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Abstract
NTRK1/3 rearrangements have been reported in 2.3–3.4% of papillary thyroid carcinoma (PTC) and are regarded as potential
therapeutic targets. Recently, the application of immunohistochemistry (IHC) to detect NTRK rearrangements has been widely
discussed. The current study aimed to characterize the clinicopathological features of PTC with NTRK1/3 fusions, to examine the
utility of pan-TRK IHC, and to compare IHC with fluorescent in situ hybridization (FISH) and next-generation sequencing (NGS).
In a cohort of 525 consecutive PTC cases, 60BRAFV600E-negative cases underwent complete analyses of FISH, and 12 (2.3%) cases
with NTRK1/3 break-apart were found. A novel ERC1-NTRK3 fusion was identified by NGS in one case. Pathological features of
non-infiltrative tumor border, clear cell change, and reduced nuclear elongation and irregularity were significantly more common in
NTRK1/3-rearranged PTC when compared with 48 BRAFV600E-negative non-NTRK1/3 PTC cases. In whole tissue sections, pan-
TRK IHC was positive in 3/7 (42.9%) cases with an ETV6-NTRK3 rearrangement including 2 cases with low percentage of stained
tumor cells, 2/3 (66.7%) with non-ETV6 NTRK3 rearrangements, and 2/2 (100%) with NTRK1 rearrangements. All FISH-negative
cases were negative for pan-TRK in tissue microarray sections. As a result, pan-TRK IHC showed a sensitivity of 58.3% and
specificity of 100% for NTRK1/3 rearrangements in BRAFV600E-negative PTC. In conclusion, NTRK1/3-rearranged PTC shared
some unique morphologic features. Pan-TRK IHC showed high specificity and moderate sensitivity for NTRK1/3-rearranged PTC
and should be interpreted with caution due to staining heterogeneity. Based on the above findings, we propose an algorithm
integrating morphology, IHC, and molecular testing to detect NTRK1/3 rearrangements in PTC.

Keywords Papillary thyroid carcinoma (PTC) . NTRK1 . NTRK3 . Pan-TRK immunohistochemistry (IHC) . Fluorescent in situ
hybridization (FISH) . Next-generation sequencing (NGS)

Introduction

Papillary thyroid carcinoma (PTC) is the most common ma-
lignancy of the thyroid gland and accounts for more than 80%

of thyroid carcinoma [1]. Although the prognosis of PTC is
generally excellent, a small portion of cases may still develop
an aggressive clinical course and become refractory to con-
ventional radioiodine therapy. In such cases, novel targeted
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therapeutic agents may be potentially beneficial. The tropo-
myosin receptor kinase (Trk) family, which is composed of
TrkA, TrkB, and TrkC, is recently regarded as a potential
target of cancer therapy. Chromosomal rearrangements in-
volving the associated NTRK1/2/3 genes have been found in
malignancies of various organs, including thyroid, brain, lung,
colorectum, and soft tissue [2]. As for PTC, NTRK1/3 rear-
rangements were detected in 2.3–3.4% tumors in The Cancer
Genome Atlas (TCGA) project and the Chinese population
study [3, 4]. Various tyrosine kinase inhibitors against Trk
family are currently under clinical trials, and two of these
agents, larotrectinib and entrectinib, have demonstrated clini-
cally significant antitumor activity [5, 6]. The U.S. Food and
Drug Administration approval of these two agents for solid
tumors harboring NTRK gene fusions in November 2018 and
August 2019, respectively, further necessitates accurate and
efficient screening strategy for these genetic alterations.

In routine pathology practice, the detection of NTRK gene
fusions predominantly relies on fluorescence in situ hybridi-
zation (FISH), reverse transcription polymerase chain reaction
(RT-PCR), or next-generation sequencing (NGS). However,
these methodologies may be compromised by suboptimal
RNA quality of the formalin-fixed paraffin-embedded
(FFPE) tissue, high labor demand, and high cost. Recently,
the application of immunohistochemistry (IHC) using anti-
pan-TRK antibody to detect NTRK gene fusions in various
tumor types has been widely discussed and mainly focused
on secretory carcinoma of the salivary gland and soft tissue
tumors [7–18]. PTCwas included in only two of studies with a
limited number of cases [19, 20]. On the other hand, although
the histological features of PTC with NTRK gene fusions,
especially with an ETV6-NTRK3 fusion, have been reported
in previous studies [21–27], comprehensive morphologic
comparison between NTRK-rearranged and non-NTRK PTC
has not been systemically investigated. This study aimed to
examine the frequency of NTRK1/3 rearrangements in a
Taiwanese cohort of PTC, to further characterize the clinico-
pathological features of PTC with NTRK fusions, and to val-
idate the sensitivity and specificity of pan-TRK immunohis-
tochemistry as a screening tool.

Materials and Methods

Patient Selection

This study was approved by the Institutional Review Board
(IRB) of Taipei Veterans General Hospital, which granted
exemption of informed consent for tissue procurement
through the Biobank of Taipei Veterans General Hospital after
an unlinked anonymous process (IRB no.: 2019-07-001BC,
Biobank no.: 10818). A retrospective search of consecutive
PTC cases with tumor size larger than 0.5 cm between

October 2015 and March 2019 from the pathology archives
of Taipei Veterans General Hospital was performed. All cases
had available information regarding the BRAFV600E status
using a validated IHC assay (clone VE1, Spring Bioscience,
Pleasanton, CA, USA) [28]. Cases of BRAFV600E-negative
PTC were subjected to this study. All pathology slides were
retrieved for microscopic review. Cases with pathological fea-
tures diagnostic of cribriform-morular variant of PTC (CMV-
PTC) were excluded due to its universal alterations in the
WNT pathway-related genes [29].

Clinicopathological Evaluation and Tissue Microarray
Preparation

Clinical characters including age, sex, tumor size, and TNM
stage were retrieved from the medical charts. Histological fea-
tures including the presence of extrathyroidal extension, lym-
phatic invasion, tumor border, and proportions of growth pat-
terns (follicular, papillary, and solid/trabecular/insular) were
recorded. Tumor border was classified into three types: well-
circumscribed, multinodular permeative (invasive growth in a
multinodular fashion), and infiltrative (irregular and
spiculated tumor invasion sometimes with desmoplastic
change). Cytological features including clear cell change, re-
verse nuclear polarity (nuclei that are not basally oriented),
and nuclear shape were also evaluated. The presence of re-
duced nuclear elongation and irregularity was considered sig-
nificant if such nuclear features were observed in a majority of
tumor cells in contrast to typical nuclear changes of classical
PTC. Cases with sufficient FFPE tumor materials were sub-
jected to tissue microarrays (TMA) construction using the
MTA Booster OI manual tissue arrayer (Alphalys, Plaisir,
France). One 2-mm tissue core obtained from the tumorous
area in each case was applied.

Fluorescence In Situ Hybridization

To evaluate NTRK1/3 rearrangements, dual-color break-apart
FISH probes for NTRK1 and NTRK3 (ZytoVision,
Bremerhaven, Germany) were performed on TMA sections.
Given that ETV6 gene is the most frequent fusion partner of
NTRK3 gene in PTC [3, 4], dual-color break-apart FISH
probes for ETV6 (ZytoVision) were also assessed in this
study. Case showing more than 20% of nuclei positive for
break-apart signals, namely two separate green and orange
signals with distance more than one signal diameter, was de-
fined as positive.

RNA Extraction, Targeted Next-Generation
Sequencing, and Reverse-Transcriptase PCR

Cases with NTRK1 rearrangements or isolated non-ETV6
NTRK3 rearrangements were subjected to targeted next-
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generation sequencing to identify the fusion partner genes.
Total RNAwas extracted from the representative FFPE tumor
tissue using the RNeasy FFPE Kit (Qiagen, Germantown,
MD, USA). The library was prepared using ArcherDX
FusionPlex Comprehensive Thyroid and Lung Panel
(ArcherDX, Boulder, CO, USA). The sample was sequenced
on Illumina NextSeq 500 sequencer (Illumina, San Diego,
CA, USA). Potential fusions were analyzed using Archer
Analysis bioinformatics platform. For the novel ERC1-
NTRK3 fusion detected in one of our cases, the rearrangement
was further validated with reverse-transcriptase PCR and
Sanger sequencing using primers (forward: 5′-GCAC
AAGGAACAGGTGGAA-3 ′ , r eve r se : 5 ′ -CGAA
GAGAACCACCAACAGG-3′) flanking the fusion site.

Immunohistochemistry

Immunohistochemical stain for anti-pan-TRK antibody (clone
EPR17341, dilution 1:50, Abcam, Cambridge, MA, USA)
was performed on 4-μm-thick sections of the TMA blocks.
An automated protocol including sample de-paraffinization,
antigen retrieval (in ER2 solution [EDTA-based, pH 9.0] at
100 °C for 20 min), primary antibody incubation, and signal
visualization was conducted on a Leica Bond-Max autostainer
(Leica Biosystems, Buffalo Grove, IL, USA). Tissue from
secretory carcinoma of the salivary gland with a confirmed
ETV6-NTRK3 fusion and positive pan-TRK staining was ap-
plied as positive control. The IHC protocol had been opti-
mized to balance the intensity of positive staining of control
tissue and non-specific background staining. Positive staining
was defined as any unequivocal immunoreactivity on cyto-
plasm and/or nuclei with clear contrast with surrounding
non-tumorous tissue. For cases showing positive pan-TRK
IHC and/or positive FISH on TMA materials, pan-TRK IHC
was repeated on the whole tissue tumor sections to evaluate
staining heterogeneity. Percentage of positively stained cells,
staining intensity, and staining pattern in both TMA and
whole tissue sections were recorded. Additional IHC for
TTF-1 (clone 8G7G3/1, Dako, Carpinteria, CA, USA) was
performed to exclude the possibility of secretary carcinoma
of salivary gland type.

Statistical Analysis

A comparison of clinicopathological characteristics between
NTRK1/3-rearranged PTC and BRAFV600E-negative non-
NTRK1/3 PTC excluding CMV-PTC was performed.
Continuous variables and categorical variables were analyzed
using two-tailed t test and Fisher’s exact test, respectively.
Statistical analyses were performed using the R software ver-
sion 3.5.1 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Patient Characteristics and Clinical Features

A total of 525 consecutive PTC cases between October 2015
and March 2019 were identified. There were 397 (75.6%)
female patients and 128 (24.4%) male patients with the mean
age of 49.7 years (range: 11–86 years) at diagnosis. When
grouped by BRAFV600E mutation status, the cases were classi-
fied into 456 (86.9%) BRAFV600E-positive PTC and 69
(13.1%) BRAFV600E-negative PTC. Four cases of CMV-PTC
and 5 cases with insufficient or suboptimal tissues for addi-
tional testing were excluded. A total of 60 BRAFV600E-nega-
tive PTC underwent complete evaluation of IHC and FISH in
TMA sections. None of the 60 patients had a prior history of
radiation. Twelve (2.3%) cases with NTRK1 or NTRK3 rear-
rangements were detected by FISH, and 6 of them were fur-
ther confirmed by targeted NGS. The 12NTRK1/3-rearranged
PTC cases were composed of 10 (83.3%) female patients and
2 (16.7%) male patients (Table 1). The mean age at diagnosis
was 43.6 years (range: 20–68 years). The average tumor size
was 2.3 cm (range: 0.9–4.5 cm), and none of the 12 cases
showed extrathyroidal extension according to the 8th edition
of the American Joint Committee on Cancer (AJCC) staging
system. Metastasis to regional lymph nodes was noted in five
(41.7%) patients and lung metastasis was present in another
one (8.3%) patient at diagnosis. The AJCC stage I disease was
seen in nine (75%) cases, stage II in two (16.7%) cases, and
stage IVB in one (8.3%) case. When compared with non-
NTRK1/3 PTC, the NTRK1/3-rearranged PTC cases more
commonly showed stage II-IVB disease (25% versus 4%,
p = 0.0499), but there was no significant difference in gender,
age, tumor size, extrathyroidal extension, and lymph node
metastasis. Eight (66.7%) cases received total thyroidectomy
followed by radioactive iodine treatment, while the other four
(33.3%) cases underwent lobectomy only. None of the 12
cases received TRK inhibitor therapy. The case with lung
metastasis remained stable disease status. No recurrence was
observed in all the other cases during a median follow-up
period of 26 months (12 to 52 months).

Pathological Findings

The 12 NTRK1/3-rearranged PTC were classified into 8
(66.7%) conventional PTC, 2 (16.7%) follicular variant of
PTC, and 2 (16.7%) solid variant of PTC (Table 2). As for
the border between the tumor and surrounding parenchyma, 4
(33.3%) cases showed infiltrative growth sometimes with
scar-like stromal reaction, while the other 8 (66.7%) cases
had a well-circumscribed or multinodular permeative margin
(Fig. 1a). The two (16.7%) cases showing a well-
circumscribed tumor border were precluded from the diagno-
sis of noninvasive follicular thyroid neoplasm with papillary-
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like nuclear features (NIFTP) based on the presence of distinct
papillary areas. Seven (58.3%) cases showed a predominance
of follicular growth pattern (Fig. 1b), 3 (25%) showed a pre-
dominance of papillary growth pattern, while 2 (16.7%)
showed a predominance of solid/trabecular/insular growth
patterns (Fig. 1c). Reverse nuclear polarity (Fig. 1d) was ob-
served exclusively in the three papillary pattern-predominant
cases. Clear cell change was discerned in nine (75%) cases
either as small foci commonly located at the periphery of the

tumors (Fig. 1e) or in a more diffuse form (up to 70% of tumor
cells in case 12). Although all the cases showed a nuclear
score of ≥ 2 [30], reduced nuclear elongation and irregularity
of tumor cells were observed in 6 (50%) cases (Fig. 1f). Of
note, all three papillary pattern-predominant cases harbored an
ETV6-NTRK3 fusion.

In comparison between 12 NTRK1/3-rearranged PTC and
48 BRAFV600E-negative non-NTRK1/3 PTC cases, the
NTRK1/3-rearranged PTC showed significantly more

Table 1 Clinicopathological
features of 60 BRAFV600E-
negative papillary thyroid
carcinoma cases

Characteristic NTRK1/3-rearranged Non-NTRK1/3 p value

All patients, n (%) 12 (100) 48 (100)

Gender, n (%)

Male 2 (17) 12 (25) 0.7134

Female 10 (83) 36 (75)

Age at diagnosis (years), mean (range) 43.6 (20–68) 45.8 (11–75) 0.6553

Tumor size (cm), mean (range) 2.3 (0.9–4.5) 1.8 (0.5–4.0) 0.1353

AJCC stage, n (%)

Stage I 9 (75) 46 (96) 0.0499*

Stage II-IVB 3 (25) 2 (4)

Extrathyroidal extension, n (%)

Present 0 (0) 3 (6) 1

Absent 12 (100) 45 (94)

Lymph node metastasis, n (%)

Present 5 (42) 20 (42) 1

Absent 7 (58) 28 (58)

Lymphatic invasion, n (%)

Present 1 (8) 5 (10) 1

Absent 11 (92) 43 (90)

Tumor border, n (%)

Infiltrative 4 (33) 32 (67) 0.0498*

Non-infiltrative 8 (67) 16 (33)

Follicular pattern, n (%)

≥ 50% 7 (58) 26 (54) 1

< 50% 5 (42) 22 (46)

STI growth patterns, n (%)

≥ 70% 2 (17) 1 (2) 0.0990

< 70% 10 (83) 47 (98)

Clear cell change, n (%)

Present 9 (75) 18 (37) 0.0258*

Absent 3 (25) 30 (63)

Reduced nuclear elongation and irregularity, n (%)

Present 6 (50) 8 (17) 0.0238*

Absent 6 (50) 40 (83)

Reverse nuclear polarity, n (%)

Present 3 (25) 3 (6) 0.0879

Absent 9 (75) 45 (94)

STI solid/trabecular/insular

*Statistically significant
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common non-infiltrative (well-circumscribed/multinodular
permeative) tumor border (66.7% versus, 33.3% p =
0.0498), clear cell change (75% versus 37.5%, p = 0.0258),
and reduced nuclear elongation and irregularity (50% versus
16.7%, p = 0.0238). At least one of these three morphologic
features was seen in all of 12 NTRK1/3-rearranged PTC but
only in 26 (54.2%) of 48 non-NTRK1/3 PTC. There was also a
tendency forNTRK1/3-rearranged PTC to harbor solid/trabec-
ular/insular growth patterns in more than 70% of tumor areas
(16.7% versus 2.1%, p = 0.0990).

Molecular Testing

FISH studies revealed 6 PTC with an ETV6-NTRK3 rear-
rangement (Fig. 2a, b), 4 with isolated non-ETV6 NTRK3
rearrangements, and 2 with NTRK1 rearrangements (Fig.
2c). The 6 cases with NTRK1 rearrangements or isolated
non-ETV6 NTRK3 rearrangements were sent for targeted

NGS. An add i t iona l case wi th an ETV6exon4 -
NTRK3exon14 rearrangement was detected. For the remain-
ing cases, TPM3exon7-NTRK1exon10, TPRexon21-
N TRK1 e x o n 1 0 , ERC1 e x o n 1 2 - N TRK3 e x o n 1 3 ,
SQSTM1exon4 -NTRK3exon14 , and VIMexon7 -
NTRK3exon14 fusions were identified in one case each. The
kinase domain of NTRK1/3 genes was preserved in all cases.
Among these rearrangements, ERC1-NTRK3 (Fig. 3a) is a
novel fusion that has not been reported in the literature. This
novel fusion was further confirmed using reverse-
transcriptase PCR and Sanger sequencing (Fig. 3b).

Immunohistochemistry

In TMA sections, Pan-TRK IHCwas positive in one case with
an ETV6-NTRK3 rearrangement (1/7, 14.3%), 2 with other
NTRK3 rearrangements (2/3, 66.7%), 2 with NTRK1 rear-
rangements (2/2, 100%), and was negative in all FISH-

Fig. 1 Pathological features of
NTRK1/3-rearranged papillary
thyroid carcinoma (PTC) (H&E
stain). a, b Follicular variant of
PTC with multinodular perme-
ative tumor border (case 8, 20×
and 200×). c Solid variant of PTC
(case 10, 200×). d Papillary
pattern-predominant PTC with
reverse nuclear polarity (case 6,
200×). e Clear cell change of tu-
mor cells (case 11, 400×). f
Reduced nuclear elongation and
irregularity of tumor cells in an
area of papillary growth pattern
(case 7, 400×)
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negative cases. The case with an ETV6-NTRK3 rearrangement
showed both cytoplasmic and nuclear staining (Fig. 2d) while
another case with a TPM3-NTRK1 rearrangement showed
both cytoplasmic and membranous staining patterns (Fig.
2e). The other three positive cases were stained in the cyto-
plasm only (Fig. 2f). Overall, pan-TRK IHC showed a sensi-
tivity of 41.7% (5/12), a specificity of 100%, a positive pre-
dictive value of 100%, and a negative predictive value of
87.3% for detect ing NTRK1/3 rearrangements in
BRAFV600E-negative PTC in TMA materials. Further pan-
TRK staining for whole tissue sections in all FISH-positive
cases revealed the presence of staining heterogeneity in a sub-
set of IHC-positive cases in TMA (Table 2). Moreover, weak
cytoplasmic and nuclear staining on a small population of
tumor cells was detected in two additional ETV6-NTRK3
cases (5% and 10%, respectively). Therefore, the sensitivity
of pan-TRK IHC was raised to 50% (5/10) for NTRK3-
rearranged PTC and 58.3% (7/12) for allNTRK1/3-rearranged
PTC in whole tissue sections. All the 12 cases with NTRK1/3
rearrangements showed positive TTF-1 staining, which

excluded the diagnosis of secretory carcinoma of salivary
gland type.

Discussion

NTRK1/3 gene fusions have been reported as the third most
common gene rearrangements in TCGA PTC project and the
second most common gene rearrangements in the Chinese
PTC study [3, 4]. The frequency of these fusions in our cohort
was 2.3%, similar to that in previous reports [3, 4]. Although
higher frequency (18.3–25.9%) of NTRK1/3 rearrangements
had been observed in the pediatric group [23, 27], there was
no significant difference in age at diagnosis between NTRK1/
3-rearranged and BRAFV600E-negative non-NTRK1/3 PTC in
our study cohort. This could be partly attributed to that the
patient population at our hospital is mainly adult. The prog-
nostic significance of NTRK1/3 rearrangements remains un-
clear due to a limited number of cases. NTRK1/3 rearrange-
ments were associated with higher AJCC stages in

Fig. 2 Ancillary testing of NTRK1/3-rearranged papillary thyroid
carcinoma (PTC). a, b Positive break-apart fluorescence in situ
hybridization (FISH) signals for ETV6 and NTRK3 rearrangements,
respectively (case 6). c Positive break-apart FISH signals for NTRK1
rearrangement (case 11). d Pan-TRK immunohistochemistry (IHC) with

weak cytoplasmic and nuclear staining in PTC with an ETV6-NTRK3
fusion (case 6, 200×). e Pan-TRK IHC with strong cytoplasmic and
membranous staining in PTC with a TPM3-NTRK1 fusion (case 11,
200×). f Pan-TRK IHC with strong cytoplasmic staining in PTC with a
VIM-NTRK3 fusion (case 10, 200×)
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BRAFV600E-negative PTC in our study. The frequency of me-
tastasis to lymph nodes and distant organs of NTRK1/3-
rearranged PTC in our study was comparable with that in a
previous series of PTC with an ETV6-NTRK3 fusion [24].
More frequent metastasis to regional lymph nodes and distant
organs was observed in one recent NTRK1/3-rearranged PTC
series [26], while a lower frequency (1.0%) of NTRK1/3 rear-
rangements was reported in a large-scale genetic analysis of
advanced PTC [31]. The conflict of the survival data in the
literature might be due to case selection in different studies.

Histological features of NTRK1/3-rearranged PTC have
been reported in several prior studies [21–27]. In the current
series, we identified significantly higher frequencies of clear
cell change and non-infiltrative (well-circumscribed/
multinodular permeative) tumor border in NTRK1/3-
rearranged PTC, which aligned with the previous description
in a series of ETV6-NTRK3-positive PTC [24]. We also iden-
tified reduced nuclear elongation and irregularity of tumor
cells as a novel pathological feature for NTRK1/3-rearranged
PTC in contrast to the oval-shaped nuclei in the classical PTC.
Although the aforementioned features may be affected by tis-
sue processing, staining, and interobserver variability, these
are probably still helpful when applied in combinations. We
did not find a significant difference in follicular or solid/tra-
becular/insular growth patterns between NTRK1/3-rearranged
and non-NTRK1/3 PTC regardless of different cut-offs ap-
plied. Although these histological patterns were previously
found in some of NTRK1/3-rearranged PTC [21–27], the dif-
ference in our study might be blunted by the presence of other
translocation-associated PTC in the non-NTRK1/3 group (e.g.,

RET and ALK translocation) that might also harbor a signifi-
cant proportion of follicular or solid/trabecular/insular patterns
[32, 33].

Following the development of targeted therapeutic agents
against NTRK gene fusions, pan-TRK immunohistochemistry
has been regarded as a promising screen tool and examined in
several types of tumors [7–10, 12, 13, 16, 18–20, 34, 35].
Variable performance of pan-TRK IHC was observed possi-
bly due to different tumor types, staining protocols, and inter-
pretation criteria ranging from any staining to moderate stain-
ing in more than 50% of tumor cells. Despite its high speci-
ficity (pooled analysis: 5241/5549, 94.4%), lower sensitivity
and percentage of positively stained tumor cells were seen in
tumors with NTRK3 rearrangements (Table 3). The lower sen-
sitivity of pan-TRK IHCwas also demonstrated in some types
of tumors including thyroid carcinoma (sensitivity of 50–
81.8%), particularly in PTC with an ETV6-NTRK3 fusion
(sensitivity of 60%) [19, 20]. Predominance of such fusions
in our study cohort may partly explain the lower sensitivity in
comparison with prior studies [19, 20]. This finding is impor-
tant because ETV6-NTRK3 is the most common type of
NTRK1/3 gene rearrangements in PTC. Given that NTRK1/3
rearrangements are rare in PTC, pan-TRK IHC may show
limited value as a screening tool when used singly.

In our study, all pan-TRK IHC-positive PTC with an
ETV6-NTRK3 fusion showed a cytoplasmic and nuclear stain-
ing pattern and the only PTC with a TPM3-NTRK1 fusion
showed a cytoplasmic and membranous staining pattern.
Cases with other fusion types were only stained in the cyto-
plasm. Similar staining localization has been also reported in

Fig. 3 A novel fusion ofERC1exon12-NTRK3exon13was detected by next-generation sequencing (a) andwas further validated by reverse-transcriptase
PCR and Sanger sequencing (b)
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other tumor types [10, 12, 13, 20, 36, 37]. It is also worth
noting that staining heterogeneity of pan-TRK IHC was ob-
served in a subset of our cases. Two cases with an ETV6-
NTRK3 fusion showed a low percentage of stained tumor cells
in whole tissue sections (5% and 10%) and were interpreted as
negative in TMA sections. On the other hand, all pan-TRK
positive cases with ≥ 60% of staining cells in whole tissue
slides showed diffuse staining in TMA slides. The former
phenomenon has been mentioned in a series of secretory car-
cinoma of the salivary gland, in which more than half of cases
had less than 20% of positively stained cells [8]. This indicat-
ed that one should be alerted to possible false negativity when
evaluating pan-TRK IHC in a small biopsy specimen.

Based on our findings, we propose a testing algorithm to
detect NTRK rearrangements in PTC (Fig. 4). PTC cases can
be firstly triaged based on BRAFV600E status, followed by pan-
TRK IHC in BRAFV600E-negative cases. Whole tissue slides
are more favored than small biopsy specimens for IHC.
BRAFV600E-positive PTC is unlikely to harbor NTRK gene
fusions, whereas positive pan-TRK IHC is very specific for
NTRK gene fusions in BRAFV600E-negative PTC. Histological
review is useful to select cases negative for both BRAFV600E

mutation and pan-TRK IHC for additional work-up. Further
molecular testing may be beneficial for cases showing any
suggestivemorphologic features, including non-infiltrative tu-
mor border, clear cell change, and reduced nuclear elongation
and irregularity. Following this algorithm, molecular testing
for NTRK1/3 rearrangements can be avoided in nearly half of
BRAFV600E-negative non-NTRK PTC.

There are some limitations in our study. First, this is a
retrospective study and none of our patients had used the
TRK inhibitor to obtain the information regarding treatment
response. Second, we did not test our cohort for NTRK2 gene
rearrangements. Although NTRK2 gene rearrangements have
not been reported in PTC so far, the presence of NTRK2 fu-
sions cannot be excluded unless a thorough genetic analysis is
performed for all cases. Third, we obviated BRAFV600E-posi-
tive PTC in our study population from further molecular

testing. On extremely rare occasions, BRAFV600E mutation
may coexist with NTRK gene rearrangements [21]. Finally,
the rarity of pediatric patients in our study population
prevented us from providing a more comprehensive clinico-
pathological investigation among both children and adults.

In conclusion, we detected NTRK1/3 gene rearrangements
in 12 (2.3%) PTC cases in our study cohort and found a novel
ERC1-NTRK3 gene fusion in one case. We identified three
probably useful morphologic features, including non-
infiltrative tumor border, clear cell change, and reduced nu-
clear elongation and irregularity, for the diagnosis of NTRK1/
3-rearranged PTC. Pan-TRK IHC showed high specificity for
both NTRK1 and NTRK3 fusions, but lower sensitivity for

Table 3 Literature review of pan-
TRK immunohistochemistry in
NTRK-rearranged human
neoplasms

Tumor type Rearrangement type, pan-TRK positive no./total test no. (%)

NTRK1 NTRK2 NTRK3 Overall

Epithelial neoplasm 23/25 (92) 2/2 (100) 99/124 (80) 124/151 (82)

Secretory carcinoma [7–10, 19, 20, 34, 35] 1/1 (100) n/a 78/89 (88) 79/90 (88)

Thyroid carcinoma [19, 20, current study] 4/5 (80) n/a 14/22 (64) 18/27 (67)

Other carcinoma [19, 20] 18/19 (94) 2/2 (100) 7/13 (54) 27/34 (79)

Soft tissue neoplasm [12, 13, 16, 18–20] 27/27 (100) 1/1 (100) 38/42 (90) 66/70 (94)

Other neoplasm [19, 20] 6/6 (100) 11/12 (92) 2/2 (100) 19/20 (95)

Overall 56/58 (97) 14/15 (93) 139/168 (83) 209/241 (87)

n/a not available

Fig. 4 Proposed testing algorithm to detect NTRK gene fusions in
papillary thyroid carcinoma (PTC)

356 Endocr Pathol  (2020) 31:348–358



NTRK3-rearranged PTC. Moreover, limited staining was seen
in two cases with an ETV6-NTRK3 fusion. Accordingly, pan-
TRK IHC should be interpreted with caution for PTC due to
staining heterogeneity. Based on the above findings, we pro-
pose a testing algorithm integrating morphology, immunohis-
tochemistry, and molecular testing to detect NTRK1/3 rear-
rangements in PTC.
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