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Background: Nintedanib is a small molecule tyrosine kinase inhibitor (TKI) targeting vascular endothelial
growth factor receptor (VEGFR), platelet-derived growth factor receptor (PDGFR), and fibroblast growth
factor receptor (FGFR). The purpose of the study was to evaluate the response rate for patients with
advanced non-small cell lung cancer (NSCLC) with mutations in 7P53, VEGFRI-3, PDGFR-A, PDGFR-B,
and FGFRI-3 treated with nintedanib as part of an open-label, single-arm pilot study.

Methods: Patients with advanced NSCLC previously treated with platinum-doublet chemotherapy with
the above mutations were enrolled. Exclusion criteria included necrotic tumors with invasion of blood
vessels, history of recent thromboembolic events, increased risk of bleeding or thrombosis, myocardial
infarction, and weight loss >10% within past 6 months. Nintedanib was administered at a dose of 200 mg
orally twice daily until disease progression or unacceptable toxicity. The primary endpoint was objective
response rate (ORR) by Response Evaluation Criteria in Solid Tumors (RECIST) 1.1. Secondary endpoints
included progression-free survival (PFS) and correlating outcomes with specific mutations. This study was
registered with Clinical Trials.gov, number NCT02299141.

Results: Between 2015 and 2019, 20 patients were enrolled with a median age was 66 years, 15 (75%) were
females, 15 (75%) had adenocarcinoma, and 17 patients had a TP53 mutation (85%). Seventeen (85%) had
received prior immunotherapy and 11 (55%) had received at least three prior lines of systemic therapy. The
ORR was 15% with three partial responses (PR), while 12 patients had stable disease (SD), with disease control
rate (DCR) consisting of a PR and SD greater than or equal to 16 weeks of 65% (n=13). Median PFS was
4.3 months [95% confidence interval (CI): 1.8-7.9] and median overall survival (OS) was 11.3 months (95% CI:
3.5-44.2). Three patients experienced prolonged clinical benefit from nintedanib, remaining on treatment for
over 1 year and all three had a TP53 mutation and received prior immunotherapy. The most common adverse
events of any grade included nausea (80%), fatigue (70%), diarrhea (60%), and anorexia (60%).
Conclusions: In this pilot study in heavily pretreated and molecularly selected patients with metastatic
NSCLC, nintedanib showed modest activity.
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Introduction

Angiogenesis plays a fundamental role in the tumor
development, proliferation, and metastasis (1,2). The
molecular pathways intrinsic to angiogenesis provide
several targets for effective therapies in non-small cell
lung cancer (NSCLC) (1). Such targets include vascular
endothelial growth factor (VEGF), platelet-derived growth
factor (PDGF), fibroblast growth factor (FGF), and their
corresponding receptors (2). VEGF is a well-known key
regulator of angiogenesis and signals mainly through the
VEGF receptor 2 (VEGFR2) promoting the development
of vascular structures, regulating vascular permeability, and
inducing vascular leakage (3). Tyrosine kinase inhibitors
(TKIs) inhibit multiple receptors in this pathway by
competing with adenosine triphosphate (ATP) for the
active site of the kinase domain (4). The PDGF pathway
plays a role in the development of vascular structures and
stabilization of blood vessels through its effects on pericytes
and vascular smooth muscle cells (5). FGF receptor (FGFR)
kinases activate signaling pathways resulting in endothelial
cell activation, recruitment of pericytes and vascular smooth

Highlight box

Key findings

¢ Nintedanib monotherapy has promising results in molecularly
selected patients with advanced non-small cell lung cancer
(NSCLC).

What is known and what is new?

* Nintedanib is a small molecule tyrosine kinase inhibitor targeting
vascular endothelial growth factor (VEGF) receptor, platelet-
derived growth factor receptor, and fibroblast growth factor
receptor. Patients with NSCLC and mutated TP53 may benefit
from agents targeting VEGE.

* In this pilot study, nintedanib monotherapy in molecularly selected
patients had similar outcomes to nintedanib and chemotherapy
combination in an unselected population.

What is the implication, and what should change now?

* Further prospective randomized controlled studies are needed to
explore the effect of nintedanib in molecularly-selected patients.
Ongoing studies are evaluating nintedanib in combination with
immunotherapy, and there may be benefit of examining these

combinations in a molecularly-selected population.
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muscle cells, and affecting vascular integrity (2). Activation
of PDGF and FGF pathways has been implicated in VEGF
resistance, and all three pathways produce a synergistic
effect on tumor angiogenesis (1,2,5). Inhibiting multiple
tyrosine kinase receptors may prove more effective in
preventing angiogenesis and the development of resistance.

Pre-clinical studies have demonstrated a relationship
between TP53 and angiogenesis. Loss of p53 results in
increased levels of hypoxia-inducible factor la in tumor
cells and subsequently increased VEGEF expression in
hypoxia (6,7). Specifically in NSCLC patients, the presence
of a TP53 mutation has been associated with increased
levels of VEGF (8,9). In a multiple regression analysis of
transcriptomic data, 7P53 mutations were associated with
higher VEGF-A expression in NSCLC patients (10). This
was suggested as the possible mechanism for a significantly
longer progression-free survival (PFS) with bevacizumab-
containing regimens compared to non-bevacizumab
containing regimens in patients with mutated 7P53 (median
11.0 vs. 4.0 months, P<0.001) (11). NSCLC patients with
mutated 7P53 may benefit from angiogenesis inhibitors and
therapeutic agents targeting VEGE.

Nintedanib is an oral TKI that targets VEGFRI,
VEGFR2, VEGFR3, PDGF receptor (PDGFR)-alpha,
PDGFR-beta, FGFR1, FGFR2, and FGFR3 (12). In phase
I studies, nintedanib was well tolerated with dose limiting
toxicities of elevations of serum liver enzymes (13,14).
Other toxicities included mild to moderate nausea, diarrhea,
vomiting, abdominal pain, and fatigue (13,14). A phase II trial
in locally advanced or metastatic NSCLC found that patients
treated with nintedanib as monotherapy had a median overall
survival (OS) of 21.9 weeks and a median PFS of 11.6 weeks
with tumor stabilization obtained in 46% of patients (15).
Phase III trials have combined nintedanib with chemotherapy.
In LUME-Lung 1, nintedanib was combined with docetaxel
in patients with stage IIIB or IV NSCLC progressing
after first-line chemotherapy compared to docetaxel alone.
PFES was significantly improved in the nintedanib and
docetaxel group compared to docetaxel alone [median 3.4 vs.
2.7 months; hazard ratio (HR), 0.79; P=0.002]. OS was also
significantly improved for patients with adenocarcinoma
histology in the nintedanib and docetaxel group (median
12.6 vs. 10.3 months; HR, 0.83; P=0.036) (16). LUME-
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Lung 2 compared nintedanib and pemetrexed to placebo and
pemetrexed in advanced non-squamous NSCLC (17). Study
enrollment ended prematurely due to a pre-planned futility
analysis using investigator-assessed PFS suggesting that the
study was unlikely to reach predefined efficacy criteria. PFS
by central independent review demonstrated significant
prolongation in the nintedanib and pemetrexed arm (median
4.4 5. 3.6 months; HR, 0.83; P=0.044) (17).

Thus far, nintedanib has been examined in molecularly
unselected locally advanced and metastatic NSCLC.
Nevertheless, the presence of VEGF, PDGFR, FGFR, and
TP53 mutations may predict for clinically meaningful
benefit from nintedanib. Therefore, we hypothesized that
use of nintedanib as monotherapy in patients with molecular
alterations may result in an improved objective response
rate (ORR) and PFS compared to unselected patients.
We present this article in accordance with the TREND
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-1717/rc).

Methods
Study design and participants

This was an open-label, single-arm pilot study designed to
obtain preliminary information on the efficacy of nintedanib
monotherapy. All patients were recruited from Washington
University in St. Louis outpatient clinics and had advanced
metastatic or unresectable NSCLC with molecular
alterations in VEGFRI-3, TP53, PDGFR-A, PDGFR-B, or
FGFRI-3 confirmed by Clinical Laboratory Improvement
Amendments (CLIA) certified-lab testing. Next-generation
sequencing was performed on tumor tissue and consisted
of targeted sequencing of clinically significant cancer genes
and cell-free DNA testing in a CLIA-certified lab and was
performed on peripheral blood, either was permitted for the
purpose of this study. Programmed death-ligand 1 (PD-L1)
testing was performed in a CLIA-certified lab as appropriate
based on guidelines at the time of enrollment and displayed
as a tumor proportion score. Patients must have progressed
after platinum-doublet chemotherapy prior to enrollment
and were required to have an Eastern Cooperative Oncology
Group (ECOQG) performance status of 0 to 1 and at least one
measurable lesion by Response Evaluation Criteria in Solid
Tumors (RECIST) criteria version 1.1 (18). Patients were
required to have adequate renal function with a creatinine
within normal institutional limits or creatinine clearance
>45 mL/min and normal hepatic function with total
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bilirubin and aspartate transaminase/alanine transaminase
<1.5 the institutional upper limit of normal for patients without
liver metastases and <2.5 the institutional upper limit of normal
for patients with liver metastases. Patients were required
to have adequate bone marrow function with a leukocyte
count >3,000/mcL, absolute neutrophil count >1,500/mcL,
platelets >100,000/mcL, and hemoglobin >9.0 g/dL.

Exclusion criteria included prior treatment with
VEGFR TKIs; radiotherapy to a target lesion in the
3 months preceding treatment initiation; symptomatic brain
metastases; leptomeningeal disease; cavitary or necrotic
tumors; centrally located tumors with local invasion of
major blood vessels; symptomatic heart failure; active
coronary artery disease; serious cardiac arrhythmias;
uncontrolled hypertension; uncontrolled seizure disorder;
major injuries or surgery with incomplete wound healing
in the 4 weeks preceding treatment initiation; clinically
significant hemorrhagic or thromboembolic event in
6 months preceding treatment or predisposition to such
events; active or chronic hepatitis B or C infection or
human immunodeficiency virus (HIV) positivity. Patients
with brain metastases were eligible if asymptomatic and
previously treated. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Institutional Review Board (IRB)
of Washington University in St. Louis (No. IRB00009237)
and informed consent was obtained from all individual
participants.

Treatment and evaluation

Patients were treated with 200 mg of nintedanib orally
twice daily on a 28-day cycle received from the outpatient
investigational drug service pharmacy. The dose of 200 mg
twice daily was chosen based on the overall safety profile
in phase I studies (14). Treatment continued until disease
progression or unacceptable toxicity. A medication diary
was provided to record adherence to nintedanib. Dose
reductions in 100 mg increments per day were permitted (or
50 mg per dosing) if deemed necessary by the investigator
based on individual safety and tolerability. Nintedanib was
discontinued if treatment was not tolerated at the 100 mg
twice daily dose. There were no restrictions on supportive
care or concomitant medication administration, and strong
P-gp inhibitors and inducers were monitored closely and
carefully considered.

Radiographic evaluation and tumor assessment was
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Table 1 Patient characteristics

Characteristics Values
Age (years), median [range] 66 [48-78]
Histology, n [%]
Adenocarcinoma 15 [75]
Squamous 3[15]
Poorly differentiated 2[10]
Gender, n [%]
Female 15 [75]
Male 5 [25]
Mutations, n [%]
TP53 mutant 17 [85]
PDGFR-A mutant 7 [35]
TP53 and PDGFR mutant 5 [25]
FGFR1-3 3[15]
Number of previous lines of treatment, n [%]
1 3[15]
2 6 [30]
3 5 [25]
4 6 [30]

Number of previous lines of immunotherapy (n=17), n [%]

1 12 [71]

2 5[29]
Duration of immunotherapy 25.3[6.3-61.7]
(weeks), median [range]

History of brain metastases, n [%] 6 [30]

PDGFR, platelet-derived growth factor receptor; FGFR, fibroblast
growth factor receptor.

performed at screening, every 8 weeks and confirmatory
scans were completed 4 weeks following documentation of
an objective, complete response (CR) or partial response
(PR). The objective response was assessed using the revised
RECIST criteria (version 1.1) (18). Treatment-related
adverse events included any unfavorable medical occurrence
including any abnormal sign symptom or disease beginning
after the first dose of nintedanib until 30 days after the end
of treatment and were graded using the revised National

Cancer Institution Common Terminology for Adverse
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Events (CTCAE) version 4.0.

Statistical analysis

The primary endpoint was ORR for patients with advanced
NSCLC with mutations in the target genes for nintedanib.
Secondary endpoints were PFS and correlating outcomes
with specific mutations. PFS was defined as the duration of
time from the start of treatment to time of progression or
death, whichever took place first. Disease control rate (DCR)
was defined as a CR, PR, or stable disease (SD) for 16 weeks
or greater. The intention-to-treat population included all
patients who received at least one dose of medication was
used to analyze efficacy parameters.

As a pilot study to assess preliminary efficacy, the
sample size (n=20 patients) was determined mainly based
on clinical feasibility rather than statistical power. Based
on extensive simulation studies, however, Piantadosi
recommended that a sample size of 10-20 patients will
provide a reasonable precision in estimating preliminary
information (19). Descriptive statistics describe the
demographic and clinical characteristics of the population
as well as response and toxicity. A Kaplan-Meier product
limit estimator was used to describe the distribution of
the PFS and OS with a 95% confidence interval (CI).
PFS and OS were compared between patients with
different molecular profiles and between patients receiving
treatment with immunotherapy using the log-rank test. All
the statistical analyses were performed using SAS 9.4 (SAS
Institutes, Cary, NC, USA).

Results
Patients

Twenty patients were enrolled from May 2015 to November
2019. Most patients had adenocarcinoma (75%), were
female (75%), and 30% of patients had brain metastases
(1able 1). The median age was 66 years. The majority of
patients had tumors with somatic 7P53 alterations (85%).
There were no VEGF1-3 or PDGFR-B alterations, 15% of
patients had tumors with an alteration in FGFRI-3, and 35%
had a PDGFR-A mutation. In total, 25% of tumors contained
both a TP53 and PDGFR-A mutation (Table 2), 55% received
three or more prior lines of treatment, and 85% of patients
received immunotherapy prior to starting nintedanib for a
median of 25.3 months (range, 6.3-61.7 months).
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Table 2 Molecular alterations in NSCLC patients

Subject Specimen TP53 PDGFR-A FGFR1-3 Other mutations PD-L1
1 Tumor A159D, S478P - KRAS p.G13C, ASXL p.D741V, ASXL p.L815P, EGFR p.R521K, NA
A27D, P72R EGFR p.D393N, RB1 p.A525G, ALK p.D1529E, ALK p.11461V,

ALK p.K1491R, ATM p.N1983S, ATM p.D814E, FGFR4 p.P136L,
FLT3 p.D7G, FGFR4 p.G388R FLT3 p.V5571, RB1 p.A525G, RET
p.E867D, TET2 p.L1721W, APC p.V1822D, NOTCH1 p.A2331T

3 Tumor P72R, P72 - - TET2 p.V1718L, ASXL1 p.M1249V, ASXL1 p.L815P, ABL1 NA
p.K628_K628del, ABLT p.K609_K609del, ALK p.11461V, ALK
p.K1491R, ALK p.D1529E, APC p.V1822D, ATM p.N1983S,

ERBB2 p.P1140A, ERBB2 p.P1170A, FGFR4 p.P136L, FGFR4
p.V100l, FLT3 p.T227M, EGFR p.R521K, RET p.135A

4 Tumor s183', G79D FGFR1: E84', PIK3CA p.H1047Y, IDH1 p.R100Q, BRCAT p.E1380K, BRCAT NA
S51', P72R E117',E76'  p.E1333K, BRCAT p.E277K, NF1 p.P1840T, NF1 p.P1819T,

STK11 p.598-1G>T, ROS1 p.Y1239C, ROS1 p.D2213N, ROS1
p.K2228Q, ROS1 p.S2229C, ROS1 p.R167Q, ALK p.A586G,

ALK p.11461V, JAK2 p.D378H, JAK2 p.H538Y, JAK2 p.E1028K,

MTOR p.Q1931H, NOTCH1 p.E848K, NTRK1 p.G607V, NTRK1
p.G613V, NTRK1 p.G557V, NTRK1 p.H598Y, NTRK1 p.HB04Y,

NTRK1 p.H568Y, BRCA2 p.N372H, BRCA2 p.V2466A, ATM

p.N1983S, ERBB2 p.1625V, ERBB2 p.1655V, ERBB2 p.P1140A,

ERBB2 p.P1170A, KIT p.M537L, KIT p.M541L, MLH1 p.1219V,

MLH1 p.1121V
5 Tumor - E74K - KRAS p.G12V NA
6 Tumor - H920N - KRAS p.G12C*, BRCA1 p.Q1299L, BRCAT p.1E1725Q, BRCA1 NA

p.E1678Q, BRCAT p.E621Q, BRCAT p.E1746Q, BRCA1
p.Q1299L, BRCA1 p.Q1252L, BRCA1 p.P871L, BRCAT p.P824L,
BRCA1 p.S509G, BRCA1 p.S1566G, BRCAT p.S1613G, BRCAT
p.S1634G, BRCAT p.K1183R, BRCAT p.E1038G, BRCAT
p.E991G, NOTCH2 p.E38K, NOTCH2 p.C19W, TSCT p.M271T,
TSC1 p.M322T, KDR p.V2971, KDR p.Q472H, FLT4 p.H890Q,
ALK p.D1529E, ALK p.K1491R, ALK p.11461V, ATM p.D1853N,
ATM p.N1983S, BRCA2 p.V2466A, BRCA2 p.N372H, BRIP1
p.S919P, EGFR p.R521K, ERBB2 p.P1170A, ERBB2 p.1625V,
ERBB2 p.I655V, FANCA p.G501S, FANCA p.VeD, FGFR4
p.P136L, FLT3 p.T227M, FLT3 p.D7G, FLT4 p.R1324L, FLT4
p.N149D, FLT4 p.R1146H, FLT4 p.TA94A, KIT p.M537L, KIT
p.M541L, NTRK1, RAD54B p.D880G, ROS1 p.D2213N: ROS1
p.52229C, ROS1 p.K2228Q, RB1

8 cfDNA R158L - - CDKN2A p.Q57H, STK11 p.E57", MET amplification NA
9 cfDNA V157F A827T - KRAS p.G12C*, MET p.E34", CDK6 p.S321L NA
14 cfDNA D281E G166E - EGFR exon 20 insertion (p.N771dup)*, EGFR p.G724S, ARAF NA
p.R209C
16 cfDNA R249S, - - EGFR E746_A750 exon 19 deletion’, EGFR 1821S exon 3 NA
V143M, deletion, EGFR p.P644P
1195T
19 Tumor exon7 - FGFR3 exon7 RRM1, TOP2A, TUBB3, CSF1R p.E745K NA
C242F p.S249C

Table 2 (continued)
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Table 2 (continued)
Subject Specimen  TP53 PDGFR-A FGFR1-3 Other mutations PD-L1
21 Tumor A159V, - - KRAS p.G12C*, BRCAT ¢.5075-2A>T, DDR2 p.D661Y, ATM 50%
A27V, P72R p.E1664K, MET p.Q318K, NF1 p.E725", RAD54B p.D747H,
PALB2 p.Q559R, FLT4 p.H890Q, FANCA p.G809D, ALK
p.D1529E, ALK p.K1491R, ALK p.I11461V, ATM p.N1983S,
BRCA2 p.V2466A, BRIP1 p.S919P, CREBBP p.L5131, CREBBP
p.L5511, CSF1R p.H362R, EGFR p.R521K, ERBB2 p.P1140A,
ERBB2 p.P1170A, FANCA p.G501S, FANCA p.T266A, FANCA
p.V6D, FGFR4 p.P136L, FGFR4 p.G338R, FLT4 p.R1324L,
MLH1 p.1219V, MLH1 p.1121V, MYC p.N26S, NTRK1
23 cfDNA R342P, - - CDKN2A P81fs, NOTCH1 p.T2076T, MAPK3 p.V63V <1%
D207fs
25 cfDNA E2BGfs'59, - - Not detected <1%
Y234H
26 cfDNA M160_ - - EML4-ALK fusion*, ALK p.F1174L, ALK p.G1269, PIK3CA 60%
A161del amplification, CDK6 p.D110V, MET p.L903L, MAP2K2 p.E66K,
CCDN2 p.T280A
29 cfDNA V216M - - Not detected NA
30 cfDNA T125R W549fs - KRAS p.G12C*, MYC amplification, CCNE1 p.P207T, CCNE1 70%
(exon 11 amplification, EGFR p.P243R, JAK2 p.V617F
deletion)
31 Tumor Y234 - - Not detected Negative
33 cfDNA - - FGFR1 EGFR amplification, PIK3CA amplification, MYC amplification, <1%
amplification CCNET amplification, NF1 p.C187F
34 Tumor R116Q, - - ERBB2 E740_A771insAYVM, ERBB2 p.1625V, ERBB2 p.l655V, 90%
R248Q, ERBB2 p.P1140A, ERBB2 p.P1170A, ALK p.G1345E, ALK
P72R p.D1529E, ALK p.K1491R, ALK p.11461V, ELT3 p.V194M,
FANCA p.R1186G, FANCA p.G809D, FANCA p.266A, NTRK1
p.R557Q, NTRK1 p.R587Q, NTRK1 p.R593Q, PALB2 p.Q559R,
PALB2 p.E672Q, PALB2 p.G998E, FLT4 p.H890Q, BRCA1
p.S1613G, BRCA1 p.S1566G, BRCA1 p.S509G, BRCA1
p.S1634G, BRCAT1 p.K1183R, BRCAT1 p.K1136R, BRCA1
p.E1038G, BRCAT p.E991G, BRCAT p.P871L, BRCAT p.P824L,
BRCA1 p.D693N, BRCA1 p.D646N, BRCAT p.Q356R, BRCAT
p.Q309R, BRCA1 p.N372H, BRCA1 p.V2466A, BRIP1 p.S919P,
FGFR4 p.G388R, FLT3 p.G388R, FLT3 p.D7G, GNAS p.R314W,
GNAS p.P376L, KDR p.Q472H, ROS1 p.R167Q, KRAS, MET,
HER-2 amplification
35 Tumor R273L - - KRAS p.G12C* Negative

', indicates the presence of a stop codon; ¥, actionable alterations at the time of data collection. NSCLC, non-small cell lung cancer;
PDGFR, platelet-derived growth factor receptor; FGFR, fibroblast growth factor receptor; PD-L1, programmed death ligand 1; NA, not
available; cfDNA, cell-free DNA.

Response rate and survival

no CRs. SD was observed in 12 (60%) of patients (Figure I).

Nineteen patients had evaluable results with a median
follow-up of 11.3 months (range, 1.3-87.0 months). ORR
was 15% after 2 months of treatment with three PRs and
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Disease control consisting of PR and SD for greater than
or equal to 16 weeks was observed at a rate of 65%. At the

time of analysis, 16 (80%) patients had expired. Median PFS
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Figure 1 Efficacy of nintedanib monotherapy. (A) Swimmer plot of
duration of response and patient status at time of data analysis. (B)
Waterfall plot of best percent change in measurable disease. The
sum of the longest diameters of all target lesions was measured
at baseline and at time of best response. PR, partial response; Y,
yes; NE, not evaluable; N, no; PD, progressive disease; SD, stable
disease; RECIST, Response Evaluation Criteria in Solid Tumors.

was 4.3 months (95% CI: 1.8-7.9) (Figure 2A) and median
OS was 11.3 months (95% CI: 3.5-44.2) (Figure 2B). No
significant difference was observed in PFS (P=0.61) or OS
(P=0.43) between patients who received immunotherapy
prior to nintedanib and those who did not (n=3).

Subgroup analyses exploring the association between
specific mutations and outcomes including OS and PFS did
not demonstrate any statistically significant associations.
All three patients who experienced a PR had tumors with
TP53 mutations, poorly differentiated or squamous histology
and two of the three patients were on treatment for over
6 months. An additional three patients had prolonged clinical
benefit and remained on nintedanib for over 1 year with one
patient still on treatment. All three of these patients had
TP53 mutations and adenocarcinoma histology.

© Journal of Thoracic Disease. All rights reserved.
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Figure 2 Kaplan-Meier curves of clinical outcomes of nintedanib
monotherapy. (A) PES. (B) OS. PES, progression-free survival; CI,

confidence interval; OS, overall survival.

Toxicity

Treatment-related adverse events were observed in 16 of
20 patients (7able 3). The most common adverse event was
nausea with 12 (60%) of patients with grade one nausea, 3
(15%) with grade 2, and 1 (5%) patient with grade 3 nausea.
Other common adverse events included fatigue (70%),
diarrhea (60%), and anorexia (60%). There were five
patients with grade 3 events and two patients with grade 4
events. Grade 4 events included elevated liver function tests
(10%) and cerebral edema (5%). Grade 3 events included
elevated liver function tests (25%), anorexia (5%), fatigue
(5%), hypertension (5%), and nausea (5%). No fatal adverse
events related to nintedanib occurred. No major bleeding
events occurred.

Discussion

This pilot study of nintedanib as monotherapy in
molecularly selected patients demonstrated that nintedanib
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Table 3 Treatment-related adverse events
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Adverse events Grade 1 Grade 2 Grade 3 Grade 4
Nausea 12 [60] 3[15] 1[5] 0
Fatigue 10 [50] 3[15] 1[5] 0
Diarrhea 10 [50] 2[10] 0 0
Vomiting 8 [40] 2[10] 0 0
Anorexia 7 [35] 4 [20] 1[5] 0
Dyspepsia 6 [30] 2[10] 0 0
Oral mucositis 5 [25] 0 0 0
Myalgia 3[15] 15] 0 0
Hypertension 2[10] 3[15] 1[5] 0
Arthralgia 2[10] 0 0 0
Dizziness 2[10] 0 0 0
Edema 2[10] 0 0 0
Headache 2[10] 0 0 0
Rash 2[10] 0 0 0
Sweating 2[10] 0 0 0
Tremor 2[10] 0 0 0
Fever 1[5] 11[5] 0 0
Alopecia 1[5] 0 0 0
Constipation 1[5] 0 0 0
Cough 18] 0 0 0
Dry mouth 11[5] 0 0 0
Dry skin 1[5] 0 0 0
Dysgeusia 1[5] 0 0 0
Dysphagia 11[5] 0 0 0
Feet cramps 1[5] 0 0 0
Hot flashes 1[5] 0 0 0
Hyperpigmentation 1[5] 0 0 0
Insomnia 1[5] 0 0 0
Lightheadedness 1[5] 0 0 0
Non-cardiac chest pain 1[5] 0 0 0
Bilateral leg pain 1[5] 0 0 0
Infection 0 3[15] 0 0
Peptic ulcer disease 0 11[5] 0 0
Seizure 0 11[5] 0 0
Weight loss 0 11[5] 0 0

Table 3 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 3 (continued)

Adverse events Grade 1 Grade 2 Grade 3 Grade 4
Alanine aminotransferase increased 0 0 2[10] 11[5]
Aspartate aminotransferase increased 0 0 2[10] 11[5]
Bilirubin increased 0 0 1[5] 0
Cerebral edema 0 0 0 11[5]

Data are presented as n [%].

200 mg twice daily was well tolerated and results in disease
control. Most patients in our study were heavily pre-treated
with over half receiving three or more lines of treatment.
Our results with median PFS of 3.4 months, median OS of
11.3 months, and DCR of 65% were numerically higher
than nintedanib monotherapy and similar to combination
nintedanib and chemotherapy in a molecularly unselected
population (15-17). These studies examining combination
nintedanib and chemotherapy were conducted prior to the
advent of immunochemotherapy as first-line treatment
in advanced stage NSCLC. The optimal sequencing of
angiogenesis inhibitors following progression on platinum-
based chemotherapy and immunotherapy remains
undefined. In the molecularly selected population of our
study, there was no significant difference in PFS or OS
in those who received prior immunotherapy compared
to those who did not. Given the small sample size of this
study, it is possible there was not enough signal to detect
a significant difference or alternatively, there may be a
role for nintedanib monotherapy in a molecularly selected
population irrespective of use of prior immunotherapy.

It is theorized that VEGF and its role in angiogenesis
may contribute to resistance to immunotherapy, and
concurrent use of VEGF inhibitors may increase the efficacy
of immunotherapy by normalizing tumor vasculature
(20,21). Combination VEGF TKIs and immunotherapy
have approval in hepatocellular carcinoma and renal cell
carcinoma (22,23). Similarly in NSCLC, the combination
of ramucirumab and pembrolizumab demonstrated a
statistically improved median OS in a phase II study and
is being further explored with an ongoing phase III trial,
Pragmatica-Lung (NCT05633602) (24). Combination
lenvatinib and pembrolizumab demonstrated improvement
in PFS and ORR compared to pembrolizumab alone and
this combination is undergoing further investigation with a
phase III trial (NCT03976375) (25). Ongoing clinical trials
are in progress examining combinations with nintedanib
and immunotherapy in NSCLC, including nintedanib with

© Journal of Thoracic Disease. All rights reserved.

nivolumab (NCT04046614) and nintedanib, nivolumab,
and ipilimumab (NCT03377023).

Most patients in the study had tumors carrying mutations
in TP53, which is known to portend a poor prognosis
in NSCLC (26). Our results suggest that this patient
population may derive benefit from VEGF-targeting
agents, which corresponds to previous investigation with
bevacizumab-containing therapy in malignancies with
mutated TP53 (11). Preclinical studies have shown that
lenvatinib and cabozantinib were particularly effective in
hepatocellular carcinoma cell lines with mutated or deleted
TP53 (27). Nintedanib has been shown to restore sensitivity
to paclitaxel in endometrial cancer cells with alterations in
p53 and induce cell death (28).

Another use of nintedanib is first-line treatment for
patients with chronic fibrosing interstitial lung disease. In
patients with idiopathic pulmonary fibrosis, nintedanib
monotherapy has been shown to reduce the decline in forced
vital capacity possibly slowing disease progression (29).
Patients with NSCLC and interstitial lung disease are a
particularly challenging patient population to treat with
fewer options available to them. Nintedanib may be an
option for this patient population and could be expanded
to include patients who have experienced radiation
pneumonitis or checkpoint-inhibitor pneumonitis. One
patient in our pilot study had stage IV NSCLC and
previously developed grade 3 pneumonitis after treatment
with nivolumab in combination with an oral indoleamine
2,3-dioxygenase inhibitor. Both agents were stopped, he
required multiple courses of steroids and mycophenolate
mofetil, and he was initiated on nintedanib 15 months after
his diagnosis of pneumonitis. His scans after 4 months of
treatment showed improvement spirometry and ground
glass opacities on imaging. At the time of data collection,
he was still on treatment with nintedanib and had SD.
A phase III trial of patients with NSCLC and idiopathic
pulmonary fibrosis treated with carboplatin, nab-paclitaxel
with or without nintedanib, though powered to evaluate
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exacerbation-free survival, demonstrated improvement in
median PFS (6.2 vs. 5.5 months; HR, 0.68; 95% CI: 0.50-0.92)
and improvement in OS for patients with nonsquamous
histology (HR, 0.61; 95% CI: 0.38-0.98) (30). Further
studies are needed to determine if nintedanib monotherapy
or combination therapy may have clinical benefit in patients
with NSCLC and complications related to immunotherapy,
radiation, or idiopathic pulmonary fibrosis.

Twice daily treatment with nintedanib was overall well
tolerated in this population. Most treatment-related adverse
effects were mild to moderate. There were no new safety
signals or unexpected toxicities. The most common adverse
events were nausea, fatigue, diarrhea, and anorexia and were
most often grade 1 adverse events. There were only three
grade 4 events which were cerebral edema and elevated liver
function tests. These results are similar to those described
in other studies, and no bleeding events were observed
(16,31). When used in combination with chemotherapy or
immunotherapy nintedanib continues to be well tolerated
and requires dose reductions 19-34% of patients (16,17,32).

This pilot study has some limitations, most notable
being the molecular selection criteria. Testing for molecular
alterations was performed on tumor or peripheral blood
using cell-free DNA with 50% of testing performed
on the latter. It is possible that some of the molecular
alterations discovered on cell-free DNA testing were clonal
hematopoiesis of indetermined potential (CHIP). CHIP has
been known to increase in frequency with age and smoking.
Mutations in DNA damage response genes, such as TP53,
are more common in solid tumor malignancies than
hematologic malignancies (33). It is thought some of these
clones selectively expand after use of cytotoxic therapies (34).
Furthermore, 80% of TP53 mutations in all cancer subtypes
are missense mutations in the DNA-binding domain of the
protein and have been posited to exert dominant negative
effects that in turn provide a selective advantage to cells
after DNA damage (35). The functional consequences of
molecular alterations VEGFRI1-3, PDGFR-A, PDGFR-B,
and FGFRI-3 in the patients in our study are unknown. The
small sample size of this pilot study of molecularly selected
patients is another limitation and may limit our ability to
detect differences particularly in patients who did not receive
immunotherapy prior to treatment with nintedanib.

Conclusions

In conclusion, nintedanib monotherapy is a safe and has
potential in molecularly selected patients with NSCLC.

© Journal of Thoracic Disease. All rights reserved.
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Ongoing studies are evaluating the combination of
nintedanib with immunotherapy to evaluate for a possible
synergistic response. Based on those outcomes, further
prospective randomized controlled studies could explore
multi-targeted angiokinase inhibitors in combination with
immunotherapy to determine if outcomes are improved in a
molecularly selected population.
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