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Abstract

Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII)
have been identified as predictors of treatment response in a variety of cancers. We conducted a retrospective analysis to
investigate the usefulness of NLR, PLR and SII at baseline and at 6 weeks post-treatment as predictors of response to anti-
PD-1/PD-L1 antibody treatment in small cell lung cancer (SCLC). Data of 41 SCLC patients receiving immunotherapy as
second- or later-line treatment were analyzed. The overall median progression-free survival (PFS) was 5.1 months (95% CI
3.2-6.2). The median PFS was significantly longer in patients with NLR < 5 than in patients with NLR >5 at 6 weeks post
treatment (HR =0.29, 95%CI 0.09-0.96, P =0.04). However, median PFS was comparable between patients with NLR <5
and patients with NLR >5 at baseline (HR =0.75, 95% C1 0.24-2.26, P=0.56). The median PFS was similar between patients
with PLR < 169 and those with PLR > 169 at baseline (HR=0.67, 95% CI 0.25-1.80, P =0.43) and at 6 weeks post treat-
ment (HR =0.69, 95% CI 0.25-1.86, P =0.46). No statistically different PFS was found between patients with SII <730 and
those with SII> 730 at baseline (HR =0.70, 95% CI 0.26-1.89, P=0.48) and at 6 weeks post treatment (HR=0.38, 95% CI
0.013-1.09, P=0.07). In conclusion, NLR at 6 weeks after start of treatment appears to be a biomarker of response in the
early phase in SCLC patients treated with anti-PD-1/PD-L1 antibodies as second- or later-line treatment.
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Introduction

Small cell lung cancer (SCLC) is an aggressive type of lung
cancer with poor prognosis. Standard treatment is platinum-
based doublet chemotherapy, but disease progression is com-
mon in SCLC patients after frontline platinum-based chemo-
therapy. Unfortunately, unlike in non-small cell lung cancer
(NSCLC), there have been few advances in the treatment
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of SCLC over the past two decades. The response rate to
second line topotecan is just 20-25%, and 1-year survival
rate is only 10-30%, so novel efficient treatments for SCLC
are urgingly needed [1, 2].

Anti-program cell death receptor 1 (anti-PD-1) mono-
clonal antibodies and programmed death-ligand 1 block-
ing antibodies (anti-PD-L1) have demonstrated prom-
ising antitumor efficacy in melanoma, NSCLC, head
and neck cancers, renal cell cancer, and SCLC [3-6]. In
the KEYNOTE-028 study, the disease control rate was
32% in PD-L1-positive extensive-stage SCLC patients
receiving pembrolizumab-an anti-PD-1 antibody after
failure of standard therapy. Intriguingly, the responders
demonstrated ongoing response for over 16 weeks [7].
The IMpower 133 and CASPIAN studies reported sig-
nificantly longer overall survival (OS) and progression-
free survival (PFS) with atezolizumab or durvalumab
(both anti-PD-L1 antibody) plus standard chemotherapy
as first-line treatment than with chemotherapy alone in
extensive-stage SCLC [8, 9]. Recently, the ECOG-ACRIN
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EA5161 study reported that addition of nivolumab
to chemotherapy in first-line treatment significantly
improved PFS and OS in extensive-stage (ES) SCLC [10].
The results of KEYNOTE 604 study also revealed signifi-
cantly improved PFS in ES-SCLC patients treated with
pembrolizumab plus etoposide and platinum as first-line
therapy, though prolonged OS did not meet significance
threshold [11]. These studies showed definite clinical
benefit with anti-PD-1/PD-L1 antibody in SCLC patients
who respond to treatment. Therefore, identification of
patients likely to respond to anti-PD-1/PD-L1 antibody
is of crucial importance.

Currently, PD-L1 expression and tumor mutational
burden (TMB) were mostly used to identify patients likely
to respond to the anti-PD-1/PD-L1 antibody. However,
in the CheckMate-032 study, responses were independ-
ent of PD-L1 expression [12]. Therefore, PD-L1 expres-
sion might not be a reliable biomarker for stratification of
SCLC patients. Hellmann et al. found that patients with
high TMB were more likely to benefit from nivolumab,
and suggested that TMB could be a potential biomarker
for identifying responders to anti-PD-1 antibody [13].
However, TMB evaluation needs whole exome sequenc-
ing or targeted next-generation sequencing panels, both of
which may be unaffordable for SCLC patients struggling
to pay for anti-PD-1/PD-L1 antibody treatment. Moreo-
ver, TMB evaluation is time-consuming and can only be
performed in a handful of medical institutions. Hence,
there is a pressing need to find easy-to-use, reliable, and
inexpensive biomarkers for identifying SCLC patients
likely to respond to anti-PD-1/PD-L1 antibody.

Cancer-related inflammation is a critical determinant
of disease progression and survival in most cancers [14].
Systemic inflammation is associated with alteration in
peripheral blood leukocytes, and this alternation is cap-
tured by the neutrophils-to-lymphocytes ration (NLR).
Hematologic parameters such as NLR, platelet-to-lym-
phocyte ratio (PLR) and systemic immune-inflammation
index (SII) reflect the balance between inflammation and
immunoreaction, and have been shown to be useful for
predicting outcomes in melanoma and NSCLC patients
being treated with immunotherapy [15-19]. An advantage
is that hematological tests are routinely performed in can-
cer patients and so these parameters are readily available
to the physician. However, to the best of our knowledge,
no study has evaluated the role of NLR, PLR, and SII in
SCLC patients receiving anti-PD-1/PD-L1 antibody treat-
ment. The aim of this study was to investigate whether
hematologic parameters at baseline and at 6 weeks after
treatment could be used for predicting response to anti-
PD-1/PD-L1 antibody treatment in SCLC patients.
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Patients and methods
Patients

The data of SCLC patients receiving anti-PD-1/PD-L1 anti-
body after failure of standard chemotherapy at General Hospi-
tal of Chinese PLA between June 2015 and August 2018 were
retrospectively analyzed. Patients were eligible for inclusion
in this study if they (1) had pathologically confirmed SCLC;
(2) had received anti-PD-1/PD-L1 antibody after failure of
first-line standard chemotherapy; (3) were receiving anti-
PD-1/PD-L1 antibody for the first time, and were treated with
nivolumab (3 mg/kg every 2 weeks), or pembrolizumab (2 mg/
kg every 3 weeks), or atezolizumab (1200 mg every 3 weeks),
or toripalimab (240 mg every 3 weeks). The following data
were collected from the medical records: age, sex, Eastern
Cooperative Oncology Group Performance Status (ECOG
PS), smoking status, stage, previous treatments, and treatment
response. Blood test results at baseline and at 6 weeks post
first administration of anti-PD-1/PD-L1 antibody were also
recorded.

Evaluation

Chest computed tomography scans were performed every
8-12 weeks. Clinical responses were assessed by two doctors
independently and categorized as either complete response
(CR), partial response (PR), stable disease (SD), or progres-
sive disease (PD) according to response evaluation criteria in
solid tumors (RECIST) v1.1 criteria. PFS was defined as the
time from anti-PD-1/PD-L1 antibody initiation until disease
progression or death due any cause. Patients with CR or PR or
SD were defined as clinical response, while patients with PD
were defined as non-clinical response.

Hematological parameters

Total white blood cell count (WBC), absolute neutrophil count
(ANC), absolute lymphocyte count (ALC), and platelet count
(PLT) at baseline and at 6 weeks after start of treatment were
used to calculate the NLR, PLR, and SII. NLR was calcu-
lated as the ANC divided by the ALC, and categorized using
a threshold value of 5. PLR was defined as the ratio of PLT to
ALC. SII was calculated as the PLT multiplied by the NLR.
The threshold values of PLR and SII were set as 169 and 730,
respectively [20]. ANLR was defined as the difference between
post-treatment NLR and baseline NLR.

Statistical analysis

Categorical variables are summarized as frequencies
and percentages and analyzed using the Fisher exact test.
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Continuous variables are summarized as median values and
standard error and analyzed using the Wilcoxon rank-sum
test. The Kaplan—Meier method was used to estimate the
probability of PFS, and log rank test was used to investigate
the significance of differences between groups. Statistical
analyses of composition ratio of patients with NLR >5 and
with NLR <5 at 6 weeks post treatment were performed
using chi-square test. A heatmap was used to demonstrate
the trends of NLR. Positive and negative values were
marked red and green, respectively, and the color inten-
sity was adjusted to indicate the ANLR value. Two-sided
P <0.05 indicated statistical significance. Graphpad Prism
7.0 (GraphPad Software, La Jolla, CA, USA) and SPSS 20
(IBM Corp., Armonk, NY, USA) were used for statistical
analysis.

Results
Clinical characteristics of patients

Table 1 summarizes the characteristics of the patients. A
total of 41 patients (36 men, 5 women; median age, 61 years,
95% CI 42-80) were included in the study. There were
35 (85.4%) smokers and 6 (14.6%) nonsmokers. While 7
(17.1%) patients had limited stage disease, 34 (82.9%) had
extensive-stage disease. ECOG PS was 0 for 2 patients, 1
for 37 patients, and 2 for 1 patient. Treatment was with anti-
PD-1/PD-L1 antibody plus chemotherapy for 29 (70.7%)
patients, and with anti-PD-1/PD-L1 antibody alone for
12 (29.3%) patients. The agents used were nivolumab (19
patients), pembrolizumab (19 patients), atezolizumab (2
patients), and toripalimab (1 patient). Before the immu-
notherapy, all 41 patients had received one or more lines
of treatment: 19 had received one frontline treatment and
22 had received two or more lines of treatment. Follow-up
ended on August 12th 2019. The overall median PFS was
5.1 months (95% CI 3.2-6.2).

Association between response to anti-PD-1/PD-L1
treatment and NLR at baseline and at 6 weeks
post treatment

The patients were divided into two groups according to
baseline NLR, with the threshold value at 5 as in a previous
study [21]. There were 30 patients with NLR <5 and 11 with
NLR >5. The median PFS of patients with baseline NLR <5
and > 5 were not reached (NR) and 4.8 months, respectively;
the difference was not statistically significant (HR =0.75,
95% C10.24-2.26, P=0.58; Fig. 1a).

Patients were then separated into two groups accord-
ing to NLR at 6 weeks post treatment. There were 13
patients with NLR > 5 and 28 with NLR < 5. The clinical

Table 1 Clinical characteristics of the 41 patients included in our
study

Characteristics (n=41) N (%)
Age-years

Median 61

Range 42-80

<60 17 (41)
>60 24.(59)

Sex

Female 5(12)

Male 36 (88)
Smoking

Yes 35 (85)

No 6 (15)
ECOG

0 2(5)

1 37 (90)

2 2(5)
Stage

Limited disease 77)

Extended disease 34 (83)
Combined

Yes 29 (71)

No 12 (29)
Agent

PD-1 antibody 39 (95)

PD-L1 antibody 2(5)
Previous line of treatment

1 19 (46)

>2 22 (54)
Baseline NLR

<5 30 (73)

>5 11 (27)
6 weeks NLR

<5 28 (68)

>5 13 (32)
Baseline PLR

<169 20 (49)

>169 21 (51)
6 weeks PLR

<169 19 (46)

> 169 22 (54)
Baseline SII

<730 23 (56)

>730 18 (44)
6 weeks SII

<730 22 (54)

>730 19 (46)
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Fig. 1 PES curves comparing patients according to NLR, PLR, SII.
a PFS curves in patients with baseline NLR <5 and NLR>5. b PFS
curves in patients with NLR <5 and NLR>5 at 6 weeks post treat-
ment. ¢ PFS curves in patients with PLR <169 and PLR > 169 at

characteristics were comparable between the two groups
(Table 2). Median PFS was significantly longer in patients
with NLR <5 than in patients with NLR>5 (NR vs.
3.2 months, respectively; HR =0.29, 95% CI 0.09-0.96,
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baseline. d PFS curves in patients with PLR <169 and PLR > 169 at
6 weeks post treatment. e PFS curves in patients with SII <730 and
SII>730 at baseline. f PFS curves in patients with SII<730 and
SII>730 at 6 weeks post treatment

P =0.04; Fig. 1b). In the NLR < 5 group, 9/28 patients had
PD at 6 weeks post treatment, and the ORR was 67.9%. In
the NLR > 5 group, 7/13 patients had PD at 6 weeks post
treatment, and the ORR was 46.2%.
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Table2 Analysis of clinical characteristics between patients with
NLR <5 and NLR >5 at 6 weeks post treatment

Characteristics 6 weeks 6 weeks p value
NLR<5 NLR>5

Age 62 60 0.652

Sex 0.548
Men 24 12
Women 4 1

Smoking 0.645
Yes 23 12
No 5 1

ECOG 0.539
0 1 1
1 27 12

Stage 0.645
LD 5 1
ED 23 12

Combined chemo 0.469
Yes 21
No 7 5

Previous line of treatment 0.103
1 14 3
>2 14 10

Association between response to anti-PD-1/PD-L1
treatment and PLR at baseline and at 6 weeks
post treatment

Patients were divided into two groups with the threshold
value of PLR set as 169, as in a previous study [20]. There
were 21 patients with PLR <169 and 20 with PLR > 169 at
baseline. Median PFS was comparable in the two groups
(NR vs 5.1 months, HR =0.67, 95% CI 0.25-1.80, P=0.43;
Fig. 1c). At 6 weeks post treatment, there were 22 patients
with PLR <169 and 19 with PLR >169. No significant dif-
ference was found between the patients of the two groups
(NR vs 5.1 months, HR 0.69, 95% CI 0.25-1.86, P =0.46;
Fig. 1d).

Association between response to anti-PD-1/
PD-L1 treatment and Sll at baseline and 6 weeks
post-treatment

The 41 patients were dichotomized using an SII threshold
value of 730, as in the study by Suh et al. [20]. At baseline,
there were 18 patients with SII <730 and 23 patients with
SII > 5. Median PES was not significantly different between
the two groups (NR vs. 4.8 months, respectively; HR =0.70,
95% CI10.26-1.89, P=0.48; Fig. le). At 6 weeks post treat-
ment, there were 19 patients with SII <730 and 22 patients

with SII>730. Median PFS was longer for patients with
SII <730 than for patients with SII > 730, but the difference
was not statistically significant (NR vs. 3.13 months, respec-
tively; HR =0.38, 95% C1 0.013-1.09, P=0.07; Fig. 1f).

Analysis of trend of NLR during treatment

Because NLR at 6 weeks post treatment—but not at base-
line—was associated with poorer PFS, we examined whether
the change in NLR between the two time points was corre-
lated with response to treatment. Patients were divided into
two groups according to clinical response or not. Decrease
in NLR was seen in 14/25 (56%) patients in the response
group vs. 4/16 (25%) in the non-response group; although
the difference was large, it was not statistically significant
(P=0.06; Fig. 2) (Table 3). Further, we divided the patients
into three groups according to the percentage change in
NLR, with 25% set as the threshold value [22]. PFS was not
reached in the > 25% decrease group vs. 4.8 months in the
no change group vs. 3.3 months in the >25% increase group;
the difference between the three groups was not statistically
significant (P =0.62; Fig. 3).

Non- I-
response L -
value - ]
0 10 40
0 -3 -6 -9

Fig.2 Trend of NLR for patients in non-clinical response group and
clinical response group after treatment

Table 3 Changes of NLR in patients of response and non-response
group

Group Trend

Upward Downward Total
Response 12 4 16
Non-response 11 14 25
Total 23 18 41
P value (Fisher) 0.063

@ Springer
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Fig.3 PFS curves compar-
ing patients with post-treat-
ment NLR decrease >25%,
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Discussion

Therapeutic options for SCLC were limited until the
IMPower-133 and CASPIAN studies indicated clinical
benefit with anti-PD-1/PD-L1 treatment. However, there are
no simple methods for identifying SCLC patients likely to
respond to the treatment with these agents. NLR and other
hematologic parameters have been reported as prognostic
biomarkers in NSCLC and other solid tumors treated with
immunotherapy [17, 23, 24]. A previous study found that
elevated neutrophils stimulated up-regulation of cytokines
and chemokines, and possibly contributed to progression
of cancer [25]. Meanwhile, decreased lymphocyte produc-
tion leads to weak immune reaction against tumor cells [26].
These findings suggested that hematologic parameters are
markers of inflammation and the adaptive immune response
in carcinoma. We therefore hypothesized that these param-
eters could be predictors of treatment response in SCLC
patients receiving anti-PD-1/PD-L1 antibody therapy. In this
study, we explored the clinical utility of NLR, PLR, and SII
as biomarkers for predicting response to anti-PD-1/PD-L1
antibody in SCLC patients. To the best of our knowledge,
this is the first study to examine this relationship.

The prognostic role of pretreatment NLR in cancer
patients treated with immunotherapy is still controversial.
Ferrucci et al. found that ipilimumab-treated metastatic
melanoma patients with baseline NLR < 5 had significantly
longer PFS and OS than those with NLR >5 [27]. In NSCLC
patients treating with nivolumab, high pretreatment NLR
(=5) was reported to be independently related to poorer
OS and PFS, though the authors did not clarify whether it
could be used as a predictive marker [17, 28]. Diem et al.
found that high baseline NLR was significantly associated
with poorer OS and the PFS was also shorter but it was
not statistically significant [23]. However, Suh et al. found
no different in PFS between those with NLR <5 and >5
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months

at baseline among NSCLC patients treated with anti-PD-1
antibody [20]. Consistent with Suh et al., we found no corre-
lation between baseline NLR and response in SCLC patients
receiving anti-PD-1/PD-L1 antibody. However, in line with
the previous study [20], SCLC patients with NLR <5 at
6 weeks post treatment had significantly longer PFS than
those with NLR >5. To explore whether the difference
between two groups was due to selection bias, propensity
score matching (PSM) was intended. However, before the
PSM analysis, we found clinical characteristics were com-
parable between the NLR <5 group and NLR >5 group at
6 weeks post-treatment. Thus, these results waived perform-
ing PSM in our study. Taken together, NLR at 6 weeks after
start of treatment appears to be a useful potential biomarker
of response, with potential to augment radiographic assess-
ment in SCLC patients being treated with anti-PD-1/PD-L1
antibody as second- or later-line treatment.

We investigated the value of PLR and SII for predicting
response to treatment but found no association between these
parameters—at baseline or at 6 weeks post treatment—and
PFS of SCLC patients. PLR has been previously reported as
a potential inflammatory biomarker reflecting prognosis in
SCLC, NSCLC and a number of cancers. However, as for
NLR, there is no consensus on the association between PLR
and outcomes of immunotherapy. Some studies have shown
that in NSCLC patients treated with nivolumab, low base-
line PLR is associated with longer PFS and OS [17, 18], but
others found no significant difference in survival between
NSCLC patients with high and low baseline PLR levels [25,
29]. The reasons for these conflicting results remain to be
elucidated, but we speculate that differences between stud-
ies in cancer type, treatment methods, sample size, race of
patients, and the threshold PLR value used to dichotomize
may be responsible.

SII has been considered to be a more promising prognos-
tic marker than the NLR or PLR as it integrates lymphocyte,
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neutrophil, and platelet counts [26, 30]. A meta-analysis
involving 2441 NSCLC patients showed that high SII value
predicts poor OS and PFS, and may serve as an adverse
prognostic marker in NSCLC patients regardless of the treat-
ment method [19]. SII has also been shown to be a power-
ful prognostic indicator in a variety of cancers, including
hepatocellular carcinoma, colorectal cancer, and esophageal
carcinoma [26, 30, 31]. However, in our study, SII at base-
line and at 6 weeks post treatment was not associated with
PFS. Patients with SII <730 at 6 weeks post treatment had
a longer PFS than those with SII > 730, but the difference
was not statistically significant. This lack of statistical sig-
nificance was probably because our sample was not large
enough.

In this study, we also analyzed the changes in NLR during
anti-PD-1/PD-L1 treatment. We found decrease of NLR in
the majority of patients showing clinical response to treat-
ment, which suggests that decline in NLR might be supple-
mentary evidence of response to anti-PD-1/PD-L1 antibody
treatment in SCLC patients. In a previous study on meta-
static renal cell carcinoma patients treated with anti-PD-1/
PD-L1 antibody, decline of NLR at 6 weeks was associated
with longer PFS and higher ORR. The authors also reported
that relative NLR change by >25% from baseline to 6 weeks
post treatment was an independent prognostic factor for PFS
and OS [22]. However, in the present study, we found no
significant difference in PFS between SCLC patients with
different degrees of change in NLR. Once again, this may
due to the small sample size.

Some limitations exist in this study. First, this was a ret-
rospective analysis of data of a small sample from a single
center, and some bias and confounding factors are inevitable.
In addition, patients with SII <730 at 6 weeks post treatment
and the trends of NLR change reached marginal association
with PFS. These results were likely due to the small sam-
ple size. Second, hematologic parameters may have been
affected by some concomitant medications, but this was not
accounted for in our study. Third, OS was not available for
studying association between NLR and survival. Moreover,
whether post-treatment NLR has similar relationship with
response in first-line immunotherapy treatment needed fur-
ther investigation. Last but not least, the basic biological
and immune mechanism have not been thoroughly eluci-
dated, which preclude deciphering the controversial results
of different studies. Nevertheless, our study offers a simple,
affordable, and noninvasive method to help physicians pre-
dict treatment response at 6 weeks post treatment in SCLC
patients receiving anti-PD-1/PD-L1 antibody as second- or
later-line treatment in clinical practice.

In conclusion, NLR value at 6 weeks after anti-PD-1/
PD-L1 antibody treatment appears to be a promising pre-
dictor of response in SCLC patients treated with anti-PD-1/
PD-L1 antibodies as second- or later-line treatment. Further

prospective studies are needed to investigate the value of
NLR as a prognostic biomarker for patients on immuno-
therapy and the underlying molecular mechanisms in SCLC.
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