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Purpose: Previous studies have shown that various preoperative inflammatory indicators can 
predict the prognosis of hepatocellular carcinoma (HCC), but the role of postoperative inflam-
matory indicators remains unclear. This study aimed to explore the prognostic value of post-
operative inflammatory indicators and whether combining preoperative and postoperative 
inflammatory indicators can improve the predictive performance of the prognostic model.
Patients and Methods: Eighty-eight patients with primary HCC were included in this 
study. A preoperative model, postoperative model, and combined model that integrated 
preoperative and postoperative inflammatory indicators were established. The prognostic 
value of the models was evaluated by the area under the curve of time-dependent receiver 
operating characteristic curves (td-AUC).
Results: Multivariate analysis of preoperative and postoperative inflammatory indicators 
and clinicopathological indicators found that tumor number, alpha-fetoprotein (AFP) level, 
and the preoperative platelet-lymphocyte ratio (prePLR), preoperative prognostic nutritional 
index (prePNI), and postoperative neutrophil-lymphocyte ratio (postNLR) were independent 
prognostic factors for the disease-free survival. The prognostic efficacy of the postNLR at 2 
years and 3 years was better than that of tumor number, AFP level, and the prePLR, and 
prePNI. The combined model had higher td-AUC values than the preoperative model, 
postoperative model, American Joint Committee on Cancer 8th edition stage, and 
Barcelona Clinic Liver Cancer stage at 2 years (0.814 vs 0.754, 0.765, 0.513 and 0.527, 
respectively), and 3 years (0.786 vs 0.749, 0.753, 0.509 and 0.529, respectively). The 
predictive performance of the combined model was better than that of the preoperative 
model, postoperative model, and traditional clinical stage.
Conclusion: Postoperative inflammatory indicators were valuable prognostic indicators. 
The combination of preoperative and postoperative inflammatory indicators improved the 
predictive performance of the prognostic model. We should pay more attention to post-
operative inflammatory indicators.
Keywords: hepatocellular carcinoma, inflammation, postoperative, neutrophil-lymphocyte 
ratio, disease-free survival

Introduction
Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-related death 
worldwide.1 Partial hepatectomy is the main and most common treatment option for 
HCC. Unfortunately, the 5-year disease-free survival (DFS) rate after partial 
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hepatectomy for HCC is only approximately 30–40%.2,3 

The American Joint Committee on Cancer 8th edition 
Tumor, Node, Metastasis (AJCC TNM (8th)) and 
Barcelona Clinic Liver Cancer (BCLC) staging systems 
are commonly used for HCC risk stratification and deter-
mining treatment options.4 Accurate risk stratification is 
critical for treatment decisions. However, the current sta-
ging systems incorporate limited clinicopathological indi-
cators, and the predictive power is obviously insufficient.5 

Many factors affect tumor occurrence and progression, 
such as inflammation, viral infection, and the tumor 
macro-and microenvironment. Unlike most other malig-
nancies, HCC is a typical inflammation-related cancer, 
more than 90% of HCC cases occur in the context of 
chronic inflammation.6 Inflammation promotes the devel-
opment of HCC by promoting proliferation and survival 
signal transduction, evading immune surveillance, indu-
cing angiogenesis and genomic instability, and promoting 
invasion and metastasis.7

The prognostic value of preoperative inflammatory 
indicators in HCC was extensively studied, including the 
preoperative platelet-lymphocyte ratio (prePLR), preo-
perative lymphocyte-monocyte ratio (preLMR), preopera-
tive prognostic nutritional index (prePNI), preoperative 
neutrophil-lymphocyte ratio (preNLR) and preoperative 
derived NLR (predNLR).8–13 However, the treatment pro-
cess for tumors is complicated and long, and we should 
not only pay attention to the influence of preoperative 
indicators on the prognosis of HCC but also to postopera-
tive indicators. Previous studies showed that the immune 
status of HCC patients changed after the primary tumor 
burden was reduced,14,15 and a high postNLR was asso-
ciated with poor long-term prognosis.16,17 However, the 
value of many postoperative inflammatory indicators was 
not clarified. No study has reported which of the preopera-
tive and postoperative inflammatory indicators has better 
prognostic performance.

This study aimed to explore the prognostic value of 
postoperative inflammation indicators and compared the 
prognostic efficacy of a prognostic model that combined 
preoperative and/or postoperative inflammation indicators 
with the current clinical staging systems.

Patients and Methods
Patient Selection
This study was conducted according to the guidelines of 
the Declaration of Helsinki, and was approved by the 

ethics committees of the hospital (ethics number: 
20001–01). All patients signed an informed consent form 
before surgery. Patients with primary HCC who underwent 
partial hepatectomy from December 2014 to December 
2019 at the Beijing Tsinghua Changgung Hospital were 
included in the study. This study was registered in the 
National Hepatobiliary Standard Database of China (regis-
tration number: CDR/20210099).18

We screened qualified patients based on inclusion and 
exclusion criteria. The inclusion criteria were as follows: (1) 
primary HCC diagnosed by pathology; (2) partial hepatect-
omy in the study hospital as the initial treatment; (3) no 
history of other tumors and (4) no infection during peripheral 
blood collection. The exclusion criteria were as follows: (1) 
previous chemotherapy, intervention, radiofrequency abla-
tion and other treatments; (2) incomplete clinical pathologi-
cal data. Finally, 88 patients with primary HCC who 
underwent partial hepatectomy were enrolled (Figure 1).

Clinicopathological Indicators
We collected peripheral blood at admission and before dis-
charge. If the time from the last blood collection after surgery 
was less than 3 days, we collected peripheral blood at the first 
follow-up after surgery. On the basis of previous studies, the 
following definitions of inflammatory indicators included in 
this study: PLR, LMR, and NLR were the ratios of corre-
sponding inflammatory cells; dNLR was calculated as (white 
blood cell- neutrophil)/lymphocyte, and PNI was defined as 
albumin (g/L) + 5 × lymphocyte (109/L).8–13

DFS was the main endpoint of this study and was 
defined as the time from the day of surgery to recurrence. 
Follow-up examination included an alpha-fetoprotein 
(AFP) test, ultrasound and/or abdominal enhanced com-
puted tomography, and magnetic resonance, and the 
patients were followed up every 3 months for 2 years 
and every 6 months thereafter.19 Recurrence was defined 
as a significant increase in AFP levels or tumor lesions on 
the image after surgery.

Statistical Analysis
The optimal cutoff values of inflammatory indicators were 
obtained from maximally selected rank statistics with the 
“survminer“ package. Survival curves were drawn by the 
Kaplan-Meier method and compared using the Log rank 
test. A Cox regression model was used for univariate and 
multivariate analyses. The independent risk factors in mul-
tivariate analysis were used to construct a nomogram by 
using the “rms” package. The concordance index (C- 
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index) was used to measure the discriminative power of 
the model. The ability of the model to predict DFS was 
evaluated with the bootstrapping of 1000 resamples. 
Calibration plots were generated to explore the perfor-
mance of the model at 2 and 3 years after surgery. The 
“nomogramFormula” package was used to calculate the 
risk score of each patient in the model, and the time- 
dependent receiver operating curve (ROC) was used to 
compare the predictive performance of different time 
points between models. A larger area under the curve 
(AUC) indicated higher predictive power. R version 4.0.3 
(http://www.r-project.org/) and SPSS 26.0 software (IBM 
Corp.) were used for statistical analyses. All analyses were 
two-sided, and P<0.05 indicated a significant difference.

Results
Baseline Characteristics
Eight-eight patients with primary HCC were included in this 
study, and 62 (70.5%) were male. There were 28 patients 
(31.8%) with microvascular invasion (MVI) and 7 patients 
(8.0%) with satellite lesions. Sixty-four patients who were 
AFP positive (>20 ng/mL) before surgery (Table 1).

Optimal Cutoff Value of Inflammation 
Indicators
The optimal cutoff values of the preNLR, predNLR, 
prePLR, prePNI, and preLMR were calculated using the 
maximum selection rank statistics of 3.22, 1.29, 61.07, 
44.35, and 2.16, respectively (Table 2). The optimal cutoff 

Figure 1 Selection of patients included in the analysis.
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values for the postoperative neutrophil-lymphocyte ratio 
(postNLR), postoperative derived NLR (postdNLR), post-
operative platelet-lymphocyte ratio (postPLR), postopera-
tive prognostic nutritional index (postPNI), and 

postoperative lymphocyte-monocyte ratio (postLMR) 
were 3.25, 1.44, 91.53, 41.75, and 2.48, respectively 
(Table 2).

Survival analysis indicated that the difference in DFS 
between the high and low preoperative inflammatory indi-
cator groups was statistically significant (Figure 2). There 
was also a significant difference in DFS between the high 
and low postoperative inflammatory indicator groups, 
except for postPLR (Figure 3).

Preoperative Model
As shown in Table 3, univariate analysis showed that tumor 
number, MVI, satellite nodule number, AFP level, preNLR, 
predNLR, prePLR, prePNI, preLMR, postNLR, postdNLR, 
postPNI, and postLMR were risk factors for poor DFS after 
partial hepatectomy in primary HCC patients (P<0.05).

We incorporated the preoperative inflammatory indica-
tors and clinicopathological indicators into the multivariate 
analysis to construct the preoperative prognostic model, 
and the multivariate analysis found that tumor number 
(hazard ratio (HR) =2.731, confidence interval (CI) 
=1.303–5.727, P=0.008), AFP level (HR=2.294, 95% 
CI=1.020–5.160, P=0.045), and prePLR (HR=0.236, 95% 
CI=0.101–0.553, P=0.001), prePNI (HR=0.338, 95% 
CI=0.168–0.682, P=0.002), and preLMR (HR=0.331, 

Table 1 Clinicopathological Features of HCC Patients

Variable Cohort (n=88)

Gender (male) 62 (70.50%)

Age (>60 year) 37 (42%)

HBsAg (positive) 68 (77.3%)

Tumor size (>5 cm) 40 (45.5%)

BCLC stage
0 12 (13.6%)

A 60 (68.2%)

B 7 (8.0%)
C 9 (10.2%)

Tumor number (Multiple) 16 (18.2%)

Tumor differentiation (poor) 11 (12.5%)

MVI (present) 28 (31.8%)

Liver cirrhosis (present) 37 (42.0%)

Tumor necrosis (yes) 40 (45.5%)

Satellite nodules (present) 7 (8.0%)

Capsule invasion (present) 53 (60.2%)

AFP (>20 ng/mL) 64 (72.7%)

PreNLR* 1.84 (0.65–8.66)

PredNLR* 1.40 (−0.17–2.27)

PrePLR* 101.03 (29.05–666.67)

PrePNI* 48.13 (36.45–64.10)

PreLMR* 3.34 (0.94–8.35)

PostNLR* 3.06 (0.83–14.81)

PostdNLR* 1.63 (1.22–3.31)

PostPLR* 127.14 (31.19–642.86)

PostPNI* 42.30 (7.76–60.85)

PostLMR* 2.14 (0.80–5.34)

Note: *Data are presented as medians (range). 
Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer 
stage; HBsAg, hepatitis B surface antigen; MVI, microvascular invasion; prePLR, 
preoperative platelet-lymphocyte ratio; preLMR, preoperative lymphocyte-mono-
cyte ratio; prePNI, preoperative prognostic nutritional index; preNLR, preoperative 
neutrophil-lymphocyte ratio; predNLR, preoperative derived neutrophil-lympho-
cyte ratio; postPLR, postoperative platelet-lymphocyte ratio; postLMR, postopera-
tive lymphocyte-monocyte ratio; postPNI, postoperative prognostic nutritional 
index; postNLR, postoperative neutrophil-lymphocyte ratio; postdNLR, postopera-
tive derived neutrophil-lymphocyte ratio.

Table 2 Optimal Cutoff Values for Preoperative and 
Postoperative Inflammation Indicators

Variable High Low

PreNLR >3.22 (12.5%) ≤ 3.22 (87.5%)

PredNLR >1.29 (79.5%) ≤1.29 (20.5%)

PrePLR >61.07 (88.6%) ≤61.07 (11.4%)

PrePNI >44.35 (58.0%) ≤44.35 (22.7%)

PreLMR >2.16 (90.9%) ≤2.16 (9.1%)

PostNLR >3.25 (43.2%) ≤3.25 (56.8%)

PostdNLR >1.44 (88.6%) ≤1.44 (11.4%)

PostPLR >91.53 (71.6%) ≤91.53 (28.4%)

PostPNI >41.75 (58.0%) ≤41.75 (42%)

PostLMR >2.48 (23.9%) ≤2.48 (76.1%)

Abbreviations: prePLR, preoperative platelet-lymphocyte ratio; preLMR, preo-
perative lymphocyte-monocyte ratio; prePNI, preoperative prognostic nutritional 
index; preNLR, preoperative neutrophil-lymphocyte ratio; predNLR, preoperative 
derived neutrophil-lymphocyte ratio; postPLR, postoperative platelet-lymphocyte 
ratio; postLMR, postoperative lymphocyte-monocyte ratio; postPNI, postoperative 
prognostic nutritional index; postNLR, postoperative neutrophil-lymphocyte ratio; 
postdNLR, postoperative derived neutrophil-lymphocyte ratio.
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95% CI=0.132–0.825, P=0.018) were independent prog-
nostic factors of DFS (Table 4).

The C-index of the preoperative model was 0.725. The 
nomogram of the preoperative prognosis model is shown 
in Figure 4. The calibration curve showed that the predic-
tion of the 2-and 3-year DFS rate from the preoperative 
model based on preoperative inflammation indicators and 

clinicopathological indicators had good agreement with 
the actual observation (Figure 5).

Postoperative Model
Multivariate analysis of postoperative inflammatory and clin-
icopathological indicators found that tumor number 
(HR=2.336, 95% CI=1.156–4.721, P=0.018), satellite nodule 

Figure 2 Kaplan-Meier survival curves of DFS based on preoperative inflammatory indicators. (A) preNLR, (B) predNLR, (C) preLMR, (D) prePLR, (E) prePNI.
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number (HR=2.565, 95% CI=1.051–6.259, P=0.038), AFP 
level (HR=2.229, 95% CI=1.036–4.798, P=0.040) and the 
postNLR (HR=3.189, 95% CI=1.736–5.860, P<0.001) were 
independent prognostic factors for patients with poor DFS 

rates (Table 4). These indicators were further included in the 
construction of a postoperative prognostic model (Figure 6).

The C-index of the postoperative model was 0.722. The 
calibration curve showed that the predictions of the 2- and 3- 

Figure 3 Kaplan-Meier survival curves of DFS based on postoperative inflammation indicators. (A) postNLR, (B) postdNLR, (C) postLMR, (D) postPLR, (E) postPNI.
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year DFS from the postoperative model had good agreement 
with the actual observation (Figure 7).

Combined Model
We integrated the preoperative and postoperative inflam-
matory indicators and clinicopathological indicators to 
construct a combined prognostic model. Multivariate ana-
lysis suggested that tumor number (HR=3.378, 95% 
CI=1.603–7.117, P=0.001), AFP level (HR=3.340, 95% 

CI=1.561–5.576, P=0.002), the prePLR (HR=0.231, 95% 
CI=0.099–0.538, P=0.001), prePNI (HR=0.281, 95% 
CI=0.143–0.554, P<0.001), and postNLR (HR=3.580, 
95% CI=1.906–6.725, P<0.001) were independent risk 
factors for poor DFS (Table 3), and these indicators were 
included to construct a combined model (Figure 8).

The C-index of the combined model was 0.765. The 
calibration curve showed that the prediction of the 2-and 
3-year DFS rate from the combined model based on both 

Table 3 Univariate and Multivariate Analysis of DFS

Variable Univariate Multivariate (Combined Model)

HR (95% CI) P HR (95CI%) P

Gender (male) 1.437 (0.748–2.758) 0.276

Age (>60 year) 0.902 (0.510–1.595) 0.722

HBsAg (positive) 1.604 (0.749–3.434) 0.224

Tumor size (>5 cm) 1.550 (0.884–2.719) 0.126

Tumor number (Multiple) 2.227 (1.149–4.318) 0.018 3.378 (1.603–7.117) 0.001

Tumor differentiation (poor) 1.757 (0.851–3.629) 0.128

MVI (present) 1.830 (1.020–3.281) 0.043

Liver cirrhosis (present) 1.105 (0.628–1.945) 0.729

Tumor necrosis (yes) 1.314 (0.747–2.309) 0.343

Satellite nodules (present) 2.518 (1.063–5.966) 0.036

Capsule invasion (present) 1.247 (0.697–2.230) 0.457

AFP (>20 ng/mL) 2.188 (1.059–4.517) 0.034 3.340 (1.561–5.576) 0.002

PreNLR (high) 2.590 (1.244–5.392) 0.011

PredNLR (high) 2.832 (1.122–7.153) 0.028

PrePLR (low) 0.455 (0.211–0.977) 0.043 0.231 (0.099–0.538) 0.001

PrePNI (low) 0.412 (0.226–0.754) 0.004 0.281 (0.143–0.554) <0.001

PreLMR (low) 0.422 (0.188–0.948) 0.037

PostNLR (high) 2.403 (1.360–4.248) 0.003 3.580 (1.906–6.725) <0.001

PostdNLR (high) 8.562 (1.181–62.087) 0.034

PostPLR (low) 0.720 (0.396–1.310) 0.282

PostPNI (low) 0.457 (0.256–0.815) 0.008

PostLMR (low) 0.260 (0.103–0.657) 0.004

Abbreviations: AFP, alpha-fetoprotein; CI, confidence interval; HR, hazard ratio; HBsAg, hepatitis B surface antigen; MVI, microvascular invasion; prePLR, preoperative 
platelet-lymphocyte ratio; preLMR, preoperative lymphocyte-monocyte ratio; prePNI, preoperative prognostic nutritional index; preNLR, preoperative neutrophil-lympho-
cyte ratio; predNLR, preoperative derived neutrophil-lymphocyte ratio; postPLR, postoperative platelet-lymphocyte ratio; postLMR, postoperative lymphocyte-monocyte 
ratio; postPNI, postoperative prognostic nutritional index; postNLR, postoperative neutrophil-lymphocyte ratio; postdNLR, postoperative derived neutrophil-lymphocyte 
ratio.
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preoperative and postoperative inflammation and clinico-
pathological indicators had good agreement with the actual 
observation (Figure 9).

A time-dependent ROC curve was used to compare the 
prognostic efficacy of independent prognostic factors in 
the combined model at 2 years and 3 years. Our results 
indicated that the prognostic efficacy of the postNLR at 2 
years (0.666) was better than that of tumor number 
(0.597), AFP level (0.595), and the prePLR (0.437) and 
prePNI (0.366) (Figure 10A). Similarly, the prognostic 
efficacy of the postNLR at 3 years showed the same 
trend and was better than that of other preoperative inflam-
matory and clinicopathological indicators (Figure 10B). In 
addition, the C-index of the postNLR was 0.627, which 
was higher than that of the AFP level (0.605) and the 
prePLR (0.551), prePNI (0.596), and tumor number 
(0.568).

Comparison of the Models
The C-indexes of the combined model, preoperative 
model, postoperative model, AJCC TNM (8th) stage, and 
BCLC stage for predicting HCC DFS were 0.765, 0.725, 
0.722, 0.504, and 0.545, respectively. The prognostic per-
formance of the combined model was superior to that of 
the preoperative model (0.765 vs 0.725, P=0.090), post-
operative model (0.765 vs 0.722, P=0.115), AJCC TNM 
(8th) stage (0.765 vs 0.504, P=0.031), and BCLC stage 
(0.765 vs 0.545, P<0.001). The prognostic performance of 
the preoperative prognostic model was significantly better 
than that of the AJCC TNM (8th) stage (0.725 vs 0.504, 
P=0.047), and BCLC stage (0.725 vs 0.545, P=0.003). The 

postoperative model better predicted the prognosis of HCC 
than the AJCC TNM (8th) stage (0.722 vs 0.504, 
P=0.051), and BCLC stage (0.722 vs 0.545, P=0.002).

A time-dependent ROC was used to compare the prog-
nostic efficacy of the different models at different time 
points. We found that the predictive performance of the 
combined model at 2 and 3 years (0.814 and 0.786, 
respectively) was better than that of the preoperative 
model (0.754 and 0.749, respectively), the postoperative 
model (0.765 and 0.753, respectively), AJCC TNM (8th) 
stage (0.513 and 0.509, respectively), and BCLC stage 
(0.527 and 0.529, respectively) (Figure 11). We also 
found that the prognostic efficacy of the models combined 
with inflammatory indicators was better than traditional 
clinical staging at 2 and 3 years. The predictive perfor-
mance of the postoperative model at 2 and 3 years (0.765 
and 0.753, respectively) was slightly better than that of the 
preoperative model (0.754 and 0.749, respectively).

Discussion
The influence of inflammation on the biological behavior 
of tumors is complex. Different inflammatory cells have 
pro- and antitumor properties. Neutrophils promote tumor 
progression by enhancing angiogenesis and promoting 
tumor proliferation and metastasis.20 Platelets protect 
tumor cells from attack and mediate the arrest of tumor 
cell platelet emboli at the blood vessel wall and further 
pass through capillaries to accelerate metastasis.21 

Lymphocytes are typical antitumor cells that inhibit or 
kill tumor cells via cytotoxicity.22,23 Albumin levels are 
positively correlated with the efficacy of immunotherapy, 

Table 4 Multivariate Analysis of Preoperative and Postoperative Models

Variable Preoperative Model Postoperative Model

HR (95% CI) P HR (95CI%) P

Tumor number (multiple) 2.731 (1.303–5.727) 0.008 2.336 (1.156–4.721) 0.018

Satellite nodules (present) 2.565 (1.051–6.259) 0.038

AFP (>20 ng/mL) 2.294 (1.020–5.160) 0.045 2.229 (1.036–4.798) 0.040

PrePLR (low) 0.236 (0.101–0.553) 0.001

PrePNI (low) 0.338 (0.168–0.682) 0.002

PreLMR (low) 0.331 (0.132–0.825) 0.018

PostNLR (high) 3.189 (1.736–5.860) <0.001

Abbreviations: AFP, alpha-fetoprotein; CI, confidence interval; HR, hazard ratio; prePLR, preoperative platelet-lymphocyte ratio; prePNI, preoperative prognostic 
nutritional index; preLMR, preoperative lymphocyte-monocyte ratio; postNLR, postoperative neutrophil-lymphocyte ratio.
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and patients with high albumin levels have a better 
prognosis.24 The prognostic value of a single inflammatory 
indicator is limited. Combining inflammatory indicators 
with different effects may better reflect whether the 
immune balance is in a pro- or antitumor state.

Many studies combined different inflammatory indica-
tors to explore the prognostic value of inflammatory indi-
cators; in particular, preoperative inflammation indicators 
have been extensively studied.8–13 However, the prognos-
tic value of postoperative inflammatory indicators in 
patients with HCC is still unclear. To the best of our 
knowledge, this study is the first to compare the prognostic 
efficacy of traditional clinical staging systems and models 
that integrated preoperative and postoperative inflamma-
tion indicators. The efficacy of postoperative inflammatory 
indicators, preoperative inflammatory indicators and clin-
icopathological indicators was compared for the first time. 
Our study found that the preNLR, predNLR, prePLR, 

prePNI, preLMR, postNLR, postdNLR, postPNI, and 
postLMR were risk factors for poor DFS, and the 
prePLR, prePNI, and postNLR were independent risk fac-
tors. Among the independent prognostic factors, the prog-
nostic efficacy of the postNLR was better than that of the 
other preoperative inflammatory indicators and clinico-
pathological indicators. The introduction of postoperative 
inflammatory indicators improved the predictive perfor-
mance of the prognostic model for DFS, and it was better 
than the preoperative model, postoperative model and 
traditional staging systems.

The treatment process for tumors is long and compli-
cated. An increasing number of researchers have paid 
attention to the influence of postoperative inflammatory 
indicators on the long-term prognosis of patients with 
different solid tumors.16,17,25–28 HCC is a typical inflam-
mation-related cancer, and inflammation has a significant 
impact on the prognosis of patients with HCC.6 Therefore, 

Figure 4 Nomogram of the preoperative model.
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Figure 5 Calibration curve of the preoperative model for (A) 2 years and (B) 3 years.

Figure 6 Nomogram of the postoperative model.
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Figure 7 Calibration curve of the postoperative model for (A) 2 years and (B) 3 years.

Figure 8 Nomogram of the combined model.
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the influence of postoperative inflammation on the prog-
nosis of patients HCC deserves more attention. One study 
found that a high postNLR after curative hepatectomy was 
significantly associated with poorer overall survival and 
DFS.17 Another study on radiofrequency ablation of HCC 
showed that a high postNLR had a negative effect on long- 
term prognosis.16 Similarly, our study found that a high 
postNLR was significantly associated with poor DFS. One 
breast cancer study found that the immune status of the 
patient changed after the main primary tumor was 
removed.14 Our previous study confirmed this finding 

and revealed that a high preNLR was associated with a 
greater tumor burden, but there was no significant correla-
tion between the postNLR and tumor burden.15 Tumor 
recurrence is affected by many factors. Even after the 
HCC tumor is completely removed or ablated, the micro-
environment of the remaining carcinogenic tissue in the 
liver can also cause recurrence of de novo HCC tumors.29 

It is generally believed that recurrence after 2 years is 
caused by the carcinogenic microenvironment.30 Our 
research indicated that the prognostic model combined 
with postoperative inflammatory indicators was better 

Figure 9 Calibration curve of the combined model for (A) 2 years and (B) 3 years.

Figure 10 Different independent prognostic factors of the combined model and the area under the time-dependent ROC for predicting (A) 2-year and (B) 3-year DFS.
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than the preoperative model and traditional clinical staging 
systems in predicting 2- and 3-year DFS, and the calibra-
tion curve also showed good consistency. Notably, the 
predictive power of the postNLR for 2- and 3-year DFS 
was better than that of all of the other independent prog-
nostic factors, including preoperative inflammatory indica-
tors and commonly used clinicopathological indicators. 
We speculate that the possible reason for this result is 
that high postoperative inflammation can activate potential 
micrometastases and plays an important role in the carci-
nogenic microenvironment.

Although previous studies explored the prognostic value of 
postoperative inflammatory indicators, there were differences 
in postoperative acquisition time, which ranged from 1 day to 
several months.16,17,25–28 In response to tissue damage, neu-
trophils migrate forward and backward in the damaged tissue 
and vasculature.31 Therefore, the incision healing process may 
have a potential impact on inflammatory indicators in the 
peripheral blood. One study focused on the prognostic value 
of the postNLR and postPLR at 1, 3, 5, and 7 days and at 3, 6, 
and 12 months and revealed that the prognostic value of these 
indicators stabilized 3 days after liver transplantation.32 A 
colorectal cancer study revealed that the postNLR on day 7 
was an independent prognostic factor for DFS, but the 
postNLR on day 1 was not an independent prognostic 
indicator.33 These two studies demonstrated that postoperative 
inflammatory indicators increased rapidly on the first day then 
declined rapidly.32,33 Neutrophils are transient effector cells 
that undergo apoptosis in damaged tissues.31 Therefore, due to 
the impact of incision and surgical stress in the early 

postoperative period, the inflammatory indicators in the per-
ipheral blood cannot accurately reflect the patient’s immune 
status, and the prognostic value of early postoperative inflam-
matory indicators is limited. Taken together, these results 
suggest that it could be reasonable to select postoperative 
inflammatory indicators after 3 days.

There are some limitations to address. First, this study 
was a retrospective study with potential bias. Second, this 
study was a single-center study, and further multicenter, 
large-sample studies are needed. Finally, most patients in 
this study had hepatitis viral infection, and the incidence of 
this infection may vary across ethnicities.

Conclusion
Postoperative inflammatory indicators are valuable prognos-
tic indicators, and postNLR can better predict DFS of 
patients with HCC after partial hepatectomy than preopera-
tive inflammatory indicators and clinicopathological indica-
tors. The prognostic model that combined preoperative and 
postoperative inflammatory indicators had improved predic-
tive performance and was better than the AJCC TNM (8th) 
stage and BCLC stage. Future research should pay more 
attention to postoperative inflammatory indicators.
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