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Abstract
Objectives  We evaluated the prognostic value of the neurotrophic tyrosine receptor kinase (NTRK) gene fusions by compar-
ing the survival of patients with NTRK+ tumours with patients without NTRK+ tumours.
Methods  We used genomic and clinical registry data from the Center for Personalized Cancer Treatment (CPCT-02) study 
containing a cohort of cancer patients who were treated in Dutch clinical practice between 2012 and 2020. We performed 
a propensity score matching analysis, where NTRK+ patients were matched to NTRK− patients in a 1:4 ratio. We subse-
quently analysed the survival of the matched sample of NTRK+ and NTRK− patients using the Kaplan–Meier method and 
Cox regression, and performed an analysis of credibility to evaluate the plausibility  of our result.
Results  Among 3556 patients from the CPCT-02 study with known tumour location, 24 NTRK+ patients were identified. 
NTRK+ patients were  distributed across nine different tumour types: bone/soft tissue, breast, colorectal, head and neck, 
lung, pancreas, prostate, skin and urinary tract. NTRK fusions involving the NTRK3 gene (46%) and NTRK1 gene (33%) 
were most common. The survival analysis rendered a hazard ratio (HR) of 1.44 (95% CI 0.81–2.55) for NTRK+ patients. 
Using the point estimates of three prior studies on the prognostic value of NTRK fusions, our finding that the HR is > 1 was 
deemed plausible.
Conclusions  NTRK+ patients may have an increased risk of death compared with NTRK− patients. When using historic 
control data to assess the comparative effectiveness of TRK inhibitors, the prognostic value of the NTRK fusion biomarker 
should therefore be accounted for.

1  Introduction

In line with an increased focus on genetic markers to bet-
ter target cancer care, larotrectinib and entrectinib came to 
the market as the first two molecularly targeted therapies 
with a histology-independent (also called tissue or tumour 
agnostic) label. Larotrectinib received marketing authori-
sation from the US Food and Drug Administration (FDA) 
in November 2018 and was conditionally approved by the 

European Medicines Agency (EMA) in September 2019. 
Entrectinib followed in August 2019 and July 2020, respec-
tively. Both pharmaceuticals are indicated for patients who 
have locally advanced or metastatic solid tumours with 
neurotrophic tyrosine receptor kinase (NTRK) gene fusions. 
They can be prescribed regardless of the tissue of origin of 
the tumour, and therefore are classed as histology-independ-
ent therapies [1].

While the prevalence of NTRK gene fusions varies sig-
nificantly across different cancers, NTRK gene fusions are 
generally rare. A retrospective study conducted in the Neth-
erlands found that NTRK gene fusions were identified in only 
0.93% of patients referred for NTRK testing [2]. Indeed, the 
estimated prevalence across all cancer patients is only 0.30% 
[3]. NTRK fusions result from chromosomal rearrangements 
that cause the 3′ region of the NTRK gene to join the 5′ 
region of a fusion partner gene. Such fusions may result 
in TRK fusion proteins with constitutively active tyrosine 
kinases, which can lead to tumour growth [4]. In this paper, 
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we will refer to patients who have cancer tumours with 
(without) NTRK gene fusions as NTRK+ (NTRK−) patients.

Larotrectinib and entrectinib are inhibitors of the three 
most common types of TRK protein: TRKA, TRKB and 
TRKC (encoded by the NTRK1, NTRK2 and NTRK3 genes, 
respectively). Trial results for both larotrectinib and entrec-
tinib appear promising. A pooled analysis for three phase I/II 
clinical trials for larotrectinib, which included 244 patients, 
found a 67% objective response rate (ORR) [95% confidence 
interval (CI) 63–75] and a median duration of response 
(DoR) of 32.9 months (95% CI 27.3–41.7) [5]. A pooled 
analysis for three phase I/II trials for entrectinib, includ-
ing 121 patients with a median follow-up of 25.8 months, 
found an ORR of 63% (95% CI 31–89) and median DoR of 
22.1 months (95% CI 7.4 to not estimable) [6]. However, 
larotrectinib and entrectinib were evaluated on a subset of 
tumour types, therefore there is uncertainty on the efficacy 
of these treatments for other tumour types. Additionally, the 
trials for larotrectinib and entrectinib were single-arm trials. 
Due to the lack of a control arm, the comparative effective-
ness of the two TRK inhibitors cannot be established from 
the trial data alone.

Additional data on the effectiveness of standard of care 
(SoC) for NTRK+ patients are needed. Briggs et al. out-
lined three methods for estimating the counterfactual in the 
absence of direct comparative data, using larotrectinib as a 

case study [7]. Two of these methods require access to the 
patient-level trial data. The first method uses the progres-
sion-free survival (PFS) that trial patients experienced during 
the previous line of therapy (i.e. before receiving the TRK 
inhibitor) as a proxy for the comparator arm and assumes the 
relationship between PFS and overall survival (OS) to be the 
same for both the TRK inhibitor and the comparator. The sec-
ond method uses the PFS and OS for non-responders in the 
trial (i.e. those with stable or progressive disease after receiv-
ing the TRK inhibitor) as a proxy for the comparator arm. 
When patient-level data are not available, a third method can 
be used, which involves the use of a historical cohort to esti-
mate survival in the control arm. In their study, Briggs et al. 
performed a systematic literature review for SoC treatment 
outcomes for each tumour type included in the larotrectinib 
trial and subsequently weighted the obtained data according 
to the distribution of tumour types in the trial.

However, estimates of the effectiveness of SoC are gen-
erally not available for NTRK+ patients specifically, given 
that cancer treatments have mostly been prescribed based 
on the tissue of origin (e.g. breast, pancreas), without 
identifying patients’ NTRK status. If patients with NTRK 
fusions have a different disease prognosis from patients 
without NTRK fusions, historical data combining NTRK+ 
and NTRK− patients may provide biased estimates of SoC 
effectiveness for NTRK+ patients. To establish whether his-
torical data are appropriate, it is important to identify the 
prognostic value of NTRK fusions. If needed, the estimated 
prognostic value can subsequently also be used to adjust 
historical estimates of SoC effectiveness to better reflect the 
NTRK+ population. That is, when (extrapolated) survival 
data are available for a sample of NTRK− patients, the esti-
mated hazard ratio can be applied to the survival times to get 
an estimate of the survival had the population been NTRK+.

In this study, we estimated a hazard ratio (HR) for the 
survival of NTRK+ patients relative to NTRK− patients. We 
performed a retrospective matching analysis on the Hartwig 
Medical Foundation (HMF) database, which comprises 
genomic and clinical data for metastatic cancer patients. We 
also used a Bayesian framework alongside the frequentist 
method to evaluate how plausible it is that there is indeed 
a difference in survival prognosis between NTRK+ and 
NTRK− patients (i.e. the effect of carrying an NTRK fusion 
on survival is non-zero, or HR ≠ 1) through an analysis of 
credibility [8, 9].

2 � Methods

2.1 � Data

The HMF database encompasses de-identified genomic 
and clinical registry data for cancer patients who were 

Key Points 

We estimated the prognostic value of neurotrophic 
tyrosine receptor kinase (NTRK) gene fusions to support 
the estimation of the comparative effectiveness of TRK 
inhibitors.

The hazard ratio (HR) for the survival of patients with 
tumours harbouring NTRK gene fusions compared with 
patients without NTRK fusions was found to be 1.44 
(95% CI 0.81–2.55). While the result is not statistically 
significant, it is consistent with HR estimates from prior 
studies.

Although the TRK inhibitors are marketed as ‘tumour 
agnostic’, we argue that there is likely to be heterogene-
ity in (comparative) treatment effectiveness and cost-
effectiveness across tumour histologies and tissues of 
origin. We therefore encourage further research into 
methods that might be used to perform subgroup analy-
ses on small patient samples.

Furthermore, we encourage more widespread collec-
tion of clinic-genomic data and better linking of existing 
databases to facilitate improved estimates of treatment 
effectiveness for targeted therapies.
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treated in Dutch clinical practice. We used data from the 
Center for Personalized Cancer Treatment (CPCT-02) study 
(NCT01855477), which is a subcohort in the HMF database. 
The study was approved by medical ethical committees of 
the University Medical Center Utrecht and the Netherlands 
Cancer Institute and was conducted in concordance with the 
Declaration of Helsinki, Dutch law and Good Clinical Prac-
tice. In the CPCT-02 study, whole-genome sequencing of 
tumour DNA was performed for thousands of patients from 
44 academic, teaching and general hospitals in the Nether-
lands, over the period from 2012 until 2020. Patients were 
eligible for enrolment in the CPCT-02 study if (1) their age 
was ≥ 18 years, (2) they had a locally advanced or metastatic 
solid tumour, (3) they had an indication for a new line of sys-
temic treatment with registered anti-cancer agents, (4) per-
forming a biopsy on tumour tissue was safe according to the 
treating physician and (5) frozen blood and tissue samples 
were available and sufficient for whole-genome sequencing 
(WGS). All included patients gave explicit consent for the 
use of their genomic and clinical data for research purposes.

From the HMF database we obtained various genetic 
markers that were identified in patients’ tumour DNA, 
including NTRK gene fusions and other markers that are 
known as actionable targets for treatment. Detailed infor-
mation on sample collection and the WGS procedure can be 
found elsewhere [10–12]. We also extracted data on several 
clinical variables, including the age and sex of the patient, 
the tumour type (i.e. tissue of origin), the year(s) in which 
tumour biopsies were performed, the starting date of the 
first post-biopsy treatment, the number of previous lines of 
therapy, a binary variable indicating whether the patient had 
died during the period of the study and, for patients remain-
ing alive, the last known date at which they were still alive.

2.2 � Matching Analysis

Patients were classified into two cohorts: NTRK+ patients 
and NTRK− patients. Given that the CPCT-02 study pro-
vides sequencing data of the tumour DNA, it cannot be known 
with certainty whether identified NTRK gene fusions are 
functional, i.e. whether they lead to the expression of fusion 
TRK proteins that have constitutively tyrosine kinase activ-
ity. Nonetheless, two necessary conditions for an NTRK gene 
fusion to be functional can be determined from the tumour 
DNA, namely an NTRK1, NTRK2 or NTRK3 gene with a com-
plete tyrosine kinase domain is present on the 3′ end of the 
(postulated) transcript and the fusion gene (likely) encodes 
for an in-frame protein. Only patients who had NTRK gene 
fusions meeting the conditions were included in the NTKR+ 
cohort, while patients with NTRK gene fusions that did not 
meet the conditions were included in the NTRK− cohort.

To increase comparability between the NTRK+ and 
NTRK− patient cohorts, we only included NTRK− patients 

who had one of the tumour types appearing in the NTRK+ 
cohort. In both cohorts, patients who had received experi-
mental treatments were excluded, given that our aim was 
to estimate the effectiveness of standard care. Patients for 
whom survival time could not be estimated because of miss-
ing dates on their appointment logs were also excluded.

We subsequently performed a propensity score matching 
analysis to identify a subgroup of NTRK− patients similar 
to the group of NTRK+ patients. Within each tumour type, 
patients were matched on the available demographic and 
clinical variables in the HMF database, i.e. age, sex, year 
of biopsy and number of previous lines of therapy. Age and 
sex are well-reported factors influencing expected disease 
outcomes, hence were included. The ‘year of biopsy’ vari-
able was included to address possible changes in treatment 
patterns and treatment effectiveness over the included time 
period (2012–2020). The number of previous lines of treat-
ment was included as a binary variable (≤ 2 or > 2 previous 
lines) and served as a proxy reflecting patients’ severity of 
disease, given that patients who have had many treatments 
already may be in a more advanced stage of disease. We 
used the optimal matching method [12] (see Online resource 
S1 for more details) without replacement, with a ratio of 
1:4 (NTRK+: NTRK−) and a caliper width of 0.5 times the 
pooled estimate of the common standard deviation of the 
logits of the propensity scores. With smaller calipers, it was 
not possible to find a feasible optimal fixed ratio matching. 
Given the small sample size, no interaction terms or higher 
orders of the covariates were used. To assess whether the 
NTRK+ cohort and the matched NTRK− cohort were suffi-
ciently similar to enable reliable estimation of the prognostic 
value of NTRK gene fusions, we used the three conditions 
outlined by Rubin [13]. First, the difference in the means 
of the propensity scores in the NTRK+ and NTRK− groups 
must be small, with the standardised measure Rubin’s B < 
0.25. Also, the ratio of the variances of the propensity scores 
in the two groups (Rubin’s R), as well as the ratio of the vari-
ances of the residuals of the covariates after adjusting for the 
propensity score, must be between 0.5 and 2.

Although NTRK gene fusions are generally seen to be 
driver gene alterations (i.e. the alteration causing the onset 
and progression of tumour growth), they might in some 
cases not be the (only) oncogenic driver. We therefore per-
formed a sensitivity analysis where we excluded NTRK+ 
patients whose tumour DNA contained other (known) 
oncogenic biomarkers. The remaining NTRK+ patients 
were matched to NTRK− patients using the same method 
as in the main analysis. Based on current knowledge about 
actionable biomarkers, we included mutations in the ALK, 
BRAF, EGFR, ERBB2, KRAS or ROS1 genes, as well as 
high tumour mutational burden (TMB) and microsatellite 
instability (MSI). The HMF database includes an estimate 
of driver likelihood between 0 and 1. The principle behind 
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the likelihood assessment is that the likelihood of a pas-
senger variant occurring in a particular sample should be 
approximately proportional to the tumor mutational burden 
and hence variants in samples with lower mutational burden 
are more likely to be drivers [14].

2.3 � Survival Analysis

We analysed the survival of patients with and without NTRK 
gene fusions using the Kaplan–Meier method and Cox 
regression. To calculate patients’ overall survival (OS), we 
estimated the period between the start of the first post-biopsy 
treatment and the time of death or censor. Patients who were 
not recorded as dead were censored at their last known date 
of being alive, which was the date of their last appointment 
to assess response to treatment.

The survival analysis was also performed on the sensitiv-
ity analysis dataset described in Section 2.2.

2.4 � Analysis of Credibility

Because of their small sample sizes, studies on the prognos-
tic value of rare mutations such as NTRK gene fusions suffer 
from a lack of power in frequentist inference. This may lead 
to statistically insignificant study results. Also, p-values have 
been argued to be poor indicators of whether an effect is 
truly present (or absent) [8]. Instead, we used the analysis of 
credibility (AnCred) method, which originates from Bayes-
ian methods, and is seen as a more nuanced alternative for 
evaluating the plausibility of study findings than the ‘pass/
fail’ dichotomy posed by the p-value threshold of 0.05 [15]. 
In AnCred, the study finding (expressed as a point estimate 
and 95% CI) is used to calculate a critical prior interval 
(CPI) (see Online Resource S2 for more details) [9, 15]. The 
CPI indicates the level of support needed from prior studies 
to have credible evidence for a non-zero effect. For example, 
when the study finding of interest is non-significant, previ-
ous studies will make the finding plausible of a non-zero 
effect size if their point estimates fall within the CPI. This 
process is an inversion of the Bayes Theorem, as the study 
finding is used to deduce the range of prior effect sizes—the 
CPI—leading to a posterior interval that excludes no effect.

3 � Results

3.1 � Patient Characteristics

Among 3556 patients from the CPCT-02 study with known 
tumour location, 24 had tumours harbouring a likely func-
tional NTRK gene fusion (Fig. 1). NTRK+ patients were 
spread across nine different tumour types: bone/soft tissue, 

breast, colorectal, head and neck, lung, pancreas, prostate, 
skin and urinary tract. The distribution of the different NTRK 
genes (NTRK1/NTRK2/NTRK3) across the tumour types is 
shown in Fig. 2. Among the remaining 2719 patients without 
an NTRK gene fusion, 2069 had one of the tumour types 
occurring in the NTRK+ cohort hence were included in the 
NTRK− cohort (Fig. 1).

In the NTRK+ cohort, the median age was 59 years (range 
55–67 years), and 13 patients (54%) were female (Table 1). 
A minority of patients (33%) had received more than two 
lines of prior therapy. Most NTRK fusions involved the 
NTRK3 gene (11 patients, 46%) or NTRK1 gene (8 patients, 
33%) (Fig. 2). Of the 24 different fusion partners identi-
fied, 20 were novel fusions that have not yet been reported 
in the Quiver database, a curated database of known onco-
genic gene fusions. Other biomarkers found among NTRK+ 
patients were mutations in the BRAF, EGFR, ERBB2 and 
KRAS genes, as well as high TMB and MSI (Table 2) [16].

In the (non-matched) NTRK− cohort, the median age was 
higher (63 years, range 55–70 years), as was the percentage 
of patients with more than two lines of prior therapy (47%) 
(Table 1). The tumour distributions also differed between 
the non-matched NTRK− cohort and the NTRK+ cohort.

3.2 � Matching and Survival Analysis

In the propensity score matching analysis, the 24 patients in 
the NTRK+ cohort were matched with 96 NTRK− patients. 
Standardized mean difference between groups were reduced 
for all covariates after propensity score matching (Table 1). 
Rubin’s B was 0.02 after matching, well below the recom-
mended upper limit of 0.25. The variance ratios (Rubin’s 
R) of the propensity score and the covariates were also 
within the recommended range of 0.5–2 (Online Resource 
S3). Moreover, the box plot of the distribution of the logit 
of the propensity score shows an optimal overlap for the 
matched observations (Online Resource S4). Similarly, bal-
ance was obtained in the propensity score matching sensi-
tivity analysis (Online Resources S5 and S6). Median OS 
of 12.7 months (95% CI 6.3–17.4) and 11.6 months (95% 
CI 7.8–17.9) were observed in the NTRK+ cohort and the 
matched NTRK− cohort, respectively. Despite the longer 
median OS for NTRK+ patients, the survival analysis ren-
dered an HR of 1.44 (95% CI 0.81–2.55) (Fig. 3), mean-
ing that NTRK+ patients are at higher risk of dying than 
NTRK− patients. The adjusted Cox regression provided an 
HR very close to the unadjusted, i.e. HR of 1.41 (95% CI 
0.79–2.52). This result is in line with the reduction in the 
standardized mean difference between the covariates used 
for the propensity score (PS), which is below 0.10, for which 
performing a double adjustment is not necessary [17].

Additionally, a restricted mean survival time (RMST) 
analysis was conducted up to 40 months, representing the 
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minimum of the largest observed event time within the 
NTRK− cohort. A 16.3 month RMST (95% CI 13.0–19.7) 
was estimated for NTRK+ patients, compared with 12.5 
months RMST (95% CI 9.3–16.3) for NTRK− patients, sup-
porting the results of the survival analysis.

In the sensitivity analysis, where NTRK+ patients with 
concurrent oncogenic biomarkers were excluded, we found a 
lower HR than in the main analysis (1.20, 95% CI 0.61–2.36) 
(Fig. 4).

3.3 � Analysis of Credibility

The point estimate (1.44) and 95% CI (0.81–2.55) in our 
main analysis show that the central effect is in the direc-
tion of a positive effect (i.e. HR > 1). However, HR values 
smaller than 1 are included in the 95% CI, and so the esti-
mated point value is statistically non-significant.

The CPI associated with our results was calculated to be 
1.0–11.2 (see Online Resource S2 for details), meaning that 
prior studies with estimates falling within this range make 
it more plausible that the HR for the survival of patients 
with NTRK+ tumours is larger than 1. To our knowledge, 
only three other studies have estimated the prognostic value 
of NTRK fusions. Two used the Flatiron Health-Founda-
tion Medicine clinic-genomic database and one used the 

Genomic England database. Hibar et al. found an HR of 1.6 
(95% CI 1.0–2.5) on survival analysis of 28 NTRK+ patients 
and 280 matched NTRK− patients. Bazhenova et al. found an 
HR of 1.44 (95% CI 0.61–3.37) in an analysis of 27 NTRK+ 
and 107 matched NTRK− patients [18]. Bridgewater et al. 
analysed 18 NTRK+ and 72 matched NTRK− patients and 
found a similar HR value of 1.47 (95% CI 0.39–5.57) [19]. 
Given that the point estimates of all three studies fall within 
the CPI, the studies support the plausibility of our finding 
that the survival HR for NTRK+ patients is > 1. That is, it is 
plausible that NTRK+ patients have a worse prognosis than 
NTRK− patients.

4 � Discussion

Our study describes the clinical characteristics and survival 
of NTRK+ patients with advanced or metastatic disease who 
have previously been treated in Dutch clinical practice with 
SoC therapies other than targeted TRK inhibitors. NTRK+ 
patients appeared to have worse survival compared with 
NTRK− patients.

As the focus on better targeted, or ‘personalised’, can-
cer care continues, NTRK+ patients may be the first of 
many small patient groups with a specific genetic marker 
for whom treatment effectiveness must be evaluated. It 
has been argued that randomised controlled trials (RCTs), 
the preferred option to reliably estimate effectiveness [20, 
21], may be difficult and time consuming to conduct for 
such small patient groups [22]. Although adapted, more 
flexible versions of the RCT design have been suggested 
[23, 24], pharmaceutical companies have so far mostly 
resorted to single-arm trials [23, 24]. Single-arm trials are 
poorly equipped to provide estimates of relative treatment 
effectiveness, due to the absence of a control arm reflect-
ing the effectiveness of standard care. Briggs et al. [7] out-
lined possible ways to construct a control arm when faced 

Fig. 1    Study schema. CPCT-
02, Center for Personalized 
Cancer Treatment, NTRK, neu-
rotrophic tyrosine receptor 
kinase

Fig. 2     Distribution of tumour types in the NTRK+ cohort
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with single-arm trial data for tumour-agnostic (i.e. genetic 
marker-focussed) treatments, including the use of histori-
cal data. We have expanded their work by arguing that, 
when evaluating the effectiveness of a treatment targeting 
a specific genetic marker, historical data may have to be 
adjusted for the prognostic value of said genetic marker. In 
this study we focussed on estimating the prognostic value 
of NTRK gene fusions. How the results can subsequently 
be used in an economic model evaluating treatment effec-
tiveness can be found elsewhere [25]. While the results 
indicate that NTRK+ is a prognostic factor for earlier death 
relative to NTRK−, when using the HR on extrapolated 
survival estimated on NTRK− patients, the proportional 
hazards assumption is adopted for the entire forecasted 
period. Looking at the Kaplan–Meier survival plots, it is 
uncertain whether this assumption holds true.

As mentioned in the “Results” section, the prognostic 
value of NTRK gene fusions has been estimated in three 
prior studies focussing on the UK and the USA, using the 

Genomic England and FlatIron Health-Foundation Medicine 
databases. All studies to date, including ours, have been retro-
spective. A number of key differences among the studies can 
be noted. Firstly, in our study the median age of the patients 
was around 60 years while Bridgewater et al. included paedi-
atric patients. Our study excluded patients treated with either 
TRK inhibitor or unlabelled therapy. Even though Bazhenova 
et al. conducted their study prior to the approval of larotrec-
tinib and entrectinib in the USA, one patient with NTRK+ 
disease had received an unknown investigational agent in a 
clinical trial. Our cohort included some patients with tumour 
types not found in other studies (e.g. prostate and urothelial 
cancer). Also, the subtype of tumour was missing for some 
patients in the HMF database. This may be the reason why 
our study includes head and neck cancer as a broad tumour 
type, which potentially includes tumour in the salivary gland. 
Other differences in methodology need further consideration. 
The index date from which OS was measured varied between 
studies; Bazhenova et al. used the date of gene sequencing 

Table 1   Patient characteristics

SD: standardized difference, difference in means or proportion divided by standard error; imbalance defined as absolute value greater than 0.20

NTRK+ (n = 24) NTRK− (n = 2165)

Non-matched (n = 2069) SD Matched (n = 96) SD

Age in years, median (range) 59.0 (55.5, 67.5) 63.0 (55.0, 70.0) −0.150 59.0 (55.0, 67.0) 0.081
Gender, n (%) 0.043 0.020
 Female 13 (54.2) 1077 (52.1) 55 (57.3)
 Male 11 (45.8) 992 (47.9) 41 (42.7)

Primary tumour location, n (%) 0.657 0.000
 Bone/Soft tissue 1 (4.2) 126 (6.1) 4 (4.2)
 Breast 5 (20.8) 560 (27.1) 20 (20.8)
 Colon/rectum 1 (4.2) 362 (17.5) 4 (4.2)
 Head and neck 1 (4.2) 34 (1.6) 4 (4.2)
 Lung 4 (16.7) 242 (11.7) 16 (16.7)
 Pancreas 4 (16.7) 106 (5.1) 16 (16.7)
 Prostate 3 (12.5) 267 (12.9) 12 (12.5)
 Skin 4 (16.7) 249 (12.0) 16 (16.7)
 Urinary tract 1 (4.2) 123 (5.9) 4 (4.2)

Number of previous lines of therapy 
(categories), n (%)

0.282 0.040

 ≤ 2 16 (66.7) 1,096 (53.0) 62 (64.6)
 >2 8 (33.3) 973 (47.0) 34 (35.4)

Year of biopsy, n (%) −0.151 0.003
 2015 1 (4.2) 48 (2.3) 3 (3.1)
 2016 6 (25.0) 303 (14.6) 23 (24.0)
 2017 8 (33.3) 788 (38.1) 35 (36.5)
 2018 5 (20.8) 694 (33.5) 25 (26.0)
 2019 2 (8.3) 200 (9.7) 3 (3.1)
 2020 1 (4.2) 27 (1.3) 3 (3.1)
 2021 1 (4.2) 9 (0.4) 4 (4.2)
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report in their primary analysis, Hibar et al. and Bridgewater 
et al. used the date of diagnosis. Hibar et al. used the start of 
last available treatment line before the NGS report in a sen-
sitivity analysis. In our study, we used the date of first post-
biopsy treatment to avoid potential immortal bias between the 
date of biopsy and the start of the treatment [26].

Despite these differences, all studies reported the same 
direction of effect,  i.e. NTRK+ status increases the risk of 
mortality, with varying degrees of uncertainty.

The AnCred methodology has typically been used to 
interpret study results in the light of prior studies that have 
demonstrated an effect. Our application of AnCred is slightly 
different as there was no previous conclusive evidence, but 
rather previous uncertain evidence due to the sample size 
restrictions. Hence, we interpret our results in light of these 
previous studies to reflect a credible direction of effect. As 
EMA increasingly approves drugs based on evidence from 
single-arm studies, the challenge of dealing with uncertainty 
in HTA and reimbursement decision making is increasing. 
Against this background, it is important to use different 
means of managing uncertainty, one of which is the com-
parison of the previous results with the critical prior interval 
of AnCred.

We add to the literature by presenting findings obtained 
in a different country setting and using a different clinic-
genomic database. Our sample distribution over age and 
primary tumour type broadly aligns with figures on solid 
cancer incidence in Western Europe, suggesting our Nether-
lands-focused research results may be applicable to Western 
Europe more broadly [27, 28].

4.1 � Limitations

The aim of the CPCT-02 study was to identify patients eligi-
ble for clinical trials of targeted therapies (NCT01855477). 
That is, most patients enrolled in CPCT-02 had little to 
no SoC alternatives remaining. This is in line with the 
therapeutic indications for TRK inhibitors entrectinib and 
larotrectinib, both of which are for patients ‘who have no 
satisfactory treatment options’ according to the EMA [29, 
30]. Nonetheless, there appear to be differences in patient 

Table 2   Identified NTRK gene fusions and concurrent biomarkers

Tumour location Gene fusion

Bone/soft tissue (n = 1) TPM3_NTRK1
Breast (n=5) CYP11A1_NTRK3

EFTUD1P1_NTRK3
GCNT1_NTRK2
RP11-315D16.2_NTRK3
SEMA4B_NTRK3

Colorectal (n = 1) SFPQ_NTRK1
Head and neck (n = 1) PRCC_NTRK1
Lung (n = 4) ITLN2_NTRK1

PIGR_NTRK1
SLC25A21_NTRK1
TGM6_NTRK2

Pancreas (n = 4) CAMK2A_NTRK3
EML4_NTRK3
SH2D2A_NTRK1
TPR_NTRK1

Prostate (n = 3) AC005772.2_NTRK3
ATAD2_NTRK3
RBPJ_NTRK3

Skin (n = 4) CTD-2034I4.1_NTRK3
PTGFRN_NTRK2
SH3GL3_NTRK3
TNKS_NTRK2

Urinary tract (n = 1) MAPKAP1_NTRK2

Fig. 3    Kaplan-Meier plot for OS analysis

Fig. 4    Kaplan-Meier plot for OS sensitivity analysis
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characteristics between our study and a recent study focus-
sing on NTRK testing in Dutch routine care [2], suggesting 
that the population included in the CPCT-02 study may not 
be fully representative of the population subject to NTRK 
testing (and treatment) in clinical practice. It is unknown to 
what extent such differences might affect our estimated HR 
for overall survival.

Because of limited availability of clinical data in the 
HMF database, we may not have included all relevant 
covariates in the matching process. Residual confounding 
can therefore not be ruled out. For example, known predic-
tors of mortality [31] such as disease stage, severity of dis-
ease [e.g. measured by Eastern Cooperative Oncology Group 
(ECOG) performance status], serum albumin and platelet 
count, were not available in the dataset. For lack of explicit 
data on patients’ severity of disease, we used ‘the number 
of previous lines of therapy’ as a proxy. We theorise that 
patients who have had many treatments already are likely to 
be in a more advanced stage of disease, but this might not 
always be true as severely ill patients may be too weak to 
receive many lines of treatment.

In this study, we estimated a single HR value for all 
NTRK+ patients. However, evidence suggests  heteroge-
neity in the prognostic value of NTRK gene fusions across 
tumour types [32]. We deemed our sample of 24 patients 
with NTRK+ tumours too small to obtain meaningful results 
from a subgroup analysis. Nonetheless, we encourage fur-
ther research into methods that might be used to perform 
subgroup analyses on small patient samples [32].

When excluding NTRK+ patients with concurrent onco-
genic biomarkers, we found a lower HR (1.20, 95% CI 
0.61–2.36). When concurrent biomarkers are oncogenic 
drivers, there may be an interplay between said oncogenic 
drivers and the NTRK fusion gene, whereby collaborating 
oncogenic pathways are activated and tumour growth may 
be increased [33]. Thus, including patients with concurrent 
biomarkers in the NTRK+ cohort, as we did in the main 
analysis, may lead to an overestimation of the prognostic 
value of NTRK gene fusions per se. Nonetheless, the HR 
value estimated in the sensitivity analysis is larger than 1, 
suggesting that even if the HR value was overestimated in 
the main analysis, NTRK+ patients are still faced with worse 
survival than NTRK− patients.

4.2 � Research and Policy Considerations

The advent of tumour-agnostic cancer care expands treat-
ment opportunities and possibly enables better targeting 
of care. However, pooling patients in a tumour-agnostic 
manner when estimating treatment effectiveness may be 
inappropriate. There is likely heterogeneity in treatment 
effectiveness across tumours with different histologies and 
tissues of origin, for example because of differences in 

survival between tumour types and differences in the prog-
nostic value of oncogenic drivers (e.g. it has been found that 
the tumour-promoting activity of oncogenic drivers may 
depend on the tissue of origin) [33, 34]. We therefore rec-
ommend that treatment effectiveness is estimated not only 
for the whole patient population with a specific genetic 
marker but for relevant subgroups as well. We acknowledge 
that doing so would reduce the sample sizes per disease 
indication even further. Solutions may be found during the 
running of the trial (e.g. stopping rules in an adaptive trial 
design framework) and in applying statistical methods that 
do not assume identical treatment effect between tumour 
types (e.g. exchangeability assumption in the Bayesian 
approach), as well as in more extensive collection of (real-
world) data [35–37].

Beyond heterogeneity in treatment effect, there may also 
be heterogeneity in comparative effectiveness and cost-effec-
tiveness , due to differences in the effectiveness and costs of 
comparative therapies across tumour types, as well as differ-
ences in existing testing protocols [e.g. broad genetic test-
ing is already commonplace for non-small cell lung cancer 
(NSCLC) in the Netherlands, making the additional cost of 
testing for NTRK gene fusions negligible]. Reimbursement 
decisions for tumour-agnostic treatments may therefore also 
have to be specified for relevant subgroups instead of the 
whole population with the genetic marker.

Our research on the prognostic value of NTRK fusions 
and, relatedly, the treatment effectiveness of larotrectinib 
and entrectinib [25], was hampered by limited data. With a 
larger database and data on more clinical variables, we might 
have been able to provide further insights. Given that genetic 
marker-based pharmaceuticals (and single-arm trials) are 
likely to become more frequent, we encourage policymakers 
to consider more widespread collection of clinic-genomic 
data, and better linking of existing databases. As pharma-
ceutical trials have been notoriously Caucasian- and male 
focused [38, 39], we would like to stress the importance 
of ensuring that the populations included in clinic-genomic 
databases reflect real-life populations.

In conclusion, our findings suggest that patients with 
tumours harbouring an NTRK fusion gene may have an 
increased, or at least similar, risk of death compared with 
matched patients with tumours harbouring NTRK wild-
type genes. This emphasises the relevance of NTRK gene 
fusions as actionable drug targets and provides support 
for the potential clinical benefit of TRK inhibitor therapy. 
By showing that survival may differ between NTRK+ and 
NTRK− patients, our study underscores the need to correct 
historic control data for the prognostic value of biomarkers 
when assessing comparative effectiveness.
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