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Background: There are no established predictive biomarkers for the effectiveness
of first-line atezolizumab plus carboplatin and etoposide therapy in patients with
small-cell lung cancer (SCLC). Therefore, the current study aimed to investigate
whether the Glasgow prognostic score (GPS), neutrophil-to-lymphocyte ratio
(NLR), and body mass index (BMI) can predict the effectiveness of first-line
atezolizumab plus carboplatin and etoposide therapy in patients with extensive-
disease SCLC.

Methods: We reviewed data from 84 patients who received first-line atezolizumab
plus carboplatin and etoposide therapy for SCLC at nine Japanese institutions
between August 2019 and May 2021. Further, we evaluated the prognostic value of
the GPS, NLR, and BMI. The Kaplan—Meier and Cox proportional hazard models
were used to examine differences in progression-free survival (PFS) and overall
survival (OS). Moreover, the GPS, NLR, and BMI consisted of C-reactive protein and
albumin concentrations, neutrophil and lymphocyte counts, and body weight and
height, respectively.

Results: The response rate was 72.6% (95% confidence interval: 63.0-82.1%). The
median PFS and OS from the initiation of treatment were 5.4 (95% Cl: 4.9-5.9)
months and 15.4 (95% Cl: 11.4-16.8) months, respectively. The GPS independently
predicted the effectiveness of first-line atezolizumab plus carboplatin and
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etoposide treatment, as a favorable GPS (GPS 0-1) was correlated with significantly
better PFS and OS rates compared to a poor GPS (GPS 2) (PFS: 5.8 vs. 3.8 months,
p = 0.0005; OS: 16.5 vs. 8.4 months, p<0.0001).

Conclusions: This is the first analysis to evaluate the association between the GPS,
NLR, and BMI and the treatment effectiveness of survival among patients receiving
first-line atezolizumab plus carboplatin and etoposide therapy for SCLC. Among
patients receiving this treatment for SCLC, GPS was significantly associated with
the PFS and OS rates, suggesting that GPS might be useful for evaluating
therapeutic outcomes in these patients.

KEYWORDS

atezolizumab plus carboplatin and etoposide, body mass index, Glasgow prognostic
score, immune checkpoint inhibitor, neutrophil-to-lymphocyte ratio, small cell

lung cancer

1 Introduction

Small-cell lung cancer (SCLC) comprises approximately 15% of
all lung cancer cases. SCLC is an aggressive tumor characterized by a
rapid doubling time, high proliferation fraction, and early progression
of widespread metastases (1, 2). Approximately 70% of patients with
SCLC have reached the extensive disease (ED) stage at diagnosis; this
is a stage correlated with a poor prognosis (3). Until recently, the
standard first-line treatment for patients with ED-SCLC was platinum
and etoposide combination chemotherapy. Despite a median overall
survival (OS) period of approximately 10 months, there has been no
significant development in OS for over two decades (4, 5). ED-SCLC
is a poor prognostic disease with a median progression-free survival
(PES) period of 4.3-5.7 months, median OS period of 7.5-10.9
months, and a 5-year survival rate of 2.8% (5, 6). Recently,
immune-checkpoint inhibitors (ICIs) have improved survival in
patients with ED-SCLC (7-10). Atezolizumab is a humanized
monoclonal anti-PD-L1 antibody that inhibits PD-L1 engagement
with PD-1 and B7.1 (11). The randomized phase III trial
(IMpower133) demonstrated significantly better survival outcomes
with atezolizumab plus carboplatin and etoposide (AteCE) treatment
than with carboplatin and etoposide combination chemotherapy (7,
8). Additionally, in the CASPIAN trial, durvalumab, another PD-L1
antibody, improved the median OS rates compared to the placebo
despite the absence of significant benefit in the median PFS (9, 10).

Patients with lung cancer are often diagnosed at an advanced
stage with distant metastases; many patients at advanced stages show
a systemic inflammatory response (SIR) and weight loss, which affect
cancer cachexia (12, 13). Therefore, the cancer-related prognosis is

Abbreviations: SCLC, small cell lung cancer; GPS, Glasgow prognostic score; NLR,
neutrophil-to-lymphocyte ratio; BMI, body mass index; PFS, progression-free
survival; OS, overall survival; ED, extensive disease; ICI, immune checkpoint
inhibitor; ECOG-PS, Eastern Cooperative Oncology Group-performance status;
PD-L1, monoclonal anti-programmed death ligand; PD-1, PD-L1-programmed
death; AteCE, atezolizumab plus carboplatin and etoposide; NSCLC, non-small cell

lung cancer; SIR, systemic inflammatory response; CRP, C-reactive protein.
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evaluated with a variety of SIR-based scoring systems, such as the
Glasgow prognostic score (GPS) and neutrophil-to-lymphocyte ratio
(NLR). The GPS is a scoring system that constitutes serum C-reactive
protein (CRP) and albumin concentrations (12). SIR-based markers,
such as GPS, can presage the efficacy of ICIs, with NLR predicting the
efficacy of ICIs in malignant melanoma (14-16), renal cell carcinoma
(17), and non-small cell lung cancer (NSCLC) (18-20). GPS has been
reported in several studies to be an independent prognostic marker
for ED-SCLC (21-24); however, no analyses have yet assessed the
association between the GPS and ICI treatment effectiveness of first-
line AteCE therapy for patients with SCLC. Moreover, a previous
report indicated that the body mass index (BMI) is a prognostic index
for various cancers, and sarcopenia was related to poor survival
outcomes in patients with NSCLC treated with ICI (25).
Furthermore, the BMI is related to ICI therapeutic effectiveness in
solid malignancies, including malignant melanoma, renal cell cancer,
and NSCLC (26). Recently, a report analyzed the relationship between
the BMI and ICI outcomes in NSCLC cases (27). However, to the best
of our knowledge, no studies have assessed the association between
the BMI and ICI treatment efficacy in patients with SCLC. Therefore,
the association between the BMI and the effectiveness of ICIs in SCLC
cases remains unknown. Hence, data regarding the association
between the GPS, NLR, and BMI and the efficacy of first-line
AteCE treatment for patients with SCLC are limited. Therefore, this
study aimed to evaluate whether the GPS, NLR, and BMI could
predict treatment effectiveness for first-line AteCE treatment in
patients with SCLC.

2 Patients and methods

2.1 Study patients

The current study is retrospective in design. This analysis
evaluated the clinical effectiveness of first-line AteCE treatment in
84 patients with ED-SCLC at nine Japanese institutions between
August 2019 and May 2021. Ninety-eight patients were administered
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AteCE-based combination chemotherapy. Among them, 14 patients
received chemotherapy as second- or third-line treatment. The SCLC
was histologically classified using the 2015 World Health
Organization system and the disease stage was evaluated using the
Tumor-node-metastasis (TNM) staging system (version 8). The
inclusion criteria were as follows: (1) cytologically or histologically
diagnosed SCLC, inoperable disease stage III/IV, or postoperative
recurrence; and (2) first-line chemotherapeutic regimen with AteCE
combination. The patients received first-line chemotherapy with
AteCE, and each patient had a censored event or death confirmed.
All patients were assessed via systematic evaluation and standardized
staging procedures before receiving treatment. TNM clinical stage was
assessed based on the results of physical examination, chest X-ray,
thoracic and abdominal computed tomography (CT), brain magnetic
resonance imaging or CT, and bone scintigraphy or '®F-
fluorodeoxyglucose positron emission tomography. Furthermore,
we assessed patients’ medical records to review data on baseline
patient characteristics and tumor response to AteCE treatment. Data
from patients who received AteCE treatment were collected as
previously described (28).

The study design was approved by the Institutional Ethics
Committee of International Medical Center, Saitama Medical
University (approval number: 2021-113). All procedures complied
with the ethical standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. This article does not
contain any animal studies performed by any of the authors. Because
of the retrospective nature of this study, the requirement for informed
consent was waived.

2.2 Treatment

No patient had previously received ICIs, including AteCE
chemotherapy. The basic treatment regimen comprised
atezolizumab (fixed dose of 1,200 mg intravenously on day 1 of
each cycle), carboplatin (area under the curve of 4-5 min mg/mL
intravenously on day 1 of each cycle), and etoposide (body surface
area of 80-100 mg/m’ intravenously on days 1-3 of each cycle) for
four to six cycles. Next, this was followed by maintenance
atezolizumab administration every 3 weeks. In some patients,
atezolizumab was added to carboplatin and etoposide therapy
during treatment based on the attending physician’s decision.
Additionally, a granulocyte colony-stimulating factor was
administered as neutropenia prophylaxis at the discretion of the
treating physician. Moreover, treatment was discontinued on
development of the progressive disease, observation of irreversible
toxicity, or withdrawal of patient consent to treatment.

2.3 Treatment effectiveness assessment

Serum CRP and albumin concentrations were measured on the
day or day preceding AteCE treatment administration. The GPS was
categorized into three groups based on the combination of CRP value
and albumin concentrations as follows: GPS of 0, 1, and 2 points
included patients with a CRP level <1.0 mg/dL and albumin level >3.5
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mg/dL, CRP increased or albumin decreased, and CRP level 1.0 mg/
dL and albumin level <3.5 mg/dL, respectively. NLR was regarded as
the ratio of absolute neutrophil and absolute lymphocyte counts. We
set the cutoff value of the NLR at 5.0, considering a cutoff value of 4.91
(area under the curve: 0.593; sensitivity: 77.0%; specificity: 44.4%)
based on the receiver operating characteristic curve analysis for OS
(18, 29). Patients were classified into two groups based on their NLR
levels: low (<5.0) and high (25.0). The BMI was calculated at
treatment initiation as the weight (kg) divided by the height
squared (m?®). We analyzed the possible relationship between the
BMI and AteCE efficacy using a BMI cutoff of 22.0 kg/m?, an ideal
BMI in the Japanese population (30) (high BMI: >22.0 kg/m? low
BMI: <22.0 kg/m?).

Treatment response was assessed as the best overall response and
maximum tumor shrinkage. Additionally, radiographic tumor
responses were assessed according to the response evaluation
criteria in solid tumors (RECIST), version 1.1 (31). PFS was
calculated from day 1 of AteCE therapy until disease progression or
death. OS was calculated from day 1 of AteCE therapy until death
owing to any reason or censored on the last consultation date.

2.4 Statistical analyses

We adopted Fisher’s exact test and Welch’s t-test for categorical
and continuous variables, respectively. We applied the Cox
proportional hazards model with a stepwise regression procedure to
identify factors that predicted PFS and OS. Hazard ratios (HR) and
95% confidence intervals (CI) were estimated. Univariate and
multivariate logistic regression analyses were performed based on
the different outcome variables. The Kaplan-Meier method was used
to estimate survival as a function of time, and survival differences
were analyzed using the log-rank test. Statistical significance was set at
a two-tailed p-value <0.05. All statistical analyses were conducted
using the JMP software for Windows, version 11.0 (SAS Institute,
Cary, NC, USA).

3 Results

3.1 Patient characteristics and
treatment efficacy

Overall, 84 patients were examined. Table 1 presents the
characteristics of 84 patients. We enrolled 70 male (83.3%) and 14
female (16.7%) individuals, with a median age of 71 (range, 43-89)
years. The scores of the Eastern Cooperative Oncology Group
(ECOG)-performance status (PS) were 0-1 and 2-3 points for 70
(83.3%) and 14 patients (16.7%), respectively. All patients had SCLC
except for one patient with combined small cell carcinoma. There
were 80 patients (95.2%) with stage ITII-IV SCLC. The median BMI
was 22.0 (range, 14.1-32.8) kg/m>. Atezolizumab was added to
carboplatin and etoposide in 16 patients. The median number of
cycles of atezolizumab maintenance treatment was two (range, 0-24).
Table 2 shows the tumor response. Consequently, in the overall
cohort, the overall response rate was 72.6% (95% CI: 63.0-82.1),
and the disease control rate was 86.9% (95% CI: 79.6-94.1).

frontiersin.org


https://doi.org/10.3389/fonc.2022.1080729
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wasamoto et al.

TABLE 1 Patient characteristics.

Characteristics

10.3389/fonc.2022.1080729

Total patient (n=84)

Sex

Male/female 70/14
Median age at treatment (years) [range] 71 (43-89)
Performance Status (PS)

0/1/2/3/4 19/51/8/6/0
Smoking history

Yes/No 81/3
Histology

Small cell carcinoma/combined small cell carcinoma 83/1
Clinical stage at diagnosis

1II/IV/postoperative recurrence 7173/4
History of postoperative adjuvant chemotherapy

Yes/no 1/83
Intracranial metastases at initial treatment

Yes/No 25/59
Liver metastases at initial treatment

Yes/No 20/64
Bone metastases at initial treatment

Yes/No 30/54
BMI (kg/m?)

Median [range]

22.0 (14.1-32.8)

Prior palliative radiotherapy

Frontiers in Oncology 04

Yes/No 7177
Prior curative intent chemoradiotherapy

Yes/No 4/80
Intermittent administration of atezolizumab with combined carboplatin and etoposide

Yes/No 16/68
Number of cycles carboplatin+etoposide(+atezolizumab) administered

Median 4
Range 1-6
Number of cycles of atezolizumab maintenance therapy administered

Median 2
Range 0-24
Starting dose

CBDCA (AUC 5)+etoposide (100 mg/mz) 60
CBDCA (AUC 5)+etoposide (80-99 mg/m?) 7
CBDCA (AUC 5)+etoposide (<80 mg/m?) 2
CBDCA (AUC 4)+etoposide (100 mg/m?) 1
CBDCA (AUC 4)+etoposide (80-99 mg/mz) 13

(Continued)
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TABLE 1 Continued

Characteristics
CBDCA (AUC 3.5)+etoposide (70 mg/m?)

With or without G-CSF prophylaxis

10.3389/fonc.2022.1080729

Total patient (n=84)

1

Yes/No 50/34
Reason for discontinuation of carboplatin+etoposide+atezolizumab administration*

Progressive disease 7
Adverse events 4
Others 7
Steroid treatment for adverse events**

Yes/No 9/75

Laboratory data, Median [range]
CRP (mg/dL)
Albumin (g/dL)

Neutrophil (cells/uL)

0.56 (0.01-19.8)
3.7 (2.0-4.7)

4,948.5 (2,279-26,094)

Lymphocyte (cells/uL)

1,385 (476-3,944)

Pro-GRP (pg/mL)

Continuing administration of atezolizumab at data cutoff

*excluding atezolizumab maintenance therapy.
**excluding topical agents.

794 (24.4-129,200)

9/75

PS, performance status; BMI, body mass index; AUC, area under the curve; G-CSF, Granulocyte colony stimulating factor; CRP, C-reactive protein; Pro-GRP, Pro-gastrin-releasing peptide.

3.2 Comparison of the GPS, NLR, and BMI

Table 3 shows patient characteristics based on the GPS, NLR, and
BMI. Consequently, the GPS values at the beginning of AteCE
treatment were 0-1 (63 patients) and 2 (21 patients) points. Liver
metastases, administration cycles of atezolizumab maintenance
therapy, CRP level, albumin level, neutrophil count, lymphocyte
count, and response rate were significantly correlated (p<0.05) with
GPS values. In turn, the NLR values at the beginning of AteCE
treatment were low (60 patients) and high (24 patients). Prior
radiotherapy, the CRP level, albumin level, neutrophil count, and
lymphocyte count were significantly correlated (p<0.05) with NLR
values. The BMI at the initiation of AteCE treatment was low in 44

TABLE 2 Treatment response.

Total (n=84)
Response
Complete response 5
Partial response 56
Stable disease 12
Progressive disease 9
Not evaluated 2

Response rate (%) (95% CI) 72.6 (63.0-82.1)

Disease control rate (%) (95% CI) 86.9 (79.6-94.1)

CI, confidence interval.

Frontiers in Oncology

patients and high in 40 patients. Sex, administration cycles of
atezolizumab maintenance therapy, and lymphocyte counts were
significantly correlated (p<0.05) with the BML

3.3 Survival analysis

Over a median follow-up duration of 12.9 (range, 1.5-24.4) months,
the median PFS and OS intervals were 5.4 months (95% CI: 4.9-5.9
months) (Figure 1A) and 154 months (95% CI: 11.4-16.8 months)
(Figure 1B), respectively. As of the data cutoff date of June 30, 2020, 54 of
the 84 patients had died, and 30 were alive. Table 4 presents the
univariate and multivariate analyses of PFS and OS, respectively. The
univariate analyses of PFS revealed significant correlations with liver
metastases at initial treatment, prior radiotherapy, and the GPS. PFS was
correlated with prior radiotherapy (HR: 0.31, p = 0.0029) and a GPS of 0—
1 or 2 (HR: 042, p = 0.0036) in multivariate analyses. Furthermore,
univariate analyses of OS showed significant correlations with liver
metastases at initial treatment and GPS. Multivariate analyses showed
that OS was correlated with a GPS of 0-1, or 2 (HR: 0.26, p = 0.0005).
Figure 2 depicts the survival curves (Kaplan—Meier analysis) for PES and
OS. A GPS of 0-1 was significantly associated with better PES and OS
than a GPS of 2 (p<0.05; Figures 2A, B). Patients with GPS 0-1 had a
longer median PES of 5.8 months than those with GPS 2, with a median
PFS of 3.8 months (log-rank test, p = 0.0005; Figure 2A). Patients with
GPS 0-1 had a longer OS of 16.5 months than those with GPS 2, with an
OS of 8.4 months (log-rank test, p<0.0001; Figure 2B). Supplementary
Table 1 shows the number of treatment lines after AteCE therapy in the
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TABLE 3 Results of the patient’s characteristics according to the GPS, NLR, and BMI.

Variables NLR BMI

p-value  Low (<5) High (=5) p-value Low (<22.0) High (222.0)  p-value
Patients (n) 60 pZ: 44 40
Characteristics
Sex
Male/female 51/12 19/2 0.50 47/13 23/1 0.05 33/11 37/3 0.04
Median age at 71 71
treatment (years) (43- (50— 0.41% 71 (43-89) 70 (50-78) 0.50* 71 (43-89) 70.5 (50-83) 047+
[range] 89) 79)

Performance Status (PS)

0-1/22 ‘ 55/8 15/6 0.1 50/10 ‘ 20/4 >0.99 35/9 35/5 0.38

Smoking history

Yes/No ‘ 60/3 21/0 0.56 57/3 ‘ 24/0 0.55 42/2 39/1 >0.99

Intracranial metastases at initial treatment

Yes/No ‘ 19/44 6/15 >0.99 16/44 ‘ 9/15 0.42 15/29 10/30 0.47

Liver metastases at initial treatment

Yes/No ‘ 11/52 9/12 0.03 13/47 ‘ 7/17 0.57 10/34 10/30 >0.99

Bone metastases at initial treatment

Yes/No ‘ 22/41 8/13 0.79 23/37 ‘ 7/17 0.46 16/28 14/26 >0.99
BMI (kg/m?)
220 205 21.9 (14.1 20.6 (17.0
Median [range] (17.0- = (14.1- 0.05* ’ ' ’ ’ 0.19* 20.0 (14.1-21.9) 23.4 (22.0-32.8) <0.0001*
328) 26.3) 32.8) 28.2)

Prior radiotherapy**

Yes/No 8/55 3/18 >0.99 4/56 7/17 0.01 7137 4/36 0.52

Administration cycles of atezolizumab maintenance therapy

3 (0- 1 (0-
Median (range) 2(4) 5() 0.034* 3 (0-18) 1(0-24) 0.44* 2 (0-11) 3 (0-24) 0.0297*
Laboratory data
CRP (mg/dL) 0.24 3.57 <0.0001* 0.53 1.98 <0.0001* 0.62 0.45 0.20*
Albumin (g/dL) 3.8 3 <0.0001* 3.8 33 0.004* 3.7 3.8 0.32*
Neutrophil (cells/
uL) 4,619 6,846 0.0002* 4,511.5 6,851 <0.0001* 4,906.5 5,008 0.27*
Lymphocyte
1,450 1,055 0.021* 1,510 900 <0.0001* 1,158 1,500 0.011*

(cells/uL)
Pro-GRP (pg/
n:I(j) (pg 559 1,050 0.58* 593.8 923 0.96* 570.6 851.2 0.42*
Tumor response
Complets

ompee 5 0 5 0 2 3
response
Partial response 46 10 41 15 28 28
Stable disease 5 7 8 4 10 2
Progressive

. 5 4 5 4 3 6
disease
Not evaluated 2 0 1 1 1 1

(Continued)
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TABLE 3 Continued

10.3389/fonc.2022.1080729

Variables NLR BMI
Low (<5) High (=5) Low (<22.0) High (=22.0)
Patients (n) 60 24 44 40
Response rate 80.9 47.6 62.5 (43.1
N o (71.2- (26.2- 0.004 54 ’ o 0.27 68.1 (54.4-81.9) 77.5 (64.5-90.4) 0.46
(%) (95% CI) 90.6) 68.9) 81.8)
Disease control 88.8 80.9
90.0 (82.4- 79.1 (62.9—
rate (%) (95% (81.1- (64.1- 0.45 97.5) 95.4) 0.28 90.9 (82.4-99.4) 82.5 (70.7-94.2) 0.33
CI) 96.6) 97.7) ’ :

Fisher’s exact test.

*Welch’s t-test.

**including palliative radiotherapy and curative intent chemoradiotherapy.
Bold font indicates a statistically significant difference.

GPS, Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio; BMI, body mass index; PS,

releasing peptide.

GPS 0-1 and 2 patient populations because GPS of 0-1 and 2 points were
independent prognostic factors for PFS and OS, respectively.

4 Discussion

This study examined the relationships of the GPS, NLR, and BMI
with treatment effectiveness in patients treated with first-line AteCE
therapy for SCLC. Multivariate analyses demonstrated that the GPS
was independently correlated with PFS and OS, suggesting that the
GPS may predict survival among patients treated with first-line
AteCE therapy for SCLC. To the best of our knowledge, this is the
first study to evaluate the relationship between the GPS, NLR, and
BMI and survival among patients treated with first-line AteCE
therapy for SCLC.

In this analysis, the group of patients with a GPS of 0-1 had a
significantly higher response rate than those with a GPS of 2 points.
Moreover, the GPS was significantly predictive of survival efficacy,
such as PFS and OS. The GPS has been shown to have prognostic
significance in SCLC independent of the disease stage and is
conventionally adopted as a prognostic marker (21-24).
Furthermore, the GPS has been associated with drug metabolism,
adipokine levels, elevated cytokine levels, weight and muscle loss, and

80- Median PFS: 5.4 months

60+

40

PFS probability (%)

20+

0 T T T T d
0 6 12 18 24 30

Time (months)

FIGURE 1

atezolizumab plus carboplatin and etoposide as first-line treatment.

Kaplan—Meier curves for progression-free survival (PFS) and overall survival (OS). (A) The median PFS was 5.4 months among all 84 patients who received
atezolizumab plus carboplatin and etoposide as first-line treatment. (B) The median OS was 15.4 months among all 84 patients who received

performance status; CI, confidence interval; CRP, C-reactive protein; Pro-GRP, Pro-gastrin-

poor PS (13, 32-37). Furthermore, these factors are related to the
host’s immune status and may influence the effectiveness of PD-1
blockade treatment. In this study, the associations between patient
characteristics and the GPS were significantly correlated to liver
metastases and administration cycles of atezolizumab maintenance
therapy, indicating that the GPS is influenced by these clinical factors.
Previous studies have investigated the GPS of first-line cytotoxic drug
chemotherapy in patients with SCLC; however, no reports have
investigated first-line ICI and cytotoxic drug chemotherapy in
these patients.

Furthermore, the GPS is composed of the serum CRP value and
albumin concentration levels, indicating that these laboratory data are
frequently evaluated in daily clinical practice in most medical
institutions. Additionally, multivariate analysis showed that the
GPS, not the ECOG-PS, was independently associated with PFS and
OS (Table 3). However, ECOG-PS has been used as a potent
prognostic factor in clinical trials and clinical practice, and is a
useful clinical indicator. Thus, evaluating the relationship between
the GPS and ECOG-PS in large prospective and retrospective studies
is necessary. The ECOG-PS is a subjective index-grading indicator
that assesses the general condition of patients with malignant disease.
In contrast, the GPS is an objective and has highly reproducible
manner that classifies patients more precisely based on a three-index-

Median OS: 15.4 months

60+

40+

Percent survival (%)
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0 T T T T J
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TABLE 4 Univariate and multivariate analyses of PFS and OS.

10.3389/fonc.2022.1080729

Median . . L . Median o . L .
; Univariate analysis ~ Multivariate analysis Univariate analysis Multivariate analysis
Variables PFS y ¥ 05 Y y
95% - 95% - 95% - 95% -
(months) HR p HR P (months) HR p H P
Cl value Cl value cl value Cl value
Sex
0.86— 0.75-
Male/female 5.3/5.4 1.59 0.13 14.0/18.3 1.52 0.25
321 3.49
Age
0.48- 0.50-
<75/275 years 5.5/5.3 0.82 0.48 15.9/15.2 0.91 0.79
145 1.78
Performance Status (PS)
46— 46— 28— 33—
0-1/2-3 5.3/5.4 0s1 46 0.51 0s2 46 0.54 159110 053 28 0.08 06a P 0.23
1.53 1.57 1.09 1.34
Smoking history
37— 27—
Yes/No 5.4/4.6 12 07 0.96 15.4/6.5 090 ¥ 0.89
420 5.55
Intracranial metastases at initial treatment
61— 60—
Yes/No 56/5.3 o1 06 0.94 16.4/15.2 109 060 0.76
1.64 1.90
Liver metastases at initial treatment
1.08- 87- 1.03- 67—
Yes/No 4.9/5.5 1.86 08 00257 | 155 ¥ 0.12 9.6/16.4 1.94 03 0.04 133 0¥ 0.39
3.08 2.67 347 2,51
Bone metastases at initial treatment
94— 65—
Yes/No 5.5/5.2 154 02 0.08 13.9/7.9 115 08 0.61
2,51 1.97
Prior radiotherapy
15— 11- 30—
Yes/No 7.8/5.2 0.4 0.15 00175 | 031 0.0029 16.8/15.2 0.8 030 0.61
0.86 0.69 1.75
GPS
0.24- 0.25- 0.11- 0.13-
0,1/2 5.8/3.8 0.41 0.0017 | 0.42 0.0036 16.5/8.4 0.23 <0.0001 | 0.26 0.0005
0.70 0.74 0.46 0.55
NLR
0.52— 0.40-
Low (<5)/High (Z5) 5.5/4.4 0.87 0.61 159/120 | 0.72 0.31
1.50 138
BMI (kg/m?)
L 22.0)/High 0.86— 0.88-
ow (<22.0)/Hig 52/5.6 137 0.17 13.0/163 151 0.12
(222.0) 2.20 2.62

Bold font indicates a statistically significant difference.

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; PS, performance status; GPS, Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio; BMI,

body mass index.

scoring indicator. Therefore, the GPS may be more appropriate for
pretreatment evaluations. In addition, GPS assessment is more
objective than the usual prognostic factor of the ECOG-PS (38). A
previous report demonstrated this from the era when ICI was not
used; however, a previous report demonstrated that ECOG-PS did not
show a significant difference in OS in patients with SCLC on
multivariate analysis, in contrary to GPS (22). In reports on
malignant lymphoma expected to respond to treatment, similar
findings were reported. Especially, ECOG-PS showed no significant
difference in PFS or/and OS in univariate and multivariate analysis,

Frontiers in Oncology

but GPS showed a significant difference (39-42). In summary, tumors
that respond to treatment may have a poor PS at the beginning of
treatment, but if the tumor responds to treatment, the PS at the
beginning of treatment may have little effect on survival. In contrast,
the treatment may be ineffective if the tumor has a GPS of 2 points,
such as high CRP and low albumin levels at treatment initiation.
Therefore, considering GPS in clinical practice for SCLC treatment
may be reasonable.

Systematic reviews have reported the relationship between the
NLR and clinical efficacy and outcome in patients with SCLC (43). A
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GPS 0-1, median PFS: 5.8 months; GPS 2, median PFS: 3.8 months.

FIGURE 2
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GPS 0-1, median OS: 16.5 months; GPS 2, median OS: 8.4 months.

Kaplan—Meier curves for progression-free survival (PFS) and overall survival (OS) according to Glasgow prognostic score (GPS). (A) PFS according to GPS
at the initiation of atezolizumab plus carboplatin and etoposide (GPS 0-1, median PFS: 5.8 months; GPS 2, median PFS: 3.8 months). (B) OS according to
GPS at the start of atezolizumab plus carboplatin and etoposide (GPS 0-1, median OS: 16.5 months; GPS 2, median OS: 8.4 months).

review article reported that the NLR is a prognostic factor; however,
some reports have stated otherwise. The cutoff values have also been
analyzed using various values. Several reports on the NLR for SCLC
cases exist. For example, the NLR was identified as an independent
negative prognostic factor for OS in patients with ED-SCLC at
diagnosis (44). Pretreatment NLR may be useful in stratifying
treatment approaches for patients with ED-SCLC (45). In this
study, patient characteristics and the NLR were significantly
correlated with prior radiotherapy, indicating that the NLR was
influenced by clinical factors. Furthermore, it was not associated
with either PFS or OS in patients with SCLC treated with first-line
AteCE treatment. Although we analyzed a limited sample in our
study, we could not find a significant relationship between the NLR
and outcome after AteCE therapy for SCLC cases. However, we used
the cutoff value that is frequently used in NLR studies and analyzed as
previously described (46). In the future, we will investigate which
cutoff value is optimal for NLR in a large population of patients
with SCLC.

This analysis failed to detect BMI as a prognostic factor for SCLC.
In previous reports, BMI evaluation and treatment efficacy for SCLC
varied with BMI cutoff points, clinical stage, treatment, and analytical
methods (43, 47-53). Most studies did not show a significant
association between the BMI and SCLC survival prognosis (43, 47—
49, 51, 53). Our result was consistent with those of previous analyses.
However, a retrospective study including many patients suggested
that a high BMI was correlated with prolonged PES and OS following
ICI therapy in patients with malignant melanoma (54). Other
retrospective analyses on solid tumors, such as malignant
melanoma, renal cell carcinoma, and NSCLC, demonstrated that
the BMI is related to outcome of ICI therapy (26). Additionally, a
correlation between the BMI in patients with NSCLC treated with ICI
and survival outcomes has been observed (27). BMI is significantly
correlated to the survival benefit of ICI treatment in patients with
NSCLC treated with second-line or subsequent-line PD-1/PD-L1
blockade therapy. Moreover, patients with a high BMI have better
outcomes. We previously reported that BMI independently predicted
survival outcome, as patients with high BMI (BMI >21.4 kg/m?)
demonstrated significantly better OS compared to those with low BMI
(BMI <21.4 kg/m*) among patients with NSCLC expressing high PD-
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L1 who were administered first-line pembrolizumab monotherapy
(46). Thus, there may be a difference in the relationship between the
BMI and survival in NSCLC and SCLC cases. Additionally, in this
study, the cutoff value for BMI was set at 22 kg/mz, but whether this is
appropriate is a subject for future study, as it may be necessary to
consider differences between different populations and ethnicities.

There are several limitations in this study. First, a retrospective study
design, such as that in the current study, depends on subjective physician
examinations, leading to variabilities in tumor response and PFS data.
Second, the cutoff values for GPS, NLR, or BMI have not been
established; there are various cutoff values indicated in previous
reports, and we used previously reported cutoff values for the GPS,
NLR, and BMI. Therefore, in the future, it is necessary to evaluate
whether the results of this study are clinically reasonable in a larger
patient cohort. Third, our sample size was limited, which may have
affected our findings. However, this would be an inherent study
limitation at most institutions, which do not have many patients with
SCLC receiving first-line AteCE treatment. Thus, the potential
significance of these sources of bias must be considered when
interpreting our data. Fourth, the number of female patients in this
study was small compared to the number of male patients, which may
have affected the conclusion concerning sex difference. However, SCLC
generally occurs more frequently in male, who are more likely to smoke,
which inevitably results in a bias toward a smaller proportion of female.

In summary, GPS was identified as a significant predictor after
ATeCE therapy for patients with SCLC. Further large-scale analyses
are required to examine whether the results of our analysis can be
generalized to other SCLC patient cohorts. Furthermore, whether the
GPS can be considered a treatment effect modifier from our findings
remains unclear. However, in the future, this clinical question could
be addressed if larger studies on the effects of GPS subgroups in
clinical trials of treatment including ICI are conducted.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be directed
to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fonc.2022.1080729
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wasamoto et al.

Ethics statement

The study design was approved by the Institutional Ethics
Committee of International Medical Center, Saitama Medical
University. Written informed consent for participation was not
required for this study in accordance with the national legislation
and the institutional requirements.

Author contributions

Conceptualization and methodology, SW and HI; formal analysis
and data curation, HI and KyoK; project administration,
visualization, and writing—original draft preparation, SW and HI;
supervision, KyoK and HK; investigation and resources, TT, YN, HM,
YY, YU, TKi, AS, YK, JS, OY, AM, KenK, HT, TKa, and KM. All
authors contributed to the article and approved the
submitted version.

Acknowledgments

The authors thank Ms. Kyoko Nakagawa, Drs. Takashi Kasai,
Tamotsu Ishizuka and Kunihiko Kobayashi for their assistance in

References

1. Govindan R, Page N, Morgensztern D, Read W, Tierney R, Vlahiotis A, et al.
Changing epidemiology of small-cell lung cancer in the united states over the last 30 years:
analysis of the surveillance, epidemiologic, and end results database. J Clin Oncol (2006)
24:4539-44. doi: 10.1200/JCO.2005.04.4859

2. DOomine M, Moran T, Isla D, Marti JL, Sullivan I, Provencio M, et al. SEOM clinical
guidelines for the treatment of small-cell lung cancer (SCLC) (2019). Clin Transl Oncol
(2020) 22:245-55. doi: 10.1007/s12094-020-02295-w

3. Bernhardt EB, Jalal SI. Small cell lung cancer. Cancer Treat Res (2016) 170:301-22.
doi: 10.1007/978-3-319-40389-2_14

4. Byers LA, Rudin CM. Small cell lung cancer: where do we go from here. Cancer
(2015) 121:664-72. doi: 10.1002/cncr.29098

5. Farago AF, Keane FK. Current standards for clinical management of small cell lung
cancer. Transl Lung Cancer Res (2018) 7:69-79. doi: 10.21037/tlcr.2018.01.16

6. Schabath MB, Nguyen A, Wilson P, Sommerer KR, Thompson ZJ, Chiappori AA.
Temporal trends from 1986 to 2008 in overall survival of small cell lung cancer patients.
Lung Cancer (2014) 86:14-21. doi: 10.1016/j.lungcan.2014.07.014

7. Horn L, Mansfield AS, Szczesna A, Havel L, Krzakowski M, Hochmair MJ, et al.
First-line atezolizumab plus chemotherapy in extensive-stage small-cell lung cancer. N
Engl ] Med (2018) 379:2220-9. doi: 10.1056/NEJMo0al809064

8. Liu SV, Reck M, Mansfield AS, Mok T, Scherpereel A, Reinmuth N, et al. Updated
overall survival and PD-L1 subgroup analysis of patients with extensive-stage small-cell
lung cancer treated with atezolizumab, carboplatin, and etoposide (IMpower133). J Clin
Oncol (2021) 39:619-30. doi: 10.1200/JC0O.20.01055

9. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab plus platinum-etoposide versus platinum-etoposide in first-line treatment
of extensive-stage small-cell lung cancer (CASPIAN): a randomised, controlled, open-
label, phase 3 trial. Lancet (2019) 394:1929-39. doi: 10.1016/S0140-6736(19)32222-6

10. Goldman JW, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab, with or without tremelimumab, plus platinum-etoposide versus platinum-
etoposide alone in first-line treatment of extensive-stage small-cell lung cancer
(CASPIAN): updated results from a randomised, controlled, open-label, phase 3 trial.
Lancet Oncol (2021) 22:51-65. doi: 10.1016/51470-2045(20)30539-8

11. Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon MS, et al. Predictive
correlates of response to the anti-PD-L1 antibody MPDL3280A in cancer patients. Nature
(2014) 515:563-7. doi: 10.1038/nature14011

12. McMillan DC. An inflammation-based prognostic score and its role in the
nutrition-based management of patients with cancer. Proc Nutr Soc (2008) 67:257-62.
doi: 10.1017/S0029665108007131

Frontiers in Oncology

10.3389/fonc.2022.1080729

preparing the manuscript, and Editage (www.editage.jp) for English
language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.1080729/

full#supplementary-material

13. Proctor MJ, Talwar D, Balmar SM, O'Reilly DS, Foulis AK, Horgan PG, et al. The
relationship between the presence and site of cancer, an inflammation-based prognostic
score and biochemical parameters. initial results of the Glasgow inflammation outcome
study. Br J Cancer (2010) 103:870-6. doi: 10.1038/sj.bjc.6605855

14. Ferrucci PF, Gandini S, Battaglia A, Alfieri S, Di Giacomo AM, Giannarelli D, et al.
Baseline neutrophil-to-lymphocyte ratio is associated with outcome of ipilimumab-
treated metastatic melanoma patients. Br J Cancer (2015) 112:1904-10. doi: 10.1038/
bjc.2015.180

15. Ferrucci PF, Ascierto PA, Pigozzo ], Del Vecchio M, Maio M, Antonini Cappellini
GG, et al. Baseline neutrophils and derived neutrophil-to-lymphocyte ratio: prognostic
relevance in metastatic melanoma patients receiving ipilimumab. Ann Oncol (2016)
27:732-8. doi: 10.1093/annonc/mdw016

16. Capone M, Giannarelli D, Mallardo D, Madonna G, Festino L, Grimaldi AM, et al.
Baseline neutrophil-to-lymphocyte ratio (NLR) and derived NLR could predict overall
survival in patients with advanced melanoma treated with nivolumab. ] Immunother
Cancer (2018) 6:74. doi: 10.1186/s40425-018-0383-1

17. Jeyakumar G, Kim S, Bumma N, Landry C, Silski C, Suisham S, et al. Neutrophil
lymphocyte ratio and duration of prior anti-angiogenic therapy as biomarkers in
metastatic RCC receiving immune checkpoint inhibitor therapy. J Immunother Cancer
(2017) 5:82. doi: 10.1186/s40425-017-0287-5

18. Bagley SJ, Kothari S, Aggarwal C, Bauml JM, Alley EW, Evans TL, et al.
Pretreatment neutrophil-to-lymphocyte ratio as a marker of outcomes in nivolumab-
treated patients with advanced non-small-cell lung cancer. Lung Cancer (2017) 106:1-7.
doi: 10.1016/j.Jungcan.2017.01.013

19. Mezquita L, Auclin E, Ferrara R, Charrier M, Remon J, Planchard D, et al.
Association of the lung immune prognostic index with immune checkpoint inhibitor
outcomes in patients with advanced non-small cell lung cancer. JAMA Oncol (2018)
4:351-7. doi: 10.1001/jamaoncol.2017.4771

20. Suh KJ, Kim SH, Kim YJ, Kim M, Keam B, Kim TM, et al. Post-treatment
neutrophil-to-lymphocyte ratio at week 6 is prognostic in patients with advanced non-
small cell lung cancers treated with anti-PD-1 antibody. Cancer Immunol Immunother
(2018) 67:459-70. doi: 10.1007/500262-017-2092-x

21. Zhou T, Hong S, Hu Z, Hou X, Huang Y, Zhao H, et al. A systemic inflammation-
based prognostic scores (mGPS) predicts overall survival of patients with small-cell lung
cancer. Tumour Biol (2015) 36:337-43. doi: 10.1007/s13277-014-2623-4

22. Kurishima K, Watanabe H, Ishikawa H, Satoh H, Hizawa N. Modified glasgow
prognostic score in patients with small-cell lung cancer. Mol Clin Oncol (2017) 7:121-4.
doi: 10.3892/mc0.2017.1261

frontiersin.org


http://www.editage.jp
https://www.frontiersin.org/articles/10.3389/fonc.2022.1080729/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1080729/full#supplementary-material
https://doi.org/10.1200/JCO.2005.04.4859
https://doi.org/10.1007/s12094-020-02295-w
https://doi.org/10.1007/978-3-319-40389-2_14
https://doi.org/10.1002/cncr.29098
https://doi.org/10.21037/tlcr.2018.01.16
https://doi.org/10.1016/j.lungcan.2014.07.014
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1200/JCO.20.01055
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1016/S1470-2045(20)30539-8
https://doi.org/10.1038/nature14011
https://doi.org/10.1017/S0029665108007131
https://doi.org/10.1038/sj.bjc.6605855
https://doi.org/10.1038/bjc.2015.180
https://doi.org/10.1038/bjc.2015.180
https://doi.org/10.1093/annonc/mdw016
https://doi.org/10.1186/s40425-018-0383-1
https://doi.org/10.1186/s40425-017-0287-5
https://doi.org/10.1016/j.lungcan.2017.01.013
https://doi.org/10.1001/jamaoncol.2017.4771
https://doi.org/10.1007/s00262-017-2092-x
https://doi.org/10.1007/s13277-014-2623-4
https://doi.org/10.3892/mco.2017.1261
https://doi.org/10.3389/fonc.2022.1080729
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wasamoto et al.

23. Minami S, Ogata Y, Thara S, Yamamoto S, Komuta K. Pretreatment Glasgow
prognostic score and prognostic nutritional index predict overall survival of patients with
advanced small cell lung cancer. Lung Cancer (Auckl) (2017) 8:249-57. doi: 10.2147/
LCTT.S142880

24. Sonehara K, Tateishi K, Komatsu M, Yamamoto H, Hanaoka M, Kanda S, et al.
Modified Glasgow prognostic score as a prognostic factor in patients with extensive
disease-small-cell lung cancer: a retrospective study in a single institute. Chemotherapy
(2019) 64:129-37. doi: 10.1159/000502681

25. Shiroyama T, Nagatomo I, Koyama S, Hirata H, Nishida S, Miyake K, et al. Impact
of sarcopenia in patients with advanced non-small cell lung cancer treated with PD-1
inhibitors: A preliminary retrospective study. Sci Rep (2019) 9:2447. doi: 10.1038/s41598-
019-39120-6

26. Cortellini A, Bersanelli M, Buti S, Cannita K, Santini D, Perrone F, et al. A
multicenter study of body mass index in cancer patients treated with anti-PD-1/PD-L1
immune checkpoint inhibitors: when overweight becomes favorable. J Immunother
Cancer (2019) 7:57. doi: 10.1186/s40425-019-0527-y

27. Ichihara E, Harada D, Inoue K, Sato K, Hosokawa S, Kishino D, et al. The impact of
body mass index on the efficacy of anti-PD-1/PD-L1 antibodies in patients with non-small
cell lung cancer. Lung Cancer (2020) 139:140-5. doi: 10.1016/j.lungcan.2019.11.011

28. Shiono A, Imai H, Wasamoto S, Tsuda T, Nagai Y, Minemura H, et al. Real-world
data of atezolizumab plus carboplatin and etoposide in elderly patients with extensive-
disease small-cell lung cancer. Cancer Med (2022). doi: 10.1002/cam4.4938

29. Guthrie GJ, Charles KA, Roxburgh CS, Horgan PG, McMillan DC, Clarke SJ. The
systemic inflammation-based neutrophil-lymphocyte ratio: experience in patients with
cancer. Crit Rev Oncol Hematol (2013) 88:218-30. doi: 10.1016/j.critrevonc.2013.03.010

30. Tokunaga K, Matsuzawa Y, Kotani K, Keno Y, Kobatake T, Fujioka S, et al. Ideal
body weight estimated from the body mass index with the lowest morbidity. Int J Obes
(1991) 15:1-5.

31. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New
response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur
J Cancer (2009) 45:228-47. doi: 10.1016/j.ejca.2008.10.026

32. Brown DJ, Milroy R, Preston T, McMillan DC. The relationship between an
inflammation-based prognostic score (Glasgow prognostic score) and changes in serum
biochemical variables in patients with advanced lung and gastrointestinal cancer. J Clin
Pathol (2007) 60:705-8. doi: 10.1136/jcp.2005.033217

33. Kerem M, Ferahkose Z, Yilmaz UT, Pasaoglu H, Ofluoglu E, Bedirli A, et al.
Adipokines and ghrelin in gastric cancer cachexia. World ] Gastroenterol (2008) 14:3633-
41. doi: 10.3748/wjg,14.3633

34. Giannousi Z, Gioulbasanis I, Pallis AG, Xyrafas A, Dalliani D, Kalbakis K, et al.
Nutritional status, acute phase response and depression in metastatic lung cancer patients:
correlations and association prognosis. Support Care Cancer (2012) 20:1823-9.
doi: 10.1007/s00520-011-1282-x

35. Naito T, Tashiro M, Yamamoto K, Ohnishi K, Kagawa Y, Kawakami J. Impact of
cachexia on pharmacokinetic disposition of and clinical responses to oxycodone in cancer
patients. Eur ] Clin Pharmacol (2012) 68:1411-8. doi: 10.1007/500228-012-1266-x

36. McMillan DC. The systemic inflammation-based Glasgow prognostic score: a
decade of experience in patients with cancer. Cancer Treat Rev (2013) 39:534-40.
doi: 10.1016/j.ctrv.2012.08.003

37. Kim §J, Ryu KJ, Hong M, Ko YH, Kim WS. The serum CXCL13 level is associated
with the Glasgow prognostic score in extranodal NK/T-cell lymphoma patients. ] Hematol
Oncol (2015) 8:49. doi: 10.1186/s13045-015-0142-4

38. Dajczman E, Kasymjanova G, Kreisman H, Swinton N, Pepe C, Small D. Should
patient-rated performance status affect treatment decisions in advanced lung cancer. J
Thorac Oncol (2008) 3:1133-6. doi: 10.1097/JTO.0b013e318186a272

Frontiers in Oncology

1

10.3389/fonc.2022.1080729

39. Kim Y, Kim SJ, Hwang D, Jang J, Hyun SY, Kim YR, et al. The modified Glasgow
prognostic scores as a predictor in diffuse large b cell lymphoma treated with r-CHOP
regimen. Yonsei Med ] (2014) 55:1568-75. doi: 10.3349/ymj.2014.55.6.1568

40. Witte H, Biersack H, Kopelke S, Rades D, Merz H, Bernard V, et al. The Glasgow
prognostic score at diagnosis is an independent predictor of survival in advanced stage
classical Hodgkin lymphoma. Br ] Haematol (2019) 184:869-73. doi: 10.1111/bjh.15198

41. Huh §J, Oh SY, Lee S, Lee JH, Kim SH, Lee GW, et al. The Glasgow prognostic
score is a significant predictor of peripheral T-cell lymphoma (PTCL) treated with
CHOP-based chemotherapy and comparable with PTCL prognostic scores. Int ] Hematol
(2019) 110:438-46. doi: 10.1007/s12185-019-02693-z

42. Gebauer N, Mengler B, Kopelke S, Frydrychowicz A, Fiirschke A, Hackenbroch C,
et al. Prognostic impact of nutritional and inflammation-based risk scores in follicular
lymphoma in the era of anti-CD20 targeted treatment strategies. ] Cancer Res Clin Oncol
(2022) 148:1789-801. doi: 10.1007/s00432-021-03758-5

43. Abdel-Rahman O. Impact of baseline characteristics on extensive-stage SCLC
patients treated with etoposide/carboplatin: A secondary analysis of a phase III study. Clin
Respir ] (2018) 12:2519-24. doi: 10.1111/crj.12950

44. Sakin A, Sahin S, Yasar N, Demir C, Arici S, Geredeli C, et al. The relation between
hemogram parameters and survival in extensive-stage small cell lung cancer. Oncol Res
Treat (2019) 42:506-15. doi: 10.1159/000501595

45. Suzuki R, Lin SH, Wei X, Allen PK, Welsh JW, Byers LA, et al. Prognostic
significance of pretreatment total lymphocyte count and neutrophil-to-lymphocyte ratio
in extensive-stage small-cell lung cancer. Radiother Oncol (2018) 126:499-505.
doi: 10.1016/j.radonc.2017.12.030

46. Imai H, Kishikawa T, Minemura H, Yamada Y, Ibe T, Yamaguchi O, et al.
Pretreatment Glasgow prognostic score predicts survival among patients with high PD-L1
expression administered first-line pembrolizumab monotherapy for non-small cell lung
cancer. Cancer Med (2021) 10:6971-84. doi: 10.1002/cam4.4220

47. Georgiadis MS, Steinberg SM, Hankins LA, Ihde DC, Johnson BE. Obesity and
therapy-related toxicity in patients treated for small-cell lung cancer. ] Natl Cancer Inst
(1995) 87:361-6. doi: 10.1093/jnci/87.5.361

48. Kim EY, Kim YS, Park I, Ahn HK, Cho EK, Jeong YM. Prognostic significance of
CT-determined sarcopenia in patients with small-cell lung cancer. ] Thorac Oncol (2015)
10:1795-9. doi: 10.1097/JT0O.0000000000000690

49. Go SI, Park MJ, Song HN, Kang MH, Park HJ, Jeon KN, et al. Sarcopenia and
inflammation are independent predictors of survival in male patients newly diagnosed with
small cell lung cancer. Support Care Cancer (2016) 24:2075-84. doi: 10.1007/s00520-015-2997-x

50. Kim EY, Lee HY, Kim YS, Park I, Ahn HK, Cho EK, et al. Prognostic significance of
cachexia score assessed by CT in male patients with small cell lung cancer. Eur ] Cancer
Care (Engl) (2018) 27(1). doi: 10.1111/ecc.12695

51. Shen XB, Zhang YX, Wang W, Pan YY. The hemoglobin, albumin, lymphocyte,
and platelet (HALP) score in patients with small cell lung cancer before first-line
treatment with etoposide and progression-free survival. Med Sci Monit (2019) 25:5630-
9. doi: 10.12659/MSM.917968

52. Shepshelovich D, Xu W, Lu L, Fares A, Yang P, Christiani D, et al. Body mass index
(BMI), BMI change, and overall survival in patients with SCLC and NSCLC: A pooled
analysis of the international lung cancer consortium. J Thorac Oncol (2019) 14:1594-607.
doi: 10.1016/.jth0.2019.05.031

53. Minami S, Thara S, Komuta K. Sarcopenia and visceral adiposity are not independent
prognostic markers for extensive disease of small-cell lung cancer: a single-centered
retrospective cohort study. World J Oncol (2020) 11:139-49. doi: 10.14740/wjon1289

54. McQuade JL, Daniel CR, Hess KR, Mak C, Wang DY, Rai RR, et al. Association of
body-mass index and outcomes in patients with metastatic melanoma treated with
targeted therapy, immunotherapy, or chemotherapy: a retrospective, multicohort
analysis. Lancet Oncol (2018) 19:310-22. doi: 10.1016/S1470-2045(18)30078-0

frontiersin.org


https://doi.org/10.2147/LCTT.S142880
https://doi.org/10.2147/LCTT.S142880
https://doi.org/10.1159/000502681
https://doi.org/10.1038/s41598-019-39120-6
https://doi.org/10.1038/s41598-019-39120-6
https://doi.org/10.1186/s40425-019-0527-y
https://doi.org/10.1016/j.lungcan.2019.11.011
https://doi.org/10.1002/cam4.4938
https://doi.org/10.1016/j.critrevonc.2013.03.010
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1136/jcp.2005.033217
https://doi.org/10.3748/wjg.14.3633
https://doi.org/10.1007/s00520-011-1282-x
https://doi.org/10.1007/s00228-012-1266-x
https://doi.org/10.1016/j.ctrv.2012.08.003
https://doi.org/10.1186/s13045-015-0142-4
https://doi.org/10.1097/JTO.0b013e318186a272
https://doi.org/10.3349/ymj.2014.55.6.1568
https://doi.org/10.1111/bjh.15198
https://doi.org/10.1007/s12185-019-02693-z
https://doi.org/10.1007/s00432-021-03758-5
https://doi.org/10.1111/crj.12950
https://doi.org/10.1159/000501595
https://doi.org/10.1016/j.radonc.2017.12.030
https://doi.org/10.1002/cam4.4220
https://doi.org/10.1093/jnci/87.5.361
https://doi.org/10.1097/JTO.0000000000000690
https://doi.org/10.1007/s00520-015-2997-x
https://doi.org/10.1111/ecc.12695
https://doi.org/10.12659/MSM.917968
https://doi.org/10.1016/j.jtho.2019.05.031
https://doi.org/10.14740/wjon1289
https://doi.org/10.1016/S1470-2045(18)30078-0
https://doi.org/10.3389/fonc.2022.1080729
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Pretreatment glasgow prognostic score predicts survival among patients administered first-line atezolizumab plus carboplatin and etoposide for small cell lung cancer
	1 Introduction
	2 Patients and methods
	2.1 Study patients
	2.2 Treatment
	2.3 Treatment effectiveness assessment
	2.4 Statistical analyses

	3 Results
	3.1 Patient characteristics and treatment efficacy
	3.2 Comparison of the GPS, NLR, and BMI
	3.3 Survival analysis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


