
ABSTRACT
Background: Neurotrophic tyrosine receptor kinase (NTRK) gene fusions are oncogenic drivers. Using the 
Auria Biobank in Finland, we aimed to identify and characterize patients with these gene fusions, and 
describe their clinical and tumor characteristics, treatments received, and outcomes.
Material and methods: We evaluated pediatrics with any solid tumor type and adults with colorectal 
cancer (CRC), non-small cell lung cancer (NSCLC), sarcoma, or salivary gland cancer. We determined tro-
pomyosin receptor kinase (TRK) protein expression by pan-TRK immunohistochemistry (IHC) staining of 
tumor samples from the Auria Biobank, scored by a certified pathologist. NTRK gene fusion was confirmed 
by next generation sequencing (NGS). All 2,059 patients were followed-up starting 1 year before their can-
cer diagnosis.
Results: Frequency of NTRK gene fusion tumors was 3.1% (4/127) in pediatrics, 0.7% (8/1,151) for CRC, 0.3% 
(1/288) for NSCLC, 0.9% (1/114) for salivary gland cancer, and 0% (0/379) for sarcoma. Among pediatrics 
there was one case each of fibrosarcoma (TPM3::NTRK1), Ewing’s sarcoma (LPPR1::NTRK2), primitive neuro-
ectodermal tumor (DAB2IP::NTRK2), and papillary thyroid carcinoma (RAD51B::NTRK3). Among CRC patients, 
six harbored tumors with NTRK1 fusions (three fused with TPM3), one harbored a NTRK3::GABRG1 fusion, 
and the other a NTRK2::FXN/LPPR1 fusion. Microsatellite instability was higher in CRC patients with NTRK 
gene fusion tumors versus wild-type tumors (50.0% vs. 4.4%). Other detected fusions were SGCZ::NTRK3 
(NSCLC) and ETV6::NTRK3 (salivary gland cancer). Four patients (three CRC, one NSCLC) received chemo-
therapy; one patient (with CRC) received radiotherapy.
Conclusion: NTRK gene fusions are rare in adult CRC, NSCLC, salivary tumors, sarcoma, and pediatric 
solid tumors.
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Introduction

Fusions involving a gene of the neurotrophic tyrosine receptor 
kinase (NTRK) family are well-known oncogenic drivers of diverse 
cancers in adult and pediatrics [1]. While enriched in certain rare 
tumors, NTRK gene fusions are infrequent in more common cancers 
(often <1%) [2, 3]. Three NTRK genes (NTRK1, NTRK2, and NTRK3) 
respectively encode the transmembrane tropomyosin receptor 
kinase (TRK) A, B, and C proteins. TRK inhibitors are targeted drugs 
that block the activated kinase function of the wild-type or chi-
meric TRK fusion protein that results from the NTRK gene fusion.

There is a need to identify individuals with NTRK gene fusion 
tumors across real-world settings to describe the treatments 
they receive and their outcomes, and this can be met by linking 
patient genomic data to longitudinal electronic health records 
(EHRs). For example, in our recent clinicogenomic (pilot) study 

of patients with papillary thyroid cancer (PTC) [4], we 
demonstrated the feasibility of generating NGS data of tumor 
samples from the Auria Biobank in the Turku region of Finland 
linked at the patient level to hospital EHRs and vital statistics. 
This enabled detailed analyses of clinical cohorts of the sample 
donors defined by their tumor genome. PTC was selected for the 
pilot study due to its relatively high prevalence of NTRK gene 
fusions compared with other common cancer types [2, 5]. This 
present work expands our investigation to evaluate the 
feasibility of the same data sources to identify and evaluate 
patients with NTRK gene fusions in other solid tumors in adults 
and pediatrics. In adults, we selected colorectal cancer (CRC) 
and non-small cell lung cancer (NSCLC) due to their high global 
incidence despite a low frequency of NTRK gene fusion, and 
salivary gland cancer and sarcoma due to their low global 
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incidence [6] combined with a relatively high frequency of NTRK 
gene fusions [2]. In pediatrics, we evaluated any type of solid 
tumor. The objectives of this present study were, firstly, to 
determine the frequency of NTRK gene fusions in these real-
world patient populations, and, secondly, to describe the tumor, 
clinical, and other characteristics of patients positive for NTRK 
gene fusions.

Materials and methods

Study design and data source

This was a population-based clinicogenomic study set in the 
Turku region of Finland. Auria Biobank stores human biological 
samples and related healthcare data from the area of southwest 
Finland based on the donor’s consent or legal transfer to the 
biobank according to the Finnish Biobank Act. The FFPE tumor 
samples from donors treated and operated in Turku University 
Hospital are collected and included in the biobank, and can be 
used for research after their clinical use in the Department of 
Pathology. The samples are linkable to Turku University Hospital’s 
EHRs at the individual patient level with comprehensive data 
coverage since 2004. Further details of the Auria Biobank and 
linked data sources – hospital EHRs and vital statistics records in 
Turku University Hospital – have been described previously [4]. 
For this present study, use of patient data, including cancer 
tumor samples, was approved by Auria Biobank’s Scientific 
Steering Committee (Decisions AB18-6900, AB18-2303 and 
AB18-9957), Hospital District of Southwest Finland (research 
permission T278/2018), and by Statistics Finland (research per-
mission TK-53-448-20).

Study cohorts

Five study cohorts were identified: four comprised adults (≥ 18 
years of age) with either CRC, NSCLC, salivary gland cancer, or sar-
coma, and the fifth included pediatrics (< 18 years of age) with 
any type of solid tumor. FFPE samples for IHC analysis were ini-
tially selected at Auria Biobank based on the topography and 
pathologist’s diagnosis for the sample, whenever there was a 
tumor sample available and sufficient for research. To be included 
into the clinicogenomic part of the study, patients were required 
to have received a histologically-confirmed diagnosis of their can-
cer in the Hospital District of Southwest Finland between January 
2005 and December 2019 (see Supplementary Figures 1–5).

NTRK gene fusion identification and confirmation

For reasons of operational efficiency, we undertook a two-step 
process using IHC as a primary identification technique fol-
lowed by orthogonal validation of fusion via NGS testing for 
confirmation [7]. Expression of TRK protein was determined by 
pan-TRK immunohistochemistry (IHC) staining of tumor sam-
ples using antibody clone EPR17341 (Abcam, Cambridge, MA, 
USA) [8] and OptiView DAB IHC detection kits on Ventana 
Discovery Ultra autostainers [8]. Note that here a laboratory 

developed test was used; while the antibody today is also part 
of an in vitro diagnostic [9] that was not yet available when this 
work was carried out. Stained slides were scored by a certified 
pathologist (KJ) from Dresden University Hospital within 
weeks after staining. Four categories were used to score the 
pan-TRK staining: ‘0’ for no staining, ‘1’ for weak, ‘2’ for moder-
ate, and ‘3’ for strong. Further, the pathologist estimated the 
percentage of tumor and adjacent normal cells on each slide, 
and the tumor area was scored according to subcellular com-
partment (cytoplasmic, membrane, perinuclear, nuclear). For 
each compartment, the score of the predominant staining was 
recorded together with its percentage (e.g. 80% of tumor cyto-
plasm being stained moderately). Following this, the subset of 
samples flagged by IHC as pan-TRK positive (plus an arbitrary 
number of randomly selected IHC negative samples) was ana-
lyzed with next-generation sequencing (NGS) to confirm the 
result and determine the fusion partner, at the DIN EN ISO 
15189:2013 certified clinical laboratory (Biopticka SRO, Plzen, 
Czech Republic), also employed as a central laboratory for 
NTRK NGS testing in Bayer’s clinical trials. The TruSightTM Tumor 
170 assay (TST170; Illumina, San Diego, CA, USA), which simul-
taneously analyzes DNA and RNA, was selected due to its com-
prehensive cover of 170 genes associated with solid tumors 
[4]. The DNA fraction is analyzed for single-nucleotide variants/
indels and amplifications, and the RNA fraction for fusions/
splice variants of 55 genes (including NTRK1/2/3) [9]. The 
Illumina TruSight 170 panel (TST170) is designed to target and 
enrich for fusions involving specific genes using hybrid cap-
ture technology. The advantage of this technology is that 
knowledge of only one of the partners is required, allowing for 
the potential discovery of novel fusion partners [10]. For exam-
ple, others have used TST170 because it can detect known and 
unknown ROS1 fusions [11, 12]. In our present study, fusion 
calling was performed using Illumina’s algorithm V2.0.1.8, as 
used previously [4]. The implementation of the assay at two 
clinical molecular diagnostics laboratories, according to AMP/
CAP guidelines, has been described by others [13].

Linkage to EHRs and follow-up

Through patient-level linkage to Turku University Hospital EHRs 
and vital statistics, we obtained data on patient demographics, 
comorbidities, lifestyle variables, laboratory test results, cancer 
treatments, and hospital visits, at the time of cancer diagnosis. 
The microsatellite instability (MSI) measurements of the adult 
CRC cohort members as part of patient care were collected from 
each patient’s EHR. MSI status was defined based on IHC testing 
for the following four DNA mismatch repair gene products: 
MLH1, MSH2, MSH6, PMS2. The sample was interpreted as MSS 
when a normal result was shown for all proteins, MSI-low when 
an abnormal result was shown for one of the four proteins, and 
MSI-high (MSI-H) when an abnormal result was shown for at 
least two of the four proteins. Patients were followed from 1 year 
before their cancer diagnosis until death, the end of their availa-
ble observational period or the end of the study (December 
2019) whichever came first.
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Statistical analysis

There were no pre-specified hypotheses; all data analysis was 
exploratory and descriptive. NTRK gene fusion frequency was 
expressed as a percentage of patients for whom this was NGS-
confirmed (separately for each of the five cohorts) as well as a 
percentage of all patients whose tissue sample underwent IHC 
testing in each cohort. Characteristics of patients NGS con-
firmed as positive for NTRK gene fusion (including features of 
the tumor, treatment, and lifestyle characteristics) were 
described on an individual basis. However, to preserve patient 
privacy, sex and age at cancer diagnosis were not described for 
individual patients but were presented as overall frequency 
distributions and median values, respectively. Descriptive 
analyses were also performed for each cohort stratified by 
NTRK gene fusion status (i.e. positive or wild-type), with data 
summarized using frequency counts and percentages for cate-
gorical variables, and with medians and inter-quartile range 
for continuous variables. Analyses were undertaken using SAS 
version 9.4.

Results

NTRK gene fusion frequency

Among patients with tumors positive for TRK protein expres-
sion after IHC staining, the percentages confirmed as NTRK 
gene fusion positive after NGS were 80% (8/10) for CRC, 5% 
(1/21) for NSCLC, 6% (1/18) for salivary cancer, 0% (0/21) for 
sarcoma, and 25% (4/16) for pediatrics. Overall, the frequen-
cies of NTRK gene fusion in adult tumors following confirma-
tion by NGS were 0.7% (8/1,151) for CRC, 0.3% (1/288) for 
NSCLC, 0.9% (1/114) for salivary gland cancer, and 0% (0/379) 
for sarcoma, and in pediatric solid tumors it was 3.1% (4/127) 
(Table 1). Among randomly-selected IHC-negative samples (17 
for CRC, 15 for NSCLC, 3 for salivary gland cancer, 3 for sarcoma, 
and 1 for pediatric solid tumors), all were NGS-confirmed as 
negative.

Characteristics of adults with confirmed NTRK gene fusion

Genomic and other characteristics of the 10 adults positive for 
NTRK gene fusion (eight CRC, one NSCLC, and one salivary gland 

cancer) are shown in Table 2. Of the eight patients with CRC, six 
had tumors harboring an NTRK1 gene fusion, with the fusion 
partner being TPM3 in three patients, and TPR, LMNA, and 
IRF2BP2 in one patient each. Of the two other patients with CRC, 
one had a tumor harboring a GABRG1::NTRK3 fusion, and the 
other had a tumor harboring the NTRK2 gene with two different 
fusion partners identified from one sample – FXN and LPPR1. 
Five of these eight patients with CRC had tumors tested for MSI 
with four mismatch repair proteins (MLH1, MSH2, MSH6, and 
PMS2). Four of the five patients had abnormal (negative) IHC in 
MLH1 and PMS2 and were interpreted to represent MSI-H. The 
patient with NSCLC harbored an SGCZ::NTRK3 fusion tumor, 
while the patient with salivary gland cancer harbored an 
ETV6::NTRK3 fusion. Median age at cancer diagnosis for the 10 
patients with NTRK gene fusion tumors was 67 years; seven were 
female. Four patients (three CRC, one NSCLC) received treat-
ment with chemotherapy, while only one patient (with CRC) 
received treatment with radiotherapy; all underwent multiple 
procedures after cancer diagnosis. None was lost to follow-up, 
and all were alive at the end of their individual follow-up period 
(confirmed by data from Statistics Finland).

Characteristics of pediatrics with confirmed NTRK gene 
fusion

Genomic and other characteristics of the four pediatric 
patients positive for NTRK gene fusion are shown in Table 3. 
There was one case each of fibrosarcoma, Ewing’s sarcoma, 
primitive neuroectodermal tumor, and PTC. The NTRK gene 
and fusion partner was TPM3::NTRK1 (fibrosarcoma), 
LPPR1::NTRK2 (Ewing’s sarcoma), DAB2IP::NTRK2 (primitive 
neuroectodermal tumor), and RAD51B::NTRK3 (PTC). The 
median age of the four patients was 10 years; there were 3 
males and 1 female. The patient with Ewing’s sarcoma and 
the patient with primitive neuroectodermal tumor were still 
alive at the end of their individual follow-up (at 1 year both 
had received chemotherapy and radiotherapy). The patient 
with fibrosarcoma and the patient with PTC died within their 
individual observation periods (15 years and 7 years’ fol-
low-up, respectively; neither had received chemotherapy nor 
radiotherapy); all pediatric patients underwent multiple pro-
cedures after cancer diagnosis.

Table 1. NTRK gene fusion testing across selected solid tumors in adults, and solid tumor in pediatrics.

Tumor type Number of patients Number of samples submitted to 
IHC

Number of IHC-tested samples 
submitted to NGS*

Number of NGS-confirmed 
samples

Adults
CRC 1,151 1,159 10 8
NSCLC 288 294 21 1
Sarcoma 379 381 21 0
Salivary 114 115 18 1
Pediatrics 127 149 16 4

CRC: colorectal cancer; IHC: immunohistochemistry; NGS: next-generation sequencing; NSCLC: non-small cell lung cancer; NTRK: neurotrophic tyrosine 
receptor kinase.
*Contains all IHC-positive samples. Additionally, further IHC-negative samples were randomly selected for NGS, all of which were found to be NTRK fusion 
negative. See Supplemental figures 1–5 for details.
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Comparison of patients with confirmed NTRK gene fusion 
vs. NTRK wild-type

Characteristics of the CRC, NSCLC, and salivary gland cancer 
cohorts according to the presence/absence of NTRK gene fusion 
tumors are shown in Table 4 (data for the sarcoma cohort are not 
shown due to all patients having NTRK fusion negative tumors). 
The data analysis was carried out for the study cohort diagnosed 
between 2005 and 2019 when the hospital EHR data was most 
complete. Among the CRC cohort, MSI was seen in a notably 
higher proportion of patients with an NTRK gene fusion tumor 
versus those with wild-type tumors (50.0% vs. 4.4%). Further, 
NTRK-positive tumors were commonly located on the right side 
(37.5% vs. 7.6%) and in either the ascending colon (25.0% vs. 
2.1%) or transverse colon (25.0% vs. 2.0%). The eight CRC 
patients with an NTRK gene fusion tumor were, on average, 
slightly younger than patients with wild-type tumors (N = 1,080) 
and were more frequently female and non-obese. Characteristics 
of the pediatric cohort according to the presence/absence of an 

Table 2. Genomic, tumor, clinical, and lifestyle characteristics among adults with CRC (N = 8), NSCLC (N = 1), and salivary gland (N = 1) tumors harboring an 
NTRK gene fusion.

Characteristics CRC NSCLC Salivary

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 1 Patient 1

Genomic characteristics
NTRK gene NTRK1 NTRK3 NTRK2 NTRK1 NTRK1 NTRK1 NTRK1 NTRK1 NTRK3 NTRK3
NTRK gene fusion 
partner

TPM3 GABRG1 FXN; LPPR1 TPM3 TPR LMNA TPM3 IRF2BP2 SGCZ ETV6

Other genomic 
co-alterations*

No Yes Yes Yes Yes Yes No Yes No No

Patient characteristics
Diagnosis year 2008 2009 2009 2015 2017 2018 2018 2019 2019 2006
BMI (kg/m2) 24 26 Unknown 29 23 23 25 29 39 Unknown
Smoking status Past Current Past Never Never Never Never Unknown Current Current
CCI† Unknown 0 2 0 0 0 0 0 0 0
Clinical characteristics
Zubrod score 1 1 1 Unknown 1 Unknown Unknown Unknown 1 Unknown
Grade II III III III III II III III II Unknown
Stage (AJCC) IIIB IIIC IIB or IIC II IIA Unknown Unknown Unknown IVA I
TNM T3N1M0 pT4N2M0 pT4N0M0 T3N0M0 pT3N0 pT3N0 T3N0 T4aN0 T4N0M1b T2N0M0
MSI status MSS Unknown Unknown MS-H Unknown MSI-H MSI-H MSI-H NA NA
Chemotherapy after 
diagnosis

Yes Yes No No Yes No No No Yes No

Radiotherapy after 
diagnosis

Yes No No No No No No No No No

Survival status
Study follow-up time 

(years)
12 10 10 4 2 2 2 0 1 14

Deceased (as of Dec 31, 
2019)

No No No No No No No No No No

AJCC: American Joint Committee on Cancer; BMI: body mass index; CCI: Charlson Comorbidity Index; CRC: colorectal cancer; MSI-H: microsatellite instability 
high; MSS: microsatellite stable; NA: not applicable; NSCLC: non-small cell lung cancer; NTRK: neurotrophic tyrosine receptor kinase; TNM: tumor, node, 
metastasis.
*Other genomic co-alterations included in the TruSight™ Tumor 170 assay (Illumina, San Diego, CA, USA). To preserve patient confidentiality, individual-level 
age and sex data have been suppressed, and study follow-up time has been rounded.
†According to Quan et al. [14].

NTRK gene fusion tumor are shown in Table 5; patients harbor-
ing an NTRK gene fusion tumor were, on average, younger than 
those with a NTRK wild-type tumor. Data for all four NTRK posi-
tive cases (diagnosed in 2004, 2004, 2006 and 2012) were com-
pared to the data for NTRK wild-type cases diagnosed between 
2005 and 2019.

Discussion

This population-based clinicogenomic study builds on our ini-
tial work on NTRK gene fusions in PTC [4], and previous work on 
other biomarkers in oncology [15, 16], to further support the 
utility of linking patient-level genomic data from the Auria 
Biobank to longitudinal EHRs and vital statistics. The infrequency 
of NTRK gene fusions seen in adults and pediatrics with solid 
tumors (0.7% for CRC, 0.3% for NSCLC, 0% for sarcoma, and 3.1% 
for pediatrics) are mostly in line with expectations from the liter-
ature of their low prevalence among adult tumors [2, 3, 5, 17–20] 
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and further support the higher prevalence among tumors in 
pediatrics versus adults [2, 3, 21] (see also the Supplementary 
Table for the technologies used for fusion detection in these 
cited studies). Among the 379 patients with sarcomas, none had 
an NTRK gene fusion tumor; thus the frequency was lower than 
expected from the literature (approx. 0.2–0.8%). Since our work 
– carried out in 2018/2019 – others have noted the poor perfor-
mance of this antibody in IHC of sarcomas [5].

The high prevalence of MSI-H in patients with CRC harboring 
an NTRK gene fusion tumor is consistent with previous research 
[2, 18, 22–24]. In line with previous research, our findings also 
show NTRK gene fusions in patients with CRC occur mostly in 
right-sided tumors [22, 25, 26] and are located in the ascending 
or transcending colon [2]. Three of the fusion partners among 
adults with CRC harboring an NTRK gene fusion tumor have 
been commonly reported in the literature, including 
TPM3::NTRK1 [8, 17, 2 0, 24, 27–30], TPR::NTRK1 [20, 24, 25, 29, 
30], and LMNA::NTRK1 [8, 20, 24, 25, 27, 28, 30, 31]. The other 
NTRK gene fusions that we identified in our adult CRC cohort 
were IRF2BP2::NTRK1 (which has been reported previously 
among adult tumors) [2], GABRG1::NTRK3, and a fusion of the 
NTRK2 gene with two different fusion partners – FXM and LPPR1 
– identified from a single tissue sample. We did not identify any 
patients with an ELM4::NTRK3 gene fusion tumor as previously 
found by others [20, 27, 30, 32]. The ETV6::NTRK3 fusion – 
detected in a single patient with a salivary gland tumor – has 
been commonly reported by others [31, 33–36]. However, other 
reports of the SGCZ::NTRK3 fusion, which we detected in a single 
patient with NSCLC, are lacking. Conversely, several NTRK gene 
fusions, previously documented in patients with NSCLC, were 

not found in our NSCLC cohort, including TPM3::NTRK1  
[8, 17], SQSTM1 partnered with NTRK1/NTRK2/NTRK3 [20, 28, 37, 
38], ETV6-NTRK3 [17], IRF2BP2-NTRK1 [8], EPS15::NTRK1 [37], and 
CD74-NTRK1 [28]. Furthermore, no patients in our sarcoma 
cohort harbored an NTRK gene fusion tumor, yet they have been 
reported in the literature by others [8, 17, 18, 28, 31]. Of the NTRK 
fusion partners we identified in pediatrics, TPM3::NTRK1 
(fibrosarcoma) has been documented in pediatrics by others 
[39, 40], and DAB2IP::NTRK2 (primitive neuroectodermal tumor) 
has been previously documented in adults. The other two NTRK 
gene fusions in pediatrics were an LPP1::NTRK2 fusion (Ewing’s 
sarcoma), and a RAD51B::NTRK3 (PTC); we did not identify 
ETV6::NTRK3 [21, 41, 42, 43], TPR::NTRK1 [41, 42] – NTRK gene 
fusions were more commonly reported among pediatrics with 
solid tumors.

The availability of TRK inhibitors as a targeted therapy for 
patients with an NTRK gene fusion tumor has enabled physicians 
to optimize treatment strategies in these patients, with the 
potential to improve outcomes and quality of life [44–47]. As 
this was a descriptive study and no statistical comparisons were 
made between NTRK fusion positive versus negative patients, 
these results cannot infer the prognostic value of NTRK fusion. 
Furthermore, the small sample size of the NTRK fusion positive 
patients meant that it would not be possible to draw any 
meaningful conclusions from any survival analysis undertaken. 
Some studies have suggested an unclear prognostic significance 
of NTRK fusions [21, 48], while others have suggested NTRK 
fusions could be a negative prognostic factor of survival [49–51]. 
Nevertheless, our study demonstrates the feasibility of using the 
Auria Biobank and linked data sources to do so in future. A 

Table 3. Genomic, tumor, clinical, and lifestyle characteristics among pediatrics harboring an NTRK gene fusion (N = 4).

Characteristics Fibrosarcoma Ewing’s sarcoma Primitive 
neuroectodermal tumor

Papillary thyroid carcinoma

Patient 1 Patient 2 Patient 3 Patient 4

Genomic characteristics
NTRK gene NTRK1 NTRK2 NTRK2 NTRK3
NTRK gene fusion partner TPM3 LPPR1 DAB2IP RAD51B
Other genomic co-alterations No Yes Yes Yes
Patient characteristics
Diagnosis year 2004 2004 2006 2012
BMI (kg/m2) Unknown Unknown Unknown 20
CCI* 2 2 Unknown Unknown
Clinical characteristics
Zubrod score Unknown Unknown Unknown 1
Grade Unknown Unknown III Unknown
Stage (AJCC) Unknown IV Unknown Unknown
TNM Unknown Unknown Unknown T1N0
Chemotherapy after diagnosis No Yes Yes No
Radiotherapy after diagnosis No Yes Yes no
Survival status
Study follow-up time (years) 15 1 1 7
Deceased (as of Dec 31, 2019) No Yes Yes No

AJCC: American Joint Committee on Cancer; BMI: body mass index; CCI: Charlson Comorbidity Index; NTRK: neurotrophic tyrosine receptor kinase; TNM: 
tumor, node, metastasis.
*According to Quan et al. [14].
To preserve patient confidentiality, individual-level age and sex data have been suppressed, and study follow-up time has been rounded.
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Table 4. Characteristics of the CRC, NSCLC, and salivary gland cancer cohorts of adults with solid tumors (N = 1088) according to presence/absence of NTRK gene fusion.

CRC NSCLC Salivary gland cancer

Characteristic NTRK gene fusion
N = 8

NTRK wild-type
N = 1080

NTRK gene fusion
N = 1

NTRK wild-type
N = 255

NTRK gene fusion
N = 1

NTRK wild-type
N = 58

Age at CRC diagnosis
Median (IQR) 67.5 (65.0–72.5) 68.9 (61.0–75.7) 68.3 (NA) 67.8 (62.6–72.3) 66.4 (NA) 66.4 (60.7–76.7)

 18–59 1 (12.5) 237 (21.9) 0 (0) 45 (17.6) 0 (0) 11 (19.0)

 60–69 4 (50.0) 367 (34.0) 1 (100) 117 (45.9) 1 (100) 25 (43.1)

 70–79 3 (37.5) 353 (32.7) 0 (0) 83 (32.5) 0 (0) 13 (22.4)

 ≥80 0 (0) 123 (11.4) 0 (0) 10 (3.9) 0 (0) 9 (15.5)

Sex
 Female 6 (75.0) 513 (47.5) 1 (100) 121 (47.5) 0 (0) 40 (69.0)

 Male 2 (25.0) 567 (52.5) 0 (0) 134 (52.5) 1 (100) 18 (31.0)

BMI, kg/m2 
 < 30 (non-obese) 7 (87.5) 735 (68.1) 0 (0) 164 (64.3) 0 (0) 23 (39.7)

 ≥ 30 (obese) 0 (0.0) 191 (17.7) 1 (100) 54 (21.2) 0 (0) 10 (17.2)

 Missing 1 (12.5) 154 (14.3) 0 (0) 37 (14.5) 1 (100) 25 (43.1)

Smoking status
 Current 1 (12.5) 137 (12.7) 1 (100) 134 (52.5) 1 (100) 8 (13.8)

 Former 2 (25.0) 205 (19.0) 0 (0) 72 (28.2) 0 (0) 10 (17.2)

 Never 4 (50.0) 399 (36.9) 0 (0) 46 (18.0) 0 (0) 24 (41.4)

 Missing 1 (12.5) 339 (31.4) 0 (0) 3 (1.2) 0 (0) 16 (27.6)

Charlson Comorbidity Index at diagnosis
 0 6 (75.0) 754 (69.8) 1 (100) 68 (26.7) 1 (100) 16 (27.6)

 1 0 (0) 83 (7.7) 0 (0) 58 (22.7) 0 (0) 4 (6.9)

 2 1 (12.5) 76 (7.0) 0 (0) 47 (18.4) 0 (0) 5 (8.6)

 ≥3 0 (0.0) 49 (4.5) 0 (0) 19 (7.5) 0 (0) 1 (1.7)

 Missing 1 (12.5) 118 (10.9) 0 (0) 63 (24.7) 0 (0) 32 (55.2)

Zubrod scores
 0 0 (0) 153 (14.2) 0 (0) 66 (25.9) 0 (0) 2 (3.4)

 0–1 0 (0) 19 (1.8) 0 (0) 8 (3.1) 0 (0) –

 1 4 (50.0) 388 (35.9) 1 (100) 91 (35.7) 0 (0) 22 (37.9)

 1–2 0 (0) 42 (3.9) 0 (0) 2 (0.8) 0 (0) –

 2 0 (0) 6 (0.6) 0 (0) 12 (4.7) 0 (0) 1 (1.7)

 2–3 0 (0) 3 (0.3) 0 (0) 1 (0.4) 0 (0) 2 (3.4)

 3 0 (0) – 0 (0) 1 (0.4) 0 (0) –

 4 0 (0) 1 (<0.1) 0 (0) 1 (0.4) 0 (0) –

 Missing 4 (50.0) 440 (40.7) 0 (0) 73 (28.6) 1 (100) 31 (53.4)

Cancer stage at diagnosis, AJCC* 
 I 0 (0) 42 (3.9) 0 (0) 34 (13.3) 0 (0) 0 (0)

 II 2 (25.0) 114 (10.6) 0 (0) 15 (5.9) 0 (0) 1 (1.7)

 III 1 (12.5) 114 (10.6) 0 (0) 18 (7.1) 0 (0) 0 (0)

 IV 0 (0) 11 (1.0) 1 (100) 8 (3.1) 0 (0) 0 (0)

 Missing 5 (62.5) 799 (74.0) 0 (0) 180 (70.6) 1 (100) 57 (98.3)

Tumor location side
 Left 1 (12.5) 666 (61.7) 0 (0) 0 (0) 0 (0) 0 (0)

 Right 3 (37.5) 82 (7.6) 0 (0) 0 (0) 0 (0) 0 (0)

 Unclear 2 (25.0) 22 (2.0) 0 (0) 0 (0) 0 (0) 0 (0)

 Missing 2 (25.0) 310 (28.7) 1 (100) 25 (100) 1 (100) 58 (100)

Microsatellite instability
 Yes 4 (50.0) 47 (4.4) NA NA NA NA

 No 1 (12.5) 237 (21.9) NA NA NA NA

 Unclear 0 (0) 4 (0.4) NA NA NA NA

 Missing 3 (37.5) 792 (73.3) 1 (100) 255 (100) 1 (100) 58 (100)

Cancer treatments
 Radiotherapy 1 (12.5) 323 (29.9) 0 (0) 72 (28.2) 0 (0) 32 (55.2)

 Chemotherapy 3 (37.5) 492 (45.6) 1 (100) 117 (45.9) 0 (0) 53 (91.4)

Procedures,† median (IQR)

  Before cancer 
diagnosis

8.5 (4.5–17.0) 8.0 (3.0–18.0 18.0 (NA) 17.0 (9.0–35.0) 8.0 (NA) 5.5 (3.0–17.0)

  After cancer diagnosis 14.5 (5.0–46.0) 26.0 (14.0–47.0) 28 (NA) 33.0 (2.0–55.0) 8.0 (NA) 24.0 (9.0–53.0)
Hospitalizations, mean number per patient 
(SD)
 Visit 60.4 (72.2) 48.0 (57.3) 20.0 (NA) 46.9 (39.4) 20.0 (NA) 74.7 (129.4)
 Ward 4.0 (4.6) 4.2 (4.0) 5.0 (NA) 3.0 (3.4) 2.0 (NA) 3.0 (3.6)
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strength of our study was the wide range of patient data  
enabling the study of a variety of patients and tumor 
characteristics, and the ability to follow them observationally. 
Additionally, the population-based sample was drawn from 
southwest Finland where Turku university hospital provides 
cancer care, and which has minimal migration between the 
other counties of Finland in all age groups apart from students 
and young adults [52]. Limitations of our study should also be 
acknowledged. Firstly, the lack of NGS testing for most tumor 
samples meant that in contrast to our previous related work in 
PTC [4], we were unable to calculate the accuracy of our IHC 
assay – neither sensitivity nor specificity could be determined. 
However, while we cannot rule out false negative IHC results, all 
randomly selected IHC-negative samples were confirmed as 
negative following NGS. Further, the presence of false positive 
IHC results might indicate that the threshold of IHC results was 
set appropriately low (i.e. was sufficiently sensitive) to subject 
any potential fusion positive sample to NGS. Indeed, the IHC 
result threshold for NGS testing was set for highest sensitivity, at 
the expense of some false positives (i.e. lower specificity). The 
two-step process used to identify NTRK gene fusions in this 
study is just one of several methods available, each differing 
with regards to sensitivity and specificity; global consensus on 
best diagnostic practices is emerging [7]. Secondly, there is the 
possibility of selection bias if there were any systematic 
differences between patients who had not provided consent for 
their tissue samples to be used for research purposes and those 
who had provided consent. Thirdly, missing EHR data on some 
patient characteristics/management limited a more complete 
understanding of the patient journey. Data were also unavailable 
on MSI testing in the pediatric cohort; this was a very 
heterogeneous cohort in terms of tumor type and the number 
of pediatric cases of CRC was very small. Fourthly, the limited 
size of the study cohorts may have led to estimates less precise 
than those reported from larger studies and could have been 
the reason for the lack of NTRK gene fusion tumors among the 
sarcoma cohort. Also, as only one patient each in the NSCLC and 
salivary cancer cohorts, and none in the sarcoma cohort were 
identified as harboring an NTRK gene fusion, this prevented 

Table 4. (Continued).

CRC NSCLC Salivary gland cancer

Characteristic NTRK gene fusion
N = 8

NTRK wild-type
N = 1080

NTRK gene fusion
N = 1

NTRK wild-type
N = 255

NTRK gene fusion
N = 1

NTRK wild-type
N = 58

Deaths/survival
  Length of observation 

while alive (median, IQR)
3.2 (1.9–10.3) 6.7 (2.5–10.0) 0.61 (NA) 3.86 (1.48–8.01) 14.0 (NA) 7.0 (2.5–11.5)

  Deaths within 5 years 0 (0) 33 (3.1) 0 (0) 42 (16.5) 0 (0) 11 (19.0)

  Death within 10 years 0 (0) 67 (6.2) 0 (0) 52 (20.4) 0 (0) 15 (25.9)

  Total deaths (as of 31 Dec 
2019)

0 (0) 91 (8.4) 0 (0) 58 (22.7) 0 (0) 18 (31.0)

Data are n (%) or median (IQR), or mean (SD) as appropriate.
AJCC: American Joint Committee on Cancer; BMI: body mass index; CRC: colorectal cancer; IQR: inter-quartile range; NSCLC: non-small cell lung cancer; NA: 
not applicable; NTRK: neurotrophic tyrosine receptor kinase; SD: standard deviation.
Note, a dash in the table cells indicates that data was missing. NA means that the variables were not evaluated.
*AJCC stage was derived based on the available TNM data. †Included extensive surgical operations, small operations, medical imaging, device-assisted 
examinations, and some therapies.
‘Missing’ cancer stage classification is due to missing or incomplete TNM.

comparisons between members of the respective cohort with 
NTRK wild-type tumors. Lastly our findings may not be 
generalizable to patients with NTRK gene fusion from other 
geographical areas.

In conclusion, our findings demonstrate the ability to perform 
a population-based clinicogenomic study using linked real-
world data sources in Finland to identify and evaluate patients 
harboring an NTRK gene fusion. This work also supports previous 
research regarding the infrequent prevalence of these gene 
fusions in adult and pediatric solid tumors.
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Table 5. Characteristics of the pediatric cohort with solid tumors (N = 70) 
according to presence/absence of NTRK gene fusion.
Characteristic NTRK gene fusion 

N = 4
NTRK wild-type 

N = 66

Age at cancer diagnosis
 Median (IQR) 9.9 (5.4–13.6) 10.8 (4.6–15.0)
 <1 0 (0.0) 8 (12.1)
 1–4 1 (25.0) 9 (13.6)
 5–9 1 (25.0) 15 (22.7)
 10–17 2 (50.0) 34 (51.5)
Sex
 Female 1 (25.0) 31 (47.0)

 Male 3 (75.0) 35 (53.0)
BMI, kg/m2 
 <30 (non-obese) 1 (25.0) 44 (66.7)
 ≥30 (obese) 0 (0.0) 2 (3.0)
 Missing 3 (75.0) 20 (30.3)
Smoking status
 Current 0 (0.0) 3 (4.5)
 Former 0 (0.0) 0 (0.0)
 Never 1 (25.0) 11 (16.7)
 Missing 3 (75.0) 52 (78.8)
Charlson Comorbidity Index at diagnosis
 0 0 (0.0) 34 (51.5)
 1 0 (0.0) 2 (3.0)
 2 2 (50.0) 3 (4.5)
 ≥3 0 (0.0) 1 (1.5)
 Missing 2 (50.0) 26 (39.4)
Zubrod scores
 0 0 (0.0) 7 (10.6)
 0–1 0 (0.0) 0 (0.0)
 1 1 (25.0) 6 (9.1)
 1–0 0 (0.0) 0 (0.0)
 1–2 0 (0.0) 0 (0.0)
 2 0 (0.0) 0 (0.0)
 2–3 0 (0.0) 0 (0.0)
 3 0 (0.0) 0 (0.0)
 4 0 (0.0) 0 (0.0)
 Missing 3 (75.0) 53 (80.3)
Cancer stage at diagnosis, AJCC* 
 I 0 (0.0) 1 (1.5)
 II 0 (0.0) 4 (6.1)
 III 0 (0.0) 3 (4.5)
 IV 1 (25.0) 8 (12.1)
 Missing 3 (75.0) 50 (75.8)
Cancer treatments
 Radiotherapy 2 (50.0) 25 (37.9)

 Chemotherapy 2 (50.0) 42 (63.6)

Procedures,† median (IQR)

 Before cancer diagnosis 12.5 (9.0–14.5) 3.0 (0.0–5.0)

 After cancer diagnosis 28.0 (17.0–44.5) 58.0 (22.0–109.0)

Hospitalizations, mean number per patient (SD)
 Visit 66.5 (34.9) 124.0 (102.0)

 Ward 12.0 (12.3) 16.9 (14.6)

Deaths/survival
  Length of observation while alive 

(median, IQR)
4.3 (1.0–11.3) 8.6 (6.7–12.1)

 Deaths within 5 years 2 (50.0) 14 (21.2)

 Death within 10 years 2 (50.0) 16 (24.2)

 Total deaths (as of 31 Dec 2019) 2 (50.0) 16 (24.2)

Data are n (%) or median (IQR), or mean (SD) as appropriate.

AJCC: American Joint Committee on Cancer; BMI: body mass index; IQR: inter-quartile 
range; NSCLC: non-small cell lung cancer; NTRK: neurotrophic tyrosine receptor kinase; 
SD: standard deviation.

*AJCC stage was derived based on the available TNM data. Unknown classification is 
due to missing or incomplete TNM.
†Included extensive surgical operations, small operations, medical imaging, device-
assisted examinations, and some therapies.
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