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Background
Malignant neoplasms have been diagnosed and treated based 
on topography and histological type. Recently, the FDA (Food 
and Drug Administration) has approved the first classes of 
drugs for tissue-agnostic indications, based on a common bio-
marker as opposed to the primary site of origin: neurotrophic 
tyrosine kinase receptor (NTRK) inhibitors; pembrolizumab 
for microsatellite instability-high (MSI-H) or defective mis-
match repair (dMMR) solid tumors and for high tumor muta-
tional burden cancer (TMB-H). Even more recently, 2 
additional agnostic indications have been approved by the 
FDA: the combination of dabrafenib and trametinib for meta-
static solid tumors with BRAFV600E mutations, and selper-
catinib for advanced or metastatic tumors with RET fusion.1-3

NTRK gene fusions generally occur in less than 1% of 
most common cancers such as lung, pancreas, breast, colorec-
tal, kidney, and melanomas. However, the incidence of NTRK 
gene fusions is higher in some specific rare tumors. Infantile 
fibrosarcoma, breast, thyroid, and salivary gland secretory car-
cinomas, gastrointestinal stromal tumors (pan-negative), and 

high-grade glioma have a high pre-test probability of harbor-
ing NTRK gene fusions.4

Selective inhibition of tropomyosin receptor kinase (TRK) 
fusion proteins represents an advance in precision medicine to 
treat different solid tumors.5 Entrectinib and larotrectinib were 
approved by the FDA for the treatment of tumors harboring 
NTRK oncogenic gene fusions in 2017 and 2018, respectively. 
The NTRK gene family comprises 3 genes: NTRK1, NTRK2, 
and NTRK3, which encode 3 tyrosine kinase receptors: TRK 
A, B, and C, respectively. NTRK1/2/3 gene fusions have 
emerged as novel targets for cancer therapy as they can be suc-
cessfully inhibited by targeted kinase inhibitors.5,6

With the growing use of target therapies for TRK fusion 
proteins, NTRK1/2/3 gene fusion has become a new biomarker 
in cancer genomic profiling. Despite these advances, the opti-
mal pathways and diagnostic platforms for screening and iden-
tifying these fusions remain a subject of debate. Next-generation 
sequencing techniques (NGS) are evolving rapidly, with lower 
costs and shorter turnaround times each year.7 However, 
sequencing large numbers of tumor samples is still expensive 
and challenging.8 Thus, it is important to establish clear crite-
ria for deciding whether a sample should be sequenced or not.
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The latest European Society for Medical Oncology 
(ESMO), the Canadian Consensus for Biomarker Testing and 
Treatment of TRK Fusion Cancer in Adults, and an interna-
tional expert consensus of several oncology societies have rec-
ommended that NTRK immunohistochemistry IHC testing 
may be performed in advanced solid tumors without other 
actionable and driver mutations or fusions, but tumor types 
with a high probability of harboring NTRK fusions should be 
sequenced straightforward.6,9,10 As part of this testing strategy, 
IHC has been proposed as a screening test, with positive results 
requiring subsequent confirmation by NGS.10

The purpose of this article is to critically appraise the latest 
international consensus, discuss the role of current diagnostic 
platforms available for the screening and clinical diagnosis of 
NTRK fusion genes, as well as to make evidence-based recom-
mendations for pathologists and laboratories on how to imple-
ment and optimize these tests in routine clinical practice, 
correctly identify NTRK fusions, and propose a diagnostic 
pathway for tumors with distinct probabilities of harboring 
actionable alterations in these oncogenes.

Methods
After the approval of the first agnostic drug in Brazil, larotrec-
tinib, there is now an urgent need to discuss and devise clinical 
guidelines to guide oncologists and pathologists regarding the 
testing flow of NTRK1/2/3 genes, according to the specificities 
of the healthcare system. A panel of 10 national experts with an 
active interest in molecular cancer diagnosis and treatment was 
convened via videoconference on February 12, 2021. Panel 
members had either clinical or pathology experience with 
tumors harboring NTRK gene fusions.

The Chairpersons (FS and KL) pre-defined practical ques-
tions on handling the diagnostic management of NTRK in 
clinical practice and suggested topics to be addressed. A litera-
ture review was performed for selected topics before the online 
meeting and the experts led active discussions during the vir-
tual meeting involving a multidisciplinary team comprising 
pathologists and clinical oncologists. Recent publications of 
international societies, such as the European Society of Medical 
Oncology (ESMO), the American Society of Clinical 
Oncology (ASCO), and the Japanese Society of Medical 
Oncology ( JSMO), were reviewed to discuss the methodology 
and consensus writing, and the panelists sought to adapt these 
recommendations to the context of the Brazilian health sys-
tem.6,9-15 Whenever possible, a consensus was sought among 
the experts.

The meeting served to discuss the most relevant issues 
among the practical questions. The Panel addressed 2 major 
areas concerning NTRK1/2/3: (1) the biology of fusions; and 
(2) diagnostic strategies for detecting NTRK fusions. These 
algorithms were then used as the basis for discussion and fur-
ther refinement. Consensus on these algorithms was reached 
through a series of teleconferences and emails. The algorithms 

and draft text were subsequently revised and recirculated 
through an iterative process until all authors agreed on the final 
content. This article describes the current landscape for NTRK 
tests in an agnostic cancer setting in Brazil.

Discussion
NTRK fusion biology

Reciprocal and non-reciprocal fusions. Oncogenic TRK activa-
tion can occur through mutation, overexpression, and splice 
variants. However, the most well-described oncogenic mecha-
nism of this activation is fusions involving NTRK1, NTRK2, or 
NTRK3 gene activation.4,16

The fusions are usually intrachromosomal or interchromo-
somal rearrangements of hybrid genes in which 3′ sequences of 
NTRK1, NTRK2, or NTRK3 harboring the kinase domain 
coding region are juxtaposed to 5′ sequences of a different 
gene, called the partner gene or fusion partner.4 In nearly all 
cases, the fusion eliminates the ligand-binding site, resulting in 
ligand-independent dimerization and phosphorylation.16 In 
order to be oncogenic, the TRK fusion protein needs to have an 
intact tyrosine kinase domain.

The product of the fusions between the NTRK (1, 2, or 3) 
and partner gene is a chimeric oncoprotein characterized by 
ligand-independent constitutive activation of the TRK kinase 
and its downstream signaling cascades.4

Novel NTRK fusion partners. Tumor genomic complexity may 
lead to clinical findings of new unpublished NTRK fusions of 
uncertain clinical significance, also known as non-published 
partners.1 In some cases, it may be challenging to properly 
understand and classify a novel fusion even with RNA sequenc-
ing data.17

In clinical practice, physicians must weigh the risk-benefit 
of using an unpublished functional NTRK-expressed fusion 
and indicate NTRK inhibitors on a case-by-case basis.

Diagnostic strategies and practical 
recommendations for NTRK fusion detection

What tests for NTRK fusion are recommended? IHC is recom-
mended for NTRK fusion screening, and NGS for NTRK 
fusion diagnostic confirmation (Figure 1). Under some circum-
stances, fluorescence in-situ hybridization (FISH) and reverse-
transcriptase real-time PCR (RT-qPCR) can be acceptable for 
diagnosis.

Immunohistochemistry. IHC is a common technique that is 
widely available across pathology labs. IHC is a useful and 
cost-effective test for detecting the presence of TRK protein 
that offers rapid turnaround time, low cost, high sensitivity, 
high negative predictive value, and requires less amount of tis-
sue compared to other techniques such as NGS.7,9 TRK pro-
teins are physiologically expressed in neural and/or muscle cells 



Petaccia de Macedo et al 3

F
ig

u
re

 1
. 

P
ro

po
se

d 
N

T
R

K
 T

es
tin

g 
al

go
ri

th
m

 fo
r 

a 
ne

w
ly

 d
ia

gn
os

ed
 a

dv
an

ce
d 

or
 m

et
as

ta
tic

 tu
m

or
 s

am
pl

e.



4 Clinical Pathology 

of the brain, adrenal glands, testis, ovary, pancreas, kidney, gall-
bladder, stomach, colon, heart muscle, smooth muscle, and 
skeletal muscle.18 Currently, IHC is recommended by the 
European Society for Medical Oncology (ESMO) Transla-
tional Research and Precision Medicine Working Group as a 
screening method for NTRK fusion detection, to be followed 
by a confirmatory molecular-based methodology, such as NGS, 
FISH, or RT-qPCR.6 Regarding cost, the benefit of using 
IHC as a screening method is that it may be reimbursed or 
covered by insurance in many countries, such as Brazil, when 
performed as part of an IHC panel.

A large study by Solomon et al. tested 38 095 samples and 
reported that the sensitivity for detection of NTRK 1/2/3 
fusions by IHC was 96.2%, 100%, and 79.4%, respectively. It 
was hypothesized that, for some tumor types, the reduced sen-
sitivity of NTRK3 fusion could be due to a fainter staining and 
nuclear pattern, resulting in a higher number of false negatives. 
The overall specificity of the technique was 81.1%, with lower 
specificity in tumors derived from tissues that physiologically 
express TRK proteins, such as gliomas, neuroblastomas, and 
some subtypes of sarcomas, limiting the applicability of IHC in 
these specific cases.16,19

The most widely used monoclonal antibodies for TRK IHC 
detect an epitope that is common to the 3 protein isoforms and 
does not distinguish between wild type and fused TRK. 
However, IHC yields high sensitivity and negative predictive 
values, conferring greater clinical value as a screening test when 
compared to NGS, given the low pretest probability of NTRK 
fusions in most cancers, high costs of NGS, and the still limited 
availability of molecular testing and sequencing for large num-
bers of patients in most countries.20,21 In the next sections of 
the article, we will discuss and recommend evidence-based 
actions for adoption by pathology laboratories to optimize the 
TRK IHC testing routine.

Monoclonal antibodies. Several antibody options for evaluating 
TRK protein expression in formalin-fixed paraffin-embedded 
(FFPE) tumor tissue sections are commercially available.6 
Some antibodies target specific TRK isoforms (eg, TRKA—
rabbit monoclonal antibody clones EP1058Y and Sab76291; 
and TRKB—rabbit monoclonal antibody clone 80G2). How-
ever, these antibodies are mostly used in academic settings or 
specific case investigations.22,23 There is no added clinical value 
in routinely identifying the specific TRK protein in the screen-
ing IHC step, as the driver NTRK gene fusion will be further 
identified by molecular methods. Additionally, the use of spe-
cific clones aiming just one of the isoforms means that more 
than 1 IHC protocol needs to be performed for each sample 
analyzed for TRK expression, and so adding unnecessary work 
to the laboratory routine.

The most frequently used, validated, and well-characterized 
clone is the pan-TRK—rabbit recombinant monoclonal anti-
body, clone EPR17341, which identifies the expression of all 3 

TRK proteins.16,19,24 The A7H6R pan-TRK—rabbit recombi-
nant monoclonal antibody is an alternative option that has 
yielded similar results in a recent interlaboratory comparison.25 
Thus, EPR17341 is the current first-choice antibody option 
for pathology laboratories.

Regardless of the chosen antibody, proper validation is neces-
sary to ensure the efficiency and reliability of the methodology. 
The College of American Pathologists and Laboratory Quality 
Center Guideline contains all recommendations to allow proper 
pre-analytical and analytical validation and consequently ensure 
accuracy and reproducibility of the IHC test.26

Tumor sample quality assurance. The pre-analytical phase is the 
main source of interference and altered results in clinical labo-
ratories. Although some variables are usually not the responsi-
bility of the pathology laboratory such as tissue ischemia, there 
are many factors that determine the quality of preservation of 
macromolecules in tissue and influence the quality of IHC 
results: (1) tissue sampling and viability, time, and quality of 
fixation, paraffin embedding, and sectioning, which determine 
the quality of the tissue to be labeled and stained; and (2) stor-
age time, quality of the staining platform, antigen retrieval 
method, washing, blockage, antibody labeling, incubation, and 
contra staining. These are all factors that have an important 
influence on the final quality of the slides. Alterations in any of 
these factors can lead to increased rates of false-negative or 
false-positive results.27,28

Biopsy sampling. When testing for TRK expression, careful 
consideration should be given to the selection of the biopsy 
site in patients with multiple metastatic lesions. Factors such 
as lesion accessibility, safety, size, and location should be taken 
into account. The biopsy should be ideally obtained from the 
primary lesion, as it is usually the most clinically significant 
site. However, in cases where a biopsy from metastatic sites is 
required, it is recommended to target lesions that are of suffi-
cient size and quality, easily accessible through minimally inva-
sive procedures, and pose minimal risk to the patient.5

Positive control. An important factor in ensuring the quality of 
reactions, optimizing sensitivity, and minimizing the risk of 
false-negative results, is the presence of positive control for 
each IHC reaction. The control may be internal, represented by 
some component already present in the tissue analyzed, or 
external, manually placed on a slide.20 TRK proteins are physi-
ologically expressed in neural structures and so tissues rich in 
ganglion cells, such as the appendix, testis, and colonic wall, 
have been widely used as internal positive controls.19,20 For 
external controls, options include cell lines such as KM12 
(TPM3::NTRK1), MO-91 (ETV6::NTRK3), and CUTO-
3.29 (MPRIP::NTRK1), although these tend to be more 
expensive. Formalin-fixed paraffin-embedded cell pallets can 
also be used as external positive controls as well as samples of 
tumors that previously tested positive for NTRK fusion.6
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Because the presence of internal positive controls such as 
neural cells in the tissue examined cannot always be guaran-
teed, an external positive control should be included on all 
slides to ensure the quality and effectiveness of the immuno-
histochemical reactions for TRKs.20 Thus, the aforementioned 
TRK-expressing tissues (especially the appendix) are consid-
ered the most accessible external positive control options for 
inclusion in the pan-TRK testing routine.

TRK immunohistochemical analysis and interpretation. Although 
there is no interpretation guide for any of the available IHC 
clones, in the recently published largest series of tumors with 
NTRK fusions, pan-TRK labeling of ⩾1% cells above back-
ground has been defined as a positive result (Table 1).16,30 Pan-
TRK IHC for NTRK3 has demonstrated lower sensitivity of 
79.4%, compared to 96.2% and 100% for NTRK1 and NTRK2, 
respectively.16 This disparity is believed to occur because 
NTRK3 fusion-positive tumors exhibit a more perinuclear, 
focal, and weak staining pattern compared to the other NTRK 
fusion genes.7 Secretory carcinomas and infantile fibrosarcoma 
have higher rates of NTRK3 fusion genes, and this should be 
taken into account in the evaluation of these tumors when 
NTRK fusion involvement is suspected.8

Albeit cytoplasmic staining is the most frequently 
observed pattern in most cancers with NTRK fusions, it is 
also the pattern of physiological TRK expression and, conse-
quently, of the majority of false-positive cases20 (Figure 2A). 
The threshold of ⩾1% cells above background is applied to 
pan-TRK expression identified in any subcellular localiza-
tion, as the staining pattern varies depending on the subcel-
lular localization associated with the fusion partner gene. 
Cytoplasmic, nuclear, perinuclear, and membranous staining 
have all been observed, requiring pathologists to be aware of 
the variable staining patterns in order to improve the accu-
racy of NTRK fusion testing,30 especially regarding the pos-
sible presence of weak nuclear staining attributed to the 
reduced sensitivity of pan-TRK IHC for NTRK37 (Figure 
2B-E). Table 1 describes the staining patterns of some known 
NTRK fusions. As outlined above, gliomas, neuroblastomas, 
and sarcomas may have physiological TRK expression, ham-
pering the interpretation of results (Figure 2A).

A meta-analysis of 224 solid tumors with NTRK rearrange-
ments from 13 studies showed that pan-TRK IHC had an 
overall sensitivity of 82%, with a false-negative rate of 18% 
compared to molecular diagnosis. The false-negative rate was 
significantly higher in cases with NTRK3 fusions (27%) com-
pared to NTRK1 (6%) and NTRK2 (21%) fusions (Table 2). It 
is important to note that a significantly higher number of 
NTRK3 fusions exhibited nuclear staining in IHC compared 
to NTRK1 and NTRK2 fusions (45, 8, and 1 case, respec-
tively).31 Additionally, another retrospective study of 87 
patients with NTRK fusions also revealed that pan-TRK-IHC 
had a lower sensitivity for detecting NTRK3 fusions (79%) 
compared to NTRK1 (96%) and NTRK2 (100%) fusions. 
Hence, this evidence highlights the potential problems related 
to the presence of weak nuclear staining in the interpretation of 
pan-TRK IHC.

This is important for tumors that have a high occurrence of 
NTRK3 fusions, such as secretory carcinomas and infantile 
fibrosarcoma. However, pan-TRK IHC demonstrated a sensi-
tivity of 96% and 92% for detecting ETV6::NTRK3 fusions in 
2 case series comprising 27 and 25 salivary gland secretory car-
cinomas, respectively.32,33 In the latter study only nuclear stain-
ing, which was exhibited in 20 out of 25 cases, was considered 
in the analysis.33 Thus, IHC can be considered a useful and 
sensitive screening tool for secretory carcinomas. Nevertheless, 
these tumors may show strong nuclear staining and are well-
known for their high frequency of NTRK3 fusions, which 
could contribute to the increased sensitivity observed in these 
case series of secretory carcinomas, as well as other cancers with 
a high pre-test probability of NTRK3 fusions.

While nuclear, perinuclear, and membranous staining is 
highly suggestive of the presence of NTRK fusions, they 
account for 8% to 10% of false-positive cases,20 the purpose of 
IHC screening is to rapidly distinguish between patient speci-
mens that are pan-negative for NRTKs and those showing 
some level of staining, which may indicate harboring of gene 
fusions.6 Molecular biology methods such as NGS must be 
performed to confirm the results detected in pan-TRK IHC-
positive samples.

Moderate-to-strong diffuse cytoplasmic or membranous 
pan-TRK IHC staining can be considered a surrogate of the 

Table 1. Different TRK IHC patterns and associated fusion partners.6,7,19,20,29

STAININg PATTERN NTRK gENE FuSION THAT IS MORE FREquENTLy 
ASSOCIATED WITH THE CORRESPONDINg PATTERN

ExAMPLES OF NTRK FuSIONS REPORTEDLy 
ASSOCIATED WITH THE IHC PATTERN

Nuclear NTRK3 ETV6::NTRK3

Perinuclear/nuclear membrane NTRK1 and NTRK2 LMNA::NTRK1, MUC2::NTRK2

Membranous NTRK1 and NTRK2 TPM3::NTRK1, TPR::NTRK1, 
TRAF2::NTRK1, PLEKHA6::NTRK1

Cytoplasmic general NTRK fusions  
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presence of NTRK1/NTRK2 fusions (in the absence of tumor 
muscle or neural differentiation), while nuclear pan-TRK IHC 
can be considered a surrogate of NTRK3 fusions until the 
results of additional tests become available (Figure 2B-F). 
NTRK fusion should be mandatorily confirmed by other 
molecular methods to ensure the presence of fusions in those 
patients who are considered candidates for target therapies.6

Limitations of immunohistochemistry. Besides the known 
issues related to the pre-analytical phase of IHC, the diagno-
sis of NTRK-fusion expression in tumors may pose a number 
of challenges, even for experienced pathologists, namely (1): 
difficult interpretation in tissues where TRKs are physiologi-
cally expressed or in tumors with neural or smooth muscle 
differentiation; and (2) large variability of subcellular stain-
ing patterns and degrees of expression. Because these gene 
fusions are relatively rare events, this may make it even more 
difficult for pathologists to acquire the necessary expertise 
and standardize the interpretation of results among different 
professionals.6,7

Additionally, the clones used in IHC detect the presence of 
a TRK protein c-terminus epitope, present in both wildtype 
and mutant proteins. Thus, the presence of NTRK-fusions 

cannot be confirmed by IHC, but its results can be strongly 
suggestive in many cases.8

Next-generation sequencing

NGS, also known as high-throughput sequencing, is a modern 
sequencing approach comprising different commercial plat-
forms that can generate large amounts of sequenced data. The 
most used platforms are based on sequencing by synthesis: 
Illumina (Illumina, San Diego, CA, USA) and ThermoFisher 
sequencers (ThermoFisher Scientific, Waltham, MA, USA). 
The platforms differ regarding their throughput, cost, error 
profile, and read structure.34

Briefly, the step-by-step workflow of an NGS sequencing 
assay includes sample preparation, library preparation, 
sequencing, and data analysis. Library preparation involves 
steps such as DNA or cDNA fragmentation and adapters 
ligation, allowing the samples to proceed to sequencing.35 For 
sequencing, the Illumina platform uses the principle of fluoro-
phore excitation involving the incorporation of fluorescently 
labeled deoxyribonucleotide triphosphates (dNTPs) into a 
DNA template during the cycles of DNA synthesis across 
millions of fragments in a massively parallel fashion. The ion 

Figure 2. Different TRK IHC staining patterns (examples): (A) physiological cytoplasmic expression (false positive), (B) membranous expression, (C) 

cytoplasmic and membranous expression, (D) perinuclear expression, (e) weak cytoplasmic + nuclear expression (common ETV6-NTRK3 pattern), and 

(F) mammary analog secretory carcinoma of salivary.
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torrent technology used in ThermoFisher sequencers uses the 
principle of H+ release and a pH change in each nucleotide 
incorporation that is detected by a semiconductor chip.34

An oncogenic chimeric NTRK1/2/3 rearrangement tran-
script is characterized by the formation of an in-frame mole-
cule harboring the 3′ portion of the NTRK1/2/3 gene with an 
intact kinase domain and the 5′ of its fusion partner. The 
resultant protein contains the C-terminus of the TRK protein 
joined to the N-terminus of the fusion partner. The actionable 
NTRK fusions are those harboring an in-frame and intact 
kinase domain.8,36 A number of different gene partners have 
been reported as partners with NTRK1/2/3, and these may 
represent intrachromosomal (when both genes involved are 
from the same chromosome) or interchromosomal (when 
genes involved are from different chromosomes) rearrange-
ments. The position in the gene where the fusion with the 
other gene occurs is called a breakpoint. In general, the major-
ity of the genomic breakpoints producing fusion genes are 
located in intronic, untranscribed regions.36

NGS for the detection of gene fusions, such as NTRK 
fusions, has the advantage of, besides providing potentially 
highly sensitive results, also performing a concomitant evalua-
tion of many other actionable oncogenic drivers, optimizing 
patient care and tumor tissue utilization. NGS for gene fusion 
detection may be performed using either the tumor DNA or 
RNA as a starter material and be based on different enrich-
ment protocols such as those employing hybridization capture 
or amplicon. Awareness of limitations regarding the use of 
DNA or RNA and the different enrichment protocols is cru-
cial to understanding the coverage of each type of assay for 
fusion detection.35,37 In the present report, we examine NGS 
approaches in the context of NTRK fusion diagnosis and rec-
ommend evidence-based actions for adoption by pathology 
laboratories to improve the identification of these gene fusions 
using NGS.

Library assembly. There are 2 main approaches to preparing 
DNA or cDNA libraries for targeted NGS: amplicon-based 
enrichment; and hybridization capture. The amplicon-based 
enrichment of target sequences may be subdivided into those 
based on classical multiplex PCR and those based on anchored 
multiplex PCR (AMP). This first approach consists of a classic 
multiplex PCR reaction with forward and reverse primers 

designed to flank the regions of interest in the genome. In the 
context of cancer fusion detection, this approach requires that 
the sequence of both the target gene and its fusion partner be 
known because both primers are gene-specific.37

AMP is similar to classical PCR reactions. However, an 
NGS adapter sequence is ligated to the DNA or cDNA frag-
ments, and the PCR is performed with 1 primer designed to 
pair with the target gene and the other designed to pair with 
the adapter sequence. With this approach, only one of the 
fusion genes needs to be known, and novel fusion partners can 
be amplified.37,38

The hybrid capture approach uses a probe with a specific 
nucleotide sequence, complementary to regions of interest in 
the genome, to capture the intended regions of the designed 
panel. One of the main differences is that the capture probe is 
larger than the primers used in the classical and anchored 
amplicon approaches, allowing the presence of some mis-
matches in the probe site without losing the target region.

Although the hybridization-capture approach is theoreti-
cally able to detect more variants because its probe allows pair-
ing with some mismatches, it also requires a greater amount of 
starter genetic material that is not always available from FFPE 
tumor samples and requires a longer workflow. Thus, the AMP 
approach may represent a very feasible library preparation 
technique for cancer clinical diagnosis, as it minimizes time 
and sample requirements compared to the hybridization-cap-
ture technique while allowing the detection of novel fusion 
genes. AMP provides greater sensitivity than classical PCR 
amplicon panels when detecting fusions through NGS, as pre-
viously unknown NTRK fusions are regularly being reported.39 
Figure 3 illustrates the different approaches used to build a 
DNA or cDNA library for NGS.

Regarding the respective performance of classical amplicon 
multiplex PCR versus anchored amplicon multiplex PCR, a 
comparison of a small series of 37 FFPE NSCLC samples ana-
lyzed on an Ion Torrent platform showed that ArcherDX 
AMP delivered better accuracy.40 However, further data is nec-
essary to draw any definitive conclusions related to the analyti-
cal superiority of one method over the other.

DNA versus RNA sequencing. DNA-based NGS assays to 
detect fusions can be based on either a classical amplicon 
approach or a hybridization approach. The classical amplicon 

Table 2. Sensitivity and false-negative rates of pan-TRK IHC in solid tumors across different NTRK genes.31

 NuMBER OF CASES PAN-TRK IHC SENSITIVITyA (%) PAN-TRK IHC FALSE- NEgATIVE RATE (%)

NTRK1 fusion 83 94 6

NTRK2 fusion 21 86 14

NTRK3 fusion 120 73 32

*Staining in ⩾1% tumor cells was considered a positive result.
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approach is designed to detect only known fusion partners and, 
out of all the different combinations, is the least sensitive for 
fusion detection because of the limitations inherent to this 
method of library preparation.8,39 However, improvements in 
amplicon libraries have been made by manufacturers, such as 
the Ion Torrent Genexus System (ThermoFisher Scientific, 
Waltham, MA, USA), which integrates and automates 
sequencing preparation and analysis.41 Hybridization enrich-
ment, when properly designed, can target a variety of intronic 
regions and detect rearrangements with an unknown partner. 
DNA NGS hybrid capture assay sensitivity is dictated by the 
assay design. Two different assays claiming to cover NTRK1/2/3 
fusions at the DNA level may have different sensitivity in 
detecting these alterations, depending on their pool of designed 
primers and covered introns of these genes.39,42 Amplicon-
based DNA NGS assays may have limitations when handling 
genes with the large and/or repetitive intronic regions often 
involved in rearrangements which hamper primer design and 
the optimization of multiplex reactions and sequencing effi-
ciencies, as observed in NTRK2/3 genes, and exemplified in 
Figure 4. Thus, sensitivity for detecting fusions in the NTRK3 
gene, other than the well-known ETV6, is lower than for 
NTRK1 genes.37,42,43

The RNA-based NGS assay for NTRK1/2/3 fusion has 
greater sensitivity than the DNA assay. The assay is based on 
RNA extracted from the tumor tissue, and thus represents the 
processed gene-coding molecule after intronic exclusion by 
splicing, eliminating the technical challenge of intronic cover-
age involved in the DNA assay (Figure 4).37 After extraction, 
the RNA is converted to cDNA (complementary DNA) 
(Figure 2) RNA sequencing protocols may also be based on 

amplicon, AMP, or hybridization-based enrichment panels. 
Classical amplicon panels based on RNA may not be able to 
characterize unknown fusion partners, but a 3′/5′ ratio can be 
calculated for the genes included in the panel to assess the pos-
sibility of the presence of novel gene fusions.44 The hybridiza-
tion capture and anchored-multiplex PCR (AMP) approaches 
allow for the detection of genes with novel fusion partners.

RNA sequencing allows the detection of alternatively 
spliced transcripts, novel gene fusions, mutations/single 
nucleotide polymorphisms (SNPs), and changes in gene 
expression. DNA sequencing also allows the detection of 
novel gene fusions and single-nucleotide polymorphisms. 
However, this sequencing does not provide information 
related to alternatively spliced transcript nor, most impor-
tantly, on quantitative changes in gene expression. Thus, 
RNA sequencing has the advantage of providing more accu-
rate information on the expression of the gene fusion of 
interest in tumor tissues.37

In spite of these benefits, RNA-based assays may face chal-
lenges with regard to obtaining good quality RNA from clini-
cal FFPE samples and having enough samples for both DNA 
and RNA analyses, considering the potential need for a com-
prehensive analysis of the DNA alterations, as well as of the 
tumor sample in other protocols, such as IHC and FISH.30,37,39

Fusions detected by DNA sequencing, besides all the short-
comings described above, might also detect sequences that do 
not code a functional, translated protein. Meanwhile, RNA 
sequencing detects the mRNA translated into the oncogenic 
protein, which is the functional product driving cancer cell 
growth. Therefore, RNA sequencing is the recommended test 
for detecting NTRK1/2/3 fusions.

Figure 3. cDNA library assembly approaches comparing classical amplicon, hybrid capture and anchored amplicon based PCR methods.
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Assessment of nucleic acid quality for NGS. One of the key issues 
related to sequencing FFPE tissues is DNA and RNA quality, 
as the fixation, tissue processing, and storage methods may 
cause nucleic acid degradation, characterized by fragmentation 
of DNA and RNA. Cold ischemia, volume, fixative quality, and 
storage temperature are important factors influencing DNA 
and RNA quality. Rapid time between tumor resection and 
fixation, adequate temperature, and usage of 10% neutral phos-
phate-buffered formalin are some of many good practices to be 
incorporated by the laboratories to ensure good quality genetic 
material for molecular pathology tests.45,46

The minimum amounts of DNA or RNA from FFPE sam-
ples required for NGS vary widely across different library prep-
aration kits available in the market, ranging from 10 to 200 ng 
per sample.37 The same kit may require different amounts of 
nucleic acids, depending on the quality of the extracted mate-
rial, given that sequencing low-quality samples requires larger 
amounts of DNA or RNA.47 The Agilent RNA Integrity 
Number (RIN), which is a measure of the relative proportion 
of ribosomal 28S and 18S RNA, has been widely used to deter-
mine the RNA quality of FFPE samples. However, there have 
been suggestions that this method has low analytic sensitivity, 
especially for smaller fragments. DV200, which denotes the 
percentage of RNA fragments containing over 200 nucleo-
tides, was developed as a more accurate metric for assessing 
RNA quality in FFPE samples and is currently recommended 
by library preparation kit developers, such as Illumina®.47,48 
Determinations of both these measures can be provided by 
bioanalyzer systems.

Nonetheless, each library preparation kit developer has its 
own recommendations and measurements for RNA quality 
assessment, which must be observed in order to correctly per-
form the assays.

Turnaround time. NGS is a complex testing methodology that 
depends on many factors, including analytical variables related 
to the NGS workflow, which differ among sequencing plat-
forms, as well as pre-analytical variables related to the distance 
between the patient treatment center and the molecular labora-
tory. There is scant data on mean NGS turnaround times in the 
literature, with periods ranging from 8 to 37 days and large 
variability reported within studies.49,50 Patients that have access 
to hospitals with their own molecular pathology laboratories 
receive results earlier than individuals treated at smaller or dis-
tant centers, who can face sample transportation and logistics 
delays. Additionally, both laboratory demand and sequencing 
platforms impact the turnaround time of cancer genetic profil-
ing. General pathology laboratories may improve TAT by 
speeding up the release of biopsy samples upon requests for 
molecular tests.

FISH. FISH is a method based on the labeling of samples with 
fluorescent probes that are interpreted under a fluorescence 
microscope. In the context of NTRK gene fusion, both fusion 
probes or break-apart probes targeting specific DNA regions 
may be used. There are established commercial fusion probes 
for the detection of NTRK fusions, such as the ETV6::NTRK3, 
offering good sensitivity and specificity. The ETV6::NTRK3 

Figure 4. Structural differences between DNA and messenger RNA (mRNA). Intron exclusion in mRNA (cDNA) facilitates primer/probe library design 

allowing more sensitivity in identifying fusions in cancer cells.



10 Clinical Pathology 

assay is very effective for identifying this specific gene fusion in 
tumors where it is highly prevalent, such as infantile fibrosar-
coma (IF), secretory breast carcinoma (SBC), and secretory 
carcinoma of the salivary gland (MASC).6,20 Another option is 
using break-apart probes for NTRK1/2/3, which detect the 
existence of breakpoints and structural variants of the genes but 
cannot identify whether the gene itself is being transcribed, or 
its fusion partner.7,8 FISH has a rapid TAT, but tests demand 1 
slide per probe. Although it can detect alterations at the gene 
level, it cannot confirm the presence of in-frame functional 
fusions. Another disadvantage of FISH is the occurrence of 
short split lengths that can result in false-negative results, par-
ticularly for NTRK1 fusions, which often occur from intra-
chromosomal events involving chromosome 1.36 Therefore, 
RT-qPCR or NGS should be employed to mitigate the effects 
of short split length in FISH.

RT-qPCR. RT-qPCR is a relatively low-cost methodology 
with a rapid turnaround time compared to sequencing 
approaches. However, the PCR primers design requires that 
both fused genes and their exon breakpoints be known, increas-
ing the false-negative rates of the method. It may be a suitable 
methodology to confirm the presence of specific fusions (such 
as ETV6::NTRK3) with a high probability in cancers such as 
IF, SBC, and MASC. RT-qPCR is unable to detect mutations/
single nucleotide polymorphisms, alternatively spliced genes or 
differences in gene breakpoints. Although RT-qPCR was 
important for gene-fusion profiling in the past, it is becoming 
increasingly less useful with the advancement of more sensitive 
and sophisticated methods, such as RNA sequencing.8

We provide a NTRK methodology guidance overview in 
Table 3.

Expert recommendations

Who should be eligible for NTRK fusion testing? All patients 
with locally advanced or metastatic solid tumors. We present 
the rate of NTRK fusion across different solid tumors in 
Table 4.

When should NTRK fusion testing be ordered? NTRK fusion 
testing should be ordered for the diagnosis of advanced or met-
astatic tumors without known driver mutations

Comprehensive genomic panels in Brazil. Comprehensive genomic 
panels are the most straightforward and in-depth method to 
identify genomic modifications related to tumor oncogenesis. 
However, high costs are the main access barrier to these tests. The 
panels should be considered if they are covered by the patient’s 
health insurance plan or if the patient is able to cover the cost of 
testing out of pocket.

Screening strategies (IHC) followed by confirmatory testing 
(NGS). Screening with pan-TRK IHC followed by a confirm-
atory test (NGS) in IHC-positive cases is recommended for 
locally advanced or metastatic solid tumors with a low inci-
dence of NTRK fusions.

Direct confirmatory testing. NTRK gene fusion testing is 
required for reliable diagnosis of tumor types with a very high 
prevalence of NTRK gene fusions (>80%) (eg, secretory breast 
cancer and infantile fibrosarcoma). In this context, we recom-
mend using confirmatory testing methods directly (Figure 1) 
instead of initial IHC screening due to the high pre-test prob-
ability of these tumors containing NTRK gene fusions. FISH 
can be used to detect specific gene fusions that are highly 

Table 3. NTRK methodology guidance.

TOPIC RECOMMENDATION NOTES

IHC clone of choice EPR17341-pan-TRK—rabbit recombinant 
monoclonal antibody9,20

A7H6R pan-TRK-rabbit recombinant monoclonal antibody is also 
acceptable20,25

Pan-TRK IHC-
positive criteria

⩾1% positive cells above background (any 
staining pattern)16

Samples with weakly positive nuclear staining patterns are 
associated with false negatives7

Pan-TRK IHC-
positive control

Appendix, colonic wall or a positive tumor20 Tissues rich in neural structures (eg, ganglion cells) can be used 
as positive controls9,20

Library assembly 
method for NgS

Anchored amplicon multiplex PCR (AMP) or 
classical multiplex PCR.6,37 Hybrid capture is 
used by fusion panels designed to sequence a 
set of clinically relevant genes.6

Anchored multiplex PCR is more sensitive because it detects novel 
gene fusions compared to classic multiplex PCR. RNA-based 
assays are more sensitive than DNA ones6,8

Library assembly 
Kits

Tested and validated kits for the chosen 
assembly method with panels that detect 
NTRK1/2/3 fusion37,42

Kits should perform similarly. Comparison data between different 
kits is sparse.

Reporting detected 
fusions in an NgS 
panel

An oncogenic fusion is defined by harboring 
an in-frame and intact kinase domain7

In some cases, it may be challenging to properly understand and 
classify a novel fusion even with RNA sequencing data17

Optimal turnaround 
time

up to 2 wk49,50 Turnaround time is highly variable due to pre-analytical factors, 
sample transportation, and logistics49,50
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frequent in these cancers, such as ETV6::NTRK3, and should 
be employed if NGS is not accessible or financially viable. 
However, RNA based NGS panels should be the preferred 
choice whenever possible.

What is the order of preference of sample type for performing NTRK 
fusion testing? (1) Surgical specimens; (2) Biopsy samples; (3) 
Cytopathology samples; (4) Bone tissue samples (only if no 
other available specimen and after adequate fixation and 
EDTA decalcification); and (5) Liquid biopsy (lower sensitiv-
ity than tissue).

How should samples be handled? Ten percent buffered formalin 
is the ideal fixating solution for prompt sample handling. The 
pathology laboratory must fix biopsy samples for a minimum 
of 6 hours up to a maximum of 48 hours, and surgical samples 
for a minimum of 12 hours up to a maximum of 72 hours. Rea-
gents must be subject to rigorous quality control, including for-
malin, alcohol, xylene, and paraffin. Paraffin should be of high 
quality with a fusion point not exceeding 68°C. The other pro-
cedures must observe national and international quality 

standards. Bone samples should be handled adequately, with 
the sectioning of larger specimens for appropriate fixation, fol-
lowed by decalcification with EDTA for a minimum of 
24 hours up to a maximum of 48 hours54 to allow adequate 
decalcification while avoiding nucleic acid degeneration. The 
morphological features (H&E) should be analyzed by a pathol-
ogist in order to establish a tumor diagnosis and ensure that 
sections containing at least 20% tumor cells are selected for 
further processing in the subsequent tests. Complementary 
tests, such as IHC and molecular diagnostic assays, should be 
performed rationally in order to conserve sample material and 
resources. FFPE samples must be stored separately according 
to recommended conditions.

Optimizing the patient journey. When a molecular test is 
requested by the oncologist, patients usually need to request 
the pathology laboratory to retrieve the biopsy sample from its 
archives and send it to the molecular biology laboratory. How-
ever, this process usually takes up to 2 weeks, which is valuable 
time for patients with advanced cancer. In this regard, general 
pathology laboratories may improve the patient journey by 

Table 4. Prevalence of NTRK fusion for different solid tumors.

TuMOR TRK FuSIONS 
FREquENCIES (%)

NOTE

Breast cancer other than secretory cancer39 <1  

Cholangiocarcinoma39 <1  

Colorectal and appendiceal cancer39 <1  

Congenital infantile fibrosarcoma5,21 >85  

Congenital mesoblastic nephroma (cellular subtype)21 83  

gastrointestinal stromal tumors5 <5  

glioblastoma multiforme51 <1  

glioma, pediatric high-grade52 40 Diffuse intrinsic pontine gliomas and 
non-brainstem high-grade glioma

Head and neck cancer other than MASC5,21 <1  

Mammary analog secretory carcinoma (MASC) of the salivary gland5 90-100  

Melanoma39 <1  

Non-small cell lung cancer39,51 <1  

Pancreatic cancer51 <1  

Renal cell cancer4 <1  

Salivary gland carcinoma39 5  

Sarcoma, not otherwise specified51 1.17  

Secretory breast carcinoma5 >90  

Thyroid cancer51,53 2-28 Particularly in children.
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establishing protocols to speed up sample retrieval and ship-
ping to the molecular biology laboratory when a molecular test 
is requested for patients with locally advanced or metastatic 
cancer.

Treatment with TRK inhibitors. The presence of TRK fusion is 
a new predictive biomarker for solid tumors for TRK inhibi-
tors. We recommend that adult and pediatric patients with 
locally advanced or metastatic solid tumors with TRK fusion-
positive cancers be offered screening strategies to identify those 
who might benefit from treatment with a TRK inhibitor.

Conclusions
Although oncogenic NTRK fusions are rare events in common 
cancer types (less than 1% of cases), taking all cancer types 
together, they represent a significant number of patients. 
Targeted TRK inhibition is the treatment of choice for TRK 
fusion-positive cancers and may confer a significant survival 
benefit and meaningful anti-tumor response in these patients. 
Thus, optimal diagnosis of the presence of NTRK fusions is 
pivotal to correctly identifying patients eligible for this poten-
tially life-saving intervention.

We have proposed a testing algorithm based on the latest 
ESMO consensus for adoption by pathology laboratories. For 
common tumors with a low pretest probability of harboring 
NTRK fusions, we propose pan-TRK IHC as a screening test, 
followed by confirmation of positive results by NGS. However, 
when tumor histology is derived from tissues that physiologi-
cally express TRK proteins, we recommend direct NGS profil-
ing due to the high rates of IHC false-positive results reported 
in these tissues. Finally, for rare tumors with a high incidence of 
harboring NTRK fusions, such as infantile fibrosarcoma and 
secretory breast carcinomas, we recommend FISH testing or 
real-time PCR for the classical ETV6::NTRK3 fusion, fol-
lowed by NGS investigation of negative cases or direct NGS 
tumor profiling.

In this consensus, we have provided evidence-based rec-
ommendations on how to implement, optimize and analyze 
the results of the methodologies described, serving as practi-
cal help for pathologists and laboratories during their testing 
routines.
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