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Abstract

Introduction. The development of inflammation is characterized by changes in blood hematology param-
eters and indices. Various inflammatory parameters are used to assess the inflammatory status (IS) during
cancer treatment. Recent studies have revealed a relationship between tumor progression and the presence
of chronic inflammation. Consequently, there have been many attempts to predict the risk of tumor recur-
rence and distant metastases, as well as patient’s survival assessing the various inflammatory markers. The
relationship between IS parameters and lymph node metastasis remains poorly understood in non-small
cell lung cancer (NSCLC). Material and Methods. The prospective study included 35 patients with NSCLC
(T1-4N0-2MO0). Seventeen patients received 2—3 cycles of neoadjuvant chemotherapy (NAC). A leukocyte
formula was determined in the peripheral blood and inflammatory indices, such as neutrophils to lympho-
cytes ratio (NLR), platelets to lymphocytes ratio (PLR), lymphocytes to monocytes ratio (LMR) and systemic
immuno-inflammatory index (Sll) were calculated. In addition, the concentrations of fibrinogen, C-reactive
protein (CRP) and cortisol were evaluated. Results. NAC alone did not significantly change the parameters
of patients’ IS. Lymph node metastases were associated with changes in parameters indicating the enhanced
IS. In the group of patients who did not receive NAC, lymph node metastasis was associated with fibrinogen
blood levels (cut-off value 5.35 g/L), PLR index value (cut-off value 7.18) and cortisol blood concentration
(cut-off value 414 nmol/mL). The confidence level was x>=10.118; p=0.018. In the group of patients who re-
ceived NAC, lymph node metastasis was associated with the leukocyte count (cut-off value 7.1x10%L), PLR
index value (cut-off value is 7.18) and CRP blood concentration (cut-off value is 8.5 mg/L). The confidence
level was x?=8.193; p=0.042. Conclusion. Risk of lymph node metastasis in NSCLC is associated with IS.
Parameters of IS can be used to predict the risk of lymph node metastases.

Key words: non-small cell lung cancer, inflammatory status, neoadjuvant chemotherapy, lymph node
metastasis.
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AHHOTauuA

BBegeHue. Pa3BrTre BocnaneHns HaxoamT oTpaXkeHne B MU3MEHEHNN psiia reMaTonorMyeckmx nokasarenem u
NHOEKCoB, 06beANHEHHBIX NMOHSATUEM BocnanuTenbHbii ctatyc (BC). ccnegosaHusi nocneaHnx AecaTuneTui
BbISIBAIU CBSA3b NPOrPeccur onyxornew ¢ Hanm4mem XpoHNYeckoro Bocnanexust. NpegnpuHMMaroTcs NonbITKX
NMPOrHO3MpPOBaTh PUCK BOSHUKHOBEHUS PELIMANBOB M OTAANEHHBIX METACTa30B OMyXO0sK, a Takke BbRKMBAEMOCTM
naumneHTOB Ha OCHOBE pa3fnyHbIX BocnanuTenbHbIX MHOAEKCOB. HaumeHee n3y4eHHo octaeTcs accoumaums
BC ¢ nMmMdoreHHbIM MeTacTa3npoBaHneM HeMernkokneTovHoro paka nérkmx (HMPJ1). MaTepuan n metoabl.
VMccnepoBaHue npoBeneHo Ha 35 GomnbHbIX, TpoonepupoBaHHbix no nosogy HMPIT T1-4N0-2MO ctaguu, 17
6onbHbIM 6bINO NpoBeaeHO 2—3 Kypca HeoaabloBaHTHOWM xumnoTepanun (HAXT). B nepudepuryeckoin kposu
onpeaensnu nefkoLnMTapHyo opmyIy U paccunTbIBanm «BOCNanuTenbHbIe» MHAEKCHI: OTHOLLEHWNE Konnye-
cTBa HenTpochunos k konudecTtsy numdounTtos (NLR), konnyectsa TPOMOOLIMTOB K KONMMYECTBY NMMEOLMTOB
(PLR), konunyecTtBa nMMdOLMTOB K konuyectsy MoHouuToB (LMR) 1 cMCTEMHBIN MMMYHO-BOCMANUTENbHbIV
nHaekc (Sll) kak oTHOLLEHWE NPOU3BEAEHMWS YMCna HEUTPOUIOB U TPOMBOLIMTOB K Yncry numdoumntoB. Kpome
3TOro, OLleHMBanu KoHUeHTpaumio dumbprHoreHa, C-peaktnBHoro 6enka (CPB) n kopTtu3ona. Pe3ynbTathbl.
HeoagbloBaHTHas XMMMoTEpanust CyLLECTBEHHO He U3MeHsieT napameTtpbl BC y naumeHToB. Hannyne nuwm-
horeHHbIX MeTacTa3oB acCoLMUPOBAHO C U3MEHEHNEM NapaMeTPOB, CBUMAETENLCTBYOLWMNX 06 ycuneHun BC.
Y 6onbHbIX, He nony4vaswmx HAXT, 3HaUMMbIMKU AN NMMMEOreHHOro MeTacTa3MpoBaHns Obinv U3MEHEHUS
YPOBHsi onbpuHoreHa (MoporoBkIii ypoBeHb — 5,35 r/n), BenuuunHbl nHaekca PLR (noporosbivi ypoBeHb — 7,18)
1 KopTM3ona (MoporoBbii ypoBeHb — 414 HMonb/Min). CTeneHb goctoBepHocTu x?=10,118; p=0,018. B rpynne
nauuneHToB, nony4vaswmx HAXT, numdoreHHoe meTactasMpoBaHue OblNo accouMmMpoBaHO C KONUYECTBOM
nenkoumToB (MOPOTrOBLIN YpoBeHb — 7,1x10%n), BenuumHon nHaekca PLR 1 koHueHTpaunen CPB (noporo-
BbIi ypoBeHb — 8,5 mr/n). CTeneHb OCTOBEPHOCTU AaHHOW Mogenu: x?=8,193; p=0,042. 3akntoyeHue. Puck
numMmdoreHHoro metactasuposaHust npy HMPJT accouunpoBaH ¢ BC, ero napameTpel, ¢ ydetom HAXT, moryT
ObITb MCNOMNBL30BaHbI AN MPOrHO3a purcka pas3BUTUS NIMMEOreHHbIX METACTa30B.

KnroyeBble crioBa: HeMernKOKNeTOYHbIN PaK nerkux, BOCNanuTenbHbIN CcTaTycC, HeoaAbOBaHTHasA
XUMuoTepanus, nMmdoreHHoe MeTactasmpoBaHue.

Introduction

Chronic inflammation contributes to the onset and
progression of the tumor (recurrence, metastasis). It
has been shown that the chronic inflammation often

and cellular parameters traditionally associated with
the development of inflammation and determined in
peripheral blood. The counts of neutrophils, lym-
phocytes, monocytes and platelets, as well as their

precedes the development of some malignant tumors
[1]. The focus of chronic persistent inflammation may
be the site of the pre-niche formation [2], then the
pre-metastatic niche [3] and, subsequently, metastasis.
Additionally, it is known that surgical removal of a
primary tumor is a stressor, on the one hand, and the
cause of local inflammation and a source of pro-in-
flammatory factors on the other hand. Thereby, the risk
of metastases and relapses in the early postoperative
period is increased. The use of anti-inflammatory drugs
during this period prevents their occurrence [4].

The term «inflammatory status» (IS) is rarely used.
Inflammatory status is the state of the macroorgan-
ism characterized by elevated biochemical, cytokine,

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2020; 19(3): 54-63

ratios — inflammatory indices (NLR [5, 6], PLR [7,
8], SII [9-11], LMR [12, 13] and others) are used as
the parameters of IS.

It has been shown that the values of these inflamma-
tory indices are associated with the patient’s survival
in various types of cancer. Recently, there have been
many attempts to predict the risk of recurrence and
distant metastases, as well as patient’s survival after
assessing the various inflammatory indices. The sys-
temic immuno-inflammatory index (SII) is the most
informative among these indices [10, 11]. However,
it should be noted that the relationship between IS
parameters and lymph node metastasis remains poorly
understood.
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Although inflammatory indices as well as the count
of different forms of blood leukocytes characterize
systemic IS, it is well known that all these param-
eters are sensitive to changes in the concentration of
glucocorticoids and other hormones that reflect the
general adaptation syndrome. In this regard, the level
of IS indices simultaneously reflects the activation of
the hypothalamic-pituitary-adrenal axis [14, 15]. The
patient’s IS parameters are influenced by the primary
tumor, neoadjuvant chemotherapy (NAC), as well as
the development of recurrence and metastases, which
are inducers of the pro-inflammatory cytokine syn-
thesis and other pro-inflammatory factors, on the one
hand, and stressors, on the other hand.

The purpose of our study was to examine the re-
lationship between the IS parameters and lymph node
metastasis in NSCLC before and after NAC.

Material and Methods

The prospective study included 35 patients, male —
27 (77 %), female — 8 (23 %) with T1-4N0-2MO
NSCLC treated at Cancer Research Institute, Tomsk
National Research Medical Center (tabl. 1). The study
was approved by the Local Committee for Medical Eth-

ics of our Institute, and informed consent was obtained
from all patients prior to analysis. Seventeen (49 %)
ofthe 35 patients received 2—3 courses of neoadjuvant
chemotherapy (paclitaxel 175 mg/m2, IV day 1 +
carboplatin AUC 6, IV day 1 with a 3-week interval).
Dexamethasone was given to patients to reduce adverse
reactions to paclitaxel + carboplatin. Patients were fol-
lowed up for 5 years after treatment initiation.

The histological diagnosis of lung cancer was
made according to «Histological classification of
lung tumors» (WHO, Geneva, 2003). Squamous cell
carcinoma was diagnosed in 20 (57 %) cases and lung
adenocarcinoma was diagnosed in 14 (40 %) cases.
Squamous cell carcinoma was more frequently ob-
served in men (20 cases, 74 %). Adenocarcinoma was
revealed in 7 women and mucoepidermoid carcinoma
in I woman. Synchronous lymph node metastases were
detected in 13 patients (37 %).

Venous ethylenediaminetetraacetic acid (EDTA)
blood samples were taken 12 days before surgery, but
not earlier than 23 weeks after the last course of NAC
and glucocorticoids in the scheme «paclitaxel + car-
boplatiny». Indicators of the general blood test and the
leukocyte formula, as well as the concentration of the

Ta6bnuua 1/Table 1

KnuHuko-naTtonornyeckue nokasartenu naumeHToOB ¢ HEMENKOKNETOYHbIM PaKoOM ferkoro
The clinicopathological parameters of the patients with the non-small cell lung cancer

Yucao 600IbHEIX

KimmHuKo-11aTonornaeckue mokasareim/ (n=35)/
Clinicopathological parameters Number of patients
(n=35)
Bo3spacr (;iet)/Age (year) 62 +6.87
Mysxckoit/Male 27 (77 %)
IMon/Sex
JKencknit/Female 8 (23 %)
ITnockokmnerounslii pak /Squamous cell carcinoma 20 (57 %)
Tun HMPJI/NSCLC variant AnenokapunHoma/Adenocarcinoma 14 (40 %)
MyxosnuaepmonaHblid pak/Mucoepidermoid carcinoma 13 %)
Jlumdarnaeckuii craryc/ N- 22 (63 %)
Lymph node status N+ 13 (37 %)
HeoanwsroBaHTHAs: XUMHOTEpAITHs/ Her/No 18 (51 %)
Neoadjuvant chemotherapy Ila/Yes 17 (49 %)
Ornepanms/ Jlo6skromus/Lobectomy 26 (74 %)
Surgery [TaeBMoskTOMUS/Pulmonectomy 9 (26 %)
Tl 2 (5.7 %)
) T2 11 (31.4 %)
Pasmep onyxomu/Tumor size
T3 19 (54.3 %)
T4 3 (8.6 %)
I 2 (5.7 %)
ITa 9 (25.7 %)
Cranus/Stage 1b 2 (5.7 %)
IIa 19 (54.3 %)
b 3 (8.6 %)
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acute phase of inflammation protein — fibrinogen, were
determined by standard hematological methods. The
concentration of another «inflammatory» C-reactive
protein (CRP) and cortisol was determined by enzyme
immunoassay in accordance with the protocols of
manufacturers («<HEMA» and « VECTOR-BEST»,
Russia). The «inflammatory» indices, such as NLR —
neutrophil-to-lymphocyte ratio, PLR — platelet-to-
lymphocyteratio, LMR — lymphocyte-to-monocyte
ratio and systemic immune-inflammation index SII —
(neutrophil count x platelet count / lymphocyte count)
were calculated.

All statistical analyses were performed in the
GraphPad Prism version 8.3.0 (GraphPad Software,
USA). The assessment of the normal distribution of
the results was performed using the Shapiro—Wilk test.
The significance was assessed using the nonparametric
Mann—Whitney test (for independent samples). The
data were presented as the median (Me) and the upper
and lower quartiles (Q1-Q3). The logistic regression
models were developed for predicting lymph node

metastases. The threshold level of indicators was
determined using ROC analysis for development of
the logistic regression models. Two-sided p-values
of <0.05 were considered statistically significant, p-
values of <0.1 were considered as trends.

Results

The IS parameters were analyzed in patients with
NSCLC before surgical treatment. The clinicopatho-
logical parameters of the patients with NSCLC are pre-
sented in Tabl. 1. A tentative comparison of patients’
parameters with regard to the age, gender, and NSCLC
type showed no statistical differences. This made it
possible to exclude the influence of these parameters
on the study results.

Effects of neoadjuvant chemotherapy on the IS
parameters

Neoadjuvant chemotherapy did not cause sig-
nificant changes in the IS parameters in patients with
NSCLC regardless of the presence or absence of lymph
node metastases (fig. 1).
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Fig. 1. IS parameters in NSCLC patients with presence or absence of lymph node metastases depending on NAC administration

y3nax B 3aBucumoctn ot HAXT

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2020; 19(3): 54-63

o7



CLINICAL STUDIES

Association of IS parameters with lymph node
metastasis in patients without NAC

The relationship between the IS parameters and
lymph node metastasis was analyzed in patients, who
did not receive NAC before surgical treatment. Lymph
node metastases in NSCLC patients were shown to be
associated with decreased lymphocyte count (p=0.09)
and LMR index (p=0.09) compared to patients without
lymph node metastases (fig. 2). Besides, the neutrophil
(p=0.1) and monocyte (p=0.1) counts and the NLR
index (p=0.1) were tended to increase (fig. 2). The
platelet count and PLR index, as well as the SII index
and ESR (fig. 2) were not associated with the presence
of lymph node metastases.

Thus, lymph node metastasis was associated with
a strong trend towards enhanced IS, in which the
lymphocyte count and the LMR index were decreased
and the neutrophil count and the NLR index were
increased. However, similar changes (drift in the lym-
phocyte and neutrophil ratio in favor of neutrophils)
were also typical for the glucocorticoid effects.

Association of the IS parameters with [ymph node
metastasis in patients with NAC

After NAC, a strong trend towards decrease in the
lymphocyte count (p=0.06) and increase in the platelet
count (p=0.07) and SII index (p=0.08) was observed.
The PLR index was significantly higher (p=0.02) in
NSCLC patients with lymph node metastases com-
pared to patients without lymph node metastases (fig.
3). Thus, IS parameters were higher in patients with
lymph node metastases compared to patients without
metastases regardless of NAC administration.

Prediction of lymph node metastasis in patients
with NSCLC depending on the NAC administration

Differences in the IS parameters associated with
lymph node metastases allowed us to use a multi-
factor analysis to predict NSCLC progression. The
method of logistic regression revealed a complex of
relationships between the studied parameters, which
was associated with a high risk of lymph node metas-
tases in patients with NSCLC. The logistic regression
model also included parameters which did not differ in
groups with the presence and absence of lymph node
metastases after the Mann-Whitney test (tabl. 2). The
cut-off value of indicators was determined using ROC
analysis for development of the logistic regression
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Fig. 2. The IS parameters depending on the presence of lymph node metastases in NSCLC patients, who did not receive NAC
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Ta6nuua 2/Table 2

KoHueHTpauum CPB, kopTusona n pubpuHoreHa y 6onbHbix HMPJ1 B 3aBucumocTu ot Metacta3os B
numcpaTmnyeckmx yanax n HAXT

The CRP, cortisol and fibrinogen concentrations in NSCLC patients depending on the lymph node metas-
tases and NAC administration

IMapamerpsl/ HAXT-/NAC- HAXT+/NAC+

Parameters N- N+ N- N+

Sﬁf{ IDIA;;L/ 5.6 (2.8-7.8) 58 lgig;;)'l) 6.3 (4.2-8.3) t4 I(i'g;lg‘o)
Kg‘(’):igfé‘l;n:]l/ﬁ/ 403 (312-488) 330 ;3205 g364) 387 (321-454) 377 ;22301‘;524)
q;‘fgffgggz /gL//L 5.4 (4.7-6.8) 34 r()ig.?ﬁ) 6.9 (5.7-7.0) 63 1(352'3;;7'6)

Ta6bnuua 3/Table 3

Mnowaab noa kpuson (AUC), noporoBble 3Ha4€HUA, YyBCTBUTENBHOCTb U cneundUYHOCTL AN
napameTtpoB BC y nauneHtoB ¢ HMPJ1

Area under curve (AUC), cut-off values, sensitivity and specificity for IS parameters in NSCLC patients

[Mapamerpsl/ AUC CranpaprHas ommbka/ P 3Hauenue/
Parameters Std Error P value
Jletiowntoi/ - 73 0.095 0.028
Leukocytes
PLR 0.818 0.074 0.003
Pubpuroren/ , (o4 0.108 0359
Fibrinogen
Kopruzon/
Cortisol 0.708 0.172 0.307
CPB/CRP 0.583 0.156 0.640

models. The fibrinogen blood level (cut-off value:
5.35 g/L), PLR index value (cut-off value: 7.18) and
cortisol blood concentration (cut-off value: 414 nmol/
mL) before surgical treatment were included in the
logistic regression model for patients without NAC.
Regression model confidence level was ¥*=10.118;
p=0.018. The sensitivity of this model was 87.5 %,
the specificity — 100 %. The parameters of ROC curve
analysis are demonstrated in Tabl. 3 and Fig. 4.

The leukocyte blood count (cut-off value:
7.1x10%L), PLR index value (cut-off value: 7.18)
and CRP blood concentration (cut-off value: 8.5 mg/L)
before surgical treatment were included in the logistic
regression model for patients with NAC administra-
tion. Regression model confidence level was ¥>=8.193;
p=0.042. The sensitivity of this model was 100 %, the
specificity was 100 %.

Discussion

The levels of different leukocyte forms and inflam-
matory indices, such as CRP, fibrinogen and ESR are
a combination of parameters characterizing the IS. In
recent years, an increasing number of studies have
shown a relationship between inflammatory indices and
cancer progression [5, 6, 9—13]. Based on these data,
some inflammatory indices are recommended as the
prognostic factors of carcinoma progression [16, 17].

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2020; 19(3): 54-63

IToporosble 3Ha4eHUS/

YyscTBUTEIbHOCTh — CriennduuHOCTh/

Cut-off value Sensitivity — Specificity

7.1 91.67 % —59.09 %
7.18 83.33 % — 68.18 %
5.35 81.82 % —47.06 %
414 100.00 % — 50.00 %
8.5 66.67 % — 87.50 %

The IS parameters reflect not only the influence of
various factors that can cause inflammation, but also a
variety of stressful effects. Our data indicate that changes
in the studied IS parameters in NSCLC are associated
with lymph node metastases and NAC. Moreover, each
of these factors simultaneously has a potential pro-
inflammatory and a stressor effect that changes the con-
centration of adaptive hormones, including cortisol.

The results of our study suggest that lymph node
metastasis is associated with a more pronounced level
of IS. This is confirmed by changes in the studied pa-
rameters, indicating the enhanced IS in patients who
did not receive NAC. Apparently, the stress plays a
significant role in the mechanism of changes in pro-
inflammatory markers. This may explain why the
cortisol concentration, along with other parameters,
was included in the regression model for predicting
lymph node metastases in NSCLC patients who did
not receive NAC; and the total leukocyte count was in-
cluded in the prediction model in patients who received
NAC. Changes in the leukocyte count, if they are not
associated with a clinically inflammatory process, may
be explained by glucocorticoid effects. An increase in
the leukocyte count in this case is due to an increase
in the neutrophil count [16, 18].

The influence of NAC on the IS parameters is am-
bivalent. On the one hand, preoperative chemotherapy
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NSCLC patients

does not cause significant quantitative changes in the
studied IS factors. On the other hand, there are no
significant differences in the values of the IS indices
associated with the lymph node metastases in patients
treated with NAC. These results indicate that NAC has
a significant impact on the processes underlying the
regulation of the studied IS parameters.

Conclusion

The IS parameters are integral values associated
with lymph node metastasis and NAC in patients
with NSCLC. The presence of synchronous lymph
node metastases in NSCLC can be predicted using
mathematical models based on the appropriate IS
parameters before surgical treatment. To predict the
presence of lymph node metastases in patients treated
and not treated with NAC, different prognostic mod-
els have been developed. Further studies are needed
to clarify the contribution of inflammation itself and
stress changes into the IS parameters.
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