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Abstract

Introduction. Pancreatic cancer is characterized by an increasing incidence and still poor progno-
sis despite the availability of various therapeutic options, currently including single- and multi-drug
chemotherapy as well as molecularly targeted therapy. Therefore, appropriate qualification for partic-
ular therapies, based mainly on clinical and histological factors, is extremely important. Inflammatory
status, associated with cancer development, justifies the search for prognostic markers related to the
immune system, which could be additional factors facilitating selection of appropriate therapy.

This study aimed at assessing the prognostic value of the neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and systemic immune-inflammation index (Sll) in patients with advanced
pancreatic cancer undergoing gemcitabine monotherapy.
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Material and methods. A retrospective analysis of blood morphological parameters was performed in
167 patients with advanced pancreatic cancer treated with gemcitabine monotherapy in the first line
in five oncology centers in Poland in the years 2017-2022. The NLR, PLR, and SII were calculated, and
cut-off points between high and low values were defined. Clinical parameters and their distribution
were assessed depending on the overall survival (OS) value equal to or greater than or less than median
OS. The distribution of patients within OS intervals in relation to the categories of inflammatory markers
was assessed.

Results. The median age of patients was 71 years, the majority were women (58%), with clinical stage
IV (57%), and with dominant location of metastases in the liver (42.5%). The median NLR was 2.69
(range 0.5-36.65), PLR 146.54 (range 18.53-1118.57), and Sl 784.75 (range 79.86-10622.67). The cut-off
points were defined as 4.5625 for the NLR [125 patients (75.8%) with a value less than and 40 patients
(24.3%) with a value equal to or greater], 150 for the PLR [87 (52.7%)/ 78 (47.3%)], and 897.619 for the
SI[96 (58.2%)/69 (41.8%)]. Comparing the groups with OS longer than or equal to the median and OS
shorter than the median, statistically significant differences were found in relation to body mass index
(BMI) (p = 0.02), baseline stage (p < 0.001), and location of metastases (p < 0.001). There were statis-
tically significantly more NLR and SlI values below the cut-off points in patients with survival at least
equal to median OS. Concerning the PLR, no statistically significant differences were found between
groups determined by OS value.

Conclusions. We demonstrated the relationship between indicators calculated on the basis of blood
count parameters and treatment results. It may indicate the predictive and prognostic importance of in-
dices reflecting immune system status, which can be a valuable addition to the clinical criteria included

in prognostic models.
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Introduction

Pancreatic cancer is one of the most aggressive ma-
lignant tumors associated with poor prognosis. The
non-specific clinical manifestation and lack of char-
acteristic symptoms at an early stage of disease limit
the possibility of early diagnosis [1, 2].

Fewer than 20% of cases are diagnosed at the
resection stage; 30-40% of cases are diagnosed at
the locally advanced stage, and more than half
at the dissemination stage [3]. Diagnosing the dis-
ease at a highly advanced stage and limited treatment
options result in an unfavorable prognosis. The 5-year
survival rates in the general population of pancreatic
cancer patients do not exceed 10% [4, 5]. In Poland,
only 8% of patients survive 5 years after diagnosis [6].

In the majority of patients, chemotherapy is the
only treatment affecting the prognosis. Since the end
of the 20™ century, standard care for patients with ad-
vanced, inoperable pancreatic cancer has been gemc-
itabine monotherapy. Multidrug regimens introduced
into treatment in the last decade — FOLFIRINOX
and gemcitabine in combination with paclitaxel in the
form of a nanoparticle complex with albumin (nab-P,
nab-paclitaxel) in the first line and a regimen combin-
ing nanoliposomal irinotecan (nal-IRI) with fluoropy-
ridines in the second line — allowed for extension of

median overall survival (OS). However, it still does
not exceed one year [7, 8]. Guidelines of the Euro-
pean Society for Medical Oncology (ESMO) and the
National Network of Multispecialty Centers (NCCN)
recommend adapting the chemotherapy regimen to
the patient’s performance status — for patients with
good performance status, multidrug regimens are rec-
ommended, and for patients with worse performance
status, gemcitabine (or capecitabine or fluorouracil) as
monotherapy.

In recent years, there has been a lot of data on the
relationship between inflammation, carcinogenesis,
and progression of malignancies, including pancreatic
cancer [9]. Immunocompetent cells and inflamma-
tory mediators are present in the microenvironment
of most, if not all, tumors, regardless of the triggering
factor. They may reflect the state of the anti-cancer im-
mune response. This justifies the search for prognostic
markers related to inflammatory indices. The useful-
ness of such markers and indices based on them in
establishing prognosis in various patient cohorts and
clinical settings has been assessed for many years.

In the population of pancreatic cancer patients,
the prognostic and/or predictive significance of the
modified Glasgow Prognostic Score (GPS) [10, 11],
neutrophil-to-lymphocyte ratio (NLR) [12-17],
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platelet-to-lymphocyte ratio (PLR) [18, 19], C-reac-
tive-protein-to-albumin ratio (CRP/Alb) [20, 21], and
prognostic nutritional index (PNI) [22] has already
been assessed. However, these studies mainly in-
cluded patients qualified for surgery or postoperative
chemotherapy.

The systemic immune-inflammation index (SII),
calculated on the basis of the number of platelets, neu-
trophils, and lymphocytes, is a relatively new tool. It
was first used to assess the prognosis in hepatocel-
lular carcinoma (HCC) patients [23]. A standardized
cut-off value has not been established and varies for
different cancer types, but a high negative predictive
value of the SII has been observed in many tumors
[24, 25]. The predictive value of the SII in cancer pa-
tients undergoing various systemic treatment methods
was also described [26-28].

This study aimed to assess the prognostic signifi-
cance of the NLR, PLR, and SII in patients with ad-
vanced pancreatic cancer treated with gemcitabine in
monotherapy. For this purpose, a retrospective analy-
sis of laboratory parameters was performed.

Material and methods

The study included 167 patients with advanced pan-
creatic cancer treated with gemcitabine in monother-
apy between 2017 and 2022 in five oncology centers in
Poland (Opole Oncology Center in Opole, Oncology
Clinic of the Jagiellonian University in Krakow, Bi-
atystok Oncology Center in Biatystok, West Pomera-
nian Oncology Center in Szczecin, Department of
Oncology and Radiotherapy, Medical University
of Gdansk). All patient data were anonymized after
being extracted from individual files before analysis.
The approval of the Bioethics Committee of the Dis-
trict Medical Chamber in Opole was obtained (reso-
lution no. 347).

Gemcitabine was used as first-line treatment in all
patients. In each of the centers involved in the study,
it is possible to use nab-P in combination with gemc-
itabine as part of the drug program. In the majority of
patients (80%) gemcitabine was used due to their fail-
ure to meet the drug program inclusion criteria [pri-
marily due to the inability to confirm the presence of
metastases and/or worse Eastern Cooperative Oncol-
ogy Group (ECOG) performance status (PS)] (> 1).
Gemcitabine was used as monotherapy at a starting
dose of 1000 mg/m? of body surface (b.s.) every week,
7 times in an 8-week cycle, then 3 times in a 4-week
cycle.

Several variables related to the patient’s profile, bi-
ology, and disease stage were analyzed. Blood mor-
phological parameters were analyzed in detail at the
time of gemcitabine initiation, and the assessed pa-
rameters were calculated according to the following

formulas [25]:

number of neutrophils in peripheral blood per liter

NLR =

number of lymphocytes in peripheral blood per liter

number of platelets in peripheral blood per liter

PLR =

number of lymphocytes in peripheral blood per liter

number of platelets in peripheral blood per liter X
X number of neutrophils in peripheral blood per liter

SII =

number of lymphocytes in peripheral blood per liter

Follow-up was completed on December 1, 2022. Due
to the retrospective nature of the analysis, the cause
of death was not determined. Overall survival was de-
fined as the time from the treatment initiation to death,
and progression-free survival as the time from treat-
ment initiation to disease progression or death. Re-
sponse to treatment was defined as no clinical and/or
radiological evidence of disease progression.

Statistical methods

Mann-Whitney-Wilcoxon tests were used for continu-
ous data and Fisher’s and x 2 tests for categorical data.
The Shapiro-Wilk test was used to test the normality
hypotheses. The Kaplan-Meier estimator and the non-
parametric Cox model were used in the survival anal-
ysis. Due to the relationships between the variables,
only models with each variable analyzed individually
were considered.

The optimal cut-off points for the NLR, PLR, and
SII were 4.56, 150, and 897, respectively. They were
determined based on receiver operating characteris-
tic (ROC) curves and Youden’s criterion. The analy-
sis results showed that the area under the ROC curves
(AUC) — AUROC for the NLR, PLR, and SII were
0.598 [95% confidence interval (CI) 0.509-0.688],
0.508 (95% CI 0.418-0.599), and 0.574 (95% CI
0.484-0.664), respectively, as shown in Figure 1.

Results

Clinical characteristics

The median age was 71 years (Tab. 1). Women pre-
dominated (almost 60%). More than half of the pa-
tients had a normal BMI, and one-third were over-
weight or obese. In the majority of patients (> 65%),
the PS was assessed according to the ECOG score as
good or very good. More than half were patients with
clinical stage IV, and the liver was the most common
location of metastases (42.5% of the study group).
Morphology parameters allowed for the assess-
ment of white blood cell fraction disorders and the cal-
culation of the NLR, PLR, and SII. The median NLR
was 2.69 (range 0.5 — 36.65), PLR — 146.54 (range
18.53-1118.57), SII 784.75 (range 79.86-10622.67).
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Figure 1. Receiver operating characteristic (ROC) curves; A. Neutrophil-to-lymphocyte ratio (PLR); B. Platelet-to-lymphocyte ratio (PLR);

C. Systemic immune-inflammation index (Sll); AUC — area under curve

In two patients, complete data on the percentage dis-
tribution of the white blood cell fraction were not ob-
tained, and these patients were excluded from this part
of the analysis.

Median overall survival was 6.48 months (range
5.75-8.45 months; Fig. 2), and the 6-, 12-, 18-
and 24-month survival rates were 56%, 26%, 13%,
and 8%, respectively.

The distribution of selected variables was as-
sessed in patient subgroups defined based on me-
dian OS — in the group of patients with OS longer
or equal to the median (OS > median) and in the

group with OS shorter than the median (OS < me-
dian; Tab. 2). There were no significant differences
between the groups except for median BMI, clinical
stage at baseline, and location of metastases (p = 0.02,
p < 0.001 and p < 0.001, respectively).

Using predefined cut-off points for the NLR, PLR,
and SII, patients were assigned to two groups accord-
ing to each indicator: 125 patients (75.8%) presented
the NLR < 4.5625 (hereinafter referred to as low), and
40 patients (24.3%) > 4.5625 (referred to as high);
87 patients (52.7%) presented the PLR < 150 (low),
and 78 patients (47.3%) > 150 (high); 96 patients
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Table 1. Patient characteristics

Feature Number of
patients
n=167 (%)

Age in years at diagnosis

Median 7124

Range (47.44-85.87)
Sex

Female 97 (58.08%)

Male 70 (41.92%)
BMI at initiation of gemcitabine treatment

Median 2284

Range (14.88-34.11)

Underweight 22 (13.17%)

Standard 92 (55.09%)

Overweight and obesity 53 (31.74%)

ECOG PS at gemcitabine treatment initiation

0 7 (4.19%)

1 102 (61.08%)
2 50 (29.94%)
3 7 (4.19%)

No data 1(0.60%)

Clinical stage at baseline

Il 59 (35.33%)
% 95 (56.89%)

No data 13 (7.78%)

Location of metastases at gemcitabine
treatment initiation

60 (35.93%)
71 (42.51%)
36 (21.56%)

No metastases
Liver and possibly other organs
Other organs excluding the liver

NLR at gemcitabine treatment initiation

Median 2.69

Range (0.5-36.65)
PLR at gemcitabine treatment initiation

Median 146.54

Range (18.53-1118.57)
SIl at gemcitabine treatment initiation

Median 784.75

Range (79.86-10622.67)

BMI — body mass index; ECOG — Eastern Cooperative Oncology Group; NLR —
neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio; PS — per-
formance status; SIl — systemic immune-inflammation index

(58.2%) presented the SII < 897.619 (low), and
69 patients (41.8%) > 897.619 (high).

The numerical distribution of patients with
OS > median and OS < median was assessed in re-
lation to the categories of the above indicators, and it
was found that patients with survival at least equal to
the median significantly more often had NLR and SII
values below the cut-off points (Tab. 3). With regard
to the PLR, no significant differences were found
between the groups determined by the OS value.

Overall survival
1.00
2 0.751
2 \
Q
[¢)
o 0.50 - \
©
=
=
>
L0255
0.50
0 4 8 12 16 20 24 28 32
Time [months]

Figure 2. Overall survival in all patients

Table 2. Selected clinical and laboratory features in the sub-
groups with overall survival (OS) equal to or longer than the me-
dian and shorter than the median

Feature OS > median OS < median p value
Age at diagnosis [yrs.] 0.22
Median 719 70.5
Range (55.8-85.5) (47.4-85.9)
Sex 0.63
Female 48 48
Male 31 38
BMI at gemcitabine 0.02
treatment initiation
Median 238 221
Range (15.4-34.1) (14.9-33.6)
ECOGPS at 0.96
gemcitabine
treatment initiation
0 3 4
1 50 51
2 23 27
3 3 4
Clinical stage at <0.001
baseline
Il 38 21
v 33 61
No data 8 4
Location of <0.001
metastases at
gemcitabine
treatment initiation
No metastases 39 20
Liver and possibly 20 50
other organs
Other organs 20 16

excluding the liver

BMI — body mass index; ECOG — Eastern Cooperative Oncology Group; PS —
performance status
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Table 3. Neutrophil-to-lymphocyte ratio (NLR), platelet-to-
-lymphocyte ratio (PLR), and systemic immune-inflammation
index (Sll) in the subgroups with overall survival (OS) equal to or
longer than the median and shorter than the median

A significant relationship was demonstrated be-
tween the NLR, SII, and OS at the adopted cut-off
points (Fig. 3, Tab. 4). Survival analysis using the
Kaplan-Meier curve for all patients showed that a low
SII (p = 0.0019) and NLR (p < 0.0001) were sig-

Feature 0S > median OS < median p value . : . .
nificantly associated with longer OS. Concerning the
NLR value at <0.001 PLR i ionifi 1
gemcitabine index, no significance was demonstrated, al-
treatment initiation though patients with a PLR value < 150 achieved
< 45625 69 56 longer survival than patients with a value > 150.
> 45625 10 30 Cox regression analysis was also performed to as-
PLR value at 021 sess whethe}r and how the category of each 1nd1(fator
gemcitabine affects the risk of death. It was shown that in patients
treatment initiation with a high NLR, the risk of death was 2.5382 times
<150 46 41 higher than in patients with a low NLR. Similarly,
> 150 33 45 in patients with a high SII, the risk of death was
Si value at 0.01 1.6738 times higher than in patients with a low SII
gemcitabine (Tab. 5). Similar to previous analyses regarding the
treatment initiation PLR, the Cox regression model with this variable also
<897.619 54 42 turned out to be insignificant.
> 897.619 25 44
A B
> 1.00 — NLR < 4.5625 - 1.00 — PLR<150
= s — NLR>4.5625 s o7s — PLR>150
8 8
o ]
& 050 5 050
S I
S 025 € 025
0.00{ P < 0.0001 0.00/ P=0.051 T T e

0 4 8 12 16 20 24 28 32
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Number at risk

NLR < 4.5625 125 94 57 34 21 13 6 4 2
NLR>45625/40 15 7 3 1 0 0 0 O
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Time [months]
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Figure 3. Overall survival according to the neutrophil-to-lymphocyte ratio (NLR) (A), platelet-to-lymphocyte ratio (PLR) (B), and systemic

immune-inflammation index (Sl1) (C)

6 https://journals.viamedica.pl/oncology_in_clinical_practice



https://journals.viamedica.pl/oncology_in_clinical_practice

Ireneusz Raczyriski et al., NLR, PLR, and SII as clinical predictive and prognostic markers

Table 4. Median overall survival (OS) for all patients and by the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and systemic immune-inflammation index (SII)

Index Category Median OS p value
(95% Cl)
[months]
NLR A <45625  7.99(6.84-1032) <0.0001
Cut-off point: 45625  >4.5625  3.19 (243-5.19)
PLR <150 7.86 (6.12-11.01) 0,051
Cut-off point: 150 > 150 5.19 (3.85-7.20) ’
Sh A < 897619 8.68(6.90-11.01) 0.0019
Cut-off point: 897.619 > 897619 3.94(3.32-6.84)
Total 6.48 (5.75-845)

Cl — confidence interval

Table 5. Univariate nonparametric Cox regression models

Index HR 95% Cl p value
NLR . 2538 1.732-3.719 < 0.00001
Cut-off point: 4.5625
PLR

) 1.38 0.9965-1.912 0.05
Cut-off point: 150
Sh

. 1.674 1.205-2.326 0.003
Cut-off point: 897.619

Cl — confidence interval; HR — hazard ratio; NLR — neutrophil-to-lymphocyte
ratio; PLR — platelet-to-lymphocyte ratio; SIl — systemic immune-inflammation
index

Discussion

Despite the introduction of new therapeutic methods
in the last decade, advanced pancreatic adenocarci-
noma is still associated with a poor prognosis [4—6].
The current treatment algorithm for advanced pan-
creatic cancer in patients with good or very good
performance status includes multidrug chemother-
apy regimens (FOLOFIRINOX, nab-P with gemc-
itabine), and in selected cohorts — olaparib (in pa-
tients with a BRCA1/2 mutation) or pembrolizumab
[in patients with mismatch repair deficiency (IMMR)
and high microsatellite instability (MSI-H)] [7, 8, 29].
In patients with poorer performance status, single-
drug chemotherapy with gemcitabine is possible, and
such treatment is still used in daily clinical prac-
tice [30].

In pancreatic adenocarcinoma, as in many other
cancers, more and more data indicate a close rela-
tionship between inflammation and carcinogenesis,
tumor progression, and metastasizing [31, 32]. The
main prognostic impact of inflammatory markers can
be attributed to the cytokine-driven immunogenic tu-
mor microenvironment [31, 33]. In recent years, in-
flammatory markers and indices based on them have
been frequently used to assess prognosis and pre-
dict treatment outcomes in daily clinical practice.

One of the recently evaluated prognostic indicators
is the SII, which is a combination of NLR and PLR,
whose importance has been evaluated in many cancers
[34-38].

This study aimed to assess the prognostic value of
the NLR, PLR, and SII in patients with advanced pan-
creatic cancer treated with gemcitabine in monother-
apy. For this purpose, a retrospective analysis of lab-
oratory parameters was performed.

It was shown that low SII and NLR values are sig-
nificantly associated with prolonged OS (p = 0.0019
and p < 0.0001, respectively). No such relationship
was found in the case of the PLR; however, patients
with PLR values < 150 had numerically longer sur-
vival than patients with values > 150.

The majority of the study cohort were women
(58%), patients with clinical stage IV (57%) and dis-
tant metastases predominantly in the liver (42.5%).
Taking into account the clinically based model for
assessing long response (LR) probability in patients
treated with gemcitabine in monotherapy, which was
proposed in a previous study, the majority of pa-
tients in the current cohort belonged to the group with
a lower probability of LR (women, with the presence
of liver metastases and with an NLR value > 8) [30].

The median OS rate in the study group was
6.48 months (range 5.75-8.45 months), and the 6-,
12-, 18-, and 24-month survival rates were 56%,
26%, 13%, and 8%, respectively. Despite the pres-
ence of the worse predictive factors defined in
the above-mentioned model [30], these results were
better than those obtained in the study by Bur-
ris et al. [39], comparing gemcitabine monotherapy
and 5-fluorouracil, in which a median OS rate of
5.65 months and 12-month survival rate of 18% were
achieved in the gemcitabine arm. It should be empha-
sized that the summary of these data is only indicative
and does not meet the formal requirements for com-
parison.

Selected clinical variables were analyzed depend-
ing on the OS value (< or > median). In such sub-
groups, statistically significant differences were found
in terms of the median BMI (p = 0.02), clinical stage at
gemcitabine treatment initiation (p < 0.001), and loca-
tion of metastases (p < 0.001). This means that in the
analyzed group, OS equal to or longer than the median
was achieved mainly by patients with a higher BMI,
with lower clinical stage, and without liver metastases.
It could be assumed that these features contributed to
a slightly better general condition of the patients, but
this was not reflected in the assessment of ECOG per-
formance status (p = 0.96).

The medians of the NLR, PLR, and SII cal-
culated on the basis of blood counts were 2.69
(range 0.5-36.65), 146.54 (range 18.53-1118.57),
and 784.75 (range 79.86-10622.67), respectively.
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Two patients were excluded from the analysis due to
a lack of data on white blood cell percentage distri-
bution. Additionally, based on appropriate statistical
methods, cut-off values for each indicator were de-
termined, which were 4.5625, 150, and 897.619 for
the NLR, PLR, and SII, respectively. These values are
similar to those adopted in the meta-analysis by Oh D
et al. [40], in which high NLR and PLR values were
considered to be 2.0-5.0 and 150-200, respectively.
In turn, in the work of Jomrich et al. [41], the optimal
cut-off values for the SII, PLR, and NLR were set at
873, 179, and 225, respectively.

Comparing subgroups of patients defined in terms
of median OS and taking into account the cut-off
points of individual indicators, it was shown that in
the group with OS > median, the NLR and SII val-
ues below the cut-off points were found significantly
more often (p < 0.001 and p = 0.01, respectively).
With regard to the PLR, this difference was only nu-
merical and without statistical significance (p = 0.21).
The data we obtained are consistent with other stud-
ies. The meta-analysis by Yang et al. [42] showed
that a higher NLR value is associated with worse sur-
vival in pancreatic cancer patients. Subgroup analysis
showed that the worsening of OS occurred mainly in
patients with metastases, poor tumor differentiation,
poorer performance status, high CA-19.9 and CRP
levels, and low albumin levels. The meta-analysis
by Oh et al. [40] confirmed the above observations
regarding the NLR and demonstrated the prognos-
tic significance of the PLR. Significant correlations
have been reported between high NLR and PLR val-
ues and worsened survival [40]. Jomrich et al. [41]
showed that the preoperative SII value is an inde-
pendent and stronger prognostic factor for OS in pa-
tients with resected pancreatic cancer than the NLR
and PLR. The authors additionally concluded that SII
measurement is easy to use and cheap, and patients
with elevated SlIIs before surgery may benefit from
anti-inflammatory treatment [41].

Conclusions

The results of our analysis show the relationship be-
tween indicators calculated on the basis of blood
count parameters and treatment outcomes, which may
indicate their predictive and prognostic importance.
They can be a valuable addition to the clinical crite-
ria included in prognostic models. Further research is
necessary to confirm the prognostic values of the an-
alyzed indicators to determine their possible relation-
ships with the clinical and biological tumor charac-
teristics and develop more comprehensive prognostic
and predictive criteria for individual therapies.
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