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Background: Prognostic nutritional index (PNI), neutrophil-to-lymphocyte ratio (NLR), plate-
let-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII) are the most
common factors to estimate nutritional and inflammatory status. The aim of this study is to
systematically evaluate the prognostic significance of above nutritional and inflammatory
indexes for overall survival (OS) and surgical complications in esophageal cancer patients.
Methods: Esophageal cancer patients who underwent esophagectomy were retrospectively
collected. PNI, NLR, PLR, and SII were introduced to evaluate the baseline nutritional and
inflammatory status.

Results: A total of 407 patients were included in the present study. Kaplan—Meier survival
analysis revealed that PNI-low group, NLR-high group and PLR-high group, all showed
a significantly shorter OS (34.38% vs 49.46%, P < 0.001; 36.13% vs 48.26%, P = 0.026 and
33.33% vs 48.52%, P = 0.001 respectively), while no significant difference was found in SII
groups (42.33% vs 46.31%, P = 0.067). Multivariable analyses identified PNI (P = 0.002)
was an independent prognostic factor for OS, but NLR (P = 0.672) and PLR (P = 0.186)
were not. Postoperative complications occurred significantly more frequently in the low-PNI
group (29.69% vs 13.26%, P < 0.001). However, no significant differences were found in the
postoperative complication rates between different NLR (16.67% vs 22.69%, P = 0.124),
PLR (18.03% vs 19.61%, P = 0.867) and SII (15.34% vs 20.49%, P = 0.326) groups.
Multivariate logistic regression analysis showed only PNI (P = 0.008) was an independent
prognostic factor for postoperative complications.

Conclusion: Preoperative low PNI was not only an independent prognostic factor for worse
survival in esophageal cancer patients but also associated with high incidence of post-
operative complications.

Keywords: esophageal cancer, prognostic nutritional index, prognosis, postoperative

complications

Introduction
Esophageal cancer is one of the most prevalent malignant carcinomas with high
mortality. Despite the development of multiple therapeutic regimens, the prognosis
of esophageal cancer remains poor.'

In recent years, emerging studies focus on the relationship between tumor and
malnutrition.>* Malignant patients tend to be malnutrition due to poor appetite,

tumor consumption, treatment adverse effects, and so on.>® Malnutrition results in
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further reductions in tolerance to treatment modalities, and
ultimately affects recurrence and survival.”* Besides, mal-
nutrition can affect the quality of malignant patients’
lives.” Thus, it is urgent to improve the nutrition status
among malignant patients. Accumulating evidences sug-
gest that the crosstalk between cancer cells and immune
system and inflammation plays a crucial role in tumorigen-
esis and progression.'® With the application of immune
therapy targeting programmed death 1 (PD1) and pro-
grammed death-ligand 1(PD-L1), tumor immunotherapy
is extensively clarified as an important part of combined

"' The correlation

therapy of tumor in recent years.
between systemic inflammation and the local immune
response was recognized as one of the greatest milestones
of cancer research. Cancer-related inflammation is deter-
mined by the levels of serum leukocytes, neutrophils,
lymphocytes, platelets, and acute-phase proteins, such as
C-reactive protein. The neutrophil-lymphocyte ratio
(NLR) and platelet-lymphocyte ratio (PLR) are represen-
tative blood markers of the systemic inflammatory
response. Recently, several investigators have demon-
strated a close relationship between the systemic inflam-
matory response and tumor progression in various
malignancies, including gastric cancer and colorectal
cancer.'>!3 So the relationships between NLR, PLR, SII
and clinical outcomes in esophageal cancer are valuable to
explore.

Prognostic nutritional index (PNI) is calculated by the
serum albumin level and peripheral blood lymphocyte
concentration. Hence, it integrates information on albumin
and absolute lymphocyte count and simultaneously reflects
the nutritional and inflammatory status of a patient. It was
first used to indicate preoperative nutritional status and
postoperative complications in patients with gastrointest-
inal cancers.'* Recent studies have revealed its predictive
value in tumor progression and prognosis.’> A few studies
reported the correlation between PNI and clinical out-
comes in esophageal cancer, but with controversial results
and there is room for improvement.'®'® Some studies
suggested that PNI can predict survival,'®!” but they did
not discuss the relationship between PNI and short-term
outcomes.'® Some previous studies were hampered by
small sample size.'” Other study indicated that PNI was
not associated with prognosis.'® Few reports have
described the relationship between PNI and the clinical
outcomes of esophageal cancer systematically and com-
prehensively in large-scale patients.

The aim of this study is to systematically evaluate the
association between PNI and OS and surgical complica-
tions, which, respectively, reflect the long-term and short-
term clinical outcomes. Moreover, the correlation between
NLR, PLR, SII and OS and postoperative complications
are explored.

Patients and Methods

Patient Section

We collected patients who underwent curative resection at
the Department of Thoracic Surgery, Qilu hospital of
2010 to
December 2014. The study participants were included

Shandong  University  from  January
according to the following criteria: (a) histologically con-
firmed esophageal cancer, (b) curative esophagectomy as
the first therapeutic strategy, (c) patients with detailed
clinicopathological and preoperative serum laboratory
data.

A total of 621 esophageal cancer patients underwent
curative operation, including 204 patients who could not
be contacted. The remaining 417 cases could be followed
up, of which 10 cases without available data from blood
biochemical examination. Consequently, 407 patients were
retrospectively collected for the present study. Among

them, 225 patients died during follow-up. (Figure 1)

Data Collection

The demographic and clinicopathological data were
obtained from the patients’ medical records, including
gender, age, smoking and alcohol history, past history,
tumor location, T stage, N stage, M stage, TNM stage,
and preoperative routine laboratory data. Past history
included the history and clinical data of high blood pres-
sure, diabetes, coronary heart disease. All of these data
were recorded in the patients’ medical records during their
first admission in the hospital, and we collected them from
the patients’ medical records. All tumors were staged in
accordance with the 7th edition American Joint Committee
on Cancer TNM staging system.

The neutrophil, lymphocyte, and platelet counts were
reviewed from the routine laboratory blood test, and the
hemoglobin (Hb), total protein (TP), and albumin (Alb)
level were also obtained using the blood test within 2
weeks before surgery. The prognostic nutritional index
(PNI) is calculated as follows: PNI = serum albumin (g/
L) +5*total lymphocyte count (10°/L). The NLR, PLR,
and SII were calculated as follows: NLR = neutrophil
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Number of esophageal cancer patients
receiving curative resection
N=621

Excluded patients loss of contact
N=204

Number of patients with follow-up data
N=417

Excluded patients not available for
blood biochemical examination

N=10
Number of patients included for final analysis
N=407
] ¥
PNI-low group PNI-high group
N=128 N=279

Figure | Flow chart showing patient recruitment.

counts/lymphocyte counts; PLR = platelet counts/lympho-
cyte counts; SII = platelet counts*neutrophil counts/lym-
phocyte counts.

Surgical Treatment

Types of esophagectomy included thoracoscopic and trans-
thoracic esophagectomy. Single thoracic incision, Ivor-
Lewis esophagectomy, and McKeown esophagectomy
(right thoracotomy, midline laparotomy and lateral cervi-

cal incisions) were common transthoracic esophagectomy.

Postoperative Complications

The postoperative complications were classified by the
Clavien-Dindo classification.'® All of the parameters for
the Clavien-Dindo classification rating could be found in
the medical records during postoperative course, and we
retrospectively collected the data from patients’ medical

records.

Perioperative Parameters

We reviewed perioperative parameters including operation
duration and blood loss. The American Society of
Anesthesiologists (ASA) score was gained from the anes-
thetic risk assessment scale by an anesthesiologist accord-
ing to the ASA classification.

Follow-Up

All patients were regularly followed up after discharge.
January 2017 was the last censoring date for the evaluation
of survival time. We assessed survival time from the date
of surgery to date of the event or the last follow-up.

Statistical Analysis

Statistical analyses were performed using SPSS statistical
package version 22 (SPSS, Inc., Chicago, IL, USA). The
time-dependent receiver operating characteristic (ROC)
curve analysis was used to calculate the optimal cutoff
values for PNI, NLR, PLR, and SII. Statistical analysis
for comparing the parametric variables was performed
using Chi-square test or Fisher’s exact test for categorical
variables and Student’s #-test for continuous variables
between the groups. The survival time distribution was
evaluated by the Kaplan-Meier method and compared
with the Log rank test. Univariate and multivariate ana-
lyses were calculated using the Cox proportional hazards
regression model to determine prognostic factors for post-
operative overall survival time (OS). Univariate and multi-
variate logistic regression analyses were employed to
identify the potential risk factors associated with post-
operative complications. In order to eliminate the risk of
multicollinearity, we used stepwise multivariate analysis.
A P value of less than 0.05 was considered to be statisti-
cally significant.

Results

Patients’ Characteristic

A total of 407 cases were included in the present study.
The median age of the participants was 65. Among them,
324 (79.61%) were male and 83 (20.39%) were female.
Table 1 shows the clinicopathological features of the
recruited cases.

We determine the optimal cut-off values of these bio-
markers for predicting OS through an ROC analysis
method. The optimal cut-off values were 48.33 for PNI,
2.84 for NLR, 170.61 for PLR, and 433.25 for SII, respec-
tively, corresponding to the maximum Youden index.

According to the cut-off value, 128 (31.45%) patients
were in PNI-low group and 279 (68.55%) were in PNI-
high group. PNI was significantly associated with age (P =
0.001), sex (P = 0.003), hemoglobin (Hb) (P < 0.001),
albumin (Alb) (P < 0.001), and lymphocyte counts (P <
0.001). There were no significant differences in alcohol
use (P = 0.670), tobacco use (P = 0.722), history of high
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blood pressure (P = 0.683), diabetes (P = 0.306), coronary
heart disease (P = 0.771), comorbidity (P = 0.345), cancer
thrombus (P = 0.873), tumor location (P = 0.610), TNM
stage (P = 0.076), or total protein (TP) (P = 0.067)
between PNI-low and PNI-high groups.

NLR was significantly associated with T stage (P =
0.023), albumin (Alb) (P = 0.001), and lymphocyte counts
(P <0.001). PLR was significantly associated with T stage
(P = 0.028), albumin (Alb) (P = 0.016), and lymphocyte
counts (P < 0.001). SII was significantly associated with
alcohol use (P = 0.076) and lymphocyte counts (P <
0.001).

Correlation of PNI, NLR, PLR, and SlI

with Survival and Prognosis Assessment

The median follow-up time was 29 months. The median
follow-up time for survivor was 38 months. Overall, the
1-, 2-, 3-, and 5-year OS rates were 78.87%, 62.16%,
38.82%, and 11.30%, respectively. For the patients in PNI-
low group, the 1-, 2-, 3-, and 5-year OS rates were
65.63%, 50.78%, 28.91%, and 6.25%. And the 1-, 2-, 3-,
and S5-year OS rates were 84.95%, 67.38%, 43.37%, and
13.62% for the PNI-high group. The OS rate was high in
PNI-high group (49.46%) than the PNI-low group
(34.38%).
a correlation between PNI and overall survival times.

Kaplan—-Meier survival analysis revealed
The PNI-low group showed a significantly shorter OS
(log rank P < 0.001) (Figure 2A).

The OS rate was high in NLR-low group (48.26%)
than the NLR-high group (36.13%). NLR-high group
showed a significantly shorter OS (log rank P = 0.026)
compared with the NLR-low group. PLR-high group
showed a significantly shorter OS (33.33% VS 48.52%,
log rank P = 0.001). No significant difference was found
between OS in SII groups (42.33% VS 46.31%, log rank

P =0.067) (Figure 2B-D).

Univariate and Multivariate Survival

Analyses

In the univariate Cox regression analyses, postoperative
complications (P = 0.001), T stage (P < 0.001), N stage
(P < 0.001), TNM stage (P < 0.001), Alb level (P =
0.002), PNI (P = 0.001), NLR (P = 0.028), and PLR
(P = 0.001) were potentially prognostic factors for OS.
Controlled variables included in the multivariable analysis
were gender, age, T stage, N stage, TNM stage, Alb, PNI,
NLR, PLR and postoperative complications. In our

multivariable Cox model, postoperative complications
(P = 0.028), T stage (P < 0.001), N stage (P = 0.014),
TNM stage (P = 0.034), and PNI (P = 0.002) were inde-
pendent prognostic factors in the study patients. Both NLR
(P = 0.672) and PLR (P = 0.186) were not independent
prognostic factors in the study patients (Table 2).

Correlation Between PNI NLR PLR Slli

and Postoperative Complications

The correlation of PNI with postoperative complications is
presented in Table 3. In total 38 (29.69%) patients suffered
at least one complication (Clavien-Dindo classification) in
the PNI-low group and 37 (13.26%) in the PNI-high
group. Postoperative complications occurred significantly
more frequently in the low-PNI group (P < 0.001). The
postoperative complication rates were 0.78% (n = 1) for
classification I, 14.84% (n = 19) for classification II,
8.59% (n = 11) for classification III, 3.91% (n = 5) for
classification IV and 1.56% (n = 2) for classification V in
PNI-low group. The incidence of postoperative complica-
tions was 6.81% (n = 19) for classification I, 1.08% (n = 3)
for classification II, 3.23% (n = 9) for classification III,
1.43% (n = 4) for classification IV, and 0.71% (n = 2) for
classification V in PNI-high group. NLR (P = 0.124), PLR
(P = 0.867) and SII (P = 0.326) were found not to be
associated with postoperative complications.

Univariate and Multivariate Regression
Analysis on the Occurrence of

Complications

The outcomes of univariate and multivariate logistic
regression are shown in Table 4. In the univariate regres-
sion analysis, type of surgery (P = 0.018), blood loss (P =
0.008), age (P = 0.012), Alb (P = 0.002), TP (P < 0.001),
and PNI (P < 0.001) were identified as significant risk
factors for postoperative complications. In the multivariate
model, age (P = 0.025), blood loss (P = 0.009), TP (P =
0.038), and PNI (P = 0.008) were independent risk factors
for postoperative complications.

Discussion

In the present study, we detected the relationship between
PNI, NLR, PLR, SII and clinical outcomes of esophageal
cancer who received curative operation. The optimal cut-
off value was 48.33 for PNI corresponding to the max-
imum Youden index. According to the cut-off value,
patients were divided into two groups separately for
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Figure 2 Kaplan—Meier survival curves for OS according to PNI, NLR, PLR and Sll in esophageal cancer patients. The number at risk was shown below. (A) The PNI-low
group showed a significantly shorter OS compared with the PNI-high group (34.38% VS 49.46%, log rank P < 0.001). (B) The NLR-high group showed a significantly shorter
OS compared with the NLR-low group (36.13% VS 48.26%, log rank P = 0.026). (C) The PLR-high group showed a significantly shorter OS compared with the PLR-low
group (33.33% VS 48.52%, log rank P = 0.001). (D) No significantly difference were found between OS in Sl groups (46.31% VS 42.33%, log rank P = 0.067).

further analysis. The PNI cut-off value detected 128
patients (31.45%) with a risk of malnutrition. Patients in
the cohort with PNI <48.33 need diet counseling and
support to help maintain nutritional status, including oral
nutritional supplements, enteral nutrition (EN), and/or par-
enteral nutrition.

We found that only PNI was significantly associated
with both the long-term and short-term clinical outcomes.
The PNI was identified as an independent prognostic fac-
tor for OS of esophageal cancer, which suggested that PNI
could be used as a marker to identify patients who were
likely to experience an unfavorable clinical outcome.
Therefore, it is beneficial to carry out individualized treat-
ment. Besides, the present study also concluded that low
PNI was associated with the high incidence of postopera-
tive complications.

PNI was initially calculated to estimate preoperative nutri-
tional status and surgical complications in patients with gas-
trointestinal cancers, which reflected the nutritional and
immunological status now.'* Malignant patients often develop
malnutrition during cancer treatment. It is reported that mal-
nutrition occurs in up to 80% of cancer patients at some point
during cancer care.?’ Malnutrition results in increased mor-
bidity and mortality, increased risk of treatment delays and
complications, decreased function and quality of life.”'

Malnutrition also has been found associated with sur-

vivorship in various malignancies, including gastric

cancer, "’ hepatocellular cancer,”” and prostate cancer,”
and so on. Recently, the correlation between malnutrition
and esophageal cancer has been found.'®!7%*

Our study compared the prognostic values of various

nutritional and inflammatory indicators and found that PNI
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors for OS

Univariate

Multivariate

HR (95% CI)

P value

HR (95% CI)

P value

Gender
Female
Male

|
1.180(0.841—-1.656)

0.337

0.285

Age
>65
<65

|
0.857(0.652-1.126)

0.268

0.067

Alcohol use
Absence
Presence

|
1.018(0.782—-1.325)

0.895

Tobacco use
Absence
Presence

[
1.054(0.809—1.375)

0.696

High blood pressure
Absence
Presence

|
1.201(0.875-1.649)

0.256

Diabetes
Absence
Presence

|
0.834(0.442-1.572)

0.574

Coronary heart disease
Absence
Presence

|
0.948(0.517-1.738)

0.864

T stage
TO+TI+T2
T3+T4

I
2.706(2.007-3.648)

<0.0001

1.989(1.400-2.826)

<0.0001

N stage
NO+NI
N2+N3

I
2.293(1.699-3.094)

<0.0001

1.557(1.094-2.217)

0.014

M stage
MO
MI

|
1.191(0.167-8.502)

0.861

TNM
O+l+l1
+v

|
2.595(1.987-3.390)

<0.0001

1.475(1.029-2.114)

0.034

Cancer thrombus
Absence

Presence

|
1.569(0.831-2.961)

0.165

Hb

0.997(0.988—-1.006)

0.539

TP

1.000(0.999-1.001)

0.749

Alb

0.947(0.915-0.986)

0.002

0.684

PNI
>48.33
<4833

|
1.604(1.224-2.103)

0.001

1.529(1.163-2.011)

0.002

(Continued)
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Table 2 (Continued).

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value
NLR 0.028 0.672
<2.84 |
>2.84 1.363(1.033-1.797) _
PLR 0.001 0.186
<170.61 |
>170.61 1.605(1.207-2.134) _
Sl 0.673
<433.25 |
>433.25 0.945(0.724-1.232)
Postoperative complications 0.001 0.028
0+1+2 I |
3+4 2.084(1.328-3.269) 1.666(1.057-2.627)

Abbreviations: Hb, hemoglobin; Alb, albumin; TP, total protein; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;

Sll, systemic immune-inflammation index.

was an independent predictive factor for OS of esophageal
cancer, which was in consistent with many previous
literatures.'®** Zhang et al** reported that the preoperative
high SII and low PNI were powerful indicators of aggres-
sive biology and poor prognosis for patients with esopha-
geal squamous cell carcinoma (ESCC). Another study
including 337 curatively resected esophageal cancers
found the PNI-low cases showed significantly worse over-
all survival. Meanwhile, they confirmed that PNI affected
their prognosis through local tumor immunity, which
depended on their systemic nutritional and immunological
status.'® However, these studies were aimed at long-term
results. There was no analysis of short-term postoperative
the above studies.

complications in Postoperative

complications, which can affect postoperative outcome,
are a critical short-term outcome index. Our research has
the

a comprehensive exposition from these two aspects.

made up for above deficiencies and made
Moreover, there were several studies indicated that PNI
was not an independent factor for prognosis in esophageal
cancer.'®*> Sun et al'® conducted a retrospective study
including 502 esophageal cancer patients and found low
PNI was associated with poor OS, but it did not display
reliably as an independent predictor. Pan et al*> estimated
the relationship between various varied malnutrition cri-
teria and survival in cell ESCC patients, and concluded
that low BMI but not PNI at diagnosis was an independent

prognostic factor for worse survival of ESCC patients.

Table 3 Correlation of PNI NLR PLR SII with Postoperative Complications

Clavien-Dindo PNI NLR PLR sl

Classification
Low High P Low High P Low High P Low High P
(128) (278) (288) (19) (305) (102) (163) (244)

| [ 19 17 3 16 4 7 13

2 19 3 14 8 16 6 6 16

3 I 9 10 10 13 7 5 15

4 5 4 4 5 7 2 4 5

5 2 2 3 3 | 3 |

Total (%) 38 37 <0.001 48 27 0.124 55 20 0.867 25 50 0.326
(29.69) | (13.26) (16.67) | (22.69) (8.03) (19.61) (15.34) | (20.49)

Note: Clavien-Dindo classification was used to evaluate the postoperative complications.
Abbreviations: PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Sll, systemic immune-inflammation index.
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Table 4 Univariate and Multivariate Logistic Analyses on the Occurrence of Complications

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value
Gender 0.050 0.957
Female |
Male 2.103(1.001-4.421) _
Age 0.012 0.025
>65 | |
<65 0.520(0.312-0.867) 0.426(0.202-0.898)
Operation duration 0.616
>3 hours |
<3 hours 0.880(0.533—1.452)
Type of surgery 0.018 0.688
Transthoracic |
Thoracoscopic 2.310(1.157-4.613) _
Blood loss 0.008 0.009
<100 | |
100-200 1.914(0.931-3.934) 2.050(0.760-5.531)
>200 6.739(1.663-24.474) 9.209(2.051-41.342)
ASA score 0.861
1+2 |
3+4 1.046(0.630-1.737)
Alb 0.900(0.841-0.962) 0.002 _ 0.627
TP 0.997(0.996-0.998) <0.0001 0.998(0.997—-1.000) 0.038
PNI <0.0001 0.008
>48.33 | |
<48.33 2.762(1.653—-4.614) 2.784(1.312-5.909)
NLR 0.156 0.101
<2.84 |
>2.84 1.467(0.864-2.491) _
PLR 0.723
<170.61 |
>170.61 1.109(0.627-1.959)
Sl 0.190 0.883
<433.25 |
>433.25 1.423(0.840-2.411) _

Abbreviations: Alb, albumin; TP, total protein; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SlI, systemic

immune-inflammation index; ASA, American Society of Anesthesiologists.

As the PNI represents nutrition and immune status, but
Alb and Hb did not show significant prognostic effect. PNI
is not only a nutritional index but also an immune index. It
is affected by ALB and lymphocytes and reflects the
of different

Combining the two indicators can reveal a patient’s

comprehensive level factors together.

inflammatory status and nutritional status, which can

effectively predict prognosis. ALB is significant in uni-
variate analysis in our study, but not in multivariate ana-
lysis, suggesting that it is related to prognosis, but not an
independent predictor. Although Hb also reflects the nutri-
tional status, its main function is related to the body’s
ability to transport oxygen and energy. It reflects the nutri-
tional supply capacity, which cannot reflect the nutritional
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status exactly. Therefore, it reflects the predictive value
different from PNI.

The correlation between PNI and postoperative com-
plications was reported before. Hideo Matsumoto et al'’
calculated PNIs before surgery, discharge, and 1, 2, and
6 months after discharge, and found that the mean PNI
for patients with complications of more than Grade 2 by
the C-D classification was 37.4, which was significantly
lower than that for Grades 0 or 1. In the present study,
we found that the incidence of grade 2, 3, and 4 were all
significantly high in PNI-low group. After adjusted by
many other clinicopathological factors, PNI was clarified
as an independent predictor for complications. Thus,
preoperative nutritional assessment and intervention are
essential to reduce the postoperative complications.
Reducing postoperative complications can thus poten-
tially shorten the length of hospital stay, reduce health-
care costs, and improve patients’ quality of life.
Therefore, elucidating the factors that affect postopera-
tive complications is crucial for surgical patients.?®
Patients with low PNI require dietician intervention, in
conjunction with a nurse or physician in clinical work.
Once a cancer-associated nutritional issue has been iden-
tified and triaged, nutrition counseling by a healthcare
professional is regarded as the first line of nutrition
therapy.”” The emphasis of nutrition support is needed
following treatment and throughout survivorship.

The underlying mechanism of PNI and esophageal cancer
clinical outcomes remains poorly understood. PNI is com-
posed of both serum albumin concentration and lymphocyte
count, which is used to assess immune-nutritional status. As
mentioned before, local tumor immunity may be one poten-
tial mechanism.'® Malnutrition has been clarified to correlate
with the immune-suppressed condition.?® Lymphocytes have
been implicated in immunomodulation in the tumor micro-
environment, which might establish the human immune
response to tumor cells.?’ Thus, low lymphocyte counts are
associated with an immunosuppressed condition, which pro-
vides a favorable microenvironment for tumor proliferation
and migration. This immunosuppressed condition in low-
PNI patients provides a favorable microenvironment for
tumor progression and cause the unfavorable outcome.*
On the other hand, patients with low PNI may not be treated
promptly due to a period of nutritional support treatment, and
treatment delay also leads to poor outcomes. Patients with
a superior nutritional status were likely to complete the whole

cycles of chemotherapy and gain better clinical outcomes.®

Many nutritional and inflammatory measures have
been reported to be associated with esophageal cancer
prognosis, such as the modified GPS (mGPS), control-
ling nutritional status (CONUT) score, and Geriatric
Nutritional Risk Index (GNRI). mGPS was calculated
on the basis of C-reactive protein (CRP) levels plus
Alb levels, which is considered as an independent mar-
ker of poor prognosis for patients with SCC and superior
to NLR, PLR and PNI.*' CONUT score was reported as
an independent prognostic factor for OS and relapse-free
survival among thoracic esophageal squamous cell car-
cinoma patients,3 2 and was superior to PLR, NLR, and
GPS. It is also identified as an independent prognostic
factor in patients with stage II-III gastric cancer receiv-
ing curative resection and adjuvant chemotherapy.”’
CONUT scores may be more useful in stratifying
patients. Unlike CONUT score and mGPS, there were
only two groups by PNI.>*

GNRI was revealed to be an ideal predictor of baseline
nutritional status in elderly. Nutritional status at diagnosis
based on the evaluation of the GNRI criteria was associated
with better clinical response and increased OS and PFS in
ESCC patients aged over 70 years. Routine use of the GNRI
criteria may help in the risk stratification of elderly patients
undergoing combined treatment.>> However, it remains con-
troversial as to which one of those measures is the most
useful. Since these measures cannot be used to fully assess
the nutritional status of patients, appropriate nutritional
assessments should be performed in further study.

This study has several limitations. This is a retrospective
study in a single institute, and selection bias may exist.
Moreover, we just discuss the relationship and the underlying
mechanism still remains unclear. Further well-designed pro-
spective trials in multi-institute should be considered to verify
our findings for esophageal cancer patients.

In summary, PNI is not only a valuable factor for pre-
dicting the long-term outcome in esophageal cancer but also
can predict the short-term outcome. Preoperative nutritional
support should be considered for low PNI patients to
improve the outcome for esophageal cancer patients.
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