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ABSTRACT
Objective: To evaluate the prognostic role of systemic immune-inflammation index (SII), neutrophil-to-lymphocyte ratio (NLR),
and platelet-to-lymphocyte ratio (PLR) in patients who received platin-pemetrexed combination therapy and/or maintenance
pemetrexed therapy.
Study Design: Observational study.
Place and Duration of Study: Department of Medical Oncology, HSU Dr. Abdurrahman Yurtaslan Oncology, Training and
Research Hospital, Turkey, between January 2010 and March 2020.
Methodology: Data of patients with metastatic adenocarcinoma of lung, who underwent platin-pemetrexed combination
therapy and/or maintenance pemetrexed therapy retrospectively, were evaluated. Patient characteristics and disease parame-
ters were recorded. Moreover, NLR, PLR, and SII were calculated. Survival analysis with the Kaplan-Meier and Log-rank test was
performed. Cox regression analysis was used to determine independent prognostic factors of overall survivall (OS) and progres-
sion-free survival (PFS).
Results:  In the univariate analyses, NLR-low group and SII-low group had significantly longer PFS compared to NLR-high and
SII-high groups (10 months vs. 8 months, p=0.018, and 13 months vs. 8 months, p<0.001, respectively). The significant differ-
ences were seen between SII-low and SII-high groups for OS (24 months vs. 13 months, p=0.001). In multivariate analyses,
response to treatment and low-SII were independent prognostic factors for PFS (HR: 0.25, p<0.001, and HR: 0.47, p=0.002,
respectively) and OS (HR: 2.09, p=0.001, and HR: 2.05, p=0.001, respectively).  
Conclusion: SII is the most powerful of the three studied inflammatory indices, which could independently predict overall and
progression-free survival.
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INTRODUCTION

Non-small  cell  lung  cancer  represents  about  80–85%  of  all
newly diagnosed lung cancer cases; and the most common type
of  non-small  cell  lung cancer is  adenocarcinoma.1,2  Approxi-
mately 75% of patients with NSCLC are in advanced stage at the
time of diagnosis.3 Inflammation is considered as a promoting
factor in tumorigenesis and progression.4 Inflammatory reac-
tion  in  tumor  development  and progression  is  complex  and
includes  many  immune  cell  types  as  well  as  cytokines  and
chemokines. Inflammation has a dual role in tumorigenesis.
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Inflammation is  both  cause and effect  in  tumor  growth and
progression.5 Systemic inflammatory markers, to some extent,
can  reflect  local  tumor  microenvironment,  which  involves
innate immune cells, including macrophages, neutrophils, and
lymphocytes,  among  many  other  cell  types.   Thus,  careful
examination of peripheral blood immune cells and cytokines
might provide valuable information with respect to local tumor
growth.5,6

Clinical studies demonstrated the importance of inflammatory
response  in  tumor  invasion,  progression  and  metastasis  by
regenerating inflammation for angiogenesis and reduced anti-
cancer  activity.7  Several  immune-inflammatory-based  prog-
nostic tools, such as neutrophil-to-lymphocyte ratio (NLR), and
platelet-to-lymphocyte ratio (PLR) showed the prediction value
of recurrence and survival in malignant tumors.8 Recent years
witnessed  the  ever-increasing  use  of  these  inflammatory
scores and indices to predict prognosis in a broad range of disor-
ders. Particularly, NLR has enjoyed a great popularity among
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inflammatory indices, thanks to its availability and strong asso-
ciation  with  prognosis  in  a  series  of  cancers.9,10  Neutrophils
provide  tumor  adhesion  by  secreting  chemokines  and
cytokines  to  facilitate  distant  metastasis.7  Platelets  protect
circulating tumor cells from immune attack of the system and
develop  transendothelial  migration;  while  lymphocytes
suppress tumor cell proliferation and migration.7,8 In this sense,
a novel systemic immune-inflammation index (SII), based on
platelet, neutrophil  and lymphocyte counts, might show the
ability  of  tumor  angiogenesis,  adhesion,  metastasis  and
immune clearance of cancer cells.7 Previous studies focused on
inflammatory markers such as NLR, and PLR in NSCLC patients.
Compared to these markers, SII may be a better prognostic
marker to represent the relationship between host inflamma-
tory and immune status.8

The  current  study  aimed  to  assess  inflammatory  markers
including SII in patients with lung adenocarcinoma treated with
platin-pemetrexed  combination  and/or  maintenance  peme-
trexed.

METHODOLOGY

This was a retrospective analysis of patients with metastatic
lung adenocarcinoma who had been administered platin-peme-
trexed as first-line treatment at Oncology Clinic, HSU Dr Abdur-
rahman Yurtaslan Oncology Training and Research Hospital,
Turkey, between January 2010 and March 2020.

The patients who had been administered at least 6 cycles of plat-
in-pemetrexed combination as first-line treatment and/or main-
tenance treatment of pemetrexed for metastatic lung adenocar-
cinoma were  included in  the  study.  Exclusion  criteria  were:
having  non-metastatic  lung  adenocarcinoma,  histologic
subtypes of lung cancer other than adenocarcinoma, adminis-
tering  a  different  first-line  treatment  in  metastatic  stage,
having any molecular mutations such as EGFR, ALK, and ROS1.

Demographic and clinical data of study participants were retro-
spectively collected from patient’s charts and hospital’s elec-
tronic  database  system.  Chest  and  abdominal  tomography
were used to evaluate the response to treatment. In addition,
patients with neurological symptoms had brain MR. Response
of treatment was evaluated by using RECIST criteria 1.1.11

Several indices were calculated that have been shown to reflect
the inflammatory and immune status of the patients. These
parameters were assessed one week before the start of combi-
nation  chemotherapy  and  one  week  after  sixth  cycle  of
chemotherpy,  i.e  before  the  given  maintenance  dose  in
patients.  Neutrophil  to  lymphocyte  ratio  was  calculated  as
peripheral blood absolute neutrophil count divided by absolute
lymphocyte  count.  In  a  similar  way,  platelet  to  lymphocyte
count  was  calculated  as  platelet  count  divided  by  absolute
lymphocyte count. Systemic immune-inflammatory index was
calculated with  the  following equation:  (Absolute  neutrophil
count x platelet count) / absolute lymphocyte count. The abso-
lute cut-off value of SII, NLR, and PLR in predicting OS was anal-
ysed by the receiver operating characteristics (ROC) curve anal-

ysis.  The categorisations  were generated due to  the cut-off
values of the parameters.

The overall survival (OS) was described as the time from the
start of the combination treatment until death or last follow-up.
The progression-free survival (PFS) was described as the time
from the start of the combination treatment to disease progres-
sion or death.
Table I: General clinical and demographic features of the patients.

Features N (%)
Age  
 <65 84 (68.3)
 ≥65 39 (31.7)
Gender  
 Male 96 (78.0)
 Female 27 (22.0)
Smoking at diagnosis  
 Never 24 (19.5)
 Current or ex-smoker 99 (80.5)
Metastatic disease at diagnosis  
 No 18 (14.6)
 Yes 105 (85.4)
Liver metastasis, yes 31 (25.2)
Contralateral lung metastasis, yes 49 (39.8)
Lymph node metastasis, yes 82 (66.7)
Bone metastasis, yes 64 (52.0)
Brain metastasis, yes 44 (35.8)
Radiotherapy  
 No 55 (44.7)
 Yes 68 (55.3)
Response  
 Complete response 0 (0.0)
 Partial response 55 (44.7)
 Stable disease 45 (36.6)
 Progressive disease 23 (18.7)
NLR  
 <3.3 60 (48.8)
 ≥3.3 63 (51.2)
PLR  
 <185 58 (47.2)
 ≥185 65 (52.8)
SII  
 ≤730 41 (33.3)
 >730 82 (66.7)
NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-lymphocyte ratio; SII:
Systemic immune-inflammation ındex.

All analyses were performed with SPSS version 21 (SPSS Inc.,
Chicago, IL, USA). Data were presented as mean ± standard
deviation or median (1st quartile - 3rd quartile) for continuous
variables depending on the normality of distribution. Categor-
ical variables were given as frequency (percentage). Optimum
cut-off values were determined by means of receiver operating
characteristic  (ROC)  curve  analysis.  Survival  curves  were
obtained,  and  survival  rates  were  determined  using  the
Kaplan–Meier method, and comparisons were made with the
log-rank test. Univariate and multivariate analyses using a Cox
proportional hazards model were performed to assess potential
prognostic factors for OS and PFS. A p-value of 0.05 or lower (p
value <0.05) was considered statistically significant.

RESULTS

A  total  of  123  patients  with  metastatic  adenocarcinoma  of
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NSCLC were included retrospectively in the study. The median
age of the patients was 60 years (IQR: 55 - 66 years), and mostly
male (n=96, 78%). Most of the patients (89.4%) were in ECOG
PS  0-1.  Eighty  percent  of  the  patients  were  current  or  ex-
smokers.  Other features of the patients are shown in Table I.

In the assessment of inflammatory markers, the median SII was
1023.25 (x109 per 1 L) (IQR: 630.42 – 1742.67), the median NLR
was 3.32 (IQR: 2.43 – 5.20), and the median PLR was 202.25
(IQR: 132.14 – 292.31). In addition, the cut-off value with the
highest sensitivity and specificity was determined as 730 (area
under the curve (AUC); 0.645, CI 95%; 0.481-0.808, p = 0.062),
3.3 (AUC; 0.612, CI 95%; 0.470-0.755, p = 0.149), 185 (AUC;
0.561, CI 95%; 0.418-0.704, p = 0.434) in ROC curve analysis for
SII, NLR, and PLR respectively. The descriptions were provided
SII-low and SII-high, NLR-low and NLR- high, PLR-low and PLR-
high due to these cut-off values as shown in Table I.

In median 14.36 months (IQR: 9.13 – 23.69) of follow-up time,
the median PFS was 9 months (CI 95%: 7.50 – 10.51 months) and
the median OS was 15 months (CI 95%: 12.40 – 17.63 months).
In the univariate analyses; NLR-low group and SII-low group had
significantly  longer  PFS  compare  to  NLR-high  and  SII-high
groups (10 months vs. 8 months, p=0.018, and 13 months vs. 8
months,  p<0.001;  respectively,  Figure  1-a,  b).  In  addition,
patients with response to treatment (p<0.001, Figure 1-c) had
significantly  PFS  advantage  compared  to  non-responders
(Table  II).  The  significant  differences  were  seen  between
females  and  males  (p=0.010),  never  smokers  and  others
(p=0.001, Figure 1-d), responders to treatment and non-respon-
ders  (p<0.001,  Figure  1-e),  and  SII-low  and  SII-high  groups
(p=0.001,  Figure  1-f)  according  to  univariate  analyses  for
overall survival (Table II).

In  multivariate  analyses,  response  to  treatment  and  low-SII
were  independent  prognostic  factors  for  PFS  (HR:  0.25,
p<0.001, and HR: 0.47, p=0.002, respectively) and OS (HR:
2.09, p=0.001, and HR: 2.05, p=0.001, respectively, Table II).

The median OS was 18 months (CI 95%: 15.24 – 20.80 months)
and the median PFS was 12 months (CI 95%: 10.33 – 13.70
months) for the patients received maintenance pemetrexed. As
a result of univariate analysis of PFS for the patients received
maintenance pemetrexed, the median PFS of SII low group was
longer  than SII  high group (13 months,  95% CI:10.64-15.36
months, vs. 10 months, % CI:8.41-10.60 months, p=0.004). The
median PFS was 12 months (95% CI: 9.80-14.20 months) for
NLR low group, and was 10 months (95% CI:7.25-12.75 months)
for NLR high group (p=0.080). There was no statistically signifi-
cant difference between PLR low and high groups according to
median PFS (12 months, 95% CI:9.20-14.81 vs. 12 months, 95%
CI: 10.12-13.90, p=0.462).   

DISCUSSION

The salient findings of this current work were as follows: Firstly,
this study evaluated the prognostic and predictive abilities of SII
in patients who had advanced stage adenocarcinoma of lung
and  underwent  first-line  pemetrexed  cisplatin  combination
and/or pemetrexed maintenance. Second, the patients in SII-
high group and NLR-high group had a significantly shorter PFS
compared with patients in two low groups. Additionally, SII-high
group had a significant OS disadvantage. The SII, but not NLR
and PLR,  was an independent prognostic factor for determining
survival time in metastatic adenocarcinoma of the patients who
underwent pemetrexed therapy. Third, elevated SII after combi-
nation  therapy  was  significantly  associated  with  shorter
survival after pemetrexed maintenance therapy. Thus, the SII
was the best prognostic index strongly correlated with poor
survival in comparison with PLR and NLR.

Few studies have compared the prognostic abilities of NLR, PLR,
and SII in patients with advanced NSCLC.12 Liu and colleagues
found that all three inflammatory markers were independently
associated  with  progression-free  and  overall  survival.  In
contrast to the findings of Liu et al. our results showed that SII
was the most powerful predictor of survival times compared
with NLR and PLR. Platelet-to-lymphocyte ratio was associated
with neither overall nor progression-free survival. On the other
hand, Wang et al. found significant PFS differences in terms of
NLR, PLR,  SII of low and high groups in the univariate analyses.13

The neutrophil-to-lymphocyte ratio (NLR) has become a well-
established and robust  inflammatory  marker  that  has  prog-
nostic and predictive value in many cancer types.9,10 A few meta--
analyses extended these findings also to non-small cell lung
cancer patients.14A number of retrospective studies evaluated
pretreatment NLR as a prognostic marker of overall and progres-
sion-free  survival  in  patients  with  advanced-stage  NSCLC.
While some studies recruited patients on targeted treatments
such as nivolumab.2,15 others included patients who underwent
platinum-based  doublet  chemotherapy.16  Although  they
reported heterogenous cutoff values, almost all of these studies
revealed that higher NLR values were associated with shorter
overall  and  progression-free  survival.  A  few  studies  also
reported that pretreatment NLR value could also predict the
response to the treatment.17 In current study, the prognostic
effect of NLR was evaluated in patients who underwent peme-
trexed maintenance. The present results did not confirm the
findings of previous studies in terms of the ability of NLR to
predict overall survival. However, we found that NLR values ≥
3.3 were significantly associated with shorter PFS but NLR did
not appear as an independent predictor of PFS in the Cox regres-
sion  analysis.  This  discrepancy  with  the  previous  literature
might be due to the relatively small sample size and different
molecular signature of this study cohort.

Table II: Results of univariate and multivariate analyses for PFS and OS.
 
 Univariate Multivariate
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 Median PFS (months, 95%
CI) p-value Median OS (months,

95% CI) p-value HR (95% CI),
PFS p-value HR (95% CI), OS p-value

Overall 9.0 (7.5 – 10.5)    - - - -
Age

 <65 9.0 (7.4 – 10.6) 0.689 14.0 (11.1 – 16.9) 0.342 - - - -

 ≥65 8.0 (5.5 – 10.5)  15.0 (10.1 – 19.9)  - - - -
Gender

 Female 12.0 (6.1 – 17.9) 0.029 22.0 (14.4 – 29.6) 0.010 1.00 0.244 1.00 0.876

 Male 9.0 (7.7 – 10.3)  13.0 (10.4 – 15.6)  1.33
(0.82 – 2.16)  0.96

(0.54 – 1.69)  
Smoking at diagnosis

 Never 10.0 (5.4 – 14.6) 0.393 22.0 (7.6 – 36.4) 0.001 - - 1.00 0.001

 Current or ex-
smoker 9.0 (7.6 – 10.4  14.0 (11.7 – 16.3)  - - 2.54

(1.45 – 4.42)  
Metastatic disease at diagnosis

 No 12.0 (10.0 – 14.0) 0.122 18.0 (11.8 – 24.2) 0.277 - - - -

 Yes 9.0 (7.5 – 10.5)  15.0 (12.8 – 17.2)  - - - -
Liver metastasis

 No 9.0 (7.4 – 10.6) 0.946 13.0 (10.3– 15.7) 0.752 - - - -

 Yes 9.0 (6.4 – 11.6)  17.0 (11.9 – 22.1)  - - - -
Contralateral lung metastasis

 No 9.0 (7.4 – 10.6) 0.740 13.0 (10.5 – 15.5) 0.285 - - - -

 Yes 9.0 (6.8 – 11.2)  16.0 (11.4 – 20.6)  - - - -
Lymph node metastasis

 No 12.0 (9.0 – 15.0) 0.181 19.0 (10.7 – 27.3) 0.309 - - - -

 Yes 9.0 (7.4 – 10.6  14.0 (11.9 – 16.1)  - - - -
Bone  metastasis

 No 8.0 (6.4 – 9.6) 0.628 15.0 (9.5 – 20.5) 0.395 - - - -

 Yes 10.0 (7.7 – 12.3)  15.0 (12.5 – 17.5)  - - - -
Brain metastasis

 No 10.0 (8.2 – 11.8) 0.384 16.0 (13.0 – 19.0) 0.122 - - - -

 Yes 8.0  (6.4 – 9.6)  11.0  (7.3 – 14.7)  - - - -

Radiotherapy
 No 9.0 (7.3 – 10.7) 0.437 15.0 (11.5 – 18.5 0.691 - - - -
 Yes 9.0 (6.6 – 11.4)  14.0 (9.1 – 18.9)  - - - -

Response to treatment
 No 2.0 (N/A) <0.001 6.0 (0.0 – 12.3) <0.001 1.00 <0.001 1.00 0.002

 Yes 12.0 (10.4– 13.7)  18.0 (15.3 – 20.7)  0.25
(0.15 – 0.40)  0.47

(0.29 – 0.76)  

NLR
 <3.3 10.0 (8.0 – 12.0) 0.018 15.0 (10.0 – 20.0) 0.079 1.00 0.481 1.00 0.376

 ≥3.3 8.0 (6.4 – 9.6)  15.0 (13.2– 16.8)  1.17
(0.76 – 1.81)  0.81

(0.51 – 1.30)  

PLR
 <185 9.0 (6.9– 11.1) 0.382 15.0 (11.0 – 19.0) 0.330 - - - -
 ≥185 9.0 (7.4 – 10.6)  15.0 (12.2 – 17.8)  - - - -

SII
 ≤730 13.0 (10.4 – 15.6) <0.001 24.0 (18.4 – 29.6) 0.001 1.00 0.001 1.00 0.001

 >730 8.0 (6.7 – 9.3)  13.0 (10.7 – 15.3)  2.09
(1.37 – 3.20)  2.05

(1.33– 3.20)  
PFS: Progression free survival;  NLR: Neutrophil-Lymphocyte Ratio; PLR: Platelet-Lymphocyte Ratio; SII: Systemic İmmune-İnflammation Index.
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Figure 1a: Progression-free survival in patients NLR <3.3 and NLR
≥3.3.

Figure  1b:  Progression-free  survival  in  patients  SII  ≤730 and SII
>730.

The apparent success of NLR and SII in prediction of survival
times  and  prognosis  is  related  to  the  biologic  roles  of
neutrophils, lymphocytes, and platelets in cancer patients.
Evidence  demonstrated  that  neutrophils  might  exert
immunosuppressive  effects  that  diminish  the  anti-tumor
effects  of  T-lymphocytes.18  Neutrophils  can  take  part  in
various stages of tumorigenesis, such as tumor growth and
metastatic  spreading.19  In  contrast  to  neutrophils,
lymphocytes, especially tumor-infiltrating lymphocytes, have
been  demonstrated  with  favorable  clinical  outcomes.20

Platelets  can  be  seen  as  part  of  the  immune  system
considering  their  bridging  role  between  inflammation,
thrombosis,  and  cancer.  Platelets  support  cancer
development and progression by a myriad of mechanisms.21

Hence,  it  should  not  be  surprising  that  when neutrophil,
lymphocyte,  and  platelet  numbers  are  used  to  produce

clinically  relevant  indices  that  strongly  predict  clinical
outcomes  in  patients  with  cancer.22  In  this  sense,  the
common feature of many lung cancer studies is that only the
power of SII, not PLR, NLR, is shown in multivariate analysis,
although  all  those  indices  are  significantly  effective  in
univariate  analysis.22,23

Figure 1c: Progression-free survival in patients; responders and non-
responders to treatment.

Figure 1d: Overall survival in patients; never smokers vs. current-ex
smokers.

SII  was  recently  developed  to  be  able  to  facilitate  the
singular abilities of peripheral blood counts to predict clinical
outcomes  in  one  equation.24,25  A  number  of  studies
conducted on patients with advanced NSCLC showed that SII
could  predict  clinical  outcomes,  including  overall  and
progression-free survival.8,12

This  study  has  some limitations.  First,  a  relatively  small
sample  size  and  retrospective  design  might  have  affected
the results.  Second, it  would be better if  some biological
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inflammatory  markers  such  as  albumin,  C-reactive  protein,
or interleukins are studied, so as to make comparisons.

Figure  1e:  Overall  survival  in  patients  according  to  response  to
treatment.

Figure 1f: Overall survival in patients SII ≤730 and SII >730.

CONCLUSION

Despite  its  limitations,  this  current  study  contributes
valuable novel data to the literature. SII appeared the most
powerful  of  the  three  studied  inflammatory  indices,  which
could  independently  predict  overall  and  progression-free
survival. This study showed the prognostic role of SII, NLR
and  PLR  in  advanced  stage  NSCLC.  In  addition,  SII  was
detected as independent prognostic factor in terms of PFS
and  OS  in  patients  who  underwent  first-line  pemetrexed
cisplatin  combination  and/or  pemetrexed  maintenance.
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