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Background: Preoperative nutritional status and some inflammatory indexes are associated with survival
in various malignancies. Prognostic nutritional index (PNI) or neutrophil to lymphocyte ratio (NLR) was
demonstrated associated with survival in patients with esophageal squamous cell carcinoma (ESCC). The
purpose of the present study was to investigate whether the combination index of PNI and NLR (PNI-NLR)
is superior to either alone in survival prognosis of patients with ESCC.

Methods: In total, 271 patients with ESCC who underwent radical esophagectomy from Qianfoshan
Hospital from May 2009 to July 2014 were enrolled. Preoperative PNI and other clinical data were collected
and analyzed. Using the 5-year survival rate as an end point, a receiver operating characteristic (ROC)
analysis was used to find the best cutoff value for PNI and NLR was 49.1 and 3.14, respectively. And all the
enrolled patients were classified into three groups: group 1 (score 0, NLR <3.14 and PNI >49.1), group 2
(score 1, NLR >3.14 or PNI <49.1) and group 3 (score 2, NLR >3.14 and PNI <49.1).

Results: The combined index of PNI-NLR was a sensitive index in survival prognosis, and patients in the
group 1, 2 and 3 had median survival times of 64, 47 and 36 months, respectively. Patients in groupl had
significantly longer survival time than those of group 2 and group 3. In multivariate analyses, TNM stage,
lymph stage, PNI and PNI-NLR affected the overall survival (OS). PNI was significantly correlated with
TNM stage.

Conclusions: Preoperative PNI-NLR was an independent predictor of survival of patients with ESCC.
The index of PNI-NLR can improve the accuracy of prognoses for patients with ESCC than the index of
NLR.
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Introduction and survival has become a hot spot in recent years (3).

Patients with malignant tumors usually have various Esophageal cancer is one of malignancies featured

nutritional problems, especially for those with digestive with high mortality, and the 5-year survival rate is only

system tumors (1,2). The correlation between nutrition 15-34% (4). Surgery remains the first choice for esophageal
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cancer patients with no distant metastases. Patients
with esophageal cancer usually have dysphagia, leading
to various nutritional problems. Impaired nutritional
status accelerates tumor progression because it has a bad
influence on immune function. Prognostic nutritional
index (PNI), which was used to evaluate the nutritional
status before surgery, has been widely reported to be
associated with the prognosis of many malignant tumors,
including esophageal cancer (5-7). Recently, the interaction
between cancer and the inflammatory system has been
increasingly demonstrated. And a series of inflammatory
indexes, including neutrophil to lymphocyte ratio (NLR),
monocyte to lymphocyte ratio (MLR) and so on, have been
confirmed to predict prognosis in various malignancies, also
including esophageal cancer (8,9). However, the effect of
these combined two indexes on the prognosis of esophageal
cancer is unknown. Liu et #/. demonstrated the combined
index of PNI and NLR was superior to either index alone
in patients with hepatic carcinoma (10). Therefore, the
combination index may increase the accuracy of prognosis
assessment for patients with esophageal squamous cell
carcinoma (ESCC) after surgery was hypothesized in our
article. It also showed whether the combination index of
PNI-NLR had an advantage over than that of either alone.
We present the following article in accordance with the
STROBE Reporting Checklist (available at http://dx.doi.
org/10.21037/tcr-19-2397).

Methods
Patients

This study was based on a retrospective analysis of 271
patients with esophageal cancer, who underwent radical
surgery (the primary lesions of esophageal cancer were
completely resection and postoperative pathology showed
negative resection margins, and lymph nodes around
the esophagus cancer were dissected) from Qianfoshan
Hospital. This study was approved by the ethics committee
of Qianfoshan Hospital (No. 8017556) and conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Because of the retrospective nature of the research,
the requirement for informed consent was waived. All
the patients met the following inclusion criteria: (I) first
pathologically diagnosed with ESCC and was confirmed
by endoscopic biopsy; (II) aged from 18-75 years old; (III)
KPS >70; (IV) RO resection; (V) no distant metastasis.
The exclusion criteria included: (I) prior chemotherapy or
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radiotherapy; (II) history of another primary cancer; (III)
the presence of hematologic disorders or inflammatory or
autoimmune diseases; (IV) serious medical diseases that may
affect survival; (V) cases of R1/R2 resection.

Study design

This was a retrospective study from a single Chinese
hospital. This study was conducted in Qianfoshan Hospital
from May 2009 to July 2014.

Peripheral blood samples and biochemical examination
data (liver function and renal function that tested by venous
blood) were obtained within 2 weeks before surgery.
The PNI was calculated as follows: 10x albumin (g/dL)
concentration +0.005x total lymphocyte count (mm’).
The index of NLR was defined as the absolute neutrophil
count divided by the absolute lymphocyte count. The
cut-off values of PNI and NLR were determined using
Receiver operating characteristic (ROC) curves according
to the 5-year survival of all the patients. We determined
the best cutoff values for PNI and NLR to be 49.1 and
3.14, respectively. And a new score system, the combined
PNI and NLR score (PNI-NLR), was calculated from
preoperative data as follows: patients with both an decreased
NLR and an increased PNI were enrolled into group 1
(score 0, NLR <3.14 and PNI >49.1), those with either an
elevated NLR or a decreased PNI were enrolled into group
2 (score 1, NLR >3.14 or PNI <49.1), and those with an
increased NLR and an decreased PNI were enrolled into
group 3 (score 2, NLR >3.14 and PNI <49.1), respectively.
Clinicopathological parameters of all the patients,
including age, gender and so on were collected before and
after surgery. Tumor length, lymph stage were obtained
from pathological and surgical reports. Before analysis,
postoperative pathological staging (I'INM staging) of all the
patients were assessed according to the 8th version of the
TNM staging system by AJCC (American Joint Committee
on Cancer) and UICC (Union for International Cancer
Control). The mean postoperative follow-up period for the
271 patients was 83.7 months (range, 58-123 months). And
the last follow-up date was May 30, 2019.

Statistical analysis

ROC curve analysis was used to evaluate the sensitivity
and specificity of the PNI and NLR for predicting the
S-year overall survival (OS). And the maximum value of the
Youden index was used to select the optimum cutoff point
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of PNI and NLR. The differences in the clinicopathologic
characteristics among different subgroups were analyzed
using the chi-square test or independent Sample 7-test.
OS was defined from the date of surgery to death due
to any cause. And OS was analyzed using the Kaplan-
Meier method, and the differences inter-groups were
compared using the log-rank test. Prognostic factors were
evaluated using univariate and multivariate analyses with
the Cox proportional hazard regression model. Variables
with P value <0.1 in univariate analysis were brought into
multivariate Cox proportional hazard model using a forward
selection method. All the statistical tests were two sided,
and P<0.05 was considered significant, and confidence
intervals (CI) were calculated at the 95% level. All the data
was analyzed using SPSS (version 22.0, IBM). Comparison
of ROC curves among these three indexes using MedCalc.

Results
Clinical characteristics of patients and ROC analysis

The clinical characteristics are shown in Table 1. A total
of 271 patients were enrolled in our study, including 221
men and 50 women (median age of 61 years old). A time-
dependent ROC analysis was used to find the best cut-off
values of NLR and PNI was 3.14 and 49.1, respectively
(Figure 1), and then to calculate the PNI-NLR score
according to the above method for every patient. All the
patients were divided into three groups, that is group 1,
group 2 and group 3 as described above. Using the 5-year
survival rate as an end point, the area under the ROC
curve of PNI and NLR was 0.673, 0.585, respectively
(Figure I). And the sensitivity and specificity rates were
63.04% and 66.17%, 57.86% and 69.39% of PNI and
NLR, respectively. The area under the ROC curve was
0.685 for PNI-NLR (5-year survive as end point. And the
sensitivity and specificity rates were 63.56% and 58.33%
(Figure 2).

The baseline demographics of all the patients in
different subgroups (groups 1, 2, 3) were shown in Table 1.
No significant differences between the two subgroups (in
different NLR subgroups or in different PNI subgroups)
were noted in age, gender, smoking, drinking, TNM stage,
tumor length, location, and differentiation. However, in
different PNI-NLR subgroups, the TNM staging was
statistically different. Patients from group3 have more
patients with stage III and IVA than those from group 1 and
group 2.
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Kaplan-Meier survival analysis

Figures 3 and 4 show Kaplan-Meier curves for 5-year
survival and OS stratified by NLR, PNI and PNI-
NLR. The 5-year survival and the overall survive were
significantly worse in the low PNI group than in the high
PNI group with both P<0.001. The 5-year survival and the
OS time were significantly longer in the low NLR group
than in the high NLR group (P=0.006, P=0.026). Patients
of PNI-NLR group 1 had significantly longer survival time
than those of group 2 and group 3 (with P<0.001). At the
time of the final analysis, 247 of 271 (91.14%) patients were
dead.

Univariate and multivariate analysis

Cox univariate analysis indicated that TNM stage, lymph
stage (N stage), tumor differentiation, NLR, PNI and
PNI-NLR were prognostic factors for the overall survive.
However, multivariate analysis revealed that TNM stage,
N stage, PNI and PNI-NLR were significant prognostic
factors for OS (Table 2).

Comparison of ROC curves of these three indexes

The prognostic value of each index was confirmed by
comparing the areas under the ROC curves (AUC area)
calculated for the patients’ survival statuses at the OS and
S-year survival (Figure 4). As shown in Table 3 and Figure 2,
the index of PNI-NLR had a higher AUC area than that
of the index of PNI or NLR.PNI-NLR was superior to
NLR both in the overall survive and 5-year survive (with
both P<0.05). However, there were no statistical differences
between the AUC areas of PNI-NLR and PNI both in the
OS and 5-year survival (P>0.05). And there were also no
significant differences in AUC areas of PNI when compared
with that of NLR both in the OS and 5-year survival
(P>0.05).

Discussion

Esophageal cancer is a malignant tumor characterized by
high morbidity and mortality. ESCC is the major type of
esophageal cancer, especially in China. Esophagectomy is
still the first choice for patients with localized esophageal
cancer. Due to the high risk of postoperative complications,
careful consideration of surgery is very necessary,
especially for the elderly patients. The nutritional status
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Table 1 Clinical characteristics in all the patients
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PNI-NLR group PNI NLR
Variables
Group 1 Group 2 Group 3 P PNI-high PNI-low P NLR-high NLR-low P
Age (year) 60.20+8.49 61.57+8.92 63.19+9.05 0.15  59.97+8.85 61.76+8.57 0.13 61.49+9.58 61.25+8.48 0.84
Sex
Female 24 19 7 0.31 21 29 0.18 11 39 0.16
Male 80 102 39 119 102 71 150
TNM stage
-1 57 68 16 0.04 76 65 0.52 35 106 0.06
l1-IVA 47 53 30 64 66 47 83
N stage
N- 57 69 21 0.42 7 70 0.89 41 106 0.43
N+ 47 52 25 63 61 41 83
Smoking
Yes 75 79 36 0.22 101 89 0.53 62 128 0.25
No 29 42 10 39 42 20 61
Drinking
Yes 76 79 37 0.12 102 90 0.54 63 129 0.19
No 28 42 9 38 41 19 60
Tumor length
<5cm 60 70 22 0.47 80 72 0.72 42 110 0.29
>5cm 44 51 24 60 59 40 79
Tumor location
Upper 11 10 3 0.79 15 9 0.37 7 17 0.99
Middle 39 48 15 55 47 31 71
Lower 54 63 28 70 75 44 101
Differentiation
Well 12 14 3 0.25 14 15 0.71 5 24 0.27
Middle 60 78 24 87 75 51 111
Poor 32 29 19 39 41 26 54

NLR, neutrophil to lymphocyte ratio; PNI, prognostic nutritional index.

of cancer patients before surgery is closely related to their
postoperative complications and survival (11). Esophageal
cancer patients usually have malnutrition and weight loss
before diagnosis. It is more important to choose a more
appropriate way to assess the nutritional status of patients.

PNI that reflects nutritional status and was found to be

© Translational Cancer Research. All rights reserved.

closely associated with survival in patients with various
malignancies including esophageal cancer (5-7). Kubo
et al. showed that preoperative PNI was a prognostic marker
for survival in patients with ESCC. And the 5-year survival
rate in the high PNI and low PNI groups were 67.2% and

41.2% (P=0.007). However, no significant differences were
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A. The optimal cut-off value of NLR
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B. The optimal cut-off value of PNI
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Figure 1 The optimal cut-off value of NLR and PNTI on the receiver operating characteristic curve to predict the 5-year survival. (A) NLR; (B)

PNI. NLR, neutrophil to lymphocyte ratio; PNI, prognostic nutritional index.

ROC curve
100
80 -
Zz eof
= s
i L
c
Q -
D40
B —NLR
20 —PNI
P —PNI-NLR
0 Z — | BT 1 B 1 PRI |
0 20 40 60 80 100

100-specificity

Sensitivity

ROC curve

100

80

(o)
o

5
o

1 P TR ) WL A A B A U TN DR [ o o PR i S e R |

20

RS |G TSNUSNURRL. | | BPSP |
40 60 80 100

100-specificity

Figure 2 Comparisons of the AUC areas of these three indexes. (A) 5-year survival; (B) the overall survival.

noted between the high PNI group and the low PNI group
in postoperative complications and TNM stage (5). Another
paper showed that PNI was significantly associated with
tumor length, TNM staging and was a predictive factor for
long-term survival in patients with ESCC (12). However,
Sun et al. showed that PNI had no significant correlation
with prognosis in patients with esophageal cancer. And our
paper showed that there was no significantly correlation
between PNI and TNM stage (Zable 1) (13). The reason for
this discrepancy may be the differences in the cutoff value
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for PNI. And there is also controversy on the selection
of optimal cut-off value for PNI to predict survival. The
cut-off value of PNI is usually 45, because 45 is defined
as moderate to severe malnutrition. Other cut-off values
such as 44, 42, 52 are also reported (11,12). The optimal
cutoff value of the PNI was set at 49.1 in our article,
which was the maximal Youden index calculated from
ROC curve. The Kaplan-Meier curves of PNI showed
that the patients from high PNI group had longer survive
time than the patients from the low PNI group. PNI can
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Figure 3 Kaplan-Meier survival curves for 5-year survival in 271 patients (A) NLR; (B) PNI; (C) PNI-NLR score. NLR, neutrophil to

lymphocyte ratio; PNI, prognostic nutritional index.

serve as an index of prognosis for patients with ESCC.
Recently, growing evidence has indicated that inflammatory
markers including NLR are significantly correlated with
progression and prognosis of various malignancies (14,15).
A meta analysis involving 1,633 patients with esophageal
cancer demonstrated that high NLR was associated with
poor OS and disease-free survive (DFS) (16). Another
meta analysis showed that the elevated NLR was associated
with the depth of tumor invasion, tumor size, TNM stage,
and tumor differentiation. And the elevated NLR was also
demonstrated to be closely related to the poor survival of
patients with ESCC (14). Vulliamy ez 4/. showed that NLR
has a high sensitivity in the detection of postoperative
complications following esophageal resection (17). Some
clinical trials also showed that the increased NLR was
associated with significantly worse DFS and OS in both
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univariate and multivariate analysis (18,19). There are many
inflammatory indexes related to the prognosis of patients
with ESCC, NLR has the largest number of reports and
relatively high credibility, so we choose NLR instead of
other indexes as a prognostic factor. However, the optimal
cutoff value of NLR for patients with esophageal cancer
is not clear. Previous studies showed that NLR cutoffs
value ranging from 1.9 to 5 were the optimal cutoff value
for survival prognosis of patients with esophagus cancer
(14,16,18,19). The reason for the heterogeneity is may be
the different choices of the survival time as the end point.
In our study, the optimal cutoff value of NLR was 3.14.
"This result is consistent with previous studies. However, the
value of the combination PNI and NLR to the prognosis of
esophageal cancer has not been reported. Liu ez a/. showed
that the index of PNI combined with NLR was more
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Figure 4 Kaplan-Meier survival curves for overall survival in 271 patients (A) NLR; (B) PNI; (C) PNI-NLR score. NLR, neutrophil to

lymphocyte ratio; PNI, prognostic nutritional index.

sensitive in survival prognosis than that of either alone in
patients with hepatic carcinoma (10). From this article, the
group with both high PNI and low NLR has the longest
survival than the other two group with low PNI or high
NLR. Our article also showed that single PNI or NLR
or PNI-NLR is a predictive factor for survival in patients
with ESCC (Figures 3,4). However, NLR or PNI was not
found to be associated with tumor differentiation, TNM
stage, and lymph stage in our article (7zble 1). But PNI-
NLR score was found to be significantly correlated with
TNM stage in our article (7able I). This may be the reason
that PNI-NLR serve as a prognostic index of ESCC was
superior to the index of PNI or NLR. Although the AUC
area of PNI-NLR was larger than that of NLR and PNI
in both OS and 5-year survival, there was no significant
differences between PNI-NLR and PNI (P>0.05, Table 3).

© Translational Cancer Research. All rights reserved.

The reason may be that the sample size is too small in our
article. And this result still requires more clinical trials to
confirm. Our article showed that the index of PNI-NLR
was significantly superior to NLR in survival prognosis of
patients with ESCC (P<0.05, Table 3, Figure 2). The index
of PNI-NLR was not significantly superior to PNI in
survival prognosis (Table 3, Figure 2). And there was also no
significant differences in the AUC areas between PNI and
NLR (1able 3, Figure 2). Univariate analysis identified PNI-
NLR, NLR and PNI as significant prognostic factors for
OS of ESCC, while Cox multivariate analysis determined
that only PNI-NLR and PNI were the independent factors
to predict survival. This result may be different from the
previous articles, and the reason may be related to the
differences between crowd selection and the choices of
optimal cutoff value. And the differences in single factor
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Table 2 Univariate and multivariate analyses of OS for all patients

Univariate Multivariate
Variables
HR 95 % Cl P value HR 95% CI P value

Age (=60 vs. <60) 0.654 0.483-1.085 0.185
Sex (male vs. female) 1.255 0.906-1.740 0.172
Stage (I-1l vs. llI-IVA) 0.473 0.366-0.611 <0.001 0.283 0.191-0.419 <0.001
N stage (N- vs. N+) 0.689 0.535-0.887 0.004 1.91 1.300-2.805 0.001
Smoking (yes vs. no) 0.976 0.743-1.281 0.86
Drinking (yes vs. no) 0.891 0.676-1.174 0.412
Tumor length (=5 vs. <5) 0.854 0.663-1.099 0.219
Tumor location

Upper

Middle 0.701 0.445-1.104 0.125

Lower 1.092 0.838-1.424 0.514
Differentiation

Well

Middle 0.532 0.334-0.848 0.008

Poor 0.742 0.547-0.959 0.024
NLR (=3.14 vs. <3.14) 1.377 1.050-1.806 0.021
PNI (=49.1 vs. <49.1) 0.505 0.391-0.652 <0.001 0.472 0.364-0.612 <0.001
PNI-NLR

0

1 0.401 0.276-0.578 <0.001 0.579 0.360-0.932 0.025

2 0.689 0.484-0.981 0.038 0.704 0.704-0.529 0.016
NLR, neutrophil to lymphocyte ratio; PNI, prognostic nutritional index; OS, overall survival.
Table 3 Comparison of AUC area between the three indexes
Variables AUC area Z P value
Overall survival

NLR vs. PNI 0.542 vs. 0.623 1.272 0.203

PNI vs. PNI-NLR 0.623 vs. 0.641 0.472 0.637

NLR vs. PNI-NLR 0.542 vs. 0.641 2.215 0.027
5-year survival

NLR vs. PNI 0.585 vs. 0.673 1.943 0.052

PNI vs. PNI-NLR 0.673 vs. 0.685 0.028 0.813

NLR vs. PNI-NLR 0.585 vs. 0.685 2.844 0.004

NLR, neutrophil to lymphocyte ratio; PNI, prognostic nutritional index; AUC, areas under the ROC curve.
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selections and in the choices of P values when entering the
COX analysis may also cause this heterogeneity.

The mechanism of the correlation between PNI or
NLR and survival in patients with ESCC is still not clear.
We believe that cancer progression is affected by both
the cancer cells and immune system of patients. Recently,
albumin has been shown to help stabilize cell growth and
DNA replication to protect against tumorigenesis (20,21).
Albumin has been reported as an independent prognostic
factor for patients with ESCC (22). Lymphocytes are
showed to inhibit the proliferation and invasion of tumor
cells via cytokine-mediated cytotoxicity (23). The increased
neutrophils have been proven to be associated with a poor
prognosis of cancer through the promotion of tumor
angiogenesis and metastasis (24,25). Moreover, previous
studies showed that neutrophils inhibit T cells to promote
tumor progression (26). In summary, malnutrition has
weakened the immune system, lowered the response to
treatment, and consequently has caused poor survival
(27,28). In addition, inflammation can also lead to changes
in the human immune environment, thus regulating the
occurrence and metastasis of malignancies (29). The new
index of PNI-NLR can simultaneously reflect the body’s
immune function and nutritional status. And in addition
to tumor markers, PNI-NLR may be used as an index to
predict survival in patients with ESCC, with the advantages
of economical and easily measurable.

There are still several limitations of our study. Firstly, the
data of this study was obtained retrospectively. Secondly,
the value of PNI and NLR were not gotten from the same
time before surgery, although most were gotten within one
week before surgery. Lastly, there is a lack of uniformity
due to the differences in postoperative adjuvant therapies.
Larger clinical studies still need to be performed to confirm
these findings. In conclusion, the index of PNI-NLR or
single PNI may be useful index for estimating the prognosis
of patients with ESCC after surgery in our article.

Conclusions

Preoperative PNI-NLR was an independent predictor of
survival of patients with ESCC. The index of PNI-NLR
can improve the accuracy of prognoses for patients with
ESCC than the index of NLR.
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