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ABSTRACT

Introduction: Necitumumab plus gemcitabine and cisplatin
(GCN) is a standard therapy for patients with advanced lung
squamous cell carcinoma (LSqCC). However, the efficacy
and tolerability of GCN in second-line or later treatment for
patients previously treated with immune checkpoint in-
hibitors (ICIs) remain unknown.

Methods: This multicenter, retrospective, cohort study
assessed the efficacy and tolerability of GCN initiated be-
tween November 1, 2019 and March 31, 2022 as second-
line to fourth-line treatment in patients with advanced
LSqCC who had been pretreated with ICIs. The primary end
point was progression-free survival (PFS).

Results: A total of 93 patients from 35 institutions in Japan
were enrolled. The median PFS, median overall survival
(0S), and objective response rate were 4.4 months (95%
confidence interval [CI]: 3.8-5.3), 13.3 months (95% CI:
9.6-16.5), and 27.3% (95% CI: 18.3-37.8), respectively. The
median PFS, median OS, and objective response rate for
second-line, third-line, and fourth-line treatment groups
were 4.8 months, 3.8 months, and 4.3 months (p = 0.24);
15.7 months, 11.6 months, and 10.1 months (p = 0.06); and
31.0%, 13.6%, and 37.5% (p = 0.22), respectively. The
severity of GCN-related skin disorders was associated with
longer PFS (p < 0.05) and OS (p < 0.05). The frequencies of
grade >3 skin disorders, hypomagnesemia, pneumonitis,
and febrile neutropenia were 16.1%, 7.5%, 1.1%, and 4.3%,
respectively. There were no treatment-related deaths.

Conclusions: GCN for ICl-pretreated patients with LSqCC
seems tolerable and offers promising efficacy regardless of
treatment line, and ICI pretreatment might enhance GCN
efficacy.

© 2023 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-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Keywords: Necitumumab; Immune checkpoint inhibitor;
Platinum rechallenge; Skin disorder; Lung squamous cell
carcinoma

Introduction

Necitumumab is an anti-immunoglobulin G1 mono-
clonal antibody against EGFR that is approved in the
United States and Japan for the treatment of patients
with advanced lung squamous cell carcinoma (LSqCC) as
the first anti-EGFR antibody drug in the field of lung
cancer. Necitumumab inhibits the growth of tumors by
binding to EGFR with high affinity and blocking signal
transmission by means of EGFR.’

EEE 3

The international phase 3 SQUIRE study was con-
ducted to exhibit the superiority, in terms of overall
survival (0S), of the gemcitabine and cisplatin (GC) plus
necitumumab (GCN) group compared with the GC group
of patients with untreated advanced LSqCC, for whom GC
had been considered standard therapy. The results
revealed that the primary end point of OS was signifi-
cantly longer in the GCN group than in the GC group
(11.5 versus 9.9 mo; hazard ratio [HR] = 0.84, 95%
confidence interval [CI]: 0.74-0.96], p = 0.01).” In Japan,
the phase 1b/2 JFCM study also investigated the efficacy
and safety of GCN for patients with untreated advanced
LSqCC. As in the SQUIRE study, the primary end point of
0S was significantly longer in the GCN group than in the
GC group (14.9 versus 10.8 mo; HR = 0.66, 95% CI:
0.47-0.93,p = 0.02).3 On the basis of these results, GCN
has become one of the standard regimens for patients
with advanced LSqCC.

However, the efficacy and tolerability of GCN have
not been exhibited in patients previously treated with
immune checkpoint inhibitors (ICIs). Moreover, the ef-
ficacy and tolerability of GCN in patients previously
treated with platinum-based chemotherapy are also
unclear.

Therefore, a multicenter, retrospective, cohort study
was conducted using real-world data in Japan to assess
the efficacy and tolerability of GCN as second-line or
later treatment for patients with LSqCC previously
treated with ICIs.

This study is abbreviated the NINJA study (Multi-
center Retrospective Study to Evaluate Necitumumab
plus cisplatin and gemcitabine after immune checkpoint
inhibitors in advanced squamous cell lung cancer in

Japan).

Materials and Methods

Study Design

The NINJA study was designed as a multicenter,
noninterventional, retrospective, cohort study. The pur-
pose of this study was to evaluate the efficacy and
tolerability of GCN in second-line or later treatment for
patients with LSqCC previously treated with ICIs.

Patient Eligibility

The eligibility criteria were as follows: (1) pathologic
diagnosis of squamous cell lung cancer; (2) patient aged
20 years or older at the initiation of GCN; (3) post-
operative recurrence (regardless of the time to recur-
rence), recurrence after radical therapy for locally
advanced cancer (regardless of the time to recurrence),
or advanced stage cancer; (4) GCN was initiated between
November 1, 2019 and March 31, 2022; (5) previous ICI
treatment (ICI monotherapy, combination therapy with
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different ICIs, or platinum-doublet chemotherapy plus
ICIs); and (6) GCN was initiated in second to fourth-line
treatment.

In the postoperative recurrent population, the initial
treatment after confirmation of recurrence was defined
as the first-line treatment regardless of the presence of
perioperative chemotherapy, in which ICI treatment had
not been approved in Japan. In the stage III population,
the initial treatment after confirmation of recurrence
from radical treatment including ICI was defined as
second-line treatment.

Treatment Delivery

Chemotherapy comprised a maximum of four 3-week
cycles of gemcitabine 1250 mg/m? administered intra-
venously on days 1 and 8, and cisplatin 75 mg/m”
administered on day 1. Necitumumab at an absolute
dose of 800 mg was given intravenously on days 1 and 8
before gemcitabine was administered. After the end of
chemotherapy, patients who were free of disease pro-
gression continued to receive single-agent necitumumab
on the same treatment schedule until radiographic
documentation of disease progression, the occurrence of
toxic effects necessitating cessation. Dose modifications
of chemotherapy and necitumumab were in line with the
SQUIRE study, as follows: (1) the first dose reduction to
gemcitabine at 950 mg/m? cisplatin at 56 mg/m?,
necitumumab at 600 mg; and (2) the second dose
reduction to gemcitabine at 625 mg/m? cisplatin at
38 mg/m?, and necitumumab at 400 mg. These dosages
and schedules were modified at the discretion of the
physician.

End points and Assessments

The primary end point was progression-free survival
(PFS). The secondary end points were OS, time to
treatment failure (TTF), objective response rate (ORR),
disease control rate (DCR), maximum shrinkage of the
target lesion, tolerability, and associations between the
efficacy of GCN and various factors, including the
severity of skin disorders because of GCN (acneiform
rash, dry skin, paronychia, and other skin disorders),
GCN treatment line, disease stage, programmed death-
ligand 1 (PD-L1) expression. Furthermore, associations
between the efficacy of GCN and platinum-free interval
(PFI) and the best response of anticancer therapies
administered immediately before GCN were analyzed as
exploratory analysis.

PFS was defined as the time from the first dose of
GCN to the first radiographic documentation of objective
progression or death from any cause. OS was defined as
the time from the first dose of GCN to death from any
cause. TTF was defined as the time from the first dose of

JTO Clinical and Research Reports Vol. 4 No. 12

GCN to the date of the first radiographic documentation
of progressive disease (PD), death by any cause,
discontinuation of treatment for any reasons, or initia-
tion of new anticancer therapy. ORR was defined as the
proportion of patients with a best response of complete
response (CR) or partial response (PR). DCR was defined
as the proportion of patients with a best response of CR,
PR, or stable disease. PFI was defined as the time from
the last dose of platinum chemotherapy to the initiation
of GCN.

Antitumor efficacy including ORR, DCR, and tumor
shrinkage were determined by the investigators at each
institution with reference to the Response Evaluation
Criteria in Solid Tumors version 1.1 As a retrospective
study, the timing of end point evaluation was not spec-
ified in the protocol and was determined by the
physician.

The clinical data extracted according to the protocol
were all obtained from the medical records of each
institution by the prespecified case report form.
Necitumumab-related adverse events specified in
advance were venous thromboembolism, arterial
thromboembolism, infusion-related reaction, hypomag-
nesemia, pneumonitis (interstitial lung disease), skin
disorders, and bleeding. Tolerability was assessed by
clinical and laboratory events in accordance with Com-
mon Terminology Criteria for Adverse Events version
5.0.

Statistical Analysis

The intention-to-treat (ITT) population was defined
as the patients who received one or more of three drugs
in the first cycle of GCN. The efficacy analysis was per-
formed in the patients who received all three drugs on
day 1 in the first cycle of GCN. The safety analysis was
performed in the ITT population.

For the ORR and DCR, point estimates were calcu-
lated, and exact 95% CIs were calculated on the basis of
a binomial distribution. Fisher’s exact test was used to
compare groups.

PFS, OS, and TTF were estimated using Kaplan-Meier
methods to obtain median survival time. The 95% Cls
were calculated using the Brookmeyer-Crowley method.
Log-rank testing was used to compare groups.

The two-tailed significance level was 5%. The anal-
ysis was carried out using Statistical Analysis System
version 9.4 (SAS Institute Inc, Cary, NC).

Ethics

This study was approved by the Teikyo University
ethics review board (approval no. 22-002;
UMIN000048656). The study was conducted in accor-
dance with ethical principles on the basis of the
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Table 1. Patient Characteristics

Characteristic N =093

Age, y, n (%)

Median (range) 68 (36-78)
<75 85 (91.4)
>75 8 (8.6)

Sex, n (%)

Male 78 (83.9)
Female 15 (16.1)

ECOG performance status, n (%)

0 27 (29.0)
1 64 (68.8)
2 2 (2.2)
3/4 0 (0)

Smoking history, n (%)

Ever-smoker 89 (95.7)
Never smoker 4 (4.3)
History of thrombosis, n (%)
Yes 5 (5.4)
No 88 (94.6)
History of pneumonitis
(interstitial lung disease), n (%)
Yes 13 (14.0)
No 80 (86.0)

Tumor histologic type, n (%)

Squamous cell carcinoma 93 (100.0)

Disease stage, n (%)

Postoperative recurrence 5 (5.4)
i 48 (51.6)
I\ 40 (43.0)

PD-L1 status, n (%)

>50% 22 (23.6)

1%-49 % 37 (39.8)

<1% 21 (22.6)

Unknown 13 (14.0)

Treatment line of GCN therapy, n (%)

Second-line 62 (66.7)

Third-line 23 (24.7)

Fourth-line 8 (8.6)
Interval between the last dose
of ICIs to the first dose of GCN
(days)

Strategies using frontline immunotherapy (median) (range)
Postoperative recurrence 5 (5.4) 55 (22-134)
Chemoradiotherapy followed by ICI 1(1.1) 22 (22)
Chemotherapy + ICI 2 (2.1) 104 (74-134)
ICI + ICI 1(1.1) 35 (35)

ICI monotherapy 1(1.1) 55 (55)
Stage llI 48 (51.6) 57 (19-478)
Chemoradiotherapy followed by ICI 35 (37.6) 74 (19-478)
Chemoradiotherapy with concurrent ICl 33.2) 51 (30- 100
Radiotherapy with concurrent ICI 1(1.1) 295 (295
Chemotherapy + ICI 5(5.4) 38 (19- 75)
ICI + ICl 1(1.1) 40 (40)

ICI monotherapy 33.2) 36 (34-42)
Stage IV 40 (43.0) 46 (14-877)
Chemotherapy + ICI 26 (28.0) 57 (14-877)
ICI + ICl 3(3.2) 28 (28-143)
ICI monotherapy 1(11.8) 29 (19-99)

ECOG, Eastern Cooperative Oncology Group; GCN, gemcitabine + cisplatin + necitumumab; ICl, immune checkpoint inhibitor; PD-L1, programmed death-

ligand 1.
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Total recruited
(n=

93)

I

Patients who received GCN therapy
(n=

93)

Inadequate administration

due to infusion reaction (n=1)

Full Analysis Set
(n=

92)

\

Patients with target lesions
(n=88)

Patients without any target lesions
(n=4)

Patients who underwent anti-tumor assessment
by investigators (n = 86)

Figure 1. Patient recruitment and follow-up flow diagram. GCN, gemcitabine and cisplatin plus necitumumab.

Declaration of Helsinki and the Ethical Guidelines for
Medical and Biological Research Involving Human Sub-
jects, and in compliance with the study protocol. An opt-
out method was used to provide explanations to the
patients and obtain consent, in which the study content
was disclosed by a method prescribed by each partici-
pating institution.

Results

Patient Characteristics

A total of 93 patients from 35 institutions in Japan
were enrolled, whose characteristics are presented in
Table 1. The median age was 68 years, with most pa-
tients younger than 75 years old (91.4%). Almost all
patients (97.8%) had performance status 0 or 1. Five
patients had a history of thromboembolism, and 13 pa-
tients had a history of pneumonitis (11 patients with
radiation pneumonitis after chemoradiotherapy and two
patients with idiopathic pulmonary fibrosis). All patients
in stage IIl received radical radiotherapy. GCN was
initiated as second-line, third-line, or fourth-line treat-
ment in 66.7%, 24.7%, and 8.6% of patients,
respectively.

The flow diagram for patient recruitment and follow-
up is illustrated in Figure 1. All patients received one or
more cycles of GCN. One patient discontinued GCN
because of grade 4 infusion-related reactions that
occurred immediately after the initiation of necitumu-
mab followed by the scheduled administration of
cisplatin and gemcitabine in the first cycle on day 1. This
patient, therefore, was included only in the safety anal-
ysis, not in the full analysis set. PFS, OS, and TTF were,
thus, investigated in 92 patients. Antitumor efficacy was
analyzed in 88 patients with target lesions. A waterfall
plot including 86 patients in whom antitumor efficacy
had been assessed on radiographic imaging was
analyzed. Safety analysis was conducted for all 93
patients.

Treatment regimens administered immediately
before initiating GCN are illustrated in Supplementary
Table 1. ICIs and platinum-based chemotherapies were
used immediately before GCN in 77 patients (82.8%) and
in 62 patients (66.7%), respectively.

Treatment Delivery

In the first cycle of GCN, the median doses of cisplatin,
gemcitabine, and necitumumab were 75 mg/m? (range:
0-80 mg/m?), 1250 mg/m? (range: 0-1250 mg/m?), and
800 mg/body (range: 800-800 mg/body), respectively.
Reduced doses of cisplatin and gemcitabine were
administered at the initiation of the first cycle in 12.9%
(12/93) and 36.6% (34/93) of patients, respectively. Four
cycles of GCN as induction therapy were completed in
59.1% (55/93), whereas necitumumab maintenance
therapy was initiated in 48.4% (45/93). The median
number of cycles administered as maintenance therapy
was 3 (range: 1-10).

Efficacy

As of the data cutoff for this analysis (June 30, 2022),
87.0% (80 of 92) of patients who received GCN had
disease progression, and 53.3% (49 of 92) of patients
died. The median duration of follow-up was 8.8 months
(range: 1.3-27.6). The median PFS was 4.4 months (95%
CI: 3.8-5.3) (Fig. 24). The median OS was 13.3 months
(95% CI: 9.6-16.5), and the median TTF was 4.0 months
(95% CI: 2.8-4.6) (Fig. 2B and Supplementary Fig. 1).

The results of efficacy analyses for each GCN treat-
ment line are illustrated in Supplementary Figure 2. The
median PFS in the second-line, third-line, and fourth-line
treatment groups were 4.8, 3.8, and 4.3 months,
respectively (p = 0.24). Similarly, the median OS in the
three groups were 15.7, 11.6, and 10.1 months, respec-
tively (p = 0.06).

Antitumor efficacy is presented in Table 2. The ORR
was 27.3% (95% CI: 18.3-37.8), and the DCR was 88.6%
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Figure 2. The Kaplan-Meier curves of PFS (A) and OS (B) in the full analysis set. PFS, progression-free survival; OS, overall

survival; Cl, confidence interval.

(95% CI: 80.1-94.4). Furthermore, the ORR in the three
groups were 31.0% (95% CI: 19.5-44.5), 13.6% (95%
Cl: 2.9-34.9), and 37.5% (95% CI: 8.5-75.5), respec-
tively (p = 0.22). The waterfall plot is illustrated in
Supplementary Figure 3. The median best shrinkage rate
was —13.0% (range: —88.3 to 193.3).

Results of the relationship between the severity of
GCN-related skin disorders and efficacy are illus-
trated in Figure 3. The median PFS in grade 0, 1, 2,
and 3 skin disorder subgroups were 2.3, 4.0, 5.0, and
5.5 months, respectively, indicating that the severity
of GCN-related skin disorders associated with pro-
longed PFS (grade 0 subgroup versus grade 3

subgroup, p < 0.05) (Fig. 34). Similarly, the median
0S were 4.6, 12.2, 13.9, and 22.3 months, respec-
tively, indicating the same tendency, as in Figure 34
(grade 0 subgroup versus grade 3 subgroup, p <
0.05) (Fig. 3B).

The results of GCN efficacy in each stage are illus-
trated in Supplementary Figure 4. The median PFS in the
postoperative recurrence, stage Ill, and stage IV sub-
groups were 6.2, 4.6, and 4.2 months, respectively (p =
0.51). The median OS was not evaluable in the post-
operative recurrence group (which have no events), 13.3
months in the stage III group, and 11.9 months in the
stage IV group (p = 0.31).

Table 2. Antitumor Efficacy

N = 887
All Second line Third line Fourth line
Variables N =88 n =58 n=22 n=2_8
Objective response rate
No. of patients with response 24 18 3 3
% of patients (95% Cl) 27.3 (18.3-37.8) 31.0 (19.5-44.5) 13.6 (2.9-34.9) 37.5 (8.5-75.5)
Disease control rate
No. of patients with response 78 52 18 8
% of patients (95% Cl) 88.6 (80.1-94.4) 89.7 (78.8-96.1) 81.8 (59.7-94.8) 100.0 (63.1-100.0)
Best overall response, n (%)
Complete response 0 0 0 0
Partial response 24 (27.3) 18 (31.0) 3 (13.6) 3 (37.5)
Stable disease 54 (61.4) 34 (58.7) 15 (68.2) 5 (62.5)
Progressive disease 8 9.1) 4 (6.9) 4 (18.2) 0
Not evaluable 2 (2.3) 2 (3.4) 0 0

Note: Tumor response assessed by clinical investigators.
“Excluding four patients who did not have any target lesions.
Cl, confidence interval.
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Figure 3. The Kaplan-Meier curves of PFS (A) and OS (B) by grade of skin disorders. PFS, progression-free survival; OS, overall

survival; Cl, confidence interval; NE, not evaluated.

The results of GCN efficacy by PD-L1 expression are
illustrated in Supplementary Figure 5. The median PFS in
the less than 1%, 1% to 49%, and greater-than-or-equal-
to 50% subgroups were 4.6, 4.9, and 4.5 months,
respectively (p = 0.47). Similarly, the median OS in these
three subgroups were 11.6, 12.2, and 16.3 months,
respectively (p = 0.27).

The results of GCN efficacy by PFI greater than180 or
less than or equal to 180 days are detailed in
Supplementary Figure 6. The median PFS in the greater

than180 or less than or equal to 180 days subgroups
were 5.3 and 3.3 months, respectively, indicating that
PFI greater than 180 days was associated with pro-
longed PFS (p < 0.05). The median OS in these two
subgroups were 13.4 and 9.1 months, respectively,
suggesting a similar but statistically nonsignificant ten-
dency (p = 0.15).

The results of GCN efficacy according to the best
response of anticancer therapies administered immedi-
ately before GCN are detailed in Supplementary

Table 3. Summary of Treatment-Related Adverse Events

Any Grade
Event Number of Patients With Event (%) Grade >3
Treatment-related adverse events of special interest
Skin and subcutaneous tissue disorders 78 (83.9) 15 (16.1)
Acneiform rash 70 (75.3) 14 (15.1)
Dry skin 37 (39.8) 3(3.2)
Paronychia 21 (22.6) 3 (3.2)
Nail discoloration 1(1.1) 0
Hypomagnesemia 55 (59.1) 7 (7.5)
Arterial thromboembolism 5 (5.4) 2 (2.2)
Thromboembolic event (venous thromboembolism) 3 (3.2) 1(1.1)
Infusion-related reaction 3 (3.2) 2 (2.2)
Pneumonitis (interstitial lung disease) 3 (3.2) 1(1.1)
Upper gastrointestinal hemorrhage 2 (2.2) 2 (2.2)
Hematuria 1(1.1) 3(1.1)
Other treatment-related adverse events®
Decreased neutrophil count Null 26 (28.0)
Decreased platelet count Null 22 (23.7)
Decreased white blood cells Null 9(9.7)
Febrile neutropenia Null 4 (4.3)
Anemia Null 3 (3.2)
Pneumonia Null 3(3.2)

%Included are grade 3 or worse events that were reported in at least 3% of patients.
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Figures 7 and 8. The median PFS in the CR plus PR plus
stable disease and in the PD subgroups were 4.8 and 4.3
months, respectively (p = 0.19). The median OS in these
two subgroups were 15.7 and 11.7 months, respectively
(p < 0.05). Similarly, the median PFS in the CR plus PR
and stable disease plus PD subgroups were 5.5 and 4.0
months, respectively (p < 0.05). The median OS in these
two subgroups were 16.5 and 11.6 months, respectively
(p < 0.05).

Tolerability

Treatment-related adverse events are summarized in
Table 3. In the ITT population, the median time from the
last dose of ICI to the initiation of GCN was 50 days
(range: 14-877 days). Platinum-based chemotherapy
was administered before GCN in 81 patients (87.1%). In
these 81 patients, the median time from the last dose of
platinum chemotherapy to the initiation of GCN was 250
days (range: 15-973 d).

Skin disorders, particularly acneiform rash with
an incidence of 75.3% for all grades and 15.1% for
grade 3 or higher were the most common adverse
events, followed by hypomagnesemia, with an inci-
dence of 59.1% for all grades and 7.5% for grade 3
or higher. The incidences of grade 3 or higher arte-
rial thromboembolism and venous thromboembolism
were 2.2% and 1.1%, respectively. In patients with a
history of thrombosis before initiating GCN, no
adverse events of worsening thrombosis were
observed. The incidence of pneumonitis was 3.2% for
all grades and 1.1% for grade 3 or higher. Among
patients with a history of pneumonitis, worsening
pneumonitis was not seen in any patients. Of the
hematotoxicities, grade 3 or higher neutropenia and
thrombocytopenia were seen in 28.0% and 23.7%,
respectively. No new safety signals were observed.
Furthermore, no grade 5 adverse events were
observed during the study period.

Post-GCN Therapy

At the time of analysis, GCN had been discontinued in
93.5% (87 of 93) of patients. Reasons for GCN discon-
tinuation were disease progression in 73.6% (64 of 87),
adverse events in 23.0% (20 of 87), and patient request
in 3.4% (3 of 87).

Post-GCN anticancer therapies are presented in
Supplementary Table 2.

In the ITT population, 69.9% (65 of 93) of patients
received anticancer therapy after GCN. The transition
rates to post-GCN anticancer therapy were 71.0% (44 of
62), 65.2% (15 of 23), and 75.0% (6 of 8), in the second-
line, third-line, and fourth-line treatment groups,
respectively.

EEE 9

S-1 (21.5%; 14 of 65), docetaxel (20.0%; 13 of 65),
ICI rechallenge (16.9%; 11 of 65), and ramucirumab plus
docetaxel (RD) (15.4%; 10 of 65) were the most typically
used regimens in post-GCN therapies.

Discussion

In this NINJA study, the efficacy and tolerability of
GCN in second-line or later treatment for patients with
ICl-pretreated LSqCC were investigated. Furthermore,
the relationship between the severity of necitumumab-
related skin disorders and the efficacy of GCN was also
evaluated. To the best of our knowledge, these results
represent the first real-world data providing meaningful
information in current clinical settings.

In the NINJA study, the median PFS, median OS, and
ORR were 4.4 months, 13.3 months, and 27.3% (24/88),
respectively, and these efficacies were observed
regardless of treatment line. Considering that the median
PFS, median OS, and ORR in the SQUIRE and JFCM
studies were 5.7 months, 11.5 months, and 31.2% (170
of 545), and 4.2 months, 14.9 months, and 51.1% (46 of
90), respectively, the high efficacy of GCN in the NINJA
study was maintained, although most patients (87.1%)
were treated with platinum rechallenge therapy in
second-line or later treatment. In fact, in a meta-analysis
investigating the efficacy of platinum rechallenge in
second-line treatment for NSCLC, median PFS, median
0S, and ORR were reported to be 3.9 months, 8.7
months, and 27.5%, respectively, and it was concluded
that platinum rechallenge is a valid option for second-
line treatment.* Furthermore, the results of the explor-
atory analysis in the NINJA study suggested that both PFI
greater than 180 days and antitumor responses of the
therapies administered immediately before GCN were
associated with longer survival benefit.

Currently, RD is recommended as a second-line
treatment for patients with advanced LSqCC that has
progressed after platinum-doublet chemotherapy.>®
This recommendation is based on the REVEL study, in
which the median PFS, median OS, and ORR in the RD-
treated group of LSqCC were 4.2 months, 9.5 months,
and 26.8% (42 of 157), respectively.” Recently, a retro-
spective, observational study has been conducted in
Japan to evaluate the efficacy and tolerability of RD as
second-line treatment for patients with NSCLC after
platinum-doublet chemotherapy plus ICIs (REACTIVE
study). In this study, the median PFS, median OS, and
ORR of patients with nonadenocarcinoma were 3.0
months, 8.9 months, and 22.5% (20 of 89), respectively.”
Therefore, from the results of the NINJA and REACTIVE
studies, GCN seems to offer treatment efficacy compa-
rable to that of RD as second-line treatment for patients
previously treated with ICIs. Moreover, in patients with



10 Murata et al

LSqCC, tumor localization tends to be on the hilar side,
resulting in a possible mass effect, including displace-
ment or invasion of the trachea, main bronchi, and major
blood vessels.” Therefore, some patients with LSqCC are
presumed to be ineligible for ramucirumab. Thus, GCN
may offer a promising treatment option, especially for
such patients.

Furthermore, in the current study, concerns about
toxicities (including hematotoxicity), skin disorders, and
pneumonitis need to be discussed because of the study
background that GCN was administered after platinum-
based chemotherapy or ICIs.

Regarding hematotoxicity, in the NINJA, SQUIRE, and
JFCM studies, the incidences of grade 3 or higher neu-
tropenia were 28.0%, 24.3%, and 42.2%; those for grade
3 or higher thrombocytopenia were 23.7%, 10.2%,
20.0%; and those for grade 3 or higher febrile neu-
tropenia were 4.3%, less than 1%, and 12.2%,%*
respectively, suggesting the tolerability of GCN in
second-line or later treatment. However, the doses of
cisplatin and gemcitabine in the NINJA study had been
reduced from the first cycle in 12.9% (12 of 93) and
36.6% (34 of 93) of patients, respectively, indicating the
possibility that this dose reduction contributed to less
hematotoxicity. Currently, the phase 2 NESSIE study
(jRCTs051200138) to evaluate the efficacy and safety of
GCN as second-line treatment after platinum-doublet
chemotherapy plus ICIs is ongoing.'’ In this prospec-
tive study, the same dose of GCN as in first-line treat-
ment is being given to confirm the tolerability of second-
line GCN.

Regarding skin disorders, in the NINJA study, the
incidence of grade 3 or higher skin disorders, including
acneiform rash, was 16.1% (15 of 93), which seems
higher than those of 8.2% (44 of 538) and 10.0% (9/90)
in the SQUIRE and JFCM studies, respectively. One
possible explanation for this phenomenon in the NINJA
study may be the involvement of ICI pretreatment. The
biological half-lives of the ICIs used in the NINJA study
are reportedly 15 to 27 days."''® Moreover, the binding
of nivolumab, as one of the ICIs, to programmed cell
death protein 1 molecules expressed in T cells is re-
ported to be maintained for more than 20 weeks after its
last administration.’” In the NINJA study, the median
time from the last dose of ICI to the initiation of GCN was
50 days, and GCN may, therefore, have been initiated in
many patients with its activity preserved. In fact, in a
phase 1 trial of combination therapy with necitumumab
800 mg on day 1 and day 8 every 3 weeks and pem-
brolizumab 200 mg on day 1 every 3 weeks, grade 3 or
higher skin disorders were reported in as many as 13%
of patients. The use of necitumumab together with ICIs
may have increased the incidence of grade 3 or higher
skin disorders. However, dose-limiting toxicities were
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not reached. Furthermore, the discontinuation rate of
study treatment because of adverse events was reported
to be as low as 9% (6/64)."? From this perspective, the
potential increase in grade 3 or higher skin disorders
with GCN in patients previously treated with ICls seems
tolerable. Likewise, regarding the efficacy of GCN, it is
assumed that ICI pretreatment might enhance the GCN
efficacy on the basis of the same mechanism as described
above.

Regarding pneumonitis because of GCN, the in-
cidences of grade 3 or higher pneumonitis in the NINJA
study and the above-mentioned phase 1 study were
1.1% (1 of 93) and 1.6% (1 of 64), respectively. Mean-
while, the incidences in the SQUIRE and JFCM studies
were less than 1% (1 of 538) and 1.1% (1 of 90),
respectively, suggesting that GCN is unlikely to be
associated with a higher incidence of pneumonitis even
among patients previously treated with ICIs. On the
other hand, in the phase 2 JVCG study of RD as the
standard second-line therapy, grade 3 and higher
pneumonitis was reported in 2.6% (2 of 76) of Japanese
patients who had not received ICI treatment,'® whereas
in the REACTIVE study, the incidence of grade 3 or
higher pneumonitis was 4.9% (14 of 288) in Japanese
patients who had received ICI treatment before RD.
Recently, the phase 2 SCORPION study, which prospec-
tively evaluated the efficacy and safety of RD after ICI
treatment reported the incidence of grade 3 or higher
pneumonitis as 9.1% (3 of 33) in Japanese patients.”’
Therefore, unlike GCN, RD may exhibit some synergis-
tic effects with ICI pretreatment in Japanese patients
regarding pneumonitis, although necitumumab also
needs further validation through the NESSIE study.
Therefore, the treatment strategy of second-line GCN
followed by third-line RD seems promising to achieve
long-term OS in patients with good PS, which would also
be supported by the high transition rate to post-GCN
treatment of approximately 70% after GCN in the
NINJA study.

Finally, the NINJA study suggested that increasing
severity of skin disorders (including acneiform rash)
caused by GCN might be related to longer PFS and OS.
The relationship between skin disorders from anti-EGFR
antibodies and their clinical efficacies has already been
reported for cetuximab and panitumumab in colon can-
cer and for cetuximab in head and neck cancer.”' *°
Moreover, even in the phase 3 FLEX study combining
cetuximab with cisplatin plus vinorelbine in untreated
patients with advanced NSCLC, the patient group in
which acneiform rash seemed in the first cycle exhibited
significantly longer PFS and OS than the patient group in
which no acneiform rash seemed (median PFS: 5.4
versus 4.3 mo, HR = 0.631, p < 0.01; median OS: 15.0
versus 8.8 months, HR = 0.741, p < 0.01).26 Similarly,
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for necitumumab, the patient group in which acneiform
rash seemed by the second cycle exhibited longer OS
than the patient group in which no acneiform rash
seemed in the SQUIRE study (median OS: 13.6 versus
10.2 mo, HR = 0.656, p = 0.0001).?” However, all these
reports did not evaluate the relationship between the
severity of skin disorders and treatment efficacy.
Therefore, the current NINJA study would be significant
because the results suggested that, even when the pa-
tients suffer from severe skin disorders caused by GCN,
GCN treatment would be worth continuing with active
skin management in terms of treatment efficacy.

The limitation of the present study is summarized by
the fact that it was a retrospective study with various
patient and treatment backgrounds and less strict end
point evaluation. In this study, more than half of the
patients were stage III, the GCN treatment line varied
widely, and various methods of ICI administration had
been used in previous treatment, including ICI mono-
therapy, combination therapy with different ICIs,
platinum-doublet chemotherapy plus ICIs, and mainte-
nance ICI monotherapy after radiation. Therefore, strict
conclusions could not be drawn on the relationship be-
tween the pretreatment ICI and the efficacy or tolera-
bility of GCN. However, the NESSIE study is currently
ongoing, and the results could elucidate some of these
issues in the future.

In conclusion, as the largest retrospective study in
Japan, the results of the current NINJA study suggest that
GCN for ICI-pretreated patients might be well tolerated
and offer promising efficacy regardless of the treatment
line, and ICI pretreatment might enhance the GCN
efficacy.
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