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ABSTRACT

Introduction: Pan-TRK immunohistochemistry staining can assess the protein expression from NTRK
gene fusions. A little is known about its utility in differentiated thyroid cancer samples from children,
adolescents,andyoungadults patients. Objective: Investigate pan-TRKimmunohistochemistry sensitivity
and specificity in differentiated thyroid cancer samples from children, adolescents, and young adults
patients. Methods: Tumor samples obtained from 79 children, adolescents, and young adults patients
(age <21 years) diagnosed with differentiated thyroid cancer between January, 2010 and January, 2021
were retrospectively recruited from four health centers from state of Bahia e Paraiba, Brazil. NTRK
gene fusion testing of all archival FFPE tumor samples: pan-TRK immunohistochemistry staining for
TRKA, TRKB and TRKC protein expression were performed and then analyzed with RNA-based next-
generation sequencing assay to confirm immunohistochemistry pan-TRK result and elucidate fusion
partner. Results: Pan-TRK immunohistochemistry: 3 of 79 cases had positive pan-TRK expression:
next-generation sequencing; 4 were identified with NTRK gene fusion, pan-TRK immunohistochemistry
was negative in all 4 NTRK next-generation sequencing-positive cases. 25 of 79 NTRK next-generation
sequencing-negative control cases had concordant negative pan-TRK immunohistochemistry results.
Therefore, our rate of false positive pan-TRKimmunohistochemistry results was 3/25 (12%). The overall
results for pan-TRKimmunohistochemistry in our cohort of next-generation sequencing-negative cases
was: (i) sensitivity (0%), (i) specificity (96%), (iii) positive predictive value (94.7%), (iv) negative predictive
value (91%). Conclusion: Pan-TRK immunohistochemistry was not a tissue-efficient screen for NTRK
fusions in differentiated thyroid cancer from children, adolescents, and young adults patients. This is
the largest cohort of from children, adolescents, and young adults differentiated thyroid cancer cases
stained with pan-TRK immunohistochemistry, and it is the first to detail the sensitivity and specificity of
pan-TRK immunohistochemistry regarding the data obtained by targeted RNA-based next-generation
sequencing panel in differentiated thyroid cancer.
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Immunohistochemistry for NTRK fusion in thyroid cancer

RESUMO

Introducgdo: A coloragao imuno-histoquimica Pan-TRK pode avaliar a expressao proteica de fusdes
de genes NTRK. Pouco se sabe sobre sua utilidade em amostras diferenciadas de cancer de tireoide
de criancas, adolescentes e adultos jovens. Objetivo: Investigar a sensibilidade e especificidade
da imuno-histoquimica pan-TRK em amostras diferenciadas de cancer de tireoide de pacientes
criancas, adolescentes e adultos jovens. Métodos: Amostras tumorais obtidas de 79 pacientes
criangas, adolescentes e adultos jovens (idade <21 anos) com diagnostico de cancer diferenciado
de tireoide entre janeiro de 2010 e janeiro de 2021 foram recrutadas, retrospectivamente,
em quatro centros de saude dos estados da Bahia e Paraiba, Brasil. Teste de fusdo genética
NTRK de todas as amostras de tumor FFPE arquivadas: colora¢gdo imuno-histoquimica pan-TRK
para expressdo da proteina TRKA, TRKB e TRKC foi realizada e depois analisada com ensaio
de sequenciamento de préxima geracdo baseado em RNA, para confirmar o resultado imuno-
histoquimico pan-TRK e elucidar o parceiro de fusdo. Resultados: Imunohistoquimica pan-TRK: 3
de 79 casos tiveram expressao pan-TRK positiva: sequenciamento de proxima geracao; 4 foram
identificados com fusdo do gene NTRK, a imuno-histoquimica pan-TRK foi negativa em todos
0s 4 casos positivos para sequenciamento de proxima geracdo de NTRK. 25 dos 79 casos de
controle negativo para sequenciamento de proxima geracdo de NTRK tiveram resultados de
imuno-histoquimica pan-TRK negativos concordantes. Portanto, nossa taxa de resultados de
imuno-histoquimica pan-TRK falsos positivos foi de 3/25 (12%). Os resultados gerais da imuno-
histoquimica pan-TRK em nossa coorte de casos negativos para sequenciamento de préxima
geracdo foram: (i) sensibilidade (0%), (ii) especificidade (96%), (iii) valor preditivo positivo (94,7%),
(iv) valor preditivo negativo (91%). Conclusao: A imuno-histoquimica pan-TRK nao foi uma triagem
tecidualmente eficiente para fusdes de NTRK em pacientes com cancer diferenciado de tireoide
em criancas, adolescentes e adultos jovens. Esta é a maior coorte de casos de cancer diferenciado
de tireoide de criancas, adolescentes e adultos jovens corados com imunohistoquimica pan-TRK,
e é a primeira a detalhar a sensibilidade e especificidade da imunohistoquimica pan-TRK em
relacdo aos dados obtidos por RNA direcionado baseado em um painel de sequenciamento de
proxima geragao no cancer diferenciado de tireoide.

Descritores: Imunohistoquimica; Cancer papilifero de tireoide; Crianga; Adolescente.

INTRODUCTION with low prevalence ranging from 2,28%-18% in DTC,
except from a high prevalence demonstrated in a
United States cohort, but few studies have analyzed
NTRK fusions in children, adolescents and young
adults (CAYA) patients.”" There are four options
for testing NTRK fusions, in order of complexity
and cost: immunohistochemistry (IHC), FISH
(fluorescence in situ hybridization), RT-PCR (reverse
transcription polymerase chain reaction) and NGS
(next-generation sequencing). In contrast to these
assays, the use of IHC provides several benefits like a
quick turnaround time, lower cost, wide availability,
and use of very limited tissue.!l'>4

Pan-TRK IHC staining using clone EPR17341
(Abcam, Cambridge, MA), a rabbit recombinant
monoclonal antibody, can assess the protein
expression and has been used in several recent
studies with a sensitivity and specificity of around
85-90% and 80%, respectively. Although this method
is widely used, its effectiveness is still questionable,
and another method is needed to confirm the

Differentiated thyroid carcinoma (DTC) is rare
in children, ranging from 0.3-0.5% of all pediatric
neoplasms, butremainsthe mostcommon endocrine
malignancy in this age group and represents the
third most common pediatric solid tumor.l"2 DTC in
children and young adult patients seems to behave
differently from tumors in adults, as they are more
advanced and have more aggressive characteristics
atdiagnosis and in their clinical course. Itis important
to recognize the oncogenic drivers involved in this
population so that a specific treatment can be
offered for these neoplasms in this population.E#

More recently, rearrangements of other proto-
oncogenes have also been observed in papillary
thyroid cancer (PTC) in association with exposure
to ionizing radiation, with gene fusions activating
the MAPK signaling pathway: the three NTRK
genes (NTRK1, NTRK2, and NTRK3) each encode a
distinct TRK protein, such as TRKA, TRKB and TRKC,
respectively.>® NTRK fusions have been identified
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positive cases. The most used confirmation method
is the NGS that has a high sensitivity of virtually 100%
in RNA based sequencing.l'>®

Immunohistochemistry for NTRK fusion in thyroid cancer

In order to evaluate the main tests used in clinical
practice for NTRK fusion detection in pediatric
thyroid cancer, the objective of this study was to
investigate pan-TRK IHC sensitivity and specificity
in DTC samples from CAYA patients correlated with
NGS method. In our study, IHC were chosen for
NTRK fusion screening because of it's low cost, easy
execution and availability and NGS was elected as
the second method considering the sensitivity of this
technique.

MATERIAL AND METHODS

Subjects, samples and study design

We performed a retrospective multicenter cross-
sectional study with 79 cases of DTC in CAYA patients
21 years or younger diagnosed and treated at four
centers: (i) Aristides Maltez Hospital (HAM), Salvador-
Brazil; (ii) IT - Instituto Integrado de Endocrinologia
e Cirurgia, Salvador, Brazil; (iii) Santa Casa de
Misericordia (SCMFS), Feira de Santana, Brazil; and
Lauro Wanderley University Hospital (HULW), Jodo
Pessoa, Brazil; between January 2010 and March
2021. Non-consecutive patients were selected (non-
probabilistic sampling, for convenience) and their
tumor samples, fixed in formalin and preserved
in paraffin (FFPE) blocks, resulting from surgical
resections of the thyroid performed by the head and
neck surgery services of the respective hospitals.

The cases were selected after researching
patients who were diagnosed with malignant thyroid
neoplasms on anatomopathological examination
(code C.73, according to the International Statistical
Classification of diseases and Related Health
Problems; ICD) and who were registered in a
database available in the internal electronic system
of the services of pathological anatomy from
participating centers with diagnosis of DTC. After
the selection of patient, a search was performed
for the respective slides stained with hematoxylin-
eosin (HE), previously prepared at the time of the
anatomopathological diagnosis, as well as the
respective paraffin blocks containing tumor tissue.
Both blocks and blades were kept in their respective
services. On occasions when slides were absent or
inadequate for evaluation and identification of the
tumor area, new slides were made and stained with
HE. To confirm the diagnosis of DTC, the HE slides
were subjected to blind-review by two pathologists
linked to the institutions participating in the study
(M.V.P., R.S.).

Tumor slides were classified according to
the World Health Organization's World Tumor
Classification criteria and staged according to the
AJCC Cancer Staging Manual, 8" edition."”'8! From
the microscopic evaluation of the sample by the
pathologists, the tumor area was described by direct
marking on the slide stained with HE. During the
review of the slides, the data related to the patient
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and the tumor were recorded in a structured form.
Based on the information collected, all patients were
classified according to the risk of tumor recurrence
according to the protocols developed and published
by the ATA (American Thyroid Association).['?

Tumor tissue was obtained through histological
sections of paraffin blocks containing samples of
carcinomas stored in the archives of the respective
pathology services of the participating institutions.
Four sequential 10pm-thick histological sections were
performed for each case/block to make new slides,
which were superimposed on their corresponding
HE slides, with the tumor areas previously marked.
The areas of tumor tissue from the new slides were
manually dissected with sterile 6 disposable razors
(Leica Biosystems, Germany) and transferred to
microtubes (1.5ml), previously autoclaved and
identified, and stored at room temperature until
processing. In cases of multifocality, all tumor foci
were selected, but only the most extensive focus was
used in the study.

Pan-TRK immunohistochemistry (IHC) staining
analysis

IHC staining for expression of TRK A, B and C
was performed with pan-TRK monoclonal antibody
(mAb) clone EPR17341 (Abcam, Cambridge, MA).
The antibody is reactive to a homologous region
of TRK-A, -B, and -C near the C-terminus. IHC was
performed using 4pm thick slides of sections of
paraffinized tumor tissue from selected tumor blocks
with representative material. EPR17341 was used at
6pg/ml, at 1:200 dilution. All assays were performed
on a Dako Autostainer Link 48 automated staining
platform (Agilent, Santa Clara, CA) using a heat-
based antigen retrieval method and high pH buffer
(EnVision Flex High pH, Agilent). Testicular tissue,
submucosal colonic plexus ganglia, and cortical
brain tissue were used as positive control tissues
non-neoplastic lymphocytes, hepatocytes, colorectal
epithelium, alveolar epithelium, and renal cortex
were used as negative external controls. Available
cases with NTRK rearrangements, as well as 10
consecutive tumors with no evidence of NTRK fusion,
were stained as controls. The slides were evaluated
and reviewed by 2 pathologists. Label positivity was
defined as any unambiguous cytoplasmic and/or
nuclear immunopositivity with clear contrast with
the surrounding non-tumor tissue. The percentage
of stained cells positivity and staining intensity were
documented: (i) Pan-TRK negative: 0% stained cells;
and (ii) Pan-TRK positive: 1% stained cells. All 79 IHC
pan-TRK tested samples were than analyzed with a
RNA-based NGS assay in order to confirm IHC pan-
TRK result and elucidate fusion partner.

Targeted next generation sequencing (NGS)
panel

NGS was performed using the Illumina platform
with the Oncomine Focus Assay kit for RNA fusion
analysis, capable of evaluating all classes of relevant
targets, including point mutations, short insertions,



or deletions (indels), copy number variants (CNVs)
and gene fusions, adapted for formalin-fixed and
paraffin-embedded (FFPE) tissues. Three FFPE slides
with a section of 5pm thickness were obtained per
tumor sample, sufficient to provide about 10ng of
DNA or RNA per reaction. This allowed analysis even
on small-sized or inferior-quality tumor samples.
Three 5pm FFPE cuts were used to extract DNA
of somatic origin with the ReliaPrep™ FFPE RNA
Miniprep System, Promega (Madison, WI, USA).
Quality was verified with Qubit™ RNA HS Assay Kit
assay (LifeTechnologies, USA). cDNA synthesis was
performed with 7 Ampliseq™ cDNA Synthesis for
[llumina® (USA), according to the manufacturer’'s
recommendations. Genotyping of target genes
ABL1, ALK, AKT3, AXL, BRAF, EGFR, ERBB2, ERG, ETV1,
ETV5, ETV4, FGFR1, FGFR2, FGFR3, NTRK1, NTRK2,
NTRK3, PDGFRA, PPARG, RAF1, RET, ROS1 and MET
were performed by NGS on the iSeq 100 Sequencing
System platform, [lluminalnc(USA), mean sequencing
depth 300x. Bioinformatics analyzes were conducted
on the cloud-based Varstation™ platform with a
standardized pipeline exclusively for technology and
laboratory, considering the rules of the Association
for Molecular Pathology (AMP).

Immunohistochemistry for NTRK fusion in thyroid cancer

Statistical analysis

The following variables will be analyzed: age
at the time of surgery, sex, tumor size, histological
subtype, multifocality, extrathyroidal extension,
presence of tumor capsule and capsular invasion,
angiolymphatic invasion, perineural invasion,
Hashimoto's thyroiditis (TH), ymph node metastases,
cancer staging, recurrence risk stratification,
positivity for BRAF%¢ mutation. Data processing and
data analysis will be performed with the assistance
of the Statistical Package for the Social Sciences (SPSS),
version 22, using nonparametric tests, according to
the categorical variables of the research.

The normal distribution analysis will be evaluated
using the Shapiro-Wilk test. Univariate analyzes
(x? test and Fishens exact test) will be performed
to assess the associations between clinical and
pathological aspects and the presence of NTRK or PTC
fusions. The implication between such associations
will be based on the p-value <0.05, determined with
confidence intervals of 95%.

Ethical aspects

This work was carried out in accordance with
Resolution No. 466/2012 of the National Health
Council (CNS). The project was submitted for ethical
analysis in the electronic system of Plataforma Brasil,
a national and unified database of research involving
human beings, and was evaluated and approved by
the Ethics and Research Committees in Human of the
Health Sciences Institute, Federal University of Bahia
(CEP/ICS), HAM, SCFMS and HULW, according to
OpinionNo0.4.319.796 (CAAE:34192920.6.0000.5662).

Financial support

This research was carried out with financial
resources from the pharmaceutical company
Bayer under contract number BR135321023503P,
managed by the intervener FAPEX, case number
23066.020493/2020-97.

RESULTS

Demographic and clinical characteristics

The median age at diagnosis observed in the
sample studied was 18 years (range: 6-21 years).
Thirty patients (38%) were under 18 years and forty-
nine (62%) were aged between 18 and 21 years.
Relation to gender, the vast majority were female
(77%). Clinical-pathological characteristics of the
patients are presented in Table 1.

Pan-TRK IHC screening

All' 79 tumors samples were submitted to pan-TRK
IHC for NTRK fusion screening. Most tumor samples
64/79 (81%) were negative. Only 03 (3,8%) cases had
positive pan-TRK expression and 12 of 79 (15%) cases
had indeterminate staining (Table 2). Among positive
cases: 1 case with 1% of staining cells and 2 samples with
10% staining cells. All positive samples demonstrated
weak, focal, and nuclear staining (Figure 1).

NGS-RNA fusion panel testing

NGS was performed on the 3 pan-TRKIHC positive
cases and on 64 pan-TRK IHC negative samples,
including 21 cases with MAPK pathway activation by
known mutations (BRAF p.V600E, KRAS/NRAS hotspot).
39/74 (52.7%) had inconclusive results, 10/74 (13.5%)
were positive for a rearrangement and 25/74 (33.8%)
were classified as wild type.

Only 35 of 79 NGS-RNA sequencing tests were
considered valid: 10 samples had positivity for
gene fusions. Among the 10 positive cases for gene
fusions: 04 were of the NTRK gene; 03 were of the RET
gene; 02 were of PAX8::PPARG rearrangement; and 01
of the STRN:ALK gene fusion (Table 3).

NTRK gene fusion was detected in 04/35 valid
tests (11,4%): (i) 03/35 (8,5%) ETV6:NTRK3 and (ii)
01/35 (2,8%) TPR::NTRKT.

IHC vs. NGS results

Pan-TRK IHC was negative in all 4 NTRK NGS-
positive cases. Pan-TRK IHC and NGS concordance
analysis: 25 of 79 NTRK NGS-negative control cases
had concordant negative pan-TRK IHC results.
Therefore, our rate of false positivity to pan-TRK IHC
result was 3/25 (12%) (Table 4).

The overall results for pan-TRK IHC in our cohort
of NGS-negative cases was: (i) sensitivity (0%), (ii)
specificity (96%), (iii) positive predictive value (94.7%),
and (iv) negative predictive value (91%) (Table 5).
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Table 1. Demographics and Clinicopathological features of differentiated thyroid cancer in children, adolescents, and young adults
(n=79).

Immunohistochemistry for NTRK fusion in thyroid cancer

Variables Total <18 years >18 years
79 (100.0%) 30 (37,9%) 49 (62,1%)

Age (years), median 18 (6-21) 17 (6-17) 19 (18-21)

Sex, n(%)

Female 61(77,2) 14 47

Male 18 (22,8) 8 10

Histological subtype, n(%)

CPTC 66 (83,5) 14 52

FVPTC 9 (11,4) 2 7

FTC 3(3,8)

DSPTC 1(1,3) 1

T staging, n(%)

T1a 9(11,3) 3 6

T1b 22 (27,8) 4 18

T2 22 (27,8) 5 17

T3a 6 (7,5) 4 2

T3b 17 (21,5) 4 13

T4 3(3,7) 0 3

N staging, n(%)

NO 38 (48,1) 12 26

N1a 21 (26,5) 3 18

N1b 20 (25,3) 5 15

M staging, n(%)

M1 8(10,2) 1 7

Tumor size(cm), median 2.2 (0,3-7,5) 2(0,5-7,5) 2,3(0,3-6,8)

Focality, n (%)

Multifocal 28 (35,5) 10 18

Extrathyroidal invasion, n(%)

Positive 21 (26,5) 7 14

Angiolymphatic invasion, n(%)

Positive 7 (8,8) 2 5

ATA risk, n(%)

low risk 34 (43) 8 26

intermediate risk 16 (20,2) 3 13

high risk 29 (36,7) 8 21

Legend: ATA - American Thyroid Association; CPTC - classic papillary thyroid carcinoma; DSPTC- diffuse sclerosing papillary thyroid
carcinoma; FTC - follicular thyroid carcinoma; FVPTC - follicular variant papillary thyroid carcinoma

Table 2. Pan-TRK Immunohistochemistry Screening (n=79).

Age (y) n (%) indeterminate positive negative

79 (100%) 12/79 (15%) 3/79 (3,8%) 64/79 (81%)
<18 28 4 1 23
>18 51 8 2 41
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Figure 1. Pan-TRK immunohistochemistry. A. 200x, negative case; B. 200x, weak nuclear staining (1% cells); C and D. 200x,
weak nuclear staining (10% cells).

Table 3. Gene fusions detected by Next Sequencing Generation (n=10).

Age Sex Hissltjtgltc;%gal TNM staging Fusion detected
20 F CPTC T2N1bM1 ETV:NTRK3
15 F CPTC T1bNOMO ETV6::NTRK3
13 F CPTC T1aNOMO ETV6::NTRK3
12 F CPTC T3N1bM1 TPR:NTRK1
18 F FTC T2NOMO PAX8::PPARG
17 F CPTC T2NOMO PAX8::PPARG
14 F CPTC T2N1bMO CCDC6::RET
11 F CPTC T1bN1bMO TRIM24::RET
6 F SDPTC T3bN1bMO NCOA4::RET
11 F CPTC T3bNOMO STRN::ALK

Legend: ALK - Anaplastic Lymphoma Kinase; CCD6 - Coiled-Coil Domain Containing 6; CPTC- Classic variant of papillary thyroid carcinoma.;
FTC - follicular thyroid carcinoma; SDPTC - Scleroing diffuse variant of papillary thyroid carcinoma; ETV6 - ETS variant transcription factor
6; NCOA4 - nuclear receptor coactivator 4; NTRK1- neurotrophic receptor tyrosine kinase1; NTRK3 - neurotrophic receptor tyrosine kinase
3; PAX8 - Paired box gene 8 - peroxisome proliferator-activated receptor; PPARG - peroxisome proliferator activated receptor gamma; RET-
Rearranged during transfection; TPR - translocated promoter region; TRIM24 - Tripartite motif-containing 24; STRN - striatin, calmodulin
binding protein.

Table 4. Summary of Pan-TRK immunohistochemistry and NGS analysis (n=79).

IHC positive IHC negative
NGS positive 0 4
NGS negative 3 25
False positive 0 03 /25 (12%)
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Table 5. Calculation of sensitivity, specificity, positive and
negative predictive values of Pan-TRK immunohistochemistry
(vs. NGS results).

Immunohistochemistry for NTRK fusion in thyroid cancer

Sensitivity 0%
Specificity 96%
Positive predictive value 94,7%
Negative predictive value 91%

DISCUSSION

The study aimed to determine the IHC sensitivity
and specificity in DTC NTRK gene fusions in CAYA
patients. This is the largest cohort of CAYA DTC
cases stained with pan-Trk IHC, and it is the first to
detail the sensitivity and specificity of pan-TRK IHC
regarding the data obtained by targeted RNA-based
NGS panel in DTC.

All NTRK positive tumors in our casuistry was
papillary histological subtype, most frequent
neoplasm found in pediatric population and the most
related to NTRK fusions. Despite the majority (62%)
were aged between 18 and 21 years, in our study,
gene fusions were more detected in young patients
(under 18-year-old), with a median of 14 years. This
gene fusion greater occurrence in younger age is in
accordance with the literature.’

Due to the multiple technologies available for
the detection of NTRK fusions, one question is
whether there is a better method for its evaluation,
if we consider cost-effectiveness, given the high
cost of performing these diagnostic tests, especially
for NGS. Choosing the most appropriate method
depends on the type of tumor being studied and
the broader strategy for detecting other biomarkers
of this neoplasm, as well as the clinical situation.
120211 |n our study, the cost of performing the IH and
NGS tests for each tumor sample was R$135.00 (one
hundred and thirty-five reais) and R$1,885.00 (one
thousand eight hundred and eighty and five reais),
respectively.

In the rare case of tumor types with a high
frequency of specific and pathognomonic NTRK
fusions, investigation with initial IHC is the cheapest,
quickest, and most effective way of screening. This
is a plausible screening option; however, a second
method of investigation, such as RT-PCR, FISH or
NGS, is recommended.2224

Although there are several TRK antibodies
available, the EPR 17341 clone has been the most
widely used. This antibody detects the C-terminal
region of TRK proteins A, B and C, therefore being
considered pan-TRK. Overall, pan-TRK IHC is a
sensitive technique for identifying NTRK fusions,
with a reported overall sensitivity of 85 to 90% and
specificity around 80%, but detection of TRKC is less
sensitive.[25-28

Ideally, positive cases should also be confirmed
again by a second technique.l?? Albert et al. (2019)
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U1 suggest a frequency-adapted approach in
pediatric cases. In tumors with a high frequency of
known ETV6::NTRK3 fusions, the authors recommend
starting with IHC/FISH (ETV6 and/or NTRK3)/RT-
PCR. However, advocating RT-PCR is challenging
due to the plethora of fusion partners and how the
fusions are assembled, makes generating probes
for each possible fusion problematic. Therefore,
negative results need to be reassessed by the NGS.
In tumors considered with intermediate incidence,
such as papillary carcinoma (PTC), screening for TRK
fusion should be performed by IHC/NGS. High-grade
gliomas should be tested with the NGS technique
because glial tissues can physiologically express the
TRK. Undifferentiated or spindle cell sarcoma should
also be assessed with NGS.[10:20.29301

In this study, all 79 tumor samples from this series
were submitted to IHC for TRK overexpression. Only
03 (3.7%) tumor samples were pan-TRK positive
(3.7%): 1 sample with 1% positive cells and 2 samples
with 10% positive cells. In our sample, samples were
classified as pan-TRK positive when they had at least
1% of antibody-positive cells. The positive cellularity
found was 1% in 1 case and 10% in other 2 cases. All
samples positive for IHC showed a nuclear staining
pattern with weak intensity in the reaction.

The cutoff point for determining whether a case is
positive ranges from 1 to 10%, and there are several
patterns of positivity for pan-TRK on IHC. While most
NTRK fusions show cytoplasmic labeling, the pattern
of labeling in thyroid tissue is variable and depends
on the partner where the specific fusion is present
and can be nuclear, cytoplasmic, and membranous,
or demonstrate a combination of patterns.'22
In samples of paraffin-embedded thyroid tissue,
Rudzinski et al. (2018)B" found that the staining
pattern differs between NTRK1/2 fusions and
NTRK3 fusions. NTRK1/2 positive cases show only
cytoplasmic staining, whereas NTRK3 fusions show
nuclear +/- cytoplasmic staining.®" In the studies by
Solomon et al. (2019)'? and Fazeli et al. (2020)13233],
ETV6::NTRK3 typically demonstrate strong nucellar
staining as a peculiar feature, with weak diffuse
cytoplasmic staining, virtually diagnostic of this
fusion.

However, in our study, none of them was NTRK
fusion confirmed, with 1 tumor with negative
results and 2 tumors with inconclusive results at
NGS, configuring false-positive results. Thus, the
frequency of NTRK fusions in the 3 tumor samples
from patients with IHC-positive DTC was 0%.

Overall, the sensitivity in detect raised TRK
expression by pan-TRK IHC is higher in NTRK1 and
NTRK2 fusions, where sensitivity is usually 90%, than
in detecting NTRK3. In fact, the ETV6::NTRK3 fusion
probably has the lowest detection rate of all fusion
proteins, at around 509%.12€]

The specificity is very variable, depending on the
type of tumor. While the antibody demonstrates
100% specificity in colon, lung, thyroid, pancreas



and biliary tract carcinomas, specificity decreases
in breast and salivary gland carcinomas.l'? False
positives generally occur in tumors with muscle
and neural differentiation (sarcomas, gliomas, and
neuroendocrine tumors); and false negatives, occur
with cancers with NTRK3 fusions.!*?

Immunohistochemistry for NTRK fusion in thyroid cancer

Using the same pan-TRK monoclonal antibody
(mAb) clone EPR17341 (Abcam, Cambridge, MA),
Hechtman et al reported high sensitivity (95.2%)
and specificity (100%) of IH in paraffin-embedded
samples from several types of cancer (intestinal,
brain, lung, secretory carcinoma, melanoma and
sarcoma) (16). In agreement, Rudzinski et al. (2018)
131 obtained a sensitivity of 97% and a specificity of
98%, also using the Abcam clone EPR17341. In this
study, the TRKA IHC antibody (EP1058Y), also from
Abcam, had a sensitivity of 100% and a specificity
of 63% (31). Gatalica et al. (2019)® investigated a
large cohort including 4,136 cases, with 28 NTRK
gene fusions, using the Abcam clone EPR17341, and
found a lower sensitivity of 75% and a comparable
specificity of 95.9%.

DNA-based NGS has about 70% sensitivity for
NTRK3 fusion whereas RNA-based NGS has virtually
100% sensitivity, but it is an expensive technology
with a long lead time of about two weeks to perform.
It is important to keep in mind that the absence
of labeling does not exclude the possibility of this
diagnosis, as there is a high rate of false-negative
results in the detection of the ETV6-NTRK3 fusion,
for example.l'625271

In the NGS gene fusion panel, the frequency of
NTRK fusions was 11.4% (04 cases), with all cases
being pan-TRK negative, suggesting a low sensitivity
of IHC as a fusion tracking method NTRK. The overall
results for pan-TRKIHC in our cohort of NGS-negative
cases was: (i) sensitivity (0%), (ii) specificity (96%).
However, it is possible that some cases considered
false-positive by IHC may be false-negative results by
the NGS fusion panel.

Although IHC is a technique capable of detecting
increased levels of the TRK protein, and can be a very
useful screening technology to reduce costs, in this
study, given the presented data, IHC alone has not
proven to be a definitive diagnostic methodology
to detect NTRK gene fusions in pediatric and young
adult DTC in the evaluated population. Even so, due
to the great practicality of using IHC, this method
should not be excluded as a method of screening
NTRK fusions in clinical practice, however it is
suggested that the investigation of the NTRK fusion
by NGS should be, whenever possible, the preferred
technique in tracking this fusion in DTC of children,
adolescents and young adults.

Limitations of the study

It's possible that the prevalence of NTRK fusions
in this present casuistry was underestimated,
considering the large number of inconclusive
results in NGS. Out of the 79 included samples,

only 35 were evaluated (less than half of the initial
sample size).

The reasons for this were little availability of tumor
sample or degraded tumor material: low-quality,
inadequate conservation, small sample, degraded
RNA, fixing time and paraffin block age. Additionally,
methodological fragility as non-probability sampling
may have contributed for NTRK fusion underestimation
in our study. Despite that, the obtained sample size
can be considered sufficient for the final conclusions
considering the ultimate pediatric cohort series in the
literature.791M

CONCLUSION

Pan-TRK IHC was not a tissue-efficient screen
for NTRK fusions in DTC from CAYA patients. In our
study, there was absolute disagreement between
the IHC and NGS tests for tracking NTRK fusion in
DTC. All NTRK fusions were identified only by the
NGS method, with a negative result prior to IHC
and in no tumor sample positive by IHC there was
confirmation of the fusion by NGS. Therefore, the
IHC screening test was not able to identify tumors
carrying the NTRK fusion in the tumor samples of
our study, suggesting a low sensitivity of the IHC as a
NTRK fusion screening method.

Key points:

. The frequency of NTRK fusions was 11.4% in this
study.

. There was disagreement between the IHC and
NGS tests for tracking NTRK fusion.

. NGS should be the preferred technique in
tracking NTRK fusion in DTC from CAYA patients.
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