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Purpose Precision oncology approach for recurrent and metastatic head and neck squamous cell carcinoma (HNSCC) is necessary
due to its dismal prognosis. We performed a genomic profile-based umbrella trial of patients with platinum-refractory HNSCC (KCSG-
TRIUMPH). Here, we present an in-depth report of the the nintedanib arm (arm 3) of the current trial.

Materials and Methods The TRIUMPH study was a multicenter, open-label, single-arm phase 2 trial, in which patients were assigned
to treatment arms based on next-generation sequencing (NGS)-based, matching genomic profiles. Patients whose tumors harbor
fibroblast growth factor receptor (FGFR) alteration were enrolled in the nintedanib arm (arm 3) as part of the TRIUMPH study. The pri-
mary endpoint was the overall response rate (ORR), and secondary endpoints included overall survival (0OS), progression-free survival
(PFS), safety, and biomarker analysis.

Results Between October 2017 and August 2020, 207 were enrolled in the TRIUMPH study, and eight were enrolled in the nintedanib
arm. ORR and disease control rate were 42.9% and 57.1%, respectively. The median PFS was 5.6 months and the median duration
of response was 9.1 months. Median OS was 11.1 months. One patient maintained the partial response for 36 months. Overall, the
toxicity profiles were manageable.

Conclusion Single-agent nintedanib has demonstrated significant efficacy in FGFR-mutated, recurrent or metastatic HNSCC pati-
ents, with tolerable toxicity profiles. The results from the study have provided the basis for routine NGS screening and FGFR-targeted
therapy. Because of the small number of patients due to slow accrual in this study, further studies with a larger cohort are warranted

for statistical power.
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Introduction

The current mainstay of treatment for recurrent and/or
metastatic head and neck squamous cell carcinoma (HNSCC)
involves anti-programmed death-1 immune checkpoint
inhibitors with or without platinum-based chemotherapy
[1]. Apart from the epidermal growth factor receptor (EGFR)
monoclonal antibody, cetuximab, there is currently no esta-
blished, evidence-based targeted therapy effective in HN-
SCC [2]. New identification of several molecular targets for
HNSCC, with potentially actionable targets including PIK-

3CA, CDKN2A, EGFR, CCNDA, and fibroblast growth factor
receptor (FGFR) has been possible due to advancements in
molecular profiling techniques, including next-generation
sequencing (NGS), genotyping, and mRNA expression anal-
ysis [3], yet studies that validate the role for such targets as
predictive biomarkers are hard to find [4].

Thus, a precision oncologic approach in HNSCC to identi-
fy patients who are likely to benefit from molecular-targeted
therapy was launched as a multicenter, umbrella, phase 2 tri-
al. The TRanslational blomarker-driven Umbrella Project for
Head and neck squamous cell carcinoma (TRIUMPH) study,
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conducted in association with the Korean Cancer Study
Group (KCSG), was the first umbrella trial for platinum-
refractory HNSCC patients, with multiple targeted therapies
for phosphoinositide 3-kinase (PI3K), EGFR, FGFR, CDK4/6,
and programmed death-ligand 1 (PD-L1)/cytotoxic T-lym-
phocyte associated protein 4 (CTLA-4) (NCT #03292250
[5]). Here, we report in-depth results for a subset of patients
whose tumor harbored alterations (FGFR amplification,
mutation, or FGFR3 fusion) in the FGFR pathway, treated
with nintedanib in the TRIUMPH trial.

According to The Cancer Genome Atlas (TCGA) data [6],
amplifications and mutation of FGFR1, FGFR2, and FGFR3
are reported to occur in 10%, 2%, and 2% of patients with
human papillomavirus—negative cancers, respectively. Other
studies have reported FGFR genomic alterations, most fre-
quently focal amplifications in FGFR1 and FGFR3 mutations,
in approximately 8.9%-37.3% of HNSCC [4,7,8]. Because they
are one of the most prevalent receptor tyrosine kinase muta-
tions in HNSCC, the FGFR pathway may serve as a potential,
promising therapeutic target [7].

Nintedanib (BIBF1120), an orally available small-molecule
tyrosine kinase inhibitor, targets major angiogenesis path-
ways by inhibiting the FGFR family as well as the platelet-
derived growth factor receptor family and vascular endothe-
lial growth factor receptor family kinases [9]. Both in vivo and
xenograft experiments have demonstrated good antitumor
efficacy, leading to a substantial delay of tumor growth or
tumor regression, and histological examination of treated
tumors showed a marked reduction of the tumor vessel
density up to 80% [10]. Nintedanib has been previously
investigated in other solid cancers, including non-small cell
lung cancer (NSCLC), as well as for idiopathic pulmonary
fibrosis [11-13]. Since 2014, nintedanib has been approved
by the European Medicines Agency for use in NSCLC. It is
also approved for use in idiopathic pulmonary fibrosis and
interstitial lung disease by the United States Food and Drug
Administration (US FDA) but not approved for use in any
solid cancer [14].

In this phase II, multicenter, single-group clinical trial, as
part of a larger umbrella trial, we aim to evaluate the com-
prehensive efficacy and safety of nintedanib in patients with
recurrent or metastatic HNSCC with FGFR pathway altera-
tions, upon failure to respond to platinum-based therapy.

Materials and Methods

1. Study design and treatment allocation

The TRIUMPH was a multicenter, investigator-initiated,
open-label, phase I umbrella trial consisting of five targeted
therapies based on matched biomarkers, for patients with
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histologically or cytologically confirmed recurrent or meta-
static HNSCC [5].

During the screening process, each patient’s mutation pro-
filing in search of driver alterations was assayed via multi-
plexed targeted NGS assay and Nanostring assay based on
tumor RNA expression. Genomic alterations of the PIK3CA,
EGFR, FGFR, and cell cycle pathway mutation and ampli-
fication were included as the target driver mutations, and
patients were assigned to treatment arms per decisions by
the molecular tumor board (MTB), dedicated specifically to
the TRIUMPH trial.

In brief, the targeted therapies evaluated in this umbrella
trial were as follows: arm 1, alpelisib (BYL719), a PI3K inhibi-
tor; arm 2, poziotinib, an EGFR/human epidermal growth
factor receptor 2 inhibitor; arm 3, nintedanib, an FGFR inhi-
bitor; arm 4, abemaciclib, a CDK4/6 inhibitor. In case there
were no matching targets, the patients were allocated to arm
5, durvalumab. For patients initially enrolled in arm 1-4,
crossover to arm 5 upon disease progression was allowed.
Tremelimumab was added (arm 5-1) to the durvalumab
monotherapy (arm 5) upon disease progression to test if the
addition of a CTLA-4 inhibitor could convert non-immuno-
genic tumors into immunogenic tumors.

2. Molecular profiling assays

NGS assays are described in detail in our previous report
of the feasibility study done prior to the TRIUMPH study
[15]. Briefly, genomic DNA was isolated from formalin-fixed
paraffin-embedded (FFPE) samples using the QITAamp DNA
FFPE Tissue Kit (Qiagen, Hilden, Germany) for the target-
ed sequencing of 244 head and neck cancer-related genes.
Library preparation was carried out using customized Sure-
SelectXT Target Enrichement library generation kit (Agilent,
Santa Clara, CA), then the libraries were sequenced using the
high-throughput, Illumina HiSeq2500 platform with a depth
of coverage > 1,000x.

The resulting short reads were quality trimmed using
Sickle [16] and mapped to the human reference genome
using Burrows-Wheeler Aligner [17], and the aligned reads
were then processed with Genome Analysis ToolKit v3.5
[18]. Variant detection was carried out using MuTect v1.17
and Varscan2 v2.3.7 and ANNOVAR was used for functional
annotation of the high confidence variants. Copy number
alterations were called using CNVkit and genes with >4 and
0 measured copy numbers were considered amplified and
deleted, respectively.

Additionally, Nanostring assay for RNA expression analy-
sis was performed by first isolating total tumor RNA with
the RNeasy kit (Qiagen). Using nCounter Analysis System
(Nanostring Technologies, Seattle, WA), the expression of 55
immune-related genes was screened.
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3. Patient selection

Patients with genetic alterations in the FGFR pathway
were eligible to enroll in the nintedanib arm of the trial. Eli-
gible patients were those with histologically confirmed HN-
SCG; recurrent and / or metastatic HNSCC of the oral cavity,
oropharynx, hypopharynx, larynx, nasal cavity, maxillary
sinus; not amenable to curative treatment and had progressed
or recurred upon one or two systemic therapy regimens inclu-
ding platinum-based chemotherapy, or within 6 months
after concurrent chemo-radiation (CCRT) administered
as definitive treatment, with or without induction chemo-
therapy; aged > 20 years; at least one measurable disease
according to Response Evaluation Criteria in Solid Tumor
(RECIST) ver. 1.1; an Eastern Cooperative Oncology Group
performance status of 0 or 1; and adequate organ function.
Key exclusion criteria included patients previously treated
with FGFR pathway inhibitors; nasopharyngeal carcinoma;
active brain metastasis; previous surgery requiring general
anesthesia within 4 weeks before enrollment, and history of
ileus, airway obstruction, or active bleeding within 6 months
of enrollment.

Patients in the FGFR arm were treated with a single-agent
nintedanib at a starting dose of 200 mg twice daily, and upon
progression were allowed crossover to durvalumab mono-
therapy arm (arm 5) of the TRIUMPH trial.

4. Treatment and assessment

Patients with FGFR mutation/amplification uncovered by
the tissue (archival or fresh tumor tissue)-based NGS were
enrolled and received 200 mg of nintedanib twice daily
through oral administration in 28-day cycles until disease
progression, unacceptable toxicity, or withdrawal of consent.
Dose modifications or delays were considered based on the
worst grade of toxicity, according to the approved protocol.

Tumor response was evaluated according to the RECIST
ver. 1.1 at baseline and every 8 weeks thereafter. Treatment
beyond progression was not allowed, as crossover was per-
mitted. If patients crossed over to the durvalumab arm upon
progression, 750 mg of durvalumab was administered intra-
venously every 2 weeks, up to a total cycle of 18 cycles. Safe-
ty was evaluated in patients who received at least one dose
of treatment, and adverse events (AEs) were evaluated using
the National Cancer Institute Common Terminology Criteria
for Adverse Events ver. 4.03.

Patients at every visit at the start of each treatment cycle
underwent laboratory tests for complete blood count, plas-
ma biomarkers, and serum metabolic panel.

5. Statistical analysis

The primary endpoint was the investigator-assessed objec-
tive response rate (ORR), that is, the percentage of patients

4() CANCER RESEARCH AND TREATMENT

Table 1. Patient baseline characteristics

No. (%) (n=8)

Nintedanib (arm 3)
67.0 (36.0-75.0)

Age (yr), median (range)

Sex

Male 6 (75.0)

Female 2(25.0)
ECOG performance status

0 1(12.5)

1 7 (87.5)
Smoking

Current 1(12.5)

Ex- 4 (50.0)

Never 3(37.5)

Unknown 0
Primary tumor location

Oral cavity 0

Oropharynx 1(12.5)

Hypopharynx 2(25.0)

Larynx 1(12.5)

Nasal cavity 3(37.5)

Unknown 1(12.5)
HPYV status

Positive 2 (25.0)

Negative 2(25.0)

Not available 4 (50.0)
Pattern of relapse

Initial stage IV 6 (75.0)

Recurred after local therapy 2(25.0)
Previous operation

Yes 4 (50.0)

No 4(50.0)
Previous radiotherapy

Yes 6 (75.0)

No 2 (25.0)
Previous lines of systemic therapy

1 3(37.5)

2 3(37.5)

3 2 (25.0)

ECOG, Eastern Cooperative Oncology Group; HPV, human pap-
illomavirus.

who achieved an objective response of either complete res-
ponse (CR) or partial response (PR) according to RECIST
ver. 1.1. Secondary endpoints included overall survival (time
from first treatment to death), progression-free survival
(time from first treatment to disease progression, death, or
last tumor assessment, whichever comes first), safety, and
biomarker analysis. The sample size was calculated using
the one-arm binomial method, with the null hypothesis that
the ORR was < 5% against the alternative hypothesis that the
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Table 2. Efficacy results in the efficacy set

No. (%) (n=7)
Nintedanib (arm 3)

Best overall response

Complete response 0

Partial response 3(42.9)
Confirmed PR 3(42.9)
Stable disease 1(14.3)
Progressive disease 3(42.9)

Not evaluable 0
Response rate (%) (95% CI) 42.9 (9.9- 81.6)
DCR (%) (95% CI) 57.1 (20.5-93.8)
Median PFS (mo) (95% CI) 5.6 (0.9-14.6)
Median OS (mo) (95% CI) 11.1 (1.9-NR)

CI, confidence interval; DCR, disease control rate; NR, not
reached; OS, overall survival; PFS, progression-free survival; PR,
partial response.

ORR was = 20%, at a significance level of 10%. The hypo-
thesis was tested with 90% statistical power and a 10% sig-
nificance level, and a total of 29 patients are required for res-
ponse assessment. Considering dropout rates of 10%, the
final sample size was calculated to include 32 patients.

The efficacy set was defined as patients who had base-
line tumor assessment and had received at least one dose of
study treatment. The Clopper-Pearson estimation method
was used to calculate 95% confidence intervals (CIs) for the
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proportion of patients with an objective response. Median
progression-free survival, overall survival, and their 95% Cls
were estimated using the Kaplan-Meier method in the effi-
cacy analysis population.

Safety analyses were performed on the safety set of all
treated patients, and AEs were summarized based on the fre-
quency and proportion of patients according to the preferred
term. Statistical analyses were completed using SAS ver. 9.4
(SAS Institute Inc., Cary, NC) or R ver. 3.4.4 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

1. Patients characteristics

Between October 2017 and August 2020, a total of 180 HN-
SCC patients were screened for the TRIUMPH study, and
ultimately 207 patients were enrolled, including those
enrolled in the crossover arm (arm 5, durvalumab) (Fig. 1A).
Based on the results of the MTB, 10 patients were initially
assigned to the nintedanib arm (arm 3) and eight patients
were ultimately enrolled (Fig. 1B). Two patients initially
enrolled in the nintedanib arm later crossed over to receive
durvalumab upon progression.

At the time of data cutoff on December 2021, all had dis-
continued treatment—three had completed the study, four
had died, and one had withdrawn from the study upon
patient request. The median follow-up period from the start
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Fig. 2. Kaplan-Meier survival curves. Progression-free survival (A) and overall survival (B) in patients with fibroblast growth factor recep-
tor (FGFR) mutation/amplification treated with nintedanib in the efficacy set (n=7). CI, confidence interval.
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Fig. 3. Waterfall and swimmer plot showing patient tumor response. (A) Waterfall plot for best percentage changes from baseline. (B)
Swimmer plot for time on treatment by patient. FGFR, fibroblast growth factor receptor.

Baseline
2018-08-16

After 1st cycle
2018-09-12

1.5 years after
treatment completion
2023-02-24

Baseline 1st response After 2.5 years
2018-08-28 assessment of treatment
2018-10-18 2021-03-31

Fig. 4. Nintedanib response in a nasal cavity cancer patient. (A) Gross protruding nasal cavity mass at baseline, after 1st cycle (4 weeks
since start of therapy), and at 1.5 years from treatment completion (4.5 years since start of therapy). (B) Neck computed tomography scans
at baseline, at 1st response assessment (at 8 weeks), and after 2.5 years of treatment.

of treatment was 29.5 months. Due to the lower-than-expect-
ed rate of FGFR alterations resulting in poor accrual, patient
enrollment in the nintedanib arm of the TRIUMPH study
was terminated prematurely.

Patient baseline characteristics are described in Table 1.
The primary site of tumor included those in the oropharynx
(12.5%), as well as the hypopharynx (25%), larynx (12.5%),
and nasal cavity (37.5%), and the majority of patients had
received prior surgery or radiotherapy and had received
up to three previous lines of systemic therapy. All patients
enrolled in this arm met the eligibility criteria and were
included in the safety analysis; seven of the eight were
included in the efficacy analysis.
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2. Response

Three out of seven patients available for efficacy analysis
achieved PR, bringing the overall response rate to 42.9% (95%
CIL, 9.9 to 81.6). The disease control rate was 57.1% (95% CI,
18.4 to 90.1), which included one patient with stable disease
for 11.0 months. Efficacy results are summarized in Table 2.
The median progression-free survival (PFS) was 5.6 months
(95% CI, 0.92 to 14.6 months) (Fig. 2A), and the median
duration of response (DoR) was 9.1 months (95% CI, 3.75 to
not reached). Median overall survival (OS) was 11.1 months
(95% CI, 1.9 to not reached) (Fig. 2B). Fig. 3A and B depicts
the waterfall plot showing the magnitude of the best tumor
response from baseline and swimmer’s plot in patients who
were available for efficacy analysis.

Here we report three cases of HNSCC patients achieving
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Fig. 5. Integrated clinical and genomic profile of patients screened for the nintedanib arm. (A) Clinical response and Oncoplot showing
both patient-specific mutations in fibroblast growth factor receptor (FGFR) pathway as well as other, concurrent mutations in the major
tumor-related molecular pathways. Copy number variations (CNV) are annotated. for each patient with FGFR gene amplifications. Nin-
tedanib best response are also given for each patient, with the exception of those who ultimately failed to enroll or dropped out of trial
before response evaluation, in which best response are annotated as NA (not available). (B) Lollipop plot showing immunoglobulin-like
domains (IG, I-set), tyrosine kinase domain (Pkinase Tyr), and distribution of different mutation sites in single patient with FGFR3 multi-
hit mutations. HPV, human papillomavirus; PD, progressive disease; PR, partial response; SD, stable disease.

PR on nintedanib treatment.

(1) Case1

The patient with the longest DoR is a 38-year-old female
with nasal cavity cancer who had previously undergone
endoscopic medial maxillectomy and had progressed upon
two previous lines of systemic therapy comprised of DCF
(docetaxel, 5-fluorouracil, cisplatin) regimen and immu-
notherapy (CD47, pembrolizumab). Upon whole-exome and
Nanostring assay, her tumor was found to harbor FGFRI
frameshift deletion (p.W190fs, p.W182fs, p.W188fs, p.W221fs,
p-W101fs, and p.W99fs).

The patient received nintedanib from August 2018 to
August 2021 and achieved PR (tumor shrinkage of 81.4%
from baseline) according to radiologic response assessment
by RECIST ver. 1.1. Although she has been reported as a par-
tial responder with only a minimal trace of disease remain-
ing, clinically she is deemed to be in CR. Interestingly, the
patient has been on close observation after completion of
nintedanib treatment and has been progression-free at the
time of manuscript writing. Gross tumor morphology and
radiologic disease response are depicted in Fig. 4.

(2) Case 2
This is a 57-year-old male with poorly differentiated hypo-
pharyngeal carcinoma, with initial stage IV diagnosis and

FGFR1 amplification (CNV 8). After initial CCRT and a prior
line of systemic chemotherapy, he was enrolled in the nint-
edanib arm of the TRIUMPH trial. Although notable tumor
shrinkage was achieved (46.4% reduction from baseline),
ultimately disease progressed after 5.6 months, and the pati-
ent passed away 6 months later.

(3) Case 3

This is a 72-year-old male with hypopharyngeal carcinoma
who, upon NGS, was found to harbor various mutations—
TP53, KDM5C, PTCH1, KMT2C, DDR2, KDM5A, and FBN2,
to name a few, as well as FGFR3 with multiple single nucleo-
tide variation sites (Fig. 5B). The patient received nintedanib
therapy and achieved tumor shrinkage (46.2% reduction
from baseline tumor size according to RECIST ver. 1.1), with
a durable response for more than a year (14.6 months) before
ultimate disease progression, with the OS of 23 months.

3. Safety

Safety analysis was performed in all nintedanib-treated
patients (n=8). Treatment-emergent adverse events arose in
seven out of eight patients (87.5%), and a serious adverse
event was noted in one patient (12.5%). Adverse drug reac-
tions were reported in five patients (62.6%), yet no serious
adverse drug reaction occurred.

The most common AEs regardless of grade were diarrhea

VOLUME 56 NUMBER 1 JANUARY 2024 4.3
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Table 3. Adverse events

Category

Nintedanib (arm 3) (n=8)
Grade >3

Adverse events (treatment-emergent adverse events)
Diarrhea
Anorexia
Alanine aminotransferase increased
Aspartate aminotransferase increased
Back pain
Cough
Dyspepsia
Epistaxis
Fever
Fracture
Gastrointestinal disorders
Hepatic pain
Lung infection
Non-cardiac chest pain
Paresthesia
Pleural infection
Productive cough
Rash acneiform
Skin and subcutaneous tissue disorders
Weight loss

Any grade

3(37.5)
1(12.5)
0
0
1(12.5)
0

(12.5)

O O OO O OO R OO o oo

Values are presented as number (%).

(4/8,50.0%), followed by anorexia (3/8, 37.5%) and increased
alanine aminotransferase levels (2/8, 25.0%). Grade 3 AEs
occurred in three different patients—which included inc-
reased aspartate aminotransferase levels, diarrhea, and non-
cardiac chest pain (12.5%, 12.5%, and 12.5%, respectively).
Table 3 outlines the AEs. There was no new significant safety
signal beyond the previous clinical trials with nintedanib
[13,19].

Two patients (25.0%) underwent dose delay and ultimate-
ly dose reductions because of the AEs, but one event was due
to a bone fracture deemed unlikely to be caused by the drug.
Most AEs were manageable with adequate treatment, and
no study discontinuation due to AEs of treatment-related
deaths had occurred.

4. Mutation profiling of the FGFR family

Here, we present a further analysis of the mutation pro-
files of the patients initially screened and assigned to the nin-
tedanib arm (n=10). Per protocol, patients harboring FGFR
amplifications or mutations were eligible for enrollment.
Six patients (6/10, 60%) were found to have FGFRI muta-
tions /amplifications, five of which were amplifications. One
patient harboring FGFR1 frameshift deletions, as introduced
in the prior section (case 1), showed exceptional response to
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nintedanib.

Other mutations in the FGFR pathway included FGFR2 (1
amplification, 10%), FGFR3 (1 amplification and one mul-
tihit mutation at p.G380R, p.G382R, p.D581IN, p.D580N,
p.D468N, p.D582N, and p.E685X[stopgain]), and FGFR4
overexpression revealed by the Nanostring assay for RNA
expression analysis in one patient. Detailed mutation profil-
ing of the nintedanib arm sub-cohort and a diagram show-
ing the distribution of different FGFR3 mutation sites [20] is
shown in Fig. 5.

Concurrent oncogenic mutations found with FGFR muta-
tions included genes related to the PIK3CA pathway (PIK-
3CA amplification), EGFR pathway (multiple mutations at
p-D792N, p.D784N, p.D570N, and p.D837N), as well as the
cell cycle pathway (CCND1 and CCND2 amplification, and
CDKN2A deletion).

Discussion

Here we report the results of oral multi-kinase inhibitor
nintedanib on a biomarker-driven subset cohort, as part of
a larger precision-oncology, multi-arm umbrella trial (TRI-
UMPH) in HNSCC. While the TRIUMPH umbrella study in
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general did not meet the pre-specified primary endpoint, it
has proven valuable points in that next-generation sequenc-
ing-based phenotyping is a valid option for matching target-
ed agents in recurrent or metastatic HNSCC.

Identification and analyzing exceptional responders, as
defined by the National Cancer Institute (NCI), could pro-
vide a valuable asset as a basis for further molecular studies
[21]. Among the three cases presented above, the first patient
exhibited an exceptional response to nintedanib. Despite
whole-exome and Nanostring-based RNA analysis, the pre-
cise mechanism underlying the exceptional response remains
unclear. Further investigations are warranted to elucidate the
underlying biological factors that contributed to the patient’s
remarkable response to nintedanib therapy.

In the nintedanib-treated patients enrolled in the current
trial, the primary endpoint of ORR was met, with 42.9%
against the initial hypothesis of 20%, with disease control
rate also reaching 57.1% (4/7). However, this nintedanib
sub-cohort holds some limitations. We initially conjectured
that the prevalence of FGFR alteration in our large-scale,
NGS-based sequencing of the HNSCC cohort would be com-
parable to the FGFR mutation rate reported by the TCGA
group, in which FGFR1, FGFR2, and FGFR3 mutations have
been reported to occur in 10%, 2%, and 2%, respectively [6].
Due to a lower-than-expected number of patients with FGFR
mutations and the ensuing slow patient accrual, regrettably
the study had to be terminated prematurely.

Previously, nintedanib has been tested in various solid
tumors that exhibit a notable incidence of FGFR alterations
[22], such as urothelial cancer (31.7%) [23], ovarian cancer
(8.6%) [24,25], and NSCLC (5.2%) [11,13], regardless of the
presence or absence of FGFR target mutations. One such
study was done on salivary gland tumors in a total of 20
patients, and while nintedanib did not yield a PR, the study
achieved a 75% disease control rate (15 out of 20 patients)
[26]. Other studies have explored the efficacy of nintedanib
in combination with other chemotherapy agents in various
settings. In phase III, LUME-Lung 1 trial, nintedanib and
docetaxel combination showed improved PFS (3.4 vs. 2.7
months; hazard ratio [HR], 0.79 [95% CI, 0.68 to 0.92]) and
OS (10.9 vs. 7.9 months; HR, 0.75 [95% CI, 0.60 to 0.92]) com-
pared with docetaxel alone as second-line therapy in NSCLC
patients [11]. In a similar study evaluating the efficacy of nin-
tedanib and pemetrexed combination as second-line treat-
ment in NSCLC (LUME-Lung 2 trial [13]), combination treat-
ment reportedly showed significantly prolonged PFS over
pemetrexed alone (median, 4.4 months vs. 3.5 months; HR,
0.83 [95% CI, 0.70 to 0.99]; p=0.0435).

What these previous studies have yet failed to answer is
whether biomarker-driven patient selection improves FGFR
inhibitor sensitivity. There is some evidence from trans-

lational research using FGFR2-amplified gastric cancers
that point toward FGFR amplification playing a key role in
response to FGFR inhibitors. Only high copy-number (high-
level) gene amplification translates into high mRNA and pro-
tein expression which results in PI3K and mammalian target
of rapamycin (mTOR) signaling pathway becoming depend-
ent on FGFR signaling, thus responding to selective FGFR
inhibition [27]. While in overall, significant response rate
was achieved by selecting patients based on FGFR mutation
profile, neither the degree of FGFR amplification determined
by copy number variation nor FGFR mRNA overexpression
showed clearcut correlation with nintedanib response in our
study.

Taking a deeper, comprehensive look at the responders
in our trial, one interesting point to note is that none of the
responders had concurrent mutation sites in either the EGFR,
PIK3CA or the cell cycle pathway. We can further conjecture
that having these concurrent mutations may somehow play
arole in bypassing the antitumor activities of nintedanib and
in the resistant mechanism, but further studies are needed to
verify such a hypothesis.

So far, there are several FGFR inhibitors currently appro-
ved by the US FDA, such as erdafitinib (JNJ-42756493, Bal-
versa) in bladder cancer [28], pemigatinib (INCB054828,
Pemazyre) [29], infigratinib (BGJ398, Truseltiq) [30], and futi-
batinib (TAS-120, Lytgobi) [31] for use in biliary tract can-
cer. Others are still in the process of ongoing clinical trials,
but the majority are tissue-agnostic trials on hematologic/
solid cancers harboring FGFR gene aberrations [32]. To
our knowledge, only a handful of biomarker-driven FGFR
inhibitor trials are focused solely on HNSCC (NCT04203719,
NCT03088059).

As the first biomarker-driven umbrella trial for HNSCC
patients who have progressed on previous platinum-based
therapy, our study provides further insight into the clinical
utility of an NGS-based, precision oncology approach to
targeted treatment. This study may also pave way for fur-
ther research into targeting the FGFR pathway, and better-
tailored patient selection for enhanced responses.

In conclusion, single-agent nintedanib showed promis-
ing efficacy, with durable response and disease stabilization
in FGFR-altered, recurrent or metastatic HNSCC patients,
with tolerable toxicity profiles. The results from the study
have proved the utility of NGS screening in HNSCC pati-
ents. However, because of limited patient enrollment for this
study, further prospective studies for nintedanib with an
expanded number of patients are highly warranted for more
cumulative evidence on nintedanib.
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