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Abstract. ldentifying robust biomarkers to predict the efficacy of immune checkpoint inhibitors remains a key
challenge in managing metastatic non-small cell lung cancer. This retrospective study aimed to investigate the prognostic
and predictive value of complete blood count—derived inflammatory indices, in patients with metastatic non-small cell
lung cancer receiving ICls at the Sumy Regional Clinical Oncology Center between 2016 and 2024. A total of 105 patients
were included, all of whom received either pembrolizumab or atezolizumab, with or without chemotherapy. Clinical data
and baseline inflammatory indices were collected within seven days prior to treatment initiation. The indices analyzed
included neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammation index (SII), systemic inflammation re-
sponse index (SIRI), and lymphocyte-to-monocyte ratio (LMR). Receiver operating characteristic analysis was employed
to determine optimal cut-off values, which were 3.6 for NLR, 1.5 for SIRI, 926.0 for Sll, and 3.3 for LMR. Progression-
free survival and overall survival were evaluated using the Kaplan—Meier method, with comparisons performed via log-
rank test. Multivariate Cox proportional hazards regression was used to assess independent prognostic factors. A p-value
<0.05 was considered statistically significant.

The results demonstrated that among all analyzed markers, only NLR was significantly associated with overall
survival. Patients with a low baseline NLR (<3.6) had a median overall survival of 19.7 months, compared to 10.0 months
in those with high NLR (>3.6), with a statistically significant difference (log-rank p=0.0191). Furthermore, multivariate
Cox regression analysis confirmed NLR as an independent predictor of overall survival (HR=2.33, 95 % ClI: 1.17-4.61,
p=0.015). Other factors, including SII, SIRI, LMR, sex, therapy line, and treatment regimen, were not independently
associated with survival outcomes. Although none of the inflammatory indices showed statistically significant impact on
progression-free survival, a non-significant trend toward improved progression-free survival was noted in patients with
low NLR (8.2 vs. 5.5 months, p=0.1084). In terms of treatment response, a significantly higher objective response rate
was observed in the low NLR group (57.1 %) compared to the high NLR group (32.8 %, p=0.0213). Disease control rates,
however, were comparable between the groups (85.7 % vs. 88.0 %, p=0.7515).

These findings highlight the potential utility of baseline NLR as a non-invasive, cost-effective biomarker for
prognostication and response prediction in metastatic non-small cell lung cancer patients undergoing immunotherapy. In
contrast, SIRI, SII, and LMR did not demonstrate prognostic significance in this cohort. While the study’s retrospective
and single-center nature limits external generalizability, the identification of NLR as an independent predictor of survival
supports its integration into clinical workflows for early risk stratification. Further prospective, multicenter studies incor-
porating molecular and dynamic immunological parameters are warranted to validate and expand on these results.

Keywords: immune checkpoint inhibitors, prognosis, lung cancer, survival, NLR, inflammation indices.

Introduction. Over the past decade, the scientific
community has focused its efforts on identifying bi-
omarkers that would allow for predicting the efficacy of
immunotherapeutic agents in oncology. Immune check-
point inhibitors (ICIs) are increasingly being used to treat
non-small cell lung cancer (NSCLC), particularly in the
metastatic stages of the disease. The development of re-
sistance to ICls and the progression of NSCLC lead to fatal
outcomes, highlighting the need to improve prediction
methods in order to identify the category of patients who
would derive the greatest benefit from immunotherapy [1].

Inflammation-related markers appear especially
promising. Systemic inflammation manifests through
qualitative and quantitative changes in the composition of
immune cells localized in the tumor microenvironment
and peripheral blood [2]. It has been observed that the ef-
fectiveness of ICIs largely depends on the patients’ cyto-
kine profile. High levels of tumor necrosis factor-alpha
(TNF-a) and interleukin-6 (IL-6), induced by the presence
of an inflammatory tumor, stimulate myelopoiesis and lead
to alterations in the composition of peripheral blood. In
turn, platelets, lymphocytes, neutrophils, monocytes, and
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myeloid-derived suppressor cells release pro-inflamma-
tory cytokines, including TGF-beta, IL-2, IL-6, IL-8, and
interferon-gamma (IFN-v), thereby increasing systemic in-
flammation [3].

The aim of the study: to assess the prognostic
value of biomarkers derived from complete blood count in
patients with metastatic NSCLC.

Approaches focused on evaluating the ratios of
key blood cells offer significant advantages. First, they
rely on data from complete blood count tests, which are
routinely used in clinical practice. Second, these studies
are inexpensive, accessible, minimally invasive, and have
no contraindications. Third, calculating inflammation in-
dices based on blood cell ratios requires no special skills
or training [4].

To reflect the balance of immune cells and the
state of the immune system, the most commonly used in-
dices include the Systemic Immune-Inflammation Index
(SI) [5], the Systemic Inflammation Response Index
(SIRI) [6], the neutrophil-to-lymphocyte ratio (NLR), the
platelet-to-lymphocyte ratio (PLR), and the lymphocyte-
to-monocyte ratio (LMR) [7]. However, study results are
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not always consistent, as the prognostic value of inflam-
mation indices largely depends on the tumor type, disease
stage, treatment regimen, and the line of immunotherapy
used.

Object and methods of research.

Patients and Study Design. This retrospective
study included patients diagnosed with metastatic NSCLC
who received treatment with ICls at the Sumy Regional
Clinical Oncology Center between 2016 and 2024. Eligi-
ble participants were aged 18 years or older and had re-
ceived at least one therapeutic dose of an ICI, specifically
atezolizumab or pembrolizumab. Patients with stage I, II,
or 111 NSCLC, as well as those who had not received im-
munotherapy, were excluded from the study. Additional
exclusion criteria included the presence of autoimmune
diseases, infectious diseases, or febrile conditions within
one month prior to the initiation of immunotherapy. Based
on these inclusion and exclusion criteria, a total of 105 pa-
tients were enrolled in the final study cohort.

Ethical approval for this research was obtained
from the Bioethics Committee for Experimental and Clin-
ical Research of the Educational and Scientific Medical In-
stitute at Sumy State University (Protocol No. 3/12, dated
December 17, 2024). All patients who were alive at the
time of enrollment provided written informed consent
prior to participation.

Data Collection and Calculation of Inflamma-
tory Indices. Clinical data, including patient sex, immuno-
therapeutic regimens, and lines of therapy, were extracted
from medical records. Inflammatory indices were calcu-
lated using results from complete blood count tests per-
formed no more than seven days before the administration
of the first ICI dose. The following indices were computed:
the Systemic Inflammation Response Index (SIRI), calcu-
lated as neutrophils x monocytes / lymphocytes; the Sys-
temic Immune-Inflammation Index (Sll), as platelets
(x10°/L) x neutrophils / lymphocytes; the neutrophil-to-
lymphocyte ratio (NLR), as neutrophils / lymphocytes; the
platelet-to-lymphocyte ratio (PLR), as platelets (x10°/L) /
lymphocytes; the lymphocyte-to-monocyte ratio (LMR),
as lymphocytes / monocytes; and the monocyte-to-lym-
phocyte ratio (MLR), as monocytes / lymphocytes.

Assessment of Treatment Response. Treatment
response was monitored using computed tomography
scans, which were performed every 2-3 cycles of therapy.
Radiological assessment of tumor response followed the
immune Response Evaluation Criteria in Solid Tumors
(IRECIST), which classify outcomes as progressive dis-
ease (PD), stable disease (SD), partial response (PR), or
complete response (CR). The disease control rate (DCR)
was defined as the proportion of patients achieving SD,
PR, or CR, while the objective response rate (ORR) was
defined as the proportion achieving PR or CR. Progres-
sion-free survival (PFS) was calculated from the date of
the first ICI dose to the date of documented disease pro-
gression, and overall survival (OS) was calculated from
the first ICI dose to the date of death. Mortality data were
obtained via telephone follow-up with relatives and from
the cancer registry database of the Sumy Regional Clinical
Oncology Center.
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Statistical Analysis. Statistical analysis was per-
formed using Stata software, version 18.0. Continuous
variables were expressed as numerical values and percent-
ages. Receiver operating characteristic (ROC) curve anal-
ysis was used to determine the area under the curve (AUC)
and optimal cut-off values for the most sensitive inflam-
matory indices, which were established as follows: 1.5 for
SIRI, 926.0 for SlI, 3.6 for NLR, and 3.3 for LMR. Median
PFS and OS were estimated using the Kaplan—Meier
method. Differences in survival between patient subgroups
with low versus high inflammatory indices were evaluated
using the log-rank test. Prognostic factors associated with
survival were assessed using multivariate Cox propor-
tional hazards regression modeling. A p-value of less than
0.05 was considered statistically significant.

Research results and their discussion.

Clinical and Laboratory Characteristics of Pa-
tients

The final study cohort consisted of 105 patients
diagnosed with metastatic non-small cell lung cancer.
Among them, 89 patients (84.8 %) were male, and 16
(15.2 %) were female. The majority of patients received
immunotherapy as a first-line treatment option. Specifi-
cally, 77.1 % of patients began therapy with ICls as part of
their initial treatment regimen, and most of them (63.8 %)
were treated with a combination of an ICls and chemother-
apy.

To evaluate the potential predictive value of sys-
temic inflammation in the context of immunotherapy, sev-
eral inflammation-related indices were analyzed. Among
them, the SIRI, SII, NLR, and LMR demonstrated accepta-
ble specificity and sensitivity. The AUC for each of these
markers was calculated using ROC analysis, yielding the
following results: for SIRI, the AUC was 0.5439 (95 %
confidence interval [CI]: 0.30544-0.78228); for SII,
0.5380 (95 % CI: 0.28727-0.78876); for NLR, 0.5497
(95 % CI: 0.30643-0.79299); and for LMR, 0.5637 (95 %
Cl: 0.37821-0.74928). These values suggest a moderate
prognostic potential of the aforementioned indices.

In contrast, both the PLR and MLR demonstrated
AUC values below 0.5, indicating low diagnostic perfor-
mance and limited prognostic value in this patient popula-
tion (Fig. 1). As a result, these two indices were excluded
from further analyses regarding treatment efficacy. A sum-
mary of the patients’ baseline demographic data, clinical
characteristics, and laboratory parameters is provided in
Table 1.

Impact of Inflammatory Indices on Survival and
Efficacy of Immune Checkpoint Inhibitor Therapy. The
analysis revealed that none of the evaluated inflammatory
indices had a statistically significant effect on PFS. The
median PFS did not significantly differ between patients
with low and high levels of SIRI, SlI, and LMR, with log-
rank p-values of 0.7353, 0.5683, and 0.7571, respectively.
However, a trend toward improved PFS was observed in
patients with lower NLR values. Specifically, patients with
low NLR had a median PFS of 8.2 months, compared to
5.5 months in those with high NLR, although this differ-
ence did not reach statistical significance (log-rank p =
0.1084; Figure 2).
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Fig. 1. Evaluation of the specificity and sensitivity of SIRI, SII, NLR, PLR, LMR, and MLR for predicting the
effectiveness of ICI

Table 1

Clinical and laboratory characteristics of the studied cohort

Variables Total number of patients, n=105
Sex, n (%) I;,T;]: le ég gig
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In terms of OS, a statistically significant differ-
ence was observed based on NLR levels. Patients with low
NLR exhibited a notably longer median OS of 19.7
months, in contrast to 10.0 months among patients with
high NLR (log-rank p = 0.0191). Conversely, OS was
comparable between groups stratified by SIRI, SlI, and
LMR, with log-rank p-values of 0.9694, 0.4688, and
0.9490, respectively (Figure 3).

These findings suggest that among the analyzed
inflammatory biomarkers, only NLR demonstrated a sig-
nificant prognostic value for overall survival in patients
with metastatic NSCLC undergoing treatment with ICls.

In the analyzed cohort, the ORR and DCR were
51.4 % and 86.6 %, respectively. A statistically significant
difference in ORR was observed between patients with
low and high NLR values. Specifically, 57.1 % of patients
with low NLR achieved an objective response, compared
to only 32.8 % of those with high NLR (p = 0.0213). In
contrast, no significant difference was found in DCR
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between the low and high NLR groups, with rates of 85.7
% and 88.0 %, respectively (p = 0.7515). These findings
suggest that a lower NLR may be associated with better
immunotherapeutic efficacy, potentially reflecting a more
favorable balance between neutrophils and lymphocytes in
the immune microenvironment.

Identification of independent survival predic-
tors. To identify independent predictors of PFS and OS, a
multivariate Cox regression analysis was performed. The
results demonstrated that NLR was an independent prog-
nostic factor for OS. Patients with a hight NLR had signif-
icantly poorer survival outcomes compared to those with a
low NLR (hazard ratio [HR] = 2.33, 95 % CI: 1.17-4.61,
p = 0.015). Other clinical and laboratory variables — in-
cluding sex, line of therapy, immunotherapeutic regimen,
as well as SIRI, SlI, and LMR — did not show significant
prognostic value in the multivariate model (Table 2).
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Fig. 2. Progression-free survival curves based on baseline SIRI (A), SI1 (B), NLR (C), and LMR (D)
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Table 2
Cox proportional hazards model for predicting survival in patients receiving IClI
Variables PES OS
HR 95 % ClI p HR 95 % ClI p
Sex (male versus female) 1,30 0,74-2,28 0,358 1,39 0,77-2,51 0,263
Treatment line 0,75 033-167 | 0483 | 092 0,42-1,98 0,837
(first versus second)
Immunotherapy regimen
(ICI monotherapy versus chemo- 0,80 0,49-1,30 0,380 0,93 0,58-1,50 0,792
immunotherapy)
SIRI (low versus high) 0,97 0,81-2,30 0,929 0,81 0,42-1,56 0,539
SlI (low versus high) 0,75 0,37-1,52 0,437 0,73 0,35-1,53 0,414
NLR (low versus high) 1,80 0,92-3,54 0,085 2,33 1,17-4,61 0,015
LMR (low versus high) 1,00 0,57-1,77 0,977 0,99 0,55-1,76 0,981

In the present study, we observed the relationship
between the NLR, survival outcomes, and response to ICI
therapy in patients with metastatic NSCLC. Our results in-
dicate that a low baseline NLR is significantly associated
with improved OS and a higher ORR, and NLR was con-
firmed as an independent predictor of OS in multivariate
analysis.

NLR is among the most widely studied and easily
accessible systemic inflammatory biomarkers derived
from routine complete blood count. Its prognostic value in
NSCLC has been supported by multiple studies and meta-
analyses. Elevated NLR likely reflects a pro-inflammatory
tumor microenvironment dominated by neutrophils, which
are known to promote angiogenesis, tumor cell prolifera-
tion, and immune evasion via the release of biologically
active factors such as hepatocyte growth factor, epidermal
growth factor, and platelet-derived growth factor [8, 9].

Our findings are consistent with previous studies,
including Peng et al. [9], who demonstrated that NLR <5
was associated with better survival and response rates in
patients treated with PD-1 inhibitors. A systematic review
by Platini et al. [10] and studies by Pu et al. [11] and
Smorodska et al. [12] similarly concluded that elevated
NLR is a negative prognostic factor in advanced NSCLC.

In addition to earlier evidence, recent data from
Zhang et al. [13] confirm that baseline NLR and SlI are
predictive of immunotherapy outcomes in advanced
NSCLC, with lower values correlating with better sur-
vival. Importantly, Zheng et al. [14] found that patients
with PD-L1 >50 % expression and low NLR exhibited sig-
nificantly deeper responses to first-line ICl monotherapy,
suggesting that systemic inflammatory status may influ-
ence tumor responsiveness even in cases with high PD-L1
expression.

He et al. [15] expanded this understanding by
demonstrating the prognostic role of SlI and other inflam-
matory markers in lung cancer patients with bone metasta-
ses — a population typically associated with poorer out-
comes. Our study did not find SlI, SIRI, or LMR to be sta-
tistically significant predictors of OS or PFS; however, it
is possible that their role may vary depending on disease
burden, metastatic pattern, or therapy type.

The clinical significance of these findings lies in
the utility of NLR as a non-invasive, low-cost, and readily
available biomarker for early stratification of patients un-
dergoing immunotherapy. Lei et al. [16] emphasized that
NLR, PLR, and Sll/albumin ratio all correlate with immu-
notherapy outcomes and may reflect not only tumor biol-
ogy but also systemic immunonutritional status, which
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influences treatment tolerance and efficacy. Furthermore,
Yuan et al. [17] demonstrated that combining inflamma-
tory markers with deep learning models enhances early
prediction of immunotherapy response in unresectable
NSCLC, highlighting opportunities for integrating NLR
into Al-assisted clinical decision-making tools.

Katayama et al. [18] evaluated inflammatory
markers in patients receiving atezolizumab monotherapy
and confirmed that low baseline NLR was significantly as-
sociated with longer survival. Similarly, Zhu et al. [19]
demonstrated the diagnostic potential of NLR and PLR in
distinguishing lung cancer patients from healthy individu-
als, further emphasizing the immunologic relevance of
these indices.

Despite widespread agreement on the prognostic
role of NLR, there remains no consensus on the optimal
cut-off value. In our study, a threshold of 3.6 was deter-
mined via ROC analysis. Other studies have reported cut-
offs ranging from 2.8 to 5, depending on methodology,
population, and endpoint [20-22]. A commonly used value
across various studies is 4, which may serve as a practical
benchmark in routine practice.

This study has several limitations. First, its retro-
spective and single-center design may introduce selection
bias and limits generalizability. Second, we did not evalu-
ate key tumor-specific factors such as PD-L1 expression,
tumor mutational burden, or EGFR/ALK mutation status,
which could confound survival outcomes. Third, dynamic
changes in NLR during treatment — potentially more in-
formative than baseline values — were not assessed.

Nevertheless, the results of this study have im-
portant clinical implications. NLR could serve as an ad-
junctive biomarker in immunotherapy decision-making.
Moreover, its simplicity allows for repeated, real-time
monitoring during treatment, providing clinicians with a
low-cost tool for adaptive management. The identification
of NLR as an independent predictor of OS highlights its
potential role not only in prognostication but also in opti-
mizing patient selection for ICls.

Conclusions:

1. A low baseline neutrophil-to-lymphocyte ratio
in patients with metastatic NSCLC was associated with
significantly improved overall survival. The median over-
all survival was 19.7 months in patients with low NLR
compared to 10.0 months in those with high NLR (log-
rank p =0.0191).

2. No significant differences in overall survival
were observed between patients with low and high values
of other inflammatory indices, including SIRI, SlI, and




LMR (log-rank p = 0.9694, p = 0.4688, and p = 0.9490,
respectively), indicating that these markers lacked prog-
nostic value in this cohort.

3. Multivariate Cox regression analysis identified
low NLR as an independent predictor of overall survival
in patients with metastatic NSCLC (HR = 2.33; 95 % ClI:
1.17-4.61; p = 0.015).

4. Patients with low NLR demonstrated signifi-
cantly better objective response to immune checkpoint in-
hibitor therapy compared to those with high NLR (57.1 %
vs. 32.8 %; p = 0.0213), supporting the association be-
tween this inflammatory index and immunotherapy effi-
cacy.

Prospects for further research. We are going to
investigate the prognostic significance of the tumor micro-
environment in the effectiveness of immunotherapy in pa-
tients with metastatic non-small cell lung cancer.
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Pe3rome. BusnaueHHs HaniiiHux OioMapkepiB
JUIL  TIpOTHO3YyBaHHS  e€(EeKTMBHOCTI  iMyHOTeparii
3aJMIIAETHCS  aKTyalbHUM 3aBJAHHSM Y JIKYBaHHI
METacTaTHYHOTO HEAPIOHOKIITUHHOIO paky JereHb. Y
LIOMY PETPOCIIEKTHBHOMY JIOCII/PKEHHI ITPOaHalli30BaHO
MPOTHOCTHYHY Ta TPEAWKTUBHY IIHHICTh IHIEKCIB
3aIajieHHs, PO3paxOBaHMUX HA OCHOBI KIIIHIYHOTO aHANi3y
kpoBi y 105 nmamieHtiB i3  MeTacTaTHYHIM
HEAPIOHOKIITHHHAM pakOM JIeT€Hb, SKi OTPUMYBaIH
iHTI0ITOpH IMYHHHX KOHTPOJBHHX TOUOK Yy CyMCBKOMY
00TacHOMY KIIIHIYHOMY OHKOJIOTiYHOMY LeHTpi B 2016—
2024 pokax. Yci mamieHTH OTpUMYBaIH NeMOpoJi3yMmad
abo arte3omizymab 3 xiMmioTepamieto abo O6e3 Hei. Buximni
MOKa3HUKY BH3HAYAIM JI0 [10YATKy Tepamii. AHali3yBaau
imgekcu: NLR, SllI, SIRI, LMR. OnTtumanbshi moporosi
3Ha4YeHHs Bu3Hadyamu MetroaoM ROC-awamizy: 3,6 mns
NLR, 1,5 mns SIRI, 926,0 ans Sll, 3,3 ana LMR. Buxu-
BaHiCTh 0€3 MporpecyBaHHS Ta 3arajbHy BIDKHBAaHICTb
omiHOBaM MetostoM Kammana—Matiepa, mOpiBHSIHHS IIPoO-
BOJMJIM JIOTPAHTOBMM TecToM. IIporrHoctuuHi ¢akropn
BH3HAYalN 3a JOMOMOTor0 perpeciiinoi momeni Kokca.
CratuctuaHO 3HadymmMu BBaxkamu P<0,05. €nuHuM iH-
JIEKCOM, SIKMH JOCTOBIPHO aCOILiIOBaBCS i3 3arajbHOIO BH-
xwuBanicTio, 0yB NLR. ITarientu 3 ausskum NLR (<3,6)
MaJll MejiaHy 3arajbHoi BkMBaHocTi 19,7 mic mpotu
10,0 mic y mariientis i3 Bucokum NLR (p=0,0191). ¥V mo-
neni Kokca NLR 3anuinaBcsi He3ase)KHUM MPOTHOCTHY-
HUM (akTopom 3aransHoi BrxkuBaHocti (HR=2,33; 95 %
OI: 1,17-4,61; p=0,015). Tami inpexcu (SlI, SIRI, LMR),
CTaTh, PEXKHM 1 JIiHiS Teparii He BIUTMBAIN Ha 3araJIbHY BU-
KuBaHicTh. Ha 11 mporpecyBaHHS iHICKCH HE Majd IO-
cToBipHOTO BILHBY, Tpote st NLR cnocTepiranace mo-
3UuTHBHA TeHaeHis (8,2 vs 5,5 mic; p=0,1084). Yacrora
00’eKTUBHOI BIINOBiZI Ha JIiKyBaHHA Oylla TOCTOBIPHO
Bumoro npu Hu3pkomy NLR (57,1 % mnporm 32,8 %;
p=0,0213). PiBeHb KOHTPOJIO HaJa 3aXBOPIOBAHHIM HE
Bifpi3HsBcs. Takum umHOM, OaszoBuit NLR moxHa BBa-
JKATH JOCTYITHHM, HCIHBA3UBHUM 0iOMapKepOM MPOTHO3Y
Ta BIAIOBIJI Ha 1Hr1OITOPU IMYHHHX KOHTPOJBHUX TOYOK
y XBOpHX Ha METACTaTHYHHUI1 HEIPIOHOKIITHHHUI paK Jie-
I'CHb.

Kiro4osi cioBa: iHTiOITOPH IMyHHHX KOHTPOJIB-
HUX TOYOK, IPOTHO3, pak JereHb, BkuBaHHA, NLR, iH-
JIEKCH 3arlaJIeHHS.
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