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Abstract

Introduction: Our study investigated the importance of inflammation markers — ratio of platelets and lympho-
cytes (PLR), ratio of neutrophils and lymphocytes (NLR) and ratio of lymphocytes and monocytes (LMR) — as
predictive markers in the occurrence of fistula or stenosis in patients diagnosed with gastric adenocarcinoma
who underwent gastric resections. Materials and Methods: We conducted a retrospective study of 178 patients
diagnosed with gastric adenocarcinoma. The included patients were divided into 3 groups: group 1 (77 patients,
who underwent lower gastrectomy), group 2 (27 patients, who had upper polar gastrectomy otherwise known as
proximal gastrectomy), group 3 (74 patients, who underwent total gastrectomy). Ratios of PLR, NLR, respectively
LMR were calculated for all patients. Results: Out of 178 patients 52 (29.2%) developed postoperative stenosis
and 16 patients (9.0%) had postoperative fistulae. The occurrence of anastomotic stenosis was associated with
significantly higher preoperative platelet counts (p=0.043) and PLR values (p=0.023). ROC curve analysis in-
dicated that the optimal PLR value for the prediction of gastric stenosis was 198.4 (AUC= 0.609, sensitivity:
59.6%, specificity: 61.9%). For the prediction of fistulization PRL also displayed the highest performance among
the analyzed hematological parameters (AUC=0.561, sensitivity: 43.7%, specificity: 81.5%, cut-off value 116.6.
Conclusion: Our study indicates the importance of PLR as e predictive factor in the occurrence of anastomotic
complications (fistulae or stenosis) immediately following surgery in patients with gastric adenocarcinoma that
undergo gastric resections. Further prospective studies on larger groups of patients are required, considering that
PLR, NLR and LMR will be key markers in the clinical management of patients with gastric cancer.
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Introduction

Every year, approximately 1,040,000 people
are diagnosed with gastric cancer worldwide.
Around 782,000 die from the disease, making it
the fifth most frequent and third most common
cause of cancer death (1, 2).

The highest incidences are recorded in East
Asia, Eastern Europe and South America, with
the lowest rates observed in North America and
most parts of Africa (3). According to Globocan
sources in 2018 (4), in Romania there are 3,530
new cases per year (seventh place as frequency)
and 3,020 deaths (fifth place as frequency).

The preferred treatment for advanced gastric
cancer is surgery (5, 6). For some patients, with-
out the chance of surgical treatment, the ultimate
goal of complete treatment is to prolong survival
and improve the quality of life. With improved
surgical techniques and progress in traditional
radiotherapy, chemotherapy and neoadjuvant
therapy, the five-year survival rate of early gas-
tric cancer can reach over 95% (7, 8).
Inflammation is a hallmark of cancer, which
contributes substantially to the development and
progression of malignancy. In established gastric
cancer, there is growing evidence for the roles
that the local immune response and systemic
inflammation play in tumour progression and
patient survival (9). In recent years, more and
more investigators have studied the importance
of inflammation markers as prognostic factors in
cancer pathogenesis (9, 10).

At present, the most important studied markers
are the ratio of neutrophil level to lymphocyte
level (NLR), the ratio of lymphocyte level to lev-
el of monocytes (LMR) and the ratio of platelets
to lymphocyte level (PLR) (11-16).

Two of the main complications that increase
postoperative morbidity and mortality in patients
with gastric cancer following surgical resection
are anastomosis fistula and anastomotic stenosis.
Our study investigated NLR, LMR and PLR as
predictive scores in patients with gastric cancer
undergoing surgery (total and subtotal gastrecto-
mies) and to evaluate their prognostic utility in
correlation with the risk of complication such as
anastomotic stenosis or fistula.

Materials and Methods

Study participants

The research was performed based on a retro-
spective observational study, for a period of six
years (2014-2019), using the medical records
of the General Surgery Clinic Section No. 1
within the Emergency County Clinical Hospi-
tal, Targu Mures, Romania, and it has the ap-
proval of the hospital’s Ethics Committee (No.
31960/12.11.2019). We included 178 patients di-
agnosed with gastric cancer who were operated
on in this clinic.

We included in the study patients diagnosed with
gastric and a histopathological diagnosis of ade-
nocarcinoma who underwent curative resection.
We excluded from the study patients who under-
went gastric resection for palliative purposes, as
well as those where the histopathological exam-
ination of the gastric resection piece revealed tu-
mour infiltration of the resection margins.

The data used in the study were obtained from
the patients’ general clinical observation sheets;
we extracted demographic data (age and sex),
main diagnosis, postoperative diagnosis, type of
surgery, postoperative complications (suppura-
tion, anastomotic stenosis, anastomotic fistulae).
In all the patients studied, upon hospital admis-
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sion, one day prior to surgery, routine blood
tests were collected (biochemistry: haematocrit,
haemoglobin; complete blood cells count: neu-
trophils, lymphocytes, monocytes and platelets).
Based on these, the value of the NLR, LMR and
PLR levels was calculated in all patients.
Patients were divided into three groups accord-
ing to the type of surgery: group 1 — inferior
polar subtotal gastrectomy, group 2 — superior
polar subtotal gastrectomy and group 3 — total
gastrectomy.

Anastomotic fistula diagnosis was established
based on the aspect of drain tube secretions or
secondary to imaging studies (barium swallow).
The diagnosis of anastomotic stenosis was es-
tablished if during the postoperative period after
the resumption of the oral feeding, the patients
presented with vomiting, and on the esophageal
gastric examination the existence of anastomotic
stenosis was detected.

The diagnosis of anastomotic fistula was estab-
lished based on intraperitoneal drainage tube
secretions (intestinal secretions) or postopera-
tive barium swallow test result. The diagnosis of
anastomotic stenosis was established if during
the postoperative period, after the resumption of
oral intake, the patient presented vomiting and,
on barium swallow test the existence of anasto-
motic stenosis was detected.

Statistical analysis

We used the SPSS statistical software package
20.0 (SPSS, Inc., Chicago, IL, USA) for all statis-
tical analyses. The association between qualita-
tive variables was assessed using the Chi-square
test or the Fisher exact test. Quantitative data
were presented as mean and standard deviation
(for normally distributed data) and median/min—
max (for abnormally distributed data). To check
for differences between independent groups of
quantitative data, the Mann Whitney test, Kru-
skal-Wallis test and ANOVA test were applied.
Post-hoc analysis based on Dunn’s approach

with Bonferroni correction was also performed
to identify the source of difference. The stenosis
and fistulisation status was assessed against sev-
eral explanatory variables. An ROC curve analy-
sis was performed to evaluate discriminant accu-
racy and to find the cut-off values for the studied
ratios (NLR, LMR and PLR). For all statistical
tests, significance was set at p < 0.05.

Results

The group consisted of 178 patients, aged 68.9
+/- 10.3 years (mean +/- SD), with a minimum
of 29 years and a maximum of 91 years. Gen-
der data analysis shows that 70.2% were males,
with a distribution of 64.9% (group 1 — lower
polar subtotal gastrectomy), 81.5% (group 2 —
upper polar subtotal gastrectomy) and 71.6%
(group 3 — total gastrectomy). The most post-
operative deaths were recorded for group 2
(18.5%), most fistulas for group 3 (14.9%) and
most cases of stenosis for group 1 (39.0%). The
differences for the three variables (death, fistula
and stenosis) according to distribution by group
were statistically significant (Chi-square test: p
=0.002, p = 0.026, p = 0.042). No statistically
significant differences were identified between
the three groups for the median values of neu-
trophils, lymphocytes or monocytes, or their
ratios (NLR, LMR, PLR), respectively for the
mean values of haemoglobin and platelet val-
ues, except for medium values of haematocrit (p
=0.045), (Table 1).

Table 2 shows the comparisons between median
values of neutrophils, lymphocytes, monocytes
and platelets. We applied the Mann—Whitney
test between all patients with stenosis versus
without stenosis, and between all patients with
fistula versus without risk of fistulisation. We
found a statistically significant increase in the
case of platelet number of patients with stenosis
(p =0.043) and also for PLR (p = 0.023).
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Table 2. Inferential comparisons between serum levels of variables of interest depending on the presence or
absence of stenosis or fistula.

Stenosis Yes Stenosis No p value*
Neutrophils, median (min-max) 6.050 (2.02-82.00) 5.925 (2.20-29.20) 0.912
Lymphocytes, median (min-max) 1.490 (0.20-21.38) 1.680 (0.28-23.00) 0.174
Monocyte, median (min-max) 0.640 (0.03-6.00) 0.700 (0.02-60.00) 0.462
Platelets, median (min-max) 319.5 (22.00-592.00) 282.0 (9.60-844.00) 0.043
NLR, median (min-max) 4.585 (0.28-54.67) 3.654 (0.35-47.14) 0.314
LMR, median (min-max) 2.318 (0.16-23.76) 2.364 (0.02-130.00) 0.832
PLR, median (min-max) 223.0(10.35-1273) 178.5 (4.65-1371) 0.023

Fistula Yes Fistula No p value*
Neutrophils, median (min-max) 6.23 (2.94-13.60) 5.925 (2.02-82.00) 0.476
Lymphocytes, median (min-max) 1.310 (0.58-4.13) 1.645 (0.20-23.00) 0.784
Monocyte, median (min-max) 0.700 (0.23-1.57) 0.700 (0.02-60.00) 0.933
Platelets, median (min-max) 247.5 (9.60-445.00) 291.5 (22.00-844.00) 0.132
NLR, median (min-max) 4.358 (0.71-17.00) 3.709 (0.28-54.67) 0.686
LMR, median (min-max) 2.000 (0.84-17.96) 2.400 (0.02-130.00) 0.604
PLR, median (min-max) 167.5 (4.948-767.20) 190.8 (4.65-1371) 0.420

*Note: Mann—Whitney test.

Using the ROC curves, the sensitivity and speci-
ficity performance parameters for risk of stenosis
and postoperative fistulisation were determined
depending on the cut-off level of the LMR, NLR
and PLR ratios.

Comparative to the other ratios, PLR showed
greater specificity and sensitivity both for the
risk of stenosis (AUC = 0.609; (95% CI1=0.533—
0.681)), as well as for the risk of fistulaec (AUC =
0.561; (95% CI = 0.485-0.635)).

The individual cut-offs, sensitivity and specific-
ity parameters calculated for each report both
for stenosis risk and fistulae risk are shown in
Table 3.

Analysis of the ROC and the performance pa-
rameters was performed individually for each of
the three groups, both for assessing the risk of
stenosis and for assessing the risk of fistulisa-
tion.

Table 3. Cut-off values and performance parameters of LMR, NLR and PLR, for risk of stenosis and risk
of fistulisation (for all group)

Reports  Cut-off level Sensitivity  95%CI for sensitivity  Specificity 95%CI for specificity
Stenosis

LMR 3.03 73.1 59.0-84.4 34.1 25.9-43.1

NLR 4.62 50.0 35.8-64.2 62.7 53.6-71.1

PLR 198.4 59.6 45.1-73.0 61.9 52.8-70.4
Fistulisation

LMR 2 56.2 29.9-80.2 61.1 53.1-68.7

NLR 222 93.7 69.8-99.8 22.2 16.1-29.4

PLR 116.6 43.7 19.8-70.1 81.5 74.6-87.1
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For stenosis risk

For all three subgroups, comparative to other ra-
tios, PLR was more specific and sensitive: the
lower polar subtotal gastrectomy group (AUC =
0.653, 95% CI=0.536-0.758), the superior polar
subtotal gastrectomy group, (AUC = 0.556, 95%
CI=0.353-0.745), and for the total gastrectomy
group, (AUC = 0.613, 95% CI = 0.492-0.724),
(Table 4).

Assessment of the risk of fistulisation

For the lower polar subtotal gastrectomy group,
and for the total gastrectomy group the highest
AUC was for PLR (AUC = 0.667%, 95% CI =
0.550-0.770), respectively (AUC = 0.593, 95%
CI=0.473-0.706).

For the superior polar subtotal gastrectomy
group, the highest AUC was for NLR (AUC =
0.687, 95% CI = 0.482-0.851), (Table 5).

Discussion

Inflammation is seen as the ‘seventh attribute of
cancer’ and contributes to tumour proliferation,
angiogenesis, metastasis, and resistance to che-
motherapy and hormone therapy (17, 18). Var-
ious clinical and epidemiological studies have

shown the link between chronic inflammation
and gastric cancer (19).

In the literature, we have identified studies that
independently investigated NLR and PLR with
evaluation of the clinical significance of these
markers in patients with various malignancies,
including gastric cancer, both in terms of the on-
cological prognosis as well as in the immediate
postoperative period (11, 13, 17, 20-24). Tests
to determine the value of neutrophils, platelets
and lymphocytes are routine and performed on
all patients diagnosed with malignancies, and do
not involve increased financial costs. Our study
assessed NLR, PLR and LMR to predict tumour
response and prognostic risk of complications in
gastric cancer patients undergoing three types
of intervention: inferior polar subtotal gastrec-
tomy, superior polar subtotal gastrectomy and
total gastrectomy. Where previous studies had
analysed these markers in relation to disease
progression or the presence of peritoneal metas-
tases, we correlated them according to the risk of
anastomotic complications in the postoperative
period (stenotic risk or fistulae risk).

The appearance of an anastomosis fistula due
to the associated infectious syndrome causes a
systemic inflammatory syndrome. Also, the ap-

Table 4. Cut-off values and performance parameters of LMR, NLR and PLR, for risk of stenosis (for each

of the three groups)

o, o, o,
Reports AUC 95 ﬁ[(;éfor Cll; thlﬂ Sensitivity Zilﬁl(tjllwfﬂ); Specificity Zing;ilcf:;
Lower polar subtotal gastrectomy group
LMR 0.531 0.414-0.646 1.72 40.0 22.7-59.4 74.5 59.7-86.1
NLR 0.554 0.436-0.667 4.62 50.0 31.3-68.7 68.1 52.9-80.9
PLR 0.653 0.536-0.758 217 63.3 43.9-80.1 70.2 55.1-82.7
Superior polar subtotal gastrectomy group
LMR 0.528 0.328-0.721 2.03 66.6 22.3-95.7 52.4 29.8-74.3
NLR 0.516 0.317-0.711 2.70 83.3 35.9-99.6 42.8 21.8-66.0
PLR 0.556 0.353-0.745 287.1 83.8 54.1-100.0 33.3 14.6-57.0
Total gastrectomy group
LMR 0.533 0.413-0.650 1.75 87.5 61.7-98.4 31.1 19.5-44.5
NLR 0.545 0.425-0.662 4.16 56.2 29.9-80.2 56.9 43.2-69.8
PLR 0.613 0.492-0.724 120.1 93.8 79.4-100.0 31.1 19.5-44.5
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Table 5. Cut-off values and performance parameters of LMR, NLR and PLR, for risk of fistulisation (for
each of the three groups)

95%CI Cut-off e 95%CI for - 95%ClI for
Reports  AUC for AUC level Sensitivity sensitivity Specificity specificity
Lower polar subtotal gastrectomy group
LMR 0.540 0.423-0.654 4.44 50.0 35.8-98.7 82.6 72.2-90.4
NLR 0.527 0.410-0.642 4.66 95.0 65.8-98.6 38.6 27.6-50.6
PLR 0.667 0.550-0.770 218.4 93.5 75.8-98.6 42.6 31.3-54.6
Superior polar subtotal gastrectomy group
LMR 0.535 0.334-0.727 2.12 66.6 49.4-99.2 62.5 40.6-81.2
NLR 0.687 0.482-0.851 9.16 66.6 49.4-99.2 87.5 67.6-97.3
PLR 0.618 0.412-0.797 374.3 66.6 49.4-99.2 87.5 67.6-97.3
Total gastrectomy group
LMR 0.566 0.445-0.681 2 63.6 30.8-89.1 58.7 45.6-71.0
NLR 0.504 0.385-0.622 2.9 45.5 16.7-76.6 73.1 60.3-83.4
PLR 0.593 0.473-0.706 116.6 45.5 16.7-76.6 84.1 72.7-92.1

pearance of anastomosis stenosis after gastric
resection frequently causes the expansion of the
supra-anastomotic digestive tract due to stagna-
tion of the secretions and can trigger a systemic
inflammatory syndrome (25).

Initially, we analysed LMR, NLR and PLR for
the whole group of patients (178 cases), evaluat-
ing their prognostic potential as strategic mark-
ers in managing patients with advanced gastric
cancer with and without stenosis, and with and
without risk of postoperative fistulisation. The
median platelet count was significantly higher in
patients with stenosis compared to those without
stenosis (p = 0.043), and therefore PLR was also
statistically significantly higher (p = 0.023). In
contrast, we did not identify statistically signifi-
cant differences for the other markers, LMR and
NLR, according to the presence or absence of
stenosis and risk of fistulisation.

Using statistical software and based on ROC
curves, we established the cut-off values of
LMR, NLR and PLR that would be associated
with the risk of anastomotic stenosis or fistu-
lae. Between the three ratios, the most sensitive
and specific was PLR, with an AUC of 0.609
(95% CI = 0.533-0.681) and a cut-off level of
198.4 (SE = 59.6%, 95% CI = 45.1-73.0%; SP

=61.9%, 95% CI = 52.8-70.4%). At PLR val-
ues greater than 198.4 there was a high statistical
probability that the anastomotic stenosis would
occur, and at PLR values over 116.6 there was
a sufficient statistical probability that the patient
will have an anastomosis fistula as a postopera-
tive complication.

We identified the most stenoses (30 patients out
of 178) in the inferior polar subtotal gastrecto-
my group. Here the cut-off level for PLR was
217 (SE = 63.3%, 95% CI = 43.9-80.1%; SP
= 70.2%, 95% CI = 55.1-82.7%). Lower polar
gastrectomies (3/4 or 4/5 with lymphadenecto-
my D1) left the possibility of gastro-duodenal
end-to-end anastomosis (20 cases), end-to-side
gastro-jejunal anastomoses to omega (50 cas-
es), end-to-side gastro-jejunum on the Y loop in
Roux (six cases), and terminal-terminal on the Y
loop in Roux (one case). In the case of superior
polar gastrectomies, the stenosing character of
the tumour leads only to the appearance of a su-
pratumoural oesophageal dilatation that will be
an anastomotic partner with consistency changes
but also with tissue changes that may predispose
to fistula (three cases). Although several steno-
ses were registered in the inferior polar subto-
tal gastrectomy group, the median PLR values
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between the three study groups were similar,
without significant difference (p = 0.67; Mann—
Whitney test). Despite this, PLR cut-off levels
differ depending on the type of intervention, and
therefore on the anatomical position of the gas-
tric tumour. Of the total number of patients, 16
(9%) had fistulas, most of them undergoing total
gastrectomy. Here the cut-off level for PLR was
116.6 (SE =45.5%, 95% CI = 16.7-76.6%; SP =
84.1%, 95% CI = 72.7-92.1%).

Hirahara’s study (11) demonstrated a close asso-
ciation between adverse gastric cancer progres-
sion and high PLR (> 248.4) or NLR (> 2.46).
Wang et al. (17) evaluated 120 patients with
unresectable gastric cancer and reported that pa-
tients with high baseline PLR or NLR had a sig-
nificantly lower response to chemotherapy.

PLR is a potential prognostic factor for cancers
associated with high thrombotic risk, such as
pancreatic cancer, so the thrombotic profile of
basic cancer should be followed (24). The use of
PLR as a prognostic factor may not be accurate
with respect to relatively hypocoagulative can-
cers, such as breast cancer (26), but as gastric
cancer is hypercoagulative (24), baseline levels
of PLR and NLR may provide valuable prognos-
tic information.

Our study has some limitations. First, it is a pre-
liminary study based on retrospective analysis of
a small group (n = 175) from a single institution.
This retrospective collection did not allow the
identification of data (number of deaths, time of
death) in order to perform a survival analysis of
gastric cancer patients according to the cut-off
levels of the studied ratios.

However, there was also the possibility that the
patients studied were very heterogeneous, with
comorbidities that could influence the value of
analysed ratios. On the other hand, increased
levels of PLR and NLR play a central role in
a systemic inflammation not only in oncologic
pathologies such as gastric, oesophageal, hepa-

tocellular, pancreatic and colorectal cancer, but
also in other diseases like acute kidney injury
27).

These limitations could have led to bias influ-
encing the results of the study. Therefore, larger
validation studies are needed to confirm our find-
ings, in the context of routine, inexpensive tests.
These may also be of clinical utility for patients
with other malignancies, such as oesophageal,
hepatocellular, pancreatic and colorectal cancer.

Conclusion

Our study showed the importance of PLR as a
predictive factor for the appearance of fistula,
respectively of anastomotic stenosis in the im-
mediate postoperative period in patients with
gastric adenocarcinomas that underwent gastric
resections. Further prospective studies on larg-
er groups of patients are required, considering
that PLR, NLR and LMR will be key markers in
the clinical management of patients with gastric
cancer.
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