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Objective: The aim of this study was to determine the clinical role of the

systemic immune-inflammation index in patients with resectable adenocar-

cinoma of the gastroesophageal junction treated with or without neoadjuvant

therapy.

Background: Adenocarcinoma of the gastroesophageal junction is an

aggressive disease, with less than 20% of overall patients surviving more

than 5 years after diagnosis, while currently available clinical staging for

esophageal cancer is lacking necessary accuracy. The systemic immune-

inflammation index (SII) based on peripheral neutrophil, lymphocyte, and

platelet counts has shown a prognostic impact in various malignancies.

Methods: Data of consecutive patients undergoing esophagectomy (n¼ 320,

1992 to 2016) were abstracted. The cut point for high and low SII before

neoadjuvant treatment and before surgery was calculated for illustration of the

Kaplan-Meier curves. SII was used for the correlation with patients’ clinico-

pathological characteristics as a continuous variable. Survival was analyzed

with Cox proportional hazards models using clinical or pathological staging,

adjusting for other known survival predictors.

Results: In both neoadjuvantly treated and primarily resected patients, high

SII was significantly associated with diminished overall [hazard ratio (HR)

1.3, 95% confidence interval (95% CI) 1.2–1.4; HR 1.2, 95% CI 1.2–1.3,

respectively] and disease-free survival (HR 1.3, 95% CI 1.2–1.3; HR 1.2, 95%

CI 1.2–1.3, respectively). In multivariable survival analysis, SII remained an

independent prognostic factor for overall survival (HR 1.3, 95% CI 1.2–1.4;

HR 1.2, 95% CI 1.2–1.3, respectively) and disease-free survival (HR 1.3, 95%

CI 1.2–1.3; HR 1.2, 95% CI 1.2–1.3, respectively) in primarily resected and
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neoadjuvantly treated patients.
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Conclusion: Elevated SII is an independent adverse prognostic factor in

patients with resectable gastroesophageal adenocarcinomas with and without

neoadjuvant treatment.

Keywords: esophageal cancer, gastroesophageal adenocarcinoma,

neoadjuvant treatment, systemic immune inflammation index (SII)
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I nflammatory pathways in the initiation and progression of cancer
have been investigated and inflammation has emerged as a key

mediator of malignant diseases.1–3 Tumorigenesis is not determined
solely by the individual characteristics of the tumor but also by the
host systemic immune-inflammatory response.4 Current approaches
aimed to identify and characterize new factors, which are easily
available and cost-effective, to evaluate the patient’s risk for disease
progression and death after surgery. In a number of solid tumors,
including esophageal cancer (EC), biomarkers, representing the
grade of systemic-inflammation response, such as the Glasgow
prognostic score (GPS), neutrophil-lymphocyte ratio (NLR), and
platelet-lymphocyte ratio (PLR), have been proven to be of signifi-
cant prognostic value.5–8 Further, the systemic immune-inflamma-
tion index (SII) was shown to be a useful prognostic indicator in
patients with small cell lung cancer, hepatocellular carcinoma, and
esophageal squamous cell carcinoma.9–12 Until now, no data exist
describing the prognostic role of the SII in adenocarcinomas of the
gastroesophageal junction applying solely clinical parameters avail-
able before neoadjuvant treatment and surgical resection.

In the present study, we investigated the prognostic value of
SII in patients with adenocarcinoma of the gastroesophageal junction
who underwent primary resection or were treated with neoadjuvant
therapy before surgery. In addition, we compared the prognostic
value of SII in models using clinical staging (cBase model) available
before and pathological staging ( pBase model) available after
treatment. Furthermore, we evaluated whether the SII was superior
in predicting survival of patients with adenocarcinoma of the gas-
troesophageal junction when compared with NLR or PLR.

METHODS

Patients and Therapy
Consecutive patients who underwent curative resection of

locally advanced adenocarcinomas of the gastroesophageal junction
between January 1992 and April 2016 at the Department of Surgery
at the Medical University Vienna were identified from a prospec-
tively maintained database. Patients with distant metastasis at the
time of surgery, positive resection margin, missing preoperative
levels of platelet, neutrophil and lymphocyte counts, or other malig-
nancies than AEG were excluded. At the time the complete blood
er Health, Inc. All rights reserved.

count was drawn (before the start of neoadjuvant treatment or surgery

Annals of Surgery � Volume 273, Number 3, March 2021

http://www.annalsofsurgery.com/
mailto:sebastian.schoppmann@meduniwien.ac.at


Annals of Surgery � Volume 273, Number 3, March 2021Systemic Immune-Inflammation Index in Gastroesophageal Adenocarcinoma
in patients treated with primary surgery), none of the patients showed
signs of pyrexia (axillary �37.28C/99.08F) or any form of active
infection or chronic inflammatory disease. This study was approved
by the ethics committee of the Medical University Vienna, Austria,
according to the declaration of Helsinki (1652/2016). Patients’
demographic, histopathologic, and laboratory variables were retro-
spectively reviewed and collected from the local database and
patients’ records. The clinical tumor stage was determined according
to the pathological tumor-node-metastasis (TNM) classification of
the Union for International Cancer Control (UICC), 7th edition.
Preoperatively, every patient was discussed in the interdisciplinary
tumor board meeting.

Patients receiving neoadjuvant therapy were treated according
to the standards of the Comprehensive Cancer Center of the Medical
University of Vienna at the time of presentation, either with oxali-
platin/capecitabine-based or cisplatine/5-fluoruracil based regimens,
and radiation doses ranging from 42 to 46 Gray. Tumor regression
grade (TRG) to neoadjuvant treatment was classified as defined by
Mandard et al.13

The location of tumors at the gastroesophageal junction was
classified according to Siewert and Stein.14 The surgical procedure
was chosen depending on primary tumor location (abdominothoracic
enbloc esophagectomy or transhiatal extended gastrectomy, respec-
tively). All patients were regularly followed up with physical exami-
nation, tumor marker, and computed tomography at our outpatient
clinic every 3 months for the first 2 years and then every 6 months
until 5 years after surgery.

Serum concentrations of platelets, neutrophils, and lympho-
cytes were measured within 3 days before the start of neoadjuvant
treatment or surgery in patients treated with primary surgery. The SII,
NLR, and PLR were calculated as follows: SII¼ platelet�neutrophil/
lymphocyte, NLR¼ neutrophil/lymphocyte, PLR¼ platelet/lym-
phocyte.

Statistical Analysis
Overall survival (OS) was defined as the time between pri-

mary surgery and the patient’s death. Disease-free survival (DFS)
was defined from the day of primary surgery until the first evidence
of disease progression. Death from cause other than gastroesopha-
geal cancer or survival until the end of the observation period (date of
last alive contact) was considered as censored observations of OS and
DFS. Differences of baseline characteristics between neoadjuvantly
treated and primarily resected patients were assessed by 2-sample t
tests for continuous variables and by Fisher exact tests for categorical
variables, respectively. All continuous variables, including SII, NLR,
and PLR, are presented by median and first and third quartile,
respectively, and as absolute and relative frequency for categorical
data. Median follow-up was estimated by the reverse Kaplan-Meier
method. In order to visualize survival in relation to SII, NLR, and
PLR by Kaplan-Meier curves, parameters were grouped into high
and low by optimal cut points using function cutp (R package
survMisc15).

Univariable Cox proportional hazards models were carried out
to estimate the effect of each predictor on OS and DFS separately.
Multivariable Cox proportional hazards models with standard param-
eters (called base model) and additional parameters such as SII, PLR,
and NLR were estimated. Further multivariable models with inter-
action terms between SII and clinical parameters were included,
whereas interactions were tested in models that contained only two
variables of interest. Proportional hazard assumptions were assessed
visually and tested using diagnostics based on weighted residuals.
For both OS and DFS, the SII, NLR, and PLR were evaluated as
continuous variables. In order to improve the readability of hazard
 Copyright © 2021 Wolters Kluw

ratios (HRs), SII, and PLR were divided by 100. Therefore, HRs for
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SII and PLR represent effects for a 100-point increase in SII and PLR
on OS and DFS.

Cox & Snell R2 values were derived for all models. Cox and
Snell R2 consists of the difference between the log-likelihood of the
fitted model and the log-likelihood of the null model multiplied by a
function of the number of observations. The log-likelihood of the null
model, the number of observations, and the number of fitted param-
eters are all identical for all 3 models that are considered. The 3
models for SII, NLR, and PLR are identical for all other variables
included in the model and no patient was lost from one model to the
other due to missing data. Therefore, R2-values can be used to
compare the fit of the 3 models that contain SII, NLR, and PLR,
respectively, meaning the higher the R2-value, the better the prog-
nostic value of the variable.

All tests were 2-sided and P values less than 0.05 were
considered statistically significant. All statistical analyses were per-
formed with the statistical software R version 3.44 (Vienna, Austria).15

RESULTS

Clinicopathological Characteristics
A total of 320 patients with resectable gastroesophageal

cancer were investigated for this study (Fig. 1). Of these patients,
158 (49.4%) were neoadjuvantly treated and 162 (50.6%) underwent
primary resection. Significant differences between the groups of
neoadjuvantly treated and primarily resected patients were found for
the factors age (P ¼ 0.003), tumor differentiation (P < 0.001),
clinical and pathological tumor staging and lymph node staging (P<
0.001, respectively), and the ASA (American Society of Anesthesi-
ologists) physical status classification system (P ¼ 0.04).

Optimal cut points for SII, NLR, and PLR were 644, 2.07, and
146.8, respectively. SII�644 was significantly associated with tumor
differentiation (P ¼ 0.005) and clinical and pathological tumor
staging and lymph node staging (P < 0.001 and P ¼ 0.005,
respectively). Clinicopathological characteristics are summarized
in Table 1. When investigating the interactions between variables,
preliminary analysis using Kaplan-Meier curves showed significant
correlation for SII with the factors Mandard regression grade, tumor
staging, and lymph node staging (Suppl. Figure 1–4, http://link-
s.lww.com/SLA/B652). Results of testing the interactions between
SII and cN, pN and G (2-variable models) are given in Suppl. Table 1,
http://links.lww.com/SLA/B653.

Primarily Resected Patients—Overall Survival
Median time to OS follow-up of primarily resected patients

was 128 months (range 80.0 to 168.4 months), whereas 120 patients
died during the time of observation. The median OS was 38.0 months
(range 11.9 to 127.1 months). The rate of 3- and 5-year OS was
51.0% and 41.9%, respectively. Kaplan-Meier curves show the
relation of OS for SII, NLR, and PLR in the cohort of primarily
resected patients (Fig. 2). The following factors were associated with
poor OS in univariable Cox proportional hazard regression: poor
tumor differentiation, advanced clinical and pathological tumor
stage, positive lymph nodes, SII, NLR, and PLR (Suppl. Table 2,
http://links.lww.com/SLA/B654). The multivariable Cox propor-
tional hazard regression base model without SII (cBase, Table 2)
using clinical staging revealed that well-differentiated tumor grade
[P ¼ 0.004, HR 0.54, 95% confidence interval (95% CI) 0.35–0.82]
and N0/N1 lymph node status (P < 0.001, HR 0.42, 95% CI 0.26–
0.66) were significantly associated with improved OS (R2 ¼ 0.30).
The multivariable base model without SII ( pBase, Suppl. Table 3,
http://links.lww.com/SLA/B655) using pathological staging showed
that N3 lymph node status (p ¼ 0.006, HR 2.99, 95% CI 1.38–6.47)

2
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was significantly associated with worse OS (R ¼ 0.36). The
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FIGURE 1. Study profile. AEG indicates adenocarcinoma of the gastroesophageal junction; EC, esophageal cancer.
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multivariable Cox proportional hazard regression base model includ-
ing SII (cBaseþSII, Table 2) using clinical staging revealed that well-
differentiated tumor grade (P< 0.001, HR 0.30, 95% CI 0.18–0.50),
and N0/N1 lymph node status (P ¼ 0.005, HR 0.53, 95% CI 0.35–
0.83) were significantly associated with improved OS, while high SII
(P < 0.001, HR 1.27, 95% CI 1.21–1.34) was significantly associ-
ated with worse survival (R2 ¼ 0.59). The multivariable base model
including SII ( pBaseþSII, Suppl. Table 3, http://links.lww.com/
SLA/B655) using pathological staging showed that N0/N1 lymph
node status compared with N2/N3 was significantly associated with
improved OS, while high SII (P < 0.001, HR 1.30, 95% CI 1.24–
1.37) was significantly associated with impaired OS (R2 ¼ 0.36).

A significant interaction between SII and lymph node staging
was found in both models cBase and pBase (Table 2 and Suppl.
Table 3, http://links.lww.com/SLA/B655).

Primarily Resected Patients: Disease-free Survival
Median time to DFS follow-up was 128 months (range 83.9 to

167.7 months), whereas 123 patients sustained recurrence during the
time of observation. Median DFS was 25.5 months (range 7.0 to
111.0 months). Three- and 5-year DFS for primarily resected
patients was 41.9% and 37.9%, respectively. Kaplan-Meier curves
illustrate the relation of DFS and SII, NLR, and PLR in the cohort of
primarily resected patients (Fig. 2). Univariable Cox proportional
hazard regression model revealed that poor tumor differentiation,
 Copyright © 2021 Wolters Kluw

advanced clinical and pathological tumor stage, positive lymph
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nodes, SII, NLR, and PLR were associated with impaired DSF
(Suppl. Table 2, http://links.lww.com/SLA/B654). The multivari-
able Cox proportional hazard regression base model without SII
(cBase, Suppl. Table 4, http://links.lww.com/SLA/B656) using
clinical staging revealed that well-differentiated tumor grade
(P ¼ 0.002, HR 0.53, 95% CI 0.35–0.79) and N0/N1 lymph node
status (P < 0.001, HR 0.46, 95% CI 0.30–0.71) were significantly
associated with improved DFS (R2 ¼ 0.31). The multivariable base
model without SII ( pBase, Suppl. Table 5, http://links.lww.com/
SLA/B657) using pathological staging showed that advanced tumor
staging, positive lymph nodes, and patients’ age were significantly
associated with diminished DFS (R2 ¼ 0.36). In multivariable
analysis including SII (cBaseþSII, Suppl. Table 4, http://links.
lww.com/SLA/B656) using clinical staging, well-differentiated
tumor grade (P ¼ 0.009, HR 0.57, 95% CI 0.37–0.87) and N0/
N1 lymph node status (P< 0.001, HR 0.37, 95% CI 0.24–0.59) were
significantly associated with improved DFS, while sex (P ¼ 0.04,
HR 1.62, 95% CI 1.03–2.55) and SII (P < 0.001, HR 1.23, 95% CI
1.17–1.28) were significantly associated with worse DFS (R2 ¼
0.54). The multivariable base model including SII ( pBaseþSII,
Suppl. Table 5, http://links.lww.com/SLA/B657) using pathological
staging showed that advanced tumor staging, positive lymph nodes,
and high SII were significantly associated with impaired DFS (R2¼
0.58). SII and lymph node staging were found to be significantly
interacting only in the cBase model (Suppl. Table 4, http://links.
er Health, Inc. All rights reserved.

lww.com/SLA/B656).
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TABLE 1. Baseline Clinicopathologic Characteristics

All Patients
Neoadjuvant

Treatment
Primary
Resection

P

SII SII

Pn ¼ 320 (%)
n ¼ 158
(49.4%)

n ¼ 162
(50.6%) �644 >644

Age, median, y 63.5 67.2 0.003 63.78 66.41 0.332
Age Q1 55.5 57.4 56.78 56.39
Age Q3 70.1 73.8 70.55 72.90

Sex
Male 260 (81.3) 133 (84.2) 127 (78.4) 0.200 103 157 0.149
Female 60 (18.7) 25 (15.8) 35 (21.6) 30 30

Tumor differentiation
Gx 12 (3.8) 12 (7.6) 0 (0%) <0.001 4 8 0.005
G1 6 (1.9) 1 (0.6) 5 (3.1) 3 3
G2 133 (41.6) 58 (36.7) 75 (46.3) 70 63
G3 169 (52.7) 87 (55.1) 82 (50.6) 56 113

Clinical tumor stage Before NT Before OP
cT 1 44 (13.8) 0 (0%) 44 (27.2) <0.001 31 13 <0.001
cT 2 120 (37.5) 48 (30.4) 72 (44.4) 55 65
cT 3 152 (47.5) 106 (67.1) 46 (28.4) 47 105
cT 4 4 (1.2) 4 (2.5) 0 (0%) 0 4

Clinical lymph node stage Before NT Before OP
cN 0 82 (25.6) 25 (15.8) 57 (35.2) <0.001 47 35 0.005
cN 1 193 (60.4) 102 (64.6) 91 (56.2) 70 123
cN 2 43 (13.4) 31 (19.6) 12 (7.4) 15 28
cN 3 2 (0.6) 0 (0%) 2 (1.2) 1 1

Pathological tumor stage
pT0 14 (4.4) 14 (8.9) 0 (0%) <0.001 5 9 <0.001
pT1 69 (21.5) 18 (11.4) 51 (31.5) 46 23
pT2 84 (26.3) 29 (18.4) 55 (33.9) 40 44
pT3 139 (43.4) 89 (56.3) 50 (30.9) 39 100
pT4 14 (4.4) 8 (5.0) 6 (3.7) 3 11

Pathological lymph node stage
pN0 138 (43.1) 61 (38.6) 77 (47.5) <0.001 77 61 0.005
pN1 113 (35.3) 57 (36.1) 56 (34.6) 44 69
pN2 37 (11.6) 18 (11.4) 19 (11.7) 9 28
pN3 32 (10.0) 22 (13.9) 10 (6.2) 3 29

ASA
1 61 (19.1) 38 (24.1) 23 (14.2) 0.040 26 35 0.608
2 216 (67.5) 95 (60.1) 121 (74.7) 93 123
3 38 (11.9) 22 (13.9) 16 (9.9) 12 26
4 5 (1.5) 3 (1.9) 2 (1.2) 2 3

Mandard regression grade�

1 13 (8.2) / 4 9 n.a.
2 15 (9.5) / 7 8
3 29 (18.4) / 15 14
4 51 (32.3) / 18 33
5 50 (31.6) / 13 37

NT start before OP, d
<90 45 (28.5) / 11 34 n.a.
91–120 70 (44.3) / 33 37
>120 43 (27.2) / 13 30

SII (median) 740 693 0.426 409 905 <0.001
SII Q1 535 404 329 774
SII Q3 905 1041 483 1119

NLR (median) 2.29 2.24 0.402 2 3 <0.001
NLR Q1 1.82 1.63 1.39 2.31
NLR Q3 2.95 3.15 1.95 3.51

PLR (median) 154.58 146.14 0.378 112.11 188.24 <0.001
PLR Q1 121.03 108.24 97.08 150.45
PLR Q3 198.17 203.75 131.05 229.44

�1¼ Complete regression; 2¼ Presence of rare residual cancer cells; 3¼ increase of number of residual cancer cells, but fibrosis still predominant; 4¼ residual cancer outgrowing
fibrosis; 5 ¼ absence of regressive changes.

ASA indicates American Society of Anesthesiologists; n.a., not available; NLR, neutrophil lymphocyte ratio; OP, operation; PLR, platelet lymphocyte ratio; SII, systemic immune-
inflammation index.
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FIGURE 2. Kaplan-Meier survival curves for overall survival (A–C) and disease-free survival (D–F) for patients with primarily resected
adenocarcinoma of the gastroesophageal junction with high (>644, >2.07, and >146.8) versus low (�644, �2.07, and �146.8)
SII, NLR, and PLR, respectively.

Jomrich et al Annals of Surgery � Volume 273, Number 3, March 2021
Neoadjuvantly Treated Patients: Overall Survival
Median time to OS follow-up of neoadjuvantly treated patients

was 60.9 months (range 32.4 to 88.3 months), whereas 95 patients
died during the time of observation. The median OS was 33.6 months
(range 12.7 to 33.6 months). The rate of 3- and 5-year OS was 46.8%
 Copyright © 2021 Wolters Kluw

and 38.2%, respectively. Kaplan-Meier curves show the relation of

536 | www.annalsofsurgery.com
OS and SII, NLR and PLR in the cohort of neoadjuvantly treated
patients (Fig. 3). The following factors were associated with poor OS
in univariable Cox proportional hazard regression: pathological
lymph node staging, TRG, SII, NLR, and PLR (Suppl. Table 6,
http://links.lww.com/SLA/B658). The multivariable Cox propor-
er Health, Inc. All rights reserved.

tional hazard regression base models without SII (cBase and pBase,

� 2019 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Multivariable Cox Regression Analysis Estimating the Influence of the SII and Clinical Parameters (cT, cN) on Overall
Survival in Patients With Primarily Resected Adenocarcinoma of the Esophagogastric Junction

Primary Resection

Overall Survival

cBase cBaseþPLR cBaseþNLR cBaseþSII cBaseþSII x cN cBaseþ SII x G

Clinical tumor stage (ref.: cT2)
cT1 0.82 (0.48, 1.4) 0.92 (0.53, 1.57) 0.73 (0.44, 1.24) 0.79 (0.47, 1.35) 0.91 (0.53, 1.55) 0.75 (0.43, 1.3)
cT3 1.67� (1.09, 2.57) 1.97y (1.26, 3.08) 1.59� (1.01, 2.5) 1.44 (0.91, 2.29) 1.62� (1.02, 2.58) 1.42 (0.89, 2.25)

Clinical lymph node stage
(ref.: cN1)

cN0 0.42z (0.26, 0.66) 0.44z (0.28, 0.7) 0.44z (0.28, 0.69) 0.3z (0.18, 0.5) 0.31z (0.19, 0.51) 0.31z (0.19, 0.51)
cN2 1.65 (0.9, 3.02) 1.78 (0.96, 3.3) 1.48 (0.8, 2.72) 1.28 (0.67, 2.44) 1.64 (0.85, 3.16) 1.32 (0.69, 2.54)

Age (in y) 1.02� (1, 1.04) 1.01 (0.99, 1.03) 1.02� (1, 1.04) 1.01 (0.99, 1.03) 1 (0.98, 1.02) 1.01 (0.99, 1.03)
Sex (ref.: male)

female 1.35 (0.86, 2.13) 1.49 (0.94, 2.35) 1.35 (0.86, 2.12) 1.49 (0.94, 2.36) 1.35 (0.84, 2.16) 1.51 (0.95, 2.41)
Tumor differentiation (ref.: G3)

G1 and 2 0.54y (0.35, 0.82) 0.63� (0.41, 0.97) 0.49y (0.32, 0.75) 0.53y (0.35, 0.83) 0.65 (0.41, 1.02) 0.54y (0.35, 0.84)
ASA (ref.: 2)

1 1.13 (0.62, 2.08) 1.03 (0.55, 1.9) 1.37 (0.75, 2.52) 1.08 (0.59, 1.96) 1.04 (0.57, 1.89) 1.01 (0.54, 1.87)
3 and 4 0.89 (0.5, 1.59) 0.88 (0.49, 1.59) 0.62 (0.34, 1.14) 0.76 (0.41, 1.41) 0.9 (0.47, 1.71) 0.74 (0.39, 1.38)

PLR (per 100 units) 1.57z (1.36, 1.82)
NLR 2.24z (1.82, 2.75)
SII (per 100 units) 1.27z (1.21, 1.34) 1.51z (1.38, 1.65) 1.29z (1.22, 1.37)
SII x cN (ref.: SII for cN1)

SII for cN0 0.8z (0.71, 0.89)
SII for cN2 0.81y (0.7, 0.93)

SII x Tumor differentiation
(ref.: SII for G3)

SII for G1 and 2 0.96 (0.87, 1.06)
R2 0.301 0.408 0.498 0.588 0.636 0.590

HR and 95% CI.
HRs for SII in Model SII x cN and SII x G are estimates for ref. (cN1 and G3).
�P < 0.05.
yP < 0.01.
zP < 0.001.
ASA indicates American society of anesthesiologists; CI, confidence interval; HR, hazard ratio; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; SII, systemic

immune-inflammation index.
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Table 3 and Suppl. Table 7, http://links.lww.com/SLA/B659)
revealed that only well-differentiated tumor grade (P ¼ 0.014, HR
0.58, 95% CI 0.37–0.90; P ¼ 0.03, HR 0.58, 95% CI 0.35–0.96,
respectively) was significantly associated with improved OS (R2 ¼
0.09 and 0.14, respectively). The multivariable Cox proportional
hazard regression base models including SII (cBaseþSII and pBa-
seþSII, Table 3 and Suppl. Table 7, http://links.lww.com/SLA/B659)
revealed that well-differentiated tumor grade (P ¼ 0.013, HR 0.57,
95% CI 0.37–0.589; P ¼ 0.04, HR 0.58, 95% CI 0.35–0.97,
respectively) was associated with improved OS, while high SII (P
< 0.001, HR 1.28, 95% CI 1.19–1.37; P < 0.001, HR 1.32, 95% CI
1.22–1.43, respectively) was significantly associated with worse OS
(R2 ¼ 0.31 and 0.36, respectively). SII and lymph node staging were
found to be the only significantly interacting factors in the pBase
model (Suppl. Table 7, http://links.lww.com/SLA/B659).

Neoadjuvantly Treated Patients: Disease-free
Survival

Median time to DFS follow-up was 63 months (range 35.6 to
88.3 months), whereas 104 patients sustained recurrence during the
time of observation. The median DFS was 17.5 months (range 7.2 –
94.2 months). The rate of 3- and 5-year DFS was 34.9% and 32.2%,
respectively. Kaplan-Meier curves show the relation of DFS and SII,
NLR, and PLR in the cohort of neoadjuvantly treated patients
 Copyright © 2021 Wolters Kluw

(Fig. 3). The following factors were associated with poor DFS in

� 2019 Wolters Kluwer Health, Inc. All rights reserved.
univariable Cox proportional hazard regression: poor tumor differ-
entiation, advanced pathological tumor stage, positive lymph nodes,
sex, TRG, SII, NLR, and PLR (Suppl. Table 6, http://links.lww.com/
SLA/B658). In the multivariable Cox proportional hazard regression
base model without SII (cBase, Suppl. Table 8, http://links.lww.com/
SLA/B660 using clinical staging), well-differentiated tumor grade (P
¼ 0.04, HR 0.65, 95% CI 0.43–0.98) was significantly associated
with improved DFS, while in the model without SII ( pBase, Suppl.
Table 9, http://links.lww.com/SLA/B661) using pathological stag-
ing, advanced lymph node stage N3 (P < 0.001, HR 3.41, 95% CI
1.70–6.86) was associated with worse DFS, respectively (R2 ¼ 0.11
and 0.18, respectively).

The multivariable Cox proportional hazard regression base
model including SII (cBaseþSII, Suppl. Table 8, http://link-
s.lww.com/SLA/B660) using clinical staging revealed that well-
differentiated tumor grade (P ¼ 0.04, HR 0.66, 95% CI 0.43–
0.99) was significantly associated with improved DFS, while high
SII (P < 0.001, HR 1.24, 95% CI 1.16–1.33) was significantly
associated with worse DFS (R2 ¼ 0.23). The multivariable base
model including SII ( pBaseþSII, Suppl. Table 9, http://link-
s.lww.com/SLA/B661) using pathological staging showed that posi-
tive lymph nodes (P ¼ 0.02, HR 2.27, 95% CI 1.12–4.62), sex (P ¼
0.04, HR 2.08, 95% CI 1.03–4.19), and high SII (P < 0.001, HR
1.26, 95% CI 1.17–1.36) were significantly associated with impaired

2

er Health, Inc. All rights reserved.

DFS (R ¼ 0.35). Significant interaction between SII and lymph node

www.annalsofsurgery.com | 537

http://links.lww.com/SLA/B659
http://links.lww.com/SLA/B659
http://links.lww.com/SLA/B659
http://links.lww.com/SLA/B658
http://links.lww.com/SLA/B658
http://links.lww.com/SLA/B660
http://links.lww.com/SLA/B660
http://links.lww.com/SLA/B661
http://links.lww.com/SLA/B660
http://links.lww.com/SLA/B660
http://links.lww.com/SLA/B661
http://links.lww.com/SLA/B661


FIGURE 3. Kaplan-Meier survival curves for overall survival (A–C) and disease-free survival (D–F) for patients with neoadjuvantly
treated adenocarcinoma of the gastroesophageal junction with high (>644, >2.07, and >146.8) versus low (�644, �2.07, and
�146.8) SII, NLR, and PLR, respectively.
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staging was found in the model with pathological staging (Suppl.
Table 9, http://links.lww.com/SLA/B661).

The models for cBase and pBase replacing SII by NLR or PLR
for OS and DFS in neoadjuvantly treated and primarily resected
patients can be found in Tables 2, 3, and Suppl. Tables 3 to 5 and 7 to
 Copyright © 2021 Wolters Kluw

9, respectively. General assessment of R2 values showed marginally

538 | www.annalsofsurgery.com
higher results for the pBase model in nearly all subgroups. Investi-
gating the prognostic value of SII, a strong increase in R2 values
could be noticed adding the variable SII to the cBase and pBase
model in the primarily resected and neoadjuvantly treated patients.
The R2 values at a glance are given in Suppl. Table 10, http://
er Health, Inc. All rights reserved.

links.lww.com/SLA/B662.

� 2019 Wolters Kluwer Health, Inc. All rights reserved.

http://links.lww.com/SLA/B661
http://links.lww.com/SLA/B662
http://links.lww.com/SLA/B662


TABLE 3. Multivariable Cox Regression Analysis Estimating the Influence of the SII and Clinical Parameters (cT, cN) on Overall
Survival in Patients With Neoadjuvantly Treated Adenocarcinoma of the Esophagogastric Junction

Neoadjuvant Treatment

Overall Survival

cBase cBaseþPLR cBaseþNLR cBaseþSII cBaseþSII x cN cBaseþ SII x G

Clinical tumor stage (ref.: cT3 and cT4)
cT2 0.92 (0.57, 1.51) 1 (0.61, 1.64) 0.89 (0.54, 1.45) 1.09 (0.66, 1.78) 1.09 (0.66, 1.79) 1.09 (0.66, 1.81)

Clinical lymph node stage (ref.: cN1)
cN0 0.75 (0.4, 1.41) 1.02 (0.54, 1.96) 0.78 (0.41, 1.49) 0.94 (0.5, 1.76) 0.87 (0.45, 1.68) 0.95 (0.5, 1.81)
cN2 0.69 (0.37, 1.3) 0.72 (0.38, 1.35) 0.79 (0.42, 1.49) 0.93 (0.49, 1.77) 0.92 (0.48, 1.75) 0.93 (0.49, 1.78)

Age (in y) 1.00 (0.98, 1.02) 1.00 (0.98, 1.02) 0.99 (0.97, 1.01) 0.99 (0.97, 1.02) 1.00 (0.98, 1.02) 0.99 (0.97, 1.02)
Sex (ref.: male)

female 0.62 (0.32, 1.22) 0.75 (0.38, 1.49) 0.69 (0.35, 1.37) 0.70 (0.35, 1.4) 0.67 (0.33, 1.37) 0.70 (0.35, 1.41)
Tumor differentiation (ref.: G3)

G0, 1, and 2 0.58� (0.37, 0.9) 0.54y (0.35, 0.84) 0.56� (0.36, 0.87) 0.57� (0.37, 0.89) 0.60� (0.39, 0.94) 0.57� (0.36, 0.89)
ASA (ref.: 2)

1 1.13 (0.68, 1.87) 1.31 (0.8, 2.15) 1.09 (0.66, 1.79) 1.31 (0.8, 2.13) 1.31 (0.79, 2.16) 1.31 (0.8, 2.14)
3 and 4 1.14 (0.63, 2.06) 1.51 (0.82, 2.8) 1.19 (0.66, 2.15) 1.38 (0.75, 2.53) 1.34 (0.72, 2.49) 1.38 (0.75, 2.53)

PLR (per 100 units) 2.50z (1.77, 3.55)
NLR 1.35z (1.14, 1.59)
SII (per 100 units) 1.28z (1.19, 1.37) 1.25z (1.16, 1.36) 1.27z (1.16, 1.40)
SII x cN (ref.: SII for cN1)

SII for cN0 1.10 (0.91, 1.33)
SII for cN2 1.06 (0.86, 1.31)

SII x Tumor differentiation
(ref.: SII for G3)

SII for G0, 1, and 2 1.01 (0.89, 1.15)
R2 0.090 0.221 0.149 0.311 0.316 0.312

HR and 95% CI.
HRs for SII in Model SII x cN and SII x G are estimates for ref. (cN1 and G3).
�P < 0.05.
yP < 0.01.
zP < 0.001.
ASA indicates American society of anesthesiologists; CI, confidence interval; HR, hazard ratio; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; SII, systemic

immune-inflammation index.
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DISCUSSION

In the present study, we revealed that SII was an independent
significant predictive factor for patients with resectable AEG. We
assessed the value of biomarker reflecting inflammation and a
number of established clinicopathologic factors, predicting OS
and DFS in patients with neoadjuvantly treated and primarily
resected AEG. In addition, we compared the predictive value of
SII in models using either clinical or pathological staging and
investigated whether SII is of better predictive value than NLR
and PLR. Univariable and multivariable Cox proportional hazard
regressions showed that elevated SII significantly correlates with
poor survival rates of primarily resected and neoadjuvantly treated
patients in both models, using clinical and pathological staging,
respectively. Furthermore, we found SII to be a superior prognostic
index compared with NLR and PLR. Whereas significant association
of SII and lymph node status for OS and DFS was found, no
significant association of SII with other parameters could be found.

There are increasing data showing that inflammation is closely
connected with tumorigenesis, tumor progression, and metasta-
sis.1,2,16 The prognostic significance of inflammation-based bio-
markers and scores has recently been shown in a number of solid
tumors, including EC, whereas none of the studies used clinical
factors available solely before treatment.6,17–22 In the study by Peng
et al,23 PLR was significantly associated with tumor staging, depth of
invasion, lymph node invasion, and poor outcome in patients with

24
 Copyright © 2021 Wolters Kluw

metastatic colorectal cancer. Feng et al found that both NLR and

� 2019 Wolters Kluwer Health, Inc. All rights reserved.
PLR were significant prognostic predictors of survival in esophageal
squamous cell carcinoma patients and that PLR was superior to NLR.
These findings go in good accordance with our data, showing the
predictive value of NLR and PLR in univariable and multivariable
analysis for OS and DFS. However, it has to be stated that the
prognostic value of PLR and NLR remains controversial, which
underlines our findings that SII is a superior prognostic index
compared with NLR and PLR.9,25–28

Whereas the prognostic role of SII could have been shown in a
number of malignancies treated without neoadjuvant chemo-(radio)
therapy, there are no data investigating the prognostic significance of
SII in neoadjuvantly treated patients using factors available solely
before neoadjuvant treatment or resection.29-31

On the basis of previously published data from the CROSS
study group and FLOT4-AIO trial, surgical resection in combination
with pre-(peri)operative chemo-(radio) therapy has become the
current standard regimen for locally advanced AEG.32–34 In addition,
the use of immune checkpoint inhibitors was approved to be used in a
number of cancers, including EC. Recently published data demon-
strate an association between inflammatory biomarkers, such as
NLR, and the grade of response to immunotherapy.35–37 This high-
lights the development of prognostic immune-specific biomarkers
and might, therefore, make SII suitable in selecting patients for
immunotherapy.38–40 Analyzing our 2 cohorts of neoadjuvantly
treated and primarily resected patients, we found SII likewise to
be an independent prognostic factor in both groups. However, Feng

24
er Health, Inc. All rights reserved.

et al investigated the prognostic role of SII in esophageal squamous
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cell carcinoma patients without neoadjuvant treatment, hypothesiz-
ing neoadjuvant treatment might influence inflammation. This goes
in good accordance with our findings of lower R2 values in neo-
adjuvantly treated patients when compared with those who under-
went primary resection.

To assess the prognostic value of SII, we compared R2 values
throughout all subgroups to find increased values by adding SII to the
multivariable base models cBase and pBase. Whereas we noticed
substantial differences of R2 values between primarily resected and
neoadjuvantly treated patients, comparable R2 values for multivari-
able models using cBase or pBase were found. However, one has to
interpret our R2 values carefully due to a broad variation from very
low to statistically acceptable R2 values.

One can state that identifying molecular markers can predict
the prognosis of patients with adenocarcinoma of the gastroesopha-
geal junction. Nevertheless, further investigations are needed to
allow the determination of individual therapeutic strategies.

Response rates after neoadjuvant treatment vary throughout
the literature (5% to 29%).33,41 However, we did not find as high a
complete response rate as had been reported in previously
published studies.

In contrast to other prognostic factors, the inexpensive and
often routinely performed laboratory results make the SII an easily
accessible and a potentially prime candidate as a prognostic bio-
marker in AEG.

Even though the results of our study demonstrate that the SII is
an independent prognostic factor in AEG, our study has certain
limitations. Besides its retrospective nature, there might be some
selection bias that was inevitably associated with only partial acces-
sibility of patients’ preoperative laboratory results. This limitation is
based on the not routinely performed differential blood count in all
patients undergoing surgical resection due to AEG in our observation
period. Another limiting factor is that this is a single-center research
study, even though our database is prospectively maintained.

CONCLUSION

This is the first study to show that the SII is a novel indepen-
dent preoperative predictor for OS and DFS in patients undergoing
radical esophagectomy for AEG with or without neoadjuvant treat-
ment. Analysis of the predictive value of SII throughout subgroups
revealed comparable results using clinical or pathological covari-
ables, but showed differences between neoadjuvantly and primarily
resected patients, emphasizing that further investigation upon the
prognostic role of SII is needed.

However, the prognostic value of the SII is superior to PLR
and NLR and shows, furthermore, the potential in improving the
prognostication of patients with AEG. Our data underline the impor-
tance of inflammation-based biomarkers and provide indirect evi-
dence for the high importance of the immune system in patients with
AEG. Nevertheless, the SII, based on simple and inexpensive stan-
dard laboratory measurements, needs further examination in accu-
rately designed studies to confirm its prognostic role in AEG.
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