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Prognostic value of g-glut
amyl transpeptidase to
albumin ratio combined with aspartate
aminotransferase to lymphocyte ratio in patients
with hepatocellular carcinoma after hepatectomy
Ke-jun Liu, MSa, Yong-xue Lv, MSb, Yi-ming Niu, MSa, Yang Bu, PhDa,c,∗

Abstract
Hepatocellular carcinoma (HCC) is a malignant tumor associated with a high recurrence rate after hepatectomy. Recently,
preoperative inflammatory and liver function reserve indices were found to predict increased risk of recurrence and decreased
survival in HCC patients. This study aims to evaluate the ability of the g-glutamyl transpeptidase-to-albumin ratio (GAR) and aspartate
aminotransferase-to-lymphocyte ratio (ALRI), individually and in combination, to predict the prognosis of HCC patients after
hepatectomy.
We retrospectively reviewed 206 HCC patients who underwent radical resection at the General Hospital of Ningxia Medical

University from January 2011 to November 2016. Receiver operating characteristic (ROC) curve analysis was performed to
determine the optimal cut-off value for GAR and ALRI. The Pearson Chi-Squared test was used to analyze the correlations between
GAR, ALRI and clinicopathological characteristics. Univariate andmultivariate analyses were used to determine the predictive value of
these factors for disease-free survival (DFS) and overall survival (OS). Survival rates were drawn according to the Kaplan-Meier
method and differences between subgroups were compared by the log-rank statistics.
GAR and ALRI were significantly correlated with gender, history of smoking, prothrombin time, tumor diameter, T stage and early

intrahepatic recurrence by the Pearson Chi-Squared test (all P< .05). Univariate analysis indicated that T stage, GAR and ALRI were
significantly correlated with DFS and OS in HCC patients after hepatectomy. Multivariate analysis illustrated that GAR and ALRI were
independently related to DFS andOS in HCCpatients. Preoperative GAR>0.946 or ALRI>18.734 predicted poor prognosis in HCC
patients after hepatectomy. Additionally, the predictive scope of GAR combined with ALRI was more sensitive than that of either
individual measurement alone.
Our data indicate that there is a close association between the clinicopathological characteristics in HCC patients and increased

GAR or ALRI. Higher levels of GAR and ALRI could sensitively and specifically predict a poor prognosis in HCC patients after
hepatectomy. Furthermore, combined usage of GAR and ALRI could improve the accuracy of this prediction.

Abbreviations: ALRI = aspartate aminotransferase-to-lymphocyte ratio, AFP = alpha-fetoprotein, ALB = albumin, AST =
aspartate aminotransferase, CI = confidence interval, DFS = disease-free survival, g-GGT = g-glutamyl transpeptidase, GAR =
g-glutamyl transpeptidase-to-albumin ratio, HCC = hepatocellular carcinoma, HR = hazard ratio, HBsAg = hepatitis B surface
antigen, OS = overall survival, PT = prothrombin time, ROS = reactive oxygen species.

Keywords: hepatocellular carcinoma, g-glutamyl transpeptidase-to-albumin ratio, aspartate aminotransferase-to-lymphocyte
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common
and lethal primary malignant tumors worldwide, with increas-
ing incidence.[1,2] Liver resection remains the curative option for
HCC with a 5-year overall survival (OS) rate of 50% to 70%
after curative hepatectomy; however, the postoperative recur-
rence rate remains as high as 40% to 70% within 5 years.[3]

Most patients die from recurrence or distant metastases. In
China, most HCC cases were reported to be accompanied by
chronic liver disease, cirrhosis, or were in an advanced stage at
the time of diagnosis. Although the tumor lymph node
metastasis (TNM) staging system is an effective independent
prognostic factor for HCC, its prognostic value is limited and
lagging.
During early stages of tumorigenesis, inflammation can induce

tumor cell proliferation, invasion, metastasis, cell survival and
angiogenesis. Inflammation can also induce tumoros epithelial-
mesenchymal transition (EMT) or produce chemicals represented
by reactive oxygen species (ROS), thereby further triggering
tumor invasion and metastasis.[4,5] The g-glutamyl transpepti-
dase (g-GGT), which mediates the hydrolysis of extracellular
glutathione in a reaction that produces a large amount of
hydrogen peroxide and ROS, leads to an oxidative stress
response in tissues in vivo.[6] The development of liver disease,
diabetes, coronary heart disease, and chronic obstructive
pulmonary diseases have been closely related to g-GGT.[7–10]

The g-GGT is distributed in solid organs such as the kidney, liver
and pancreas. Serum g-GGT, in healthy adults, is mainly secreted
by hepatic Kupffer cells and bile duct endothelial cells.[7] In
addition, high levels of serum g-GGT have been reported to
indicate poor prognosis in severe hepatitis, cirrhosis and
advanced tumors.[11]

Albumin (ALB) is the most significant human protein and is
synthesized in liver cells. ALB is involved in maintaining osmotic
pressure, possesses anti-oxidative effects, inhibits platelet
aggregation, affects arterial permeability and participates in
inflammatory responses. These functions reflect liver synthesis,
reserve capacity and nutritional status.[12] In particular, some
ratios based on the ALB index have been identified as
independent prognostic factors for HCCpatients. Studies showed
that elevated CRP/ALB values were associated with tumor
progression and decreased liver function reserve.[13]

Aspartate aminotransferase (AST) is mainly found in hepato-
cyte mitochondria. The inflammatory response can increase the
permeability of the hepatocyte membrane, leading to the release
of cytoplasmic (c)-AST into the blood, which causes an increase
in serum AST. This increase in AST has been positively correlated
with the degree of liver cell damage, which is a reliable and
sensitive hallmark of liver damage.[14,15] Lymphocytes were
crucial cellular components of the immune response and
participate in the anti-tumor immune process. Increased tumor
lymphocyte infiltration has been associated with improved
patient prognosis.[16,17]

Based on preoperative laboratory examination, we established
the serum g-glutamyl transpeptidase-to-albumin ratio (GAR) and
aspartate aminotransferase-to-lymphocyte ratio (ALRI) as
markers of HCC. The purpose of this study was to investigate
the predictive value of GAR and ALRI on the survival rate of
HCC patients who underwent radical resection. We further
evaluated whether the combined application of GAR and ALRI
could enhance prognostic accuracy.
2

2. Methods

2.1. Study population

A total of 206 patients diagnosed with HCC at the General
Hospital of Ningxia Medical University, Ningxia, China, from
January 2011 to November 2016 were included in this study,
which was approved by the ethics committee of the General
Hospital of Ningxia Medical University. Additionally, this study
was in compliance with the ethical standards of the Declaration
of Helsinki. Written informed consent was obtained from all
patients according to the policies of the ethics committee.
Patients who met the following criteria were included in this

study: (a) confirmation of HCC by pathology; (b) no history of
transcatheter arterial embolization, chemotherapy or radiother-
apy; and (c) no history of other malignancies. Patients who
exhibited the following characteristics were excluded from this
study: (a) pathologically proven benign liver disease, intrahepatic
cholangiocarcinoma (ICC) or secondary (metastatic) hepatocel-
lular carcinoma; (b) gastrointestinal disorder with malnourish-
ment; (c) acute or chronic infection within 2 weeks of admission;
(d) occurrence of cerebrovascular accident, surgical history,
pulmonary embolism, or rheumatoid disease within 1 month;
and (e) incomplete follow-up data.
We used the hospitals electronic medical record management

system to collect general information, clinical characteristics and
laboratory data.
1.
 General information included age, gender, and past history.

2.
 Clinical characteristics included cirrhosis status, ascites status,

hepatic capsule invasion, tumor diameter, TNM stage, and
intrahepatic recurrence within 1 year after hepatectomy.
3.
 Laboratory data included lymphocyte count, platelet count,
prothrombin time (PT), g-glutamyl transpeptidase (GGT),
alpha-fetoprotein (AFP) and albumin (ALB) levels within 1
week before surgery.

A positive history of drinking was defined as drinking at least
once per week for at least 1 year (male ≥40g/day; female ≥20g/
day).[18] A positive history of smoking was defined as cigarette
smoking for ≥4 days per week for at least 5 years.[19] Clinical
staging was assigned according to the American Joint Committee
on Cancer (AJCC) version 8 TNM staging system and determined
through clinical evaluation and postoperative pathological
examination. Blood samples for laboratory examination were
collected within 7 days before surgery to determine lymphocyte
count, platelet count, prothrombin time (PT), g-glutamyl trans-
peptidase (g-GGT), alpha-fetoprotein (AFP) and albumin levels.
GARwas calculated as the g-glutamyl transpeptidase level divided
by the albumin level. ALRI was calculated as the aspartate
aminotransferase level divided by the lymphocyte level.
2.2. Treatment and follow-up

Hepatectomy was performed when no evidence of distant
metastases was found and the tumor was deemed resectable.
Patients were underwent regular follow-up for 3 months for the
first year after surgery, and every 6 months for the subsequent 2
to 3 years. Enhanced abdominal computed tomography (CT) or
magnetic resonance imaging (MRI) scans were performed
generally every 3 months. According to imaging data from
enhanced abdominal CT or MRI, new lesions on the liver or new
metastatic lesions found in other systems were considered as
criteria of recurrence in HCC patients. We defined early
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intrahepatic recurrence as the discovery of new liver lesions
within 1 year after hepatectomy. The methods of follow-up
included outpatient review and telephone interview. All follow-
up visits were completed byNovember 30, 2019. Overall survival
time was calculated from the time of surgery to death, or the last
follow-up date.
2.3. Statistical analysis

Receiver operating characteristic (ROC) curve analysis was
performed based on the patient survival status to select the most
appropriate cut-off values for GAR and ALRI and to group
patients at a high risk of death. The Pearson Chi-Squared test was
used to analyze the correlations between GAR, ALRI and
clinicopathological variables. Disease-free survival (DFS) was
calculated from the date of operation to the date of first
recurrence or mortality. Overall survival (OS) was calculated as
the period from the date of surgery to the date of death, or the last
follow-up date. The Student t-test (normal distribution data) and
Mann–Whitney U test (non-normal distribution data) were used
to compare preoperative GAR and ALRI levels in different HCC
subgroups. Univariate and multivariate analyses were performed
using Cox proportional hazard regression models. Survival rates
in different groups were estimated by the Kaplan–Meier method,
and the equivalences of the survival curves were tested by log-
rank statistics. All statistical analyses were carried out using SPSS
(SPSS for Mac, version 22, IBM Corporation). P values less than
.05 were considered statistically significant.
3. Results

3.1. Patient and tumor characteristics

This study included 160 male (77.67%) and 46 female patients
(22.33%). The average age was 53 years (range 23-82 years).
Table 1

Relationship between GAR, ALRI, and general clinical data of HCC p

GAR

Variables Cases GAR�0.946 GAR>0.946

Gender
Male 160 43 (61.43) 117 (86.03)
Female 46 27 (38.57) 19 (13.97)

Age (y)
�60 163 51 (72.86) 112 (82.35)
>60 43 19 (27.14) 24 (17.65)

Smoking
No 128 52 (74.29) 76 (55.88)
Yes 78 18 (25.71) 60 (44.12)

Drinking
No 159 58 (82.86) 101 (74.26)
Yes 47 12 (17.14) 35 (25.74)

HBsAg
Negative 26 7 (10.00) 19 (13.97)
Positive 180 63 (90.00) 117 (86.03)

AFP (ng/ml)
�20 89 24 (34.29) 65 (47.79)
>20 117 46 (65.71) 71 (52.21)

PT (s)
�14 184 67 (95.71) 117 (86.03)
>14 22 3 (4.29) 19 (13.97)

HBsAg = hepatitis B surface antigen; AFP = alpha-fetoprotein; PT = prothrombin time; GAR = g-glut

3

During the follow-up, 110 patients (53.40%) were diagnosed
with early intrahepatic recurrence and 130 patients (63.11%)
had died. There were 180 cases (87.38%) of positivity for
hepatitis B surface antigen (HBsAg), 178 cases (86.41%) of liver
cirrhosis, 117 cases (56.80%) of elevated alpha-fetoprotein (>20
ng/ml), 128 cases (62.14%) in which the tumor diameter was less
than 5cm, and 13 cases (6.31%) of lymph node metastasis.
According to the 8th edition of the AJCC for TNM staging, 118
cases (57.28%)were in T stage I-II and 88 cases (42.72%)were in
T stage III-IV (Tables 1 and 2).
3.2. Determination of the cut-off value for GAR and ALRI

Using patient survival status as an endpoint, stratification of GAR
and ALRI was calculated by ROC curve analyses in accordance
with maximum joint sensitivity and specificity values based on
the cut-off points. Our results indicated that the optimal cut-off
values for GAR and ALRI were 0.946 and 18.734, respectively
(Figure 1). The area under the ROC curve of GAR was 0.592
(95%CI: 0.509–0.675, P= .028). The area under the ROC curve
of ALRI was 0.624 (95% CI: 0.543–0.704, P= .003).

3.3. The relationship between GAR, ALRI, and
clinicopathologic factors of HCC patients.

We divided patients into different groups according to the cut-off
values for GAR and ALRI, namely the low GAR group (�0.946,
n=70), high GAR group (>0.946, n=136), low ALRI group
(�18.734, n=88) and high ALRI group (>18.734, n=118). The
relationship between GAR, ALRI, and other clinicopathologic
factors of HCC patients are shown in Tables 1 and 2. High GAR
was associated with gender (P< .001), smoking (P= .010),
prothrombin time (P= .033), tumor diameter (P< .001), T stage
(P< .001) and early intrahepatic recurrence (P= .006). A high
ALRI ratio was associated with gender (P= .032), smoking
(P< .001), cirrhosis (P= .038), prothrombin time (P= .045),
atients.

ALRI

P value ALRI�18.734 ALRI>18.734 P value

<.001 62 (70.45) 98 (83.05) .032
26 (29.55) 20 (16.95)

.112 69 (78.41) 94 (79.66) .827
19 (21.59) 24 (20.34)

.010 60 (68.18) 68 (57.63) <.001
28 (31.82) 50 (42.37)

.164 70 (79.55) 89 (75.42) .486
18 (20.45) 29 (24.58)

.416 13 (14.78) 13 (11.02) .422
75 (85.23) 105 (88.98)

.064 41 (46.59) 48 (40.68) .397
47 (53.41) 70 (59.32)

.033 83 (94.32) 101 (85.59) .045
5 (5.68) 17 (14.41)

amyl transpeptidase-to-albumin ratio; ALRI = aspartate aminotransferase-to-lymphocyte ratio.
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Figure 1. Determination of the GAR and ALRI cut-off values in HCC patients
who underwent radical resection.

Figure 2. Comparisons of GAR and ALRI ratio be
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tumor diameter (P= .001), T stage (P= .001), lymph node
metastasis (P= .040) and early intrahepatic recurrence (P= .048).
3.4. Comparison between preoperative GAR and ALRI
levels in different HCC subgroups.

Several factors, such as AFP level, tumor diameter, hepatic
capsule invasion and tumor stage, have been established as
prognostic indicators for HCC patients. Therefore, we grouped
the HCC patients according to the aforementioned clinicopatho-
logical features and compared the preoperative level of GAR and
ALRI ratio across the subgroups. The preoperative GAR and
ALRI levels were higher in HCC patients that exhibited an AFP
level greater than 20 ng/ml, a tumor diameter greater than 5cm,
and an advanced T stage (all P< .05, Figure 2). HCC patients
with T stage III to IV had significantly higher preoperative GAR
and ALRI levels than those with T stage I to II (all P< .05,
Figure 2). According to our research, this observed increase in
preoperative GAR and ALRI ratio may be related to the
aggressiveness and progression of HCC.
tween different prognostic indicators of HCC.



Table 2

Relationship between GAR, ALRI, and clinicopathological features of HCC patients.

GAR ALRI

Variables Cases GAR�0.946 GAR>0.946 P value ALRI�18.734 ALRI>18.734 P value

Cirrhosis
No 28 9 (12.86) 19 (13.97) .825 17 (19.32) 11 (9.32) .038
Yes 178 61 (87.14) 117 (86.03) 71 (80.68) 107 (90.68)

Tumor diameter (cm)
�5 128 56 (80.00) 72 (52.94) <.001 66 (75.00) 62 (52.54) .001
>5 78 14 (20.00) 64 (47.06) 22 (25.00) 56 (47.46)

Hepatic capsule
No 103 33 (47.14) 70 (51.47) .556 49 (55.68) 54 (45.76) .159
Yes 103 37 (52.86) 66 (48.53) 39 (44.32) 64 (54.24)

T stage
I–II 118 54 (77.14) 64 (47.06) <.001 67 (76.14) 51 (43.22) <.001
III-IV 88 16 (22.86) 72 (52.94) 21 (23.86) 67 (56.78)

Lymph node metastasis
N0 193 66 (94.29) 127 (93.38) .801 86 (97.73) 107 (90.68) .040
N1/NX 13 4 (5.71) 9 (6.62) 2 (2.27) 11 (9.32)

Intrahepatic recurrence
No 96 42 (60.00) 54 (39.71) .006 48 (54.55) 48 (40.68) .048
Yes 110 28 (40.00) 82 (60.29) 40 (45.45) 70 (59.32)

GAR = g-glutamyl transpeptidase-to-albumin ratio; ALRI = aspartate aminotransferase-to-lymphocyte ratio.
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3.5. GAR and ALRI are independent prognostic factors for
HCC patients.

Univariate analysis and the Cox regression model were used to
evaluate the risk factors linked to postoperative DFS andOS. This
analysis showed that tumor diameter, T stage, lymph node
metastasis, GAR, and ALRI were poor prognostic factors for DFS
in HCC patients (all P< .05). Similarly, the significant factors for
OS in HCC patients were T stage, GAR, and ALRI (all P< .05)
(Table 3).
Multivariate Cox regression analysis was employed to

investigate whether GAR andALRI were independent, significant
prognostic factors for HCC patients (Table 2). Model 1, which
included gender, age, presence/absence of smoking, presence/
absence of drinking, negative/positive for HBsAg, AFP, PT,
presence/absence of cirrhosis, tumor diameter, hepatic capsule
invasion, T stage, lymph node metastasis, and GAR, showed that
GAR was a significant, independent factor associated with the
postoperative survival of HCC patients (HR=2.023, 95% CI:
1.301–3.145, P= .002). Model 2, in which GAR was substituted
with ALRI, demonstrated that ALRI was significantly associated
with the postoperative survival of HCC patients (HR=1.845,
95% CI: 1.248–2.729, P= .002). In addition, when GAR and
ALRI were simultaneously included as independent variables in
Model 3, the addition of ALRI did not affect the significant
association of GAR. Multivariate analysis showed that GAR
(HR=1.721, 95% CI: 1.087–2.727, P= .021) and ALRI (HR=
1.571, 95% CI: 1.043–2.368, P= .031) were independent
adverse prognostic factors in HCC patients (Table 4).

3.6. Prognostic values of GAR and ALRI for HCC patients

The overall survival rate (OS) of 206 patients was 1 to 100
months, and the median survival time was 35months. Our results
showed that high GAR and ALRI ratio were significant
prognostic indicators of poor OS and disease-free survival
(DFS) in HCC patients. The median OS and DFS of patients with
high GAR were shorter than patients with low GAR (24 months
vs 60 months; 10 months vs 30 months; P< .001). The 1- and
5

3-year OS rates in the high GAR group were significantly lower
than those in the low GAR group (70.59% and 39.71% vs
91.43% and 65.71%, P< .001; Fig. 3A). The 1- and 3-year DFS
rates in the high GAR group were significantly lower than those
in the low GAR group (39.71% and 19.12% vs 67.14% and
27.14%, P< .001; Fig. 3C).
Furthermore, the median OS and DFS of patients in the high

ALRI group were shorter than patients in the low ALRI group
(22 months vs 60 months; 11 months vs 34 months; P< .001).
The 1- and 3-year OS rates in the high ALRI group were
significantly lower than those in the low ALRI group (68.64%
and 39.83% vs 89.77% and 63.64%; P< .001; Fig. 3B). The 1-
and 3-year DFS rates in the high ALRI group were significantly
lower than those in the low ALRI group (41.53% and 17.80% vs
59.09% and 27.27%; P< .001; Fig. 3D).
3.7. Prognostic values of combining GAR and ALRI for
HCC patients

Based on our findings, a high GAR or ALRI level implied poor
DFS and OS in HCC patients after surgery. After multivariate
analysis, we found that GAR and ALRI were significant
independent predictors of OS (all P< .05). GAR>0.946 or
ALRI>18.734 predicted poor DFS andOS inHCC patients after
surgery. GAR was an inflammatory response marker, and ALRI
could assess the degree of liver fibrosis and liver damage.
Considering the above, when we look at both GAR andALRI, we
can more accurately predict the prognosis in HCC patients. To
this end, we established the risk score based on the levels of GAR
and ALRI to predict death risk in HCC patients in HCC patients
after hepatectomy. Based on the risk score, patients can be
divided into 3 categories: low, medium, and high risk. Thus, it is
determined that the effect of combining GAR with ALRI for
predicting prognosis of HCC patients.
We set GAR�0.946 or ALRI�18.734 as the risk score of

0 and GAR>0.946 or ALRI>18.734 as the risk score of 1. Then
the HCC patients were divided into 3 groups based on the
combined GAR with ALRI. Group 1 consisted of HCC patients

http://www.md-journal.com


Table 3

Univariate analysis reveals prognostic factors for DFS and OS.

DFS OS

Variables Cases 1-year 3-years P value 1-year 3-years P value

Gender
Male 160 46.88% 21.25% .084 76.88% 49.38% .161
Female 46 60.87% 30.43% 80.43% 52.17%

Age (y)
�60 163 52.76% 25.77% .361 77.30% 50.92% .628
>60 43 39.53% 13.95% 65.12% 46.51%

Smoking
No 128 50.78% 25.00% .265 80.78% 51.22% .682
Yes 78 48.72% 20.51% 75.77% 59.28%

Drinking
No 159 52.04% 24.27% .917 78.62% 55.43% .638
Yes 47 51.06% 23.40% 74.47% 48.32%

HBsAg
Negative 26 69.23% 30.77% .232 84.62% 61.54% .099
Positive 180 50.56% 24.44% 78.33% 53.33%

AFP(ng/ml)
�20 89 48.31% 17.98% .056 82.02% 43.82% 0.212
>20 117 51.28% 27.35% 74.36% 54.70%

PT(s)
�14 184 51.63% 24.46% .215 79.89% 52.17% .220
>14 22 36.36% 13.64% 59.09% 31.82%

Cirrhosis
No 28 64.29% 28.57% .437 82.14% 53.57% .847
Yes 178 47.75% 22.47% 76.97% 51.12%

Tumor diameter(cm)
�5 128 56.25% 26.56% .032 82.81% 54.69% 0.080
>5 78 39.74% 17.95% 69.23% 42.31%

Hepatic capsule
No 103 51.46% 25.24% .158 83.50% 54.37% .056
Yes 103 48.54% 21.36% 71.84% 45.63%

T stage
I-II 118 60.17% 28.81% .001 87.29% 58.47% .007
III-IV 88 36.36% 15.91% 64.77% 38.64%

Lymph node metastasis
N0 193 51.81% 23.83% .032 78.24% 50.78% .096
N1/NX 13 23.08% 15.38% 69.23% 38.46%

GAR
�0.946 70 67.14% 28.57% <.001 91.43% 70.00% <.001
>0.946 136 41.18% 20.59% 70.59% 39.71%

ALRI
�18.734 88 59.09% 29.55% .001 89.77% 63.64% <.001
>18.734 118 43.22% 18.64% 68.64% 39.83%

HBsAg = hepatitis B surface antigen; AFP = alpha-fetoprotein; PT = prothrombin time; GAR = g-glutamyl transpeptidase-to-albumin ratio; ALRI = aspartate aminotransferase-to-lymphocyte ratio.
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with GAR�0.946 and ALRI�18.734 with a risk score equal to
0. Group 2 was composed of HCC patients with GAR>0.946
and ALRI�18.734 or GAR�0.946 and ALRI>18.734 with a
total risk score of 1. Finally, Group 3 consisted of HCC patients
with GAR>0.946 and ALRI>18.734 and a total risk score of 2
(Table 5).
Our results demonstrate that the OS rates of patients in Group

1 were the highest, followed by those in Group 2 and Group 3,
which exhibited the worst prognosis. The 1- and 3-year OS rates
in Group 3 were significantly lower than those in Groups 1
(65.66% and 36.36% vs 94.12% and 74.51%; P< .001) and 2
(65.66% and 36.36% vs 83.93% and 51.79%; P= .003)
(Fig. 4A). Meanwhile, the DFS rates of patients in Group 1
were highest, followed by those in Group 2 and Group 3, which
displayed the worst prognosis. The 1- and 3-year DFS rates in
Group 3were significantly lower than those inGroups 1 (36.36%
6

and 18.18% vs 66.67% and 31.37%; P< .001) and 2 (36.36%
and 18.18% vs 55.36% and 19.64%; P= .004) (Fig. 4B).

4. Discussion

Hepatectomy is the most important treatment for HCC patients
to attain long-term survival. However, the rate of recurrence after
hepatectomy is high, and the overall long-term survival condition
in HCC patients is poor. Therefore, a method for estimating
prognosis in HCC patients before surgery is critical to provide a
basis for treatment, which can improve long-term patient
survival.
Theoretically, oxidative stress, inflammatory response, nutri-

ent metabolism abnormalities, and the degree of hepatocellular
damage might act as predictors of poor survival in HCC patients
after hepatectomy. It has been reported that g-GGT is a reliable



Table 4

Independent prognostic factors for OS according to multivariate Cox regression analysis.

Model 1 Model 2 Model 3

Variables P value HR 95% CI P value HR 95% CI P value HR 95% CI

Gender .806 0.937 0.559–1.572 .398 0.801 0.478–1.340 .669 0.893 0.530–1.504
Age (y) .399 1.212 0.775–1.896 .706 1.088 0.701–1.690 .476 1.176 0.754–1.834
Smoking .789 0.944 0.617–1.443 .872 1.035 0.678–1.581 .812 0.950 0.621–1.453
Drinking .290 0.779 0.490–1.238 .342 0.796 0.499–1.273 .348 0.800 0.501–1.276
HBsAg .342 0.769 0.448–1.322 .158 0.677 0.394–1.164 .198 0.701 0.408–1.204
AFP(ng/ml) .322 0.830 0.573–1.200 .187 0.779 0.537–1.129 .246 0.803 0.554–1.163
PT(s) .825 1.067 0.600–1.898 .982 0.993 0.542–1.820 .957 0.984 0.547–1.771
Cirrhosis .561 1.183 0.671–2.087 .981 0.993 0.567–1.739 .790 1.080 0.612–1.908
Tumor diameter (cm) .371 0.745 0.391–1.419 .431 0.771 0.403–1.473 .375 0.746 0.390–1.426
Hepatic capsule .076 1.393 0.966–2.009 .191 1.276 0.886–1.836 .094 1.370 0.947–1.980
T stage .144 1.616 0.849–3.076 .187 1.538 0.811–2.917 .237 1.477 0.774–2.816
Lymph node metastasis .223 1.509 0.779–2.925 .269 1.449 0.750–2.799 .237 1.487 0.770–2.871
GAR .002 2.023 1.301–3.145 .021 1.721 1.087–2.727
ALRI .002 1.845 1.248–2.729 .031 1.571 1.043–2.368

HR = hazard ratio; CI = confidence interval; HBsAg = hepatitis B surface antigen; AFP = alpha-fetoprotein; PT = prothrombin time; GAR = g-glutamyl transpeptidase-to-albumin ratio; ALRI = aspartate
aminotransferase-to-lymphocyte ratio.
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marker of oxidative stress.[20] An increase in g-GGT expression
in tumor cells has been connected to the production of ROS,
which promotes the invasion and migration of tumor cells.[21,22]

Fu et al[23] retrospectively analyzed 308 HCC patients who had
undergone radical liver cancer surgery and identified g-GGT as a
promising, reliable prognostic marker for liver cancer patients
Figure 3. Kaplan-Meier curves for overall survival (OS) and disease-free survival (D
ALRI ratio were associated with significantly better OS compared to patients with h
ALRI were associated with significantly better DFS compared to patients with hig
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after liver resection, especially patients diagnosed with small liver
cancer, or those who exhibited AFP�200 ng/ml. Fu et al[24]

examined the levels of preoperative serum g-GGT of 130 liver
cancer patients who had undergone liver transplantation.
The results confirmed that g-GGT was an independently
prognostic marker of OS in HCC patients who underwent liver
FS) according to GAR or ALRI in HCC patients. (A, B) Patients with low GAR or
igh GAR or ALRI ratio (P< .001, log-rank test). (C, D) Patients with low GAR or
h GAR or ALRI (P< .001, log-rank test).

http://www.md-journal.com


Table 5

Combining GAR and ALRI to predict HCC prognosis.

Variable Risk score

GAR
�0.946 0
>0.946 1

ALRI
�18.734 0
>18.734 1

Prognostic stratification
0 Low risk of death
1 Medium risk of death
2 High risk of death

Liu et al. Medicine (2020) 99:48 Medicine
transplantation. Therefore, the g-GGT level could be used to
assess the prognosis of HCC patients.
In contrast, ALB participates in the antioxidant stress response,

improved microcirculation, and suppression of the inflammatory
response. Researchers have shown that ALB can induce the
production of inflammatory mediators such as IL-1 by activating
the MAPK and TGF-b signaling pathways. Furthermore,
activation of these pathways can stimulate astrocytes and
microglia, thereby giving rise to the expression of inflammatory
mediators.[25,26] Patients with malignant tumors usually exhibit
lower levels of ALB due to malnutrition and tumor consumption.
McMillan et al[27] reported that persistent systemic inflammatory
response, in patients with advanced lung cancer and gastrointes-
tinal tumors, were associated with decreased ALB concentration.
A meta-analysis[28] showed that the administration of v-3 fish oil
fat emulsion supplements to colorectal cancer patients could
improve their ALB concentration and systemic immune inflam-
matory response, which could ultimately improve their progno-
sis. Therefore, GAR is not only a combination of preoperative
laboratory tests, but also a better reflection of the human
inflammatory response status, and is therefore useful for
estimating the survival prognosis of HCC patients. Li et al.[29]

demonstrated that preoperative GAR is an independent prog-
nostic factor for predicting surgical outcomes in patients with
pancreatic ductal adenocarcinoma. In our study, we found that
preoperative GAR was a significant prognostic factor for DFS
and OS in HCC patients. Moreover, we show that a high
Figure 4. Combination of GAR and ALRI enhances prognostic accuracy for overal
0.946 and ALRI�18.734; Group 2, GAR>0.946 and ALRI�18.734 or GAR�0
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preoperative GAR is related to poor prognosis in HCC patients.
Thus, we hypothesize that anti-inflammatory therapy may
improve the prognosis in HCC.
Increasing evidence has indicated that hepatocellular damage is

involved in all pathological stages of hepatitis, fibrosis, cirrhosis,
and HCC. Aspartate aminotransferase (AST) is a sensitive
indicator of hepatocyte injury. Studies showed that higher AST
levels were associated with increasing replication of the hepatitis
B virus, which was correlated with a lower overall survival rate in
HCC patients.[30] Furthermore, serum AST level was found to be
significantly higher, suggesting a more severe hepatocyte injury.
Conversely, the immune response to tumors was determined by
the presence of lymphocytes, which mediate the cytotoxic
response and release cytokines that inhibit tumor proliferation
and metastasis. Primary tumor infiltrating lymphocytosis is a
favorable prognosis for tumor regression, and these patients
displayed an improved prognosis.[31,32] Haybaeck et al[33]

reported that overexpression of lymphotoxin produced by T
lymphocytes could activate the NF-kB signaling pathway in
hepatocytes, leading to secretion of inflammatory chemokines.
Inflammatory chemokines recruit lymphocytes to perpetuate
chronic hepatitis, which might be a prerequisite for tissue
remodeling, hepatocyte proliferation and eventual malignant
tumor formation. A previous study demonstrated that lympho-
cyte-mediated anti-tumor immunity during neoadjuvant chemo-
therapy was extremely beneficial in improving the effectiveness of
chemotherapy.[34] For these reasons, ALRI was developed as a
non-invasive index for predicting liver fibrosis and cirrhosis.[35]

Previous research confirms that ALRI could be used as an
independent prognostic factor for OS in HBV-related HCC in
clinical practice.[36] Results from our study demonstrate that
ALRI is a significant factor for DFS and OS in HCC patients.
Overall, our results are consistent with those previously reported.
In our study, the clinical characteristics of HCC patients

displaying a high level of GAR were smoking history, prolonged
PT, later T stage, stronger tumor proliferation ability and
likelihood of intrahepatic recurrence at an early stage. HCC
patients with a high level of ALRI were clinically associated with
a smoking history, cirrhosis, prolonged PT, larger tumor
diameter, advanced TNM stage, and a higher likelihood of
intrahepatic recurrence at early stages. Interestingly, our findings
suggest that a smoking history is closely associated with
l survival (OS) and disease-free survival (DFS) in HCC patients. Group 1, GAR�
.946 and ALRI>18.734; Group 3, GAR>0.946 and ALRI>18.734.
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preoperative GAR and ALRI levels in HCC patients. Individuals
with a history of smoking or drinking had higher GAR and ALRI
compared to controls. Previous studies[37,38] demonstrated that
drinking, smoking and a viral infection could increase the risk of
HCC. In addition, smoking and drinking could induce oxidative
stress and elevate the level of free radicals. Oxidative stress is one
of the causes of liver injury. However, our results indicate that
smoking and drinking are not potential prognostic factors in
HCC patients, consistent with Siegel et al.[39] The relationship
between smoking and drinking in HCC requires further
investigation.
As mentioned above, non-tumor factors such as the inflam-

matory response, immune status, nutritional status, liver damage
and liver fibrosis play a considerable role in determining the
survival prognosis of HCC patients after surgery. Our results
show that GAR is a better reflection of the inflammatory response
in HCC patients, and ALRI could be used to assess the degree of
liver fibrosis and damage. Therefore, we concluded that GAR
combined with ALRI reflect the range of non-tumor factors,
thereby enabling a more accurate prediction of OS and DFS in
HCC patients.
Our results show that high GAR and ALRI are significant

prognostic indicators of poor OS and DFS in HCC patients. The
1- and 3-year OS and DFS rates of patients with high GAR or
ALRI were significantly lower than patients with low GAR or
ALRI. Interestingly, our research shows that the combination of
GAR and ALRI better reflects the range of non-tumor factors,
which could more accurately predict the prognosis of HCC
patients with radical resection. Furthermore, our data showed
that the 1- and 3-year OS and DFS rates in Group 3 (GAR>
0.946 and ALRI>18.734) were significantly lower than those in
Groups 1 (GAR�0.946 and ALRI�18.734) and 2 (GAR>
0.946 and ALRI�18.734 or GAR�0.946 and ALRI>18.734).
Significant differences were observed between any 2 groups. The
combination of GAR and ALRI could accurately predict the poor
prognosis of HCC patients. Following surgery, GAR>0.946 and
ALRI>18.734 represented a high risk of death, and GAR�
0.946 and ALRI�18.734 represent a low risk of death. The
remainder represent a medium risk of death. Based on these
results, we hypothesize that a patient’s postoperative survival
time can be estimated and that early interventions can be
performed, such as preventive trans-arterial chemoembolization
(TACE), targeted immunomodulatory therapy and systemic
treatment, to develop a better personalized treatment plan.
This study has a few limitations, including its single-center

retrospective analysis and small sample size, both of which can
create statistical bias. Moreover, the levels of GAR and ALRI
were affected by factors such as preoperative laboratory
hematology testing techniques and sample collection. In assessing
the survival prognosis of HCC patients, we recommend a
combination of GAR and ALRI. Furthermore, the degree of
tumor differentiation was not mentioned in our report.
Therefore, a prospective, well-designed large-sample study
should be conducted to examine the relationship between the
inflammatory response and liver damage-related indicators and
HCC prognosis.
5. Conclusions

In summary, GAR and ALRI are non-invasive, low-cost, easy-to-
evaluate and reproducible clinical evaluation indices, and high
GAR and ALRI before surgery may indicate a poor prognosis for
9

HCC patients. Preoperative GAR and ALRI levels can also be
used as important indicators of tumor TNM stage, early
recurrence and distant metastasis. Furthermore, the combination
of GAR and ALRI can improve the prediction accuracy of
detection, and be used as a clinical evaluation index to further
guide patient follow-ups and postoperative treatment.
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