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The Platelet-to-Lymphocyte Ratio Is an Independent
Prognostic Factor for Patients With Esophageal
Cancer Who Receive Curative Treatment
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Abstract. Background: Perioperative systemic inflammation
affects the long-term oncological outcomes of patients with
malignancies. We evaluated the clinical impact of the
preoperative platelet-to-lymphocyte ratio (PLR) in patients
with resectable esophageal cancer who received curative
treatment. Patients and Methods: This study included 168
patients who underwent curative surgery followed by
perioperative adjuvant chemotherapy for esophageal cancer
between 2005 and 2018. The risk factors for overall survival
(0S) and recurrence-free survival (RFS) were identified.
Results: Based on the 3- and 5-year OS rates, we set the cut-
off value of the PLR at 150 in the present study. Among 168
patients, 78 patients (46.4%) were categorized into the PLR-
low group and 90 patients (53.6%) were categorized into the
PLR-high group. The 3- and 5-year OS rates were 64.4%
and 53.8%, respectively, in the PLR-low group, and 46.9%
and 38.1% in the PLR-high group; the difference in OS was
significant (p=0.046). PLR was therefore selected for the
final multivariate analysis model (hazard ratio=1.553, 95%
confidence interval=1.026-2.350, p=0.037). When the
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perioperative clinical course was compared between the two
groups, the incidence of grade 2 or more anastomotic
leakage after surgery was significantly lower in the PLR-low
group at 26.9% compared to 43.3% in the PLR-high group
(p=0.027). Conclusion: The PLR had a clinical impact on
the long-term oncological outcomes of patients with
esophageal cancer treated with curative intent. Therefore,
the PLR might be a promising prognostic factor for patients
with esophageal cancer.

Worldwide, esophageal cancer is the eighth-most common
cancer and the sixth leading cause of cancer-related mortality
(1,2). Esophagectomy with perioperative adjuvant treatment
is the standard treatment for resectable esophageal cancer (3,
4). Although the survival rate after curative treatment
gradually improves, more than half of patients develop
recurrent disease, even after curative treatment, and the
prognosis of patients with recurrence is poor (5, 6).
Therefore, it is necessary to determine prognostic factors and
to establish which patients with prognostic factors require
more aggressive treatment. Perioperative systemic
inflammation is associated with both short- and long-term
oncological outcomes (7, 8). Previous studies demonstrated
that perioperative systemic inflammation accelerated tumor
invasion and enhanced micrometastasis in various
malignancies (9, 10). Therefore, if physicians manage and
control perioperative systemic inflammation using optimal
screening tools, they may be able to improve patient
survival. However, screening tools that can evaluate
perioperative systemic inflammation in patients with
esophageal cancer are limited. Recently, the platelet-to-
lymphocyte ratio (PLR) was developed and reported as a
promising prognostic factor in gastrointestinal malignancies
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Table 1. Comparison of overall survival rates stratified by patient characteristics.

Overall survival rate, n (%)

Characteristic Subgroup No. of patients (%) 1-Year 3-Year 5-Year p-Value

Age <70 Years 92 (54.8%) 82.0 59.2 50.6 0.217
=70 Years 76 (45.2%) 793 47.17 38.6

Sex Male 143 (85.1%) 80.2 520 43.7 0.712
Female 25 (14.9%) 80.0 62.1 56.5

Tumor location Upper 47 (28.0%) 76.2 53.8 504 0.753
Middle 76 (45.2%) 79.7 48.8 448
Lower 45 (26.8%) 853 63.1 41.1

T Status T1 67 (39.9%) 923 72.0 67.2 <0.001
T2/T3 101 (60.1%) 723 430 323

Lymph node metastasis Negative 90 (53.6%) 84.9 65.2 60.1 0.001
Positive 78 (46.4%) 74.8 42.1 29.8

Platelet-lymphocyte ratio <150 78 (46.4%) 83.8 64.4 53.8 0.046
=50 90 (53.6%) 76.9 46.9 38.1

Lymphatic invasion Negative 100 (59.5%) 80.3 59.7 53.6 0.206
Positive 68 (40.5%) 79.9 46.8 352

Vascular invasion Negative 65 (38.7%) 85.4 68.4 59.3 0.002
Positive 103 (61.3%) 76.8 454 36.9

Postoperative surgical complications No 121 (72.0%) 77.1 51.0 458 0.988
Yes 47 (28.0%) 88.2 63.0 45.0

(11-13). The PLR only consists of the platelet and
lymphocyte counts. Thus, the PLR has clinical advantages,
including ease of implementation, preoperative accessibility,
and low cost.

In the present study, we hypothesized that the preoperative
PLR may have clinical impact on both short- and long-term
oncological outcomes in patients who receive curative
treatment for esophageal cancer. To confirm our hypothesis,
we evaluated the prognostic value and clinical impact of the
PLR in such patients.

Patients and Methods

Patients. Individuals were selected from the medical records of
consecutive patients who were diagnosed with primary esophageal
adenocarcinoma or squamous cell carcinoma and who underwent
complete tumor resection at Yokohama City University from 2005
to 2018. The inclusion criteria were as follows: (i) stage I-III
disease, as evaluated according to the Union for International
Cancer Control classification (7th edition) (14); (i) complete (RO)
resection of esophageal cancer with lymphadenectomy; and (iii) a
laboratory blood analysis performed within 1 week before surgery.
Patients who underwent R1 or R2 resection were excluded from the
present analysis.

Surgical procedure. In principle, subtotal esophagectomy via right
thoracotomy and reconstruction with a gastric tube is the standard
procedure for patients with esophageal cancer. Two-field lymph
node dissection was indicated when tumors were located at the
middle thoracic to lower thoracic esophagus, while three-field
dissection was applied for upper thoracic tumors.

Measurement of the PLR. The PLR was calculated by dividing the
platelet count by the lymphocyte count. The PLR values were
assessed from blood samples taken within 7 days before surgery.

Evaluation and statistical analyses. The chi-squared test was used to
compare the significance of differences between the PLR and
clinicopathological parameters. The Kaplan-Meier method was used to
calculate the overall survival (OS) and recurrence-free survival (RFS)
curves. OS was defined as the period between the date of surgery and
death. RFS was defined as the period between surgery and the
occurrence of an event, recurrence, or death, whichever came first. The
data of patients who had not experienced an event were censored at the
date of the final observation. Univariate and multivariate survival
analyses were performed using a Cox proportional hazards model. p-
Values of less than 0.05 were considered to indicate statistical
significance of differences and associations. SPSS (v26.0 J Win; IBM,
Armonk, NY, USA) was used to perform all statistical analyses. This
study was approved by the Institutional Review Board of Yokohama
City University (approval number: B191100037).

Results

Patients. One-hundred and sixty-eight patients were evaluated
in the present study. Based on the 3- and 5-year OS rates and
previous reports (11-13), we set the cut-off value of the PLR at
150 in the present study (Table I). In the present study, the
patients were divided into the PLR-low group (<150) and the
PLR-high group (=150). Among 168 patients, 78 patients
(46.4%) were categorized into the PLR-low group and 90
patients (53.6%) into the PLR-high group. When comparing the
patient background factors between these two groups, the
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Figure 1. Comparison of the overall survival of patients of the platelet-lymphocyte ratio (PLR)-high and PLR-low groups.

background factors were mostly similar. The median age (67 vs.
67 years, p=0.693), male sex rate (83.3% vs. 86.6%, p=0.545),
incidence of alcohol habit (87.2% vs. 87.8%, p=0.907), incidence
of smoking habit (83.3% vs. 88.9%, p=0.296), incidence of
hypertension (41.0% vs. 53.3%, p=0.111), incidence of diabetes
mellitus (10.3% vs. 18.9%, p=0.117), and incidence of chronic
obstructive pulmonary disease (32.1% vs. 31.1%, p=0.896) were
similar. On the other hand, the median preoperative serum
albumin (4.0 vs. 3.9 g/dl, p=0.072) and C-reactive protein (0.38
mg/dl vs. 0.85 mg/dl, p=0.030) levels in the PLR-high group
were worse than those in the PLR-low group.

Survival analysis of the PLR-low and PLR-high groups. The
3- and 5-year OS rates were 64.4% and 53.8%, respectively,
in the PLR-low group, and 46.9% and 38.1%, respectively, in
the PLR-high group; these differences were significant (Figure
1) (p=0.046). Each clinicopathological factor was categorized
as shown in Table II, and the prognostic significance was
analyzed. The univariate analyses for OS showed that the
pathological T status and PLR were significant prognostic
factors. The PLR was therefore selected for the final
multivariate analysis model [hazard ratio (HR)=1.553, 95%
confidence interval (CI)=1.026-2.350; p=0.037]. The 3- and
5-year RFS rates were 48.4% and 41.4%, respectively, in the
PLR-low group but were significantly lower (Figure 2)
(p=0.032) at 30.6% and 25.5%, respectively, in the PLR-high
group. Each clinicopathological factor was categorized as
shown in Table III and its prognostic significance was
analyzed. The univariate analyses for RFS showed that the

pathological T status, lymph node metastasis, and PLR were
significant prognostic factors. The PLR was also selected for
the final multivariate analysis model (HR=1.495, 95%
CI=1.022-2.189; p=0.038). When the sites of recurrence were
compared, in the PLR-high group, hematological recurrence
was significantly higher (35.6% vs. 20.5%, p=0.031) and local
recurrence was approximately double that of the PLR-low
group (11.1% vs. 5.1%, p=0.162) (Table IV).

Comparison of the postoperative clinical course between the
PLR-low and PLR-high groups. When the perioperative clinical
course was compared between the two groups, they were
similar. The median postoperative hospital stay (43 vs. 46 days,
p=0.638), median operative time (628 vs. 647 mins, p=0.563),
and median intraoperative blood loss (639 ml vs. 752 ml,
p=0.273) were similar between the PLR-low and PLR-high
groups respectively. In addition, the incidence of postoperative
complications was also similar between the PLR-low and PLR-
high groups (71.8% vs. 72.2%, p=0.951). On the other hand,
the incidence of Clavien-Dindo grade 2 or more anastomotic
leakage was significantly lower at 26.9% in the PLR-low
group, while it was 43.3% in PLR-high group (p=0.027).

Discussion

The present study aimed to clarify whether the platelet-to-
lymphocyte ratio (PLR) has a clinical impact in patients with
esophageal cancer who receive curative treatment. The major
finding was that the preoperative PLR did appear to affect the
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Table II. Univariate and multivariate Cox proportional hazards analysis of clinicopathological factors for overall survival.

Univariate analysis Multivariate analysis
Factor Subgroup No. OR 95% CI p-Value OR 95% CI p-Value
Age <70 Years 92 1.000 0.218
=270 Years 76 1.292 0.859-1.944
Sex Female 25 1.000 0.712
Male 143 1.117 0.621-2.011
T Status Tl 67 1.000 <0.001 1.000 <0.001
T2/T3 101 2.450 1.539-3.900 2478 1.556-3.948
Lymph node Negative 90 1.000 0.002
metastasis Positive 78 1.922 1.275-2.897
Platelet-lymphocyte <150 78 1.000 0.047 1.000 0.037
ratio
=150 90 1.520 1.005-2.298 1.553 1.026-2.350
Lymphatic invasion Negative 100 1.000 0.208
Positive 68 1.298 0.865-1.949
Vascular invasion Negative 65 1.000 0.002
Positive 103 2.021 1.291-3.163
Tumor location Middle/lower 121 1.000 0.594
Upper 47 1.135 0.713-1.807
Postoperative surgical No 121 1.000 0.988
complications Yes 47 1.004 0.641-1.572

CI: Confidence interval; OR: odds ratio.
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Figure 2. Comparison of the recurrence-free survival of patients of the platelet-lymphocyte ratio (PLR)-high and PLR-low groups.

long-term oncological outcomes in patients with esophageal Firstly, we wish to discuss the clinical impact of the PLR
cancer who underwent curative treatment. Therefore, our  on long-term oncological outcomes. In the present study, the
results suggest that the perioperative PLR is a promising  5-year OS rate was 53.8% in the PLR-low group, and 38.1%
prognostic factor for patients with esophageal cancer. in the PLR-high group. Moreover, the HR of a PLR>150 for
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Table III. Univariate and multivariate Cox proportional hazards analysis of clinicopathological factors for recurrence-free survival.

Univariate analysis

Multivariate analysis

Factor Subgroup No. OR 95% CI p-Value OR 95% CI p-Value
Age <70 Years 92 1.000 0.647
=270 Years 76 1.091 0.751-1.584
Sex Female 25 1.000 0.431
Male 143 1.237 0.728-2.101
T Status T1 67 1.000 <0.001 1.000 <0.001
T2/T3 101 3.613 2.323-5.619 3.148 1.975-5.018
Lymph node metastasis Negative 90 1.000 <0.001 1.000 0.032
Positive 78 2.278 1.564-3.318 1.544 1.037-2.300
Platelet-lymphocyte ratio <150 78 1.000 0.032 1.000 0.038
=150 90 1.507 1.033-2.199 1.495 1.022-2.189
Lymphatic invasion Negative 100 1.000 0.014
Positive 68 1.593 1.100-2.307
Vascular invasion Negative 65 1.000 <0.001
Positive 103 2.565 1.678-3.922
Tumor location Middle/lower 121 1.000 0.605
Upper 47 1.118 0.732-1.707
Postoperative surgical No 121 1.000 0.981
complications Yes 47 1.005 0.664-1.552

CI: Confidence interval; OR: odds ratio.

OS was 1.553. Similar results were observed in limited
studies. Feng et al. evaluated the prognostic value of the
pretreatment PLR in 483 patients with esophageal squamous
cell carcinoma (15). They demonstrated that the 5-year OS
rate was 63.5% in their PLR-low group, and 32.7% in their
PLR-high group. In addition, they also showed that a high
PLR was a prognostic factor, with an HR of the PLR (cut-
off value at 150) for OS was 1.840 (95% CI=1.407-2.407,
p<0.001). Xie et al. investigated the clinical impact of the
preoperative PLR in 317 patients with esophageal squamous
cell carcinoma (16). They demonstrated that the 3-year
disease-specific survival rate was 71.7% in their PLR-low
group, and 54.3% in their PLR-high group. A high-PLR was
a negative prognostic factor, with an HR of 1.776 (95%
CI=1.224-2.578, p=0.003). Taken together, the preoperative
PLR was considered to be a promising prognostic factor for
patients who received curative treatment for esophageal
cancer.

Why does the preoperative PLR affect long-term
oncological outcomes? The most likely reason is that the
preoperative PLR is related to the occurrence of infectious
complications, such as anastomotic leakage or fistula. In the
present study, the incidence of postoperative anastomotic
leakage in the PLR-high group was significantly higher than
that in the PLR-low group (43.3% vs. 26.9%, p=0.027).
Recently, we reported that postoperative anastomotic leakage
was a significant prognostic factor in patients with esophageal
cancer (17). The 3- and 5-year OS rates were 63.9% and

Table IV. Patterns of recurrence according to the platelet-lymphocyte
ratio.

Platelet-lymphocyte ratio, n (%)

Recurrence site <150 (n=78) =150 (n=90) p-Value
Hematological recurrence 16 (20.5) 32 (35.6) 0.031
Lymph node recurrence 22 (28.2) 28 (31.1) 0.681
Local site 4(5.1) 10 (11.1) 0.162

53.2%, respectively, in the group without, and 43.9% and
40.2% in that with anastomotic leakage (p=0.0049). Similarly
to our study, Han et al. evaluated the clinical impact of the
PLR as a predictor of fistula formation in 317 patients who
underwent esophagectomy for esophageal cancer (18). They
found that the incidence of fistula formation was significantly
higher in their PLR-high group than in their PLR-low group
(60.5% vs. 39.5%, p=0.001). Moreover, the PLR was
identified as an independent risk factor for fistula formation
(odds ratio=2.359, 95% CI=1.096-5.080, p=0.028). In
addition, Paliogiannis et al. evaluated the clinical relationship
between the PLR and postoperative anastomotic leakage in
1,432 patients with colorectal cancer (19). They found that
the PLR in patients with postoperative anastomotic leakage
was significantly higher than that in patients without it.
Therefore, the preoperative PLR status may be involved in
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the occurrence of postoperative complications and it may be
necessary to develop treatment or postoperative management
strategies based on the preoperative PLR status.

The present study offers some future suggestions. Firstly,
there was a clinical relationship between the PLR status and
the pattern of recurrence. In the present study, the rate of
hematological recurrence was significantly higher in the PLR-
high group than in the PLR-low group. However, the
underlying mechanism through which the PLR status
significantly affected hematological recurrence is unclear. In
addition, as far as we are aware, no reports have focused on
the relationship between the PLR status and the recurrence
pattern. Secondly, the optimal cut-off value of the PLR was
unclear. In the present study, we set the cut-off value of the
PLR at 150 according to the 3- and 5-year OS rates.
However, previous studies set various cut-off values for the
PLR (15, 16, 20, 21). Similarly to our study, Chen et al. set
a cut-off value of 150 for 107 patients with esophageal cancer
according to a previous study (20), while Feng et al. set a cut-
off value of 150 in 483 patients with esophageal cancer
according to the results of a receiver operating characteristics
(ROC) analysis (15). On the other hand, Xie et al. set a cut-
off value of 103 in 317 patients according to an ROC analysis
(16), while Wang et al. set a cut-off value of 183 in 113
patients according to an ROC analysis (21). The differences
in the cut-off values for the PLR were due to the different
of patients, background characteristics, and
treatment strategies. To utilize the preoperative PLR for
esophageal cancer treatment, it is necessary to set and
determine the optimal cut-off value of the PLR. Further
studies should focus on these issues.

In conclusion, the preoperative PLR affects the long-term
oncological outcomes of patients with esophageal cancer
who receive curative treatment. Therefore, the perioperative
PLR is a promising prognostic factor for esophageal cancer.
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