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Abstract

Background and Objectives: Immune-checitors have been established as a novel standard treatment for non-small cell lung
cancer (NSCLC). The aim of this study was to identify factors associated with efficacy and nivolumab-related interstitial
pneumonia in NSCLC by evaluating clinical data at the initiation of and during treatment.

Methods: We retrospectively reviewed the medical records of patients who underwent treatment with nivolumab between
October 2015 and December 2017. Using pretreatment patient data, we investigated factors associated with overall survival (OS)
and the onset of nivolumab-related pneumonitis. We investigated serum biochemistry during treatment to identify the deter-
minants associated with progressive disease (PD) and the onset of nivolumab-related pneumonitis.

Results: A total of 94 patients were included. Eleven patients continued treatment, and 54 patients were diagnosed with pro-
gressive disease. Nivolumab-related pneumonitis occurred in 15 patients. A pretreatment Eastern Cooperative Oncology Group
Performance Status (ECOG PS) ¼ 0 was linked to significantly longer OS than ECOG PS ¼ 1 (median: 20.1 vs. 6.5 months,
respectively; p < 0.001). There was a higher incidence of nivolumab-related pneumonitis in patients with a history of interstitial
pneumonia than in those without it (p¼ 0.008). During treatment, the level of albumin gradually decreased prior to PD and onset
of nivolumab-related pneumonitis.

Conclusion: These results suggest that the pretreatment ECOG PS is the determining factor that is associated with OS, whereas
history of interstitial pneumonia is the factor associated with nivolumab-related pneumonitis. A decrease in albumin during
treatment may be associated with both PD and nivolumab-related pneumonitis.
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Key Point

This study was a retrospective survey to identify factors asso-

ciated with efficacy and nivolumab-related interstitial pneumo-

nia by evaluating clinical data at the initiation of and during

treatment, and this study included good Eastern Cooperative

Oncology Group Performance Status (ECOG PS) patients with

advanced non-small cell lung cancer (NSCLC).

In conclusion, the pretreatment ECOG PS is associated with

progression-free survival and overall survival in patients with

advanced NSCLC who underwent treatment with nivolumab.

The history of interstitial pneumonia prior to treatment with

nivolumab may correlate with the onset of nivolumab-related

pneumonitis. Furthermore, it has been suggested that a

decrease in albumin during treatment may be a factor associ-

ated with disease progression and the onset of nivolumab-

related pneumonitis.

Introduction

Immune-checkpoint inhibitors (ICIs) have been established as

a novel standard treatment for various types of malignancies,

including non-small cell lung cancer (NSCLC). Several anti-

programmed cell death protein-1 agents (e.g., nivolumab and

pembrolizumab) and anti-programmed death-ligand 1 agents

(e.g., atezolizumab) have demonstrated promising systemic

activity in patients with NSCLC.1-4

Clinical trials of ICIs indicate favorable safety profiles com-

pared with those of conventional cytotoxic agents.1-4 However,

ICIs cause inflammatory side effects termed immune-related

adverse events (irAEs),1-4 which can be severe in some cases.

Especially, nivolumab-related pneumonitis is prominent irAEs

in clinical settings and is notable owing to its severe outcomes.5,6

A previous study demonstrated that the rate of irAEs in clinical

practice patients is higher than that reported in clinical trial

participants.7 Furthermore, recent studies found a positive asso-

ciation between the onset of irAEs and efficacy of ICIs.8-11

However, thus far, risk factors for the development of irAEs have

not been identified.12,13 The action mechanism of nivolumab

activates lymphocytes with blocking immune checkpoint mole-

cules, and this activation of lymphocytes presumably causes

nivolumab-related pneumonitis.12 A retrospective cohort study

involving melanoma patients who received treatment with nivo-

lumab demonstrated that an increase in the white peripheral

blood count (PBC) and a decrease in the relative lymphocyte

count correlated with the onset of irAEs in the lungs.14 In recent

years, it has become increasingly apparent that cancer-associated

inflammation is a key determinant of disease progression and

survival in a multitude of solid tumors.15 The pretreatment

neutrophil-to-lymphocyte ratio (NLR), a marker of systemic

inflammation, has previously been correlated with outcomes in

a variety of cancers.16-22 Previous studies indicated that the PBC

and serum biochemistry may predict the efficacy of nivolumab

and the onset of irAEs.18,23-31 However, most of the cancer-

related inflammation studies analyzed pretreatment data, while

few studies observed the changes in PBC and serum biochem-

istry during treatment.

A retrospective study also reported that the incidence of

nivolumab-related pneumonitis in patients with NSCLC was

significantly higher in patients with a history of interstitial

pneumonia than in those without it.32 However, the risk factors

for the incidence of nivolumab-related pneumonitis in the for-

mer group of patients have not been found.32

Therefore, accumulation of a large amount of efficacy and

safety data from patients who received ICIs in clinical practice

settings would be beneficial for the purpose of validating pre-

vious observations. The aim of this study was to identify the

factors associated with efficacy and nivolumab-related inter-

stitial pneumonia in NSCLC by evaluating clinical data at

treatment initiation and during treatment.

Methods

Patients, Data Collection, and Study Design

This study was a retrospective observational study including

patients with advanced NSCLC [IIIB or IV according to the 7th

edition of Tumor-Node-Metastasis classification] who under-

went treatment with nivolumab (3 mg/kg intravenously every

2 weeks) at the National Hospital Organization Kyoto Medical

Center (Kyoto, Japan). Patients were enrolled from October

2015 to December 2017 and followed up until August 31,

2018. The exclusion criteria were patients with Eastern Coop-

erative Oncology Group Performance Status grade (ECOG PS)

�2 at treatment and during initiation in accordance with pre-

vious phase III trials1-4 and patients who used anticancer drugs

or were had other cancer diagnoses.

The outline of the research is shown in the Figure 1. In Step

1, data from all patients (n ¼ 94) for overall survival (OS),

progression-free survival (PFS), and irAEs were investigated.

In Step 2, the patients were divided into three groups to identify

factors associated with progressive disease and to identify the

onset of nivolumab-related pneumonitis according to labora-

tory data obtained during treatment. To identify factors asso-

ciated with progressive disease and whether these factors affect

the onset of nivolumab-related pneumonitis, patients who dis-

continued treatment for reasons other than progressive disease

and the onset of nivolumab-related pneumonitis were excluded

from our analysis in Step 2.

Patient data were collected from the medical records in the

hospital. The data collected at the time of treatment initiation

were age, sex, smoking history, histological type, ECOG PS,

epidermal growth factor receptor (EGFR) mutation status, ana-

plastic lymphoma kinase (ALK) translocation, history of inter-

stitial pneumonia, PBC (i.e., absolute neutrophil count [ANC],

absolute lymphocyte count [ALC], absolute monocyte count,

and platelet count) and serum biochemistry (i.e., levels of

C-reactive protein, albumin [ALB], lactate dehydrogenase).

The NLR was calculated as the ANC divided by the ALC,

while the platelet-to-lymphocyte ratio (PLR) was calculated

as the platelet count divided by the ALC. The data collected
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during treatment with nivolumab were onset date and severity

of irAEs, PBC, serum biochemistry, date of disease progres-

sion, and date of death. Tumor assessment was performed

according to the Response Evaluation Criteria in Solid Tumor

(Version 1.1). IrAEs were graded using the National Cancer

Institute’s Common Terminology Criteria for Adverse Events

Version 4.0. Patients with nivolumab-related pneumonitis were

defined as those who received treatment for interstitial pneu-

monia after the administration of nivolumab.

During Step 1, OS and PFS were determined for all patients

who had been dichotomized according to the cutoff value of

baseline NLR�5 vs. 5 and ECOG PS¼ 0 vs. 1, as identified in

previous studies on nivolumab.25 In addition, the risk of occur-

rence of nivolumab-related pneumonitis was investigated using

pretreatment patient data. Patients with unavailable data

regarding their smoking history and histological type were

excluded from this particular analysis.

During Step 2, the patients were divided into three groups to

identify the patient characteristics associated with progressive

disease and onset of nivolumab-related pneumonitis according

to the laboratory data obtained during treatment. Group A

included patients who continued to receive nivolumab through-

out the course of treatment; group B included patients who dis-

continued nivolumab because of a progressive disease; and

group C included patients who discontinued nivolumab because

of nivolumab-related pneumonitis. Changes in PBC and serum

biochemistry in each group during the course of treatment were

evaluated. We compared PBC values and serum biochemistry

results among groups A, B, and C at four time points. The first

time point was determined as immediately prior to treatment

(“Pre”), the second time point was during treatment period

(“Average”), the third time point was the nearest time before the

date of onset of progressive disease or the date of onset of

nivolumab-related pneumonitis (“Last-1”), and the fourth time

point was the date of onset of progressive disease or the and the

date of onset of nivolumab-related pneumonitis (“Last”).

Cutoff values were determined for PBC and serum biochem-

istry during treatment; these values were useful for determining

the threshold values associated with the onset of progressive

disease and nivolumab-related pneumonitis.

Statistical Analysis

The PFS and OS were compared between subgroups based on

NLR and ECOG PS using a log-rank test. The chi-squared test

was used to determine whether the patient baseline character-

istics were associated with the onset of nivolumab-related

pneumonitis. Two-way analysis of variance was applied to

assess the comparison between the three groups and four time

points. In case of a significant interaction, Tukey’s test was

used for subsequent comparisons between multiple groups. For

cutoff values that were significant in Tukey’s test, we

Figure 1. In Step 1, OS, PFS and irAEs were determined for all patients. In Step 2, the patients were divided into three groups to identify factors
associated with progressive disease and onset of nivolumab-related pneumonitis according to the laboratory data obtained during treatment.
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performed receiver operating characteristic (ROC) curve anal-

ysis to identify the cutoff values associated with the onset of

progressive disease and nivolumab-related pneumonitis. The

area under the curve (AUC) was determined to estimate the

diagnostic accuracy. Statistical significance was defined as p <

0.05, and 95% confidence intervals (CI) were calculated. All

statistical analyses were performed using BellCurve® for Excel

(Social Survey Research Information Co., Ltd., Tokyo, Japan.).

Results

Patient Characteristics

The patient characteristics are summarized in Table 1. A total of

94 patients were included in the study; all of these patients were

previously treated for advanced NSCLC. The EGFR status and

ALK rearrangement are shown only for 57 patients with adeno-

carcinoma. The median baseline NLR was 5.2 (range: 1.2–19.3).

Univariate Analysis of OS and PFS

The median OS for all patients was 15.9 months (95% CI:

9.9–20.1) (Figure 2A). ECOG PS ¼ 1 was associated with

shorter OS compared with ECOG PS ¼ 0 (median: 6.5 vs.

20.1 months, respectively; p < 0.001) (Figure 2B). Baseline

NLR was not significantly associated with OS; however, the

NLR �5 group tended to be associated with shorter OS com-

pared with the NLR < 5 group (median: 7.8 vs. 17.2 months,

respectively; p ¼ 0.112) (Figure 2C).

Table 1. Patient Characteristics.

Total Group A Group B Group C
Continued treatment

group
Progressive disease

group
Nivolumab-related pneumonitis

group
n ¼ 94 n ¼ 11 n ¼ 54 n ¼ 15

Age (years)
Mean + SD 69.5 + 7.9 68 + 10.9 71 + 7.3 70 + 9.5

Sex
Male 69 7 36 12
Female 25 4 18 3

Smoking status
Yes 78 11 40 14
No 12 0 12 0
Unknown 4 0 2 1

Histology
Adenocarcinoma 57 6 38 9
Squamous 33 5 15 6
Other 4 0 1 0

ECOG PS
0 58 9 31 9
1 36 2 23 6

EGFR status
Mutated 13 0 9 3
Wild-type 41 6 27 6
Not investigated 40 5 18 6

ALK rearrangement
Positive 0 0 0 0
Negative 54 6 36 9
Not investigated 40 5 18 6

History: interstitial pneumonia
Yes 18 3 5 8
No 76 8 49 7

Baseline NLR
<5 61 7 33 11
�5 33 4 21 4

Baseline PLR
<180 32 2 22 4
�180 62 9 32 11

Baseline ALB
<3.5 44 3 30 5
�3.5 50 8 24 10

ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor gene; ALK, anaplastic lymphoma kinase; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ALB, albumin; SD, standard deviation. Fourteen patients who discontinued treatment for
reasons other than progressive disease and onset of nivolumab-related pneumonitis were excluded from total.
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The median PFS for all patients was 5.6 months (95% Cl:

4.0–6.8) (Figure 3A). ECOG PS ¼ 1 was associated with

shorter OS versus ECOG PS ¼ 0 (median: 4.2 vs. 6.1 months,

respectively; p ¼ 0.036) (Figure 3B). There was no significant

difference in PFS between patients in the NLR �5 group and

those in the NLR < 5 group (median: 4.3 vs. 5.6 months respec-

tively; p ¼ 0.550) (Figure 3C).

IrAEs and Onset of Nivolumab-Related Pneumonitis

IrAEs which occurred after the administration of nivolumab are

shown in Table 2. Forty-one, eight, and one patient experienced

one, two, and three irAEs, respectively. Twenty-two patients

had grade III/IV irAEs. The most frequent and serious irAE

was nivolumab-related pneumonitis.

The results of the chi-squared test for correlation

between the pretreatment patient characteristics and onset

of nivolumab-related pneumonitis are presented in Table 3.

Four patients who had unknown smoking history and four

patients who had other histological types were excluded

from this analysis. The median time to onset of

nivolumab-related pneumonitis was 4.1 months. Among all

examined factors, only the history of interstitial pneumonia
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Figure 2. Kaplan–Meier curves for OS according to each prognostic
factor: (a) all patients, (b) baseline ECOG PS¼ 0 (solid line) vs. ECOG
PS ¼ 1 (dotted line), and (c) baseline NLR < 5 (solid line) vs. NLR �5
(dotted line).
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Figure 3. Kaplan–Meier curves for PFS according to each prognostic
factor: (a) all patients, (b) baseline ECOG PS¼ 0 (solid line) vs. ECOG
PS ¼ 1 (dotted line), and (c) baseline NLR < 5 (solid line) vs. NLR �5
(dotted line).
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exhibited a significant difference in the onset of nivolumab-

related pneumonitis.

Changes in Laboratory Data

The characteristics of patients in groups A, B, and C are

presented in Table 1. Fourteen patients who discontinued

treatment for reasons other than progressive disease and

onset of nivolumab-related pneumonitis were excluded.

Four out of 19 patients were diagnosed with progressive

disease before they developed immune-related pneumoni-

tis, and these were included in Group B. The interactions

of ALB, PLR, and NLR were statistically significant. By

contrast, the interactions of ANC, ALC, absolute monocyte

count, lactate dehydrogenase, and C-reactive protein did

not demonstrate statistical significance. We analyzed ALB,

PLR, and NLR by performing multiple comparisons using

Tukey’s test; the results are illustrated in Figure 4. ALB

was significantly different between group A and group B at

all measurement time points (group A vs. B, respectively,

median at “Pre”: 3.6 vs. 3.4, p ¼ 0.031; median at

“Average” 3.8 vs. 3.4, p < 0.001; median at “Last-1” 3.8

vs. 3.4, p < 0.001; median at “Last” 4.0 vs. 3.0, p < 0.001).

ALB was significantly different between group A and

group C at all measurement time points, except “Pre”

(group A vs. C, respectively, median at “Pre”: 3.6 vs.

3.5; p ¼ 0.998, median at “Average”: 3.8 vs. 3.6, p ¼
0.006; median at “Last-1”: 3.8 vs. 3.4, p ¼ 0.002; median

at “Last”: 4.0 vs. 3.0, p < 0.001). PLR was not signifi-

cantly different between group A and groups B and C at all

measurement time points. NLR was significantly different

between group A and group C only at the “Last” time point

(group A vs. C, respectively, median at “Last”: 2.7 vs.

11.5, p < 0.001). However, NLR was not significantly

different between group A and group B at all measurement

time points.

Determination of the Appropriate Cutoff Values for
Progressive Disease and Nivolumab-Related Pneumonitis

For cutoff values of ALB that were significant in Tukey’s test

(group A vs. B; “Pre”, “Average”, and “Last-1”, group A vs. C;

“Average” and “Last-1”), we performed a ROC curve analysis

to identify cutoff values for the progressive disease and the

onset of nivolumab-related pneumonitis. The results are illu-

strated in Figure 5.

The results of the ROC curve analysis for groups A and B

indicated that ALB at the “Average” and “Last-1” time points

exhibited moderate ability to diagnose progressive disease.

However, ALB at the “Pre” time point exhibited low diagnostic

accuracy (i.e., cutoff value, AUC, sensitivity, and specificity at

“Pre”: 3.5, 0.62, 54%, 73%, respectively; at “Average”: 3.7,

0.80, 70%, 91%, respectively; and at “Last-1”: 3.6, 0.78, 72%,

82%, respectively).

The results of the ROC curve analysis for groups A and C

indicated that ALB at the “Average” and “Last-1” time points

exhibited moderate ability to diagnose the onset of nivolumab-

related pneumonitis (i.e., AUC, cutoff value, sensitivity, and

specificity at “Average”: 3.8, 0.78, 79%, 64%, respectively;

and at “Last-1”, 3.7, 0.81, 86%, 64%, respectively).

Discussion

This retrospective single-institution survey was conducted to

identify factors associated with the efficacy of nivolumab and

its association with interstitial pneumonia prior to and during

treatment with nivolumab. The study patients had been previ-

ously treated with nivolumab for NSCLC in a real-world

setting.

In this study only patients with ECOG PS ¼ 0–1 were

included, the OS and PFS of patients with ECOG PS ¼ 1 were

significantly shorter than those of patients with ECOG PS ¼ 0.

However, there was no significant difference in OS and PFS

between patients with NLR � 5 and those with NLR < 5 prior

to treatment with nivolumab. In a previous retrospective single-

facility analysis, it was demonstrated that the OS and PFS of

patients with ECOG PS > 2 were significantly lower than in

those with ECOG PS < 1.25 However, ECOG PS is a subjective

assessment, and differences between the patients’ conditions

among ECOG PS ¼ 0 and PS ¼ 1 were reported.33 Thus, our

results should be carefully considered. Previous studies

reported that NLR �5 prior to treatment with nivolumab is

related to decreased efficacy.23-25 Nevertheless, this relation-

ship was not observed in the present study. In a previous report,

58% and 25% of patients had NLR �5 and ECOG PS �2,

respectively.25 However, in this study, these proportions were

34% and 0%, respectively. In patients with good ECOG PS (as

in the present study), NLR before treatment with nivolumab

may be not be correlated with the treatment effect.

The results of this study indicate that the efficacy of treat-

ment with nivolumab did not correlate with variations in NLR

during treatment. It has been reported that, after 6 weeks of

treatment with nivolumab, patients with NLR �5 exhibited

Table 2. Treatment-Related Immune-Related Adverse Events.

Immune-related
adverse events

All
grades

Grades
1–2

Grade
3–4

Overall 60 38 22
Interstitial pneumonia 19 8 11
Skin toxicity 12 10 2
Thyroid dysfunction 11 11 0
Fatigue 4 4 0
Nephrotoxicity 3 0 3
Cardiotoxicity 3 1 2
Peripheral neuropathy 2 1 1
Stomatitis 1 0 1
Type I diabetes mellitus 1 0 1
Neutropenia 1 0 1
Hypoadrenalism 1 1 0
Hypopituitarism 1 1 0
Infusion reaction 1 1 0
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worse PFS than those with NLR < 5.34 In this study, the PBC

and serum biochemistry after the initiation of treatment with

nivolumab were obtained as an average value, irrespective of

the treatment period. Hence, it may be difficult to observe

changes in clinical laboratory test values immediately after the

initiation of treatment with nivolumab. It has been suggested

that the correlation between nivolumab efficacy with NLR

should be limited prior to or immediately after the initiation

of treatment.

By contrast, the cutoff value of ALB was within the

normal range. However, this study indicated a reduction in

ALB in parallel with disease progression. A prospective

cohort study revealed that malnutrition was a factor associ-

ated with OS in patients with advanced cancer.35 Cancer

cells are characterized by high demands for energy and

nutrients to support their rapid proliferation, with glucose

and amino acids (e.g., glutamine) representing important

fuels for tumor cell growth.36 Currently, the mechanism

through which cancer cells acquire sufficient amino acids

to support their high proliferative rate has not been well

understood. It has been reported that downregulation of the

neonatal Fc receptor (FcRn) promotes tumor cell growth and

proliferation through accumulation of ALB within the tumor

cells.37 Furthermore, it has been demonstrated that down-

regulation of the FcRn in NSCLC tissue was associated with

poor prognosis.38 The hypoalbuminemia observed in group

B may indicate downregulation of FcRn in tumor cells.

Therefore, the mechanism of disease progression during

treatment with nivolumab in NSCLC patients may include

loss of FcRn in tumor cells. Few longitudinal studies have

examined the relationship between disease progression and

PBC and serum biochemistry.18,23-31 It was suggested that

monitoring of ALB over time is useful for detecting disease

progression.

This study has demonstrated that the onset of nivolumab-

related pneumonitis correlated with the history of interstitial

pneumonia and reduction in ALB prior to and during treat-

ment with nivolumab, respectively. The present study

included only patients with good performance status, unlike

a previous report that included patients with ECOG PS > 2

(26%).32 The onset of nivolumab-related pneumonitis may

correlate with the history of interstitial pneumonia prior to

treatment, irrespective of the ECOG PS prior to treatment.

In a previous study, it was hypothesized that there are two

etiologies of nivolumab-related pneumonitis: (i) the exacerba-

tion type, exhibiting exacerbation of a preexisting interstitial

pneumonia, and (ii) the de novo type, newly induced by nivo-

lumab and independent of preexisting interstitial pneumonia.32

The history of interstitial pneumonia may be a risk factor for

the former type, whereas reduction in ALB during treatment

with nivolumab may be a risk factor for the latter type. Group

C included eight patients (53.3%, 8/15) with a history of inter-

stitial pneumonia. These eight patients may have had exacer-

bations, but we cannot differentiate patients who have had an

exacerbation and patients with de novo disease. Patients with

fibrosis had lower levels of FcRn mRNA versus those without

this complication.39 The hypoalbuminemia observed in group

C may include downregulation of FcRn in normal tissue of

the lung. We could not investigate the association between

reduced levels of ALB and the severity of nivolumab-related

pneumonitis because this study had a limited number of

patients with nivolumab-related pneumonitis. This study

indicated that NLR increases at the onset of nivolumab-

related pneumonitis. These results suggest that the onset

of nivolumab-related pneumonitis rapidly progressed.

Presumably, it is difficult to determine the development of

nivolumab-related pneumonitis based on PBC obtained every

2 weeks. A retrospective cohort study involving melanoma

Table 3. Correlation Between Each Factor and Onset of Nivolumab-Related Pneumonitis.

All patients
(n ¼ 94) Univariate analysis

Risk factor IP No-IP Odds ratio 95% Cl p

Age �70 years 12 35 1.945 0.624–6.523 0.304
<70 years 7 40

Gender Male 14 55 1.018 0.296–4.084 1.000
Female 5 20

ECOG PS 1 9 27 1.592 0.504–4.982 0.432
0 10 48

Smoking history (n ¼ 90)*1 Yes 14 64 0.660 0.139–4.267 0.691
No 3 9

History of interstitial pneumonia Yes 8 10 4.626 1.289–16.686 0.008
No 11 65

Histological type (n ¼ 90)*2 Adenocarcinoma 12 45 1.010 0.297–3.206 1.000
Squamous 7 26

ECOG PS, Eastern Cooperative Oncology Group performance status; IP, interstitial pneumonia
*1 4 patients who had unknown smoking history were excluded from this particular analysis.
*2 4 patients who had other histological type were excluded from this particular analysis.
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patients who received treatment with nivolumab indicated that

an increase in white PBC and a decrease in relative lympho-

cyte count correlated with the onset of irAEs in the lungs.14

This discrepancy with our study may be explained by differ-

ences in tumors.40 Interstitial pneumonia induced by the

administration of ICIs has exhibited diverse radiologic and

pathologic features.41 The various characteristics of interstitial

pneumonia caused by treatment with nivolumab may compli-

cate the risk factors prior to treatment.

We acknowledge six limitations of this study. First, this

study was retrospective in nature. Second, diagnoses of preex-

isting interstitial pneumonia and nivolumab-related interstitial

pneumonitis were largely dependent on computed tomography

findings. Thus, histological and physiological diagnoses of

nivolumab-related pneumonitis are lacking. Third, patients in

this study underwent treatment with nivolumab at 3 mg/kg

Figure 4. 4-Point blood tested at “Pre”, “Average”, “Last-1”, and
“Last”. A p < 0.05 indicated statistical significance. Results are pre-
sented as mean + SD. (a) ALB, (b) PLR, and (c) NLR.
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Figure 5. Receiver operating characteristic curve analyses for the
cutoff values: (a) Group A vs. B, cutoff value of ALB at the “Pre”,
“Average”, and “Last-1” time points; (b) Group A vs. C, cutoff value of
ALB at the “Average” and “Last-1” time points.
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intravenously every 2 weeks; notably, the currently used dose

in Japan and worldwide is 240 mg/body intravenously every

2 weeks. However, it has been demonstrated that the dose of

nivolumab was not clinically difference at the efficacy and

safety. Therefore, the results of this study may be applicable

to the current clinical practice.42 Fourth, as shown in previous

studies,16-22 NLR, ECOG PS, and ALB levels are known prog-

nostic factors in patients with cancer and are likely to be asso-

ciated with poor outcomes regardless of the treatment used.

Fifth, our conclusions cannot be made about the predictive

value of the clinical and biological data examined since there

was no comparative group in this study. Finally, this study’s

cohort only consisted of Japanese patients. The results of this

study may not be generalizable to different ethnic groups.

In conclusion, the pretreatment ECOG PS may be contribut-

ing factors that are associated with PFS and OS in patients with

advanced NSCLC who underwent treatment with nivolumab.

The history of interstitial pneumonia prior to treatment with

nivolumab may correlate with the onset of nivolumab-related

pneumonitis. Furthermore, it has been suggested that monitor-

ing ALB over time may be useful in determining disease pro-

gression and the onset of nivolumab-related pneumonitis. This

is the first study to examine Japanese patients with good PS in

this setting. A prospective study is required to address the

limitations of this retrospective study.
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