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Background: Checkpoint inhibitor (CPI) therapy revolutionized treatment for advanced non-small-cell lung cancer
(NSCLC); however, most patients progress due to primary or acquired resistance. Sitravatinib is a receptor tyrosine
kinase inhibitor that can shift the immunosuppressive tumor microenvironment toward an immunostimulatory state.
Combining sitravatinib with nivolumab (sitra þ nivo) may potentially overcome initial CPI resistance.
Patients and methods: In the phase III SAPPHIRE study, patients with advanced non-oncogenic driven, nonsquamous
NSCLC who initially benefited from (�4 months on CPI without progression) and subsequently experienced disease
progression on or after CPI combined with or following platinum-based chemotherapy were randomized 1 : 1 to
sitra (100 mg once daily administered orally) þ nivo (240 mg every 2 weeks or 480 mg every 4 weeks administered
intravenously) or docetaxel (75 mg/m2 every 3 weeks administered intravenously). The primary endpoint was overall
survival (OS). The secondary endpoints included progression-free survival (PFS), objective response rate (ORR),
clinical benefit rate (CBR), duration of response (DOR; all assessed by blinded independent central review), and safety.
Results: A total of 577 patients included randomized: sitra þ nivo, n ¼ 284; docetaxel, n ¼ 293 (median follow-up, 17.1
months). Sitra þ nivo did not significantly improve OS versus docetaxel [median, 12.2 versus 10.6 months; hazard ratio
(HR) 0.86, 95% confidence interval (CI) 0.70-1.05; P ¼ 0.144]. The median PFS was 4.4 versus 5.4 months, respectively
(HR 1.08, 95% CI 0.89-1.32; P ¼ 0.452). The ORR was 15.6% for sitra þ nivo and 17.2% for docetaxel (P ¼ 0.597); CBR
was 75.5% and 64.5%, respectively (P ¼ 0.004); median DOR was 7.4 versus 7.1 months, respectively (P ¼ 0.924). Grade
�3 treatment-related adverse events were observed in 53.0% versus 66.7% of patients receiving sitra þ nivo versus
docetaxel, respectively.
Conclusions: Although median OS was numerically longer with sitra þ nivo, the primary endpoint was not met in
patients with previously treated advanced nonsquamous NSCLC. The safety profiles demonstrated were consistent
with previous reports.
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INTRODUCTION

The treatment landscape for advanced non-small-cell lung
cancer (NSCLC) has been transformed by checkpoint inhib-
itor (CPI) therapy, such as programmed cell death protein 1
(PD-1) or programmed-death ligand 1 (PD-L1) inhibitors. CPI
therapy with or without platinum-based chemotherapy
https://doi.org/10.1016/j.annonc.2023.10.004 1
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(PBC) is currently the standard frontline treatment for pa-
tients with advanced NSCLC with no actionable driver mu-
tations.1 However, the majority of patients with advanced
NSCLC do not experience long-term benefit from CPI ther-
apy due to primary or acquired resistance.2 For patients
who have received prior CPI and PBC, treatment options are
limited and mainly involve docetaxel, which is associated
with poor survival outcomes [median overall survival (OS),
w10-12 months]3-6 and severe toxicities, including neu-
tropenia, febrile neutropenia, anemia, and neuropathy.7,8

Therefore, there is a need to develop novel therapeutic
strategies with better tolerability and improved outcomes
for patients who develop CPI resistance.

One of the key mechanisms of CPI resistance involves the
immunosuppressive tumor microenvironment (TME), which
is driven by both tumor and immune cells.9,10 Tumor cells
can create an immunosuppressive TME by releasing
vascular endothelial growth factor (VEGF), which can in-
crease the number of immunosuppressive cells, such as
regulatory T cells and myeloid-derived suppressor cells.10,11

Immune cells, such as tumor-associated macrophages, can
also contribute to the immunosuppressive TME by releasing
GAS6, which can bind to TYRO3, AXL, and MERTK receptors,
also known as TAM receptors.11 Activation of these re-
ceptors inhibits proinflammatory cytokines and stimulates
the release of immunosuppressive cytokines, as well as
inducing immunosuppressive M2-polarized macrophages.11

Therefore targeting VEGF and TAM receptors may be a
strategy to overcome CPI resistance by shifting the immu-
nosuppressive TME to an immunostimulatory state,12 and
several TAM receptor inhibitors are being investigated in
combination with CPIs.10

Sitravatinib (MGCD516) is a receptor tyrosine kinase in-
hibitor with targets that include TAM receptors and VEGF
receptor 2 (VEGFR2).13 By inhibiting these receptors, sitra-
vatinib can modulate the immunosuppressive TME by
decreasing regulatory T cells and increasing the ratio of M1 :
M2-polarized macrophages, and enhance the efficacy of PD-
L1 blockade, as shown in preclinical and clinical studies.13,14

Sitravatinib, as monotherapy or in combination with nivo-
lumab, has been evaluated in single-arm studies in patients
with advanced nonsquamous NSCLC, advanced clear cell
renal cell carcinoma, oral cavity carcinoma, and advanced
urothelial carcinoma, with variable levels of activity
observed.14-18

Sitravatinib in combination with nivolumab was further
evaluated in the phase II MRTX-500 study enrolling patients
with nonsquamous NSCLC with disease progression on or
after prior CPI and/or PBC.19 This combination demon-
strated a manageable safety profile and promising anti-
tumor activity in patients who had initially benefited from,
and subsequently experienced disease progression on, prior
CPI.19 Among all CPI-experienced patients with a prior
clinical benefit, the most common treatment-related
adverse events (TRAEs) of any grade were diarrhea (60%),
fatigue (45%), nausea (40%), and decreased appetite (34%);
the most common grade 3-4 TRAEs were hypertension
(18%) and diarrhea (16%).19 The median OS for all CPI-
2 https://doi.org/10.1016/j.annonc.2023.10.004
experienced patients with a prior clinical benefit was 13.6
months; notably, in patients with one or two prior lines of
therapy, the median OS was 14.9 months.19

Here, we report the results of the phase III SAPPHIRE
study evaluating sitravatinib plus nivolumab (sitra þ nivo)
versus docetaxel in patients with advanced nonsquamous
NSCLC who initially benefited from, and subsequently
developed progression on, prior CPI with or after PBC as
first- or second-line treatment.

PATIENTS AND METHODS

Study oversight

The study was designed by the investigators and employees
of Mirati Therapeutics, Inc. (the sponsor). The data were
collected by the investigators and analyzed by sponsor-
employed statisticians. The study was conducted in accor-
dance with the principles of the International Ethical Guide-
lines for Biomedical Research Involving Human Subjects, the
Declaration of Helsinki, and the International Council for
Harmonisation Good Clinical Practice guidelines.20-22 The
protocol was approved by the relevant institutional review
boards or ethics committees. All the patients provided writ-
ten informed consent. Trial oversight was provided by the
sponsor, the investigators, the institutional review board, the
ethics committee, the research ethics board, and an inde-
pendent data monitoring committee (IDMC). The trial is
registered at ClinicalTrials.gov (NCT03906071).
Patients

Eligible patients were aged �18 years, with a histologically or
cytologically confirmed diagnosis of unresectable, locally
advanced, or metastatic nonsquamous NSCLC, who were not
suitable for treatment with curative intent, including concur-
rent chemoradiotherapy, and who had a life expectancy of�3
months and an Eastern Cooperative Oncology Group (ECOG)
performance status score of 0 or 1. Patients must have been
treated with one or two prior regimens, with the most recent
treatment regimen including a CPI for�4months (120 days), in
combinationwith or following PBC, before radiographic disease
progression on or after treatment.

The key exclusion criteria included discontinuation of
prior CPI >90 days before the date of randomization;
treatment with systemic cancer therapy since discontinua-
tion of CPI (maintenance chemotherapy was allowed);
prespecified immune-related toxicities on prior CPI; previ-
ous treatment with anticancer therapy with the same
mechanism of action as sitravatinib; presence of EGFR,
ROS1, or ALK mutations; active brain metastases (treated
and/or stable brain metastases were allowed); and the
presence of another active primary cancer. Full eligibility
criteria are provided in the protocol, in Supplementary file,
available at https://doi.org/10.1016/j.annonc.2023.10.004.
Study design and endpoints

SAPPHIRE was an open-label, randomized, multicenter,
phase III study evaluating the efficacy and safety of sitra þ
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nivo compared with docetaxel in patients with advanced
nonsquamous NSCLC who had previously developed disease
progression on or after treatment with CPI and PBC. Pa-
tients were randomized 1 : 1 to receive either sitra þ nivo
(nivo, 240 mg every 2 weeks or 480 mg every 4 weeks
administered intravenously) or docetaxel monotherapy (75
mg/m2 every 3 weeks administered intravenously) until
disease progression, unacceptable AEs, investigator deci-
sion, withdrawal of consent, or death. Sitravatinib was
administered orally as malate capsules at 100 mg once daily
(QD); patients enrolled in the United States who initiated
treatment with the free-base capsule formulation adminis-
tered at 120 mg QD (which is equivalent to 100 mg QD of
the malate capsule formulation) remained on this formu-
lation throughout the study. Randomization of patients was
stratified based on prior treatment regimens in the
advanced setting (1 versus 2); ECOG performance status at
baseline (0 versus 1); and presence of treated and/or stable
brain metastases at baseline (presence versus absence).

The primary endpoint was OS. The secondary endpoints
included efficacy endpoints assessed by blinded indepen-
dent central review and safety. The secondary efficacy
endpoints included objective response rate (ORR) per
RECIST version 1.1, duration of response (DOR), clinical
benefit rate (CBR; defined as the percentage of patients
with a confirmed complete response, partial response, or
stable disease on one or more on-study assessment and
including �8 weeks on study), progression-free survival
(PFS), and 12-month survival rate. Further endpoint defi-
nitions and details on tumor assessments are provided in
Supplementary Appendix S1, available at https://doi.org/
10.1016/j.annonc.2023.10.004.
Statistical analyses

The assumption for sample size calculation was based on a
hazard ratio (HR) for OS of 0.73 (which assumed a median
OS of 13.0 months in the sitra þ nivo arm and 9.5 months
in the docetaxel arm). Approximately 372 total OS events
were required to detect the assumed HR at a two-sided
alpha of 0.05 and a power of 85%. An interim analysis
based on OS was planned when w70% of the events
(w260 events) had been observed. The efficacy boundary
was constructed using the O’BrieneFleming boundary
implemented by the LaneDeMets alpha spending method.
A nonbinding futility analysis was also planned at the time
of the interim analysis. The futility boundary was con-
structed based on 2% conditional power, and the study
would be declared futile if the estimated HR at interim was
>0.913.

The intent-to-treat (ITT) population included all patients
who were randomized and was used for OS and PFS ana-
lyses. The modified ITT population included all patients who
were randomized and had measurable disease at baseline
(per RECIST version 1.1); this population was used for ORR,
CBR, and DOR analyses. The median OS, PFS, and DOR with
95% confidence intervals (CIs; calculated using the Brook-
meyer and Crowley method) were estimated using the
Volume xxx - Issue xxx - 2023
KaplaneMeier method, and the unstratified log-rank test
was used to compare the two treatment arms. The treat-
ment effect on OS was also evaluated in prespecified sub-
group analyses (further details are provided in
Supplementary Appendix S1, available at https://doi.org/
10.1016/j.annonc.2023.10.004). The HR and 95% CIs were
calculated using an unstratified Cox proportional hazard
model with Efron’s method of tie handling. ORR and CBR
were categorized in accordance with RECIST version 1.1 and
were presented as frequency and percentage; the 95% CIs
were calculated using the ClopperePearson method. A chi-
square test was used to compare response rates between
the two treatment arms. Safety analyses were carried out in
patients who received any dose of study treatment (i.e.
sitravatinib, nivolumab, or docetaxel).
RESULTS

Patients

A total of 577 patients with advanced nonsquamous NSCLC
were enrolled and randomized to receive either sitra þ nivo
(n ¼ 284) or docetaxel (n ¼ 293) (Supplementary Figure S1,
available at https://doi.org/10.1016/j.annonc.2023.10.004).
Patient demographics and baseline characteristics are pre-
sented in Table 1 and were well balanced between the
groups. Overall, the median age was 65 years and most
patients had received one prior line of treatment (74.7%),
with the most common prior treatments being carboplatin
(84.9%) and pembrolizumab (83.4%) (Table 1).
Efficacy

On 30 November 2022, the IDMC was convened to review
the safety and efficacy data for the interim futility analysis,
which was based on 279 OS events (75% of the total ex-
pected events) as of 15 August 2022 (median follow-up,
10.8 months). The futility analysis resulted in a HR for OS
of 0.80; because this did not reach the adjusted futility
boundary of HR >0.90 for stopping the trial early, the IDMC
recommended the continuation of the study to final
analysis.

As of 20 March 2023, a total of 377 OS events had been
observed. The median follow-up was 17.1 months (range,
16.0-18.4 months), with 46.1% of patients in both treat-
ment arms receiving subsequent anticancer therapy. The
median OS was 12.2 months (95% CI 10.4-13.9 months) and
10.6 months (95% CI 9.4-12.3 months) in the sitra þ nivo
and docetaxel arms, respectively, with an HR of 0.86 (95% CI
0.70-1.05; P ¼ 0.144; Figure 1A). The alpha boundary at the
interim and final analyses for OS was 0.019 and 0.044,
respectively. Therefore, the OS endpoint did not meet sta-
tistical significance in the final analysis. The estimated
proportion of patients who were alive at 12 months was
50.2% (95% CI 44.1% to 56.0%) in the sitra þ nivo arm and
44.1% (95% CI 38.0% to 50.1%) in the docetaxel arm. In
prespecified subgroup analyses, the HRs for OS with sitra þ
nivo versus docetaxel were generally consistent with that
seen for the overall population and numerically favored
https://doi.org/10.1016/j.annonc.2023.10.004 3
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Table 1. Demographics and baseline characteristics

Characteristics Sitravatinib plus nivolumab (n [ 284) Docetaxel monotherapy (n [ 293) Overall (N [ 577)

Age (years), median (range) 65.0 (35.0-85.0) 65.0 (23.0-86.0) 65.0 (23.0-86.0)
Sex, n (%)
Male 170 (59.9) 168 (57.3) 338 (58.6)
Female 114 (40.1) 125 (42.7) 239 (41.4)

Race, n (%)
White 211 (74.3) 198 (67.6) 409 (70.9)
Black or African American 8 (2.8) 14 (4.8) 22 (3.8)
Asian 7 (2.5) 9 (3.1) 16 (2.8)
Other 5 (1.8) 4 (1.4) 9 (1.6)a

Not reported/unknown/missing 53 (18.7) 68 (23.2) 121 (21.0)
ECOG PS, n (%)
0 101 (35.6) 102 (34.8) 203 (35.2)
1 183 (64.4) 191 (65.2) 374 (64.8)

Smoking status, n (%)
Never smoker 33 (11.6) 31 (10.6) 64 (11.1)
Current smoker 50 (17.6) 75 (25.6) 125 (21.7)
Former smoker 201 (70.8) 186 (63.5) 387 (67.1)
Unknown 0 (0) 1 (0.3) 1 (0.2)

Tumor PD-L1 expression, n (%)
High 48 (16.9) 47 (16.0) 95 (16.5)
No/low 169 (59.5) 175 (59.7) 344 (59.6)
Missing 67 (23.6) 71 (24.2) 138 (23.9)

Presence of brain metastases, n (%)
Yes 58 (20.4) 62 (21.2) 120 (20.8)
No 226 (79.6) 231 (78.8) 457 (79.2)

Prior treatment regimens in the advanced setting, n (%)b

1 213 (75.0) 218 (74.4) 431 (74.7)
2 54 (19.0) 58 (19.8) 112 (19.4)

Prior platinum-based chemotherapy and CPI, n (%)
Concurrent 247 (87.0) 260 (88.7) 507 (87.9)
Sequential 37 (13.0) 33 (11.3) 70 (12.1)

Prior platinum-based chemotherapy, n (%)c

Cisplatin 66 (23.2) 61 (20.8) 127 (22.0)
Carboplatin 240 (84.5) 250 (85.3) 490 (84.9)

Median duration of prior CPI, months 8.5 8.3 8.3
Prior CPI, n (%)c

Pembrolizumab 235 (82.7) 246 (84.0) 481 (83.4)
Nivolumab 20 (7.0) 13 (4.4) 33 (5.7)
Atezolizumab 21 (7.4) 23 (7.8) 44 (7.6)
Durvalumab 12 (4.2) 15 (5.1) 27 (4.7)
Ipilimumab 4 (1.4) 2 (0.7) 6 (1.0)
Otherd 2 (0.7) 4 (1.4) 6 (1.0)

Best response to prior CPI, n (%)
Complete response 3 (1.1) 2 (0.7) 5 (0.9)
Partial response 129 (45.4) 122 (41.6) 251 (43.5)
Stable disease 141 (49.6) 151 (51.5) 292 (50.6)
Progressive disease 3 (1.1) 6 (2.0) 9 (1.6)
Unknown 8 (2.8) 12 (4.1) 20 (3.5)

CPI, checkpoint inhibitor; ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed-death ligand 1.
aIncludes one American Indian or Alaska native patient and one native Hawaiian or other Pacific Islander patient.
bThirty-four patients randomized under an early version of the protocol using a different stratification factor are not included here.
cPatients may be counted toward more than one regimen and percentages may add up to more than 100%.
dOther CPIs include blinded therapy, combinations of antineoplastic agents, investigational antineoplastic drugs, and monoclonal antibodies.
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sitra þ nivo in most subgroups, except in patients with
ECOG PS 0 (sitra þ nivo, n ¼ 101; docetaxel, n ¼ 102; HR
1.03, 95% CI 0.71-1.48), never smokers (sitra þ nivo, n ¼
33; docetaxel, n ¼ 31; HR 1.77, 95% CI 0.87-3.61), and those
who had previously received sequential PBC followed by CPI
(sitra þ nivo, n ¼ 37; docetaxel, n ¼ 33; HR 1.27, 95% CI
0.70-2.29; Supplementary Figure S2, available at https://
doi.org/10.1016/j.annonc.2023.10.004).

The median PFS was 4.4 months (95% CI 3.9-5.4 months)
and 5.4 months (95% CI 3.9-5.8 months) in the sitra þ nivo
and docetaxel arms, respectively, with an HR of 1.08 (95% CI
0.89-1.32; P ¼ 0.452; Figure 1B). The estimated proportion
4 https://doi.org/10.1016/j.annonc.2023.10.004
of patients who were alive and progression free at 6
months was 35.7% (95% CI 29.7% to 41.8%) in the sitra þ
nivo group and 40.3% (95% CI 33.8% to 46.8%) in the
docetaxel group.

ORR and CBR were analyzed in the modified ITT popu-
lation, comprising 282 patients in the sitra þ nivo arm and
290 patients in the docetaxel arm. The ORR was similar with
sitra þ nivo (15.6%; 95% CI 11.6% to 20.4%) and with
docetaxel (17.2%; 95% CI 13.1% to 22.1%; P ¼ 0.597), while
the CBR was significantly improved with sitra þ nivo
(75.5%; 95% CI 70.1% to 80.4%) compared with docetaxel
(64.5%; 95% CI 58.7% to 70.0%; P ¼ 0.004; Table 2). The
Volume xxx - Issue xxx - 2023
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Figure 1. (A) Overall survival and (B) progression-free survival (assessed by blinded independent central review) in patients with nonsquamous non-small-cell lung
cancer treated with sitravatinib plus nivolumab versus docetaxel monotherapy who experienced disease progression on or after prior checkpoint inhibitor therapy
with or following platinum-based chemotherapy (intent-to-treat population, N [ 577).
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Table 2. Objective response rate and clinical benefit rate assessed by
blinded independent central review

Efficacy outcome Sitravatinib plus
nivolumab (n [ 282)

Docetaxel
monotherapy
(n [ 290)

Objective response
rate, n (%)

44 (15.6) 50 (17.2)

95% CI 11.6-20.4 13.1-22.1
P value 0.597

Best overall response, n (%)
Complete response 1 (0.4) 2 (0.7)
Partial response 43 (15.2) 48 (16.6)
Stable disease 169 (59.9) 137 (47.2)
Progressive disease 44 (15.6) 56 (19.3)
Not evaluable 25 (8.9) 47 (16.2)

Clinical benefit rate, n (%) 213 (75.5) 187 (64.5)
95% CI 70.1-80.4 58.7-70.0
P value 0.004

CI, confidence interval.
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median DOR was 7.4 months (95% CI 5.4-13.1 months) in
the sitra þ nivo arm versus 7.1 months (95% CI 5.9-11.8
months) in the docetaxel arm (HR 1.03, 95% CI 0.58-1.82;
P ¼ 0.924).
Safety

Overall, 281 patients were treated with sitraþ nivo and 273
patients with docetaxel. The median duration of treatment
was 4.1 months with sitravatinib, 4.6 months with nivolu-
mab, and 3.5 months with docetaxel. Among 281 patients
treated with sitra þ nivo, 95.4% experienced TRAEs of any
grade and 53.0% grade �3 TRAEs, with grade 3 TRAEs
occurring in 48.8% of patients, grade 4 TRAEs in 3.9%, and a
grade 5 TRAE in one patient (0.4%; acute pancreatitis;
Table 3). The most common (�25%) TRAEs of any grade
were diarrhea (56.2%), nausea (31.3%), decreased appetite
(28.5%), hypothyroidism (28.1%), and fatigue (26.3%); the
most common (�5%) grade �3 TRAEs were hypertension
(13.5%), diarrhea (7.5%), and fatigue (6.8%). Immune-
related (ir)AEs of any grade occurred in 45.9% of patients
treated with sitra þ nivo; the most frequent irAEs were
hypothyroidism (13.9%) and diarrhea (11.7%). Grade �3
irAEs occurred in 14.2% of patients, with grade 3 irAEs in
13.5% of patients [including in two or more patients diar-
rhea (3.2%), and pneumonitis (2.1%), and two cases each
(0.7%) of fatigue, hypoxia, colitis, palmareplantar eryth-
rodysesthesia syndrome, and increased alanine amino-
transferase], grade 4 irAE (pneumonitis) in one patient, and
grade 5 irAE (acute pancreatitis) in one patient.

Among 273 patients treated with docetaxel, 94.9%
experienced any grade TRAEs and 66.7% grade �3 TRAEs,
with grade 3 TRAEs occurring in 24.2% of patients, grade 4
TRAEs in 41.4%, and grade 5 TRAEs in three patients (1.1%;
arrhythmia, respiratory failure, death; n ¼ 1 each; Table 3).
The most common (�25%) TRAEs of any grade were diar-
rhea (35.5%), fatigue (35.5%), nausea (32.2%), decreased
neutrophil count (31.9%), alopecia (30.8%), and neu-
tropenia (26.0%); the most common (�5%) grade �3 TRAEs
were decreased neutrophil count (29.3%), neutropenia
6 https://doi.org/10.1016/j.annonc.2023.10.004
(23.1%), decreased white blood cell count (10.6%), fatigue
(8.4%), febrile neutropenia (7.0%), asthenia (6.6%), and
leukopenia (5.1%).

Overall, 18.5% of patients discontinued sitra and/or nivo
treatment due to TRAEs, including diarrhea (2.5%), fatigue
(1.1%), pneumonitis (1.1%), and stomatitis (1.1%). In the
docetaxel arm, TRAEs led to treatment discontinuation in
11.7% of patients, with the most common being fatigue
(1.8%) and asthenia (1.8%). TRAEs led to dose reduction or
interruption of sitra and/or nivo in 65.5% of patients and of
docetaxel in 40.3% of patients (Table 3). Further details on
treatment discontinuation and dose reduction or interrup-
tion are provided in the Supplementary Appendix S1,
available at https://doi.org/10.1016/j.annonc.2023.10.004
(Supplementary Table S1, available at https://doi.org/10.
1016/j.annonc.2023.10.004). Treatment-emergent AEs for
both treatment arms are shown in Supplementary Table S2,
available at https://doi.org/10.1016/j.annonc.2023.10.004.
DISCUSSION

In this study, sitra þ nivo was compared with docetaxel to
assess whether this combination could overcome resistance
to prior CPI in patients with advanced nonsquamous NSCLC
who initially benefitted from (�4 months on CPI without
progression) and subsequently experienced disease pro-
gression on or after CPI in combination with or following
PBC. In the phase II MRTX-500 study of patients with non-
squamous NSCLC, sitra þ nivo demonstrated a manageable
safety profile and promising clinical activity in patients who
experienced disease progression on prior CPI, especially in
patients with one or two prior lines of therapy, with a
median OS of 14.9 months.19 In the present phase III study,
the median OS was numerically longer with sitra þ nivo
compared with docetaxel (12.2 versus 10.6 months,
respectively), although this difference was not statistically
significant (HR 0.86; P ¼ 0.144). Sitra þ nivo did not
improve PFS (median, 4.4 versus 5.4 months, respectively)
or ORR (15.6% versus 17.2%, respectively) compared with
docetaxel; however, CBR was significantly improved with
sitra þ nivo compared with docetaxel (75.5% versus 64.5%,
respectively; P ¼ 0.004).

The safety profile of sitra þ nivo was consistent with that
previously observed in the MRTX-500 study, with common
TRAEs including diarrhea, fatigue, nausea, and decreased
appetite.19 The frequency of grade �3 TRAEs was similar
between the SAPPHIRE and MRTX-500 studies (53% and
58%, respectively), as was the frequency of irAEs (46% and
44%, respectively), with hypothyroidism being the most
common in both studies.19 TRAEs leading to sitra þ nivo
discontinuation were also similar between both studies
(19% and 14%, respectively).19 Compared with docetaxel in
this present study, treatment with sitra þ nivo resulted in a
lower frequency of grade �3 TRAEs, but a higher rate of
TRAEs leading to dose reduction or interruption.

Treatment options are limited for patients with advanced
NSCLC who have previously received CPI and PBC. Docetaxel
and docetaxel-based regimens are the current standard of
Volume xxx - Issue xxx - 2023
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Table 3. Summary of treatment-related adverse events

Treatment-related adverse events, n (%) Sitravatinib plus nivolumab (n [ 281)

Any grade Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Any eventa 268 (95.4) 15 (5.3) 104 (37.0) 137 (48.8) 11 (3.9)b 1 (0.4)c

Most frequent eventsd

Diarrhea 158 (56.2) 84 (29.9) 53 (18.9) 21 (7.5) 0 (0) 0 (0)
Nausea 88 (31.3) 53 (18.9) 31 (11.0) 4 (1.4) 0 (0) 0 (0)
Decreased appetite 80 (28.5) 34 (12.1) 41 (14.6) 5 (1.8) 0 (0) 0 (0)
Hypothyroidism 79 (28.1) 24 (8.5) 54 (19.2) 1 (0.4) 0 (0) 0 (0)
Fatigue 74 (26.3) 27 (9.6) 28 (10.0) 19 (6.8) 0 (0) 0 (0)
Hypertension 70 (24.9) 5 (1.8) 26 (9.3) 38 (13.5) 1 (0.4) 0 (0)
Vomiting 57 (20.3) 36 (12.8) 19 (6.8) 2 (0.7) 0 (0) 0 (0)
Weight decreased 53 (18.9) 23 (8.2) 25 (8.9) 5 (1.8) 0 (0) 0 (0)
Stomatitis 50 (17.8) 23 (8.2) 20 (7.1) 7 (2.5) 0 (0) 0 (0)
PPE syndrome 49 (17.4) 21 (7.5) 20 (7.1) 8 (2.8) 0 (0) 0 (0)
Asthenia 40 (14.2) 16 (5.7) 20 (7.1) 4 (1.4) 0 (0) 0 (0)
ALT increased 36 (12.8) 25 (8.9) 6 (2.1) 5 (1.8) 0 (0) 0 (0)
AST increased 33 (11.7) 24 (8.5) 7 (2.5) 2 (0.7) 0 (0) 0 (0)
Abdominal pain 30 (10.7) 15 (5.3) 12 (4.3) 3 (1.1) 0 (0) 0 (0)
Dysphonia 30 (10.7) 25 (8.9) 4 (1.4) 1 (0.4) 0 (0) 0 (0)

Leading to treatment discontinuation 52 (18.5) d d d d d
Sitravatinib 44 (15.7) d d d d d
Nivolumab 18 (6.4) d d d d d

Leading to dose reduction or interruption 184 (65.5) d d d d d
Sitravatinib reduction or interruption 175 (62.3) d d d d d
Dose reduction 137 (48.8) d d d d d
Dose interruption 152 (54.1) d d d d d
Nivolumab interruption 55 (19.6) d d d d d

Treatment-related
adverse events, n (%)

Docetaxel monotherapy (n [ 273)

Any grade Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Any eventa 259 (94.9) 19 (7.0) 58 (21.2) 66 (24.2) 113 (41.4)e 3 (1.1)f

Most frequent eventsd

Diarrhea 97 (35.5) 58 (21.2) 30 (11.0) 9 (3.3) 0 (0) 0 (0)
Fatigue 97 (35.5) 33 (12.1) 41 (15.0) 23 (8.4) 0 (0) 0 (0)
Nausea 88 (32.2) 52 (19.0) 29 (10.6) 7 (2.6) 0 (0) 0 (0)
Neutrophil count decreased 87 (31.9) 4 (1.5) 3 (1.1) 17 (6.2) 63 (23.1) 0 (0)
Alopecia 84 (30.8) 42 (15.4) 41 (15.0) 1 (0.4) 0 (0) 0 (0)
Neutropenia 71 (26.0) 2 (0.7) 6 (2.2) 19 (7.0) 44 (16.1) 0 (0)
Decreased appetite 68 (24.9) 36 (13.2) 28 (10.3) 4 (1.5) 0 (0) 0 (0)
Asthenia 65 (23.8) 13 (4.8) 34 (12.5) 18 (6.6) 0 (0) 0 (0)
Anemia 57 (20.9) 16 (5.9) 29 (10.6) 12 (4.4) 0 (0) 0 (0)
Stomatitis 53 (19.4) 27 (9.9) 21 (7.7) 5 (1.8) 0 (0) 0 (0)
Vomiting 44 (16.1) 24 (8.8) 16 (5.9) 4 (1.5) 0 (0) 0 (0)
Dysgeusia 42 (15.4) 31 (11.4) 11 (4.0) 0 (0) 0 (0) 0 (0)
Peripheral edema 35 (12.8) 24 (8.8) 6 (2.2) 5 (1.8) 0 (0) 0 (0)
White blood cell count decreased 35 (12.8) 2 (0.7) 4 (1.5) 21 (7.7) 8 (2.9) 0 (0)
Constipation 29 (10.6) 22 (8.1) 6 (2.2) 1 (0.4) 0 (0) 0 (0)

Leading to treatment discontinuation 32 (11.7) d d d d d
Leading to dose reduction or interruption 110 (40.3) d d d d d
Dose reduction 85 (31.1) d d d d d
Dose interruption 45 (16.5) d d d d d

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; PPE, palmareplantar erythrodysesthesia.
aFor each category, patients are included only once at the maximum severity.
bGrade 4 treatment-related adverse events included lipase increased (n ¼ 2), colitis, intestinal perforation, amylase increased, GGT increased, skin ulcer, hyponatremia,
hyperlipasemia, hyperkalemia, hypertension, pneumonitis, and acute myocardial infarction (n ¼ 1 each).
cOne patient experienced grade 5 acute pancreatitis.
dAny grade treatment-related adverse events occurring in >10% of patients.
eOther grade 4 treatment-related adverse events included leukopenia (n ¼ 7), febrile neutropenia (n ¼ 6), hypomagnesemia, acute respiratory failure, respiratory tract infection,
colonic abscess, and sepsis (n ¼ 1 each).
fGrade 5 treatment-related adverse events observed in three patients (arrhythmia, respiratory failure, death; n ¼ 1 each).
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care after CPI and PBC, but docetaxel is associated with
poor survival outcomes and severe toxicities, such as neu-
tropenia, fatigue, and febrile neutropenia,3-6 as observed in
our study. The median OS with docetaxel in patients pre-
viously treated with CPI and PBC in recent phase III studies
ranges between 10.5 and 12.1 months,3-6 which is in line
with the 10.6 months reported in the present study. Several
investigational agents, alone or in combination with
Volume xxx - Issue xxx - 2023
docetaxel, have been evaluated in phase III studies to assess
whether they could improve survival outcomes compared
with docetaxel monotherapy; most of these trials have not
shown survival benefits compared with docetaxel in pa-
tients with NSCLC previously treated with CPI and PBC.3-6

Other studies are evaluating docetaxel compared with
combinations of CPIs and agents targeting TAM receptors
and/or VEGFR2 with the aim of modulating the
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immunosuppressive TME and overcoming CPI resis-
tance.10,23 Similar to sitravatinib, cabozantinib is another
multikinase inhibitor targeting TAM receptors and VEGFR2,
among other targets.10 In the phase III CONTACT-01 trial,
cabozantinib plus atezolizumab was compared with doce-
taxel in patients with NSCLC previously treated with CPI and
PBC; however, in line with the present study, results showed
that this combination was not superior to docetaxel mon-
otherapy in this patient population, with a median OS of
10.7 versus 10.5 months, respectively (HR 0.88; P ¼ 0.367).5

Lenvatinib, a multikinase inhibitor targeting VEGF and other
growth factor receptors, in combination with pem-
brolizumab, was compared with docetaxel in the phase III
LEAP-008 study enrolling patients with NSCLC who experi-
enced disease progression on prior CPI and PBC,24 following
promising results from a phase Ib/II study in advanced solid
tumors.25 However, similar to the results from SAPPHIRE
and CONTACT-01,5 the LEAP-008 study did not meet its dual
primary endpoint of OS and PFS; no improvement was seen
with lenvatinib plus pembrolizumab compared with doce-
taxel.26 Unlike these multitargeted tyrosine kinase in-
hibitors, ramucirumab is a monoclonal antibody only
targeting VEGFR2. In a randomized phase II study, patients
with NSCLC previously treated with CPI and PBC received
either ramucirumab plus pembrolizumab or other standard
of care treatments, including docetaxel monotherapy,
docetaxel plus ramucirumab, gemcitabine, or pemetrexed.27

The median OS was significantly improved with ramucir-
umab plus pembrolizumab compared with standard of care
(HR 0.69, 80% CI 0.5-0.9; P ¼ 0.05),27 and this combination
is being further investigated in the phase III Pragmatica-
Lung study.28 Additional studies are investigating other
combinations of TAM receptor inhibitors with CPIs, such as
sitravatinib plus tislelizumab compared with docetaxel in a
phase III trial (NCT04921358)29 and bemcentinib (an AXL
inhibitor) plus pembrolizumab in the phase II BGBC008 trial
(NCT03184571).30 Nevertheless, further research is required
to identify improved treatment options compared with
docetaxel for patients with NSCLC after CPI and PBC.

Resistance to CPI therapy is a complex process associated
with various mechanisms, not only related to an immuno-
suppressive TME and TAM receptor activation, but also with
co-inhibitory checkpoints, defects in antigen processing or
neoantigen loss, and tumor-mediated immune suppres-
sion.9,10 Therefore overcoming CPI resistance in patients
with NSCLC remains challenging, with many novel targets
being explored. Future studies should incorporate stan-
dardized, consensus-based definitions of CPI resistance,
ideally from a large international oncology society, such as
the Society for Immunotherapy of Cancer.10,31 CPI resis-
tance should be clarified both for patients who received
prior CPI as monotherapy and for those who received it as
part of combination therapy, such as in combination with
PBC, because the presence or absence of chemotherapy
with CPI may influence the nature of resistance (i.e. primary
versus secondary resistance) and sensitivity to subsequent
treatment.10 The timing of PBC and CPI administration,
either concurrently or sequentially, should also be further
8 https://doi.org/10.1016/j.annonc.2023.10.004
evaluated in future studies because this may affect the
response to subsequent CPI treatment. For example, sub-
group analyses in the present study suggested that patients
who received prior PBC and CPI concurrently had longer OS
compared with those who received PBC followed by CPI
sequentially. Another important area of research is the
evaluation of potential biomarkers to identify patients most
likely to benefit from subsequent therapy after developing
CPI resistance. In the present study, there were some pa-
tients who benefitted from sitra þ nivo by potentially
modulating the immunosuppressive TME. However, identi-
fying biomarkers to select these patients is challenging due
to an incomplete biological understanding of all the factors
involved in the TME and CPI resistance, as well as a lack of
adequate animal models. A limitation of this study, and of
biomarker research in this context, is that sample collection
was based on archived tissue samples, and the collection of
fresh samples at progression to assess the dynamic nature
of PD-L1 expression was not required. Further research is
needed in this field to assess the potential use and pre-
dictive ability of novel immune biomarkers following the
development of CPI resistance. Evaluation of future po-
tential drugs within this framework and additional pro-
spective biomarker analyses may allow the identification of
patients more likely to benefit from treatment after
developing CPI resistance.

Conclusion

In patients with advanced nonsquamous NSCLC who had
experienced disease progression on prior CPI with or after
PBC, treatment with sitra þ nivo demonstrated a numerical
improvement in OS compared with docetaxel, although this
difference was not statistically significant, and hence the
study did not meet its primary endpoint. Overall, a higher
proportion of patients in the docetaxel arm developed
grade �3 TRAEs than patients treated with sitra þ nivo, and
the safety profiles of both regimens were consistent with
previous reports.
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