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INFLAMMATION INDEXES AS PREDICTORS OF
RECURRENCE IN PATIENTS WITH SURGICALLY
RESECTED NON-SMALL CELL LUNG CANCER

Introduction. Prediction of lung cancer recurrence is one of the
most urgent problems of modern oncology. Scientists are trying to
find independent predictors that will help intensify, personalize the
patient's treatment, and prevent the disease relapse on time.

The study aimed to find indicators of inflammation that could be
independent predictors of disease recurrence in patients with
surgically resected non-small cell lung cancer.

Materials and methods. The study was conducted
retrospectively. The study group included 104 patients with non-
small cell lung cancer who received surgical treatment and adjuvant
chemotherapy or chemoradiotherapy from 2014 to 2018 at the Sumy
Regional Clinical Oncology Dispensary. Based on the results of the
blood count tests, the inflammation indices were calculated before
chemotherapy or chemoradiotherapy and one month after their
completion. Systemic inflammatory response index (SIRI), systemic
inflammatory index (SII), neutrophil/lymphocyte ratio (NLR),
platelets/lymphocytes ratio (PLR), lymphocyte/monocyte ratio
(LMR), monocyte/lymphocyte ratio (MLR) were calculated. Using
ROC analysis, cut-off points were found. Cox regression was used to
find independent predictors of lung cancer recurrence.

Results. During the observation period, relapse of the disease
was recorded in 42 (40.4%) patients. The average recurrence-free
survival was 56.3 months, range of 4-84.0 months (95% CI =
46.866-65.683). Before chemo- or chemoradiation therapy, the cut-
off points for NLR1, PLR1, MLR1, LMR1, SlI1, and SIRI1 were
1.80, 126.35, 0.22, 4.80, 521.22 and 0.96, respectively. Cut-off
points for NLR2, PLR2, MLR2, LMR2, Sl12, and SIRI2 at stage one
month  after completing courses of chemotherapy or
chemoradiotherapy were 1.33, 153.80, 0.26, 3.98, 450.10 and 0.82
respectively. According to ROC analysis, only PLR1, SII1, LMR1,
and LMR2 indices are reliable and can be used in further Cox
regression analysis. Univariant Cox regression showed that LMR1
and SlI1 were significantly associated with disease recurrence.
Multivariate Cox regression identified SII1 as the only independent
predictor of disease recurrence.
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Conclusions. Among numerous inflammation indices as an
independent predictor for disease recurrence in non-small cell lung
cancer patients who received surgical treatment and chemotherapy or
chemoradiotherapy, only systemic inflammation index (SI11) at the
stage before chemotherapy or chemoradiotherapy can be used.
Indicators above 521.22 could be a predictor of high-risk recurrence
of lung cancer.
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3AITAJIBHI THAEKCHU $K HNPEJUKTOPU PEINUIUBY
Y PAJIUKAJIBHO IMPOOIIEPOBAHUX INAIIEHTIB
3 HEAPIBHOKJIITUHHUM PAKOM JIET'EHb

Beryn. IlporHo3yBaHHS penMINBY paKky JIETCHb € OJHIEIO 3
HalaKTyanpHIIIAX TIpo0IeM cydacHOi OHKOJIOTIi. BueHi HamararoTs-
csl 3HAWTH HE3aJIeKHI NMPEJUKTOPH, SIKi JOIIOMOXXYTh BUYACHO IHTEH-
cudikyBaru, nepcoHiikyBaTu JiKyBaHHS Nalli€eHTa Ta HNONEPEIUTH
MOSIBY PELUIMBY 3aXBOPIOBAHHS.

MeTor0 MOCHTIKCHHST OYJIO 3HAWTH MOKA3HWKH 3amajeHHs, sIKi
MOXYTb OYTH HE3aJIC)KHUMH MPEAUKTOPAMHU PELUIUBY 3aXBOPIOBaH-
HS Yy TMALI€HTIB i3 XipyprigHO BUAAJCHAM HEIPiOHOKIITHHHUM pa-
KOM JICTEHi.

Martepiann Ta MmeToan. J{ociHKeHHS IPOBOIMIIOCS PETPOCIICK-
TuBHO. 10 CcKIlaay JOCHiKyBaHOI rpynu yeidmuio 104 mamieHTH 3
HEeIPIOHOKITHHHUM PakOM JIET€Hb, SKi OTPUMANH XipyprigyHe JIiKy-
BaHHS Ta a1’ FOBaHTHY XiMiO- 200 XiMiOIIPOMEHEBY TEPAIIit0 y Mepioj
32014 o 2018 poku y CyMcbKOMY 00J1aCHOMY KJIIHIYHOMY OHKOJIO-
rivHomy aucnancepi. Ha mijgcraBi pe3ynbTaTiB KIHIYHOTO aHATi3y
KpOBi OyJM MopaxoBaHi 1HJEKCH 3alaJieHHs] Ha eTami nepej Ximio-
ab0 XiMIOIIPOMEHEBOIO TEpaIielo Ta 4epe3 Micsilb Micis iX 3aBep-
IMIeHHsA. 30KpeMa, IiJpaxoBaHO iHJIEKC CHCTEMHOI 3amajbHOi Biamo-
Bixmi (SIRI), ingexc cuctemHoro 3amaneHHs (SII), criBBiIHOIICHHS
Herrpodimw/mimporutr (NLR), croiBBimHOmEHHS  TpOMOOIH-
t/miMmpormtn (PLR), criBBimHOmIEHHS
(LMR), cmiBBigHOMmeHHs: MoHOIUTH/ MiMpouuTtr (MLR). 3a nonomo-

TMQPOIUTH/ MOHOITUTH

roto ROC anamizy BCTaHOBIEHO TOYKH BijcideHHs. Perpeciiinuii
ananmi3 Kokca BHKOPHCTAHHO JJISi BCTAHOBJICHHS HE3AICKHHX Ipe-
JUKTOPIB PEIIUIUBY PaKy JICTCHb.

PesysabtaTu. IIpoTaroM ychoro mepiogy CIOCTEPEKEHHS PeIiv-
JIUB 3aXBOproBaHHs Oyio 3adikcoBano y 42 (40,4%) marmientiB. Ce-
penHe Oe3peluanBHE BIKUBAHHS CTAHOBWIO 56,3 MICSIl, Jiarna3oH
4-84,0 micsm (95% A1 = 46,866—65,683). Toukamu BifCiueHHS IS
NLR1, PLR1, MLR1, LMR1, SlI1 Ta SIRI1 Ha erami mo mpoBeaeHHS
ximio- abo ximiompomeneBoi Tepamii Bu3HaHO 1,80, 126,35, 0,22,
4,80, 521,22 ta 0.96 Bignosiguo. Toukamu Bifciuenus mis NLR2,
PLR2, MLR2, LMR2, SII2 Ta SIRI2 Ha erami 4yepe3 oauMH MiCAIb
TICJIS 3aBepIIeHHs KypciB XiMio- abo ximiompomeHeBoi Teparmii BH-
3uano 1,33, 153,80, 0,26, 3,98, 450,10 Ta 0,82 BigmoBimHO. 3T1AHO
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ROC anamizy mume ingexcu PLR1, SII1, LMR1 ta LMR2 € gocto-
BIPHUMH Ta MOXXyTh BUKOPHCTOBYBATHCS y NOJAIBIIOMY pETpeciii-
HoMy ananii3i Kokca. OmgHodakropHmii perpeciiinmii anami3 Kokca
mokazas, mo LMR1 i SII1 Oynm 3Ha9HO MOB’s3aHi 3 PEUUANBOM 3a-
XBOpIoBaHHs. bararodakropuuii perpeciiinuii ananiz Kokca Bu3Ha-
yuB SII1 K €IUHUI He3aJIeKHUN MPEAUKTOP PELUTUBY 3aXBOPIO-
BaHHSI.

BucnoBku. Cepesi YMCIEHHUX 1HAEKCIB 3alajleHHs HE3aJIeKHUM
NPEJUKTOPOM PELMIUBY HEIPIOHOKIITHHHOTO PaKy JIEreHb y marie-
HTIB, III0 OTPUMAJIHM XipypridHe JiKyBaHHS Ta XiMio- abo ximiompo-
MEHEBY TEpamiio € JMme iHaekc cucteMHoro 3amaneHHs (SII1) Ha
eram A0 ximio- abo XimiompomeHeBoi Tepamii. [loka3sHukH BuIIe

521,22 € cBiAYCHHSAM BHCOKOTO PH3HUKY PEHUANBY PaKy JIETCHb.
Kiro4oBi c1oBa: HenpiOHOKIITHHHUHN pak JEreHi, XiMioTeparris,

XiMiOIIpOMEHEBa Tepallisi, PeLUIUB, THIEKC.

ABTOpP, BignoBinaasumii 3a sucryBanus: fOnis B. Mockanenro, kageopa onxonozii ma padionoeii, Cymcoruil
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INTRODUCTION / BCTYII

Lung cancer is one of the most common reasons
for cancer-related death. Despite early detection
and timely treatment, recurrence of the disease
occurred in more than 30% of cases [1]. To predict
the possibility of recurrence, different factors are
examined. The most common factors influencing
disease recurrence are stage, smoking status,
histological type, and size [4]. New factors are
investigating now. Inflammation indexes are one of
them. There are numerous inflammatory indices,
and despite that, novels are investigated. The
Neutrophil/lymphocyte ratio (NLR) is the most
widely used and common index. For the last few
years, many indices have been additionally
investigated. Among them are the Systemic
inflammatory response index (SIRI), Systemic
inflammation index (SII), Lymphocyte/monocyte
ratio (LMR), and others. Using inflammatory
indices is cost-effective and can be used
everywhere because they are based on blood count.
That is why their usage is very promising due to
numerous advantages.

The aim of the study was to find inflammation
indexes that can be independent predictors of
disease recurrence in a patient with surgically
resected non-small cell lung cancer.

Materials and methods

Study design. The study was retrospective and
included 104 patients. All patients received
definitive treatment according to the standards of
the  NCCN (National Comprehensive Cancer
Network). Patients were treated in the Sumy
Regional Clinical Oncology Center (Ukraine) from
2014 to 2018. Exclusion criteria were neoadjuvant
chemotherapy and/or radiation therapy, positive
resection margins, the appearance of a new
malignancy, and complications after surgery. The
study group also excluded patients with the 1A
stage and some with the IB stage who did not
require or had contraindications to adjuvant
chemotherapy. For the investigation, complete
blood count tests were used. The tests were
performed before and one month after the
completion of all courses of chemotherapy.

Inflammation indexes. Based on blood count
tests that were performed before (1) and one month
after (2) chemotherapy, main inflammation indexes
were  calculated. They include  systemic
inflammatory response index (SIRI), Systemic
inflammation index (SII), neutrophil/lymphocyte
ratio (NLR), platelet/lymphocyte ratio (PLR),
lymphocyte/monocyte ratio (LMR), monocyte-
lymphocyte ratio (MLR).
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The systemic inflammatory response index
(SIRI) was calculated as a ratio:

SIRI = VXM

The systemic inflammation index (SII) was
calculated as a ratio:

S| =PXN

The neutrophil/lymphocyte ratio (NLR) was
calculated as a ratio:

NLR:ﬂ
L

Platelet/lymphocyte ratio (PLR) was calculated
as a ratio:

PLR =~
L

The lymphocyte/monocyte ratio (LMR) was
calculated as a ratio:

LMR=L
M

Monocyte-lymphocyte  ratio (MLR)  was
calculated as a ratio:

MLR:M
L

where M — monocytes in peripheral blood
(cells/L), N — neutrophils in peripheral blood
(cells/L), L — lymphocytes in peripheral blood
(cells/L), and P — platelets in peripheral blood
(cells/L) [2].

Follow-up of patients after surgical
treatment and adjuvant chemotherapy

Patients were monitored according to the
standards of NCCN. The first computed tomography
was performed one month after surgery. This
examination was repeated every three months during
the first three years, then — every six months for the
next two years. After five years after the surgery, CT
was performed once a year. MRI of the brain,
ultrasound of the neck, abdominal cavity, pelvis, and
bone scans was performed as needed in case of
suspicion of recurrence of the disease.

The Ethics Committee. The study was performed
retrospectively. We adhered to the Declaration of
Helsinki and received the approval of the Local
Ethics Commission of the Sumy Regional Clinical
Oncology Center.

Statistical analysis. Cox regression was used to
create the model for the survival of patients with
lung cancer. The main advantage of this model is
that it allows working with categorical and censored
data.

The  receiver-operating  characteristic (ROC)
analysis was used to find cut-off points. The method
aims to build a graphical tool for displaying the
accuracy of a diagnostic test. In this method, the
measures of accuracy are sensitivity (true positive
rate), specificity (true negative rate), and area under
the curve (AUC). ROC curve is a plot of sensitivity
on the y-axis against (1—specificity) on the x-axis for
varying values of the threshold t. The 45° diagonal
line connecting (0,0) to (1,1) is the ROC curve
corresponding to random chance. The ROC curve for
the gold standard is the line connecting (0,0) to (0,1)
and (0,1) to (1,2) [3].

The standard data model was created in Excel,
and the analytical model — was in the software
environment IBM SPSS Statistics 27. All
calculations were also made in the software
environment SPSS. The risk factors were significant
when the two-sided P value was less than 0.05.

Results. During the follow-up period, recurrence
of the disease occurred in 42 (40.4%) patients, and
38 (90.5%) of them died. Another 4 (9.5%) people
died of other causes. The recurrence-free survival
rate was 58.8%. The median recurrence-free survival
was 56.3 months, range of 4-84.0 months (95% CI =
46.866-65.683).

At first, we investigated inflammatory indexes
before  adjuvant  chemotherapy/chemoradiation
therapy. ROC -analysis showed that inflammatory
indexes  before  chemotherapy/chemoradiation
therapy were more sensitive and could be used as
diagnostic tests (Fig. 1).

As shown in Figure 1, the area under the curves
(AUC) of NLR1, PLR1, MLR1, LMR1, SlI1, and
SIRI1 were 0.469, 0.596, 0.478, 0.523, 0.527, and
0.477, respectively, and the optimal cut-off values
were 1.80, 126.35, 0,22, 4.80, 521.22, and 0.96,
respectively.

After this, we evaluated the impact of
inflammatory markers on disease recurrence one
month after the completion of courses of adjuvant
chemotherapy/chemoradiation therapy (Fig. 2).

As shown in Figure 2, the area under the curves
(AUC) of NLR2, PLR2, MLR2, LMR2, SlI2, and
SIRI2 were 0.394, 0.503, 0.4748, 0.528, 0.446, and
0.417, respectively, and the optimal cut-off values
were 1.33, 153.80, 0.26, 3.98, 450.10 and 0.82,
respectively.
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Figure 1 — ROC curve analysis for optimal cut-off value of inflammation indexes before
chemotherapy/chemoradiation therapy for PFS
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Figure 2 — ROC curve analysis for optimal cut-off value of inflammation indexes after
chemotherapy/chemoradiation therapy for PFS

Due to data obtained from curve analysis, PLR1, patients with surgically resected non-small-cell
SII1, LMRland LMR2 had appropriate accuracy. lung cancer [4]. The Cox regression was used to
Our previous study detected category T, identify independent predictors of recurrence in the
histological differentiation, and smoking status as current study (Table 1).

independent predictors of disease recurrence in
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survival
Variable Univariate analysis Multivariate analysis
HR (95% Cl) P HR (95% ClI) P
LMR;, 0.71(0.38-1.33) 0.0285 1.68 (0.92-4.42) 0.45
LMR; 1.04 (0.57-1.91) 0.899
PLR, 1.19 (0.64-2.24) 0.577
Slly 0.97(0.53-1.79) 0.00930 0.84 (0.54-1.76) 0.006

According to Univariate Cox regression
analyses, LMR1, and SII1 were significantly
associated with disease recurrence. Multivariate
Cox regression analyses identified SII1 as the only
independent predictor of disease recurrence.

Discussion. Investigation of inflammation
indexes is currently relevant. Their influence on
disease progression is widely studied for different
types of tumors: lung, breast, and digestive system
neoplasms [5], stomach cancer [6], and small-cell
lung cancer [7]. Investigation of the influence of
inflammatory indexes on disease recurrence in
patients with lung cancer is now widely made.

There are many different studies on disease
recurrence and inflammatory indexes that show
different results. In other studies, different indexes
were correlated with poor prognosis. In some of
them, such a correlation was not found.

We studied the influence on disease recurrence
of different inflammatory indexes. However, other
scientists also investigated overall survival. Thus,
Yang et al. conducted a meta-analysis that
examined the effect of SIl and other inflammatory
markers on Overall Survival (OS), Progression-Free
Survival (PFS), Disease-Free Survival (DFS), and
Relapse-Free Survival (RFS). Elevation of SII was
associated with poor prognosis for most cancers,
including small and non-small cell lung cancer.
According to the study, patients with stomach
cancer were an exception. An index score higher
than the cut-off point indicates a poor OS, but the
cut-off point is not the same for different cancers
and must be determined individually for each [8]. It
was also detected that inflammatory indices
correlated with prognosis [9]. For lung cancer
patients increase in inflammatory indicators
correlated with a poor prognosis [10] and increased
mortality risk [11]. Our investigation showed that
inflammatory indices could independently predict
disease recurrence.

Over the last five years, numerous
investigations have been made on lung cancer and

inflammatory indices. Due to the results of our
study, the only independent predictor of disease
recurrence was Sl calculated before chemotherapy/
chemoradiation therapy. Patients with an increase
of the SII of more than 521 had more chances for
disease recurrence. Thus, Huang et al. investigated
the influence of inflammatory indices, particularly
SllI, on survival in patients with non-small cell lung
cancer. As a result, it was determined that patients
with a high index level had worse survival than
patients with a lower index. It was also determined
that patients with the 11-111 stage of the disease had
a higher Sl index [12]. Obtained data also
correlated with the investigation of Qi [13] and
Tong [14]. Abravan et al. also described NLR (per
1 unit: hazard ratio [HR]: 1.04, p< 0.05) and SlI
(per 100 x 10%L: HR: 1.01,p< 0.05) as
independent factors of OS in early-stage and locally
advanced NSCLC and SCLC patients treated with
RT [15]. Unfortunately, in our investigation, NLR
neither before nor after treatment did not show even
appropriate sensitivity. That is why we cannot use
NLR as a marker that correlates with poor
prognosis and disease recurrence.

Another group of researchers found that in
patients with non-small cell lung cancer who
received chemoradiation treatment, an increase in
SII was determined to indicate a reduction in OS.
Interestingly, the A SII indicator shows the index's
growth level during treatment and has the most
significant predictive value. Cut off point for A SII
was detected as 43. If the A SII was less than 43,
OS and FSP were more outstanding. Also, A SII
score was found to be an independent predictor for
OS and FSP [16]. Delikgoz et al. showed that
optimal cut-off values for NLR, PLR, dNLR and
SIl were 3.07, 166, 2.02, and 817, respectively.
Blood samples were taken before therapy. Low
NLR, PLR, dNLR, and SII were significant
prognostic factors for PFS. Low NLR, low dNLR,
and low SII groups had better radiosensitivity than
high NLR, high dNLR, and high SII groups (P =
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0.001, P = 0.001, and P = 0.012) [17]. In our
investigation, the cut-off point for SIlI was 521,
which differs from the analysis of Delikgoz. As
mentioned earlier, indices cut-off points should be
indicated individually for each case and location.

In the case of ALK mutation in patients with
non-small cell lung cancer who received
appropriate first-line targeted therapy, the duration
of PFS was determined to be associated with
baseline PLR, and SlI, as well as the SlI, score
three weeks after initiation of therapy. Indexes were
measured before and three weeks after drug
administration [18]. Ju et al. found that lower SlI
was associated with prolonged survival in patients
with different EGFR mutant lung adenocarcinomas.
Sl before treatment was a powerful indicator for
the PFS and OS of patients who received the first-
generation EGFR-TKI [19]. Also was detected that
patients with signs of pre-therapeutic inflammation
(elevated NLR, SII, IL-6, IL-8) showed a
significantly lower response to immune checkpoint
inhibitor (ICI) treatment and reduced PFS [20]. In
our study, we did not consider mutation status
because of the low cover level in the population.

It was also found that inflammatory markers
influenced major pathological responses in patients
with stage I-111B non-small cell lung cancer. Thus,
the on-treatment NLR, dNLR, PLR, and SII levels
were significantly lower in the patients with major
pathologic response (MPR) versus non-MPR. On-
treatment Sl remained an independent predictor of
MPR in multivariate logistic regression analysis

[21].
On the other hand, only preoperative MLR
levels (p = 0.0269) were identified as an

independent predictor of shorter RFS in patients
with surgically resected 1A NSCLC. Preoperative
high MLR levels were significantly associated with
sex, smoking status, and postoperative recurrence
(p < 0.0001, p = 0.0307, and p = 0.0146,
respectively), and preoperative high SlI levels were
significantly ~ correlated  with  postoperative
recurrence (p = 0.0458). NLR and PLR were not
associated with any related factors [22]. In
comparison to our investigation, neither MLR or
NLR or PLR can be used as independent predictors.

Coutu et al. found that in patients who
underwent neoadjuvant radiation in addition to 3
cycles of chemotherapy (carboplatin and paclitaxel)
followed by surgical resection (86.4% lobectomy
and 13.6% pneumonectomy) with mediastinal
lymph node dissection, a low SII (< 1,260) at
diagnosis was independently associated with an

improved OS (hazard ratio [HR]: 0.448, p = 0.004),
DFS (HR: 0.366, p < 0.001), and FFR (HR: 0.325,
p = 0.002) [23]. Lochowski et al. investigated the
influence on prognosis in patients treated due to 1A-
I1IA stage NSCLC. Blood samples were collected
before surgery. It was found that PLR and SII index
are independent prognostic factors [24]. A low Sl
was associated with female gender, never smoking
status,  adenocarcinoma  histology,  higher
pathological TNM stage, and low level of serum C-
reactive protein. Patients with low SIlI had a
significantly better 5-year overall survival (83.61%
vs. 60.39%, p < 0.001). Multivariate analysis
showed SII as an independent predictive indicator
for cancer-specific survival (p = 0.007) [25]. On the
other hand, higher NLR (> 2.606), SIRI (> 0.705),
SII (> 580.671), and category T4 were significantly
associated with worse cancer-specific survival
(CSS) and DFS. Higher NLR, SII, and SIRI
pretreatment were associated with worse survival
outcomes [26].

In our study, we did not investigate advanced
stages of lung cancer, but as we can see, results in
advanced stages were similar to those in early
stages. In patients with advanced NSCLC,
lymphocyte-to-C-reactive protein ratio and SIRI
were identified as independent prognosticators for
both PFS and OS (P < 0.001, P < 0.001; P = 0.002,
P < 0.001, respectively) [27]. Another group of
investigators found that increased levels of SII were
predictors of worth prognosis in patients with
advanced NSCLC. SII was also an independent
predictor of PFS and OS [28]. Data correlated with
Berardis' team [29]. Gao et al. found that high SlI
was significantly associated with advanced T stage
and positive lymph node metastasis. Multivariate
analysis identified SlI as an independent predictor
of OS [30].

Zhang et al. found out that patients with
NSCLC and brain metastasis treated with
Stereotactic Radiotherapy had better median PFS in
patients with low SII (11.5 vs. nine months). An SlI
> 480 was significantly associated with worse OS
(HR: 2.196; 95% CI 1.259-3.832; P = 0.006) and
PFS (HR: 2.471; 95% CI 1.488-4.104; P < 0.001)
according to univariate analysis. In multivariate
analysis, only Sl (HR: 2.224; 95% CIl 1.298-
3.810; P = 0.004) was an independent prognostic
predictor of PFS. Blood samples were taken a week
prior to stereotactic radiotherapy [31]. Banna et al.
showed that the number of metastatic sites > 3 (p <
0.001 and p = 0.002), squamous histology (p =
0.033 and p = 0.013), and SII > 1444 (p = 0.031 and
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p = 0.009, respectively) were associated with both
worse OS and PFS [32]. However, none of the
prognostic factors and inflammatory indices (NLR,

CONCLUSIONS / BACHOBKH

Among numerous inflammation indices as an
independent predictor for disease recurrence in non-
small cell lung cancer patients who received surgical
treatment and chemotherapy or chemoradiotherapy,

PLR, SII, LMR) were statistically significant in
terms of overall survival in both univariate and
multivariate analysis [33].

only systemic inflammation index (SII1) at the stage
before chemotherapy or chemotherapy can be used.
Indicators above 521.22 could be predictors of high-
risk recurrence of lung cancer.
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