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abstract

PURPOSENeurotrophic tyrosine receptor kinase (NTRK) gene fusions encode oncogenic, chimeric tropomyosin
receptor kinase (TRK) proteins. Larotrectinib, an approved TRK inhibitor, is efficacious in locally advanced or
metastatic (adv/met) TRK fusion cancer. We evaluated the time from initial diagnosis to locally advanced or
metastatic disease and to initiation of larotrectinib treatment as well as larotrectinib impact on disease course.

MATERIALS AND METHODS Patients were grouped by prior lines of therapy (0, 1-2, and ≥ 3) and pre-larotrectinib
duration of adv/met disease (short [, 3.5 months], medium [3.5 to, 15.7 months], and long [≥ 15.7 months]).
Overall response rate (ORR), duration of response (DOR), and progression-free survival were assessed.

RESULTSOne hundred sixty-four patients were evaluated. Themedian time from initial diagnosis to development
of locally adv/met stage was 2.1 months; the duration of pre-larotrectinib adv/met disease was 7.3 months
(n = 153). In patients with 0, 1-2, and≥ 3 prior lines of therapy, the median time from diagnosis to adv/met stage
was 0.9, 1.2, and 9.4 months, and 1.5, 5.8, and 29.0 months from adv/met disease to larotrectinib initiation,
respectively. Clinical outcomes were independent of line of therapy (ORR: 86%, 63%, and 80%, respectively;
median DOR: 27.6, not reached, and 32.9 months), and similar across subgroups of short, medium, and long
duration of pre-larotrectinib adv/met disease status (ORR: 88%, 65%, and 69%, respectively; median DOR: not
reached, 27.6, and 32.9 months).

CONCLUSION The short time from initial diagnosis to adv/met stage before larotrectinib suggests that NTRK gene
fusion does not generally have a positive prognostic value. Patients on larotrectinib had high, sustained ORR,
independent of number of prior therapies or duration of adv/met disease, suggesting that the effect of TRK
inhibition in molecularly selected patients is independent of prior treatments or disease course.

JCO Precis Oncol 5:1458-1465. © 2021 by American Society of Clinical Oncology

Creative Commons Attribution Non-Commercial No Derivatives 4.0 License

INTRODUCTION

Neurotrophic receptor tyrosine kinase (NTRK) genes,
NTRK1, 2, and 3, encode tropomyosin receptor kinase
(TRK) A, B, and C subtypes that regulate neuronal
development and function. Chromosomal rearrange-
ments may result in somatic NTRK gene fusions that
lead to expression of chimeric TRK fusion proteins.
These fusion proteins are constitutively active or
overexpressed and capable of driving oncogenesis.1

Such oncogenic TRK fusions are found at low fre-
quency in many common pediatric and adult cancers
(lung, breast, GI, melanomas, and sarcomas) but are
enriched in several rare tumors, including infantile
fibrosarcoma (IFS), mammary analog secretory car-
cinoma, secretory breast carcinoma, and cellular
congenital mesoblastic nephroma.2-8

Targeting tumors that harbor NTRK gene fusions
represents an emerging therapeutic strategy that has

resulted in favorable clinical outcomes. TRK inhibitors
have demonstrated high response rates (. 75% for
larotrectinib; 57% for entrectinib) in patients with TRK
fusion cancer, independent of tumor histology, and are
among the first tumor-agnostic therapies to be ap-
proved in the United States and European Union.9-12

Larotrectinib is a highly selective and potent, CNS-
active, orally administered, small molecule, TRK in-
hibitor. It is the first tumor-agnostic therapy to be
approved for TRK fusion cancer, with approval on the
basis of marked and durable antitumor activity and
favorable safety profile observed in three phase I/II
clinical trials in children, adolescents, and adults.13

The results showed a pooled investigator-assessed
overall response rate (ORR) of 79%, median dura-
tion of response (DOR) of 35.2 months, and median
progression-free survival (PFS) of 28.3 months in lo-
cally advanced or metastatic (adv/met) TRK fusion
cancer.9 Clinical findings from TRK inhibitor trials have
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been practice-changing as international consensus guide-
lines representing US, European, and Asian oncology or-
ganizations have been developed to address diagnostic
approaches and patient selection criteria to identify those
expected to benefit most from TRK inhibitor therapy.14

The broad heterogeneity of cancer types that harbor NTRK
fusions and high variability in the frequency of fusion events
have limited the understanding of prognostic value of NTRK
gene fusions in clinical course or natural history of the dis-
ease. In a small study, there was a trend to higher risk of
death in patients with NTRK gene fusions compared with
those without (median overall survival [OS]: 12.5 v
16.5 months), but the difference did not reach significance.15

In another comparative analysis conducted at Memorial Sloan
Kettering Cancer Center (MSKCC), TRK fusion–positive can-
cers showed no clear evidence of having an unexpectedly
favorable prognosis, compared withNTRKwild-type tumors.16

To gain greater understanding of the natural course of
disease of patients enrolled in the larotrectinib studies, we
evaluated the speed of progression of disease from initial
diagnosis to locally adv/met stage to initiation of study
treatment. Using prior line of therapy and time from adv/
met stage to larotrectinib initiation as measures of disease
dynamics, we determined whether clinical outcomes from
larotrectinib treatment were affected by prior line of therapy
or duration of adv/met disease preceding treatment initi-
ation with larotrectinib.

MATERIALS AND METHODS

Study Design and Participants

Data for this analysis were pooled from three trials
(NCT02122913, NCT02637687, and NCT02576431), as
previously described, but on the basis of independent
review committee rather than investigator assessment of
response.9 Briefly, eligible patients were 1 month or older
and had locally adv/met solid tumors, previously received

standard therapy (if available), and adequate organ func-
tion. TRK fusion positivity was determined by locally ob-
tained molecular testing. All studies were conducted in
accordance with the standard of good clinical practice, the
Declaration of Helsinki, and all applicable country and local
regulations. Protocols were approved by institutional review
boards or independent ethics committees at each site, and
all patients provided written informed consent (or assent by
parents and guardians of minor patients) before study
initiation.

Procedures

Larotrectinib was given orally on continuous 28-day sched-
ules at doses starting from100mg twice daily (twice a day) for
adolescent and adult patients, as previously described.9 Most
pediatric patients received 100 mg/m2 per dose, up to a
maximum of 100 mg, twice a day. Larotrectinib was ad-
ministered until disease progression, study withdrawal, or
occurrence of an unacceptable level of adverse events.

Outcomes

In this ad hoc analysis, the duration between initial diagnosis
and locally adv/met stage and the duration between adv/met
stage and larotrectinib initiation were determined collectively
and by individual tumor type. Subgroups by prior lines of
therapy (0, 1-2, or ≥ 3) and evenly distributed subpopula-
tions on the basis of time from adv/met stage to larotrectinib
initiation (short [, 3.5 months], medium [3.5 to ,
15.7 months], and long [≥ 15.7 months]) were evaluated for
responses, DOR, and PFS, as previously described.9 Re-
sponses were assessed by an independent review com-
mittee. Patients with missing time-to-adv/met stage data
were excluded. The data cutoff was July 15, 2019.

Statistical Analysis

Post hoc analyses were prepared using descriptive statis-
tics, using Kaplan-Meier methodology for time-to-event
variables. Patients were classified into time from adv/met
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Key Objective
Approval of larotrectinib as a tumor-agnostic therapy was based on favorable efficacy or safety profiles from three larotrectinib

trials in patients with neurotrophic tyrosine receptor kinase (NTRK) fusion cancers. Given the heterogeneous nature of
these cancers, this study explored whether a patient’s disease course before larotrectinib can influence efficacy outcomes.

Knowledge Generated
Assessment of disease course before larotrectinib initiation showed rapid progression from initial diagnosis to development of

locally advanced or metastatic (adv/met) disease. Evaluation of subgroups on the basis of number of prior lines of therapy or
duration of adv/met disease before larotrectinib initiation showed durable responses across subgroups, including patients
with 3+ prior lines of therapy and those with longest duration of adv/met disease.

Relevance
Patients enrolled in the larotrectinib trials showed rapid progression to adv/met disease before larotrectinib initiation.

Treatment with larotrectinib favorably altered time to progression, independent of number of prior lines of therapy or
duration of adv/met disease.
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stage to larotrectinib initiation using a tercile split. For
sensitivity analyses, additional analyses were performed
that excluded patients with IFS and pediatric patients.

RESULTS

Baseline Disease Characteristics and Clinical Course of

Disease Before Larotrectinib Treatment

A total of 164 patients were included in the analysis. Data on
the analysis of time from initial diagnosis to development of
locally adv/met stage and/or to treatment initiationweremissing
for 11 patients (Data Supplement). To gain a fuller under-
standing of the disease progression dynamics of patients be-
fore enrollment, we evaluated patient history to determine the
median time from initial diagnosis to adv/met stage of disease
and the duration of adv/met disease before larotrectinib.

Among 153 patients representing 19 different tumor types
in the larotrectinib trials, 74.4% hadmetastatic disease; the
median time from initial diagnosis to locally adv/met stage
was 2.1months, and themedian duration of pre-larotrectinib
adv/met disease was 7.3 months. The median duration
between initial diagnosis and adv/met stage and the duration
of adv/met disease before start of study treatment are pre-
sented in Table 1 for the collective study population and
individual tumor types. Across tumor types, the median time

from initial diagnosis to adv/met stage ranged from 0months
(patients with IFS, n = 29) to 36.5 months (salivary gland
cancer, n = 19).

Because adv/met disease may be present but not imme-
diately detectable at initial diagnosis, we also determined
the proportion of patients for whom adv/met disease was
detected within 2 months of initial diagnosis, with the ra-
tionale that a very short duration may be indicative of delays
in diagnostics (eg, from imaging), rather than being true
progression to a more advanced stage of disease. These
patients were considered to be representative of a pop-
ulation likely to have had adv/met disease at diagnosis.
Although nearly half (74 of 153; 48%) of all patients met
those criteria, sample sizes were too small for several
specific tumor types represented to draw meaningful
conclusions. Among tumor types represented by six or
more patients, the criteria were met by 75% (6 of 8) of
patients with colon cancer, 79% (23 of 29) IFS, 85% (11 of
13) lung, 33% (2 of 6) melanoma, 5% (1 of 19) salivary
gland, 41% (14 of 34) soft-tissue sarcoma, and 38% (10 of
26) thyroid cancers (Data Supplement).

Subgroup Analysis: Patient Characteristics

To further examine the impact of clinical course of patients
on clinical outcomes, we conducted two subgroup analyses:

TABLE 1. Duration Between Initial Diagnosis and Locally Advanced or Metastatic Stage and Between Advanced or Metastatic Disease and Initiation of
Larotrectinib

Patients No.
Median Time, Initial Diagnosis to
Locally adv/met Stage (months)

Median Time, Locally adv/met Disease to
Start of Study Drug (months)

All patients 153a 2.1 7.3

By histologic site

Appendix 1 0.1 19.9

Bone sarcoma 1 15.2 59.2

Breast 4 34.9 14.7

Unknown primary 1 0.0 4.6

Cholangiocarcinoma 2 14.4 14.1

Colon 8 0.6 10.2

CMN 1 14.1 0.9

GIST 4 2.2 15.9

HCC 1 8.7 6.5

IFS 29 0.0 3.3

Lung 13 0.1 10.6

Melanoma 6 22.0 13.5

Pancreas 2 0.2 27.9

Prostate 1 25.4 8.9

Salivary gland 19 36.5 6.8

STS 34 2.3 3.6

Thyroid 26 4.3 42.8

Abbreviations: adv/met, advanced or metastatic; CMN, congenital mesoblastic nephroma; GIST, gastrointestinal stromal tumor; HCC, hepatocellular
carcinoma; IFS, infantile fibrosarcoma; STS, soft-tissue sarcoma.

aEleven patients excluded because of missing pre-larotrectinib data on time between diagnosis, locally adv/met disease, and larotrectinib initiation.
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(1) by prior lines of therapy (0, 1-2, or ≥ 3) and (2) by
duration of adv/met disease before larotrectinib imitation
(short, medium, or long).

In the first subgroup analysis, cohorts by line of therapy
included 36, 84, and 44 patients with 0, 1-2, and ≥ 3 prior
lines of therapy, respectively. At baseline, patient charac-
teristics were generally balanced between cohorts who had
0 versus 1-2 prior lines of therapy (Data Supplement). The
cohort of patients receiving 3 or more lines of previous
therapy was older, with more female patients and slightly
worse Eastern Cooperative Oncology Group performance
status. Gene fusions involving NTRK3 were more frequent
in patients with 0 prior lines of therapy, compared with
NTRK1, which was more common in patients with 1-2
or ≥ 3 prior lines of therapy.

For the second subgroup analysis by duration of
pre-larotrectinib adv/met disease, each cohort included 51
patients. More than half of patients with the shortest du-
ration were children, with the median age of 12.4 years,
where those with medium and long durations of adv/met
disease were older (median age, 38.0 and 52.0 years,
respectively; Data Supplement). Gene fusions involving
NTRK3 were also more frequent in the short-duration
group, compared with NTRK1, which was more common
in the medium and long-duration groups.

Subgroup Analysis: Efficacy Analysis by Line of Therapy

The median time from initial diagnosis to locally adv/met
stage was 0.9, 1.2, and 9.4 months for patients receiving 0,
1-2, and ≥ 3 prior lines of therapy, respectively; the median
time from adv/met disease to larotrectinib initiation was 1.5,
5.8, and 29.0 months, respectively.

ORR by line of therapy was 86%, 63%, and 80% for 0, 1-2,
and≥ 3 prior lines of therapy, with themedian DOR of 27.6,
not reached (NR), and 32.9 months, respectively; the
proportion of responders with DOR ≥ 12 months was 84%,
72%, and 72%, respectively (Table 2; Fig 1A). The median
PFS was 29.4, 33.4, and 34.5 months, respectively; the
proportion of patients with PFS ≥ 12 months was 78%,
63%, and 62%, respectively (Table 2; Fig 1B). The median
follow-up time for DOR was 14.7, 12.0, and 16.6 months,
respectively; for PFS, the median follow-up was 16.3, 13.7,
and 19.3 months, respectively.

Subgroup Analysis: Efficacy Analysis by Duration of Adv/

Met Disease Before Larotrectinib

For subgroups by duration of pre-larotrectinib adv/met
disease, the median time from adv/met diagnosis to laro-
trectinib initiation was 1.3, 7.3, and 37.8 months for the
short, medium, and long subgroups, respectively.

ORR was 88%, 65%, and 69% for patients who had short,
medium, and long durations of adv/met disease, with the
median DOR of NR, 27.6, and 32.9 months, respectively;
the proportion of responders with DOR ≥ 12 months was
77%, 59%, and 86%, respectively (Table 2). The median
PFS was NR, 13.8, and 33.4 months, respectively; the
proportion of patients with PFS ≥ 12 months was 71%,
53%, and 72%, respectively (Table 2; Fig 2). The median
follow-up time for DOR was 13.6, 9.2, and 20.4 months,
respectively; for PFS, the median follow-up was 15.3, 10.9,
and 21.9 months, respectively.

Most children with IFS were observed to have adv/met
disease at diagnosis (Data Supplement) and previously
shown to have among the most sensitive histologic types to

TABLE 2. Efficacy Outcomes in Subgroups by Prior Lines of Therapy and Duration of Pre-larotrectinib Advanced or Metastatic Disease

Patients No.
Responses,
No. (%)

Median DOR, months
(range)

Proportion of Responders
With Response ‡ 12
Months (95% CI)

Median PFS, months
(range)

Proportion of Progression-
Free Patients ‡ 12 Months

(95% CI)

Total 164 119 (73) NR (0.03+ to 50.6+) 76% (67 to 85) 33.4 (0.03+ to 51.6+) 66% (58 to 74)

Subgroups by prior
lines of therapy

0 36 31 (86) 27.6 (1.9+ to 38.7+) 84% (70 to 99) 29.4 (1.9 to 44.0+) 78% (63 to 93)

1-2 84 53 (63) NR (0.0+ to 50.6+) 72% (57 to 87) 33.4 (0.03+ to 51.6+) 63% (50 to 75)

≥ 3 44 35 (80) 32.9 (1.1 to 36.8+) 72% (55 to 89) 34.5 (0.7 to 44.2+) 62% (47 to 78)

Subgroups by time from adv/met stage to larotrectinib initiationa

Short , 3.5
months

51 45 (88) NR (0.0+ to 44.7+) 77% (63 to 91) NR (0.03+ to 46.6+) 71% (57 to 85)

Medium ≥ 3.5
to , 15.7
months

51 33 (65) 27.6 (1.1 to 50.6+) 59% (37 to 82) 13.8 (0.03+ to 51.6+) 53 (36 to 71)

Long ≥ 15.7
months

51 35 (69) 32.9 (1.9+ to 36.8+) 86% (74 to 99) 33.4 (0.7 to 44.2+) 72% (59 to 85)

Abbreviations: adv/met, advanced or metastatic; DOR, duration of response; NR, not reached; PFS, progression-free survival.
aEleven patients excluded because of missing pre-larotrectinib data on time between diagnosis, locally advanced or metastatic stage, and larotrectinib

initiation.
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larotrectinib.9 IFS has been associated with generally good
prognosis and high sensitivity to systemic therapy, although
a subset of patients have recurrent disease that can result
in amputation and poor quality of life.17 Pediatric cancers in
general have been associated with longer survival rates
than adult cancers and could influence the results of an
integrated analysis.18 Furthermore, as a means to avoid
disfiguring surgery or limb amputation, the larotrectinib
pediatric phase I/II trial allowed patients with IFS to enroll
without a requirement for progression after previous ther-
apy or lack of standard of care, thus increasing the pro-
portion of patients with IFS who had no prior lines of

therapy. Therefore, to eliminate the possibility that findings
from our analyses were driven primarily by the IFS or pe-
diatric populations, we conducted sensitivity analyses,
using the same subgroups while excluding patients with IFS
or excluding pediatric patients. Exclusion of pediatric pa-
tients from the analysis showed ORRs ranging from 53% to
76%, with DORs of 32.9 months to NR. Exclusion of pa-
tients with IFS from the analyses showed ORRs ranging
from 52% to 83%, with DORs of 27.6 months to NR (Data
Supplement). These findings demonstrate consistent
clinical benefit in subsets of adult patients only or in non-
IFS patients, supporting the robustness of the data (Data
Supplement).

DISCUSSION

Larotrectinib is a highly selective TRK inhibitor with rapid,
potent, and durable antitumor activity in both children and
adults with solid tumors that harbor NTRK gene fusions.
Primary data from clinical trials have validated TRK fusions
as highly effective targets to larotrectinib’s tumor-agnostic
profile. Drilon et al10 first presented pooled efficacy from the
initial 55 patients from the three larotrectinib trials,
reporting an ORR of 75% by independent review and 80%
by investigator assessment. Median DOR and PFS had not
been reached at a median follow-up of 9.4 months.10 Hong
et al9 followed this study with an expanded analysis of 159
enrolled patients, reporting an ORR of 79% by investigator
assessment, and median DOR of 35.2 months after a
follow-up of 12.9 months. The median PFS was
28.3 months after a median follow-up of 11.1 months.9 The
present analysis was designed to better understand
whether the natural course of TRK fusion cancer influences
larotrectinib efficacy outcomes. Across all histologic types,
we observed a short duration between initial diagnosis and
locally adv/met stages of disease. This rapid progression to
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more aggressive stages of disease supports earlier obser-
vations that the presence of NTRK gene fusion events does
not generally have a positive prognostic value.15,16 To further
explore whether differences in progression dynamics could
influence outcomes from larotrectinib treatment, we con-
ducted two separate subgroup analyses: (1) by prior line of
therapy and (2) by duration of adv/met disease before lar-
otrectinib initiation. Although, as expected, the subgroup
categorizations yielded some differences in patient demo-
graphics and baseline characteristics, treatment with laro-
trectinib led to high ORR and sustained response durations
across all lines of therapy and irrespective of the duration of
time to develop adv/met disease.

The medical literature has a limited number of studies that
compare the clinical course of patients with NTRK gene
fusions versusNTRKwild-type patients. Nonclinical studies
have shown that constitutive activation of TRK fusion
proteins drives pro-oncogenic transcription in tumors that
harbor theNTRK gene fusion, whereas transforming effects
of nonfusion NTRK mutations (ie, overexpression and so-
matic mutations) are less well-established.1 In a retro-
spective study of adult patients with genomically profiled
solid tumors from the Flatiron Health-Foundation
Medicine-Genomic Database, Bazhenova et al15 pre-
sented findings that co-occurrence of oncogenic alterations
in ALK, BRAF, ERBB2, EGFR, ROS1, and KRAS was in-
frequently found in patients with NTRK gene fusions,
suggesting that the NTRK gene fusion may be a primary
oncogenic driver in TRK fusion–positive tumors. Impor-
tantly, a trend was also observed toward shorter OS in
patients with TRK fusion cancer, compared with a NTRK
wild-type matched cohort (12.5 v 16.5 months; P = .648).15

This finding is consistent with our assessment that NTRK
gene fusions are not prognostic for favorable outcomes.

In another analysis, Rosen et al16 presented a comparison
of patients with NTRK gene fusions versus NTRK wild-type
enrolled at MSKCC from April 2015 to August 2018. Among
76 patients with TRK fusion cancer, 51 (67%) had de-
veloped advanced or recurrent disease and had an ORR of
46.7% with first-line, non-TRK inhibitor therapy, and me-
dian PFS of 9.1 months.16 Our analysis showed that pa-
tients receiving first-line larotrectinib had an ORR of 86%
and median PFS of 29.4 months. In the Rosen et al. study,
patients with advanced or recurrent disease who received a
TRK inhibitor (any line of therapy) had an ORR of 67.6%,
which was closely aligned with expectations for TRK in-
hibitor therapy.16 Immuno-oncology regimens given to 12 of
these patients resulted in only one response, suggesting
that TRK inhibitors are more appropriately suited for solid
tumors that harbor NTRK gene fusions. ORR of these
patients receiving chemotherapy was similar to that of TRK
inhibitor therapies (62.5% v 67.6%); however, neither data

on prior therapies, which could influence response rates,
nor safety findings were presented in that analysis, thus
limiting comparisons of risk-benefit from either therapy.16

Larotrectinib is associated with a favorable tolerability
profile9,10; our analysis showed no new or unexpected
safety signals, consistent with earlier reports (data not
shown). Although the MSKCC patients and our patient
population cannot be directly compared, the results re-
ported by Rosen et al continue to highlight the efficacy
advantage of larotrectinib over other types of therapies.

Our analysis included 29 patients with IFS whose median
time from diagnosis to adv/met stage was 0 months, and the
median duration of adv/met disease before larotrectinib was
3.3 months. In the expanded larotrectinib analysis by Hong
et al,9 patients with IFS achieved an ORR of 96%. Given that
the population of patients with IFS both comprised a sizable
proportion (20%) of the full analysis population and that
most already had locally adv/met disease at diagnosis, we
wanted to ensure that our observations were not driven
primarily by patients with IFS. Exclusion of patients with IFS
from the analysis showed consistent findings with the full
study population, demonstrating that favorable efficacy
outcomes were observed across all subgroups, even when
discounting one of the most sensitive patient populations in
our analysis. In a separate analysis, the exclusion of the
pediatric population (who had a 92% ORR by investigator
assessment9) did not alter the efficacy findings compared
with the full study population.

Limitations to our analysis include the small sample sizes of
individual tumor types, which precludes drawing conclu-
sions on the basis of histologic types. In addition, these
analyses did not account for the types of prior therapies and
their impact on disease progression before larotrectinib, nor
was disease progression measured by standardized time
intervals before study inclusion.

In conclusion, the short-time interval from first diagnosis to
development of locally adv/met stage suggests that the
presence ofNTRK gene fusions in tumors is unlikely to be a
prognostic marker of a generally favorable clinical disease
course. Larotrectinib treatment resulted in high ORR and
sustained responses, regardless of prior lines of therapy
and across different durations of pre-larotrectinib adv/met
disease, supporting its strong clinical activity independent
of the disease course before larotrectinib initiation. Im-
portantly, on the basis of consistent clinical benefit across
all subgroups, larotrectinib favorably altered the course of
disease in patients with TRK fusion cancer. Even patients
with rapid progression to advanced disease had much
longer PFS on larotrectinib, compared with the previous
disease course, thus providing further evidence that laro-
trectinib alters time to progression.
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