate of detection of various
immunohistochemistry (IHC) biomarkers in several thyroid
lesions was examined by meta-analysis. Specificity, sensitivity,
positive and negative likelihood ratios, and confidence intervals
(95% CI) were calculated for each marker. The accuracy of
each test was evaluated by calculating the diagnostic odds ratio
(DOR). ROC (receiver operating characteristic) analysis was
performed for three markers.
Results: Sensitivity and specificity of CK-19, Gal-3, and
carcinoembryonic antigen (CEA) for detection of thyroid
malignancies were 81% and 73%, 82% and 81%, and 77% and
83 %, respectively. The combination of these three markers
showed the sensitivity of 85%, specificity of 97%, and diagnostic
odds ratio of 95.1. Additionally, uPAR, Sialyl Lewis X, MIB-1,
and Hector Battifora mesothelial-1. (HBME-1) can effectively
differentiate the follicular variant of papillary thyroid carcinoma
(FVPTC) from follicular thyroid carcinoma (FTC) as they are
significantly more common in FVPTCs (P<0.05).
Conclusion: We showed that CK-19, Gal-3, and CEA had an
important and statistically significant role in differentiating
between benign and malignant thyroid lesions. In addition,
according to our results, urokinase-type plasminogen activator
receptor (UPAR), Sialyl Lewis X, MIB-1, and HBME-1 can
effectively differentiate FVPTC from FTC with acceptable
sensitivity and specificity.
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Introduction

Thyroid neoplasia is the most common endocrine
malignancy worldwide. Based on global cancer statistics,
52,890 cases of thyroid cancer were discovered in the US
in 2020, with 2,180 of them ending in death.!

A cost-effective and easily accessible test for
diagnosing malignancy is fine-needle aspiration
biopsy (FNAB) of thyroid nodules. Based on the
cytological evaluation of FNAB samples, nodules
are categorized as benign (70%), malignant (5-10%),
indeterminate (10-20%) or not otherwise specified
(NOS) (10-15%).>* The most prominent issue with
FNARB is that it has a low sensitivity in distinguishing
between benign and malignant (e.g. follicular adenoma
versus carcinoma) lesions.’

Thyroid tumors are heterogeneous and new
pathological entities are constantly emerging.
Establishing a correct pathological diagnosis and
differentiating between well-differentiated tumors such
as follicular carcinoma and follicular variant papillary
carcinoma can be difficult, even for experienced
thyroid pathologists. Papillary thyroid carcinoma
(PTC) and follicular thyroid carcinoma (FTC) are the
two main types of thyroid cancer. The former is mainly
composed of follicles and the latter is characterized by
solid areas and clear, papillary nuclei.

Many studies have shown that using
immunohistochemistry (IHC) to detect different
thyroid biomarkers can be promising in differentiating
thyroid lesions. Galectin-3, cytokeratin 19, P53,
monoclonal carcinoembryonic antigen (CEA),
FOXE], and e-cadherin are the most common markers
employed for immunohistochemical evaluation of
thyroid lesions.®” However, the application of these
biomarkers in the diagnosis of thyroid malignancies is
still controversial, as their specificity and sensitivity
for differentiating between follicular and papillary
lesions have not yet been determined.®

Evaluation of the rate of expression and diagnostic
value of galectin-3, cytokeratin 19, P53, monoclonal
carcinoembryonic antigen (CEA), FOXEI, and other
biomarkers in the benign and malignant types of
thyroid lesions is the main purpose of this systematic
review and meta-analysis study. The second aim is
to determine the value of immunohistochemistry
markers in differentiating between papillary and
follicular thyroid cancers.

Methods

Bibliographic databases including PubMed, MEDLINE,
and Cochrane Library electronic databases were
searched for related articles. Articles published between
January 2000 and January 2022 were included. To avoid
publication bias, we used an extensive search strategy

with the subsequent keywords: (CEA and thyroid))
OR ( (CK-19 and thyroid) OR (galectin-3 and thyroid)
OR (FOXEI and thyroid) OR (P53 and thyroid) OR
(E-cadherin and thyroid) OR (GATA-3 and thyroid)
OR (HHEX and thyroid) OR (beta-catenin and thyroid)
OR (uPAR and thyroid) OR (sialyl Lewis X and thyroid)
OR (MIB-1 and thyroid). Other pertinent studies were
identified by analyzing the references of previously
retrieved articles.

All the original articles with participants over 18
years of age were included. Any study without case or
control groups or fewer than 12 patients in each group
was excluded. Studies evaluating non-malignant
thyroid lesions, such as goiter, adenoma, thyroiditis, or
hyperplasic nodules were excluded. Case reports and
studies that investigated any marker other than those
mentioned above or used non-immunocytochemistry
diagnostic techniques were also excluded.

Statistical Analysis

The Comprehensive Meta-Analysis software
package (Biostat, Englewood, NJ, USA) was used for
data analysis. The rate of detection of various IHC
biomarkers in several thyroid lesions was examined by
meta-analysis. Subgroup analysis was based on lesion
variants and Q and I° statistics, and P values were
calculated to check heterogeneity between studies. A
sensitivity analysis of heterogeneity of eligible studies
was also performed. A meta-regression test was used
to assess the difference between the subgroups,
and P-values were presented. The fail-safe N and
trim-fill tests were performed only if a substantial
publication bias was found. P<0.01 was considered
as the significance level.

Specificity, sensitivity, positive and negative
likelihood ratios, and confidence intervals (95% CI) were
calculated. Forest plots of the most associated results
were also drawn. The accuracy of the test was evaluated
by calculating the diagnostic odds ratio (DOR).

ROC (receiver operating characteristic) analysis
was performed and areas under the summary ROC
curves were measured.

PICO

Problem: The most important
immunohistochemical biomarkers in papillary and
follicular thyroid cancers

Patients: Patients with papillary and follicular
thyroid cancer.

Intervention or exposure: no intervention

Comparison: Comparison of the IHC markers in
two common thyroid cancers

Outcome: the most valuable biomarkers in
detecting the two most important and common thyroid
cancers.
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Results

The diagnostic accuracy of IHC markers including
CEA, CK-19, galectin-3, FOXEI, P53, E-cadherin,
GATA-3, HHEX, and beta-catenin and their value in
distinguishing between thyroid carcinomas and benign
thyroid lesions are described separately below.

Immunohistochemistry Technique

Sixty articles and 5632 patients were included
in this study. The number of included studies and
patients and true and false negative and positive test
results for each IHC marker are displayed in Table 1.
Sensitivity, specificity, likelihood ratios, and respective

Table 1: The number of studies, patients, and test results for different immunohistochemistry markers

heterogeneity coefficients for each IHC marker are
shown in Tables 2 and 3. The diagnostic odds ratio
(DOR) for each IHC marker was calculated directly
using sensitivity and specificity values (Table 4). The
diagnostic odds ratio represents the overall diagnostic
power of each test (a high DOR indicates that the
test diagnosed most patients correctly). Forest plots
of sensitivity, specificity, and positive and negative
likelihood ratios of the combination of CK-19, Gal-3,
and CEA in the diagnosis of malignant thyroid lesions

are shown in Figures 1 and 2.

Assessing Heterogeneity

The main factor contributing to heterogeneity

THC analysis Patients Studies TP FP FN TN
CEA[51-54] 552 19 265 (48.0%) 72 (13.04%) 75 (13.58%) 140 (25.36%)
CK-19[24,25,36] 3712 32 1726 (46.4%) 409 (11.1%) 167 (4.49%) 1410 (38.0%)
galectin-3[10,16,17-22,50-59] 6023 49 2580 (42.83%) 460 (7.63%) 995 (16.52%) 1988 (33.0%)
FOXEI[31-35] 258 12 135 (52.32%) 6 (2.32%) 24 (9.30%) 93 (36.04%)
P53[44-47] 3600 6 1823 (50.63%) 227 (6.30%) 506 (14.05%) 1044 (29.0%)
E-cadherin[64-67] 335 9 178 (53.13%) 14 (4.17%) 23 (6.86%) 120 (35.82%)
GATA-3[48,49] 151 3 81 (53.64%) 10 (6.62%) 8 (5.29%) 52 (34.43%)
HHEX[68-70] 233 4 115 (49.35%) 15 (6.43%) 30 (12.87%) 73 (31.33%)
beta-catenin[71,72] 146 3 78 (53.42%) 6 (4.10%) 15 (10.27%) 47 (32.19%)
Table 2: Sensitivity and specificity of immunohistochemistry markers

THC analysis Sensitivity Q P Specificity Q P
CEA[51-54] 0.78 (0.75-0.80)  186.03 <0.00001 0.72 (0.70-0.74) 246.96 <0.00001
CK-19/24,25,36] 0.79 (0.80-0.83) 332.63 <0.00001 0.82 (0.79-0.84) 635.26 <0.00001
galectin-3[10,16,17-22,50-59] 0.75 (0.74-0.79)  305.38 <0.00001 0.88 (0.82-0.96) 553.32 <0.00001
FOXEI[31-35] 0.73 (0.74-0.76)  265.73 0.3652 0.89 (0.88-0.93) 444.61 <0.00001
P53[44-47] 0.74 (0.73-0.77)  153.48 0.6638 0.90 (0.88-0.96) 6.30 <0.00001
E-cadherin[64-67] 0.69 (0.70-0.73)  0.36 0.7820 0.92 (0.90-0.93) 7.18 <0.00001
GATA-3[48,49] 0.67 (0.65-0.69) 0.86 0.9963 0.89 (0.89-0.93) 6.39 <0.00001
HHEX][68-70] 233 0.77 0.2201 0.96 (0.89-0.97) 6.97 0.0035
beta-catenin[71,72] 146 66.37 0.9663 0.92 (0.83-0.93) 5.66 0.00365
galectin-3 and CK-19/23,23-  0.82 (0.80-0.86) 68.15 <0.00001 0.88 (0.82-0.96) 6.56 0.0563
30,37-43]

galectin-3, CK-19, and 0.80 (0.81-0.83) 0.63 <0.00001 0.98 (0.90-0.99) 6.68 0.03663
CEA[60-63]

Table 3: Positive likelihood ratio (Positive LR) and negative likelihood ratio (Negative LR) of immunohistochemistry markers

IHC analysis Positive LR Q P Negative LR Q P value
(95% CI) (95% CI)
CEA[51-54] 3.88 (3.12-3.93) 332.63 <0.00001 0.72 (0.70-0.74)  246.96 <0.00001
CK-19/24,25,36] 4.42 (3.12-5.86) 305.38 <0.00001 0.82(0.79-0.84)  635.26 <0.00001
galectin-3[10,16,17-22,50-59]  6.65 (5.02-7.63) 265.73 <0.00001 0.88 (0.82-0.96)  553.32 <0.00001
FOXEI[31-35] 15.32 (14.22-16.63)  153.48 0.0323 0.89(0.88-0.93)  444.61 <0.00001
P53[44-47] 4.42(2.09-6.91) 366.32 0.0098 0.90 (0.88-0.96)  6.30 <0.00001
E-cadherin[64-67] 7.38 (5.39-9.32) 9.39 0.00145 0.92(0.90-0.93)  7.18 <0.00001
GATA-3[48,49] 2.87 (2.36-4.59) 8.26 00.00236 0.89(0.89-0.93)  6.39 <0.00001
HHEX][68-70] 7.78 (5.14-9.36) 7.19 0.02169 0.96 (0.89-0.97)  6.97 0.0035
beta-catenin[71,72] 4.43 (3.96-6.38) 7.39 <0.00001 0.92(0.83-0.93)  5.66 0.00365
galectin-3 and CK-19/23,24-  8.75 (7.21-9.63) 10.83 <0.00001 0.88 (0.82-0.96)  6.56 0.0563
30,37-43]
galectin-3, CK-19, and 16.63 (15.02-17.22) 2.96 <0.00001 0.98 (0.90-0.99)  6.68 0.03663
CEA[60-63]
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Table 4: Diagnostic odds ratio (DOR) of immunohistochemistry markers

ITHC analysis DOR (95% CI) Q P value
CEA[51-54] 15.53 (10.02-20.65) 16.61 <0.00001
CK-19/24,25,36] 26.42 (14.46-39.68) 22.28 <0.00001
galectin-3[10,16,17-22,50-59] 45.73 (23.87-53.17) 43.92 <0.00001
FOXEI[31-35] 124.83 (7.73-1083.91) 507.92 0.6032
P53[44-47] 76.37 (51.19-108.83) 81.08 0.4233
E-cadherin[64-67] 23.36 (10.77-90.75) 43.91 0.8375
GATA-3[48,49] 88.19 (60.73-110.68) 81.76 0.7083
HHEX[68-70] 101.05 (62.85-209.62) 134.50 <0.00001
beta-catenin[71,72] 21.94 (2.88-193.94) 129.13 0.4420
galectin-3 and CK-19/23,23-30,37-43] 15.37 (6.86-38.19) 32.27 0.09533
galectin-3, CK-19 and CEA[60-63] 95.06 (25.19-403.80) 229.93 0.77532
Abstracts selected:301

Figure 1: Flowchart of article selection. (This Flowchart is
designed by the authors and all rights are reserved).
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Figure 2: Forest-plot graph for sensitivity, specificity, positive and negative likelihood ratio of immunohistochemistry expression of the
positive combination of CK-19, Gal-3, and CEA in the diagnosis of malignant thyroid lesions (This image is designed by the authors and

all rights are reserved).

among the studies was using a combination of IHC
markers for diagnosis. As a result, when evaluated
separately, none of the IHC biomarkers was able
to correctly distinguish between benign and well-
differentiated papilloma and follicular carcinomas.
Therefore, the existence of the following possible
confounding factors was examined among the studies:
1. the criteria selected to define a marker as “positive”
and 2. the inclusion of Hurthle cells in the evaluation.’

A review of the included articles indicated that,
regardless of other criteria, some studies had considered
the presence of oncocytic pattern (Hurthle cells) in
the cytological examinations to represent a higher
likelihood of malignancy (Bethesda 1V)."” Moreover,
in some studies, a positive test result was defined as
the expression of the biomarker in more than 5% of
the cells. In contrast, other studies regarded more than
10%, 25%, or even 50% expression as positive.'"®
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Accordingly, we re-categorized the results of the
included studies. All samples that had less than 25%
biomarker expression were defined as weak or negative.
As aresult, the previously noted heterogeneity among
the studies was eliminated.

SROC curves were plotted for
immunohistochemistry expression of three markers
(CK-19, Gal-3, and CEA) (Figure 3). It should be
noted that we conducted a new separate analysis for
these three markers after the removal of confounding
variables; therefore, unbalanced heterogeneity was
present. Because published articles and not the original
data of the studies were used in our meta-analysis, the
mentioned criteria were not available for evaluation in
some articles, which were, therefore, excluded.

Differentiation between FVPTC and FTC

In the initial search, 209 manuscripts were found
on this topic. In accordance with the inclusion and
exclusion criteria, 140 manuscripts were excluded.
The full texts of the 69 remaining articles were
analyzed, and 49 publications were excluded. Twenty
publications were included in the final review. The
evaluated THC biomarkers in these studies included
uPAR, sialyl Lewis X, MIB-1, HBME-1, Ret, CK-19,
and S100A4. Analysis of the ability of these biomarkers
to distinguish between FVPTC and FTC is shown
in Table 5. The reported OR is the odds of FVPTC
staining with the particular biomarker compared to
FTC. OR<I means that FVPTC will stain more than
FTC for that specific marker. Some OR results were
equal to zero or infinite due to mathematical reasons.
Seven of the evaluated biomarkers had statistically
significant results (Table 5), which means they were
able to differentiate between the two thyroid lesions.

Urokinase-type Plasminogen Activator Receptor
(uPAR)

Ivanova et al. investigated the diagnostic value
of urokinase-type plasminogen activator receptor
(uPAR) which is a GPI-anchored cell membrane
receptor composed of three homologous domains."
Their results revealed that all FVPTC were uPAR
positive, whereas 87% of FTC were negative for
this immunostaining (P<0.001). The sensitivity
and specificity of uPAR for differentiating between
FVPTC and FTC were 89% and 90.74%, respectively.
The computed OR (for FTC compared to FVPTC) was

Sensitivity SROC Curve

Lt

—

CK-19 + GAL-3and CEA

0 0.2 04 06 08 1
Figure 3: SROC curve for immunohistochemistry expression of
three markers (CK-19, Gal-3 and CEA) (This image is designed
by the authors and all rights are reserved).

0.001 (95% CI 0.0001-0.019).

Sialyl Lewis X

The tetrasaccharide carbohydrate Sialyl Lewis
X, also called cluster of differentiation 15s or stage-
specific embryonic antigen 1, is attached to O-glycans
on the surface of cells. It has a critical role in cellular
recognition processes. Ivanova et al. investigated the
expression of Sialyl Lewis X in 19 FTC and 20 FVPTC
cases. According to the results, Sialyl Lewis X was
expressed in all FVPTCs but only in 16% of FTCs
(P<0.01). The calculated OR for FTC compared to
FVPTC for Sialyl lewis X staining was 0.0076 (95% CI
0.0004-0.15). OR for Sialyl Lewis X immunostaining
for FVPTC compared to FTC was 131.1-2!

MIB-1

The rate of expression for Ki-67 (MIB-1 clone
which binds to the Ki-67 antigen and leads to DNA
synthesis) was 96% (26/27) in FTCs. In contrast, it
was not expressed in 83% (25/30) of FVPTCs. The
sensitivity and specificity of this biomarker for
differentiating FTC from FVPTC were 97% and
83%, respectively. The calculated OR was 130 (95%
CI 14.2-1192.3).2%

HBME-1

HBMETL is a monoclonal antibody which reacts
with the microvillous surface of the mesothelial cells.

Table 5: The ability of IHC biomarkers to differentiate between FVPTC and FTC

Biomarker Sensitivity Specificity Calculate OR (FTC>FVPTC) Calculated 95% CI P value
uPAR 100 % 90.74 % 0.001 (FVPTC>FTC 1000) 0.0001 to 0.019 <0.001
Sialyl Lewis X 96 % 91 % 0.0076 (FVPTC>FTC 131) 0.0004 to 0.15 <0.01
MIB-1 97% 83 % 130 14.2 to 1192.3 <0.01
HBME-1 - - 0.0054 (FVPTC>FTC 200) - <0.002
RET 89% 83% 0.0054 (FTC>FVPTC 31) 6.28t0 97.1 <0.003
CK-19 - - Different strain pattern - <0.05
S1004A - - Different strain pattern - <0.05
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It was initially used to examine mesothelioma, but
it has recently been used for detection of malignant
thyroid disease. De Matos et al. assessed the ability
of this biomarker to differentiate between FVPTC and
FTC. According to their analysis, no FTCs expressed
HBME-1, whereas 12/14 (85.7%) of FVPTCs highly
expressed this marker.!”2

RET

RET is a tumor suppressor gene involved in the
pathogenesis of colorectal cancer and is not expressed
in normal thyroid cells. Results of the analysis done
by Shin et al. showed that all 21 (100%) FTCs stained
positively for RET, whereas 88% (23/26) of FVPTCs
stained negative for this marker.”’

CK-19

Cytokeratin 19 (CK-19) is a keratin mainly
expressed in the gastroenteropancreatic and
hepatobiliary tracts. CK-19 THC has been used in
differentiating papillary carcinomas. Jain et al.
surveyed the IHC expression of CK-19 in FVPTCs
and FTCs. They demonstrated that 94% of FVPTCs
had apical and/or polar CK-19 staining. In contrast,
43% of FTCs showed diffuse staining for this marker
(P<0.005). Sensitivity and specificity of CK-19 for
differentiating between FVPTC and FTC were 95%
and 100%, respectively. OR was calculated zero due
to the similar numbers of slides with positive CK-19
immunostaining in both groups.*®

S10044

S100A4 is a Ca-binding protein which was
previously used to detect metastatic tumors. Ito
et al. investigated the expression of S100A4 in 18
FVPTC and 16 FTC cases. Their results showed
that the intensity of SI004A expression in FTCs was
weaker compared to FVPTCs (P<0.05). The marker
demonstrated a membranous pattern for FTCs in
contrast to predominantly cytoplasmic staining
in FVPTCs (P<0.05). OR was zero due to similar
numbers of slides with positive immunostaining in
both groups.?

Discussion

Accurate diagnosis of thyroid lesions and differentiation
between malignant and benign lesions can be challenging,
even for experienced pathologists.’*** Accordingly, the
development of a non-invasive and accurate diagnostic
test to differentiate between various thyroid lesions
has been one of the main focuses of recent research.*
However, despite using genomic classifiers, this aim has
not yet been achieved. Therefore, many researchers have
examined the diagnostic capability of other markers,
including THC markers, in the diagnosis of thyroid

lesions. 263435

Cytokeratin-19 (CK-19) expression is diffuse in
papillary carcinoma and heterogeneous in follicular
carcinoma and follicular adenoma, but low in benign
lesions. Galectin-3 is proposed to have a critical role
in the pathogenesis of highly differentiated papillary
carcinoma and is, therefore, commonly used to
distinguish between different thyroid lesions.**’

Carcinoembryonic antigen (CEA) has been
demonstrated to originate from malignant thyroid
follicles.38 Accordingly, these markers can be used
for pathological differentiation of thyroid lesions.
It has been suggested that using a panel of these
markers might provide better specificity and positive
and negative predictive values and, therefore, greater
diagnostic accuracy than a single immunomarker. The
present study provided an estimate of the accuracy
of these markers in clinical practice. Various review
articles have been published on this topic, but this
study is one of the first investigation done to evaluate
cumulative data.?!

Using the combination of galectin-3, CK-19, and
CEA in IHC evaluation was revealed to be the most
precise test in differentiating between benign lesions
and high-grade thyroid carcinoma with a global
accuracy of more than 90% based on the SROC curve.
Nevertheless, these results need to be interpreted
carefully. It is prudent to use a follow-up confirmatory
test because all IHC markers can produce false
positive or negative results. This leads to prevention
of misdiagnosis and unnecessary surgical procedures
and the resulting morbidity and mortality.’

The main factors contributing to heterogeneity
among the reviewed studies were use of a combination
of markers, exclusion of hurthle cells, and use of
different criteria for defining positive results. It is
possible that a heterogeneous outcome is also caused
by different technical methods used in the IHC assays,
such as specimen fixation, use of monoclonal or
polyclonal antibodies, and methods for non-biotin-
based detection. However, these differences were
not evaluated in this study. Future reviews should
standardize these parameters to enhance the accuracy
evaluation of the IHC method and achieve uniformity
among the studies.

The follicular variant of papillary carcinoma
(FVPTC) is characterized by follicular growth
patterns and tumor cells with nuclear features of
papillary carcinoma.31 On rare occasions, these
lesions may exhibit focal or multifocal nuclear
features instead of the diffuse distribution usually
seen in papillary carcinoma. Therefore, these lesions
may be misdiagnosed as benign follicular nodule or
malignant follicular carcinoma.28

Differentiating FVPTC from FTC persists as a
diagnostic dilemma.* In our study, numerous THC
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biomarkers which were frequently used across laboratories
to distinguish FVPTC from FTC were examined.**
33,3940 There is not an IHC marker with consistently
reproducible results that can reliably distinguish the two
types of tumors. However, this analysis demonstrated
some IHC biomarkers that may help this differentiation.
These markers need to be validated in more extensive
international collaborative studies.

Conclusion

We surveyed several immunohistochemistry markers
that had previously been shown as important identifiers
for diagnosing thyroid malignancies. We showed that
CK-19, Gal-3, and CEA had an important and statistically
significant role in differentiating between benign and
malignant thyroid lesions before and after thyroid
surgery. In addition, according to our results, uPAR,
Sialyl Lewis X, MIB-1, and HBME-I can effectively
differentiate FVPTC from FTC with acceptable
sensitivity and specificity. Continued search for other
diagnostic molecular markers is recommended as our
findings demonstrated that all of these markers produced
some false negative and false positive results.
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