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Abstract
Background: Biomarker assessments for nivolumab monotherapy efficacy in previ-
ously treated patients with non-small cell lung cancer (NSCLC) remain unclear. We
evaluated whether body mass index (BMI) and Glasgow prognostic score (GPS) are
useful for assessing the efficacy of nivolumab alone as a second-line treatment in
patients with pretreated NSCLC.
Methods: Data of 99 patients treated with second-line nivolumab monotherapy for
NSCLC between January 2016 and December 2019 were evaluated for prognostic
values of BMI and GPS to assess their usefulness in predicting progression-free sur-
vival (PFS) and overall survival (OS).
Results: The Eastern Cooperative Oncology Group-performance status (PS) indepen-
dently predicted the second-line nivolumab monotherapeutic effect; good PS (0–1)
correlated with significantly longer PFS (4.3 vs. 1.9 months, log-rank; p = 0.0004) and
OS (17.7 vs. 4.6 months, log-rank; p < 0.0001) than poor PS. BMI independently
predicted survival, with high BMI (≥22.1 kg/m2) associated with significantly longer
OS (19.1 vs. 8.5 months, log-rank; p = 0.0023) than low BMI (<22.1 kg/m2). However,
GPS showed no significant difference for PFS or OS.
Conclusion: Among patients with NSCLC treated with nivolumab monotherapy as
second-line treatment, PS was significantly correlated with both PFS and OS and BMI
with OS. Thus, BMI could be a useful predictor of survival in these patients.

K E YWORD S
body mass index, carcinoma, glasgow prognostic score, nivolumab, non-small-cell lung, performance status,
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INTRODUCTION

Lung cancer has the highest mortality rate worldwide, and
non-small cell lung cancer (NSCLC) accounts for the majority
(approximately 85%–90%) of all lung cancers.1 Several ran-
domized phase III trials revealed that in patients with NSCLC
whose disease has progressed while on platinum-based chemo-
therapy, treatment with programmed cell death-1 (PD-1),

or programmed cell death-ligand-1 (PD-L1) blockade
improved overall survival (OS) compared with standard
chemotherapy.2–5 Thus, nivolumab monotherapy is regarded
as a standard second-line treatment for patients with NSCLC
with disease progression after first-line chemotherapy.

In previous reports, body mass index (BMI) has been used
as a prognostic indicator for various cancers.6–9 In patients
with NSCLC treated with immune checkpoint inhibitors
(ICIs), the presence of sarcopenia has reportedly had a negative
prognostic effect.6 In addition, BMI has reportedly been
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associated with ICI-related therapy outcomes in solid malignan-
cies such as melanoma, renal cell carcinoma, and NSCLC.7 To
date, reports on the association between BMI and Glasgow
prognostic score (GPS) and the therapeutic efficacy of
nivolumab monotherapy as a second-line treatment for NSCLC
are limited. A relationship between BMI and the effect of ICIs
in NSCLC has recently been reported.8 When the BMI cutoff
was set at 22 kg/m2 (categorized as high and low BMI groups),
there was no statistically significant difference in measures of
treatment efficacy, such as progression-free survival (PFS) or
OS, between the high and low BMI cohorts of NSCLC having a
high PD-L1 expression (≥50%) who received first-line
pembrolizumab monotherapy. However, when patients with
NSCLC received ICI monotherapy (nivolumab/pembrolizumab/
atezolizumab) as a second- or subsequent-line therapy, treat-
ment efficacy was significantly better in patients with a higher
BMI than in patients with a lower BMI. Furthermore, using a
BMI cutoff value of 21.4 kg/m2, BMI independently predicted
survival because patients with high BMIs (≥21.4 kg/m2) had sig-
nificantly longer OS (not reached vs. 14.1 months, p = 0.006)
than patients with low BMIs (<21.4 kg/m2) and among patients
with NSCLC and high PD-L1 expression (≥50%) who were
administered first-line pembrolizumab monotherapy.9 Thus, the
association between BMI and the therapeutic effect of ICIs in
NSCLC is not fully understood.

Additionally, many patients with NSCLC are diagnosed at
an advanced, inoperable disease stage, and they continually
experience systemic inflammatory reactions (SIR) and weight
loss, which reportedly have a significant impact on cancer
cachexia.10–11 Thus, prognosis attributable to cancer is assessed
using an SIR-based scoring system such as the GPS, which
comprises albumin concentrations and serum C-reactive pro-
tein (CRP) levels10 and is an independent prognostic factor for
NSCLC.12–21 Although the relationship between the GPS and
the therapeutic effects of various types of ICIs with various
lines of treatment for NSCLC has been reported in several
studies,9,21,22 few reports have evaluated the relationship
between GPS and effect of nivolumab monotherapy as a
second-line treatment of NSCLC. In addition, we recently
reported that in patients with high PD-L1 expression who
received pembrolizumab monotherapy as a first-line treatment
for NSCLC, GPS was significantly correlated with both PFS
and OS and BMI was significantly correlated with OS, which
could be used to predict outcomes in these patients.9 We
sought to determine whether these results hold true for patients
with NSCLC who received nivolumab monotherapy as a
second-line therapy. Therefore, we evaluated whether BMI and
GPS could predict survival for nivolumab alone as a second-
line treatment in patients with pretreated NSCLC.

METHODS

Patients

In the current study, we retrospectively evaluated 99 consec-
utive patients with advanced or metastatic NSCLC without

driver gene mutation/translocation who received platinum-
based combination chemotherapy as the first-line treatment
followed by nivolumab monotherapy as a second-line treatment
after disease progression between January 2016 and December
2019. The pathological diagnosis of NSCLC was classified
according to the 2015 World Health Organization Classification
of Tumors, and the disease stage was assessed using version
eight of the Tumor-Node-Metastasis (TNM) staging classifica-
tion system. The inclusion criteria for enrolled patients were as
follows: (1) histologically- or cytologically-confirmed NSCLC,
(2) platinum-based combination chemotherapy treated with
first-line chemotherapy, and (3) nivolumab treatment as
second-line chemotherapy. The included patients did not
receive any ICIs prior to nivolumab monotherapy as the
second-line treatment. Nivolumab, intravenously administered
at 3 mg/kg or 240 mg/day every 2 weeks, was repeated until the
disease progressed, unacceptable toxicity was observed, or the
patient refused treatment. For first-line and subsequent-line
therapeutic regimens, the regimen was chosen at the discretion
of the attending physician. Patients’ electronic medical record
data were viewed and data on patient backgrounds and treat-
ment responses to second-line nivolumab were collected retro-
spectively. The study design was approved by the Institutional
Ethics Committee of the International Medical Center, Saitama
Medical University (approval number: 20–247). The protocol
was performed in accordance with the 1964 Declaration of Hel-
sinki (revised in 2008). The requirement for written informed
consent was waived by the Ethics Committee because of the ret-
rospective nature of the study; however, the patients were pro-
vided with an opt-out opportunity.

Evaluation of treatment efficacy

Serum CRP and albumin concentration levels were mea-
sured on the day of or day before initiation of nivolumab
monotherapy. The GPS was classified into three groups
according to the combination of CRP and albumin as fol-
lows: GPS 0, 1, and 2 included patients with a CRP
<1.0 mg/dl and albumin >3.5 mg/dl; CRP only was
increased or albumin only was decreased; and CRP was
≥1.0 mg/dl and albumin level <3.5 mg/dl, respectively. BMI
calculated before the start of nivolumab treatment was
defined as weight (kg) divided by height (m) squared.
Patients were classified into high and low BMI groups, as
defined by the receiver operating characteristic (ROC) curve:
low (<22.1 kg/m2) and high (≥22.1 kg/m2) BMI. The appro-
priate cutoff value differentiating the high and low BMI
groups, based on the ROC curve analysis for OS, was
22.1 kg/m2 (area under the curve [AUC]: 0.582; sensitivity:
60.7%; specificity: 41.6%).

Tumor response was evaluated as the best overall
response and maximum tumor shrinkage. Radiographic
tumor responses were evaluated using the Response Evalua-
tion Criteria in Solid Tumors (RECIST) version 1.1.23 PFS
was defined as the time from the initial nivolumab mon-
otherapy to disease progression or death. OS was defined as
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the time from the initial nivolumab monotherapy to death
or was censored on the date of the last follow-up.

Statistical analysis

For statistical analysis, we used Fisher’s exact test and
Welch’s t-test for categorical and continuous variables,
respectively. Cox proportional hazards models with stepwise
regression were applied to identify factors predicting PFS
and OS, and the results are presented as hazard ratios (HRs)
and 95% confidence intervals (CIs). The Kaplan–Meier
method was used to estimate survival as a function of time,
and survival differences were analyzed using the log-rank
test. We performed univariate and multivariate logistic
regression analyses according to the different outcome vari-
ables. The statistical significance level was set at a p-value
≤0.05. All statistical analyses were performed using the JMP
software for Windows, version 11.0 (SAS Institute).

RESULTS

Patient backgrounds and therapeutic efficacy

Table 1 presents the characteristics of the 99 patients
including 77 men (77.8%) and 22 women (22.2%), with a
median age of 69 years (range, 31–80 years). The Eastern
Cooperative Oncology Group (ECOG)-performance status
(PS) was 0–1 in 77 patients (77.8%) and 2–3 in 22 patients
(22.2%). Adenocarcinoma accounted for 56 of the
99 patients (56.6%). Eighty-two patients (82.8%) had stage
III–IV disease. The number of patients not evaluated for
PD-L1 expression was 82 (82.8%). All cases were wild-type,
negative, or unknown for driver gene mutation/
translocation status. The median BMI was 22.0 (range,
14.3–33.7 kg/m2). The median number of nivolumab
administration cycles was four (range, 1–97). The
responses to nivolumab monotherapy among all patients
were identified as follows: complete response (n = 1), par-
tial response (n = 18), stable disease (n = 30), and progres-
sive disease (n = 40). Thus, the overall response rate was
19.2% (95% CI: 11.4–26.9), and the disease control rate was
49.5% (95% CI: 39.6–59.3).

Comparative analysis of the GPS and BMI

The patient characteristics according to GPS and BMI are
shown in Table 2. The GPS values at the initiation of
nivolumab administration revealed a GPS of 0–1 in
72 patients and a GPS of 2 in 27 patients. There were signifi-
cant differences (p < 0.05) in ECOG-PS, clinical stage at
diagnosis, prior radiotherapy, albumin levels, and CRP levels
between GPS categories (0–1 vs. 2). At the start of
nivolumab administration, low and high BMI were reported
in 48 and 51 patients, respectively. The administration cycles

of nivolumab were significantly different (p < 0.05) between
the BMI categories.

Analysis of survival

The median PFS interval was 3.4 months (95% CI: 2.1–4.7)
(Figure 1a), the median OS interval was 13.4 months (95%

TAB L E 1 Patient baseline characteristics

Characteristics Patients (n)

Total number of patients (n) 99

Sex

Men/women 77/22

Median age at initiation of nivolumab (years)
[range]

69 (31–80)

Performance status (PS)

0/1/2/3/4 36/41/15/7/0

Clinical disease stage at diagnosis

III/IV/postoperative recurrence 16/66/17

Smoking history

Current or former/never 84/15

Histological classification

Adenocarcinoma/squamous cell carcinoma/
others

56/25/18

PD-L1 tumor proportion score (%)

≥1/0/untested 3/14/82

Driver gene mutation/translocation

EGFR/ALK/wild-type, negative, or unknown 0/0/99

BMI (kg/m2)

Median [range] 22.0 (14.3–33.7)

Prior radiation therapy

Yes/no 36/63

Administration cycles of nivolumab

Median (range) 4 (1–97)

Treatment response

CR 1

PR 18

SD 30

PD 40

NE 10

Response rate (%) (95% CI) 19.2 (11.4–26.9)

Disease control rate (%) (95% CI) 49.5 (39.6–59.3)

Laboratory data (median) [range]

Albumin (g/dl) 3.7 (2.3–4.7)

CRP (mg/dl) 0.773 (0.01–
25.983)

Abbreviations: ALK, anaplastic lymphoma kinase; BMI, body mass index; CI,
confidence interval; CR, complete response; CRP, C-reactive protein.; EGFR,
epidermal growth factor receptor; NE, not evaluated; PD, progressive disease; PD-L1,
programmed death-ligand 1; PR, partial response; PS, performance status; SD, stable
disease.
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CI: 9.5–17.7) (Figure 1b), and the median follow-up dura-
tion was 12.7 (range, 0.3–63.7) months. Of the 99 patients
included in the analysis, 72 died while 27 were still alive as
of September 30, 2021, the data cutoff date. As shown in
Table 3, the results of the univariate and multivariate
analyses of PFS and OS are demonstrated. Univariate ana-
lyses of PFS demonstrated significant associations with
ECOG-PS. Multivariate analyses demonstrated that PFS was
associated with PS (0–1 and 2–3) (HR: 0.44, p = 0.0027).
Furthermore, significant correlations were found between

ECOG-PS and BMI in the univariate analysis of
OS. Multivariate analyses revealed that OS was significantly
correlated with PS (0–1 and 2–3) (HR: 0.25, p < 0.0001) and
BMI (low/high) (HR 1.79, p = 0.0184). Figure 2 demon-
strates the survival curves for PFS and OS, according to
ECOG-PS, GPS, and BMI; an ECOG-PS of 0–1 correlated
significantly with longer PFS and OS than an ECOG-PS of
2–3 (both, p < 0.05; Figure 2a, b). There was no statistically
significant difference in PFS and OS between a GPS of 0–1
and a GPS of 2 (Figure 2c,d). Although BMI was not

T A B L E 2 Results of patient baseline characteristics according to the Glasgow prognostic score and body mass index

GPS BMI

Variables 0–1 2 p-value Low (<22.1) High (≥22.1) p-value

Patients (n) 72 27 48 51

Baseline characteristics

Sex

Men/women 55/17 22/5 0.78 38/10 39/12 0.81

Median age at treatment (years)
(range)

69 (31–80) 69 (50–79) 0.46a 67.5 (50–79) 70 (31–80) 0.25a

Performance status (PS)

0–1/3–4 63/9 14/13 0.0003 34/14 43/8 0.14

Smoking history

Yes/no 62/10 22/5 0.54 42/7 42/9 0.78

Histological classification

Adenocarcinoma/
nonadenocarcinoma

43/29 13/14 0.36 26/22 30/21 0.68

Clinical stage at diagnosis

III–IV/postoperative recurrence 55/17 27/0 0.0051 42/6 40/11 0.29

BMI (kg/m2)

Median (range) 22.3 (14.3–33.7) 21.7 (15.4–27.7) 0.06a 20.1 (14.3–22.0) 24.0 (22.1–33.7) -

Prior radiation therapy

Yes/no 19/53 17/10 0.0011 20/28 16/35 0.30

Administration cycles of nivolumab

Median (range) 5 (1–97) 4 (1–36) 0.05a 4 (1–69) 5 (1–97) 0.04a

Treatment response

CR 1 0 0 1

PR 11 7 9 9

SD 26 4 12 18

PD 27 13 22 18

NE 7 3 5 5

Response rate (%) (95% CI) 16.6 (8.0–25.2) 25.9 (9.3–42.4) 0.39 18.3 (7.7–29.7) 20.0 (8.7–30.5) >0.99

Disease control rate (%) (95% CI) 52.7 (41.2–64.3) 40.7 (22.2–59.2) 0.36 44.8 (29.7–57.7) 54.0 (41.7–68.5) 0.31

Laboratory data

Median (range)

Albumin (g/dl) 3.9 (3.2–4.7) 2.9 (2.3–3.4) <0.0001a 3.6 (2.3–4.7) 3.8 (2.7–4.7) 0.05a

CRP (mg/dl) 0.411 (0.01–
7.787)

5.162 (1.029–
25.983)

<0.0001a 1.17 (0.01–
23.789)

0.754 (0.028–
25.983)

0.49a

Note: p-values in bold are statistically significant (p < 0.05).
Abbreviations: BMI, body mass index; CI, confidence interval; CR, complete response; CRP, C-reactive protein; GPS, Glasgow Prognostic Score; NE, not evaluated; PD, progressive
disease; PR, partial response; PS, performance status; SD, stable disease.
aWelch’s t-test.
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associated with PFS (p = 0.12, Figure 2e), BMI was signifi-
cantly associated with OS (p = 0.0023, Figure 2f). Furthermore,
in the forest plot analysis, key clinical factors of survival (PFS or
OS) by BMI subgroup (high or low) were evaluated (Figure 3a,
b). As a result, men aged <75 years or ≥ 75 years, ECOG-PS of
0–1, smokers, adenocarcinoma, stage III–IV disease, prior radio-
therapy, and GPS of 0–1 were identified as significant factors of
OS according to the BMI subgroups, although none were factors
of PFS except for current or former smoker (Figure 3a,b).

DISCUSSION

This study evaluated the relationship between BMI and GPS
and treatment survival efficacy in patients treated with
nivolumab monotherapy as a second-line treatment for
NSCLC. In multivariate analyses, ECOG-PS and BMI were
independent prognostic factors for OS, suggesting that
ECOG-PS and BMI are clinically useful factors for
predicting OS in patients who were treated with nivolumab
monotherapy as a second-line treatment for NSCLC. In
addition, high BMI was identified as an independent predic-
tor for OS, particularly in men aged <75 years or ≥ 75 years
with ECOG-PS of 0–1 who are smokers with adenocarci-
noma, stage III–IV disease, prior radiotherapy, and a GPS of
0–1. Additionally, a high BMI was an independent predictor
of OS irrespective of age.

The GPS was derived from serum CRP and albumin
concentrations that can be easily measured in routine clini-
cal practice.10 Although several reports demonstrate associa-
tions between the GPS and therapeutic effects of ICIs in
patients with NSCLC with different treatment lines and vari-
ous ICIs and levels of PD-L1 expression,9,20,21 no significant
differences between GPSs of 0–1 and 2 were observed in
terms of PFS and OS in the current study. Reasons for this
may include the relatively small number of patients and the
influence of various factors from previous treatments since
this was a study of second-line treatments. However, the
cause is still unclear, and further investigations are needed
in the future. Furthermore, as shown in Figure 3b, the high
BMI group had better OS than the low BMI group with
GPSs of 0–1, suggesting that the high BMI group had a bet-
ter prognosis with a GPS of 0–1.

In this study, ECOG-PS and BMI were independent
prognostic factors for OS in multivariate analyses. In partic-
ular, the ECOG-PS, which is a subjective scoring system that
evaluates the overall general condition of patients with can-
cer and is correlated independently with PFS and OS, has
been a demonstrated potent prognostic factor.24,25 The pre-
sent study reaffirms PS as a strong prognostic factor, as
reported in previous studies,24,25 and suggests that our study
population likely reflects the general patient population.
Regarding BMI, a retrospective study of a large number of
patients reported that a high BMI was associated with pro-
longed PFS and OS after ICI treatment in patients with
advanced melanoma.26 Other retrospective studies on solid
malignancies such as melanoma, renal cell carcinoma, and
NSCLC, reported that BMI is associated with ICI efficacy.7

In addition, a relationship between BMI in patients with
NSCLC treated with ICI and survival, such as PFS and OS,
has been oberved.8 BMI is significantly related with the sur-
vival efficacy of ICI therapy in patients with NSCLC treated
with second-line or subsequent-line PD-1/PD-L1 blockade
therapy, and is reported to have better outcomes for patients
with a high BMI. Table 4 summarizes the results of our
study and those of previous studies that have evaluated BMI
in patients with advanced NSCLC previously treated with
ICIs.8,27–31

When comparing the high and low BMI cohorts, the
number of nivolumab administration cycles was statistically
significantly higher in the high BMI cohort. However, the
OS was significantly better in the high BMI cohort, but not
the PFS. This may enhance the prognostic benefit of
nivolumab monotherapy in patients with a high BMI and
may also provide patients with the opportunity to receive
more nivolumab cycles and an improved course of treat-
ment after nivolumab. A study examining the association
between BMI at the start of treatment and OS in 703 patients
with metastatic NSCLC treated with nivolumab and
pembrolizumab found that low BMI was associated with
shorter OS (HR: 1.66, p = 0.002) and a high BMI with a lon-
ger OS (HR: 0.75, p = 0.039), similar to the findings of our
study.32 Another report examined the correlation of BMI
with PFS and OS in patients with melanoma using
ipilimumab and showed a nonsignificant trend toward lon-
ger OS in overweight patients, (p = 0.056, log-rank test; HR:

F I G U R E 1 Kaplan–Meier
curves for progression-free survival
(PFS) and overall survival
(OS) among 99 patients who
received nivolumab monotherapy as
a second-line treatment. (a) The
median PFS was 3.4 months (95%
confidence interval [CI] 2.1–4.7).
(b) The median OS was 13.4 months
(95% CI: 9.5–17.7)
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1.81, Cl: 95%: 0.98–3.33). Moreover, there was no significant
difference in PFS (p = 0.924, log-rank test; HR: 1.03, CI:
95%: 0.62–1.70).33 In patients with previously treated
NSCLC, no significant difference was observed in PFS or OS
between the low and high BMI groups (Table 4), while other
studies reported both PFS and OS as being better in the high
BMI group.22,30 However, some reports indicate better OS
in the high BMI group only, consistent with our study.27,28

This discrepancy between PFS and OS is a common obser-
vation when assessing the efficacy of immunotherapy. Rea-
sons for this include the difficulty in determining reliable
PFS, and the possibility of residual effects of immunother-
apy. Our findings are consistent with those of previous stud-
ies suggesting that high BMI is associated with improved
survival with ICI therapy in various cancer types (mela-
noma, renal cell carcinoma, and NSCLC). Although previ-
ous reports included second-line nivolumab monotherapy,
none focused exclusively on second-line nivolumab mon-
otherapy. Furthermore, BMI can be easily used in daily clin-
ical practice. BMI was an independent prognostic factor for
OS as well as ECOG-PS (Table 3) in our analysis. BMI is an
objective parameter that allows for a more accurate and
objective classification of patients. Therefore, BMI can be
easily measured prior to the start of treatment in the clinical
setting. In clinical practice, medical oncologists do not

usually hesitate to initiate nivolumab monotherapy simply
because of a low BMI, although they are hesitant in patients
with poor PS. Therefore, these two indices (ECOG-PS and
BMI) of different dimensions need to complement each
other in clinical practice, and it is reasonable to take BMI
into account in clinical practice when administrating ICI
therapy. In addition, the results showed that a high BMI is
associated with a good prognosis, although this does not
mean that obesity is acceptable for improving the prognosis
of patients with NSCLC, and identification of the optimal
BMI should be investigated in the future.

The pathophysiology of the positive correlation between
overweight and survival after ICI treatment is currently
unclear, although leptin-mediated T cell dysfunction has
been implicated.34 Based on this hypothesis, nivolumab,
which acts as an anti-PD-1 antibody and inhibits the bind-
ing between PD-L1/PD-1 molecules, may induce better effi-
cacy in patients with high BMI and manifest PD-1 T cell
exhaustion. However, the rationale for this remains unclear
and there is a need to clarify the pathophysiology of how
immunotherapy offers better prognostic effects in patients
who are overweight.

There are several limitations to this study. First, this was
a retrospective study that relied on subjective efficacy judg-
ments by the treating physicians, which undeniably led to

F I G U R E 2 Kaplan–Meier curves for progression-free survival (PFS) and overall survival (OS) according to the Eastern Cooperative Oncology Group
(ECOG) performance status (PS), Glasgow prognostic score, and body mass index. (a) PFS according to ECOG-PS at the initiation of nivolumab
administration (Glasgow prognostic score [GPS] 0–1, median PFS = 4.3 months; GPS 2, median PFS = 1.9 months). (b) Overall survival (OS) according to
ECOG-PS at the initiation of nivolumab monotherapy (GPS 0–1, median OS = 17.7 months; GPS 2, median OS = 4.6 months). (c) PFS according to GPS at
the initiation of nivolumab administration (GPS 0–1, median PFS = 3.7 months; GPS 2, median PFS = 2.3 months). (d) OS according to GPS at the
initiation of nivolumab administration (GPS 0–1, median OS = 16.0 months; GPS 2, median OS = 5.6 months). (e) PFS according to BMI at the initiation of
nivolumab administration (body mass index [BMI] high, median PFS = 3.8 months; BMI low, median PFS = 2.4 months). (f) OS according to BMI at the
initiation of nivolumab administration (BMI high, median OS = 19.1 months; BMI low, median OS = 8.5 months)
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treatment response and PFS data variabilities. Second, there
is no absolutely established cutoff value for BMI or labora-
tory data, and various cutoff values have been used in previ-
ous studies. We used ROC curves to determine the BMI
cutoff value and those of previous studies for GPS. Further-
more, the BMI cutoff value for Westerners may be different
from that of Japanese people, who are mostly small-statured.
Therefore, it is important to validate the clinical relevance of

these cutoff values in a larger patient cohort in future.
Another prognostic factor that affected survival in patients
with NSCLC is weight loss before treatment, a known indi-
cator for cachexia.35–37 Weight loss before or during treat-
ment may have various effects in the therapeutic response to
ICI administration. In our study, BMI was calculated using
a single measurement of height and weight prior to
nivolumab administration, although the role of weight loss

F I G U R E 3 (a) Analysis of PFS and (b) OS by key clinical factors of body mass index. Ad, adenocarcinoma; BMI, body mass index; CI, confidence
interval; ECOG-PS, Eastern Cooperative Oncology Group-performance status; GPS, Glasgow prognostic score; PFS, progression-free survival; rec, recurrence;
RT, radiotherapy
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prior to or during treatment was difficult to analyze or evalu-
ate because of inconsistent records of weight loss prior to and
during nivolumab administration. Third, the nivolumab dose
was adjusted to 3 mg/kg bodyweight on some occasions, and
at other times to a fixed dose of 240 mg/day. In this regard,
in Japan, the dosage of nivolumab was approved to change
from 3 mg/kg to 240 mg/bodyweight by the Japanese regula-
tory authority in August 2018, and since then the dosage of
3 mg/kg cannot be used. Therefore, patients who earlier
received the 3 mg/kg dose also switched to 240 mg/
bodyweight dosage during the course of therapy. A previous
report has shown the equivalence of nivolumab administra-
tion at 3 mg/kg and 240 mg/bodyweight,38 and we do not
believe that this has any impact on the current study.

In conclusion, this study confirmed ECOG-PS as an
independent prognostic factor for PFS and OS. Further-
more, BMI was an independent prognostic factor for
OS. Although further studies are needed to validate these
findings, the results suggest that BMI assessment may be
useful in predicting the OS of patients who received
nivolumab monotherapy as a second-line treatment. There-
fore, a larger study is needed to evaluate whether our results
can be generalized to other second-line ICI-treated patient
populations. Furthermore, it is unclear from the findings of
the current study whether BMI can be considered a treat-
ment effect modifier, although future large-scale analyses of
the effects of BMI subgroups in clinical trials of ICI treat-
ments may answer this question.
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