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ABSTRACT

PURPOSE Our study aimed to explore real-world treatment scenarios for children and
adolescents with neurotrophic tropomyosin receptor kinase (NTRK)–fused
tumors, emphasizing access, responses, side effects, and outcomes.

PATIENTS AND
METHODS

Pooled clinical data from 17 pediatric cases (11 soft-tissue sarcomas, five brain
tumors, and one neuroblastoma) treated with larotrectinib and radiologic
images for 14 patients were centrally reviewed. Testing for gene fusions was
prompted by poor response to treatment, tumor progression, or aggressiveness.

RESULTS Six different NTRK fusion subtypes were detected, and various payment sources
for testing and medication were reported. Radiologic review revealed objective
tumor responses (OR) in 11 of 14 patients: Complete responses: two; partial
responses: nine; and stable disease: three cases. Grades 1 or 2 Common Ter-
minology Criteria for Adverse Events adverse effects were reported in five
patients. Regarding the entire cohort’s clinical information, 15 of 17 patients
remain alive (median observation time: 25 months): four with no evidence of
disease and 11 alivewith disease (10without progression). One patient developed
resistance to the NTRK inhibitor and died from disease progression while
another patient died due to an unrelated cause.

CONCLUSION This real-world study confirms favorable agnostic tumor OR rates to laro-
trectinib in children with NTRK-fused tumors. Better coordination to facilitate
access to medication remains a challenge, particularly in middle-income
countries like Brazil.

INTRODUCTION

Molecular evaluation of pediatric tumors has allowed a better
understanding of the genetic mechanisms driving childhood
cancer.1,2 Gene fusions involving the neurotrophic tropomy-
osin receptor kinase (NTRK) family are of particular interest.3

The NTRK1/NTRK2/NTRK3 genes present an intracellular
domain with tyrosine-dependent kinase activity connected
through the transmembrane structure to an extracellular
domain made of two immunoglobulin-like high-affinity re-
ceptors and three leucine-rich motifs.4 Under normal con-
ditions, it determines the activation of key downstream
intracellular pathways, leading to cell survival, proliferation,

and differentiation.5,6 Each neurotrophin has specificity for a
particular TRK6 (Fig 1A). Numerous described fusions involve
the NTRK gene’s 3ʹ end (containing the tyrosine kinase do-
main) juxtaposed with an unrelated gene at 5ʹ end, forming
in-frame chimeric receptors, retaining the kinase domain.
This results in constitutively activated receptors, disrupting
downstream pathways7,8 (Figs 1B and 1C). Additionally, fusion
partners often harbor a dimerization/oligomerization do-
main, such as coiled coil or zinc finger domains, further
contributing to receptor activation.9

Although the overall frequency of these fusions is low among
cancers in general,10,11 they are enriched in different subsets
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of neoplasms such as infantile fibrosarcomas (IFs), mam-
mary analog secretory carcinoma of the salivary gland, and
mesoblastic nephroma.12 Of note, patients with NTRK-fused
tumors often experience clinical benefits and high response
rates (>75%) when receiving first-generation oral NTRK
inhibitors such as larotrectinib or entrectinib.13 Moreover,
these responses are observed regardless of tumor histology,
which places these agents as tissue-agnostic therapeutic
treatment.13

Initial data on the safety and efficacy of larotrectinib de-
scribed high tumor responses.14 Doz et al15 confirmed the
high rates of progression-free survival (56%) and overall
survival (85%). Clinical data updates have corroborated the
excellent clinical and sustained responses to NTRK inhibi-
tor.16 Similar encouraging results were observed using
entrectinib for treatingNTRK- or ROS-fused tumors.17While
pivotal clinical trial data are crucial for confirming an agent’s
efficacy and biosafety profile, the controlled environment of
such studies may not fully reflect the diverse clinical vari-
ables observed in real-world settings. Additionally, data on
the efficacy of NTRK inhibitors are largely underreported in
Latin American populations.18 Hence, this multicenter study
aims to compile Brazilian cases of children and adolescents
diagnosed with NTRK-positive tumors and treated with oral
NTRK inhibitors in real-world settings.

PATIENTS AND METHODS

This was a retrospective and descriptive clinical study. Invi-
tation to participatewas emailed to all pediatric oncologists in
Brazil affiliated with the Brazilian Society of Pediatric On-
cology. Pediatric patients (age 0-17 years) who received an
NTRK inhibitor from January 1, 2018, to June 1, 2023, were
eligible. All study participants, or their legal guardian, pro-
vided informed written consent before study enrollment. All

patients were treated in tertiary care center. The following
inclusion criteriawere considered: (1) diagnostic confirmation
of an NTRK1, NTRK2, or NTRK3 fusion in tumor, detected by a
next-generation sequencing (NGS) method; (2) treatment
with an oral NTRK inhibitor for a minimum period of 3
months; and (3) availability of clinical data inmedical records
regarding access to therapy, response, adverse effects (AEs)
and discontinuations, and clinical outcomes. Exclusion cri-
teria were refusal to participate by patient and/or legal
guardians or nonsignature of the informed consent form. This
multicentric study was approved by the Research Ethics
Committee (CAAE 66469323.6.1001.5440).

Clinical and epidemiological data were extracted from
electronic health records (EHRs), and radiologic data were
exported in anonymized DICOM files. Radiologic examina-
tionswere centrally reviewed to verify the degree of response
to therapy. The RECIST v1.1 or Response Assessment in
Neuro-Oncology v2.0 criteriawere used to define response to
treatment.19,20 Raw image data were independently analyzed
by two experienced radiologists (A.A.C. and V.S.Y.D.). Images
(magnetic resonance imaging [MRI] and/or computed to-
mography [CT]) before treatment initiation with NTRK in-
hibitor, after at least 3 months of treatment, and at last
follow-up were reviewed. The results were categorized as
complete response (CR): disappearance of all target lesions;
partial response (PR): ≥30% decrease in the sum of the
longest diameters (SLD) of all target lesions; progression
disease (PD): ≥20% increase in SLD of the target lesions, or
the appearance of new unequivocal metastatic lesions, and
stable disease (SD) as neither PR nor PD, compared with the
examination immediately pretherapy with the NTRK
inhibitor.

Data on AEs of NTRK inhibitor therapy were collected. AEs
were graded according to the Common Terminology Criteria

CONTEXT

Key Objective
This research, led by the Brazilian Committee of Precision Medicine in Pediatric Oncology-the Brazilian Society of Pediatric
Oncology, aims to explore real-world treatment for children and adolescents with neurotrophic tropomyosin receptor kinase
(NTRK)–fused tumors.

Knowledge Generated
Seventeen cases with various tumor types and NTRK fusions received larotrectinib. Tumor response and adverse effects
were consistent with previous reports. Secondary resistance to treatment was observed in one case. Fifteen of 17 patients
remain alive with a median observation time of 25 months. Payment sources varied, with time to access treatment ranging
from less than a month to 1 year from initial prescription of the medication.

Relevance
This is the first study to evaluate a pediatric cohort of Latin American patients, in a real-world setting, treated with an NRTK
inhibitor. Although our data confirm the good tumor response rates, timely and continuous access to this type of treatment
remains a challenge for middle-income countries such as Brazil.

2 | © 2024 by American Society of Clinical Oncology

Vince et al



for Adverse Events (CTCAE), version 5.0.21 The main char-
acteristics of the data set for this descriptive statistics
analysis were reported in mean, median, frequency, and
variance. This article followed major recommendations of
the ESMO Guidance for Reporting Oncology real-World
evidence.22

RESULTS

Clinical Data of the Cohort

Twenty-four cases from 14 pediatric oncology centers were
identified; seven cases were not eligible for accrual because
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FIG 1. (A) NTRK1, NTRK2, and NTRK3 genes encode tyrosine kinase receptors that under normal conditions respond to the binding of neutrophins
(NGF, BDNF, NT-3 or NT-4) and activate key downstream intracellular pathways associated with cell survival, proliferation, and differentiation; (B)
the receptors have a consensus structures consisting of an intracellular domain with tyrosine-KD connected through the TM structure to an
extracellular domainmade of two Ig-like high-affinity receptors and three LRmotifs. Gene fusions with amyriad of unrelated partner genes lead to
the overexpression of varied chimeric proteins that retain constitutive activation in a ligand-independent manner. In some cases, the TM domain
can also be lost, resulting in intracellular kinases (ie, ETV6-NTRK3); (C) dysregulated constitutive activation leads to cell transformation, un-
controlled growth, and tumor progression. The figure was composedwith the aid of illustrations from the SMART-servier Medical Art. BDNF, brain-
derived neurotrophic factor; Ig, immunoglobulin; KD, kinase domain; LR, leucine-rich; NGF, nerve growth factor; NT-3, neurotrophin-3; NT-4,
neurotrophin-4; NTRK, neurotrophic tropomyosin receptor kinase; TM, transmembrane.
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of diagnosis of an NTRK-fused tumors without receiving
treatment with NTRK inhibitor (three patients); legal
guardians did not consent to participate (two cases);
medical center refused to participate; and not enough time
on oral NTRK inhibitor (one case each). Thefinal cohort was
composed of 17 patients (11 male and six female), with a
median age at diagnosis of 10.9 months (varying from
0.1 to 159.6). Histologic subgroups of tumors harboring
NTRK fusions were as follows: 11 soft-tissue sarcomas, five
CNS glial/glioneuronal tumors, and one neuroblastoma.
Tumors were localized in 16 cases and metastatic in one
case (an IF—lungmetastasis). Table 1 summarizes themain
demographic, clinical, pathologic, and genetic data of the
cohort.

Prior treatment modalities for the cohort included surgery
(three cases), chemotherapy (nine cases), and radio-
therapy (three cases); in two cases an NTRK inhibitor was
offered up-front. Specifically for sarcomas, the majority
presented with advanced disease at the time of diagnosis,
as classified by the Intergroup Rhabdomyosarcoma Study
(IRS) staging system: IRS-I (n 5 1), IRS-II (n 5 3), IRS-III
(n 5 5), and IRS-IV (n 5 1). The tumor stage was not
described in one case. Some of these cases were published
as case reports elsewhere.18,23,24

Motivation to Test, Access to NGS Examinations, and
Types of NTRK Fusions

Physicians directly caring for patients were surveyed about
their reasons for ordering an NGS panel. In seven cases,
poor response to initial treatment, tumor progression, or
aggressiveness were primary reasons. For six cases, the test
was ordered because of tumor type and potential associa-
tion with NTRK fusions. In two cases, NGS panels intended
to aid diagnosis while in one case each, testing was con-
ducted because it was readily available or because of de-
pletion of therapeutic options. NTRK fusions were detected
in all 17 cases through DNA- or RNA-based NGS panels.
Pharmaceutical industry sponsored testing for eight pa-
tients. In four cases, testing was conducted in-house
(Archer FusionPlex solid tumor panel), provided compli-
mentary by the treating institution (Barretos Cancer
Hospital). In three cases, families covered the molecular
test costs, and in two cases, research funding supported
testing expenses.

ETV6-NTRK3 was the most frequent transcript observed
(four sarcomas; two glioneuronal tumors), followed by
TPM3-NTRK1 fusion (four sarcoma cases). Rarer fusions
involving NTRK1 and two and three gene partners were also

TABLE 1. Summary of the Demographic and Pathologic Data, Type of NTRK-Rearrangement, and Centrally Reviewed Images on 17 Cases of
Pediatric Tumors

Case
No. Sex

Age at Diagnosis,
Months Pathologic Diagnosis

Presence of
Metastasis at
Diagnosis

Type of Fusion Detected
by NGS

Images Centrally
Reviewed?

1 M 53.9 WHO grade IV analogous malignant
glioneuronal tumor

No ETV6-NTRK3 Yes

2 F 13.3 Infantile fibrosarcoma No TPM3-NTRK1 No

3 M 10.9 Pediatric high-grade glioma No TPR-NTRK1 Yes

4 F 8.5 Grade II diffuse astrocytoma No STRN-NTRK2 Yes

5 M 14.3 Infantile fibrosarcoma No ETV6-NTRK3 Yes

6 F 34.4 Peripheral nerve sheath sarcoma No TPM3-NTRK1 Yes

7 M 159.5 Diffuse glioneuronal tumor with similar
oligodendroglial features and nuclear
clusters

No ETV6-NTRK3 Yes

8 M 3.3 Infantile fibrosarcoma Yes TPM3-NTRK1 No

9 M 7.4 Infantile fibrosarcoma No ETV6-NTRK3 Yes

10 F 8.8 Neuroblastoma No SCAPER-NTRK3 Yes

11 F 39.7 Low-grade soft tissue sarcoma, NOE No TPM3-NTRK1 Yes

12 F 8.6 Infantile fibrosarcoma No TPM3-NTRK1 Yes

13 M 0.1 Infantile fibrosarcoma No ETV6-NTRK3 Yes

14 M 1.5 Infantile fibrosarcoma No ETV6-NTRK3 Yes

15 M 40.1 Mesenchymal spindle cell sarcoma/malignant
peripheral nerve sheath tumor

No TPM3-NTRK1 Yes

16 M 3.2 Infantile fibrosarcoma No TPR-NTRK1 Yes

17 M 90.8 Low-grade glioma No NOTCH2NL-NTRK1 No

Abbreviations: F, female; M, male; NGS, next-generation sequencing; NOE, not otherwise specified; NTRK, neurotrophic tropomyosin receptor
kinase.
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FIG 2. (A) Swimmer plot demonstrating different treatment modalities (surgery; chemotherapy, radiotherapy) and treatment with
larotrectinib, along with best tumor response achieved by each treatment approach. (B) Best response to the NTRK inhibitor (laro-
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larotrectinib in months. CR, complete response; IFS, infantile fibrosarcoma; NBL, neuroblastoma; NTRK, neurotrophic tropomyosin
receptor kinase; PD, progressive disease; PR, partial response; SD, stable disease; STS, other soft tissue sarcomas.

JCO Precision Oncology ascopubs.org/journal/po | 5

NTRK Inhibitors in Pediatric Oncology

http://ascopubs.org/journal/po


identified: TPR-NTRK1, NOTCH2NL-NTRK1, STRN-NTRK2 (all
CNS gliomas), and SCAPER-NTRK3 (neuroblastoma). All
physicians affirmed that molecular information aided in
patient management. Physicians’ perspectives on the timing
to access and start medication varied: Nine felt the NTRK
inhibitor was timely prescribed and started while seven be-
lieved it was delayed. In one case, treatment started sooner
than deemed necessary by the attending physician. Appendix
Table A1 outlines how NGS results and medication access
influenced clinical care, as perceived by pediatric oncologists.

Access to Treatment and Doses of the NTRK Inhibitor

All 17 patients in this cohort were treated with larotrectinib.
This choice was not an inclusion restriction for the study, but
rather a decision made by the treating physician. The time
between the prescription of the NTRK inhibitor medication
and the actual start of treatment was categorized as follows:
within 30 days of the prescription; between 1 and 3 months;
between 3 and 6 months; and between 6 months and 1 year.
Five patients started the medication within the prescribed
month; seven between 1 and 2months, four patients between
3 and 6 months, and one patient waited between 6 months
and 1 year for the medication. Payment sources included
health insurance (six), the patient’s institution covering
medication costs (five), participation in expanded access
programs (two), family-funded payment (one), and mis-
cellaneous payment sources (two cases). Larotrectinib ad-
ministration included oral solution (16 cases) and hard
capsules (one case). All prescribed doses were 100 mg/m2

twice daily; for patients with a body surface area of at least
1 m2, the dose was also 100 mg twice daily.

Treatment Evaluation and Outcome

Fourteen cases had images available for central radiologic
review. The concordance between the two independent
radiologists on response categories (PD, SD, PR, or CR) for
all cases was 100%. Objective responses (CR 1 PR) were
observed in 11 of 14 patients. The best tumor responses
after treatment with larotrectinib alone were CR (two
cases), PR (nine cases), and SD (three cases). One addi-
tional case (6) achieved CR with additional surgical re-
section and radiotherapy following the NTRK inhibitor.
Figure 2A shows different treatment schedules received
for each patient throughout a timeline, and Figure 2B
shows the best tumor response compared with baseline,
tumor type, NTRK fusion type, last follow-up outcome,
and observation time since the initiation of larotrectinib in
months.

Fifteen of 17 patients remain alive, with a mean observation
time of 25 months (11-48 months): four with no evidence of
disease, 11 patients are alive with disease, in PR (10 without
progression). Although images were not available for central
review, case 2 experienced tumor progression after an initial
period of tumor response (PR) after treatment with laro-
trectinib. This patient died of disease progression. One

additional patient (17) died due to complications not related
to the tumor (pneumonia), in a state of PR.

One case deserves special attention regarding response to
therapy. An 8-month-old girl was diagnosed with neuro-
blastoma (NB) (10), with a primary tumor in the mediasti-
num and metastasis to the skin and bones by
metaiodobenzylguanidine (MIBG) scintigraphy (Fig 3);
MYCN status of the tumor was inconclusive. The patient was
initially treated with conventional chemotherapy for high-
risk NB. After 1 year of treatment, although metastatic le-
sions resolved at MIBG scintigraphy, she persisted with the
mediastinal uptaking lesion. A second-look surgery (partial
resection) was performed and confirmed a residual poorly
differentiated NB specimen at mediastinum. NGS analysis
showed a SCAPER-NTRK3 fusion. At this point, the patient
started to receive larotrectinib. After 3 months on the
medication, a new re-evaluation by MRI showed SD. A new
biopsy was performed and revealed a completely mature NB
tissue (ganglioneuroma). The patient continued to receive
larotrectinib for 13 months, and new MIBG scintigraphy did
not show uptake in the primary lesion or metastatic sites.

Second-Look Surgeries

Second-look surgeries after the use of NTRK inhibitors varied
at the physician’s discretion, and 10 patients did not undergo a
newsurgical procedure. Patients 3, 4, and 7 (CNS tumors)were
not reoperated because of difficult tumor locations in eloquent
areas (frontal hemispheric, thalamus, andpineal, respectively)
of the brain. Interestingly, patients 4 and 7 remain alive with
no evidence of progression for 12 and 7 months, respectively,
after larotrectinib discontinuation, with only stable minor
alterations on MRI. Patient 3 achieved CR with larotrectinib
alone. Regarding IFs cases: 5 and 8 achieved CR with laro-
trectinib, with no need for further surgical procedures; for
cases 9 and 16, second-look surgery was not indicated because
of tumor location (face, with deep vascular involvement, and
skull, respectively)—both cases remain in PR without tumor
progression after larotrectinib discontinuation (7 and
10 months, respectively); case 12 had second-look surgery
with 100% necrosis of tumor specimens after larotrectinib,
and cases 13 and 14 are waiting for second-look surgical
procedures. For soft tissue sarcomas (STS), case 6 experienced
sequelae related to primary surgery, and radiation therapywas
offered for local tumor control; the tumor involved thebrachial
plexus for case 15,which contraindicated second-look surgery;
case 11 achieved PR and awaits a second-look surgical pro-
cedure. Specifically for the NB case, only partial resection was
achieved at the second-look surgery; this patient discontinued
larotrectinib and remains in PR without progression. Infor-
mation on second-look surgerywas unavailable for patients 15
and 17 (CNS and STS, respectively).

Adverse Events and Treatment Interruptions

Five patients experienced AEs with larotrectinib therapy.
Reported side effects according to CTCAE included hepatic
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toxicity (grade 2) in two cases, weight gain (grade 2) in two
cases, and fatigue (grade 2) and somnolence (grade 1) in one
case. These side effects did not necessitate drug interruption
or dose reduction. Of the 15 surviving patients in this cohort,
four were still using an NTRK inhibitor (cases 6, 11, 12, and
13) when the data for this study were compiled. In two cases,
the medication was discontinued after the patient achieved
complete remission (5 and 10). In the remaining nine pa-
tients, the discontinuation of larotrectinib occurred for
various reasons: in six cases, discontinuation occurred be-
cause of the decision of the medical team responsible for the
patient’s care and in two cases because of difficulties in
obtaining the medication continuously and regularly by the
family; in one case, the reason for discontinuation was not
reported. In one of these cases (1), the medication was re-
sumed after a brief suspension period, and an excellent
clinical response was observed again (1). The median du-
ration time of medication use among patients who dis-
continued larotrectinib was 12months (ranging from 11 to 25
months).

DISCUSSION

In this retrospective series, we explored clinical aspects
regarding treatment of NTRK-fused pediatric cancer within
a real-world Brazilian experience. The most common types
of tumors observed in this cohort are in accordance with
those reported in this setting,25 except for a neuroblastoma
case, which, to our knowledge, has not been described to
date. Regarding fusion types, ETV6-NTRK3 and TPM3-
NTRK1 were the most frequent fusions (10/17 cases) de-
tected. Of note, our cohort identified some infrequent
translocations involving rarer NTRK1/3 partners. Two cases
of TPR-NTRK1 fusions (high-grade glioma—3 and IF—16)
were observed. The TPR-NTRK1 fusion was described in
only 0.04% of all samples tested by the American Associ-
ation for Cancer Research GENIE project26; this fusion was
previously described in sarcoma cases, but not in brain
tumors. The NOTCH2NL-NTRK1 (17) fusion was reported
twice in the literature: one case of a patient with lung
adenocarcinoma with neuroendocrine differentiation

A B E

C D F

FIG 3. The chest CT scan (soft tissue window, coronal reformatting) shows a heterogeneous right paravertebral mass in the mid thoracic
segment, with (A) hypoattenuating areas and avid uptake on the (C) PET-MIBG study. (B) After treatment, there was a slight reduction in size
(being characterized as a stable disease by RECIST) and the onset of small foci of calcification (orange arrows) and (D) nomore PET uptake. (B)
Also, an atelectatic opacity was observed at the apex of the right lung, probably related to decubitus (green arrow). The histopathological study
of specimens before and after larotrectinib treatment shows (E) a poorly differentiated NB specimen and (F) a completely mature NB tissue
compatible with ganglioneuroma. CT, computed tomography; MIBG, metaiodobenzylguanidine; NB, XXX; PET, positron emission tomography.
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where this transcript emerged after osimertinib treat-
ment27 and one case ofmetastatic squamous non–small cell
lung cancer that was primarily resistant to larotrectinib.28

Both cases harboring NOTCH2NL-NTRK1 fusion were ob-
served in adults, and this fusion has not been previously
reported neither in children nor in brain cancer. The STRN-

NTRK2 (4) was previously reported in pediatric sarcoma,29

malignant glioneuronal tumor of the brain,30 papillary
thyroid cancer in adults,31 and lung adenocarcinoma.32

Finally, the SCAPER-NTRK3 (neuroblastoma—10) was
previously described only once, in a very rare case of epi-
thelioid melanocytoma in a child.33
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The largest populational study evaluated 295,676 cases for
NTRK1/2/3 fusion positivity and observed a prevalence of
1.34% and 0.28% of NTRK-fused tumors in the pediatric and
adult population, respectively.11 NTRK fusion frequency
varies across tumors, grouped as follows: (1) rare tumors
where NTRK fusions are defining features (frequencies
often >90%); (2) relatively common tumors with interme-
diate NTRK fusion rates (5%-25%); and (3) tumors where
NTRK fusions are rare (<5%, usually <1%).34 A recent tumor
genomic profiling of approximately 1,200 pediatric patients
found NTRK fusions in 2.22% of all tumors and 3.08% of
solid tumors. These fusions were observed more often in
childhood tumors than in adult tumors, indicating a broader
panel of fusion partners and a wider range of pediatric tu-
mors than previously recognized.25 Moreover, fusions pre-
sented a certain tissue tropism: pediatric thyroid tumors
predominantly involved NTRK1 and NTRK3, whereas CNS
tumors primarily have fusions associated with NTRK2.25,35,36

In this regard, as more tumors are being studied for fusions,
higher the number of partners and different breakpoints.
Indeed, the webserver for fusion integrative analysis FPIA37

shows that for each NTRK gene, considering 33 cancer types
from The Cancer Genome Atlas Program data, breaks occur
at different exonic, splicing (within 2-bp of a splicing
junction), non-coding RNA (overlaps a transcript without
coding annotation in the gene definition), intronic, and
intergenic locations (Fig 4A). The literature revealed 127
different fusion partners5,25,34,35,38,39 from which 90 (70.9%)

were associated with adult tumor histologies, 22 (17.3%)
were restricted to pediatric tumors, and 15 (11.8%) are shared
by both settings (Fig 4B). When examining the recombi-
national background of each fusion partner, 78% of them
translocate with all NTRK members in adult tumors. How-
ever, this promiscuity decreases to 44% in pediatric tumors.
Additionally, 17.6% of fusion partners are exclusively as-
sociated with NTRK1, 20.6% with NTRK2, and 11.8% with
NTRK3 (Fig 5).

Response rates observed in our study were similar to the
literature.14,15 One case exhibited resistance to therapy. Ac-
quired resistance to NTRK inhibitors, though rare, is well-
documented, often linked to specific NTRK gene mutations
or off-target alterations.40 Second-generation NTRK in-
hibitors (repotrectinib, selitrectinib) aim to address tumor
resistance, yet resistance to these newer inhibitors may also
emerge.41

Several different algorithms have been published to guide
NTRK testing both in pediatric and adult populations.42-45

Motivation to test cases in our cohort was related to different
clinical aspects such as poor treatment response, tumor
progression, and less frequently, tumor type and NTRK
fusion prevalence. Time to get access to medication is a
problematic issue in the context of rapidly growing pediatric
cancer at difficult-to-treat locations (ie, CNS tumors and
deep-located mesenchymal cancer). Public governmental
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initiatives to offer pharmaceutical benefits46 for reim-
bursement of NTRK testing, and medicine for patients di-
agnosed with specific tumors at specific ages are being
implemented in Australia and New Zealand. These ongoing
efforts aim to establish cost-effective approaches and ex-
pedite access to testing and medication, although they are
still being evaluated. Doses effectively used in our cohort did
not differ from the recommended doses of larotrectinib for
pediatric population.47

We observed AEs in five of 17 patients (29%). Grades 1 or 2
AEs retrieved were hepatic, weight gain, fatigue, and som-
nolence. Side effects reported did not lead to drug inter-
ruption or dose reduction. Our observations are in
accordance with those previously reported in other pediatric
populations receiving the same NTRK inhibitor. Pooled data
from different phase 1/2 studies on larotrectinib in patients
with solid tumors harboring NTRK fusions gathered data on
safety information for 260 patients treated with laro-
trectinib. The authors found AEs to be infrequent, occurring
at any grade in at least 15%of patients, and in grades 3 or 4 in
13% and <1%, respectively.16

Our study has some limitations. It is a retrospective, non-
randomized study that retrieved information on EHRs to
produce real-world evidence on the outcome of children and
adolescents treated with NTRK inhibitors, which canmake it
difficult to interpret direct treatment effects. There was no

specific recommendation for monitoring AEs and serious
AEs (SAEs) for this retrospective study, and most physicians
used their own institutional recommendations and/or
available guidelines, and AEs/SAEs may have been under-
reported. All patients were treated outside controlled clinical
trials and disease assessments and intervals between MRIs
or CT were scheduled at the discretion of physicians. This
circumstance does not allow us to assess the time to the best
response to NTRK inhibitors in this cohort. Moreover, the
tumor classification was not centralized, and distinct
methodologies were used for tumor histological
classification.

In conclusion, this real-world study was the first to assess
the outcome of children and adolescents with NTRK-fused
tumors treated with larotrectinib in a Latin American
population. Our findings confirmed the good tolerability
and tumor responses in a tissue agnostic scenario. Yet,
aspects related to drug access remain a major challenge,
pointing to the need of a strong coordination between
public health, medical insurance, and community to ease
access to medication. Additionally, many questions and
challenges persist regarding the use of NTRK inhibitors in
real-world settings. Systematic follow-up and updates on
these cases, focusing on clinical outcomes and pharma-
coeconomics, would help pediatric oncologists in their
decision-making process, particularly in middle-income
countries like Brazil.
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APPENDIX

TABLE A1. Case Number, Diagnosis, Age at Diagnosis, Pediatric Oncologists’ Perceptions of NTRK-Fused Tumor Results, Impact on Clinical
Management, Time to Start Larotrectinib, and Current Medication Usage by Patients (data censored on September 1, 2023)

No. Pathologic Diagnosis
Age at Diagnosis,

Months

How NGS Results and Access
to NTRK Inhibitors Helped

Pediatric Oncologists to Better
Assist Their Patients,

According to Their Own Clinical
Perception?

Time to Start NTRK Inhibitor
Therapy (Too Early/Proper/

Late)

Is the Patient Still on
Therapy With a NTRK

Inhibitor?

1 WHO grade IV analogous
malignant glioneuronal
tumor

53.9 Treatment with conventional
chemotherapy was not
effective

Proper No

2 Infantile fibrosarcoma 13.3 The result helped in the
therapeutic planning and
targeted therapy with good
clinical results

Late No

3 Pediatric high-grade glioma 10.9 The result allowed us to request
target drug (larotrectinib);
radiation therapy was
avoided for this child, with
good clinical outcome

Proper No

4 Grade II diffuse astrocytoma 8.5 The result allowed us to
prescribe larotrectinib, with a
very good clinical outcome

Late No

5 Infantile fibrosarcoma 14.3 We were allowed to prescribe
NTRK inhibitor and avoid
other cytotoxic treatments

Proper No

6 Peripheral nerve sheath
sarcoma

34.4 The patient had already used
chemotherapy and
radiotherapy, without
remission of the disease.
Patient already had sequelae
related to surgical
procedures—no additional
treatment options

Late Yes

7 Diffuse glioneuronal tumor
with similar oligodendroglial
features and nuclear clusters

159.5 Targeted therapy was able to be
offered, after conventional
treatments have shown little
success

Too early No

8 Infantile fibrosarcoma 3.3 Patient with poor response to
conventional chemotherapy

Proper No

9 Infantile fibrosarcoma 7.4 Oral treatment, with lesser
toxicity, outpatient, making it
possible not to use traditional
cytotoxic chemotherapy,
dispensing the use of
long-term catheters

Late No

10 Neuroblastoma 8.8 Primary posterior mediastinal
neuroblastoma with spinal
canal invasion. Surgery
difficult to perform (high
morbidity). Change of
treatment (conventional
intravenous chemotherapy)
to specific oral medication

Proper No

11 Low-grade soft tissue
sarcoma, NOE

39.7 Patient did not respond to
conventional chemotherapy
and showed a lot of toxicity;
treatment with larotrectinib
offered excellent quality of
life and partial clinical
response on imaging

Proper Yes

(continued on following page)
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TABLE A1. Case Number, Diagnosis, Age at Diagnosis, Pediatric Oncologists’ Perceptions of NTRK-Fused Tumor Results, Impact on Clinical
Management, Time to Start Larotrectinib, and Current Medication Usage by Patients (data censored on September 1, 2023) (continued)

No. Pathologic Diagnosis
Age at Diagnosis,

Months

How NGS Results and Access
to NTRK Inhibitors Helped

Pediatric Oncologists to Better
Assist Their Patients,

According to Their Own Clinical
Perception?

Time to Start NTRK Inhibitor
Therapy (Too Early/Proper/

Late)

Is the Patient Still on
Therapy With a NTRK

Inhibitor?

12 Infantile fibrosarcoma 8.6 The tumor did not shrink with
any conventional
chemotherapy as per the
2005 EpSSG NRTS Protocol
for localized non-rabdo
sarcomas. In the second
cycle of more intensive
chemotherapy, the patient
had an anaphylactic reaction

Proper No

13 Infantile fibrosarcoma 0.1 Microscopic margins
compromised by the tumor
(difficult tumor location at
abdomen); decision about
offering neoadjuvant therapy
(in infants) with available
target therapy (as opposed to
offering chemotherapy) was
preferred

Proper Yes

14 Infantile fibrosarcoma 1.5 Large tumor, inoperable
because of its location on the
face, poorly responsive to
chemotherapy

Late No

15 Mesenchymal spindle cell
sarcoma/malignant
peripheral nerve sheath
tumor

40.1 Patient initially received
intensive chemotherapy,
without response and with
many adverse effects

Late Yes

16 Infantile fibrosarcoma 3.2 Helped us to manage a tumor
weighting 477 g in child
weighing 4.8 kg; surgical
margins compromised;
therapy used as adjunctive
therapy

Proper No

17 Low-grade glioma 90.8 Exhaustion of therapeutic
resources; the result allowed
us to offer novel therapy to
this case

Late No

NOTE. Observations: These are qualitative and descriptive data about the personal impression of the physician responsible for the patient’s
treatment regarding the time window between the prescription of the NTRK inhibitor medication and its actual availability for patient use (early,
proper, or late). Data from column 4 were free translations of reports from the attending physicians regarding their own perception of how NGS
results and access to the NTRK inhibitor may have affected the health care of their patients.
Abbreviations: NGS, next-generation sequencing; NOE, not otherwise specified; NTRK, neurotrophic tropomyosin receptor kinase.
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