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Abstract
AIM: To evaluate the impact of postoperative infectious 
complications on hepatocellular carcinoma following 
curative hepatectomy. 

METHODS: We performed a retrospective analysis of 
200 hepatocellular carcinoma patients who underwent 
hepatectomy at our institution between September 
2003 and June 2011. The patients’ demographics, 
clinicopathological characteristics and postoperative 
infectious complications were analyzed. The Clavien-
Dindo classification was adopted to assess the severity 
of complications. The dynamic change in the neutrophil-
to-lymphocyte ratio, defined as the absolute neutrophil 
count divided by the absolute lymphocyte count, 
after surgery was also investigated. The observation 
endpoints for this study were recurrence-free survival 
and overall survival of the patients. Statistical analysis 
of the survival curves was performed using the Kaplan-
Meier method and the log-rank test. The prognostic 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most 
common cancers in the world, leading to 695900 
deaths annually. Globally, nearly half of new HCC 
cases occur in China due to the prevalence of hepatitis 
B virus infection[1]. Surgical resection is considered a 
curable treatment for HCC, but the recurrence and the 
long-term prognosis of HCC remain unsatisfactory[2]. 
The 5-year recurrence-free survival rate has been 
reported to be approximately 30%[3-5]. Due to 
improvements in surgical techniques and perioperative 
management, the mortality rate of hepatectomy has 
significantly decreased in recent decades. However, 
the high incidence of postoperative infectious 
complications (ranging from 15.6% to 25.0% based on 
previous reports) remains a major problem, especially 
in patients with underlying hepatic disease, such as 
chronic hepatitis and liver cirrhosis[6,7].

Recently, the negative impact of infectious 
complications on prognosis has been demonstrated in 
various cancers. The study by Farid et al[8] suggested 
that postoperative sepsis was an independent 
predictor of both disease-free survival and overall 
survival in colorectal cancer patients with liver 
metastasis who underwent hepatic resection. Amin 
Andalib et al[9] analyzed a health care database of 
lung cancer patients after curative-intent surgery in 
Quebec, and discovered a strong negative correlation 
between major infectious complications and the long-
term survival rate. However, the prognostic impact of 
postoperative infectious complications on patients with 
HCC remains unclear.

Inflammation and its associated immunomodulation 
have been suggested as causes of cancer progression. 
Systemic inflammation augments the adhesion of 
circulating tumor cells, thereby accelerating tumor 
metastasis[10], and bacterial antigens directly increase 
the metastatic ability of cancer cells[11,12]. Additional 
evidence has demonstrated the correlation between 
inflammation and poor oncologic outcomes of cancer 
patients. Markers of systemic inflammatory responses, 
such as C-reactive protein (CRP) and the preoperative 
monocyte count have been investigated as prognostic 
factors[13,14]. The neutrophil-to-lymphocyte ratio 
(NLR) is a novel marker of the systemic inflammatory 
response. An elevated NLR has been experimentally 
demonstrated to serve as a predictor of poor prognosis 
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value of each variable for predicting prognosis was 
assessed via  multivariate Cox proportional hazards 
regression analysis. The cutoff score for each variable 
was selected based on receiver operating characteristic 
curve analysis. All statistical tests were two-sided, and 
significance was set at P < 0.05.

RESULTS: The median age of the patients was 49 
years, and the majority of patients were male (86%) 
and had been infected with hepatitis B virus (86%). 
The 30-d postoperative infectious complication rate was 
34.0% (n  = 68). Kaplan-Meier survival analysis revealed 
that postoperative infection was significantly correlated 
with tumor recurrence (P  < 0.001). The postoperative 
intra-abdominal infection group exhibited a worse 
prognosis than the non-intra-abdominal infection group 
(P  < 0.001). A significantly increased incidence of 
postoperative intra-abdominal infection was observed 
in the patients with hepatic cirrhosis (P  = 0.028), 
concomitant splenectomy (P  = 0.007) or vascular 
invasion (P  = 0.026). The patients who had an elevated 
postoperative neutrophil-to-lymphocyte ratio change 
(> 1.643) clearly exhibited poorer recurrence-free 
survival than those who did not (P  = 0.009), although 
no significant correlation was observed between overall 
survival and the change in the postoperative neutrophil-
to-lymphocyte ratio. Based on multivariate analysis, 
hepatitis B surface antigen positivity, Child-Turcotte-
Pugh class B, an elevated postoperative neutrophil-
to-lymphocyte ratio change and intra-abdominal 
infection were significant predictors of poor recurrence-
free survival. Hepatic cirrhosis, the maximal tumor 
diameter and intra-abdominal infection were significant 
predictors of overall survival.

CONCLUSION: Postoperative intra-abdominal infection 
adversely affected oncologic outcomes, and the change 
in postoperative neutrophil-to-lymphocyte ratio was a 
good indicator of tumor recurrence in hepatocellular 
carcinoma patients after curative hepatectomy.

Key words: Hepatocellular carcinoma; Postoperative 
intra-abdominal infection; Neutrophil-to-lymphocyte 
ratio change; Hepatectomy; Prognosis

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Post-operative infectious complications 
adversely affect survival in various cancers. However, 
the prognostic value of postoperative infectious 
complications for patients with hepatocellular carcinoma 
remains unclear. We found that the occurrence 
of postoperative intra-abdominal infection was an 
independent predictor of tumor recurrence and poor 
overall survival. Postoperative neutrophil-to-lymphocyte 
ratio change, which indicated a systemic inflammatory 
response, was also an independent predictor of tumor 
recurrence.



in cancer patients[15-18].
Long-term survival was reported to be poorer 

in HCC patients with operative complications after 
hepatectomy[19,20]. However, to date, few studies 
have focused on the potential association between 
postoperative infectious complications and oncologic 
outcome of HCC. This study aimed to evaluate the 
impact of postoperative infectious complications on 
recurrence-free survival (RFS) and overall survival (OS) 
among patients receiving curative hepatectomy for 
HCC.

MATERIALS AND METHODS
Patient selection and data collection
A total of 200 HCC patients who underwent curative 
hepatectomy in an open procedure for HCC at our 
institution between September 2003 and June 
2011 were included in this study. Patients with 
extrahepatic metastasis and patients receiving any 
neoadjuvant treatment such as transcatheter arterial 
chemoembolization (TACE) and radiofrequency ablation 
(RFA) were excluded. Patients were also excluded if 
the histological diagnosis was not HCC or if the patient 
died within 30 d after surgery. The diagnosis of HCC 
was based on the serum α-fetoprotein (AFP) level, at 
least two radiological parameters [ultrasonography, 
computed tomography (CT) or magnetic resonance 
imaging (MRI)], and was ultimately confirmed 
postoperatively via histopathological diagnosis. The 
collected data included the patients’ demographic 
information, baseline clinicopathological characteristics, 
and laboratory and radiological results. The study 
protocol was approved by an Institutional Review 
Board. Informed consent was obtained according to 
the Declaration of Helsinki.

Diagnosis of postoperative infectious complications
The following infectious complication characteristics 
were examined: (1) intra-abdominal infection; (2) 
respiratory infection; (3) wound infection; (4) urinary 
tract infection; and (5) venous catheter related-
infection. Infectious complications were diagnosed 
based on symptoms with clinical/radiological signs, 
together with increased levels of inflammatory 
markers, positivity/negativity of sputum/fluid/
blood cultures and requirement for treatment with 
antibiotics or further intervention. The Clavien-Dindo 
(C-D) classification[21] was adopted to assess these 
complications and only patients classified as grade Ⅱ 
or higher were included in this analysis. In patients 
with infectious complications at multiple sites, the 
highest grade was recorded. All patients received 
antibiotic treatment after the diagnosis of infection.

Calculation of the NLR change
Preoperative white blood cells and differential cell 
counts were measured within five days prior to the 

operation. The NLR was defined as the absolute 
neutrophil count divided by the absolute lymphocyte 
count. Patients who were administered hematopoietic 
agents such as granulocyte colony-stimulating factor 
within one month before surgery were excluded. The 
postoperative NLR was obtained on the 7th day after 
surgery. The dynamic change in the NLR after surgery 
was defined as delta-NLR, which was quantitatively 
calculated by dividing the postoperative NLR value by 
the preoperative NLR value.

Follow-up
The follow-up examinations consisted of physical 
examinations, routine blood chemistry, serum AFP 
measurement and abdominal ultrasound, were 
performed once every 3-6 mo for the first 2 years 
and once every 6-12 mo thereafter. In cases with 
suspicious lesions on ultrasound or with elevated AFP, 
further examinations (contrast-enhanced ultrasound, 
CT or MRI) were conducted to confirm or rule out 
recurrence. The primary endpoint of this analysis 
was RFS, defined as the interval from the date of 
surgery to the date of the first recurrence, or the most 
recent follow-up that revealed no recurrence. The 
patients with recurrence received further individualized 
treatment, such as a second hepatectomy, chemoe
mbolization, RFA, percutaneous ethanol injection or 
systemic therapy. 

Statistical analysis
The statistical analyses were performed using SPSS 
version 16.0 (SPSS Inc., Chicago, IL, United States). 
Categorical variables were compared using the χ 2 
test or Fisher’s exact test, and those variables with 
statistical significance were validated by multivariate 
analysis. The RFS and OS curves were constructed 
using the Kaplan-Meier method, and the results were 
compared using the log-rank test. The prognostic 
value of each variable for predicting RFS or OS was 
assessed via multivariate Cox proportional hazards 
regression analysis. The cutoff value of delta-NLR was 
selected based on receiver operating characteristic 
(ROC) curve analysis. All statistical tests were two-
sided, and significance was set at P < 0.05.

RESULTS
The characteristics of the studied patients are 
summarized in Table 1. The median follow-up duration 
was 32 mo (range: 4-103 mo). At the time of the 
most recent follow-up, 101 (50.5%) patients had 
developed tumor recurrence, 43 (21.5%) patients 
had died of HCC progression, and two (1.0%) patients 
had died of non-cancerous disease. The 1-, 3-, and 
5-year OS rates for all the patients in this study were 
96.0%, 83.8% and 81.3%, respectively, and the 1-, 
3-, and 5-year RFS rates were 74.5%, 56.0% and 
51.0%, respectively. Overall, the 30-d postoperative 
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non-intra-abdominal infection group was 24.0% and 
60.6%, respectively. Intra-abdominal infection was 
also associated with a poorer 3-year OS rate than non-
intra-abdominal infection (52.0% vs 88.6%, P < 0.001; 
Figure 2). Based on further analysis, a significantly 
increased incidence of postoperative intra-abdominal 
infection was observed in patients with hepatic 
cirrhosis (P = 0.028), concomitant splenectomy (P = 
0.007) or vascular invasion (P = 0.026) in univariate 
analysis, and these variables were all significant in 
multivariate analysis. However, the results showed no 
significant correlation between delta-NLR and any of 
the clinicopathological factors (Table 2). Figure 1 shows 
the RFS curve for HCC patients with and without post-
operative intra-abdominal infection. The 3-year RFS 
rate in the intra-abdominal infection group and the 
non-intra-abdominal infection group was 24.0% (n = 

infectious complication rate was 34.0% (n = 68), and 
the peak time of infectious complications occurred 
within one to two weeks after surgery. Table 1 
also details the specific number and categories of 
infectious complications. Five patients exhibiting C-D 
grade Ⅰ wound complications were excluded from the 
analysis of infectious complications. No urinary tract 
infections or venous catheter related-infections were 
observed in this study. 

Kaplan-Meier survival analysis showed that 
postoperative infection was significantly correlated with 
tumor recurrence (P < 0.001), although no significant 
difference was detected between the different C-D 
grades (P = 0.798). Both intra-abdominal infection 
and infection at multiple sites were significantly 
associated with decreased RFS (P = 0.001 and P < 
0.001), although the respiratory infection group was 
not significantly different from the non-infection group 
(P = 0.338). The source of infection in the patients 
with infection at multiple sites was the abdominal 
cavity, thus, we considered intra-abdominal infection 
as the primary investigated variable in this study. 
As shown in Figure 1, the difference between the 
groups with and without intra-abdominal infection was 
significant (log-rank test, P < 0.001). The 3-year RFS 
rate in the intra-abdominal infection group and the 
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Table 1  Baseline characteristics of the study participants  n  (%)

Characteristics Total

No. of patients 200
Age, yr
   mean ± SD 48 ± 11.601
   Median 49
   Range 22-75
Gender, male 172 (86.0)
Drinking   46 (23.0)
Smoking   68 (34.0)
HCC family history 12 (6.0)
HBsAg (+) 172 (86.0)
Alpha-fetoprotein, > 400 ng/mL   75 (37.5)
Hepatic cirrhosis 148 (74.0)
Child-Turcotte-Pugh class 
  A 186 (93.0)
  B 14 (7.0)
  C 0
Tumor nodules
   Single 174 (87.0)
   Multiple   26 (13.0)
Maximal tumor diameter, ≤ 5 cm 143 (71.5)
Vascular invasion   26 (13.0)
Infectious complications
Respiratory infection   43 (21.5)
Intra-abdominal infection 18 (9.0)
Multiple sites of infection   7 (3.5)
Total   68 (34.0)
Severity (Clavien-Dindo grade)
   Ⅱ   56 (28.0)
   Ⅲa 11 (5.5)
   Ⅳa   1 (0.5)

The data are expressed as the total (%) unless specified otherwise. HCC: 
Hepatocellular carcinoma; HBsAg: Hepatitis B surface antigen.
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Figure 1  Graphs displaying the recurrence-free survival curves for 
hepatocellular carcinoma patients with and without post-operative intra-
abdominal infection.
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Figure 2  Graphs displaying the overall survival curves for hepatocellular 
carcinoma patients with and without post-operative intra-abdominal 
infection.
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6) and 60.6% (n = 106), respectively. The difference 
between these two groups was statistically significant 
(log-rank test, P < 0.001).

Figure 2 shows the OS curve for HCC patients 
with and without post-operative intra-abdominal 
infection. The 3-year OS rate in the intra-abdominal 
infection group and the non-intra-abdominal infection 
group was 52.0% (n = 13) and 88.6% (n = 155), 
respectively. The difference between these two groups 
was significant (log-rank test, P < 0.001).

Postoperative NLR change, which was used as a 
measurement of inflammatory response, was another 
factor investigated in this study. The optimal cutoff 
value of delta-NLR for RFS was determined via receiver 
operating characteristic (ROC) curve. The area under 
the curve (AUC) was recorded as 0.513 (95%CI: 
0.441-0.585). The delta-NLR value of 1.643 was 
used as the optimal cutoff value. This value resulted 
in the most appropriate sensitivity of 77.23% and 

specificity of 36.46%. The patients were stratified into 
the elevated (> 1.643) and non-elevated (≤ 1.643) 
delta-NLR groups. As shown in Figure 3, the 3-year 
RFS rate in the patients with an elevated delta-NLR 
was significantly poorer than that in the patients with a 
non-elevated delta-NLR (50.0% vs 68.4%, P = 0.009). 
Nevertheless, no significant correlation was detected 
between OS and postoperative NLR change.

Figure 3 shows the RFS curves of the HCC patients 
according to the postoperative NLR change (> 1.643 
or ≤ 1.643). The 3-year RFS rate in the elevated 
group and the non-elevated group was 50.0% (n = 
70) and 68.4% (n = 39), respectively. The elevated 
postoperative NLR change group exhibited significantly 
poorer RFS (log-rank test, P = 0.009).

The results of univariate and multivariate analysis 
are shown in Table 3. Indicators of underlying liver 
disease, such as the hepatitis B surface antigen 
(HBsAg) status and the Child-Turcotte-Pugh (CTP) 
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1Significant difference. HCC: Hepatocellular carcinoma; HBsAg: Hepatitis B surface antigen.
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Table 2  Clinicopathological characteristics associated with postoperative intra-abdominal infection and delta-neutrophil-to-
lymphocyte ratio

Characteristics Intra-abdominal infection (No.) P  value Multivariate analysis Delta-NLR P value

No Yes P  value > 1.643 ≤ 1.643

Age, yr
   < 60 138 19 0.745 108 48 0.268
   ≥ 60   37   6   32   9
Gender
   Male 151 21 0.759 122 48 0.587
   Female   24   4   18   9
Drinking 
   No 136 18 0.525 107 44 0.908
   Yes   39   7   33 13
Smoking 
   No 118 14 0.259   91 39 0.646
   Yes   57 11   49 18
HCC family history
   No 165 23 0.649 133 53 0.733
   Yes   10   2     7   4
HBsAg (+)
   No   26   2 0.540   18 10 0.393
   Yes 149 23 122 47
Alpha-fetoprotein, 
   ≤ 400 ng/mL 107 18 0.294   91 33 0.349
   > 400 ng/mL   68   7   49 24
Hepatic cirrhosis
   No   50   2  0.0281 0.0431   36 16 0.734
   Yes 125 23 104 41   
Child-Turcotte-Pugh 
   Class A 163 23 0.689 130 53 1.000
   Class B   12   2   10   4
Concomitant splenectomy
   No 165 19  0.0071 0.0161 127 54 0.565
   Yes   10   6   13   3
Tumor nodules
   Single 153 21 0.749 119 52 0.242
   Multiple   22   4   21   5
Maximal tumor diameters
   ≤ 5 cm 126 17 0.679 102 38 0.385
   > 5 cm   49   8   38 19
Vascular invasion
   No 156 18  0.0261 0.0061 119 52 0.242
   Yes   19   7   21   5



class were identified as significant predictors of 
poor RFS. The postoperative NLR change and intra-
abdominal infection were also identified as predictors 
of RFS. Multivariate analysis revealed HBsAg positivity, 
CTP class B, elevated delta-NLR and intra-abdominal 
infection as independent predictors of poor RFS. The 
tumor diameter displayed borderline significance. For 
OS, multivariate analysis identified hepatic cirrhosis, 
the maximal tumor diameter (> 5 cm) and intra-
abdominal infection as independent predictors of poor 
OS.

DISCUSSION
The impact of postoperative infection on prognosis 
has been evaluated in various malignancies[8,22,23]. The 
presence of intra-abdominal and respiratory infections 
was reported to be associated with poorer long-term 
outcomes in patients who underwent hepatic resection 
for colorectal liver metastasis[8,14]. In the present 
study, we analyzed the data from a cohort of 200 
HCC patients who underwent curative liver resection 
and demonstrated that postoperative intra-abdominal 
infection was an independent risk factor affecting RFS 
and OS. 

Our results showed a relatively higher rate of 
postoperative infectious complications (34.0%) 
compared to the results of previous studies[3-5]. This 
difference may be due to distinct patient population 
characteristics, particularly the status of liver 
parenchyma. Most of our patients suffered from 
hepatic cirrhosis (74.0%), which highly correlated 
with postoperative intra-abdominal infection (Table 
2). In addition to cirrhosis, vascular invasion and 
concomitant splenectomy correlated with an increased 
risk of postoperative intra-abdominal infection. 
However, the precise mechanism underlying these 
correlations remains unclear. The postoperative 

infectious complications were stratified according to 
severity using the C-D classification system in our 
cohort. No significant differences were detected in the 
outcomes of the patients according to the C-D grades, 
suggesting the homogeneity of the pro-neoplastic 
effects of inflammation on HCC carcinogenesis, 
despite differences in the severity of the postoperative 
complication. 

The association between postoperative intra-
abdominal infection and poor prognosis is complex and 
remains to be elucidated. Several possible mechanisms 
may explain the prognostic value of postoperative 
intra-abdominal infection. One possible mechanism 
is that the deregulated host immunological response 
during infection may promote tumorigenesis[10,24]. It 
has been well documented that infectious complications 
correlated with the excessive synthesis and release of 
proinflammatory cytokines, such as interleukin IL-1, 
IL-6 and TNFα, and these cytokines can affect the 
function and regulation of cytotoxic T lymphocytes, 
natural killer cells, and other immunocompetent 
circulating cells such as dendritic antigen-presenting 
cells and induce immunosuppression[25,26]. Cell-
mediated immune function was also suppressed by 
the post-surgical stress response. As a result, the 
residual malignant cells may progress rapidly during 
the periods of relative immunosuppression caused by 
postoperative infection and post-surgical stress. In 
addition, infectious complications may stimulate the 
release of angiogenesis-regulating chemokines, growth 
factors and proteases, which are major contributors 
to tumor-related angiogenesis[27]. Furthermore, it has 
recently been demonstrated that bacterial antigens, 
which are frequently involved in postoperative 
infectious complications, exert a direct effect on the 
metastatic capacity of cancer cells[11].

The presence of a systemic inflammatory response 
can be evaluated based on both the elevation of the 
CRP level and the NLR[14,28]. Because the CRP level was 
not routinely measured at our center, we assessed 
the prognostic significance of the NLR as a potential 
objective biomarker representing the perioperative 
change in the inflammatory response. The patients 
with an elevated NLR more frequently exhibited 
lymphocytopenia and neutrophilic leukocytosis, 
shifting the balance to a pro-tumor inflammatory 
response. Various studies have demonstrated that 
an elevation in the preoperative NLR correlated with 
a poor clinical outcome in HCC patients treated by 
different methods[29-32]. The postoperative NLR was 
also considered to be a useful marker that displayed 
remarkable prognostic value[33]. However, neither 
the preoperative nor postoperative NLR reflects the 
dynamic change in the balance between the host 
inflammatory response and the immune response 
after curative surgery. Recently, the postoperative NLR 
change was found to be an independent prognostic 
factor for patients with small HCCs receiving RFA. 
The patients with a decreased NLR exhibited a higher 
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hepatocellular carcinoma patients according to the postoperative 
neutrophil-to-lymphocyte ratio change (> 1.643 or ≤ 1.643).
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survival rate than those with an increased NLR[30]. 

Our investigation showed a similar result among the 
HCC patients who underwent liver resection. The 
postoperative NLR change was an independent factor 
for RFS. Neither preoperative nor postoperative NLR 
was significantly associated with RFS or OS.

Our results should be interpreted with caution as 
this retrospective study contains some limitations. 
First, this study was based on retrospective data. 
Second, these data were collected from a single 
institution. Thus, further validation in prospective 
studies enrolling patients from additional institutions 

is needed. Third, we chose to stratify the patients 
according to a delta-NLR of > 1.643 or ≤ 1.643 
based on ROC curve analysis. However, it is uncertain 
whether a different cutoff value would serve as a 
better predictor of disease recurrence for these HCC 
patients or whether NLR would be better categorized 
into “high”, “intermediate”, and “low” groups rather 
than two groups. 

In conclusion, the results of our study suggest that 
postoperative intra-abdominal infection has an adverse 
effect on the oncologic outcomes (RFS and OS) of 
HCC patients after hepatectomy. The postoperative 
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Table 3  Univariate and multivariate analyses of the factors associated with recurrence-free survival or overall survival for 
hepatocellular carcinoma patients

Category 3-yr recurrence-
free survival rate

Univariate analysis Multivariate analysis 3-yr OS rate Univariate analysis Multivariate analysis

P  value P  value and HR (95%CI) P  value P  value and HR (95%CI)

Gender 0.382 0.834
   Male 55.8% 0.751 1.381 83.7% 0.981 1.121
   Female 57.1% 0.670-2.849 85.7% 0.385-3.267
Age, yr 0.100 0.765
  < 60 57.3% 0.496 1.508 83.4% 0.763 0.887
  ≥ 60 51.2% 0.925-2.460 86.0% 0.402-1.954
Smoking 0.136 0.618
   Yes 51.5% 0.076 1.482 83.8% 0.374 1.237
   No 58.3% 0.883-2.485 84.1% 0.536-2.854
Drinking 0.525 0.338
   Yes 52.2% 0.443 0.829 87.0% 0.740 0.632
   No 57.1% 0.466-1.477 83.1% 0.247-1.615
Family history 0.199 0.091
   Yes 66.7% 0.237 0.497 91.7% 0.165 0.170
   No 55.3% 0.171-1.444 83.5% 0.022-1.325
HBsAg status  0.0101 0.266
   Negative 82.1% 0.006 3.019 92.9% 0.057 2.374
   Positive 51.7% 1.309-6.959 82.6% 0.517-10.895
AFP, ng/mL 0.279 0.972
   > 400 54.4% 0.184 0.782 82.7% 0.948 1.012
   ≤ 400 58.7% 0.501-1.220 84.8% 0.508-2.018
Hepatic cirrhosis 0.635  0.0131  0.0311

   Yes 53.4% 0.176 1.128 80.4% 3.233
   No 63.5% 0.686-1.853 94.2% 1.110-9.417
CTP class  0.0321 0.147
   A 58.1% 0.011 2.130 83.9% 0.262 2.321
   B 28.6% 1.068-4.246 85.7% 0.745-7.233
Delta-NLR  0.0191 0.146
   > 1.643 50.0% 0.009 1.807 81.4% 0.161 1.765
   ≤ 1.643 68.4% 1.102-2.962 89.5% 0.820-3.799
Tumor nodules 0.891 0.625
   Single 57.5% 0.339 0.960 83.9% 0.396 1.26
   Multiple 46.2% 0.530-1.736 84.6% 0.499-3.185
Maximal tumor  diameter 0.056  0.0191

   > 5 cm 47.4% 0.075 1.573 75.4%  0.0251 2.281
   ≤ 5 cm 59.4% 0.989-2.503 87.4% 1.148-4.536
Vascular invasion 0.176 0.598 0.163 0.792
   Yes 53.8% 0.828 76.9% 1.144
   No 56.3% 0.411-1.669 85.1% 0.420-3.113
Concomitant  splenectomy 0.721 0.308
   Yes 37.5% 0.061 0.939 75.0% 0.343 0.757
   No 57.6% 0.665-1.326 84.8% 0.444-1.292
Intra-abdominal infection  0.0001  0.0001

   Yes 24.0% < 0.001 3.308 52.0% < 0.0011 5.357
   No 60.6% 1.806-6.061 88.6% 2.494-11.507

1Significant difference. HBsAg: Hepatitis B surface antigen; AFP: Alpha-fetoprotein; CTP class: Child-Turcotte-Pugh class; Delta-NLR: Postoperative 
neutrophil-to-lymphocyte ratio change.

Ruan DY et al . Intra-abdominal infection affects hepatocellular carcinoma prognosis



NLR change (delta NLR), a simple and objective 
inflammation index, is an independent predictor of 
tumor recurrence in HCC patients.
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Background
Surgical resection is considered a curable treatment for hepatocellular 
carcinoma (HCC), but the postoperative recurrence rate and long-term 
prognosis is still unsatisfactory. Many clinicopathological characteristics 
have been proved to be associated with the prognosis of HCC. Recently, 
the association between inflammatory response and cancer progression 
has become a research focus. It is reported that postoperative infectious 
complications affect prognosis in various cancers and that inflammation 
and its associated immunomodulation can cause cancer progression. 
However, to date, there is little evidence of the potential association between 
postoperative infectious complications and the oncologic outcome of HCC after 
hepatectomy. The neutrophil-to-lymphocyte ratio (NLR) is a novel marker of the 
systemic inflammatory response. An elevated NLR has been experimentally 
demonstrated to serve as a predictor of poor prognosis in cancer patients.
Research frontiers
Recent studies suggested that postoperative infectious complications were an 
independent predictor for both disease-free survival and overall survival after 
surgery in various types of cancers, such as gastric cancer, esophageal cancer, 
and lung cancer, and laboratory research has provided evidence that host 
immunological response during infection may promote tumorigenesis. NLR, as 
a novel marker of inflammation, had been demonstrated to be a predictor of 
clinical outcome in HCC patients treated with different methods.
Innovations and breakthroughs
This study showed a clear association between postoperative intra-abdominal 
infection and prognosis and clarified the prognostic value of dynamic NLR 
change as an inflammatory marker for HCC patients after hepatectomy.
Applications
The study results suggest that intra-abdominal infection and elevated delta-
NLR were significantly associated with poor recurrence-free survival and overall 
survival. These parameters could be used in prognosis prediction, postoperative 
monitoring and follow up.
Terminology
The NLR was defined as the absolute neutrophil count divided by the absolute 
lymphocyte count. The dynamic change in the NLR after surgery was defined 
as delta-NLR, which was quantitatively calculated by dividing the postoperative 
NLR value by the preoperative NLR value.
Peer-review
The authors provide data to demonstrate that postoperative intra-abdominal 
infection and postoperative NLR change are prognostic indicators for HCC 
patients with curative surgery. This study is overall interesting, the outline is 
organized clearly and the manuscript is written well.
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