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ABSTRACT
◥

Purpose: The addition of cytotoxic chemotherapy to immune-
checkpoint inhibitor (ICI) may enhance antitumor effects. We
conducted an open-label randomized phase II/III study to evaluate
nivolumab þ docetaxel combination therapy in comparison with
nivolumab monotherapy for previously treated ICI-naïve non–
small cell lung cancer (NSCLC).

Patients and Methods: The primary endpoint of the phase III
study was overall survival (OS), and the secondary endpoints
included progression-free survival (PFS), overall response rate
(ORR), and toxicity. As ICI and platinum-doublet combination
chemotherapy was approved in the first-line setting during this
study, patient accrual was discontinued.

Results: One hundred twenty-eight patients (each arm, n ¼ 64)
were included in the full analysis set. The median OS in nivolumab

(armA) and nivolumabþ docetaxel (arm B) was 14.7 months (95%
CI, 11.4–18.7) and 23.1 months (95% CI, 16.7–NR), respectively.
The HR for OS was 0.63 (90% CI, 0.42–0.95; P ¼ 0.0310). The
median PFS in arms A and arm B was 3.1 months (95% CI, 2.0–3.9)
and 6.7 months (95% CI, 3.8–9.4), respectively. The HR for pro-
gression was 0.58 (95% CI, 0.39–0.88; P ¼ 0.0095). The ORR was
14.0% (95%CI, 6.3–25.8) in armAand 41.8% (95%CI, 28.7–55.9) in
arm B. Hematotoxicity and gastrointestinal adverse events were
more common in arm B than in arm A. Two treatment-related
deaths were observed, including one patient in arm A who died of
pneumonitis and one in arm B who died of myocarditis.

Conclusions: Despite a slightly elevated toxicity, the addition of
docetaxel to nivolumab has significantly prolonged the OS and PFS
of patients with previously treated ICI-naïve NSCLC.

Introduction
Lung cancer is the world’s leading cause of cancer death, and non–

small cell lung cancer (NSCLC) accounts for >80% of all lung cancer
cases. Despite the development of whole-genome sequencing techni-
ques, and efforts to create new targeted therapies, lung cancer still
carries a dismal prognosis. Nevertheless, the introduction of immune-
checkpoint inhibitors (ICI) has drastically changed the course of
treatment for various malignancies, including lung cancer, giving
hope for a prolonged response that would not have been expected
with any other chemotherapies.

Cancer cells generally take over checkpoints that control the
immune system and secure an escape route from the cytotoxic T-cell
(CTL) attack. Nivolumab, an anti–PD-1 inhibitor, blocks immune-
checkpoint molecules on the T-cell surface and reverses their
suppression. Cytotoxic chemotherapy helps release tumor antigens
and activate CTLs (1). As reported in animal models, chemotherapy
alsomakes tumor cells vulnerable to lymphocyte-mediated tag cells (2).
Consequently, the combination of cytotoxic chemotherapy and ICI
could enhance antitumor benefits. In fact, multiple global clinical trials
have demonstrated the efficacy of combined chemo-ICI in previously
untreated NSCLC patients. Each study showed a promising survival
benefit without intolerable toxicities (3, 4, 5).

Second-line nivolumab treatmentwaswell evaluated inCheckmate017
and Checkmate057 (6, 7). Both studies compared docetaxel and
nivolumab in second-line treatment, with Checkmate017 targeting squa-
mous cell carcinoma and Checkmate057 treating nonsquamous cell
carcinoma. Since the superiority of nivolumabwas proven in both studies,
it successively replaced the previously established docetaxel therapy for
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refractory or recurrent NSCLC after first-line platinum-doublet therapy.
The addition of a cytotoxic agent to an ICI (as demonstrated in first-line
combination therapy)mayenhance the clinical advantageovernivolumab
alone. In addition, we hypothesized that disease progression at an early
stage after ICI initiation, which is often encountered in clinical practice,
can be avoided by administering ICI plus chemotherapy together.

Therefore, we conducted a randomized phase II/III study compar-
ing nivolumab monotherapy with nivolumab þ docetaxel combina-
tion therapy. This is the first study to compare chemo-ICI and ICI
alone for previously treated or recurrent ICI-naïve advanced NSCLC.
Our main objective is to prove the superiority of docetaxel and
nivolumab therapy over nivolumab alone in this population.

Patients and Methods
Patient selection

Patients with histologically or cytologically proven NSCLC, stage
IIIB/ IIIC/IV (UICC-TNM classification, 8th edition) or postoperative
recurrence, who received one or two previous chemotherapy regimens,
excluding EGFR or ALK tyrosine kinase inhibitors (TKI), were eligible
for inclusion. The switch maintenance therapy was considered as two
regimens, whereas the continuous maintenance therapy was counted
as one. The adjuvant chemotherapy was counted as one regimen when
administered within 1 year in cases with postoperative recurrence.
Cases involving NSCLC with known driver mutations (e.g., EGFR
mutation or EML4–ALK translocation) required pretreatment with
TKIs, as instructed in the NCCN guidelines. The other eligibility
criteria included age ≥20 years, performance status (PS) 0–1, neutro-
phil count ≥1,500 /mm3, hemoglobin ≥9.0 g/dL, platelet count
≥100,000 /mm3, aspartate aminotransferase (AST) ≤100 IU/L, alanine
aminotransferase (ALT) ≤100 IU/L, creatinine ≤1.5 mg/dL, and SpO2

≥92% or PaO2 ≥60 torr in room air.
Major exclusion criteria included the previous administration of

docetaxel or ICI (e.g., anti–PD-1/anti–PD-L1/CTLA-4 inhibitors), usage
of immunosuppressive medication or steroid therapy equivalent to
≥5 mg/day of prednisolone, interstitial pneumonia on CT, symptomatic
brain metastasis, active concomitant malignancy, major operations

within 28 days, and palliative radiotherapy within 2 weeks, or curative
radiotherapywithin6weeksprior to the studyenrollment. TumorPD-L1
expression (measured with 28-8 kit) was evaluated as a biomarker when
available (patients were enrolled irrespective of the expression).

Each patient gave their written informed consent before enrollment.
This study was conducted in accordance with the principles of the
Declaration of Helsinki. The study protocol fulfilled the criteria for a
specified clinical trial based on the Clinical Trials Act (Act No. 16,
2017) and for advanced medical care B (approved by the Minister of
Health, Labour andWelfare with the aim of insurance coverage in the
future) in Japan, andwas approved by the institutional review board of
each study site. This study was registered in the Japan Registry of
Clinical Trials (protocol no. jRCTs031180331).

Study design and treatment
This multi-institutional, open-label, phase II/III clinical research

was initiated in November 2017. Enrolled patients were randomly
assigned to arm A or B with stratification factors of PS (0 vs. 1),
histologic type (squamous cell carcinoma vs. nonsquamous cell car-
cinoma), sex (male vs. female), and driver oncogene status (EGFR
mutation and ALK translocation).

Nivolumab (240 mg per body, every 2 weeks) was administered in
both arms, and docetaxel (60 mg/m2) was administered every 4 weeks.
Triweekly docetaxel 60 mg/m2 is the recommended dose and schedule
in Japan for advanced NSCLC based on the result of two phase II
trials (8, 9). The schedule was modified in order to administer both
nivolumab and docetaxel at the same timing. Both treatments were
continued until the development of progressive disease (PD), as
defined by the Response Evaluation Criteria in Solid Tumors (RECIST
v1.1) system, or the occurrence of intolerable adverse events.

Thepatientsmustmeet certaincriteria inorder to receive thenext cycle
of treatment, including PS 0–2, afebrile, neutrophil count ≥1,500 /mm3

(≥1,000/mm3 for day 15), hemoglobin ≥8.0 g/dL, platelet count
≥100,000 /mm3,AST≤100 IU/L,ALT≤100 IU/L, creatinine≤1.5mg/dL,
albumin ≥2.0 g/dL, total bilirubin ≤2.0 mg/dL, no pneumonitis, and
nonhematologic toxicities of grade 2 or less. The protocol treatment was
withdrawn unless the next cycle was started within 42 days. The dose
modification criteria for docetaxel included grade 4 neutropenia and
thrombocytopenia, and grade 3 or worse nonhematologic adverse
events. Dose of docetaxel was reduced to 50 mg/m2 and to 40 mg/m2

every time the modification criteria were noted. Monotherapy with
either nivolumab or docetaxel was not allowed in arm B within the
protocol. Post-study treatment had no restrictions.

Evaluation
Imaging studies were repeated every 8 � 1 weeks for the first

6months, and then every 12� 1weeks thereafter. The overall response
rate (ORR)was defined as the proportion of patientswith a complete or
partial response to therapy; a 6-week term was required to establish
stable disease. Progression-free survival (PFS) was assessed from the
date of enrollment to disease progression (according to RECIST v1.1)
or death from any cause. Overall survival (OS) was defined as the time
from enrollment until death.

Adverse events were graded using the NCI–Common Terminology
Criteria for Adverse Events v4.0 (NCI-CTCAE v4.0).

Statistical analysis
Since data on combined ICI and cytotoxic chemotherapy were

limited in 2017, when this study was initiated, the safety profile
required assessment in a phase II study before proceeding to phase
III. The phase II population was also included in the phase III analysis.

Translational Relevance

Multiple prospective studies compared chemotherapy with and
without immune-checkpoint inhibitors (ICI) and proved that the
combination therapy prolongs survival. However, no prospective
studies comparing ICI with and without chemotherapy have been
announced. We herein report the result of an open-label random-
ized phase II/III study that evaluated nivolumab þ docetaxel
combination therapy in comparison with nivolumabmonotherapy
for previously treated ICI-naïve non–small cell lung cancer. The
protocol was amended to reduce the total sample size and to
shorten the follow-up period, due to the first-line approval of
chemotherapy þ ICI regimens during this study. The overall sur-
vival, progression-free survival, and overall response rate were
significantly better in combination with nivolumab þ docetaxel
than nivolumab monotherapy. Although the toxicity profile, espe-
cially hematotoxicity, was more significant in the nivolumab þ
docetaxel arm, most of them were manageable. The survival benefit
of the chemotherapyþ ICI combination compared with ICI mono-
therapy proved by our study is quite innovative, although these
results have to be viewed with caution due to the early termination.
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The primary endpoints for the phase II noncomparative trial were
the 6-month PFS rate and the occurrence of grade ≥3 pneumonitis
within 12 weeks. In the phase II part, according to the previous
Checkmate017/057 and Keynote-010 studies (6, 7, 10), the thresh-
old and expected 6-month PFS rates for arm B were set 20% and
35%, respectively. Forty-six subjects would be required with a one-
sided a of 0.1 and 85% power. Thus, phase II study registration
was held off once 50 patients were assigned to arm B. Once the
6-month PFS rate was evaluated for the null hypothesis of arm B to
be rejected, and the lower limit of the 80% confidence interval of
grade ≥3 pneumonitis incidents was confirmed to be <7%, the
phase III study was initiated.

The primary endpoint for the phase III comparative partwasOS; the
secondary endpoints were PFS, ORR, and safety. We assumed a
median OS (mOS) of 10.5 months in patients receiving second-line
nivolumab therapy based on Checkmate017 and Checkmate057 (6, 7).
An absolute improvement of 3.5 months was considered to indicate a
potential benefit from the addition of docetaxel, because the mOS of
docetaxel versus best supportive care in previously treated NSCLCwas
7.5 versus 4.6 months, respectively (11). We estimated the mOS of
armsA and B as 10.5 and 14.0months, respectively, which resulted in a
hazard ratio of 0.75. We required 169 subjects in each arm to achieve
80% power with a one-sided a of 0.05 and a 2-year follow-up period.
With the assumption of and accommodations for an anticipated 10%
loss to follow-up, the planned initial sample size was 350 patients.

OS, PFS, and ORR were analyzed in the full analysis set (all patients
who received the protocol treatment at least once and who met the
eligibility criteria). OS and PFS were compared using a stratified log-
rank test based on stratification variables of PS, histology, sex, and
driver mutation status. Hazard ratios were calculated using a stratified
Cox proportional hazardsmodel. Survival curves were estimated using
the Kaplan–Meier method. The ORR was compared between the two
arms using Fisher exact test. One-sided P < 0.05 for the primary

endpoint and two-sided P < 0.05 for the secondary endpoint were
considered statistically significant.

In Japan, ICIs were approved as part of first-line therapy either as a
monotherapy or combination therapy with platinum-doublet in late
2018, which drastically slowed patient enrollment. On June 30, 2020,
according to the recommendations of an Independent Data Monitor-
ing Committee, the protocol was amended to reduce the total sample
size to 131. A total of 128 patients were thus subjected to endpoint
analysis, and (1 �b) was calculated to be 0.46, with a one-sided a of
0.05.

Given that the pooled median survival time for both arms was
16.7 months, it was considered virtually impossible for the power to
exceed 50% when calculating with the hazard ratio of 0.75 at the point
of 6 months after enrollment discontinuation. In addition, because
approximately 80% of the subjects were enrolled by June 2019, an
Independent Data Monitoring Committee recommended that the
follow-up period be shortened from 2 to 1 year from accrual cessation
(June 2021).

Availability of data and materials
The data that support the findings of this study are available from

the corresponding author (Y.T.) upon reasonable request.

Results
Phase II trial

As the 50th patient in the phase II part was assigned to arm B on
June 27, 2019, accrual was temporarily closed to assess phase II results.
The 6-month PFS rate for arm B was 64.4% (80% CI, 53.4–73.5), in
which the lower limit of 80% CI successfully exceeded the threshold
6-month PFS rate (20%).No cases of grade≥3 pneumonitis occurred at
the data cutoff point. Accordingly, an Independent Data Monitoring
Committee recommended proceeding to the phase III study.

Figure 1.

Summary of patient enrollment and disposition.
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Phase III trial
Patient characteristics

Out of 131 enrolled patients, 66 and 65 patients were assigned to
arms A and B, respectively. One patient from each arm did not receive
the protocol treatment because of patient refusal, and one patient of
arm A was found to be ineligible after randomization. A total of 128
patients (each arm, n ¼ 64) were included in the full analysis set; 129
patients (arm A, n¼ 65; arm B, n¼ 64) were included in the safety set
(Fig. 1). Patient characteristics were well balanced between each arm
(Table 1). PD-L1 (28–8) was examined in 43.8% (28/64) and 34.4%
(22/64) of the patients in arms A and B, respectively, and was not
significantly different. EGFRmutation was detected in 14 (21.9%) and
13 (20.3%) patients in arms A and B, respectively. ALK translocation
was not detected in any patients.

Treatment delivery
As of June 2021 (data cutoff), the median follow-up time was

12.5 months (range, 0.2–31.8) and 18.9 months (range, 0.6–39.1) in
arms A and B, respectively. Four patients in arm A and two patients in
arm B were still on the protocol treatment at the data cutoff. The
median number of treatment cycles was 2 (range, 1–28) and 4 (range,
1–31) in arms A and B, respectively. Forty-six (71.9%) in armA and 33
(51.6%) in arm B discontinued the treatment due to disease progres-

sion, while 6 (9.4%) patients in armA and 25 (39.1%) in armB stopped
treatment due to adverse events (Table 2). Out of 28 patients who
discontinued treatment due to adverse events or patients’ wishes in
arm B, 5 continued nivolumab monotherapy as off-protocol treat-
ment. Docetaxel was reduced to 50 mg/m2 in 37.5% (24/64) and to
40 mg/m2 in 18.8% (12/64). The median RDI (relative dose intensity)
for docetaxel was 90.0% (range, 65.7–100). The interval between
treatment cycles was extended in 42.2% (27/64) and 84.4% (54/64)
of patients in arms A and B, respectively.

Efficacy (OS, PFS, and ORR)
OS curves according to the assigned treatment are shown inFig. 2A.

Overall, with 75 events (arm A, n ¼ 42; arm B, n ¼ 33), the mOS was
14.7 months (95% CI, 11.4–18.7) and 23.1 months (95% CI, 16.7–NR)
in arms A and B, respectively. The HR of OS was 0.63 (90% CI, 0.42–
0.95; P¼ 0.0310). An OS subgroup analysis was conducted according
to patient characteristics, and the HRs consistently favored arm B
across all prespecified and post hoc patient subgroups, except patients
who received 2 previous chemotherapy lines, patients with >50% PD-
L1 expression, and patients of <65 years of age (Fig. 2B). The mOS of
arm B was still better than that of arm A who received docetaxel-
containing regimens as a subsequent therapy (15.0 months in cross-
over armA; 95%CI, 11.0–18.7; vs. 23.1months in armB; 95%CI, 16.7–
NR; HR 0.53; 95% CI, 0.31–0.90).

With 109 events (arm A, n ¼ 54; arm B, n ¼ 55), the median PFS
in arms A and B was 3.1 months (95% CI, 2.0–3.9) and 6.7 months
(95% CI, 3.8–9.4), respectively (Fig. 2C). The corresponding HR for
PFS was 0.58 (95% CI, 0.39–0.88; P ¼ 0.0095), and the 6-month and
12-month PFS rates were 26.4% (95% CI, 16.0–37.9) and 15.8% (95%
CI, 43.3–67.4), respectively, in arm A, and 56.3% (95% CI, 7.9–26.3)
and 22.6% (95% CI, 13.2–33.5) in arm B. PFS subgroup analysis is
shown in Supplementary Fig. S1; there was a consistent tendency to
favor arm B across all patient subgroups, except for patients receiving
third-line or later chemotherapy. The survival data of each subgroup
are shown in Supplementary Table S1.

The ORR was 14.0% (95% CI, 6.3–25.8) in arm A and 41.8% (95%
CI, 28.7–55.9) in armB (P¼ 0.0014;Table 3). Awaterfall plot showing
the best response in target lesions from baseline in each treatment arm
is shown in Supplementary Fig. S2.

As for the EGFR-mutant subgroup, mOS (11.0 months in arm A;
95% CI, 3.5–14.0; vs. 20.6 months in arm B; 95% CI, 5.8–NR; HR 0.45;
95% CI, 0.17–1.17) and mPFS (1.8 months in arm A; 95% CI, 1.4–2.0;
vs. 3.7 months in arm B; 95% CI, 1.9–6.0; HR 0.26; 95% CI, 0.10–0.65)
both tended to be better in arm B compared with arm A. The ORR in
this population was 7.1% in arm A and 30.8% in arm B.

Toxicities
Toxicities are shown in Table 4. Febrile neutropenia occurred in

0% (n ¼ 0) and 20.3% (n ¼ 13) of the patients in arms A and B,

Table 1. Patient characteristics.

Group, N (%)
Arm A (N ¼ 64) Arm B (N ¼ 64)

Sex
Male 44 (68.8) 45 (70.3)
Female 20 (31.3) 19 (29.7)

Age
Median (range) 69.5 (35–84) 69 (45–83)
<65 22 (34.4) 18 (28.1)
≥65 42 (65.6) 46 (71.9)

PS
0 22 (34.4) 21 (32.8)
1 42 (65.6) 43 (67.2)

Histology
Squamous cell carcinoma 14 (21.9) 12 (18.8)
Nonsquamous cell carcinoma 50 (78.1) 52 (81.3)

Staging
IIIB–IIIC 5 (7.8) 2 (3.1)
IVA 29 (45.3) 29 (45.3)
IVB 30 (46.9) 33 (51.6)
Recurrence 20 (31.3) 15 (23.4)

PD-L1 (28-8)
≥50 3 (4.6) 2 (3.1)
1–49 13 (20.3) 10 (15.6)
0 12 (18.8) 10 (15.6)
Unknown 36 (56.3) 42 (65.6)

Smoking history
Never 15 (23.4) 12 (18.8)
Ever 49 (76.6) 52 (81.3)

No. of previous systemic regimens
1 57 (89.1) 58 (90.6)
2 7 (10.9) 6 (9.4)

Oncotarget mutation
Positive EGFR mutation status 14 (21.9) 13 (20.3)
Positive EML4-ALK translocation
status

0 0

CNS metastasis 9 (14.1) 14 (21.9)

Abbreviation: CNS, central nervous system.

Table 2. Treatment cycles and the reasons for discontinuation.

Arm A (N ¼ 64) Arm B (N ¼ 64)

Treatment courses, median (range) 2 (1–28) 4 (1–31)
Reasons for discontinuation

Disease progression, n (%) 46 (71.9) 33 (51.6)
Adverse events, n (%) 6 (9.4) 25 (39.1)
Participants’ wish, n (%) 7 (10.9) 3 (4.7)
Death, n (%) 0 1 (1.6)
Others, n (%) 1 (1.6) 0

RCT; NIV þ DTX vs. NIV for Second-line Therapy in NSCLC
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respectively. In arms A and B, 2 (3.1%) and 8 (12.5%) patients
developed grade 3–4 anemia, respectively. Although all-grade gas-
trointestinal disorders were more commonly seen in arm B (n ¼ 34,
53.1%) than in arm A (n ¼ 21, 32.3%), the incidence of grade 3–4
was not significantly different. Three patients (arm A, n ¼ 1; arm B,
n ¼ 2) developed grade 3 pneumonitis. Grade 5 pneumonitis
occurred in one case in arm A, and grade 5 myocarditis occurred
in one case in arm B. A case of grade 4 myasthenia gravis was
reported in arm B.

The detail of the adverse events leading to discontinuation is listed in
Supplementary Table S2, and most of which in arm B was docetaxel-
related hematotoxicity. There are 3 and 6 discontinuations following
pneumonitis events in arms A and B, respectively. Two of 3 in arm A
and 2 of 6 in arm B were graded 3 or more.

Postprotocol treatment
In arms A and B, 85.2% (46/54) and 71.2% (37/52) of patients

received subsequent chemotherapy after disease progression, respec-
tively. Out of 46 patients who received successive therapy in arm A, 32
(69.6%) received docetaxel-containing regimens (15 with docetaxel
alone, 17 with docetaxel plus ramucirumab). ICIs, including nivolu-
mab, were administered to 15.2% and 54.1% of the patients in arms A
and B, respectively (Supplementary Table S3).

Discussion
To our knowledge, this is the first randomized clinical trial suggest-

ing that the addition of cytotoxic chemotherapy to ICI significantly
improved survival benefit over ICI monotherapy in any treatment line
for any cancer type. According to our study, regardless of sex, PS,
histologic type, the expression of PD-L1, or driver mutation status, the
addition of docetaxel to nivolumab provides a survival benefit in
second-line or subsequent treatments for NSCLC. OS and PFS in
patients who received nivolumab þ docetaxel dual therapy were
significantly prolonged in comparison with those who received stan-
dard nivolumab monotherapy. Moreover, the ORR was significantly
better in arm B. The OS subgroup analysis showed that OS was
consistently better in arm B across all baseline clinical and demo-
graphic characteristics, except for patients who received the protocol
treatment as third-line chemotherapy, patients with high PD-L1
expression, and patients <65 years of age.

In our study, arms A and B both appeared to have comparable tail
plateaus at approximately 20 months on the Kaplan–Meier curve for
PFS. However, the slight gap between the OS plateaus of each arm is
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Figure 2.

Kaplan–Meier curves for (A) overall survival, (B) subgroup analysis for overall survival, and (C) progression-free survival. CI, confidence interval; HR, hazard ratio.

Table 3. Overall response rate.

Arm A Arm B
(N ¼ 57) (N ¼ 55)

n (%) [95% CI] n (%) [95% CI] P

Best overall response
CR 0 — 1 (1.8) —

PR 8 (14.0) — 22 (40.0) —

SD 20 (35.1) — 21 (38.2) —

PD 29 (50.9) — 11 (20.0) —

Response rate 8 (14.0) [6.3–25.8] 23 (41.8) [28.7–55.9] 0.0014

Abbreviations: CR, complete response; PD, progressive disease; PR, partial
response; SD, stable disease.
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worthmentioning, considering that 69.6% (32/46) of patients in armA
who encountered PD received subsequent therapy containing doc-
etaxel. The addition of chemotherapy to ICI at an early stage shrinks
the tumor size so significantly that a longer time is required before the
patient reaches a critical status, even after progression. Also, ICI
rechallenge may have contributed to the survival benefit, given that
ICIs were readministered after PD to 54.1% of arm B, while only 15.2%
in arm A received ICI as subsequent therapy. Those who ceased the
protocol treatment due to adverse events or the patient’s wish could
have another chance to derive benefit from ICI in the following course
of treatment.

The OS data in our study were better than our initial expectation. In
fact, mOS in arm A was 14.7 months and was 4.2 months longer than
our original assumption of 10.5 months. A recently published pooled
analysis that combined two phase II studies conducted in Japan, mOS
of second-line nivolumab was as long as 16.3 months (12.4–25.2) and
17.1 months (13.3–23.0) in squamous and nonsquamous cell carci-
noma patients, respectively. The difference in OS results could simply
be attributed to racial disparity (12).

The toxicity profile, especially hematotoxicity, was more significant
in arm B, which was predictable given that both chemotherapy-related
and ICI-related adverse events could occur together. Most cytotoxic
chemotherapy-related adverse effects and immune-related adverse
events (irAE) were manageable, with the exception of one case of
grade 5 pneumonitis in arm A and one case of grade 5 myocarditis in
arm B. The incidence of all-grade pneumonitis in our study (arm A,
13.8%; arm B, 12.5%) was higher in comparison with Checkmate017
and Checkmate057 (Checkmate017, 5%; Checkmate057, 1%); how-
ever, the rate of irAE interstitial lung disease (ILD) in Japanese
populations has been demonstrated to be higher in comparison with

non-Japanese populations (13). Moreover, grade ≥3 ILD was rare in
both arms; thus, additional chemotherapy does not seem to increase
this toxicity.

A relevant clinical question could be whether concomitant doc-
etaxel and nivolumab is better than sequential. The mOS of arm B was
still better than that of arm A, which received docetaxel-containing
regimens as a subsequent therapy (15.0 months in cross-over arm A;
95% CI, 11.0–18.7; vs. 23.1 months in arm B; 95% CI, 16.7–NR; HR,
0.53; 95%CI, 0.31–0.90), although 17 of 32 (53.1%) received additional
ramucirumab on top of docetaxel. Additional toxicitymight be a trade-
off, given the synergetic efficacy of concomitant docetaxel and nivo-
lumab therapy rather than sequential.

Interestingly, the OS subgroup analysis suggested the possible
benefit of the addition of docetaxel to nivolumab monotherapy, even
for EGFR-mutantNSCLC. In fact, a better tendency toward armB than
toward A was seen in all PFS, OS, and ORR in the EGFR-mutant
subgroup in our study. The toxicities were similar to the original data
with no pneumonitis seen in either arm. Previously reported systemic
review and meta-analysis comparing ICI to docetaxel in pretreated
NSCLC (14) proved that ICIswere not associatedwith prolongedOS in
the EGFR-mutant subgroup, unlike the EGFR wild-type subgroup.
Although ICI is generally less effective in EGFR-mutant patients, the
OS HR (0.45) in arm B versus A of this study was unexpectedly good,
which may suggest that not only the added docetaxel itself but also a
synergetic effect of docetaxel þ ICI given together worked effectively.
Also, the exploratory analysis of IMPOWER150 revealed atezolizumab
plus chemotherapy exceeded chemotherapy in OS for those with
sensitizing EGFR mutations (15). Our study implies adding docetaxel
to nivolumab therapy could be promising for EGFR-mutant patients
even in a second-line setting. Further studies are warranted.

Table 4. Toxicities.

Group, N (%)
Arm A (N ¼ 65) Arm B (N ¼ 64)

Any grade Grade 3/4 Grade 5 Any grade Grade 3/4 Grade 5

Neutrophil count decreased 7 (10.8) 1 (1.5) 0 60 (93.8) 57 (89.1) 0
Platelet count decreased 7 (10.8) 0 0 26 (40.6) 1 (1.6) 0
Febrile neutropenia 0 0 0 13 (20.3) 13 (20.3) 0
Anemia 17 (26.2) 2 (3.1) 0 46 (71.9) 8 (12.5) 0
Nausea 5 (7.7) 0 0 12 (18.8) 1 (1.6) 0
Diarrhea 12 (18.5) 1 (1.5) 0 10 (15.6) 0 0
Mucositis oral 3 (4.6) 0 0 8 (12.5) 1 (1.6) 0
Constipation 8 (12.3) 0 0 15 (23.4) 0 0
Vomiting 2 (3.1) 0 0 7 (10.9) 0 0
Fatigue 20 (30.8) 0 0 37 (57.8) 0 0
Malaise 8 (12.3) 2 (3.1) 0 13 (20.3) 3 (4.7) 0
Sepsis 1 (1.5) 1 (1.5) 0 0 0 0
Lung infection 3 (4.6) 0 0 6 (9.4) 2 (3.1) 0
Creatine phosphokinase increased 1 (1.5) 1 (1.5) 0 1 (1.6) 1 (1.6) 0
ALT increased 10 (15.4) 1 (1.5) 0 20 (31.3) 2 (3.1) 0
AST increased 16 (24.6) 2 (3.1) 0 23 (35.9) 5 (7.8) 0
Creatinine increased 17 (26.2) 1 (1.5) 0 14 (21.9) 1 (1.6) 0
Hyponatremia 14 (21.5) 1 (1.5) 0 25 (39.1) 5 (7.8) 0
Myocarditis 0 0 0 1 (1.6) 0 (0) 1 (1.6)
Sclerosing cholangitis 1 (1.5) 1 (1.5) 0 0 0 0
Myositis 0 0 0 1 (1.6) 1 (1.6) 0
Myasthenia gravis 0 0 0 1 (1.6) 1 (1.6) 0
Peripheral sensory neuropathy 2 (3.1) 0 0 7 (10.9) 0 0
Pneumonitis 9 (13.8) 1 (1.5) 1 (1.5) 8 (12.5) 2 (3.1) 0
Alopecia 0 0 0 28 (43.8) 0 0
Dermatologic disorders 6 (9.2) 0 0 37 (57.8) 1 (1.6) 0
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Docetaxel is a candidate inducer of immunogenic cell death (ICD),
which promotes synergetic effects when combined with ICI therapy.
When the ICD prediction score was applied, which assesses a cyto-
toxicant’s physicochemical characteristics and surrogate markers (e.g.,
calreticulin, ATP, and HGMB1 release), docetaxel, cisplatin, and
carboplatin are the most promising ICD inducers (16).

Admittedly, the implication of this regimen is minimal for
clinical practice, given the first-line approval of ICI and chemo-
ICI regimens, which essentially preclude access to the relevant
population. Moreover, it is not clear that these data could be
extended to those with poor PS, because this study limited enroll-
ment to PS 0–1 only. However, a potential use of this regimen is for
ICI rechallenge, where the first-line combination ICI therapy failed
owing to either adverse events or disease progression. irAEs are
considered positive clinical biomarkers that predict ICI effica-
cy (17, 18), and some reports suggest that the ICI readministration
is relatively safe and could be effective for patients who cease the ICI
treatment due to irAEs (19). Moreover, the efficacy of the second
ICI treatment following PD was mentioned in some reports, one of
which demonstrated that the efficacy was associated with the
duration of PFS with the first ICI therapy (20, 21).

Multiple prospective studies compared chemotherapy with and
without ICI in various cancer types, including head and neck can-
cer (22), triple-negative breast cancer (23, 24), gastric/gastroesopha-
geal junction/esophageal cancers (25, 26), cervical cancer (27), and
lung cancer (3, 4, 5). However, the survival time in the standard
chemotherapy arm may have been underestimated in those trials
depending on the percentage of patients who received ICI as subse-
quent therapy, because ICI obviously shows long-lasting responses.
Our study design, which clearly compares ICI with and without
chemotherapy is quite innovative.

This study has some limitations. The small study population
reduced the statistical power to <50%, and the lack of statistical power
is truly regrettable. Although this study is originally intended as a phase
III study, it is possible to consider this as having the same impact as a
phase II study, due to the reduced sample size. Furthermore, patient
backgrounds (e.g., postoperative recurrence and driver oncogene
mutation) were heterogeneous, which may have influenced the OS.
Also, the biomarker analysis beyond the assessment of EGFR/ALK and
PD-L1 was not pursued in this study. Plus, more than half of the
patients had unknownPD-L1 status, because all NSCLCpatients could
receive second-line nivolumab regardless of PD-L1 status at the time of
enrollment in Japan. Most of all, whether to incorporate immuno-
therapy, either alone or in combination with chemotherapy, is a first-
line decision. Due to changes in practice patterns, the patient popu-
lation of this study may not be clinically relevant to routine clinical
care.

These results have to be viewed with caution due to the above
limitations and the early termination. Also, the use of ICIs in onco-
gene-driven NSCLC has not yet been shown to be appropriate for
routine clinical use despite the results seen in the EGFR-mutant cohort
in this study.

In conclusion, the addition of nivolumab to docetaxel produced a
significant improvement in OS/PFS/ORR in comparison with nivo-
lumab alone for previously treated ICI-naïve NSCLC. Despite slightly
increased toxicity, nivolumab þ docetaxel may be a second-line
treatment option.
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