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Background: Currently, there is still a lack of effective biomarkers for the recurrence 
monitoring and survival prognosis assessment of hepatocellular carcinoma (HCC) patients 
with alpha-fetoprotein (AFP)-negative (≤20 ng/mL) after radical resection.
Methods: The clinicopathological data of 606 patients (303 in the AFP-negative group and 303 in 
the AFP-positive group) who underwent radical resection of HCC were analyzed retrospectively.
Results: The gamma-glutamyl transpeptidase to lymphocyte count ratio (GLR) of patients in 
the AFP-negative group was lower than that in the AFP-positive group (p <0.001). The GLR 
level of the early-recurrence group was higher than that of the non-early-recurrence group (p 
=0.003). GLR had fair accuracy in predicting the early-recurrence of HCC patients [c- 
index=0.654 (95% CI=0.606–0.702); AUC=0.681 (95% CI=0.625–0.733)]. Univariate ana-
lysis showed that patients with tumor size <5 cm, no microvascular invasion, single tumor, 
no metastasis, BCLC stage 0–A, no recurrence, and GLR ≤45.0 had longer disease-free 
survival (DFS) and overall survival (OS) among AFP-negative HCC patients. In addition, 
multivariate Cox proportional hazards regression analysis showed that tumor size <5 cm (p 
=0.003), no recurrence (p <0.001), and GLR <45.0 (p <0.001) were independent predictors 
of longer OS.
Conclusion: GLR may be a potential indicator for early recurrence monitoring and prog-
nosis evaluation in HCC patients with AFP-negative after radical resection.
Keywords: hepatocellular carcinoma, AFP-negative, GLR, prognosis, early-recurrence

Introduction
Liver cancer is the fourth most common cause of death related to cancer globally, 
and hepatocellular carcinoma (HCC) accounts for the majority of primary liver 
cancer.1,2 Despite the rapid development of diagnosis and treatment of HCC and 
postoperative monitoring, the overall prognosis is still not optimistic due to the high 
recurrence rate and metastasis rate.3

Alpha fetoprotein (AFP) is the most commonly used detection biomarker in 
clinical diagnosis and postoperative monitoring of HCC.4 However, about 30– 
40% of patients pathologically diagnosed with HCC have a negative level of 
serum AFP, which limits the role of AFP in the diagnosis and prognosis 
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monitoring of HCC patients.5–7 In addition, studies have 
shown that the postoperative recurrence rate and survi-
val rate of AFP-negative HCC patients were better than 
that of AFP-positive patients,8,9 so the clinical studies 
on AFP-negative HCC patients have great clinical sig-
nificance. Although, for AFP-negative HCC patients, 
previous studies indicated that C-reactive protein, D- 
dimer, pre-albumin, and some models constructed by 
biomarkers may be used as auxiliary indicators for 
HCC diagnosis,10–12 none of them have been used in 
clinical practice, so it is urgent to find available indica-
tors to monitor and evaluate the prognosis of AFP- 
negative HCC patients.

The occurrence and development of HCC is a complex and 
multi-step process, involving continuous inflammatory 
damage, which includes hepatocyte necrosis and regeneration 
related to fibrosis deposition.13,14 Lymphocyte plays a key role 
in the anti-tumor activity of the human immune system, and 
lymphocyte infiltration usually indicates a favorable 
prognosis.15 Gamma-glutamyl transferase (GGT) is a cell sur-
face enzyme, which can be used as a marker of many diseases 
including cancer (renal cell carcinoma, breast cancer, gastric 

cancer, lung cancer, etc.).16–18 GGT to lymphocyte ratio 
(GLR) has been proved to be a prognostic indicator after 
radical resection of nonfunctional pancreatic neuroendocrine 
tumors.19 In addition, in our previous study, we found that 
GLR has a better prediction ability in HCC patients with single 
tumor size (TS) <5 cm.20 However, whether there is a similar 
result in AFP-negative HCC patients, and whether there is 
potential significance in the diagnosis and postoperative mon-
itoring of HCC, there are no relevant researches reported yet. 
This study intended to focus on the application value of GLR 
in AFP-negative HCC, so as to provide possible assistance for 
the clinical diagnosis and treatment of AFP-negative HCC.

Method
Research Objects and Data Collection
From December 2008 to September 2013, a total of 746 
HCC patients were studied, and according to the exclu-
sion criteria, 606 patients who received radical hepatect-
omy in the Affiliated Hospital of Guilin Medical 
University (Guilin, China) were enrolled in this study 
finally, among which half of them were AFP-negative 
and half were AFP-positive (Figure 1). All patients were 

Figure 1 Flow chart showing the inclusion process of eligible patients in the study.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                            

Journal of Hepatocellular Carcinoma 2021:8 24

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


diagnosed with HCC by pathological examination. The 
specific diagnosis criteria, surgical indications, and radi-
cal hepatectomy criteria of the patients were described 
in detail in our previous study.20 Radical resection was 
defined as all patients who underwent radical resection 
of HCC. The specific objectives were as follows: com-
plete removal of all tumor nodules, and no residual 
tumor was found on the cutting edge according to his-
tological examinations. Routine application of ultraso-
nography during operation and postoperative enhanced 
CT examination were conducted to ensure complete 
resection of HCC.21 Clinical data collection includes: 
personal history (age, gender, drinking history, smoking 
history, etc.), family history, hematological examinations 
(hepatitis B surface antigen (HBsAg), AFP, liver func-
tion, blood routine, blood biochemistry, etc.), imaging 
examinations (finishing at least one of them: ultrasono-
graphy (US), computerized tomography (CT), magnetic 
resonance imaging (MRI)), pathological examination 
results, and regular follow-up data, etc. In this study, 
all blood samples were collected before operation, and 
all hematologic examinations were completed in the 
laboratory of Affiliated Hospital of Guilin Medical 
University.

The study was in accordance with the Declaration of 
Helsinki and has been approved by the research ethics com-
mittee of Affiliated Hospital of Guilin Medical University. 
Informed consent in written form was obtained from all 
patients.

Follow-Up
The specific principle of follow-up adopted in this study 
was the same as our previous study.20 The general meth-
ods were as follows: within the first 2 years after the 
operation, the blood routine, liver and kidney function, 
and abdominal ultrasonography were examined every 2 
months, and chest X-ray film was taken every 6 months; 
after 2 years, the time interval of chest X-ray film 
remained unchanged, whereas the time interval of the 
other routine examinations was 3–6 months. If the reex-
amination results were abnormal, CT contrast-enhanced 
scanning or MRI examination should be performed to 
confirm tumor progression. The post-operative patients 
who were not reexaminated in our hospital on time were 
followed up by telephone. The last follow-up time was 
January 2020. Disease-free survival (DFS) refers to the 
time from radical surgery to tumor recurrence, death, or 

the last follow-up, while overall survival (OS) refers to 
the time from surgery to death or the last follow-up.

Receiver Operating Characteristic (ROC) 
Curve and Cut-Off Value
In this study, ROC curve was drawn according to whether 
the patients recurred within 1 year after operation. The 
ROC curve is a series of curves drawn with a positive rate 
(sensitivity) as ordinate axis and false positive rate (1- 
specificity) as abscissa axis according to different dichot-
omy. The area under curve (AUC) is between 0.5 and 1. 
The loser to 1.0 the AUC is, the more accurate the model 
is. In addition, The C-index of the GLR model is deter-
mined via rms package in R version 3.5.1 (https://www.r- 
project.org/). By analyzing the sensitivity and specificity 
of each point on the curve, we determined an optimal cut- 
off value, at which GLR had the best predictive ability on 
the recurrence of HCC patients with AFP-negative within 
1 year after surgery.

Data Analysis
Continuous variables conforming to normal distribution 
were expressed as mean±standard deviation (SD) and 
evaluated by independent sample t-test, while classifica-
tion data were compared by Pearson chi-square test or 
Fisher exact test. Kaplan-Meier method and log rank test 
were used to analyze and compare the difference of survi-
val rate and recurrence rate among different risk groups. 
Univariate analysis and multivariate Cox proportional 
hazards regression analysis were used to determine the 
prognostic factors related to DFS and OS. All data were 
analyzed by SPSS 24.0 software, and P<0.05 was statisti-
cally significant.

Results
Analyses of Clinical Features of Patients
By comparing the clinical data of AFP-negative patients 
(n=303) and AFP-positive patients (n=303), we found that 
there was a significant difference in GLR between AFP- 
negative patients (58.36±51.18) and AFP-positive patients 
(95.07±87.11) (p <0.001). At the same time, we found 
statistically significant differences in age, hepatitis B surface 
antigen (HBsAg), microvascular invasion (MVI), lympho-
cyte count (LYMPH), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), GGT, tumor size (TS), 
tumor stage, BCLC stage, and recurrence between AFP- 
negative and AFP-positive patients (Table 1).
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Three hundred and three HCC patients with AFP- 
negative were divided into the early-recurrence group 
(n=53) and the non-early-recurrence group (n=250) 
according to whether they had recurrence within 1 year 
after surgery. By analyzing and comparing the clinical 
characteristics of patients of the two groups, it was 
found that GLR (p =0.006) and GGT (p =0.030) had a 
significant difference between the early-recurrence 
group and the non-early-recurrence group (Table 2, 
Figure 2A).

The above results suggested that GLR level was related 
to recurrence in AFP-negative patients. Therefore, we 
further explored whether GLR level could be an indicator 
for monitoring of recurrence.

The Optimal Cut-off Value of GLR
By ROC curve analysis, AUC of GLR to predict the 
prognosis of AFP-negative HCC patients was 0.681 

[95% confidence interval (CI)=0.625–0.733]. The opti-
mal cut-off value for GLR was 45.0, with a sensitivity 
of 67.9% (95% CI=0.537–0.801) and a specificity of 
60.8% (95% CI=0.544–0.669) (Figure 2B). The C- 
index of GLR calculated by R was 0.654 (95% 
CI=0.606–0.702). It suggested that GLR was significant 
in monitoring the early recurrence of AFP-negative 
HCC patients and had a certain predictive value. In 
addition, based on this cut-off value, patients were 
divided into GLR >45.0 group (n=141) and GLR 
≤45.0 group (n=162).

Relationship Between GLR and 
Recurrence and Survival
The GLR of the early-recurrence group was higher than 
that of the non-early-recurrence group (p =0.006, Figure 
2A). Kaplan-Meier method was used to analyze the 
survival of patients, and it was found that the level of 

Table 1 Comparison of Clinicopathological Characteristics of AFP-Negative/Positive Patients

Parameters AFP Negative AFP Positive p-value

(n=303) (n=303)

Gender: female/male (n) 31/272 38/265 0.371

Age (years) 52.22±11.06 48.11±11.48 <0.001*
HBsAg: negative/positive (n) 63/240 36/267 0.003*

Family history: absent/present (n) 264/39 269/34 0.533

Drinking: absent/present (n) 157/146 164/139 0.569
Smoking: absent/present (n) 162/141 174/127 0.206

Cirrhosis: absent/present (n) 28/275 20/283 0.229

MVI: absent/present (n) 242/61 190/113 <0.001*
WBC (×109/L) 6.61±2.43 6.35±2.32 0.172

NEUT (×109/L) 4.06±2.07 4.07±2.02 0.901

LYMPH (×109/L) 1.74±0.61 1.52±0.54 <0.001*
Platelets (×109/L) 183.28±83.24 184.18±84.15 0.895

Albumin (g/L) 39.42±4.91 39.03±4.79 0.314

Globulin (g/L) 30.74±5.64 30.67±6.05 0.887
TBIL (μmol/L) 14.92±10.51 16.03±12.01 0.622

DBIL (μmol/L) 5.41±3.20 6.30±4.74 0.783

ALT (U/L) 43.06±39.66 49.88±47.06 0.037*
AST (U/L) 47.16±52.81 58.17±55.14 0.005*

GGT (U/L) 89.11±70.65 125.18±95.93 <0.001*

Tumor size (cm) 7.57±6.35 9.13±5.10 <0.001*
Tumor number: single/multiple (n) 225/78 212/91 0.239

Tumor differentiation: I/II/III (n) 49/113/141 22/90/191 <0.001*

BCLC stage: 0/A/B (n) 20/148/135 8/117/178 0.001*
Early-recurrence: absent/present (n) 250/53 226/77 0.0176*

GLR 58.36±51.18 95.07±87.11 <0.001*

Note: *P-valueindicates statistically significant. 
Abbreviations: n, number of patients; HBsAg, hepatitis B surface antigen; MVI, microvascular invasion; WBC, white blood cell; NEUT, 
neutrophil count, LYMPH, lymphocyte count; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, gamma-glutamyl transpeptidase; BCLC, barcelona-clinic liver cancer; GLR, GGT-to-lymphocyte ratio.
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GLR was correlated with the prognosis of patients with 
AFP-negative HCC significantly. Postoperative recur-
rence rate of patients in the GLR ≤45.0 group was 
lower than that in the GLR >45.0 group (p <0.001, 
Figure 3A). In addition, postoperative OS in the GLR 
≤45.0 group was longer than that in the GLR >45.0 
group (p <0.001, Figure 3B). The mean postoperative 
OS (months) in the GLR ≤45.0 group (90.02, 95% 
CI=82.65–97.39) was higher than that in the GLR 
>45.0 group (62.68, 95% CI=56.32–69.05) (p <0.001, 
Table 3).

Furthermore, we analyzed the postoperative survival of 
the 606 AFP-negative and AFP-positive patients, and 
found that the OS of AFP-negative patients was longer 
than that of AFP-positive patients (p <0.001, Figure 3C). 
After the analysis of the prognosis and survival of all 
patients (n=606), it was found that the OS of patients 
with GLR ≤45.0 group was longer than that of patients 
with GLR >45.0 group (p <0.001, Figure 3D).

Univariate and Multivariate Cox 
Regression Analyses Assessed the Risk of 
Postoperative Survival
Univariate analysis was conducted on the postoperative 
survival of 303 patients with AFP-negative HCC, and the 
results showed that TS (≥5 cm), microvascular invasion, 
multiple tumor, higher Barcelona Clinic Liver Cancer 
(BCLC) stage, and GLR >45.0 were important factors 
affecting OS and DFS. In addition, recurrence was an 
important factor affecting patients’ OS (Table 3). After 
adjusting for other risk predictors, multivariate Cox regres-
sion analysis of the above factors showed that TS ≥5 cm 
(HR=1.67; 95% CI=1.15–2.45; p =0.007) and GLR >45.0 
(HR=1.73; 95% CI=1.19–2.58; p =0.001) could be used as 
independent predictors of DFS in AFP-negative HCC. In 
addition, TS ≥5 cm (HR=1.74; 95% CI=1.20–2.53; p 
=0.003), recurrence (HR=2.32; 95% CI=1.50–3.62; p 
<0.001), and GLR >45.0 (HR=1.91; 95% CI=1.35–2.83; 

Table 2 Comparison of Clinicopathological Characteristics of No Early-Recurrence and Early-Recurrence Patients

Parameter No Early-Recurrence Early-Recurrence p-value

(n=250) (n=53)

Gender: female/male (n) 25/225 6/47 0.773

Age (years) 52.55±10.95 50.69±11.52 0.259
HBsAg: negative/positive (n) 52/198 11/42 0.994

Family history: absent/present (n) 217/33 47/6 0.711

Drinking: absent/present (n) 126/124 31/22 0.284
Smoking: absent/present (n) 133/117 29/24 0.841

Cirrhosis: absent/present (n) 20/230 8/45 0.105

MVI: absent/present (n) 197/53 45/8 0.314
WBC (×109/L) 6.66±2.44 6.36±2.37 0.418

NEUT (×109/L) 4.10±2.14 3.88±1.72 0.485

LYMPH (×109/L) 1.77±0.63 1.59±0.51 0.052
Platelets (×109/L) 180.65±78.37 191.91±88.76 0.357

Albumin (g/L) 39.11±5.23 40.49±4.42 0.075

Globulin (g/L) 30.67±5.76 31.06±5.06 0.650
TBIL (μmol/L) 15.19±13.72 13.78±6.23 0.507

DBIL (μmol/L) 5.62±4.42 5.05±2.81 0.355

ALT (U/L) 41.28±37.34 51.06±49.11 0.096
AST (U/L) 46.54±53.35 48.30±44.57 0.832

GGT (U/L) 84.50±66.65 107.03±76.50 0.030*

Tumor size (cm) 7.38±6.64 8.50±4.73 0.241
Tumor number: single/multiple (n) 190/60 35/18 0.132

Tumor differentiation: I/II/III (n) 44/94/112 5/19/29 0.251

BCLC stage: 0/A/B (n) 18/124/108 2/24/27 0.443
GLR 54.66±48.84 75.83±58.43 0.006*

Note: *P-value indicates statistically significant. 
Abbreviations: n, number of patients; HBsAg, hepatitis B surface antigen; MVI, microvascular invasion; WBC, white blood cell; NEUT, neutrophil 
count, LYMPH, lymphocyte count; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, 
Gamma-glutamyl transpeptidase; BCLC, barcelona-clinic liver cancer; GLR, GGT to lymphocyte ratio.
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p <0.001) were independent predictors of OS in AFP- 
negative HCC (Table 4).

The Prognostic Effect of GLR Combined 
with TS on the Prognosis of AFP- 
Negative HCC
The multivariate Cox proportional hazards regression ana-
lysis showed that GLR and TS were independent predic-
tors of the prognosis of AFP-negative HCC. Therefore, we 
speculated that the combination of GLR and TS could 
better predict the prognosis of AFP-negative HCC. The 
AFP-negative patients were further divided into GLR 
>45.0 and TS >5 cm (group 1, n=103), GLR >45.0 or 
TS >5 cm (group 2, n=103), and GLR ≤45.0 and TS ≤5 cm 
(group 3, n=97). The postoperative prognosis of each 
group was compared, and it was found that the recurrence 
rate of patients was highest in the GLR >45.0 and TS >5 
cm group, and lowest in the GLR ≤45.0 and TS ≤5 cm 
group (p <0.001, Figure 3E); while the postoperative OS 
of patients was shortest in the GLR >45.0 and TS >5 cm 
group, and longest in the GLR ≤45.0 and TS ≤5 cm groups 
(p <0.001, Figure 3F).

Discussion
It is well known that high recurrence rate is a major factor 
for poor postoperative prognosis of HCC patients, and 
early recurrence within 1 or 2 years after surgery is 

clinically common.22–25 In addition, studies have shown 
that the prognosis of early recurrence of HCC within 1 
year after surgery was worse than that of patients with late 
recurrence or no recurrence significantly.25,26 Therefore, it 
is of obvious clinical significance to define the time node 
of postoperative recurrence as 1 year.

Serum AFP is the primary biomarker for the clinical 
screening, diagnosis, and postoperative recurrence moni-
toring of HCC, but there is a considerable proportion of 
HCC patients with AFP ≤20 ng/mL.4,5,27 In fact, detection 
of AFP level in such patients in follow-up increases the 
cost of detection and has limited clinical value, so AFP- 
negative HCC patients should be treated differently. We 
also found that the prognosis of AFP-negative HCC 
patients was better than that of AFP-positive HCC 
patients, which was consistent with the results of Zhang 
et al,9 further demonstrating the important clinical signifi-
cance of prognosis prediction of AFP-negative HCC 
patients.

Currently, the diagnosis and postoperative monitoring 
of AFP-negative HCC mainly rely on ultrasonography, CT 
examination, and other imaging methods. However, due to 
the high cost and radiation of CT scanning, it is not 
recommended to repeat it in a short period of time, and 
ultrasonography is insufficient in the small lesions, so 
many researchers suggest using other biomarkers, such as 
hematological indicators as the ideal choice for 

Figure 2 The role of GLR in the prediction and evaluation of early recurrence in different groups of HCC. (A) The scatter plot showed the difference in GLR level between 
the early-recurrence group and the non-early-recurrence group. (B) The ROC curve was performed to assess the role of GLR in predicting early recurrence of HCC.
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Figure 3 The relationship of GLR level with recurrence rate and OS in AFP-negative HCC patients. Kaplan–Meier analysis revealed a significantly higher recurrence rate (A) 
and shorter OS (B) in AFP-negative HCC patients with GLR ≤45.0 than in those with GLR >45.0. The OS of AFP-negative patients was longer than that of AFP-positive 
patients (C). The OS of patients with GLR ≤45.0 was longer than that of patients with GLR >45.0 (D). The postoperative recurrence rate of AFP-negative patients was 
highest in the GLR >45.0 and TS >5 cm group, and lowest in the GLR ≤45.0 and TS ≤5 cm group (E), while the OS of patients was lowest in the GLR >45.0 and TS >5 cm 
group, and highest in the GLR ≤45.0 and TS ≤5 cm group (F).
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postoperative recurrence monitoring.27–29 In addition, the 
TNM stage developed by the American joint committee on 
Cancer (AJCC) and BCLC stage are used for surgical 
evaluation and prognostic prediction in AFP-negative 
HCC patients widely. However, there are many controver-
sies due to the dominant role of tumor load in TNM 
staging system,30 as the most common and comprehensive 
evaluation system for therapeutic methods selection and 
prognosis stratification in HCC patients, the BCLC staging 
system has been reported to have certain potential in pre-
dicting the prognosis of AFP-negative HCC patients.9 

However, studies have shown that BCLC stage only had 

such good predictive value on patients with advanced 
HCC.31 It has not been reported to have surveillance 
potential for postoperative recurrence in AFP-negative 
patients either. Then, in this study, we found that the 
level of GLR was significantly higher in AFP-positive 
HCC patients than in AFP-negative patients. Based on 
the monitoring of early recurrence of AFP-negative HCC 
after operation, it was found that GLR had a high sensi-
tivity and specificity in predicting the recurrence of HCC 
within 1 year after operation. Besides, the GLR was able 
to distinguish the early recurrence of patients to a certain 
extent via C-index. Meanwhile, we found that GLR can 

Table 3 Univariate Analysis of the Prognosis of Survival and Clinicopathologic Characteristics

Clinical Characteristics Category No. of Patients Disease-Free Survival (Months) Overall Survival (Months)

Mean 95% CI p-value Mean 95% CI p-value

Gender Female 31 56.92 38.41–75.44 0.612 68.63 52.31–84.96 0.639

Male 272 61.99 55.81–68.17 72.77 67.41–78.11

Age (years) <60 228 59.03 52.34–65.72 0.182 70.06 64.21–75.91 0.147

≥60 75 68.97 57.05–80.90 79.49 69.37–89.62

Family history Absent 264 60.44 54.13–66.72 0.243 70.84 65.33–76.35 0.194

Present 39 65.07 49.37–80.76 82.82 70.08–95.55

HBsAg Negative 63 60.09 46.69–73.50 0.667 72.17 60.75–83.58 0.997

Positive 240 61.95 55.45–68.47 72.39 66.71–78.07

Drinking Absent 157 63.58 55.31–71.85 0.613 74.39 67.33–81.46 0.468

Present 146 59.06 50.78–67.33 70.35 63.03–77.64

Tumor size (cm) <5 135 79.62 70.94–87.31 <0.001* 89.65 82.79–96.52 < 0.001
≥5 168 47.55 40.36–54.73 58.59 51.97–65.21

Cirrhosis Absent 28 56.15 35.77–76.52 0.325 67.68 50.13–85.23 0.610
Present 275 61.89 55.77–68.01 72.80 67.49–78.11

Microvascular invasion Absent 242 65.13 58.53–71.73 0.015* 76.83 71.31–82.34 0.001
Present 61 47.98 35.93–60.03 54.92 43.27–66.58

Tumor number Single 225 65.53 58.71–72.73 0.017* 76.35 70.53–82.16 0.009
Multiple 78 49.55 38.59–60.51 60.98 50.95–71.01

Tumor differentiation I–II 162 74.01 65.83–80.35 <0.001* 85.81 79.80–91.06 < 0.001
III 141 46.88 38.62–55.07 56.65 49.02–64.27

BCLC stage 0-A 168 73.27 63.66–79.83 <0.001* 83.62 77.23–89.64 < 0.001
B 135 47.92 39.95–55.16 57.12 49.71–64.58

Early- 

recurrence

Absent 250 79.26 74.31–85.19 < 0.001
Present 53 35.37 29.61–41.35

GLR ≤ 45.0 162 79.75 70.26–89.23 <0.001* 90.02 82.65–97.39 < 0.001
> 45.0 141 50.89 43.86–57.91 62.68 56.32–69.05

Note: *P-value indicates statistically significant. 
Abbreviations: HR, hazard ratio; CI, confidence interval; HBsAg, hepatitis B surface antigen; BCLC, barcelona-clinic liver cancer; GLR, gamma-glutamyl transpeptidase to 
lymphocyte count ratio.
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still be used as an independent predictor of DFS and OS in 
AFP-negative HCC patients, which was consistent with 
our previous study that GLR could be used as a prognostic 
predictor for postoperative HCC patients with TS ≤5 cm.20 

Therefore, we speculated that GLR was necessarily related 
to the existence of AFP-negative liver cancer, which may 
be one of its potential markers.

Tumorigenesis is the result of the interaction between 
host characteristics and environmental factors, and life-
style (drinking, smoking, etc.) has a profound impact on 
the development of cancer, including HCC.32 Globally, 
about 78% of HCC are caused by HBV or HCV infection.-
33 Among the cases involving in this study, HBV-related 
HCC was 79.2% (240/303), which further indicated that 
HBV infection was an important etiological factor for the 
occurrence of HCC in this region. Studies on antiviral 
therapy have shown that nucleoside or nucleotide analogs 
were related to disease progression and could reduce the 
incidence of HCC.34,35 For patients with increased HBV 
DNA level before hepatectomy, antiviral treatment after 
hepatectomy is significantly associated with the decrease 
of HCC recurrence rate.36 Some researchers have found 
that controlling the DNA level and shortening the duration 

of HBV were significantly associated with less recurrence 
and prolonged OS for HCC.37 The mechanism of benefits 
from antiviral therapy in HCC patients may be as follows: 
reducing the risk of HBV reactivation and further liver 
function damage, reducing mortality associated with liver 
failure, recovering from HBV-induced hepatitis and pro-
moting liver tissue recovery, which provide patients with 
more opportunities to receive regional and systemic treat-
ments, and prolong the OS.38,39

Meanwhile for HCC patients with AFP-negative who 
have undergone surgical resection, the trend of GLR level 
can be observed in regular follow-ups, therefore precau-
tions and necessary interventions can be taken in advance 
to reduce recurrence.

However, there are some limitations in this study. As a 
retrospective analysis, the research object was from one 
single hospital, rather than a large-scale population. There 
is an impact of sample bias and a small number of patients 
can hardly reflect on the prognosis of all AFP-negative 
HCC. Although the number of samples is limited, what we 
focus on is clinical practice, so this study is still of great 
significance.

Conclusion
In conclusion, as a novel and readily available biomarker, 
GLR is an independent predictor of OS and DFS in AFP- 
negative HCC patients and is associated with recurrence 
significantly. Therefore, it suggests that clinicians should 
formulate treatment plans by considering the factors 
affecting the prognosis of HCC recurrence comprehen-
sively, and develop appropriate personalized treatment 
plans for patients.
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Table 4 Multivariate Cox Regression Analyses of the Prognosis 
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Variables Hazard Ratio 
(95% CI)

p-value

Disease-free survival
Tumor size, cm (≥5 vs <5) 1.67 (1.15–2.45) 0.007*
MVI (present vs absent) 1.23 (0.78–1.96) 0.374

Tumor number (multiple vs 

single)

1.31 (0.82–2.05) 0.262

Tumor differentiation (III vs I–II) 1.27 (0.83–1.95) 0.264

BCLC stage (B vs 0-A) 1.66 (0.96–2.81) 0.072
GLR (≥45.0 vs <45.0) 1.73 (1.19–2.58) 0.001*

Overall survival
Tumor size, cm (≥5 vs <5) 1.74 (1.20–2.53) 0.003*
MVI (present vs absent) 1.19 (0.74–1.92) 0.474

Tumor number (multiple vs 

single)

1.16 (0.73–1.86) 0.531

Tumor differentiation (III vs I–II) 1.45 (0.96–2.17) 0.080

BCLC stage (B vs 0-A) 1.28 (0.75–2.21) 0.384

Early-recurrence (present vs 
absent)

2.32 (1.50–3.62) <0.001*

GLR (≥ 45.0 vs < 45.0) 1.91 (1.35–2.83) <0.001*

Note: *P-value indicates statistically significant. 
Abbreviations: CI, confidence interval; MVI, microvascular invasion; BCLC, 
Barcelona-clinic liver cancer; GLR, gamma-glutamyl transpeptidase-to-lymphocyte 
count ratio.
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