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ABSTRACT

Introduction: Most patients with advanced NSCLC will
experience disease progression and death within 2 years.
Novel approaches are needed to improve outcomes.

Methods: We conducted an open-label, nonrandomized,
phase 2 trial in patients with treatment-naive, advanced
NSCLC to assess the safety and efficacy of nivolumab 360
mg every 3 weeks, ipilimumab 1 mg/kg every 6 weeks, and
four to six cycles of paclitaxel 80 mg/m2 on days 1 and 8 of
every 21-day treatment. The primary end point of the study
was median progression-free survival (PFS), with secondary
end points of safety, objective response rate, and median
overall survival (OS).

Results: A total of 46 patients underwent consent and
received treatment. The median age was 66 (range: 48–82)
years, most had adenocarcinoma (63%), and 50% (23) had
programmed death-ligand 1 greater than or equal to 1%.
The median follow-up on the study as of October 2021 was
19 months. The primary end point of median PFS was 9.4
months (95% confidence interval [CI]: 5.9–16.6) in all pa-
tients regardless of programmed death-ligand 1 expression.
The objective response rate for patients in the study was
47.8% (95% CI: 33.4–62.3). The 12-month OS rate was
69.5% (95% CI: 53%–81%), and median OS was not yet
reached. Treatment-related grade greater than or equal to 3
adverse events was found in 54.3% of the patients.

Conclusions: The toxicity observed was consistent with
other reported chemo-immunotherapeutic combinations
and was manageable. The primary end point of exceeding
median PFS of 9 months was achieved with nivolumab,
ipilimumab, and weekly paclitaxel and should be evaluated
further in a randomized trial.

� 2022 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
The incorporation of immune checkpoint-based

therapies targeting the programmed cell death pro-
tein 1 (PD-1) or programmed death-ligand 1 (PD-L1)
axis earlier into the treatment paradigm of advanced
NSCLC has resulted in considerable long-term sur-
vival benefit for patients. Approved strategies
generally leverage immune checkpoint blockade of
PD-1 or PD-L1 as a monotherapy, part of dual
blockade with anti–CTLA-4 treatment, or as combi-
nation with chemotherapy. Although several agents
were found to have frontline efficacy as monotherapy
and remain well tolerated, the clinical benefit has
largely been dependent on PD-L1 tumor expression,
and early disease progression will occur in a large
subset of patients.1–3 Combination regimens using
platinum-doublet chemotherapy with anti–PD-1 or
PD-L1 therapy were found to have robust response
rates and improvement in survival outcomes across
subgroups by PD-L1 expression.4–6 The addition of
chemotherapy to immunotherapy has well-described
advantageous immunologic effects in the tumor
microenvironment including provoking immunogenic
cell death, activating dendritic cells, facilitating cross-
priming of T cells, and reducing regulatory T cells
and myeloid-derived suppressor cells.7,8 Neverthe-
less, platinum-based doublet chemotherapy and im-
mune checkpoint treatment are often used at the
expense of increased toxicity compared with immu-
notherapy alone.

Dual checkpoint inhibition with nivolumab and
ipilimumab has been evaluated in multiple clinical
trials, and most extensively for NSCLC in the large,
phase 3 CheckMate-227 study.9 The addition of anti–
CTLA-4 blockade to nivolumab resulted in durable
improvement in survival relative to chemotherapy in
both PD-L1 expressed and nonexpressed groups. The
median progression-free survival (PFS) for both PD-L1
greater than or equal to 1% and less than 1% groups
was 5.1 months with median overall survival (OS) of
approximately 17.1 months. Most strikingly, approxi-
mately a third of patients had durable response to
treatment at 4 years of follow-up with median dura-
tion of response of more than 23 months for patients
with tumors having PD-L1 greater than or equal to 1%
expression.10 On the basis of the results of this trial,
combination nivolumab and ipilimumab is now a Food
and Drug Administration–approved regimen for EGFR/
ALK alteration-negative NSCLC with PD-L1 greater
than or equal to 1% in the United States. The
CheckMate-9LA study used a chemotherapy backbone
with a platinum doublet combined with nivolumab/
ipilimumab, where chemotherapy was given for two
cycles at initiation of treatment. The quadruple drug
regimen was found to have significant improvement in
PFS, OS, with an overall acceptable toxicity profile.11

Importantly, survival benefit was found across all
PD-L1 subgroups, leading to its approval as a standard
treatment option in the frontline setting.

Building on the CheckMate-227 and CheckMate-9LA
trials, we designed a single-arm phase 2 study of dual
immune checkpoint blockade with nivolumab and ipili-
mumab in combination with weekly paclitaxel for
advanced, untreated NSCLC. The principal rationale of
adding low-dose weekly chemotherapy was to prevent
early disease progression, as found with other
immunotherapy-only approaches, and facilitate immu-
nogenic tumor cell death. In addition, the approach of
using a weekly dosed taxane would minimize significant
platinum chemotherapy-related toxicity. The hypothesis
of the study was to improve PFS as compared with
standard combination nivolumab and ipilimumab and
result in a median PFS (mPFS) of 9 months or more. The
duration of chemotherapy exposure in the study was
limited to 4 to 6 cycles to prevent accumulation of
further toxicity, including fatigue, neuropathy, and
cytopenias. Finally, an added advantage of this approach
was to preserve platinum-based chemotherapy as a
second-line treatment option in the event of progression
on frontline therapy.
Materials and Methods
Study Design

The OPTIMAL (Thoracic Oncology Program 1705)
study was conducted as an open-label, single-arm, phase
2 trial designed to assess the safety and efficacy of
nivolumab and ipilimumab in combination with weekly
paclitaxel on days 1 and 8 every 21 days in patients with
treatment-naive advanced NSCLC. Informed consent was
obtained from patients with metastatic or recurrent and
not curable NSCLC. Patients were enrolled after com-
plete and extensive medical history, baseline physical
examination, and clinical assessment to ensure subject
eligibility requirements. The dosing regimen was nivo-
lumab 360 mg every 3 weeks, ipilimumab 1 mg/kg every
6 weeks, and paclitaxel 80 mg/m2 on days 1 and 8 of
every 21-day treatment cycle. Paclitaxel was stopped
after a total of four to six cycles of treatment, based on
decision of treating provider or unacceptable toxicity.
Patients could continue to receive nivolumab and ipili-
mumab until they experience unacceptable treatment-
related toxicity, disease progression, or once they have
been treated for 2 years.
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Patients
Patients (aged �18 y) were eligible for enrollment

with histologically confirmed stage IV or recurrent
NSCLC squamous or nonsquamous histology
(seventh edition), with no prior systemic anticancer
therapy given as primary therapy for advanced or met-
astatic disease. Prior adjuvant chemotherapy, neo-
adjuvant chemotherapy, or chemoradiotherapy was
permitted as long as the last administration of the prior
regimen occurred at least 6 months before study
enrollment. Patients with known EGFR, ALK, or ROS1
alterations must have received at least one prior tar-
geted agent. Patients were eligible for enrolment
regardless of PD-L1 testing status or results. Perfor-
mance status was required to be Eastern Cooperative
Oncology Group 0 to 1 with adequate end organ and
marrow function. Patients were excluded if requiring
radiation within 14 days of treatment, having prior
intolerance of PD-1 or PD-L1 axis drug, or having known
autoimmune conditions requiring systemic immune
suppression therapy other than prednisone < 10 mg
daily. Untreated brain metastases were allowed if sub-
ject did not require corticosteroids or anticonvulsant
therapy. Concurrent severe or uncontrolled medical
conditions were excluded including active infection
requiring antibiotics, recent myocardial infarction,
stroke, or clinically significant heart disease. Patients
with known history of the participating center approved
the study. Human immunodeficiency virus seropositivity
or known acquired immunodeficiency syndrome, active
hepatitis C virus, and acute or chronic active hepatitis B
infection were excluded. The institutional review board
of the participating center approved the study, and this
trial was conducted in accordance with Good Clinical
Practice guidelines and the provisions of the Declaration
of Helsinki. Patients were required to provide informed
consent before any study-related procedures. This trial
was registered at ClinicalTrials.gov (NCT03573947).
Procedures
Efficacy was assessed by radiographic imaging

(computed tomography and/or magnetic resonance im-
aging) every 6 weeks (±7 d) up to week 48 and then
every 12 weeks until documented disease progression
using Response Evaluation Criteria in Solid Tumors
version 1.1. Safety assessments were performed every 3
weeks, as clinically indicated, 35 days after the last dose
of the study drug, and 100 days after the last dose of the
study drug. These assessments include vital signs,
Eastern Cooperative Oncology Group performance sta-
tus, medical history, physical examination, complete
blood cell count, biochemistry, creatinine, aspartate
transaminase, alanine transaminase, and bilirubin.
Thyroid-stimulating hormone testing will be performed
at regular intervals. Adverse events were recorded using
National Cancer Institute Common Terminology Criteria
for Adverse Events version 4.03. General symptom
management and supportive care as clinically indicated
to ensure optimal patient care were provided.
Outcomes
The primary objective of this trial was to estimate the

PFS for the combination nivolumab, ipilimumab, and
paclitaxel in untreated, metastatic NSCLC. The PFS was
measured from the date of registration to the date of
progression or death from any cause, whichever comes
first. Secondary objectives included estimating the
objective response rate (ORR) and OS with the study
combination. In addition, the safety and adverse event
profile was described for combination of nivolumab,
ipilimumab, and paclitaxel in untreated, metastatic
NSCLC. Baseline tumor and sequential peripheral blood
specimens were collected for future exploratory analysis
to explore correlation between baseline and treatment-
related changes in immune correlates and clinical
outcome.
Statistical Analysis Plan and Methods
The primary objective of the study was to determine

whether the combination regimens will improve PFS
relative to historical control from the CheckMate-227
study. The hypothesis tested was that treatment with
the combination of nivolumab (Opdivo), ipilimumab
(Yervoy), and paclitaxel (Taxol) would be associated
with mPFS of 9 months or more. If mPFS is less than 6
months, then we conclude that the combination regimen
is not worthy of further investigation (H0: mPFS � 6 mo
versus H1: mPFS � 9 mo). Using one-sided, one-sample
log-rank test at a significant level of 0.1, the study with
46 subjects has approximately 85% power to test the
alternative hypothesis. Taking 5% of ineligibility or
dropout into consideration, up to 49 patients were
allowed to be enrolled in the study.

The Kaplan-Meier product limit estimator was used
to graphically characterize PFS. From these product limit
estimates, the mPFS and the rate of PFS at 12 months
and their corresponding confidence intervals were esti-
mated. OS was analyzed in a similar fashion to PFS. The
proportion of patients who respond (completely or
partially) to the combination regimen was estimated and
exact binomial confidence intervals were computed for
the estimate. One-sample log-rank test was used to
calculate the p value for comparing survival of the
combination regimen against that of the similar popu-
lation treated with nivolumab and ipilimumab. The
toxicity associated with the treatment regimen (defined

http://ClinicalTrials.gov


Figure 1. Study consort diagram. ECOG, Eastern Cooperative
Oncology Group.
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as at least possibly attributed to treatment) was sum-
marized. For each type of toxicity, a patient’s worst
treatment-related toxic episode was used to summarize
distribution of toxicity grade experienced.

Results
Patients

During the study enrolment period (October 2018–
February 2021), 49 patients were consented to the trial,
and ultimately 46 patients received treatment (Fig. 1).
The median age was 66 (range: 48–82) years, 63% were
male, and most had past or current smoking history
(70% and 20%, respectively). Adenocarcinoma and
squamous cell histologies were found in most tumors,
63% and 26%, respectively. There were 14 (30%) pa-
tients who had a prior history of brain metastases. KRAS
mutation was the most often detected driver alteration
in 17% of the patients. PD-L1 expression less than 1%
was found in 21 patients (46%) and greater than or
equal to 1% in 23 patients (50%). PD-L1 was not tested
in 2 of 46 patients.

Treatment
The median follow-up time from the remaining 29

alive patients was 19.0 (range: 4.8–33.4) months. The
mean duration of treatment was 8.3 months with median
duration of 4.4 months. As of October 2021, six patients
(13%) remain on active treatment. Three patients (7%)
completed the 24 months of therapy. Patients were
taken off of the study related to adverse events (41%),
disease progression (35%), or study withdrawal (4%).

Outcomes
The primary end point of mPFS was 9.4 months (95%

confidence interval [CI]: 5.9–16.6; 80% CI: 7.6–13.8), all
regardless of PD-L1 expression (Fig. 2). In patients with
PD-L1 expression less than 1% (n ¼ 21) mPFS was 8.2
months (95% CI: 4.2–17.2) and 12.1 months (95% CI: 5.5–
19.3) for PD-L1 greater than or equal to 1% (n ¼ 23). The
12-month PFS rate was 47% (95% CI: 32%–60.7%) (Fig.
2). The median OS for all patients has not yet been
reached. Nevertheless, median OS in PD-L1 less than
1% patients was 23.3 months (8.2–not evaluable) and not
yet mature for PD-L1 greater than or equal to 1% patients
(95% CI: 10.3–not evaluable). The 12-month OS rate was
69.5% (95% CI: 53%–81%) (Fig. 3). In an exploratory
analysis, no difference was found between PD-L1 expres-
sion groups (<1%, �1%) for either PFS or OS (unadjusted
hazard ratio ¼ 0.76 [95% CI: 0.37–1.56] and hazard
ratio¼ 0.69 [95% CI: 0.24–1.93], respectively; adjusted for
baseline variables listed in Table 1, PFS ¼ 1.09 [95% CI:
0.40–2.93] and OS¼ 0.99 [95% CI: 0.91–1.07]; Table 2). In
an exploratory analysis, PFS was evaluated relative to
presence of immune-related toxicity. Patients experiencing
grade 2 immune-related adverse event (irAE) or grade 3 to
5 had lower risk of progression, compared with patients
without irAE (Fig. 4). Patients with grade 2 had lower risk
of disease progression than patients experiencing grade 3
to 4, but this was not significant statistically (mPFS was
6.8, 13.8, and 10.5 mo, respectively, for patients with no
irAE, versus grade 2 versus grades 3–4).

The ORR for patients in the study was 47.8% (95% CI:
33.4–62.3) with complete response found in two patients
(4%) and partial response achieved in 20 patients (43%)
(Table 1). Stable disease and tumor progression was
observed in 19 (41%) and 5 (11%), respectively. The ORR
was by PD-L1 status at 42.9 (95% CI: 21.7–64.0) in PD-L1
less than 1% and 56.5% (95% CI: 36.3–76.8) in PD-L1
greater than or equal to 1% expressing tumors. There
was no statistical difference in ORR between PD-L1
expressing and nonexpressing groups (p ¼ 0.367). The
median duration of response for all patients was 14.6
months (interquartile range: 9.1–18.6).
Safety
Treatment-related grade greater than or equal to 3

AEs was found in 54.3% of patients in the study (23
patients [50%] grade 3, one patient [2.2%] grade 4, and
one patient [2.2%] grade 5). The most common
treatment-related AEs are reported in Table 3. The most
common reported treatment-related grade greater than
or equal to 3 AEs included colitis seven (15%), pneu-
monitis six (13%), adrenal insufficiency five (11%), rash
four (9%), infusion reaction three (7%), nephritis two
(4%), and liver test elevation one (2%). Grade 2 toxicity
was observed in 20 patients (43.5%) and included grade
2 hypophysitis in four patients (9%) and



Figure 2. K-M Progression-free survival curve including all patients treated on study and subgroups of PD-L1 greater than or
equal to 1% and less than 1%. CI, confidence interval; K-M, Kaplan-Meier; PD-L1, programmed death-ligand 1.
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hypothyroidism in seven patients (15%). Furthermore,
40 patients (87%) required dose modification or treat-
ment adjustment owing to adverse event.
Figure 3. K-M of overall survival including all patients treated
and less than 1%. CI, confidence interval; K-M, Kaplan-Meier; N
Discussion
The results of the OPTIMAL trial reveal that the study

met the primary end point by achieving mPFS of 9.4
on study and subgroups of PD-L1 greater than or equal to 1%
E, not evaluable; PD-L1, programmed death-ligand 1.



Table 1. Baseline Patient Demographics and Clinical
Characteristics at Enrollment

Demographics
All Patients
(N ¼ 46)

Age
Mean (SD) 66 (8)
Median (IQR) 66 (61–71)
Range 48, 82

Sex, n (%)
Female 17 (37)
Male 29 (63)

Race, n (%)
White 35 (76)
Black 11 (24)

Smoking status, n (%)
Current 9 (20)
Former 32 (70)
Never 5 (11)

Histology, n (%)
Adenocarcinoma 29 (63)
Squamous cell carcinoma 12 (26)
Adenosquamous 3 (7)
Large cell with neuroendocrine features 1 (2)
Mucinous adenocarcinoma 1 (2)

Disease status at enrollment, n (%)
Newly diagnosed stage IV 35 (76)
Recurrence 11 (24)
Brain metastases? (yes), n (%) 14 (30)

Prior surgery? (yes), n (%) 37 (80)
Prior systemic therapy? (yes), n (%) 5 (11)
Prior radiation therapy? (yes), n (%) 23 (50)

IQR, interquartile range.
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months in treatment-naive NSCLC by using a novel
regimen of nivolumab, ipilimumab, with weekly pacli-
taxel when compared with historical control of 5.1
months for nivolumab plus ipilimumab in CheckMate-
227. To the best of our knowledge, this is the first
Table 2. Objective Response Rate and Duration of Response on

Demographics
PD-L1 < 1%
(n ¼ 21)a

P
(

Overall response, n (%)
Complete response 0 (0.0) 2
Partial response 9 (42.9) 1
Stable disease 10 (47.6) 7
Progressive disease 2 (9.5) 3

Response rate, % (95% CI) 42.9 (21.7–64.0) 5
Duration of response (mo)

n 9 1
Median (IQR) 12.9 (5.7–17.8) 1
Range 1.4–31.3 1

Note: p value is reported from chi-square and Wilcoxon ranked sum test betwee
aTwo patients were not tested for PD-L1.
bChi-square test.
cWilcoxon ranked sum test.
CI, confidence interval; IQR, interquartile range; PD-L1, programmed death-liga
study reporting the use of a low-dose weekly, single-
agent chemotherapy added to dual immunotherapy in
NSCLC. Our study has several important distinctions
compared with the other frontline immunotherapy-
based regimens. First, both the CheckMate-9LA and
recently published Poseidon trials used a platinum
doublet chemotherapy approach combined with dual
immunotherapy, whereas we used a single-agent
chemotherapy to improve tolerability compared with
full-dose, platinum-based chemotherapy. Second, given
the risk of early, on-treatment disease progression
within the first several months for immunotherapy alone
approaches, chemotherapy in our study was extended to
four to six cycles to mitigate progression during this
time. In addition, the dual immunotherapy approach
maximizes the chance of prolonged duration of response
as found in other studies with nivolumab/ipilimu-
mab.10,12 Finally, by using a nonplatinum-based frontline
regimen, patients enrolled on this study had the oppor-
tunity to receive an additional line of therapy using
platinum doublet in the second-line setting.

Although the median OS has not yet been reached, the
clinical outcomes from our study generally compare
favorably to published reports of frontline regimens using
dual anti–PD-1 or PD-L1 and anti–CTLA-4 inhibition for
NSCLC. For example, in the CheckMate 227 study, the ORR
was 33.1% (35.9% in PD-L1 � 1% and 27.3% in PD-L1 <

1%) and mPFS of 5.1 months in both the PD-L1 expressing
and nonexpressing subgroups.9 The 1-year survival rate in
the nivolumab/ipilimumab arms for PD-L1 greater than or
equal to 1% and PD-L1 less than 1% was similar between
subgroups, at 63% and 60%, respectively. Two clinical
trials have now also reported clinical outcomes for com-
bination doublet chemotherapy with dual immune check-
point blockade. In the CheckMate-9LA study, the addition
Study Treatment as Found in All Patients and by PD-L1 Status

D-L1 � 1%
n ¼ 23)a

All Patients
(N ¼ 46)a p Value

0.416b

(8.7) 2 (4)
1 (47.8) 20 (43)
(30.4) 19 (41)
(13.0) 5 (11)
6.5 (36.3–76.8) 47.8 (33.4–62.3) 0.367b

0.423c

3 22
5.2 (9.7–18.6) 14.6 (9.1–18.6)
.3–29.0 1.3–31.3

n PD-L1 less than 1% and greater than or equal to 1% subgroups, respectively.

nd 1.



Figure 4. K-M curve of progression-free survival stratified by grade of immune-related adverse events. Unadjusted and
adjusted Cox model hazard ratios are reported relative to reference group, in which no immune-related AEs were experi-
enced. AE, adverse event; CI, confidence interval; K-M, Kaplan-Meier; NE, not evaluable.
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of platinum-doublet chemotherapy for two cycles
increased the ORR to 38.2% from 29.2% with chemo-
therapy alone, while increasing mPFS and OS to 6.8
months and 15.8 months, respectively.11,13 More recently,
the Poseidon study evaluated combination durvalumab
and tremelimumab with platinum-doublet chemotherapy
for four cycles with option of maintenance pemetrexed for
nonsquamous histologies. The mPFS and OS reported for
patients treated on the Poseidon study were 6.2 months
and 14.0 months, with ORR of 38.8%.14 In our study, the
ORR and mPFS were numerically greater in the PD-L1
greater than or equal to 1% subgroup, though there was
Table 3. Most Common Treatment-Related Adverse Events Incl

Adverse Events
Grade 2
n (%)

Fatigue 23 (50.0)
Alopecia 17 (37.0)
Anorexia 15 (32.6)
Infusion-related reaction 12 (26.1)
Adrenal insufficiency 5 (10.9)
Diarrhea 10 (21.7)
Rash maculopapular 5 (10.9)
Pneumonitis 2 (4.3)
Colitis 0 (0.0)
Hypothyroidism 7 (15.2)
aOne grade 5 pneumothorax occurrence.
not a statistically significant difference in outcomes based
on PD-L1 expression.

The toxicity profile of nivolumab and ipilimumab has
been extensively described across numerous studies with
large patient numbers.15 In the CheckMate-227 trial, any-
grade diarrhea was found in 17% and greater than or
equal to 3 grade was uncommon in just 1.7% of patients.
Endocrinopathy of any grade was reported in 23% of pa-
tients, whereas treatment-related pulmonary toxicity was
observed in 8.3% of patients.9 The addition of two cycles of
chemotherapy to nivolumab/ipilimumab in the
CheckMate-9LA study did not change the irAE profile
uding Grades 2 to 4

Grades 3–4a

n (%)
All Patients
n (%)

1 (2.2) 24 (52.2)
0 (0.0) 17 (37.0)
1 (2.2) 16 (34.8)
3 (6.5) 15 (32.6)
5 (10.9) 10 (21.7)
0 ( 0.0) 10 (21.7)
4 (8.7) 9 (19.6)
6 (13.0) 8 (17.4)
7 (15.2) 7 (15.2)
0 (0.0) 7 (15.2)
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substantively, with grade greater than or equal to 3
immune-related toxicity in 22% of patients.11 In the
Poseidon trial, grade greater than or equal to 3 immune-
related toxicity was found in 33% of patients receiving
durvalumab/tremelimumab with doublet.14 Although the
overall rate of grade greater than or equal to 3 toxicity
found with combination nivolumab/ipilimumab and
paclitaxel is in line with toxicity rates reported with other
chemotherapy and immunotherapy studies,4–6 there were
seemingly higher rates of irAEs in our study. Nevertheless,
when interpreting the toxicity profile from the OPTIMAL
study, there are multiple important considerations. First,
the elevated rate of pneumonitis found in our study may
likely be driven by the weekly taxane dosing rather than
the immune checkpoint therapy. Weekly dosed taxane
treatment has been strongly associated with increased
rates of pneumonitis, specifically as high as 27% in pa-
tients with lung cancer.16 Second, higher rates of endroc-
rinopathy including thyroid dysfunction, adrenal
insufficiency, and hypophysitis are generally expected with
combination immunotherapy. A meta-analysis of studies
including more than 7500 patients reported rates of ad-
renal insufficiency and hypophysitis at 4.2% and 6.4%
with combination dual immune checkpoint inhibition.17

Furthermore, there is ample published evidence that
development of endocrinopathy, including thyroid
dysfunction and hypophysitis, on immune checkpoint-
based treatment is predictive of improved survival for
patients.18,19 Most recently, a pooled analysis of combina-
tion chemotherapy with atezolizumab revealed that lower
grade (1–2) toxicity in general was associated with OS
benefit.20 Ultimately, given the limited sample size in our
study, it remains challenging to draw conclusions
regarding specific toxicity rates from cross-trial compari-
sons. Nevertheless, our study indeed reveals improved PFS
for patients experiencing irAE as compared with not
developing toxicity. Last, infusion reactions were common
in our patient cohort with most being related to paclitaxel
and low grade in severity.

There are multiple described mechanisms by which
paclitaxel exerts antitumor, immunostimulatory effects
and could potentiate the efficacy of dual immune check-
point blockade, as found in our study. Administration of
paclitaxel, for example, has been found to increase den-
dritic cell maturation, interleukin-12 production, cos-
timulatory function, and enhance antigen-specific CD-8þ–
mediated tumor lysis.21 In addition, paclitaxel facilitates
immunogenic tumor cell death by promoting MHC-1 and
Fas up-regulation and increasing sensitization to effector T
cells.22 Finally, paclitaxel promotes macrophage differen-
tiation to an antitumor and proinflammatory M1 pheno-
type through TLR4 signaling. Gene expression analysis
before and after paclitaxel administration from patients
with ovarian cancer revealed up-regulation of genes linked
to effector T cell function, natural killer T cells, and
macrophage activation.23 Preclinical data remain limited
regarding the effects of paclitaxel in the setting of immune
checkpoint inhibition. Nevertheless, there is substantial
evidence supporting the role of other chemotherapeutics
provoking immunogenic cell death, antitumor immunosti-
mulation, and promoting response to immune checkpoint
therapy.8 For example, carboplatin in the setting of anti–
PD-L1 inhibition is known to increase effector T cells,
while reducing regulatory T cells and myeloid-derived
suppressor cells.24 The impact of dual immune check-
point inhibition and paclitaxel on immune cell function and
subpopulations will be the focus of correlative analyses of
biospecimens collected at baseline and on treatment from
patients treated in the OPTIMAL study.

We recognize that our study has a few important lim-
itations. First, although statistically powered to evaluate
the primary end point compared with historical control, as
a single-arm phase 2 study, there was no control arm for
direct comparison. As a result, comparison to larger, ran-
domized phase 3 studies should be done with caution. In
addition, the study was conducted at a single institution
and may affect ability to generalize findings more broadly.
Nevertheless, patients were enrolled and treated at an
academic center and community campus within the insti-
tution during the course of the study. Finally, the median
age (66 y) of patients is younger than the typical age de-
mographic for advanced lung cancer and may reflect a
healthier population. The other demographic characteris-
tics are generally as expected with advanced NSCLC.

In conclusion, the combination of nivolumab and ipili-
mumab with paclitaxel in patients with treatment-naive,
advanced NSCLC was successful in achieving the primary
end point of the study by significantly improving mPFS
compared with historical outcomes from nivolumab/ipili-
mumab alone. The regimen demonstrated a robust
response rate and median OS has not yet been reached.
The overall grade greater than or equal to 3 toxicity rate is
similar to other chemoimmunotherapy combinations and
was generally manageable. Further data are needed to
understand how relative rates of irAEs compare with other
immunotherapy combinations. The outcome of the
OPTIMAL study provides proof-of-concept that single-
agent chemotherapy can delay early disease progression,
potentiate antitumor immunostimulatory effects, while
sparing platinum-based chemotherapy. Other single-agent
chemotherapies may be associated with less pneumonitis
and potentially more favorable side effect profile, for
example pemetrexed. Extensive correlative analyses are
planned to interrogate the mechanisms by which paclitaxel
promotes immunostimulation and potential biomarkers of
toxicity and clinical benefit.
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