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Background: The lung immune prognostic index (LIPI), a novel index combined with
serum lactate dehydrogenase (LDH) and derived neutrophil to lymphocyte ratio (AINLR), is
recently proposed to predict prognosis in lung cancer. The LIPI is not a unique indicator for
lung cancer. However, the prognostic role of LIPI has not yet been evaluated in extra-
pulmonary cancer. The aim of this study was to determine whether LIPI is still a useful
prognostic indicator for patients with resected esophageal squamous cell carcinoma (ESCC).
Methods: The clinical data including preoperative laboratory results for 361 consecutive
resected ESCC cases from 2007 to 2010 were retrospectively analyzed. A LIPI based on
serum LDH and dNLR was conducted, characterizing into 3 groups (LIPI 0, 1 and 2). The
association between LIPI and cancer-specific survival (CSS) was analyzed according to the
Kaplan—Meier method and Cox regression analysis with hazard ratio (HR) and 95% con-
fidence interval (CI). A nomogram model was conducted by R 3.6.0 software.

Results: In this study, 220 (60.9%), 100 (27.7%) and 41 (11.4%) patients had a LIPI of 0, 1
and 2, respectively. The 5-year CSS for LIPI 0, 1 and 2 was 40.9%, 19.0% and 9.8%,
respectively (P<0.001). Subgroup analysis based on TNM stage revealed that HALP was
also significantly related to CSS in any stage (TNM I: P=0.002; TNM II: P=0.009; TNM III:
P=0.031). The LIPI serves as an independent predictor regarding CSS in multivariate
analyses in patients with resected ESCC. Compared to LIPI 0, LIPI 1 and 2 had an HR of
1.419 (95% CI: 1.063-1.895, P=0.018) and 2.064 (95% CI: 1.403-3.036, P<0.001) regarding
CSS, respectively. A nomogram was also developed in individualized CSS prediction based
on LIPI in patients with resected ESCC.

Conclusion: To the best of our knowledge, the present study is the first study to explore the
association between LIPI and prognosis in patients with extra-pulmonary cancer. The LIPI,
combined with LDH and dNLR, is still a potential independent prognostic marker in patients
with resected ESCC.

Keywords: esophageal squamous cell carcinoma, lung immune prognostic index, lactate

dehydrogenase, derived neutrophil to lymphocyte ratio, prognosis

Introduction

Esophageal cancer (EC) is one of the most usual cancers worldwide." As a major
pathological type of EC in China, esophageal squamous cell carcinoma (ESCC) is
the 3rd of incidence and the 4th of mortality.” ESCC remains a fatal disease because
it is usually not detected until it has progressed to an advanced stage. Despite the
management and treatment is improved in recent years, the prognosis for ESCC
remains poor.”* According to the poor prognosis and high incidence, therefore, the
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detection and prediction methods prior to treatment for
patients with ESCC are essential.

There are close relations between inflammation and
cancer prognosis.” Mantovani et al’ demonstrated that
inflammation has many tumor-promoting effects, such as
subverting adaptive immune responses, promoting metasta-
sis and angiogenesis. An increasing number of studies in
recent years have shown that inflammatory indexes, such as
albumin (ALB), C-reactive protein (CRP), derived neutro-
phil to lymphocyte ratio (ANLR) and neutrophil to lympho-
cyte ratio (NLR) are associated with prognosis in a variety
of cancers, including ESCC.° Lactate dehydrogenase
(LDH) plays a significant role in the tumor metastasis and
proliferation.'®'" Moreover, pretreatment LDH correlates
with prognosis of many malignant diseases, such as breast

3 and melanoma.'

cancer,’ 2 hepatocellular carcinoma, !
However, the association between LDH and prognosis
remains controversial in patients with ESCC.">™"”

These indexes have the advantage of providing objective
diagnostic results, which may potentially benefit clinicians
and patients for their treatment. However, every single index
might be affected by various factors. Therefore, the potential
bias could be decreased by the combination of these indexes.
Recently, the lung immune prognostic index (LIPI), com-
bined with LDH and dNLR, was firstly reported by
Mezquita et al'® in patients with metastatic non-small cell
lung cancer (NSCLC). The results revealed that LIPI was
associated with patients treated with immune checkpoint
inhibitors. After that, more and more studies have been
reported the association between LIPI and prognosis in
NSCLC and small cell lung cancer (SCLC)."”** LIPI is
derived based on two factors for prognosis that are inexpen-
sive and readily available in daily clinical practice: dNLR
and LDH. The LIPI is not a unique prognostic indicator for
lung cancer. To the best of our knowledge, the clinical
significance of LIPI has never been investigated in patients
with extra-pulmonary cancer. Therefore, the aim of the pre-
sent study was to explore whether LIPI is still a useful
prognostic marker for patients with resected ESCC.
Moreover, this study also aimed to develop a nomogram to
predict the personalized cancer-specific survival (CSS) pre-
diction of patients with ESCC.

Materials and Methods
Ethics Statement

The present study was based on the Declaration of
Helsinki and approved by the ethics committee of

Zhejiang Cancer Hospital (No. 2018-130). The require-
ment of patients’ consent was waived by the ethics com-
mittee because the current study was retrospective and all
data analyzed were anonymous.

Patient Selection

From January 2007 to December 2012, 361 consecutive
cases with ESCC undergoing curative esophagectomy with
lymphadenectomy were retrospectively analyzed. Patients
were included in the present study according to the follow-
ing inclusion criteria: (1) patients with resected stage I-III
ESCC was confirmed, (2) patients with radical resection
was conducted, (3) patients without any neoadjuvant treat-
ment, (4) patients without any distant metastasis, and (5)
clinical data including preoperative laboratory results were
obtained before surgery within one week. The TNM stage
was carried out in this study according to the 7th AJCC/
UICC TNM staging system.”’

Data Collection

The main clinical data including preoperative laboratory
results were collected according to the medical records.
The laboratory results including ALB, LDH, CRP, white
blood cell count and absolute neutrophil count were
obtained within one week before surgery. The dNLR was
defined as absolute neutrophil count to (white blood cell
count-absolute neutrophil count) ratio. According to the
previous studies, the LIPI is calculated by the serum LDH
and dNLR, characterizing into 3 groups (LIPI 0, 1 and 2,
respectively).'® The cut-off value for dNLR was 3.0, and
cut-off for LDH was defined according to the limit of each
center (240 U/L for our hospital). In short, patients with
both elevated dNLR (>3.0) and LDH (>240 U/L) were
assigned to a score of 2. Patients with one or no abnormal
value were assigned to 1 or 0, respectively. The cut-off
values for ALB and CRP were 35.0 g/Land 10.0 mg/L,
respectively.

Statistical Analysis

The chi-squared tests were used to evaluate the correla-
tions grouped by LIPI. The association between LIPI and
CSS was analyzed by the Kaplan—-Meier method and Cox
regression analysis with hazard ratio (HR) and 95% con-
fidence interval (CI). Variables with statistical differences
in univariate analyses were then subjected to multivariate
analyses to identify independent prognostic factors by
using a forward stepwise. Based on the multivariate ana-
lysis results, a prognostic nomogram was also established
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Table | Clinical Characteristics Based on LIPI in Patients with ESCC

Total (n, %) LIPI 0 (n, %) LIPI I (n, %) LIPI 2 (n, %) P-value

Age (years) 0.107
<60 203 (56.2) 114 (51.8) 63 (63.0) 26 (63.4)
> 60 158 (43.8) 106 (48.2) 37 (37.0) 15 (36.6)

Gender 0.147
Male 282 (78.1) 166 (75.5) 85 (85.0) 31 (75.6)
Female 79 (21.9) 54 (24.5) 15 (15.0) 10 (24.4)

Tumor length (cm) 0.002
<30 106 (29.4) 79 (35.9) 17 (17.0) 10 (24.4)
>3.0 255 (70.6) 141 (64.1) 83 (83.0) 31 (75.6)

Tumor location 0.906
Upper 25 (6.9) 14 (6.4) 7 (7.0) 4(9.8)
Middle 167 (46.3) 100 (45.4) 47 (47.0) 20 (48.8)
Lower 169 (46.8) 106 (48.2) 46 (46.0) 17 (41.4)

Vessel invasion 0.153
Negative 301 (834) 190 (86.4) 78 (78.0) 33 (80.5)
Positive 60 (16.6) 30 (13.6) 22 (22.0) 8 (19.5)

Perineural invasion 0.091
Negative 285 (78.9) 181 (82.3) 76 (76.0) 28 (68.3)
Positive 76 (21.1) 39 (17.7) 24 (24.0) 13 31.7)

Smoking 0.664
No 196 (54.3) 117 (53.2) 58 (58.0) 21 (51.2)
Yes 165 (45.7) 103 (46.8) 42 (42.0) 20 (48.8)

Drinking 0.575
No 221 (61.2) 130 (59.1) 65 (65.0) 26 (63.4)
Yes 140 (38.8) 90 (40.9) 35 (35.0) 15 (36.6)

Differentiation 0.449
Well 51 (14.1) 34 (15.5) 11 (11.0) 6 (14.6)
Moderate 240 (66.5) 149 (67.7) 67 (67.0) 24 (58.5)
Poor 70 (19.4) 37 (16.8) 22 (22.0) 11 (26.9)

TNM stage <0.001
| 93 (25.8) 70 (31.8) 17 (17.0) 6 (14.6)
Il 115 (31.9) 80 (36.4) 25 (25.0) 10 (24.4)
1] 153 (42.3) 70 (31.8) 58 (58.0) 25 (61.0)

dNLR <0.001
<30 263 (72.9) 220 (100.0) 43 (43.0) 0 (0.0)
>3.0 98 (27.1) 0 (0.0) 57 (57.0) 41 (100.0)

LDH (U/L) <0.001
<240 278 (77.0) 220 (100.0) 58 (58.0) 0 (0.0)
> 240 83 (23.0) 0 (0.0) 42 (42.0) 41 (41.0)

ALB (g/L) 0.013
>35 297 (82.3) 190 (86.4) 79 (79.0) 28 (68.3)
<35 64 (17.7) 30 (13.6) 21 (21.0) 13 31.7)

CRP (mg/L) 0.003
<10 270 (74.8) 174 (79.1) 74 (74.0) 22 (53.7)
> 10 91 (25.2) 46 (20.9) 26 (26.0) 19 (46.3)

Abbreviations: ESCC, esophageal squamous cell carcinoma; LIPI, lung immune prognostic index; CRP, C-reactive protein; ALB, albumin; LDH, lactate dehydrogenase;
dNLR, derived neutrophil to lymphocyte ratio; TNM, tumor node metastasis; SD, standard deviation.
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by using Cox proportional hazard model. A nomogram
model was conducted by R 3.6.0 software (Institute for
Statistics and Mathematics, Vienna, Austria).** Statistical
analyses were performed with SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA). All statistical analyses were two-
sided, and P values less than 0.05 were considered statis-
tically significant.

Results

Patient Characteristics

The patients included in this study consisted of 282
(78.1%) men and 79 (21.9%) women. The distribution of
pathological TNM stages was as follows: TNM 1 93
patients (25.8%); TNM II 115 patients (31.9%); and
TNM I 153 patients (42.3%) (Table 1). Figure 1A and
B showed the histograms of the dNLR and LDH. Figure
1C shows the positive correlations between dNLR and
LDH (r=0.128, P=0.015). In this study, 220 (60.9%), 100
(27.7%) and 41 (11.4%) patients had a LIPI of 0, 1 and 2,
respectively. The clinical characteristics grouped by LIPI

are shown in Table 1.

CSS Analyses

The 5-year CSS was 31.3% in the current study. The 5-year
CSS for LIPT 0, 1 and 2 were 40.9%, 19.0% and 9.8%,
(P<0.001, 2A). 2B-
D demonstrated 5-year CSS curves which were stratified in

respectively Figure Figure
subgroup analyses according to TNM stage in resected ESCC.
According to different TNM stage, the results revealed that
LIPI was also significantly related to CSS. In the group of
TNM stage I, the 5-year CSS for LIP1 0, 1 and 2 were 57.1%,
23.5% and 16.7%, respectively (P=0.002). In the group of
TNM stage 11, the 5-year CSS for LIP1 0, 1 and 2 were 40.0%,
24.0% and 10.0%, respectively (P=0.009). In the group of
TNM stage 111, the 5-year CSS for LIPI 0, 1 and 2 were 25.7%,
15.5% and 8.0%, respectively (P=0.031). Significantly differ-
ences were also found in the current study in patients grouped
by dNLR (36.9% vs. 16.3%, P<0.001, Figure 2E) and LDH
(36.7% vs. 13.3%, P<0.001, Figure 2F).

Univariate and Multivariate Analyses

Following univariate analyses, it is recognized that CSS
was significantly associated with TNM stage, perineural
invasion, vessel invasion, tumor length, CRP, ALB, dNLR,
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Figure | Histograms and correlation diagram.

Notes: The histograms of the dNLR (A) and LDH (B). Positive correlations between dNLR and LDH (r=0.128, P=0.015) (C).
Abbreviations: dNLR, derived neutrophil to lymphocyte ratio; LDH, lactate dehydrogenase.
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Figure 2 Kaplan—Meier curves for CSS stratified according to LIPI, dNLR and LDH.

Notes: Curves grouped by LIPI (The 5-year CSS for LIPI 0, | and 2 were 40.9%, 19.0% and 9.8%, respectively, P<0.001) (A). Curves grouped by LIPI in subgroup analyses
based on TNM (TNM [: P=0.002; TNM I, P=0.009; TNM lIl, P=0.031) (B-D). Curves grouped by dNLR (36.9% vs. 16.3%, P<0.001) (E) and LDH (36.7% vs. 13.3%, P<0.001)

(F).

Abbreviations: LIPI, lung immune prognostic index; LDH, lactate dehydrogenase; CSS, cancer-specific survival; dNLR, derived neutrophil to lymphocyte ratio; TNM, tumor

node metastasis.

LDH and LIPI (Table 2). Then, the above factors with
significant differences in univariate analyses were included
in multivariate analyses to identify independent prognostic
factors by using a forward stepwise. In multivariate ana-
lyses, we found that LIPI (P=0.001), instead of dNLR or
LDH, was an independent prognostic marker regarding
CSS (Table 2). The LIPI serves as an independent predic-
tor regarding CSS in multivariate analyses in patients with
resected ESCC. Compared to LIPI 0, LIPI 1 and 2 had
a HR of 1.419 (95% CI: 1.063-1.895, P=0.018) and 2.064
(95% CI: 1.403-3.036, P<0.001) regarding CSS, respec-
TNM stage (P<0.001) and CRP
(P=0.001) were also significant prognostic factors in this
study (Table 2).

tively. Moreover,

Nomogram Analyses
A nomogram prognostic model was also developed for
LIPI in patients with resected ESCC. It would be helpful

for us in individualized CSS survival prediction and better
treatment. The significant prognostic factors in multivari-
ate analyses, including LIPI, CRP and TNM stage, were
included in nomogram model to predict the 1-, 3- and
5-year CSS probability for patients with resected ESCC
(Figure 3).

Discussion
This study demonstrated that LIPI, instead of dNLR or
LDH, serves as a useful independent prognostic marker.
Therefore, the LIPI is not only a marker for patients in
lung cancer, but also a useful prognostic marker for
patients with resected ESCC. To the best of our knowl-
edge, the present study is the first study to investigate the
prognostic value of LIPI (combined with dNLR and LDH)
in patients with resected ESCC.

The LIPI, combined with LDH and dNLR, was firstly
reported by Mezquita et al'® in patients treated with
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Table 2 Univariate and Multivariate Analyses of CSS in ESCC Patients

Univariate Analysis P-value Multivariate Analysis P-value
HR (95% CI) HR (95% CI)
Age (years) 0.805
< 60 1.000
> 60 1.032 (0.803-1.327)
Gender 0.757
Female 1.000
Male 1.050 (0.773-1.425)
Tumor length (cm) 0.005
<3.0 1.000
>3.0 1.509 (1.135-2.006)
Tumor location 0.423
Upper 1.000
Middle 1.449 (0.833-2.523) 0.189
Lower 1.396 (0.802-2.431) 0.239
Vessel invasion 0.012
Negative 1.000
Positive 1.496 (1.091-2.052)
Perineural invasion 0.013
Negative 1.000
Positive 1.446 (1.1080-1.936)
Smoking 0.376
No 1.000
Yes 1.119 (0.872-1.436)
Drinking 0.611
No 1.000
Yes 1.069 (0.827-1.382)
Differentiation 0.195
WVell 1.000
Moderate 1.068 (0.731-1.559) 0.734
Poor 1.397 (0.898-2.174) 0.138
TNM stage <0.001 <0.001
| 1.000 1.000
I 1.655 (1.153-2.376) 0.006 1.543 (1.072-2.219) 0.019
n 2.719 (1.944-3.802) <0.001 2.303 (1.633-3.248) <0.001
CRP (mg/L) <0.001 0.001
< 10.0 1.000 1.000
> 10.0 1.977 (1.508-2.593) 1.627 (1.228-2.155)
ALB (g/L) <0.001
> 35.0 1.000
<350 1.943 (1.433-2.634)
dNLR <0.001
<30 1.000
>3.0 1.903 (1.459-2.483)
(Continued)
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Table 2 (Continued).
Univariate Analysis P-value Multivariate Analysis P-value
HR (95% CI) HR (95% CI)
LDH (U/L) <0.001
<240 1.000
> 240 1.976 (1.500-2.604)
LIPI <0.001 0.001
0 1.000 1.000
| 1.776 (1.345-2.346) <0.001 1.419 (1.063-1.895) 0.018
2 2.874 (1.987—4.157) <0.001 2.064 (1.403-3.036) <0.001
Adjuvant therapy 0.275
No 1.000
Yes 1.162 (0.888-1.521)

Abbreviations: ESCC, esophageal squamous cell carcinoma; LIPI, lung immune prognostic index; CSS, cancer-specific survival; CRP, C-reactive protein; ALB, albumin; LDH,
lactate dehydrogenase; dNLR, derived neutrophil to lymphocyte ratio; TNM, tumor node metastasis; Cl, confidence interval; HR, hazard ratio.

immune checkpoint inhibitors in metastatic NSCLC. After
that, more and more studies have been reported the asso-
ciation between LIPI and prognosis in NSCLC and
SCLC."2? Minami et al'® reported that LIPI was an
independent prognostic factor in patients treated with che-
motherapy for adenocarcinoma with wild-type epidermal
growth factor receptor (EGFR). The results revealed that
LIPI was also associated with the prognosis in patients
treated with EGFR-TKI therapy for mutant EGFR.
A study including 11 clinical trials (5 studies for immune
checkpoint inhibitor and 6 studies for TKI therapy) was
performed by Kazandjian et al* for metastatic NSCLC.
The result showed that the LIPI score was associated with
progression-free survival (PFS) and OS. Sonehara et al*'
demonstrated that LIPI is an independent prognostic factor
associated with OS in a retrospective study that enrolled
171 patients diagnosed with SCLC. All the previous stu-
dies revealed that LIPI was associated with prognosis in
NSCLC and SCLC. LIPI is not a unique prognostic indi-
cator for lung cancer. However, as far as we know, the
clinical significance of LIPI has never been investigated in
patients with ESCC.

It is well accepted that the dNLR and LDH are both
common clinical biomarkers in daily clinical practice. It is
well known that systematic inflammatory response is
responsible for the poor prognosis in patients with cancers,
including EC.®® Moreover, pretreatment LDH correlates
with prognosis of many malignant diseases.'> '* However,
the prognostic significance regarding serum LDH is still

controversial in patients with ESCC.">'” A retrospective
study including 906 patients with ESCC reported that
LDH (cut-off value: 361.5 U/L) was associated with
0S.'> However, another study regarding 212 patients
revealed that LDH (cut-off value: 170 U/L) was not asso-
ciated with OS or PFS in patients with ESCC undergoing
chemoradiotherapy.'® The results were consistent with
another study which demonstrated that LDH (cut-off
1544 U/L) was not associated with OS in
a retrospective study with ESCC."”

value:

The nomogram has been recognized as a reliable tool for
creating a simple and intuitive statistical predictive model to
quantify the risk of clinical events. Therefore, more and
more nomograms have been conducted in various cancers,
some of which have been found to be more reliable than
traditional staging system in recent years. Compared with
the previous nomogram,” our model only included three
factors: LIPI, TNM stage and CRP. Other factors such as
tumor length and differentiation are not independent factors
in our study. It is worth mentioning that TNM stage was
integrated in our nomogram model, the results were consis-
tent with another published study reported by Zhang et al.?®
Our nomogram also included the inflammation-based prog-
nostic scores (LIPI and CRP). It is well accepted that close
relations between inflammation and cancer prognosis.
Recently, Shao et al*’ and Zhang et al*® built a nomogram
based on CRP to ALB ratio for ESCC, respectively.
Although the ratio of CRP to ALB was not analyzed in the
current study, CRP was integrated in the model. In addition,
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specific survival; TNM, tumor node metastasis (1: TNM [; 2: TNM II; 3: TNM IlI).

we did not put the ALB included into the nomogram because
ALB was not an independent prognostic factor according to
the multivariate analyses.

A previous published study reported that LIPI,
a prognostic index combined with inflammatory biomar-
kers, has important clinical implications in patients trea-
ted with immune checkpoint inhibitors.'® Moreover, the
potential bias could be decreased by the combination of
dNLR and LDH because every single index might be
affected by various factors. In the current study, it is
worth noting that LIPI can be considered with potential
applications in the clinical practice in patients with
resected ESCC. The high score of LIPI was associated
with inflammation, lymphatic metastasis and advanced
TNM stage. Therefore, if a patient with high score of
LIPI, it is recommended to improve the status of inflam-
mation before surgery, or to perform adjuvant therapy
after surgery. The validity of LIPI needs to be expected
with more randomized prospective trials in the future.

The study has some limitations. Firstly, this study is
mainly limited due to a single-center study with the retro-
spective character. Secondly, patients in the current study
were treated without any preoperative therapy, the applica-
tions should be limited. Thirdly, the validity of LIPI needs
to be expected with more large-sample, double-blinded,
randomized prospective trials in the future.

Conclusion

In summary, the present study is the first study to
determine the association between LIPI (based on
LDH and dNLR) and prognosis in extra-pulmonary
cancer. We confirmed that the LIPI is still an indepen-
dent prognostic marker in patients with resected
ESCC.
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