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Abstract

Background Currently, no markers predictive of response
to nivolumab monotherapy in patients with advanced non-
small cell lung cancer (NSCLC) are currently recognized in
Japan. The present study was undertaken to identify such
markers.

Materials and methods Medical records of 50 patients with
advanced NSCLC and treated with nivolumab monother-
apy at Shizuoka Cancer Center between December 2015
and April 2016 were retrospectively reviewed. The param-
eters studied were age, sex, Eastern Cooperative Oncology
Group performance status, smoking history, histological
diagnosis, epidermal growth factor receptor or anaplastic
lymphoma kinase status, therapeutic line of nivolumab,
efficacy of treatment immediately before nivolumab mono-
therapy, and time since previous therapy.

Results The objective response rate to nivolumab mono-
therapy was 18% [95% confidence interval (CI) 10-31].
Multivariate logistic regression identified “squamous his-
tology” [odds ratio (OR) 0.00054; 95% CI 0-0.27] and
“response to the treatment immediately before nivolumab
monotherapy” (OR 0.0011; 95% CI 0-0.092) as indepen-
dently associated with response to nivolumab monotherapy.
Conclusion “Response to the treatment immediately before
nivolumab monotherapy” might be a predictive marker of
response to nivolumab in patients with advanced NSCLC.
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Introduction

Since 2000 the standard second-line chemotherapy regi-
men used to treat patients with advanced non-small cell
lung cancer (NSCLC) has been docetaxel [1]. In 2015,
two international open-label, randomized phase III stud-
ies, CheckMate-017 [2] and CheckMate-057 [3], com-
pared nivolumab, a fully humanized immunoglobulin G4
programmed death 1 (PD-1) immune checkpoint inhibitor
antibody, with docetaxel in patients with advanced NSCLC
that had progressed during or after platinum-based chem-
otherapy. Both trials found that overall survival (OS) was
significantly better with nivolumab than with docetaxel.
Also in 2015, two phase II studies [4]—ONO-4538-05 and
ONO-4538-06—conducted in patients with squamous and
non-squamous advanced NSCLC in Japan found that the
objective response rates (ORRs) to nivolumab were con-
sistent with the efficacy achieved in CheckMate-017 and
CheckMate-057. Based on these results, nivolumab was
approved in Japan on 17 December 2015 for patients with
previously treated advanced NSCLC.

The high cost of drugs used to treat advanced cancer,
including nivolumab, are the most controversial aspects
of this treatment. The rates of progressive disease (PD)
according to Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 criteria [5] have been reported to be higher in
patients treated with nivolumab than with docetaxel [2—4].
To prevent wastage of medical resources, a predictive bio-
marker for effective response to nivolumab would be help-
ful. The predictive value of PD ligand 1 (PD-L1) expres-
sion [3, 6, 7], the density of tumor infiltrating lymphocytes
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[8], mutation burden [9, 10], and clonal neoantigens [11]
have been evaluated. However, limited data are available
on these candidate biomarkers in clinical practice in Japan.
Therefore, the objective of this study was to investigate
markers predictive of the clinical response to nivolumab
monotherapy in patients with advanced NSCLC.

Patients and methods

The medical records of patients with advanced NSCLC
treated with nivolumab monotherapy (3 mg/kg, every
2 weeks) at Shizuoka Cancer Center between December
2015 and April 2016 were retrospectively reviewed. Chem-
oradiotherapy or molecular targeted therapy was counted
as a single regimen. Maintenance therapy that continued
the administration of the initial chemotherapy regimen was
considered to be first-line chemotherapy. Maintenance ther-
apy that included a switch to the administration of a new
chemotherapy agent that was not part of the original chem-
otherapy regimen was not considered to be first-line chem-
otherapy. Chemotherapy for recurrence within 6 months
of the patient completing adjuvant chemotherapy or re-
administration after the failure of a regimen was counted
as the patient undergoing one chemotherapy regimen for
advanced disease.

Treatment immediately before nivolumab monotherapy
was recorded as either chemotherapy, curative-intent chem-
oradiotherapy, or palliative radiotherapy, wherein palliative
radiotherapy included stereotactic radiosurgery, stereotac-
tic radiotherapy, and whole-brain radiation therapy. For
“response to the treatment immediately before nivolumab
monotherapy,” the effect of radiotherapy was included
together with that of chemotherapy if the chemotherapy
had been initiated within 1 week of the last administration
of radiotherapy.

The objective tumor response of nivolumab was deter-
mined following the RECIST version 1.1 guidelines [5].
The efficacy of the previous treatment of nivolumab was
divided into two groups: responders and non-responders. In
patients treated with chemotherapy or curative-intent chem-
oradiotherapy, responders were those patients achieved
complete response (CR) or partial response (PR) according
to the RECIST version 1.1 guidelines. A scan to confirm the
response was not required in the present study. In patients
treated only with palliative radiotherapy, responders were
patients who achieved a >30% reduction in the diameter of
target lesions with a pretreatment diameter of >10 mm. For
our study, we selected up to two target lesions. The objec-
tive tumor response was confirmed using computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) within 2
months of the last administration of radiotherapy.

Univariate and multivariate analyses were conducted
to identify the relationships between the response to
nivolumab monotherapy and the clinical characteristics of
patients with NSCLC. Categorical variables were tested for
significance using the Fisher’s exact test or the Chi-squared
test, as appropriate. Multivariate logistic regression analy-
sis was used to assess the relationship between patient vari-
ables and the response to nivolumab monotherapy. Progres-
sion-free survival (PFS) was estimated using Kaplan—Meier
curves with two-sided log-rank test. The cutoff date for
the survival analysis was 15 November 2016. All p values
were two-sided, and values of <0.05 were considered to be
statistically significant. All statistical analyses were per-
formed using JMP software version 11.2.0 (SAS Institute,
Cary, NC). The study protocol was approved by the insti-
tutional review board of Shizuoka Cancer Center (IRB No.
28-J48-28-1-2).

Results
Patient characteristics

Fifty patients with advanced NSCLC were treated with
nivolumab monotherapy during the study interval (Table 1).
The median patient age was 65 (range 39-76) years, 30
(60%) were men, 45 (90%) had an Eastern Cooperative
Oncology Group performance status (PS) of 0 or 1, and 31
patients (62%) had a history of smoking. According to the
seventh edition of the TNM lung cancer staging criteria,
ten patients (20%) had stage IIIl NSCLC (stage IIIA, n = 3;
stage IIIB, n = 7), 29 patients (58%) had stage IV disease,
and 11 patients (22%) had recurrent disease after surgical
resection at the time of first-line chemotherapy. Based on
histological criteria, six patients (12%) were diagnosed
with squamous cell carcinoma, and 44 patients (88%) with
non-squamous NSCLC. Of the patients with non-squamous
NSCLC, 16 patients (36%) were diagnosed with epidermal
growth factor receptor (EGFR)-mutant NSCLC. Regard-
ing the number of prior chemotherapy regimens before
nivolumab monotherapy, ten patients (20%) had undergone
one prior chemotherapy regimen, nine patients (18%) had
undergone two, 14 patients (28%) had undergone three,
and 17 patients (34%) had undergone four or more. Sixteen
patients (32%) were administered palliative radiotherapy
immediately before undergoing nivolumab monotherapy,
including seven patients who underwent stereotactic radio-
surgery due to brain metastasis (n = 7), seven patients who
underwent stereotactic radiotherapy due to brain metasta-
sis (n = 1), bone metastasis (n = 4), lymph node metas-
tasis (n = 1), or adrenal gland metastasis (n = 1), and
two patients who underwent whole-brain radiotherapy
due to brain metastasis (n = 1) or due to carcinomatous
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Table 1 Baseline

e . Characteristics Value
characteristics of patients
who underwer}t nix'lolumab No. of patients 50
erlloiost}éf):rap y in this study Age at time of nivolumab monotherapy (years) 65 [39-76]
Sex
Male 30 (60%)
Female 20 (40%)
ECOG PS at time of nivolumab monotherapy
0 13 (26%)
1 32 (64%)
2 5 (10%)
Smoking status
Current smoker or ever smoked 31 (62%)
Never smoked 19 (38%)
Clinical stage at time of first-line chemotherapy
I 10 (20%)
v 29 (58%)
Recurrent 11 (22%)
Pathological subtype
Squamous 6 (12%)
Non-squamous NSCLC 44 (88%)
EGEFR status in non-squamous NSCLC
Wild type 28 (64%)
Mutant 16 (36%)
Number of prior chemotherapy regimens
1 10 (20%)
2 9 (18%)
>3 31 (62%)
The treatment immediately before nivolumab monotherapy
Radiotherapy 16 (32%)
Chemotherapy 32 (64%)
Chemoradiotherapy 2 (4%)
Response to the treatment immediately before nivolumab monotherapy
Responders 15 (30%)
Non-responders 35 (70%)
Time since previous radiotherapy or chemotherapy
0-3 months 39 (78%)
>3 months 11 (22%)

Values in table are presented as the median with the range given in square brackets or as a number with the

percentage in parenthesis

ECOG PS Eastern Cooperative Oncology Group Performance Score, NSCLC non-small cell lung cancer,
EGFR epidermal growth factor receptor

meningitis and brain metastasis (n = 1). Among these 16
patients, the effect of palliative radiation was assessed in
seven patients with CT or MRI before nivolumab adminis-
tration and in six patients with CT or MRI within 1 month
after nivolumab administration. Also, two patients (4%)
were administered curative-intent concurrent chemoradio-
therapy. Thirty-two patients (64%) underwent chemother-
apy immediately before the initiation of nivolumab mono-
therapy. Fifteen patients (30%) were responders to the
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treatment immediately before nivolumab monotherapy and
35 patients (70%) were non-responders to the treatment
immediately before nivolumab monotherapy. The median
interval between the last administration of chemotherapy or
radiotherapy and the initiation of nivolumab monotherapy
was 1.3 (range 0.03—16.2) months. Patients were stratified
according to the interval between the last day of the pre-
vious therapy and the initiation day of nivolumab mono-
therapy into two categories: 0-3 months (n = 39, 78%) and
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>3 months (n = 11, 22%). Only three (6%) patients were
treated with EGFR—tyrosine kinase inhibitors immediately
before nivolumab monotherapy.

Treatment efficacy

The median number of cycles of nivolumab monotherapy
that were administered was four (range 1-20). Of the 50
patients nine achieved a PR, 12 achieved stable disease
(SD) status, and 29 developed PD according to the RECIST
criteria. None of the patients achieved a CR. The ORR was
18% [95% confidence interval (CI) 10-31].

The results of univariate and multivariate analysis of fac-
tors predictive of response to nivolumab monotherapy are
shown in Table 2. In the univariate analysis, the patients

with squamous cell carcinoma had a significantly better
response rate than those with non-squamous cell carci-
noma (ORR 67 vs. 11%, respectively; p = 0.0068). Also,
patients receiving nivolumab as second- or third-line ther-
apy tended to have better response rates than that those
receiving nivolumab as fourth-line or later therapy (ORR
32 vs. 10%, respectively; p = 0.0670). Responders to the
treatment immediately before nivolumab monotherapy had
a significantly better response rate to nivolumab mono-
therapy than non-responders (ORR 47 vs. 3%, respec-
tively; p < 0.0001). A waterfall plot of each patient’s best
response to nivolumab treatment, classified as best over-
all response to chemotherapy or curative-intent chemo-
radiotherapy prior to nivolumab administration, is shown
Fig. 1a. In addition, a waterfall plot of each patient’s best

Table 2 Univariate and multivariate analyses of predictive factors of response to nivolumab monotherapy (n = 50)

Variable Objective response rate ~ Univariate analysis Multivariate analysis
%
(%) Odds ratio 95% CI pvalue Oddsratio 95% CI p value
Sex (male vs. female) 23,10 0.37 0.067-1.97 0.2847
Clinical staging 0.5159
1 30
v 14
Postoperative recurrent 18
Age (<70 vs. 19, 14 0.69 0.12-3.81 1.000
>70 years)
ECOG-PS (0-1 vs. 2) 20,0 0.5698
Smoking history (never 5, 26 6.26 0.72-54.8 0.1269
vs. current or former
smoker)
Histology (squamous 67,11 0.064 0.0092-0.44 0.0068 0.00054 0-0.27 0.0040
VS. non-squamous)
EGFR (wild type vs. 14,6 0.40 0.040-3.93 0.6380
mutant type)
Therapeutic line of 32,10 0.23 0.05-1.08 0.0670 0.50 0.041-5.08 0.5571
nivolumab
(2-3 vs. >4 lines)
Treatment immediately 47, 3 0.026 0.0028-0.24 <0.0001 0.0011 0-0.092 <0.0001
before nivolumab
monotherapy
(responders vs. non-
responders)
Treatment until before 24,7 0.25 0.01-1.58 0.2501
nivolumab mono-
therapy
(responders vs. non-
responders)
Time since previous 15,27 2.06 0.42-10.1 0.3922
either radiotherapy or
chemotherapy
(0-3 vs. >3 months)
Palliative radiation vs. 25, 15 0.52 0.12-2.40 0.4417

others

CI Confidence interval
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Analysis cut-off date: November 15,2016

Fig. 1 a A waterfall plot, classified as best overall response to chem-
otherapy or curative-intent chemoradiotherapy prior to nivolumab
administration, showing the percentage change from baseline in the
sum of the diameters of tumor lesions in 32 patients who received
nivolumab. b A waterfall plot, classified as responder or non-

response to nivolumab treatment, classified as responder or
non-responder to palliative radiotherapy prior to nivolumab
administration, is shown in Fig. 1b. Nivolumab mono-
therapy was more effective in patients who had achieved a
response to the previous treatment. In other words, among
the non-responders, only two patients exhibited mar-
ginal tumor shrinkage. On the other hand, in this study
response to the treatment administered before the final pre-
nivolumab treatment was not associated with response to
nivolumab monotherapy (p = 0.2501). Multivariate logis-
tic regression found that “histology” [squamous: odds ratio
(OR) 0.00054; 95% CI 0-0.27; p = 0.0040] and “response
to the treatment immediately before nivolumab mono-
therapy” (OR 0.0011; 95% CI 0-0.092; p < 0.0001) were
independent predictors of response to nivolumab mono-
therapy. Subgroup analyses of “response to the treatment
immediately before nivolumab monotherapy” revealed that
responders to palliative radiotherapy immediately before
nivolumab monotherapy had significantly better responses
to nivolumab monotherapy than non-responders (ORR 67
vs. 0%, respectively; p = 0.0082). Responders to chemo-
therapy or curative-intent chemoradiotherapy immediately
before nivolumab monotherapy had better responses to
nivolumab monotherapy than non-responder to previous
chemotherapy or curative-intent chemoradiotherapy (ORR
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responder to palliative radiotherapy prior to nivolumab, showing
the percentage change from baseline in the sum of the diameters of
tumor lesions in 14 patients who received nivolumab. CR Complete
response, PR partial response, SD stable disease, PD progressive dis-
ease, RECIST Response Evaluation Criteria in Solid Tumors

44 vs. 4%, respectively, OR 0.05; 95% CI 0.0048-0.57;
p=0.0118).

The median PFS at the time of nivolumab monotherapy
was 2.1 months (Fig. 2a). On univariate analyses, respond-
ers to the treatment immediately before nivolumab mono-
therapy tended to have longer PFS than non-responders
(median PFS 5.3 vs. 1.8 months, respectively; p = 0.09;
Fig. 2b).

Discussion

The results of this retrospective analysis demonstrate that
patients who responded to the treatment immediately
before nivolumab monotherapy and those with squa-
mous cell carcinoma nivolumab monotherapy had good
response rates to nivolumab monotherapy. Markers predic-
tive of effective response to nivolumab monotherapy have
been previously proposed. In one study, PD-L1 expression
on tumor cells was found to be a predictive biomarker of
nivolumab monotherapy in previously treated patients with
advanced NSCLC, melanoma, or renal cell cancer [6]. In
the CheckMate-057 trial [3], PD-L1 expression was sig-
nificantly associated with improved OS, and in the KEY-
NOTE-010 trial [7], treatment with pembrolizumab, a
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Fig.2 a Progression-free survival (PFS) curve at the time of
nivolumab for 50 patients with non-small cell lung cancer (NSCLC).
b PES curve at the time of initiation of nivolumab for 15 respond-
ers to the treatment immediately before nivolumab monotherapy with
NSCLC and for 35 non-responders to the treatment immediately
before nivolumab monotherapy with NSCLC. HR Hazard ratio, CI
confidence interval

highly selective IgG4-k humanized monoclonal antibody
directed against the human cell surface receptor PD-1,
significantly prolonged OS compared with treatment with
docetaxel in patients with previously treated, PD-L1-posi-
tive, advanced NSCLC. Also, in the KEYNOTE-024 trial,
pembrolizumab was significantly associated with longer
OS than platinum-based combination chemotherapy in
patients with previously untreated advanced NSCLC and
a PD-L1 tumor proportion score of >50% [12]. However,
PD-L1 expression did not predict improved OS of patients
treated with nivolumab monotherapy in either the Check-
Mate-017 trial or OAK trial [2, 13]. Therefore, PD-L1
expression alone may be not be able to predict response
to nivolumab monotherapy. In addition, little is known of
other factors predictive of response to nivolumab mono-
therapy in patients with NSCLC in the clinical setting. In
our study, therapeutic effectiveness immediately before the
administration of nivolumab monotherapy was shown to be
a predictive marker of response to nivolumab monotherapy.

Our results in this series of patients with NSCLC
showed that the response of patients to the most recent
treatment (chemotherapy or curative-intent chemoradio-
therapy) before the initiation of nivolumab monotherapy

had an impact on ORR. This effect may be due to either
the immunogenic tumor cell death or the abscopal effect.
Immunogenic tumor cell death caused by chemotherapy
can stimulate anticancer immune effectors [14—16]. The
abscopal effect refers to tumor regression at a site distant
from the primary tumor because of radiotherapy [17] and
is thought to depend on activation of the immune system
[18—22]. Preclinical studies have found that radiation com-
bined with immunotherapy may have a synergistic effect,
significantly increasing CD41 and CD8" tumor-infiltrating
lymphocytes in secondary tumors outside the field of radi-
otherapy [23]. Therefore, the immune response to agents,
such as nivolumab and pembrolizumab, may be amplified
by immunogenic tumor cell death or the abscopal effect.

The ORR of patients with non-squamous cell carcinoma
in this series was lower than in that in the CheckMate-057
trial [3]. Possible explanations for this difference may be
the proportion of patients in the two trials with a smok-
ing history and with NSCLC harboring an EGFR muta-
tion. Relatively more never-smokers and patients with
EGFR mutation were included in our study than in Check-
Mate-057. The mutation burden associated with smoking
[24] or deficient DNA mismatch repair [25, 26] may be
predictive of response to anti-PD-1 therapy in lung can-
cer and colorectal cancer [9, 10]. Although the efficacy
of nivolumab therapy for patients with driver mutations is
controversial [27], a subanalysis of a recent prospective
trial found that patients with NSCLC with EGFR muta-
tions had a lower ORR rate [28]. Also, a recent retrospec-
tive study showed that patients who never smoked and
had NSCLC tumors carrying EGFR mutations had a low
response rate to PD-1 pathway blockade [29].

This study has several limitations. Firstly, PD-L1
expression was not routinely assayed because no diagnostic
kits are commercially available in Japan. However, Check-
Mate-017 and CheckMate-057 met their primary endpoint
regardless of PD-L1 expression. Therefore, the potential
impact of PD-L1 on the response to nivolumab mono-
therapy was expected to be minimal. Secondly, this was a
retrospective, non-randomized study performed at a single
center.

However, the results presented here must be consid-
ered as a first report on the potential of the response to
the most recent treatment before nivolumab monotherapy
to be predictive of a response to nivolumab monotherapy.
We suggest that “response to the treatment immediately
before nivolumab monotherapy” may be a useful predic-
tor of clinical response to nivolumab by patients with
NSCLC in clinical practice. Also, patients categorized as
never smoked, EGFR mutant, poor PS, and non-response
to treatment before nivolumab would be unlikely to derive
a benefit from nivolumab monotherapy and should not be
administered nivolumab as an earlier line chemotherapy for
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NSCLC because the high cost of nivolumab is an issue. A
larger study is needed to confirm this finding.
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