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Preoperative plus postoperative neutrophil-lymphocyte
ratio for predicting overall survival following partial
hepatectomy for hepatocellular carcinoma
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Abstract. The preoperative neutrophil-lymphocyte ratio
(NLR) and the postoperative NLR have been reported to
be prognostic factors for malignant tumors. However, the
prognostic value of combining the preoperative NLR and post-
operative NLR for hepatocellular carcinoma (HCC) remains
unclear. In the present study, a cohort of 70 patients with
primary HCC were retrospectively reviewed. The optimal
cut-offs for continuous variables were determined by the maxi-
mally selected rank statistics. The prognostic factors included
preoperative NLR, postoperative NLR, preoperative NLR plus
postoperative NLR, change in postoperative NLR, and postop-
erative NLR minus preoperative NLR. The predictive powers
of the aforementioned prognostic factors were analyzed by
the area under the time-dependent receiver operating charac-
teristic (td-AUC) curve. Prognostic values were assessed by
univariate and multivariate analyses. An increased preopera-
tive NLR was found to be associated with higher preoperative
neutrophil levels, lower preoperative lymphocyte levels and
larger tumor sizes (all P<0.05). An increased postoperative
NLR was associated with higher postoperative neutrophil
levels and lower postoperative lymphocyte levels (all P<0.05).
Multivariate analysis identified the preoperative NLR plus
postoperative NLR as an independent prognostic risk factor
(HR, 2.985; 95% CI1, 1.648-5.407; P<0.001). The preoperative
NLR plus postoperative NLR had higher td-AUC values than
the preoperative NLR, postoperative NLR, postoperative NLR
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change, and postoperative NLR minus the preoperative NLR
in the first to fourth years after surgery. The preoperative NLR
plus postoperative NLR, considering both the preoperative
and postoperative treatment phases, is a novel and promising
prognostic factor for patients with HCC and requires further
investigation in the future.

Introduction

Hepatocellular carcinoma (HCC) is an international health
problem that places a substantial burden on the healthcare
system (1). Low-cost treatment options are recommended for
economic reasons. Recent studies have demonstrated that an
increased preoperative neutrophil-lymphocyte ratio (NLR)
is an economical independent prognostic indicator in several
different types of malignancy, including HCC (2,3), glioblas-
toma multiforme (4), pancreatic neuroendocrine tumors (5),
gastric (6), ovarian (7), renal (8) and breast cancer (9).
Persistent inflammation promotes and accelerates the
progression of malignant tumors at different stages of tumor
development, including initiation, progression, malignant
conversion, invasion and metastasis (10). In recent years,
certain studies have focused on the effect of postoperative NLR
on the prognosis of patients with malignant tumors (11-21)
and have reported that an increased postoperative NLR was
associated with poorer survival outcomes in patients with
solid tumors (12,15,21). Certain studies have begun to focus on
the association between preoperative NLR and postoperative
NLR: Postoperative NLR changes for advanced tumors (13,14);
the preoperative plus the postoperative NLR for gastric
cancer (15); and the postoperative NLR minus preoperative
NLR for HCC (3,16), colorectal (17), non-small-cell lung (18)
and gastric cancer (19,20). Some of these studies were based
on the hypothesis that the postoperative NLR is higher than
the preoperative NLR following treatment, which may be due
to a protumor inflammatory response, and they found that
patients with a postoperative NLR higher than the preopera-
tive NLR had a poorer prognosis (3,13,14,16-20). However, the
association between the preoperative NLR and postoperative
NLR remains controversial, and it may not be appropriate to
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study the postoperative NLR in the context of the preoperative
NLR. Peng et al (16) reported that the balance between the
immune response and the inflammatory response may change
following the surgical removal of HCC lesions.

HCC is a typical example of an inflammation-related
tumor, as >90% of HCC cases arise in the context of hepatic
injury and inflammation (1,22). The prognostic utility of the
preoperative NLR and postoperative NLR for HCC requires
further study. Although preoperative NLR minus postopera-
tive NLR was identified as an independent prognostic factor
for HCC in previous studies, no significant differences were
identified between the two groups for commonly evaluated
clinicopathological features (3,16). Therefore, the application
and reliability of the postoperative NLR minus preoperative
NLR and other associated combinations for the prognosis of
HCC require further study.

Materials and methods

Patient selection. A total of 70 patients undergoing partial
hepatectomy for primary HCC admitted to Beijing Tsinghua
Chang Gung Hospital affiliated with Tsinghua University
(Beijing, China) between December 2014 and July 2019
were retrospectively analyzed. The mean patient age was
56.97+10.06 years (range, 33-81 years). The HCC cohort
consisted of 54 males (77.1%) and 16 females (22.9%). The
study was approved by the Ethics Committee of Beijing
Tsinghua Chang Gung Hospital (Beijing, China). The inclu-
sion criteria were as follows: i) pathological diagnosis of
primary HCC with a planned treatment of curative resection;
ii) no redness or exudation from the incision when the patient
was discharged from the hospital and no infections or compli-
cations at the time of discharge; iii) complete demographic
data; iv) complete laboratory and imaging examinations; and
v) regular follow-up following the operation.

Clinicopathological variables. All patient data (including
laboratory indicators, imaging data and pathology data)
were obtained from the hospital's electronic information
system. The preoperative laboratory indicators were taken
from the first laboratory results after admission. The post-
operative laboratory examinations were performed 1-2 days
before discharge after all complications had been resolved.
At that time, the surgical incisions had no redness or exuda-
tions. The overall survival (OS) time was defined as the day
of surgery until the day the patient died or the last follow-up
day. All the deceased patients died as a result of their tumors.

The study variables included the following: (1) general
information (age and sex); (2) blood test results [white blood
cells, neutrophils, lymphocytes, hepatitis B surface antigen
(HBsAg), albumin, and alpha-fetoprotein (AFP)]; (3) patho-
logical indicators (cirrhosis, tumor number, tumor size and
tumor differentiation); (4) prognostic information (patient
survival time); and (5) complications. According to the
World Health Organization standards, the degree of differ-
entiation of HCC was divided into poorly-, moderately- and
highly-differentiated (23).

The present study investigated the effect of the preoperative
NLR, postoperative NLR, postoperative NLR change, preop-
erative NLR plus postoperative NLR and postoperative NLR

minus preoperative NLR on the prognosis of patients with
HCC following resection. The NLR was defined as the ratio
of the absolute number of neutrophils to the absolute number
of lymphocytes (19). The postoperative change was defined as
the postoperative NLR divided by the preoperative NLR (13).
The postoperative NLR minus preoperative NLR was defined
as the postoperative NLR value minus the preoperative NLR
value (3,18). The preoperative NLR plus the postoperative
NLR value was calculated based on the preoperative NLR
and postoperative NLR cut-off values as follows: Patients
with both an increased preoperative NLR and postoperative
NLR were assigned a score of 2, patients showing either an
increased preoperative NLR or an elevated postoperative NLR
were assigned a score of 1, and patients in whom neither the
preoperative NLR nor the postoperative NLR was increased
were assigned a score of 0.

Statistical analysis. Categorical data are reported as the
number and percentage of cases. The chi-square test or
Fisher's exact test were used to analyze the categorical data.
Continuous variables are reported as the mean + standard
deviation and were compared using Student's t-test or analysis
of variance (3,24). A Cox proportional hazard model was used
for the univariate and multivariate analyses. The survival curve
was drawn with the ‘Surv_fit’ function in the R software (25).

The optimal cut-off for continuous variables was deter-
mined by using the maximally selected rank statistics by the
‘surv_cutpoint’ function of the ‘survminer’ R package (26,27).
The time-dependent receiver operating characteristic
(td-ROC) curve was estimated to assess the performance of
the preoperative NLR, postoperative NLR, postoperative NLR
change, preoperative NLR plus postoperative NLR, and post-
operative NLR minus preoperative NLR. The time-dependent
area under the curve (td-AUC) was calculated by the survival
ROC function of the R software, and a larger td-AUC indi-
cated more accurate prognostic stratification (25). All data
were analyzed using SPSS 26.0 software (IBM Corp.) and
R version 3.6.1 (http:/www.r-project. org/). Graphs were
created using R software. P<0.05 was considered to indicate a
statistically significant difference.

Results

Baseline characteristics. A total of 70 patients with HCC were
included in the present study. Hepatitis B was diagnosed in
59 patients. The mean tumor size was 5.67+3.92 cm, and the
number of patients with solitary tumors was 57 (81.4%). The
number of patients with cirrhosis was 33 (47.1%). Complications
included biliary leakage (n=2, 2.86%), pleural effusion (n=56,
80%), pneumonia (n=3, 4.29%) and perihepatic effusion (n=1,
1.43%). The mean preoperative white blood cell, neutrophil
and lymphocyte counts and the postoperative white blood cell,
neutrophil and lymphocyte counts were 5.41+1.91, 3.26+1.76,
1.55+0.56, 5.98+2.14 ng/ml, 3.82+1.61 and 1.39+0.65 mg/l,
respectively.

Optimal cut-offs for continuous variables. The optimal
cut-offs of the preoperative NLR, postoperative NLR,
postoperative NLR change and postoperative NLR minus
preoperative NLR were 3.46,4.33,-0.25 and 3.42, respectively.
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Table I. Comparison of baseline clinical characteristics according to preoperative NLR and postoperative NLR values.

Preoperative  Preoperative Postoperative  Postoperative
Overall, NLR<3 46, NLR>3 4, NLR=4.33, NLR>4.33,

Baseline variable (n=70) (n=61) (n=9) P-value (n=58) (n=12) P-value
Age, years 56.97+10.06  57.33+9.84 54.56x11.81 0444 56.57+10.16  58.92+9.75 0.466
Sex, male 54 (77.1) 45 (73.8) 9 (100) 0.082 42 (72.3) 12 (100) 0.055
HBsAg (+) 59 (84.3) 51 (83.6) 8 (88.9) 1.000 49 (84.5) 10 (83.3) 1.000
AFP (ng/ml) 662.48+808.76 666.38+808.31 636.06+860.53 0.917 656.96+£787.73 689.16+941.62 0.901
Preoperative WBC (10°/1) 541191 5.02+1.20 8.10£3.40  <0.001 5.33+1.84 5.84+2.28 0.407
Preoperative 3.26+1.76 2.81+0.87 6.31+3.01 0.001  1.68+0.22 3.87+2.09 0.187
neutrophil (10°/1)

Preoperative 1.54+0.57 1.63+0.56 1.03+0.33 <0.003  1.61x0.57 1.27+0.51 0.069
lymphocyte (10°/1)

Albumin (g/dl) 42.53+8.53 43.25+8.84 37.68+3.30 0.067 43.15+9.14 39.55+3.41 0.185
Postoperative WBC (10°/1)  5.98+2.14 5.85£1.92 6.86+3.27 0.190  5.69+2.07 742+1.94 0.010
Postoperative 3.83+1.61 3.70+1.50 4.70+£2.12 0.080 3.47+1.39 556156  <0.001
neutrophil (10°/1)

Postoperative 1.39+0.65 1.41+£0.56 1.29+1.13 0.627  1.49+0.66 0.92+0.31 0.005
lymphocyte (10°/1)

Cirrhosis, yes 33 (47.1) 28 (45.9) 5(55.6) 0.854 27 (46.6) 6 (50.0) 0.828
Tumor size, cm 5.67£3.92 5.04+£3.51 9.88+4.19 0.001  5.46+3.74 6.68+4.77 0.327
Tumor number, multiple 13 (18.57) 10 (16.39) 2(22.22) 1.000 10(17.24) 2 (16.67) 1.000
Differentiation, poor 8 (11.43) 6 (9.84) 2(22.22) 0.597 5(8.62) 3(25) 0.261
Biliary leakage 2 (2.86) 2(3.28) 0(0) 1.000 2 (345) 0 (0) 1.000
Pleural effusion 56 (70) 49 (80.33) 7 (77.78) 1.000 45 (77.59) 12 (91.67) 0.267
Pneumonia 3(4.28) 3(4.91) 0 () 0.858 3(5.17) 0 (0) 0.982
Perihepatic effusion 1(143) 1(1.66) 0(0) 1.000 1(1.72) 0(0) 1.000

Dataare presented as mean + standard deviation orn (%) . AFP,alpha-fetoprotein; HBsAg, hepatitis B surface antigen; NLR ,neutrophil-lymphocyte

ratio; WBC, white blood cells.

The optimal cut-off for age and tumor size were also calculated
(47-years-old and 5 cm, respectively).

Clinical and pathological data for preoperative NLR and
postoperative NLR. An increased preoperative NLR was
associated with a higher preoperative white blood cell count
(P<0.001), higher preoperative neutrophil count (P=0.001),
lower preoperative lymphocyte count (P<0.003) and larger
tumor size (P=0.001). An increased postoperative NLR was
associated with a higher postoperative white blood cell count
(P=0.010), higher postoperative neutrophil count (P<0.001),
and lower postoperative lymphocyte count (P=0.005). There
was no correlation between an increased preoperative NLR
and the occurrence of complications. Similarly, there was no
statistically significant difference in complications between
the low and high postoperative NLR groups (Table I).

Survival analysis. A total of 19 patients (27.14%) died during
the follow-up period. The mean survival duration was
12 months (range, 2-52 months). The 1-, 2-, 3- and 4-year OS
rates were 87.1,74.0, 72.8 and 72.8%, respectively.

The 70 patients with HCC were divided into 2 groups
according to their preoperative NLR values: preoperative
NLR<3.46 (n=61) and preoperative NLR>3.46 (n=9; Fig. 1A).

Likewise, the patients with HCC were divided into 2 groups
according to their postoperative NLR profiles: postop-
erative NLR=<4.33 (n=58) and postoperative NLR>4.33 (n=12;
Fig. 1B). Using the Surv_{fit function to analyze patient survival,
high preoperative NLR and high postoperative NLR were
significantly associated with OS (P=0.00068 and P=0.0044,
respectively; Fig. 1A and B).

The 70 patients with HCC were divided into 2 groups
according to their postoperative NLR change and postopera-
tive NLR minus preoperative NLR values: postoperative NLR
change>-0.25 (n=9) and postoperative NLR minus preopera-
tive NLR=3.42 (n=7). In the Surv_fit function analysis, a high
postoperative NLR change was not a significant prognostic
factor (P=0.27; Fig. 1C), but a high postoperative NLR minus
preoperative NLR of =3.42 was significantly associated with a
decreased OS (P=0.0048) (Fig. 1D).

Patients with preoperative NLR plus postoperative NLR
scores of 0 had the most favorable outcomes, and patients
with preoperative NLR plus postoperative NLR=2 had the
poorest prognosis. These findings indicated that an increased
preoperative NLR and an increased postoperative NLR were
significantly associated with poor survival compared with a
low preoperative NLR and/or postoperative NLR (P=0.00033;
Fig. 1E).
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Figure 1. Kaplan-Meier survival curves for overall survival in 70 patients undergoing partial hepatectomy for primary hepatocellular carcinoma. (A) Preoperative
NLR, (B) postoperative NLR, (C) postoperative NLR change, (D) postoperative NLR minus preoperative NLR, and (E) preoperative NLR plus postoperative
NLR. NLR, neutrophil-lymphocyte ratio.
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Table II. Univariate and multivariate analyses of prognostic factors of overall survival for patients with hepatocellular carcinoma.

Univariate analyses

Multivariate analyses

Baseline variable HR 95% CI P-value HR 95% CI P-value
Age,>47 years 0.696  0.250-1.936 0488
Sex, male 3010  0.694-13.045 0.141
HBsAg (+) 1.521 0.351-6.590 0.575
AFP, >20 ng/ml 2.340  0.681-8.047 0.177
Preoperative WBC, 101 1.030  0.830-1.297 0.786
Preoperative neutrophil, 10%/1 1.087  0.855-1.334 0.427
Preoperative lymphocyte, 10%/1 0534  0.255-1.266 0.154
Albumin, g/dl 0920  0.841-1.007 0.071
Postoperative WBC, 10%/1 1.040  0.848-1.277 0.704
Postoperative neutrophil, 10%/1 1.224  0.939-1.596 0.135
Postoperative lymphocyte, 10°/1 0.682  0.291-1.599 0.379
Cirrhosis, yes 0943  0.382-2.330 0.899
Tumor size, >5 cm 2.795 1.099-7.110 0.031
Tumor number, multiple 1.549 0.513-4.681 0438
Differentiation, poor 3.079 1.001-9.473 0.050
Biliary leakage 0.048  0.000-70634.465 0.675
Pleural effusion 0.688 0.227-2.086 0.508
Pneumonia 0.941 0.126-7.060 0.953
Perihepatic effusion 0048  0.000-103525.973 0.683
Preoperative NLR 4.618 1.728-12.339 0.002
Postoperative NLR 3512 1.381-8.934 0.008
Preoperative NLR plus Postoperative NLR 2.985 1.648-5.407 <0.001 2985  1.648-5.407 <0.001
Postoperative NLR change 0.548 0.182-1.654 0.286
Postoperative NLR minus Preoperative NLR ~ 3.296 1.181-9.199 0.023

HR, hazard ratio; CI, confidence interval; AFP, alpha-fetoprotein; HBsAg, hepatitis B surface antigen; NLR, neutrophil-lymphocyte ratio;

WBC, white blood cells.

Factors associated with prognosis. To identify the independent
prognostic risk factors in patients with primary HCC under-
going partial hepatectomy, Cox univariate and multivariate
analyses were performed. The results of the univariate analysis
are shown in Table II. The univariate analysis showed that
tumor size (HR, 2.795; 95% CI, 1.099-7.110; P=0.031), preop-
erative NLR plus postoperative NLR (HR, 2.985; 95% ClI,
1.648-5.407; P<0.001), preoperative NLR (HR, 4.618; 95% ClI,
1.728-12.339; P=0.002), postoperative NLR (HR, 3.512;
95% CI, 1.728-12.339; P=0.008), and postoperative NLR minus
preoperative NLR (HR, 3.296; 95% CI, 1.181-9.199; P=0.023)
were significantly associated with a poor OS. Subsequently,
the multivariate analysis identified the preoperative NLR plus
postoperative NLR (HR, 2.985; 95% CI, 1.648-5.407; P<0.001)
as an independent prognostic risk factor (Table IT).

Preoperative NLR plus postoperative NLR is superior to
other factors in predicting prognosis. The td-ROC curves
were used to assess the discriminatory abilities of the
preoperative NLR plus postoperative NLR, preoperative
NLR, postoperative NLR, postoperative NLR change, and
postoperative NLR minus preoperative NLR in terms of

prognosis. The preoperative NLR plus postoperative NLR
had higher td-AUC values at 1 year (0.76), 2 years (0.655), 3
years (0.685) and 4 years (0.685) than the preoperative NLR
(1 year, td-AUC=0.733; 2 years, td-AUC=0.609; 3 years,
td-AUC=0.595; and 4 years, td-AUC=0.595; Fig. 2).

Compared with the postoperative NLR, the preoperative
NLR plus postoperative NLR had higher td-AUC values
(1 year, 0.76 vs. 0.657; 2 years, 0.655 vs. 0.599; 3 years, 0.685
vs. 0.641; and 4 years, 0.685 vs. 0.641; Fig. 2).

The preoperative NLR plus postoperative NLR had higher
td-AUC values at 1 year (0.76), 2 years (0.655), 3 years (0.685)
and 4 years (0.685) than the CNLR (1 year, td-AUC=0.606;
2 years, td-AUC=0.54; 3 years, td-AUC=0.529; and 4 years,
td-AUC=0.529; Fig. 2). Similarly, the preoperative NLR plus
postoperative NLR had a higher td-AUC than the postopera-
tive NLR minus preoperative NLR in the first to fourth years
(Fig. 2).

Clinical and pathological data for preoperative NLR plus
postoperative NLR. Among the 70 patients, 53 (75.71%) were
classified as having a preoperative NLR plus postoperative
NLR score of 0, whereas 13 (15.87%) and 4 (0.06%) were
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Table III. Comparison of clinical and pathological data according to preoperative NLR plus postoperative NLR values.

Preoperative NLR Preoperative NLR Preoperative NLR
plus postoperative plus postoperative plus postoperative
Baseline variable NLR=0, n=53 NLR=1,n=13 NLR=2, n=4 P-value
Age, years 59.19+9.837 55.08+11.507 60.25+9.467 0.641
Sex, male 37 (69.8) 13 (100) 4 (100) 0.036
HBsAg (+) 44 (83) 12 (92.3) 3(75) 0.623
AFP, ng/ml 683.522+801.952 484.569+776.219 961.883+1105.531 0.552
Preoperative WBC, 10%/1 5.018+1.195 6.046+3.040 7.458+3.154 0.004*
Preoperative neutrophil, 10°/1 2.787+0.876 4.417£2.875 5.728+2.683 <0.001
Preoperative lymphocyte, 10%/1 1.652+0.561 1.319+0.499 0.933+0.219 0.012°
Albumin, g/dl 43.634+9.393 39.685+2.757 37.225+4.322 0.144
Postoperative WBC, 10%/1 5.603+1.870 7.152+2.498 7.218+2.981 0.029¢
Postoperative neutrophil, 10%/1 3427+1.354 4.882+1.621 5.695+2.300 <0.001*
Postoperative lymphocyte, 10%/1 1.474+0.566 1.254+0918 0.803+0.387 0.094
Cirrhosis, yes 24 (45.3) 7 (53.8) 2 (50) 0.852
Tumor size, cm 5.111£3.622 6.331+£3.618 10.850+5.555 0.013¢
Tumor number, multiple 10 (18.86) 0(0) 2 (50) 0.027
Differentiation, poor 5(943) 1(7.69) 2 (50) 0.044
Biliary leakage 2(3.77) 0(0) 0(0) 0.568
Pleural effusion 42 (79.24) 10 (76.9) 4 (100) 0.391
Pneumonia 3 (5.66) 0(0) 0(0) 0.425
Perihepatic effusion 1(1.88) 0 (0) 0 (0) 0.755

"Data indicate the value=0 group vs. the value=1 and 2 groups; °data indicate the value=0 group vs. the value=2 group; °data indicate the
value=0 group vs. the value=1 group; “data indicate the value=2 group vs. the other 2 groups. AFP, alpha-fetoprotein; HBsAg, hepatitis B
surface antigen; NLR, neutrophil-lymphocyte ratio; WBC, white blood cells.

classified as having a preoperative NLR plus postoperative
NLR score of 1 and 2, respectively. Patients in the preoperative
NLR plus postoperative NLR=2 group had a relatively larger
tumor size than those in the preoperative NLR plus postop-
erative NLR=1/0 group (P=0.013). Patients in the preoperative
NLR plus postoperative NLR=0 group had relatively lower
preoperative white blood cell (P=0.004) and postoperative
neutrophil counts than those in the preoperative NLR plus
postoperative NLR=2 group (P<0.001). The preoperative
lymphocytes were significantly lower in patients in the preop-
erative NLR plus postoperative NLR=2 group than in those
in the preoperative NLR plus postoperative NLR=0 group
(P=0.012). An increased preoperative NLR plus postoperative
NLR score was associated with multiple tumors and poor
differentiation. The demographic and clinicopathological
features of the patients according to the preoperative NLR plus
postoperative NLR score are shown in Table III.

Discussion

A high NLR reflects a decreased lymphocyte count and a
relatively increased neutrophil count. Generally, neutrophils
promote HCC progression and drug resistance (28), while
lymphocytes may delay HCC progression (29). The mechanism
by which inflammation promotes the development, progres-
sion and invasion of malignant tumors is complicated. The
NLR may reflect the preoperative and postoperative immune

responses. Morizawa et al (30) suggested that a high NLR
was correlated with increased IL-6 and IL-8 and regulatory
T cell expression. IL-6 prevents DNA-damage-induced hepa-
tocyte apoptosis and enhances tumor proliferation, and IL-6
trans-signaling directly induces endothelial cell proliferation
to promote tumor angiogenesis in a mouse HCC model (31).
Cools-Lartigue et al (32) indicated that neutrophil extracel-
lular trap deposition resulted in increased tumor cell adhesion
to the hepatic microvasculature in vivo. Tumor cell trapping
within neutrophil extracellular traps was associated with
increased micrometastases (32).

Recently, numerous studies have indicated that an
increased preoperative NLR is a reliable and economical
independent prognostic indicator in different malignancies
(2-8), and an increasing amount of research has focused on the
effect of the postoperative inflammatory state on the prognosis
of cancer (3,13-20,33). These studies have used traditional
statistical methods, including ROC curves, to obtain optimal
cut-offs (2-8,13-20,33). However, survival analysis is different
from diagnostic experiments. The ROC curve may not be
optimal in assessing models that stratify individuals into
risk categories (34). Maximally selected rank statistics have
been proven to be more effective for determining the cut-offs
of continuous variables in survival analyses (26). Therefore,
the present study used maximally selected rank statistics
instead of ROC curves to obtain the best cut-offs. It is worth
noting that certain studies have defined the time to obtain
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Figure 2. Comparison of the area under the time-dependent receiver operating characteristic curve for overall survival prediction. Comparisons among the
inflammation indicators at (A) 1 year, (B) 2 years, (C) 3 years, and (D) 4 years in patients undergoing partial hepatectomy for hepatocellular carcinoma. ROC,

receiver-operating characteristic; NLR, neutrophil-lymphocyte ratio.

postoperative NLR as 1 month after surgery, but there were no
infections and complications in the exclusion criteria (11,20).
However, complications and infections may affect postop-
erative NLR (35). Certain studies have obtained postoperative
NLR at least 1 month or 3-6 months after surgery (18,19).
The time interval for obtaining postoperative NLR was long,
and the tumor may have progressed or recurred. Therefore,
postoperative NLR at discharge was used in the present study.
There are differences in the discharge standards for different
hospitals. Patients are discharged only after they recover
well (no infections and no unresolved complications) in our
hospital. Therefore, the timing of obtaining the indicators in
the present study may be relatively appropriate.

Although HCC has a different background to other solid
tumors, and HCC is often based on chronic inflammation of
the liver. To the best of our knowledge, no previous studies have

compared the preoperative NLR of HCC with that of other
solid tumors. However, consistent with HCC, the meta-analysis
showed that patients with solid tumors in the high-NLR group
had a poorer prognosis (36,37). Zhou et al (38) found that
their colorectal cancer group had a higher leukocyte count,
neutrophil ratio and NLR than their adenomatous polyp group
and healthy control group. This indicated that patients with
a high tumor burden have a higher NLR. Miyatani et al (15)
suggested that the preoperative NLR was significantly corre-
lated with tumor burden (tumor size, tumor depth, lymphatic
invasion and venous invasion), while there was no correlation
between the postoperative NLR and the various clinico-
pathological variables. Shibutani et al (12) also found that the
postoperative NLR was not associated with preoperative clini-
copathological variables. The results of the present study are
consistent with those of previous studies; the preoperative
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NLR was associated with tumor burden (tumor size) and
preoperative inflammatory markers (preoperative white blood
cell, neutrophil and lymphocyte counts), but there was no
correlation between the preoperative NLR and postoperative
inflammatory factors. Similarly, the postoperative NLR was
associated with postoperative inflammatory markers, and the
postoperative NLR was not associated with preoperative tumor
burden or inflammatory markers. A possible reason for this is
that the preoperative NLR represents the preoperative inflam-
matory status and high tumor burden prior to surgery, and the
postoperative NLR represents the postoperative inflammatory
status and potential tumor burden (for example, micrometas-
tases). Peng et al (16) reported that the balance between the
inflammatory response and the immune response may change
following the surgical removal of HCC tumors. It is certain
that the tumor burden following surgery is lower than that
prior to surgery, but the association between postoperative
inflammatory status and preoperative inflammatory status
remains unclear. The immune status prior to surgery differs
from that following surgery, and the optimal cut-offs for the
preoperative NLR and the postoperative NLR were different.
The present study indicated that using the postoperative NLR
in the context of the preoperative NLR as a baseline to predict
prognosis may not be very accurate. The prognostic effects
of the preoperative NLR and postoperative NLR should be
considered separately.

Recent studies have combined the preoperative NLR and
postoperative NLR to study the prognostic impact on malignant
tumors. To the best of our knowledge, the present study was
the first to discuss the role of the preoperative NLR, postopera-
tive NLR, and their different combinations in determining the
prognosis of HCC. Similar to previous studies (2,3,11,12), an
increased preoperative NLR and an increased postoperative
NLR were prognostic factors in the study; the difference is
that the results of the present study suggested that an increased
preoperative NLR and an increased postoperative NLR were
not independent prognostic factors. However, the preoperative
NLR plus postoperative NLR was an independent prognostic
factor for OS in patients with HCC. Certain studies have
divided the postoperative NLR by the preoperative NLR or
used the post NLR minus the preoperative NLR to define
novel prognostic factors (3,13,14,16-20). Certain studies have
hypothesized that an increase in the postoperative NLR rela-
tive to the preoperative NLR following treatment indicates that
the balance has been tipped in favor of a pro-tumor inflam-
matory response (3,16-20). However, Lalani et al (13) found
that a relative NLR change of =25% from baseline to 6 weeks
after PD-1/PD-L1 immune checkpoint blockade therapy was
an independent prognostic factor for OS. Unlike previous
studies (13), the present study found that the postoperative
NLR cut-off was -0.25, instead of -0.25 and 0.25 as defined
using traditional statistical methods. The present study demon-
strated a poor prognosis for a postoperative NLR change
reduction of <25%, but the prognostic difference between
the two groups was not statistically significant. The optimal
cut-off for the postoperative NLR minus preoperative NLR in
this study was 3.42, rather than 0 (3,16,19,20), 0.037 (17) or
1.5 (18), as obtained using traditional statistical methods. The
results of the present study suggested that the postoperative
NLR change and postoperative NLR minus preoperative NLR

were not independent prognostic factors for OS. Although
the postoperative NLR minus preoperative NLR was an
independent prognostic factor for HCC in previous studies, no
significant differences were identified between the two groups
in terms of commonly used clinicopathological features (3,16).
Unfortunately, no clinical pathology data were compared in
one previous postoperative NLR change prognostic study (13).
As the mechanisms causing a high NLR prior to and following
surgery are not consistent, the relative changes (postoperative
NLR change and postoperative NLR minus preoperative NLR)
in the postoperative NLR may not reflect the true immune
status following surgery. This may be the reason why there was
no significant difference in pathological parameters between
the postoperative NLR minus preoperative NLR groups (3,16).
In the present study, the postoperative NLR plus preopera-
tive NLR was first identified as an improved prognostic factor
for HCC following hepatectomy compared with the preopera-
tive NLR, postoperative NLR, postoperative NLR change, and
postoperative NLR minus preoperative NLR groups according
to td-ROC curves. The postoperative NLR plus preoperative
NLR groups had the largest td-AUC in the first to fourth years.
This suggests that the combination of the preoperative NLR
and the postoperative NLR with the postoperative NLR plus
preoperative NLR is more effective than the postoperative
NLR change or the postoperative NLR minus preoperative
NLR in predicting the prognosis of patients with HCC. The
preoperative NLR plus postoperative NLR was also more
useful for predicting the prognosis of patients with HCC
than either the preoperative NLR or the postoperative NLR.
Multivariate analysis identified the preoperative NLR plus
postoperative NLR as an independent prognostic risk factor.
Miyatani ef al (15) also reported that a high preoperative and
a high postoperative NLR were independent prognostic indi-
cators for gastric cancer. In the present study, patients in the
preoperative NLR plus postoperative NLR=2 group had larger
tumor sizes than those in the preoperative NLR plus postop-
erative NLR=1/0 group. An increased preoperative NLR plus
postoperative NLR score was associated with multiple tumors
and poor differentiation. Several studies have indicated that
multiple tumor numbers, larger tumor sizes and poor differen-
tiation are predictors of a poor outcome (39-41). Similarly, the
results of the present study suggested that an increased preop-
erative NLR plus postoperative NLR was associated with
preoperative and postoperative inflammatory indicators. Taken
together, the results of the present study suggested that the
preoperative NLR plus postoperative NLR more comprehen-
sively reflects the preoperative and postoperative tumor burden
and inflammatory or immune status than the other parameters;
therefore, the preoperative NLR plus postoperative NLR may
be a more reliable prognostic factor. The preoperative NLR
plus postoperative NLR considers the two preoperative and
postoperative treatment phases, and thus, the combined indi-
cators may more accurately predict the prognosis, compared
with individual indicators. Lalani er al (13) found that a
postoperative NLR decrease =25% from baseline to 6 weeks
was associated with an improved OS, but only a postoperative
NLR increase by =25% was an independent prognostic factor
for OS following PD-1/PD-L1 immune checkpoint blockade
therapy. We hypothesized that the postoperative NLR may be
somewhat associated with the immunotherapy response.
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The present study has certain limitations. To begin with,
the present study is a retrospective and single-center study
with possible unmeasurable selection biases. Furthermore,
the small sample size of this study may limit the assessment
of the prognostic value of different influencing factors.
Additionally, heterogeneity of the patient's liver disease
background, including patients with HBV or HCV-related
HCC, may affect the NLR cut-off. Finally, the preoperative
NLR and postoperative NLR require further investigation
in immunotherapy studies, and it is necessary to identify
which neutrophil and lymphocyte subsets have prognostic
utility.

Compared with conventional prognostic factors, including
preoperative NLR, postoperative NLR, preoperative NLR plus
postoperative NLR, change in postoperative NLR, and postop-
erative NLR minus preoperative NLR, the preoperative NLR
plus postoperative NLR, considering both the preoperative
and postoperative treatment phase, may be a more effective
prognostic factor for patients with HCC and requires further
investigation in the future.
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