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INFLAMMATORY MARKERS AS PREDICTORS OF EFFICACY
OF BEVACIZUMAB AND TYROSINE KINASE INHIBITORS
THERAPY IN METASTATIC NON-SMALL CELL LUNG
CANCER PATIENTS

Introduction. An essential role in the formation and development of
non-small cell lung cancer (NSCLC) is played by systemic inflammation,
which indirectly affects neoangiogenesis, proliferation, disease
recurrence, and tumor spreading and can modulate the response to
medication therapy. Clinical monitoring of inflammatory markers may
help predict the outcome of the disease and allow select the most suitable
candidates for targeted therapy of metastatic NSCLC (mNSCLC).

The study aimed to establish independent predictors of the efficacy
of bevacizumab and tyrosine kinase inhibitors (TKIs) therapy affecting
progression-free survival (PFS) and overall survival (OS) in mNSCLC
patients.

Materials and methods. One hundred nine patients with mNSCLC
who received bevacizumab or TKI therapy at the Sumy Regional Clinical
Oncology Center participated in the retrospective study. We obtained data
on patients' age, gender, body mass index, smoking status, number of
metastases and their localization, category T and category N, and the
applied treatment regimen from primary medical records. Based on
complete blood count and chemistry tests, inflammatory indices were
calculated: neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio
(PLR), metastatic lung cancer index (ALI), prognostic nutritional index
(PNI), systemic inflammation index (SIl) and index of hemoglobin,
albumin, lymphocytes, and platelets (HALP). ROC analysis was used to
establish the predictive value of indices and cut-off values. The Kaplan-
Meier method and the Log-rank test assessed the effect on survival.
Multivariate Cox regression analysis was used to determine independent
predictors of treatment efficacy.

1007


https://orcid.org/0000-0001-5651-0323
https://orcid.org/0000-0002-5398-0298

Eastern Ukrainian Medical Journal. 2024;12(4):1007-1017

The results. SIl demonstrated a statistically significant impact on PFS
and OS. Patients with low SII had longer PFS (Log-rank 0.0016) and OS
(Log-rank P=0.0083). Median PFS in patients with low SII was 9.8
months versus 7.0 months in patients with high SIl. Median OS in patients
with low SII was 13.9 months versus 9.1 months in patients with high SII.
Smoking status (P=0.001), category N (P=0.034), and SII (P=0.018) can
be considered independent predictors of PFS and OS. Patients with high
SIl, current and former smokers, and those whose category N is 2 or 3
have a worse prognosis.

Conclusions. SII is an independent predictor of the efficacy of
bevacizumab and TKI therapy affecting PFS and OS in mNSCLC
patients. A low SlI correlates with better survival and a favorable impact
on patient outcomes. In addition to SlIl, smoking status and category N are
independent predictors of survival.

Keywords: non-small cell lung cancer, markers of inflammation,
survival, bevacizumab, systemic inflammation index.
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MAPKEPHU 3ANTAJIEHHA SIK ITIPEJJUKTOPU EOEKTUBHOCTI
TEPAIIII BEBAIIU3YMABOM TA IHI'TBITOPAMHU
THUPO3UHKIHA3ZMA Y HNALOIEHTIB 3 METACTATHUYHUM
HEJPIBHOKJIITUHHUM PAKOM JIEI'EHb

Pestome. BaximBy poms y  (GopMyBaHHI Ta  PO3BUTKY
HenmpiOHOKIiTHHHOTO paky JereHs (HJKPJI) Bimirpae cucremue
3allaieHHs, SKE  OIOCEPEKOBAaHO BIUIMBAE HAa  HEOAHTIOTEHE3,
npomiepanito, peIUANBYBAHHS Ta TOLMIMPEHHS ITyXJHHH Ta MOJCIIOE
BIATIOBII HA MEAMKAMEHTO3HY Tepariro. KiiHigHui MOHITOpHUHT MapKepiB
3alaieHHs MoOKe OyTH KOPHCHHM JUIS TIPOTHO3YBaHHS IiepeOdiry
3aXBOPIOBAaHHS Ta BigOOpPY HAWOUIBII BIAMOBIAHUX KaHAWAATIB LIS
tapretHoi tepamii Mmetactatimaroro HJIKPJI (MHJIKPJI).

MeTtoro mociipkeHHsT OyJiO0 BCTaHOBHTH HE3aJIEXKHI NPEJUKTOPU
edekTHBHOCTI Teparii OeBar3ymMaboMm Ta iHriGiTOpaMHu THUPO3WHKIHA3H
(ITK), mo BIUIMBaIOTh Ha BIDKMBaHICT Oe3 mporpecyBanHs (BBII) Ta
3arajbHy BIDKUBaHICTE (3B) y mamientis 3 MH/IKPJL

Marepiatn Ta MeroogH. Y PETPOCICKTHBHOMY JOCIIKEHHI
npuites yyacts 109 mamientis i3 MH/IKPJL, mo otpumyBanu Teparrio
oeBammsymabom abo ITK B Cymcekomy 00IacHOMY KIIHIYHOMY
OHKOJIIOTi9HOMY TIeHTpi. JlaHi mpo BiK, CTaTh MAII€HTIB, IHACKC MAacH TiJa,
CTaTycC MaJliHHS, KUIBKICTh METacTa3iB Ta iX Jiokajisalito, kateropiro T Ta
KaTeropito N, 3acTOCOBYBaHY JIiKyBaJIbHY CXeMy OTPUMYBAJH 3 IEPBUHHOI
MeAWYHOi JOoKyMeHTarii. Ha mifgctaBi MOBHOTO KIIIHIYHOTO Ta
OioXiMiYHOTO aHANi3iB KpPOBI pPO3PaxOBYBAJIM I1HACKCH 3allajiCHHS:
HeWTpodimpHO-TiMponmTapre criBBigHomeHHS (NLR), TpomOorurapHo-
nimponurapae cniBBinHomeHHs (PLR), iHZekc MeracTaTMYHOrO paky
nerenb (ALIl), mnpornoctmunmii xapuoBmit iHgekc (PNI), inzmexc
cuctemuoro 3anayneHHs (SII) Ta iHzmekc remornoOiHy, anbOymiHy,
niM¢onuti Ta TpomOouutie (HALP). [lnst BCcTaHOBJICHHS TPOTHOCTHYHOT
IIHHOCTI 1HAEKCIB Ta rpaHUYHMX 3Ha4eHb BukopucroBysanu ROC-anaiis.
BruiuB Ha BWKMBaHICTH OlliHIOBaNM MeTojoM Kamana-Maiiepa ta LOg-
rank tecrom. [l BU3HAYCHHI HE3AJIECKHHUX MPEIUKTOPIB e(HEKTHBHOCTI
Teparii BUKOPUCTOBYBaIM OaratodakTopHHi perpeciinuii anamiz Kokca.
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Pesynbratn.  Cepex  AOCHIIPKYBaHMX ~ MapKepiB  3alajieHHs
cTaTucTHYHO nocToBipHMA BB Ha BBIT Ta 3B mpoxemonctpysas SII.
Mamientn 3 H3pkuM SII mamm kpanry BBIT (Log-rank 0,0016) Ta 3B (Log-
rank P=0,0083). Meniana BBI1 y marienTis 3 HuzpkuM SII 6yma 9,8 Micsmis
npotu 7 MicAwiB y mamieHTiB 3 BucokuM SII. Meniana 3B y mamieHTiB 3
H3pKkEM SlI 6yma 13,9 micaniB mpotu 9,1 MICSIIiB y MAIi€HTIB 3 BUCOKUM
Sll. Hezanexxunmu npeankropamu BBIT Ta 3B MoxHa BBakaT cratyc
naminas (P=0,001), kareropito N (P=0,034) Ta SII (P=0,018). [TaienTn 3
BucokuMm SII, TenepimHi Ta KOJMIIHI Kypui Ta Ti, yus Karteropis N
CTAHOBHTH 2 200 3 MarOTh TipIIMH MIPOTHO3.

BucnoBku. Sl € He3ane)KHUM MPEAUKTOPOM e(hEeKTUBHOCTI Tepartii
6esammsymadom Ta ITK, mo BrumBae Ha BBIl Ta 3B y mamieHTiB 3
MHJIKPJI. Hmspkuit SII kopemroe i3 Kpamol0 BIDKHBAHICTIO Ta
cnpusiTIMBAM Tiepebirom 3axBoproBaHHA. Kpim SII, mporroctmaHmMEN
(hakTOpamH € CTaTyC MaNiHHSA Ta KaTteropis N.

KirouoBi ciioBa:

HEeIpiOHOKIITHHHUA pak JIeTeHb, MapKepH

3anaJicHHs, BUKUBaHICTh, OeBAIM3yMa0, IHICKC CHCTEMHOTO 3araICHHS.

Aemop, sionosioanvruii 3a tucmysannsn: FOnis Mockanenko, kagpedpa onkonoeii ma paoionoeii, CymcoKuil 0epicagrutl
ynieepcumem, m. Cymu, Yrpaina, email: yl.moskalenko@med.sumdu.edu.ua

INTRODUCTION

Lung cancer is one of the unsolved problems in
medicine. Despite the rapid development of clinical
oncology, treatment results remain disappointing,
especially for patients in the advanced stages. According
to the data of the National Cancer Registry of Ukraine,
about 46% of patients at the time of diagnosis have stage
IV [1]. An essential role in the formation and development
of non-small cell lung cancer (NSCLC) is played by
systemic  inflammation, which indirectly affects
neoangiogenesis, proliferation, disease recurrence, and
tumor spreading and can modulate the response to
medication therapy [2, 3, 4].

The most common laboratory markers of systemic
inflammation are lymphocytes, monocytes, neutrophils,
C-reactive protein, and indices based on these parameters,
such as the ratio of neutrophils to lymphocytes (NLR),
monocytes to lymphocytes (MLR), and platelets to
lymphocytes (PLR).

The outcomes of NSCLC can depend on nutritional
status, reflected in laboratory parameters such as serum
albumin level. Albumin has anti-inflammatory activity and
can reduce the level of systemic inflammation to some
extent [6]. Hypoalbuminemia is associated with low
survival and poor prognosis in mMNSCLC patients [7]. To
more correctly reflect the state of nutrition and the level of
systemic inflammation, indices based on the serum
albumin level are used, which allow the combined effect
of various laboratory parameters to be considered. In
particular, the prognostic nutrition index (PNI) [8], the
inflammatory index of advanced lung cancer (ALI) [9],
and the hemoglobin, albumin, lymphocyte, and platelet
(HALP) scale [10] are recognized as predictors of the

effectiveness of immune checkpoint inhibitor therapy and
radical surgical treatment in NSCLC patients. Clinical
monitoring of inflammatory markers may help predict the
outcome of the disease and allow select the most suitable
candidates for targeted therapy of metastatic NSCLC
(MNSCLC).

The current study aimed to establish independent
predictors of the efficacy of bevacizumab and tyrosine
kinase inhibitors (TKIs) therapy affecting progression-free
survival (PFS) and overall survival (OS) in mNSCLC
patients.

MATERIALS AND METHODS

Research design. One hundred nine patients with
MNSCLC who received bevacizumab or TKI therapy at
the Sumy Regional Clinical Oncology Center were
enrolled in a retrospective study. Inclusion criteria were
age older than 18 years, histologically confirmed NSCLC,
metastatic stage of NSCLC, bevacizumab-based or TKI-
based treatment regimen (minimum two cycles), and
available results of complete blood count tests and
chemistry tests before starting bevacizumab or TKI
therapy. The exclusion criteria were the treatment regimen
without bevacizumab or TKI, small cell lung cancer, early
NSCLC, infectious, autoimmune, or inflammatory
diseases within two weeks before the start of systemic
anticancer therapy, the development of other
malignancies, incomplete results of blood count tests and
chemistry tests. The study was approved by the Local
Ethics Committee of the Sumy Regional Clinical
Oncology Center (protocol 2/3, dated January 15, 2024). It
was conducted following the ethical principles of the
Declaration of Helsinki.
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Assessment of response to treatment and follow-up
period. To assess the response to treatment, all patients
underwent computed tomography every 2-3 cycles
according to local practice. Research results were analyzed
according to Response Evaluation Criteria in Solid
Tumors (RECIST 1.1). A complete response to treatment
(CR) was considered complete disappearance of the
primary tumor and metastases, stabilization of the disease
(SD) — a decrease in tumor burden by less than 30% or an
increase by less than 20%, partial response (PR) — a
decrease in tumor burden by more than 30 %, disease
progression (PD) — an increase in the tumor burden by
more than 20% or the appearance of new metastatic
lesions. Objective response rate (ORR) was calculated as
the percentage of subjects with CR and PR on treatment.
The disease control rate (DCR) was the percentage of
persons with CR, PR, and SD. Progression-free survival
(PFS) was calculated as the difference between the date of
registration of disease progression and the date of initiation
of targeted therapy. Overall survival (OS) was calculated
as the difference between the date of death from PD or
another cause and the date of initiation of targeted therapy.
After the PD was registered, telephone contact with
patients was conducted every three months to assess their
survival status. The follow-up period continued until the
patient's death or the database lock date (June 01, 2024).
In the case of loss of contact with the patient's relatives,
data on the date of death were obtained from the cancer
registry of the Sumy Regional Clinical Oncology Center.

Collection of information and its evaluation. Data on
patients' age, sex, body mass index (BMI), smoking status,
number of metastases and their localization, category T
and category N, and the applied treatment regimen were
obtained from primary medical records. The results of
complete blood count tests and chemistry tests performed
at most one week before starting targeted therapy with

bevacizumab and TKI were used to calculate the
inflammation indices. NLR, PLR, ALI, PNI, SllI, and
HALP were calculated for all patients. The NLR index was
determined as the absolute number of neutrophils (ANC) /
absolute number of lymphocytes (ALC), PLR — as
platelets (g/l) / ALC, ALI —as BMI x albumin (g/1) / NLR,
PNI — as albumin (g /1) + 0.005 x ALC, SII — as platelets
(g/l) x ANC / ALC, HALP — as hemoglobin (g/l) x
albumin (g/l) x ALC/platelets (g/1).

Statistical analysis. All data on patients' baseline
clinicopathological characteristics and indicators of
laboratory analyses were placed on the Exel platform.
Statistical analysis was performed using the Stata V.18.0
software environment (StataCorp, Texas, USA;
https://www.stata.com;  2024). Receiver operating
characteristic (ROC) analysis was used to select the most
sensitive and specific inflammation indices that can be
potential predictors of the efficacy of targeted therapy and
to determine cut-off values. Indices of inflammation
whose area under the curve (AUC) was more significant
than 0.5 were included for further investigation. The
Kaplan-Meier method was used to estimate the PFS and
OS. The significance of the difference between groups was
established using the Log-rank test. Independent
predictors of the efficacy of bevacizumab and TKI were
determined by Cox regression analysis. Indicators were
considered statistically significant at P<0.05.

RESULTS

Characteristics of patients. One hundred nine patients
with mNSCLC who received bevacizumab or TKI therapy
at the Sumy Regional Clinical Oncology Center
participated in the study. The average age of the patients
was 60 years (range 33-82). The studied cohort was
mostly men (70.6%) and smokers (64.2%). Most patients
had a BMI >25 (58.7%), less than three metastatic sites
(67.9%), and received bevacizumab therapy (79.8%).

—e— NLR (AUC: 0.7212)
—— PLR (AUC: 0.4434)

—e— ALI (AUC: 0.2889)
PNI (AUC: 0.5545)

—e— SII (AUC: 0.6111)
—— HALP (AUC: 0.5798)

1.00
0.75
2
2
% 0.50-
c
Q
(7]
0.254
0.004
T T T T T
0.00 0.25 0.50 0.75 1.00
Specificity

Figure 1 — Evaluation of NLR, PLR, ALI, PNI, SlI, and HALP as predictors of the efficacy of bevacizumab and

TKI therapy using ROC curves
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Table 1 — Baseline clinicopathological characteristics of patients

Clinicopathological characteristics

Total number of patients (%), n=109

Age (years), n (%)
Median

Range

<65

>65

60
33-82

70 (64.2)
39 (35.8)

Sex, n (%)
Female
Male

32 (29.4)
77 (70.6)

BMI
<25
>25

45 (42.3)
64 (58.7)

Smoking status, n (%)
Never smokers
Current or former smokers

39 (35.8)
70 (64.2)

Number of metastases, n (%)
<3
>3

74 (67.9)
35 (32.1)

Metastases in the liver:
Absent
Present

83 (76.1)
26 (23.9)

Metastases in the lung:
Absent
Present

45 (42.3)
64 (58.7)

Metastases in the pleura:
Absent
Present

55 (50.5)
54 (49.5)

Metastases in the bones:
Absent
Present

92 (84.4)
17 (15.6)

Metastases in the kidneys:
Absent
Present

103 (94.5)
6 (5.5)

Metastases in the brain:
Absent
Present

105 (96.3)
4(3.7)

Category T:
1-2
3-4

56 (51.4)
53 (48.6)

Category N:
0-1
2-3

34 (31.2)
75 (68.8)

Treatment regimen:
Bevacizumab-+chemotherapy
TKI

87 (79.8)
22 (20.2)

NLR
<2.84 (low)
>2.84 (high)

43 (39.4)
66 (60.6)

PNI
<40 (low)
>40 (high)

75 (68.8)
34 (31.2)

Sli
<791.2 (low)
>791.2 (high)

50 (45.9)
59 (54.1)

HALP
<33.19 (low)
>33.19 (high)

54 (49.5)
55 (50.5)
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The most sensitive and specific peripheral blood
markers were NLR (AUC=0.7212, 95% confidence
interval (Cl) 0.63603-0.85633), PNI (AUC=0.5545, 95%
Cl 0.48608-0.65573), SII (AUC=0, 6111, 95% ClI
0.52407-0.71572) and HALP (AUC=0.5798, 95% CI
0.494309-0.63201) (Fig. 1). ROC analysis determined
that PLR and ALI are insufficiently sensitive and specific
markers. Therefore, their influence on PFS and OS in
MNSCLC patients who received bevacizumab and TKI
therapy will not be evaluated. The cut-off values for NLR,
PNI, SII, and HALP were determined to be 2.84, 40, 791.2,
and 33.19, respectively. In more detail, the patient's

baseline  clinicopathological ~ characteristics  are
summarized in Table 1.
NLR
— Low
— High
0.25 \—1
0.00 Y i T T £
0 20 40 60
Follow-up period, months
sl
1.004
0.754
55 — Low
’ — High

0.254

I —

0 20 40 60
Follow-up period, months

0.004

The impact of inflammatory markers and patients'
baseline clinicopathological characteristics on PFS.
We found that among the studied markers of
inflammation, only SII had a statistically significant
effect on PFS. Patients with low SlI had better PFS (Log-
rank 0.0016). Median PFS in patients with low SII was
9.8 months versus 7.0 months in patients with high SlI.
NLR, PNI, and HALP did not show a difference in
survival between patients with low and high levels of
inflammatory markers (Log-rank P=0.0612, P=0.2970,
P=0.2777, respectively). Therefore, SII statistically
affects PFS in targeted therapy patients (Fig. 2).

PNI

— Low
— High
0 20 4 60
Follow-up period, months
HALP

1.00

0.754

disi — Low

’ — High

0.25

e
L\;—e

0.00 I
0 20 40 60
Follow-up period, months

Figure 2 — Kaplan-Meier curves showing PFS according to NLR, PNI, SII, and HALP baseline levels

Multivariate Cox regression analysis was used to
determine the prognostic impact of age, sex, BMI,
smoking status, the number of metastases and their
localization, category T and category N, and
inflammatory markers on PFS in mNSCLC patients who
received bevacizumab or TKI therapy. Smoking status
(P=0.001), category N (P=0.034), and SlI (P=0.018) can
be considered as independent predictors of PFS. Patients
with high SlII, current or former smokers, and those
whose category N is 2 or 3 have a lower PFS (Table 2).

The impact of inflammation markers and patients'
baseline clinicopathological characteristics on OS. The

correlation between inflammatory markers and OS was
similar to that of PFS. A statistically significant
relationship between SIl and OS was registered (Log-
rank P=0.0083). Patients with low SlI have better OS.
Median OS in patients with low Sl was 13.9 months
versus 9.1 months in patients with high SIl. NLR, PNI,
and HALP did not show a difference in OS between
patients with low and high levels of inflammatory
markers (Log-rank P=0.6159, P=0.5062, P=0.6927,
respectively). Therefore, SlI statistically significantly
impacts on OS in targeted treated patients (Fig. 3).
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Table 2 — Multivariate Cox regression analysis to assess the impact of clinicopathological characteristics and
inflammatory markers on PFS

Clinicopathological characteristics Hazard ratio 95% CI P value
Age (<65 versus >65) 0.49 0.28-0.85 0.052
Sex (female versus male) 1.42 0.51-3.98 0.499
BMI (<25 versus >25) 1.09 0.63-1.86 0.747
Smoking status (never smokers versus current or former smokers) 3.20 1.64-6.23 0.001
Number of metastases (<3 versus >3) 0.49 0.23-1.03 0.062
Metastases in the liver (absent versus present) 1.61 0.85-3.05 0.142
Metastases in the lung (absent versus present) 1.43 0.78-2.62 0.237
Metastases in the pleura (absent versus present) 1.30 0.72-2.34 0.377
Metastases in the bones (absent versus present) 1.21 0.50-2.91 0.659
Metastases in the kidneys (absent versus present) 1.10 0.36-3.40 0.855
Metastases in the brain (absent versus present) 0.49 0.14-1.71 0.270
Category T (1-2 versus 3-4) 1.14 0.67-1.95 0.621
Category N (0-1 versus 2—-3) 1.96 1.05-3.68 0.034
Treatment regimen (bevacizumab + chemotherapy versus TKI) 1.17 0.60-2.27 0.642
NLR (low versus high) 0.91 0.74-1.11 0.368
SI1 (low versus high) 1.00 1.00-1.02 0.018
PNI (low versus high) 1.94 0.88-1.01 0.145
HALP (low versus high) 0.98 0.95-1.00 0.103
NLR PNI

1.00

ors{ L\

e \ ——Low
Low e Lo

— High \ — High

0.25+

T T T T T T T T T T
0 20 40 60 80 0 20 40 60 80

Follow-up period, months Follow-up period, months
Sl HALP

— Low
— High

—Low,
— High

0 20 4 60 80 0 20 40 60 80
Follow-up period, months Follow-up period, months

Figure 3 — Kaplan-Meier curves showing OS according to NLR, PNI, SII, and HALP baseline levels
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Multivariate Cox regression analysis was used to
determine the prognostic impact of age, sex, BMI,
smoking status, the number of metastases and their
localization, category T and category N, and
inflammatory markers on OS in patients with mNSCLC

who received bevacizumab or TKI. Smoking status
(P=0.003), category N (P=0.018), and SlI (P=0.006) can
be considered as independent predictors of OS. Patients
with high SlII, current or former smokers, and those
whose category N is 2 or 3 have a lower OS (Table 3).

Table 3 — Multivariate Cox regression analysis for assessing the impact of clinicopathological characteristics and

inflammatory markers on OS

Clinicopathological characteristics Hazard ratio 95% CI P value
Age (<65 versus >65) 0.93 0.56-1.54 0.794
Sex (female versus male) 1.38 0.56-3.39 0471
BMI (<25 versus >25) 0.87 0.52-1.44 0.594
Smoking status (never smokers versus current or former smokers) 2.38 1.33-4.26 0.003
Number of metastases (<3 versus >3) 0.69 0.34-1.40 0.315
Metastases in the liver (absent versus present) 1.16 0.62-2.18 0.631
Metastases in the lung (absent versus present) 0.76 0.45-1.28 0.316
Metastases in the pleura (absent versus present) 1.16 0.66-2.05 0.587
Metastases in the bones (absent versus present) 1.01 0.50-2.04 0.968
Metastases in the kidneys (absent versus present) 1.44 0.54-3.82 0.458
Metastases in the brain (absent versus present) 0.38 0.10-1.42 0.153
Category T (1-2 versus 3-4) 0.71 0.43-1.19 0.200
Category N (0-1 versus 2-3) 2.04 1.13-3.69 0.018
Treatment regimen (bevacizumab + chemotherapy versus TKI) 1.03 0.51-2.10 0.920
NLR (low versus high) 0.85 0.70-1.02 0.085
Sl (low versus high) 1.00 1.00-1.01 0.006
PNI (low versus high) 0.93 0.88-1.37 0.052
HALP (low versus high) 0.99 0.98-1.01 0.954
Relationship between inflammatory markers, ORR, DISCUSSION

and DCR. On average, the follow-up period continued at
9.0 months (range 2 to 61 months). 87 (79.8%) patients
had disease progression at the time of database lock, and
99 (90.8%) had death due to disease progression or any
other causes. CR was not achieved in any patient. In 47
(43.1%), 42 (38.5%), and 20 (18.4%) patients, PR, SD,
and PD were registered, respectively. The ORR was
43.1%, and the DCR was 81.6%.

After evaluating the DCR for the established
independent predictors of the efficacy of bevacizumab
and TKI therapy, it was confirmed that depending on the
level of SlI, patients have a different response to
treatment. For patients with low SlI, DCR was 93%
versus 74.2% for patients with high SIl (P=0.0198).
Although there was a similar trend for the category N and
smoking status, no statistically significant difference in
treatment response was found. So, for patients with
category N 0-1, DCR was 85.3% against 80% in persons
with N 2-3 (P=0.5442). The DCR was 89.7% for never-
smokers versus 77.1 for current or former smokers
(P=0.1302).

We found that SlI, category N, and smoking status
are independent predictors of the efficacy of
bevacizumab and TKI therapy affecting survival in
MNSCLC patients. These factors are correlated with
both PFS and OS. Multivariate analysis showed that
patients with low S1I, who had never smoked, and those
whose category N was 0 or 1 had significantly better
survival. Inflammatory markers ALI and PLR
(AUC<0.5) were insufficiently sensitive and specific,
so they were not evaluated regarding the impact on PFS
and OS. NLR, PNI, and HALP lost their predictive
value in the survival impact study phase and
multivariable regression analysis. Nevertheless, SlI
showed a strong correlation with survival and response
to treatment. DCR is statistically significantly higher in
patients with low SII.

Inflammation plays an important role in the process
of carcinogenesis and metastasis. The most available
markers reflecting systemic inflammation are
peripheral blood cells (lymphocytes, neutrophils,
monocytes, platelets). The higher the number of
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neutrophils, monocytes, and platelets, the lower the
number of lymphocytes is associated with a worse
prognosis [11, 12].

The mechanism of action of bevacizumab is related
to the effect on vascular endothelial growth factor
(VEGF), which is produced by tumor cells and pro-
inflammatory blood cells. Hypoxia and inflammatory
tumor  microenvironment create a  favorable
environment for activating neutrophils and monocytes
and stimulating VEGF synthesis [13, 14]. This leads to
a violation of the differentiation and proliferation of
antigen-presenting cells and the creation of an
immunosuppressive environment. In addition, tumor-
associated macrophages, myeloid suppressor cells, and
regulatory T cells are activated [15]. All these cells can
trigger alternative mechanisms of neoangiogenesis,
resulting in resistance to bevacizumab [16]. For
example, upregulation of VEGF-D (one of the four
members of the VEGF family) causes resistance to
bevacizumab [17].

Yang et al. [18] concluded that neutrophils play an
important role in the development and progression of
cancer, as well as neutrophil extracellular traps
contribute to neoangiogenesis. In addition, neutrophilia
leads to decreased albumin levels, activation of
peritumoral aggregation of macrophages, and increased
synthesis of IL-8, IL-6, and IL-1, which stimulates
disease progression [19].

Unlike neutrophils, lymphocytes have antitumor
activity. These peripheral blood cells suppress tumor
cell proliferation and stimulate cytotoxic cell apoptosis.
A lymphocyte decrease correlates with a poor response
to anticancer therapy [20]. High levels of platelets and
neutrophils combined with low levels of lymphocytes
result in high SII and poor survival. All of the above
explains why Sl can be an independent predictor of the
efficacy of bevacizumab or TKI therapy.

A high Sl is considered a predictor of unfavorable
prognosis  of  etoposide and  cisplatin-based
chemotherapy in small-cell lung cancer patients [21].
However, the predictive value of Sl for
chemoradiotherapy is quite the opposite. The higher the
Sll associated with the higher radiosensitivity and the

CONCLUSIONS

SIl is an independent predictor of the efficacy of
bevacizumab or TKI therapy affecting PFS and OS in
MNSCLC patients. A low SlI correlates with better
survival and favorable disease outcomes. In addition to
SII, smoking status and category N are prognostic

better response to treatment [22]. Ju et al. [23]
concluded that a low SII in EGFR-mutant lung
adenocarcinoma patients was associated with better
survival. Fang et al. [24] found that increased SII was
associated with shorter PFS in mNSCLC patients
receiving immunotherapy. The results of our study
provide new evidence of the negative impact of high Sll
on survival in patients with mNSCLC receiving
bevacizumab and TKI therapy.

In addition to SII, smoking status has a significant
effect on survival. Current or former smokers lung
cancer patients have lower PFS and OS [25]. Smoking
has a cumulative effect, so the risk of lung cancer
increases with the number of cigarettes used. The latent
period preceding the appearance of cancer is about 10—
30 years [26]. Recent studies confirm that smoking
correlates with low survival, poor prognosis, high risk
of lung cancer recurrence, and development of new
malignancy. One of the reasons for the ineffectiveness
of therapy is metabolic changes in the body of smokers,
which can disrupt the pharmacodynamics and
pharmacokinetics of drugs. Smoking cessation is
considered an important request for the successful
treatment of patients with lung cancer [27].

Multivariate regression analysis identified category
N as an independent predictor of therapy efficacy and
survival in mNSCLC patients treated with bevacizumab
and TKI. Similar to our findings, Liang et al. [28]
emphasize the impact of regional metastasis on long-
term survival in NSCLC patients. Shih et al. [29]
established that category N and extranodal extension
can independently predict recurrence-free survival in
patients with stage 111 NSCLC.

Although the obtained results are statistically
reliable, our study has several limitations. First, the
study was retrospective, so all data on infectious and
autoimmune diseases were collected based on medical
records. Secondly, changes in laboratory indicators
could be related to taking medicines at home (for
example, steroids), as a result of which this information
was not reflected in the medical documentation and
could in some way distort the obtained results.

factors. Patients with mNSCLC who are current or
former smokers and those whose category N is 2 or 3
have worse PFS and OS. The results indicate that
systemic markers of inflammation are important for
predicting disease outcomes and the efficacy of
bevacizumab or TKI therapy.
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