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Abstract

Background: The gamma-glutamyl transferase (GGT) to alanine aminotransferase (ALT) ratio has been reported as
an effective predictor of the severity of hepatitis and HCC. The purpose of this study was to determine the role of the
GGT/ALT ratio in the prediction of vascular invasion and survival outcomes in patients with hepatitis B virus (HBV)-
related hepatocellular carcinoma (HCC).

Methods: The risk factors for vascular invasion were determined by univariate/multivariate logistic analysis. The cut-
off value of GGT/ALT in predicting vascular invasion was calculated using the receiver operating characteristic (ROC)
curve. The prognostic value of GGT/ALT was examined by Cox analysis and Kaplan—-Meier curves. Sensitivity analysis,
such as subgroup analysis and propensity score matching (PSM), was performed to reduce potential confounding
bias.

Results: A high GGT/ALT ratio was identified as an independent risk factor for vascular invasion (P=0.03). The cor-
relation analysis suggested that higher GGT/ALT was associated with more severe tumour burdens, including vascu-
lar invasion (P<0.001), tumour volume >5 cm (P<0.001), poor pathological differentiation (P=0.042), more severe
BCLC (P<0.001) and ALBI grade (P=10.007). In the survival analysis, a high GGT/ALT ratio was associated with poor
overall survival (OS) (HR: 1.38; 95% Cl 1.03, 1.87; P<0.0001) and disease-free survival (DFS) (HR: 1.32;95% CI 1.03, 1.87;
P<0.0001). In the subgroup analysis, similar results were consistently observed across most subgroups. In PSM analy-
sis, GGT/ALT remained independently associated with vascular invasion (OR, 186; 95% Cl 1.23, 3.33).

Conclusion: The GGT/ALT ratio was a potential effective factor in the prediction of vascular invasion and prognosis in
patients with HBV-related HCC.
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Introduction

In 2018, liver cancer was ranked as the sixth most com-
mon cancer and fourth leading cause of cancer-related
death in the world, with 841,000 new cases and 782,000
deaths each year [1], among which 85-90% of cases
belong to hepatocellular carcinoma (HCC). Hepatitis B
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after surgery severely deteriorate the prognosis; in this
process, vascular invasion accounts for the leading cause
[4, 5]. Kunutsor et al. [6] demonstrated that intrahe-
patic vascular invasion was the prevalent cause of post-
operative recurrence and cancer-related death in HCC
patients. Therefore, accurate and effective assessment of
vascular invasion before surgery is strongly needed to
guide treatment options.

Currently, preoperative assessment of vascular inva-
sion is mainly performed by computed tomography (CT),
while laboratory tests are equally indispensable for adju-
vant assessment. Risk factors for HCC vascular invasion
include HBV infection, tumour size, multifocal localiza-
tion, a-fetoprotein (AFP), y-glutamyl transferase (GGT),
alanine transaminase (ALT), etc. [4, 7, 8]. As a major
aetiological factor, HBV infection changes the hepatic
microenvironment, induces an inflammatory response,
and promotes angiogenesis and vascular invasion. Sev-
eral studies have confirmed the correlation between HBV
infection and vascular invasion in HCC [9, 10]. There-
fore, it is possible to determine vascular invasion and
poor prognosis by assessing HBV severity, in which GGT
and ALT have been widely investigated with considerable
potential.

A high GGT/ALT ratio was initially found to be prog-
nostically associated with worse condition and treatment
response in viral hepatitis [11, 12]. Additional studies
indicated that GGT/ALT was a positive predictor of HCC
[13, 14]. However, those previous studies emphasized the
prediction of hepatitis or HCC more, while the predictive
effect of GGT/ALT on vascular invasion in HBV-related
HCC is still unknown. Considering the vital role of hep-
atitis B in vascular invasion of HCC combined with the
diagnostic value of GGT/ALT in hepatitis, the aim of our
study was to confirm whether GGT/ALT is a risk factor
for vascular invasion, cancer severity and outcomes in
HBV-related HCC patients.

A total of 558 patients were enrolled in our study. First,
potential risk factors for vascular invasion were identified
using univariate and multivariate logistic analyses. The
cut-off value of GGT/ALT in predicting vascular inva-
sion was calculated using the receiver operating charac-
teristic (ROC) curve. The prognostic value of GGT/ALT
was examined by Cox analysis and Kaplan—Meier curves.
Finally, subgroup analysis and propensity score matching
(PSM) were used to eliminate confounding bias.

Method
Patients
Clinical data were collected from 558 patients with
HBV-infected HCC who underwent surgical resection
at Zhongshan Hospital affiliated with Fudan University
(Shanghai, China) between August 1, 2011, and July 31,
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2017. The inclusion criteria were as follows: (1) HCC was
diagnosed by postoperative pathological examinations;
(2) history of HBV infection; (3) patient underwent hepa-
tectomy as initial treatment in Zhongshan Hospital; (4)
aged over 18; and (5) no distant metastasis was detected.
The exclusion criteria were as follows: (1) patients with
alcoholic liver disease, hepatitis C or other primary liver
chronic diseases except hepatitis B; (2) patients with
other concomitant or previous cancers; and (3) patients
with preoperative anticancer treatment such as tran-
sarterial chemoembolization (TACE), chemotherapy,
radiotherapy, etc.; (4) incomplete clinical and follow-up
medical records.

After discharge, patients were followed up regularly
every three months for the first three years and every
six months thereafter. Serum biomarkers of tumour and
hepatitis B were examined periodically, and abdomi-
nal contrast-enhanced CT, ultrasound, hepatic arte-
riogram or invasive examination were performed as
needed. Overall survival (OS) was defined as the interval
between the date of surgery and death or the last follow-
up. Disease-free survival (DFS) was defined as the time
interval between the date of surgery and the date of con-
firmed HCC recurrence or the date of last follow-up.
The last follow-up ended on July 31, 2020. The study was
approved by the Ethical Committees of Zhongshan Hos-
pital of Fudan University.

Data collection

The following clinical data of HBV-infected HCC patients
were collected in our study: (1) demographic data,
including age and sex; (2) preoperative laboratory exami-
nation, including GGT, ALT, albumin, AFP and total bili-
rubin (TB); (3) tumour information evaluated by imaging
tests, pathological examinations and scoring systems,
including vascular invasion, tumour size, tumour mul-
tifocality, tumour capsule, pathological differentiation,
cirrhosis, Barcelona Clinic Liver Cancer (BCLC) classifi-
cation, and albumin-bilirubin (ALBI) grade; and (4) post-
operative follow-up data including OS and DFS.

Definition

Laboratory examination data were manipulated by the
laboratory Department of Zhongshan Hospital. HBV
infection was defined as a positive test for hepatitis B
virus surface antigen (HBsAg). The normal ranges of
laboratory tests included ALT <56 U/L, GGT <50 U/L,
albumin <40 g/L, TB <20 pumol/L, and AFP <400 ng/
mL. Tumour size, tumour number, tumour capsule,
pathological differentiation, cirrhosis and vascular inva-
sion were confirmed by CT imaging combined with
postoperative pathological examination. Each specimen
was reviewed independently by two liver pathologists.



Zhao et al. Cancer Cell Int (2021) 21:517

Microvascular invasion (MVI) is defined as microscopi-
cally confirmed tumour clusters in the vascular cavity [4].
The assessment of BCLC classification was performed
as described previously [15]. Pathological differentiation
was conducted using the Edmondson grading system
[16]. ALBI grade was employed as a powerful tool for
survival analysis in HCC patients, with a specific calcula-
tion process as described previously [17].

Statistical analysis

The data analysis was performed by R (R Statistical Soft-
ware, version 4.0.2). The optimal GGT/ALT cut-off value
of the receiver operating characteristic (ROC) curve
was identified by calculating the maximum value of the
Youden index. Categorical variables were assessed using
Pearson chi-square test or Fisher’s exact test as appro-
priate. A logistic regression model was used for univari-
ate and multivariate analyses. Cumulative survival rates
were calculated by Kaplan—Meier analysis and compared
with the log-rank method. The Cox method was used for
univariate and multivariate survival analysis. Subgroup
analysis was conducted to compare the heterogeneity of
prediction in subgroups. P<0.05 was considered statisti-
cally significant.

Propensity score matching (PSM)

PSM was used to reduce bias. The matching process was
applied by the minimum distance scoring method com-
bined with matched 1:1 matching within the high and
low GGT/ALT groups. Logistic regression models were
used to calculate propensity scores, including age, sex,
ALT, albumin, TB, AFP, cirrhosis, tumour size, number
of tumours, tumour capsule, pathological differentiation,
BCLC classification, GGT and ALBI grade. By using the
nearest-neighbour PSM algorithm, 93 patients in the
high GGT/ALT group were matched 1:1 with 93 patients
in the low GGT/ALT group. After matching, univariate
logistic analysis was performed between the high and low
GGT/ALT groups to predict vascular invasion.

Results

General clinical characteristics

In our study, 558 HCC patients with HBV infection
were involved (Fig. 1). All of the patients received
tumour resection surgery, and general clinical charac-
teristics are summarized in Table 1. As a consequence
of the results, the majority of patients exhibited
ALT within the normal range (<56 U/L, 84.41% vs.
15.59%), while the majority of the GGT distributions
were comparable between the low (48.75%) and high
groups (51.25%). As a sign of poor prognosis, vas-
cular invasion was not combined with most of the
patients (69.71% vs. 30.29%). The other principal
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Fig. 1 Flowchart of cohort integration

components included younger than 60 years (75.63%
vs. 24.37%), men (84.95% vs. 15.05%), albumin >40 g/L
(51.97% vs. 48.03%), TB<20 pmol/L (90.14% vs.
9.86%), AFP <400 ng/mL (72.04% vs. 27.96%), cirrho-
sis (79.21% vs. 20.79%), tumour size <5 cm (64.52% vs.
35.48%), solitary tumours (83.87% vs. 16.13%), tumour
capsule absence (63.44% vs. 36.56%), and moderate/
poor differentiation (67.03% vs. 32.97%). In the BCLC
classification, grades A, B, and C accounted for 61.65%,
31.54% and 6.81%, respectively. In ALBI grade, grades
A and B accounted for 71.51% and 28.50%, respec-
tively. This finding indicated a significant probability
of malignant HBV-associated HCC.

Identification of risk factors for vascular invasion

Logistic univariate analysis and multivariate analysis
were conducted to identify the predictive risk factors
for vascular invasion. In univariate analysis, GGT/ALT
values were associated positively with vascular invasion
(OR: 1.96; 95% CI 1.34, 2.87; P=0.03), the other indica-
tors included age (OR: 0.46, 95% CI 0.29, 0.74; P<0.001),
serum AFP (OR: 2.3; 95% CI 1.56, 3.4; P<0.001), tumour
size (OR: 2.96; 95% CI 2.04, 4.31; P<0.001), tumour num-
ber (OR: 1.68; 95% CI 1.05, 2.68; P=0.032), tumour cap-
sule (OR: 1.79; 95% CI 1.24, 2.59; P=0.002), pathological
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Table 1 Distribution of clinical variables among total, high and low GGT/ALT groups

Variables Total (n=558) Low (n=365) High (n=193) P
Age, n (%) 1
<60 422 (75.63) 291 (75.58) 131(75.72)

>60 136 (24.37) 94 (24.42) 42 (24.28)
Sex, n (%) 0.003
Female 84 (15.05) 70(18.18) 14 (8.09)

Male 474 (84.95) 315(81.82) 159 (91.91)
ALT, n(%) <0.001
<56 471 (84.41) 299 (77.66) 172 (99.42)

>56 87 (15.59) 86 (22.34) 1(0.58)
Albumin, n (%) 0.057
<40 268 (48.03) 211 (54.87) 79 (45.66)

>40 290 (51.97) 174 (45.19) 94 (54.34)
TB, n (%) 0.657
<20 503 (90.14) 349 (90.65) 154 (89.02)

>20 55(9.86) 36(9.35) 19 (10.98)
AFP, n (%) 0.399
<400 402 (72.04) 282 (73.25) 120 (69.36)

>400 156 (27.96) 103 (26.75) 53 (30.64)
Cirrhosis, n (%) 0.904
No 116 (20.79) 79 (20.52) 37 (21.39)

Yes 442 (79.21) 306 (79.48) 136 (78.61)
Size, n (%) <0.001
<5 360 (64.52) 272 (70.75) 88 (50.87)

>5 198 (35.48) 113 (29.35) 85 (49.13)

Number, n (%) 0.518
Solitary 468 (83.87) 326 (84.68) 142 (82.08)

Multiple 90 (16.13) 59(15.32) 31(17.92)
Vascular invasion, n (%) <0.001
No 389 (69.71) 286 (74.29) 103 (59.54)

Yes 169 (30.29) 99 (25.71) 70 (40.46)
Tumor capsule, n (%) 0.962
Absence 354 (63.44) 245 (63.64) 109 (63.01)

Presence 204 (36.56) 140 (36.37) 64 (36.99)

Differential, n (%) 0.042
Good 184 (32.97) 269 (69.87) 105 (60.69)

Moderate/poor 374 (67.03) 116 (30.13) 68 (39.31)

BCLC, n (%) <0.001
A 344 (61.65) 260 (67.53) 84 (48.55)

B 176 (31.54) 108 (28.05) 68 (39.30)

C 38(6.81) 17 (4.42) 21(12.14)
GGT, n (%) <0.001
<50 272 (48.75) 261 (67.79) 11 (6.36)

>50 286 (51.25) 124 (32.21) 162 (93.64)
ALBI Grade, n (%) 0.007
A 399 (71.51) 289 (75.06) 110 (63.58)

B 159 (28.50) 96 (24.90) 63 (36.42)

ALT, Alanine aminotransferase; TB, Total Bilirubin; AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer staging; GGT, y-Glutamyl Transpeptidase; ALBI grade,
Albumin-Bilirubin Grade
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differentiation (OR: 3.44; 95% CI 2.35, 5.04; P<0.001),
BCLC B(OR: 2.95; 95% CI 2.59, 3.002), pathological dif-
ferentiation (OR: 3.44; 95% CI 2.35, 5.04; P<0.001),
BCLC B<0.0001); ALBI (OR: 2.46, 3.43; P<0.67).

In further multivariate logistic regression, GGT/ALT
(OR: 1.60, 95% CI 1.05, 2.43; P=0.03) was still listed as
an independent risk factor for vascular invasion. The
other indicators included age (OR: 0.44, 95% CI 0.27,
0.74; P=0.001), serum AFP (OR: 1.63; 95% CI 1.06, 2.51;
P=0.026), tumour size (OR: 2.15; 95% CI 1.42, 3.24;
P<0.001), tumour capsule (OR: 1.64; 95% CI 1.09, 2.47;
P=0.018), pathological differentiation (OR: 2.90; 95%
CI 1.93, 4.36; P<0.001), BCLC B (OR: 2.62; 95% CI 2.21,
3.03; P<0.001), BCLC C (OR: 2.76 95% CI 2.33, 3.15;
P<0.001), and, as shown in Table 2. The results demon-
strated that GGT/ALT was an independent risk factor for
predicting vascular invasion in HCC.

In those variables, pathological features were all posi-
tively associated with vascular invasion, which was
shown to be linked with more severe tumour situations.
The associated factors included tumour size, tumour cap-
sule and pathological differentiation. Three scoring crite-
ria, BCLC and GGT/ALT, were also positively associated
with vascular invasion, while ALBI was not related. Inter-
estingly, age was negatively related to vascular invasion,
which means that younger patients had a greater procliv-
ity to combine with vascular invasion.

Correlation between GGT/ALT and HCC related factors

The ROC curve of the GGT/ALT ratio in the diagnosis of
vascular invasion was plotted and illustrated its predic-
tive value (Fig. 2). The optimal cut-off value of GGT/ALT
in the diagnosis of vascular invasion was 2.95 by calcu-
lating the Youden index of the ROC curve. Based on this
cut-off value of GGT/ALT, the patients were classified
into a low group (n=2365) and a high group (n=193) for
further investigations.

The correlations between the GGT/ALT ratio and clin-
icopathological parameters were examined, as shown in
Table 1. The results indicated that the high GGT/ALT
group was significantly associated with vascular invasion
(P<0.001), and the other related parameters included
male sex (P=0.003), ALT <56 U/L (P<0.001), GGT >50
U/L (P<0.001), tumour volume>5 cm (P<0.001), mod-
erate/poor pathological differentiation (P=0.042), more
severe BCLC (P<0.001) and ALBI grade (P=0.007). The
findings indicated that of the 87 patients with elevated
ALT levels, 87 (98.85%) belonged to the low GGT/ALT
group, with just 1 patient belonging to the high group.
The distribution of GGTs also exhibited comparable
characteristics. In a total of 272 patients with GGT <50
U/L, 261 patients (95.96%) belonged to the low GGT/
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Table 2 Univariate and multivariate logistic
prognostic factors associated with vascular invasion

analysis  of

Risks Univariate analysis Multivariate analysis
OR (95% Cl) P OR (95% Cl) P

Age, n (%)

<60 Reference Reference

>60 046 (0.29,0.74) <0.001 044 (0.27,0.74) 0.001
Sex, n (%)

Female Reference

Male 136(0.8,232)  0.245
Albumin, n (%)

<40 Reference

>40 1.26 (0.88,1.81) 0.208
TB, n (%)

>20 Reference

<20 0.97(0.53,1.77) 0916
AFP. n (%)

<400 Reference Reference

>400 2.3(1.56,34) <0.001 1.63(1.06,2.51) 0.026
Cirrhosis, n (%)

No Reference

Yes 1.24(0.79,1.97) 0344
Size, n (%)

<5 Reference

>5 296 (2.04,431) <0001 215(142,3.24) <0001
Number, n (%)

Solitary Reference Reference

Multiple 1.68(1.05,2.68) 0.032 144 (0.85,2.41) 0.175
Tumor capsule, n (%)

Absence Reference Reference

Presence 1.79(1.24,2.59) 0.002 1.64 (1.09,247) 0.018
Differential, n (%)

Good Reference Reference

Moderate/poor 344 (2.35,5.04) <0.001T 290 (1.93,4.36) <0.001
BCLC, n (%)

A Reference

B 295 (246,343) <0001 262 (2.21,3.03) <0.001
@ 3.02(263,372) <0001 276(233,3.15) <0001
ALBI Grade, n (%)

A Reference Reference

B 1.95(1.23,2.67) 0.003 144(0.93,2.21) 0.1
GGT/ALT

<295 Reference Reference

>295 1.96(1.34,2.87) <0.001 1.60 (1.05,243) 0.030

TB, Total Bilirubin; AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer
staging; ALBI grade, Albumin-Bilirubin Grade; GGT, y-Glutamyl Transpeptidase;
ALT, Alanine aminotransferase

ALT group. In addition, GGT/ALT also presented a good
correlation with tumour severity, which included size,
differentiation and classification scores.
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Subgroup Number of patients Low High OR (95% Cl) p value
1.00 Age
<60 422 291 131 _— 1.75(1.14-268) 0.011
>60 136 94 42 —=—> 342(1.41-8.26) 0.006
Sex
0.75 female 84 70 14 = 0.45(0.09-2.19) 0.287
male 474 315 159 = 2.2(1.47-329) <0.001
Albumin
= <40 268 174 94 |—=—  225(1.33381) 0003
% 0.50 >40 290 211 79 = 164 (0.94-2.85) 0.085
S ™
@ =20 503 349 154 —— 1.94(1.3-2.9) 0.001
>20 55 36 19 T—=—>»218(067-7.12) 0.196
AFP
025
<400 402 282 120 —=—  242(151-3.88) <0.001
>400 156 103 53 H=— 1.25(0.64-243) 0518
Cirrhosis
no 116 79 37 —=—=222(095521) 0069
0.00 ves 442 306 136 |-e— 191(1.25-292) 0.003
1.00 075 0.50 0.25 0.00 Size
specificity <5 360 272 88 |—=—  218(127-375) 0.005
Fig. 2 ROC curve of GGT/ALT in predicting vascular invasion for N 198 "3 & 122069214 0497
HBV-related HCC patients Number
P solitary 468 326 142 _— 1.92(1.26-2.93) 0.003
multiple %0 50 31 —=—>208(0.86505) 0.104
Tumor capsule
. . absence 354 245 109 —_— 207 (1.26-34) 0.004
Next, by using subgroup analysis, we explored the oresence 204 M0 B4 e 186(10234) 0044
heterogenetic prediction value of GGT/ALT in differ- Differential
ent subgroups (Fig. 3). The results showed that GGT/ good 184 16 &8 pEm 147(081:268) 0209
. e . moderate/poor 374 269 105 —— 2.16(1.29-3.64) 0.004
ALT had better predictive effects in subgroups of age scLe
bOth§60 years (OR 175, 95% CI 114, 268, P:OOll) A 344 260 84 Fw—i 173(0.96-3.13) 0.076
and >60 years (OR: 3.42; 95% CI 1.41, 8.26; P=0.006), B 176 108 68 = 122(065-225) 0537
(o3 38 17 21 —=—125(0.07-21.58) 0.878
male (OR: 2.2; 95% CI 147, 3.29; P<0.001), albu- L1 Grade ¢ )
mm§40 g/L (ORI 225; 95% CI 133, 381; PZOOOS), A 399 289 110 |+=—i 193(1.2:311)  0.007
TB <20 umol/L (OR: 1.94; 95% CI 1.3, 2.9; P=0.001), B 159 9% 63 = 174(091332) 009
AFP <400 ng/mL (OR: 2.42; 95% CI 1.51, 3.88; P<0.001), " oriaman
cirrhosis (OR: 1.91; 95% CI 1.25, 2.92; P=0.003), tumour Fig. 3 Subgroup analysis for low and high GGT/ALT groups

size <5 c¢cm (OR: 2.18; 95% CI 1.27, 3.75; P=0.005), soli-
tary tumour (OR: 1.92; 95% CI 1.26, 2.93; P=0.003),
tumour capsule presence (OR: 1.86; 95% CI 1.02, 3.4;
P=0.044) or absence (OR: 2.07; 95% CI 1.26, 3.4;
P=0.004), moderate/poor pathological differentiation
(OR: 2.16; 95% CI 1.29, 3.64; P=0.004), and ALBI stage
A (OR: 1.93; 95% CI 1.2, 3.11; P=0.007). In general, the
negative predictive value of GGT/ALT was relatively
higher in the subgroups above, such as males, older
patients, smaller tumour sizes, solitary tumours, etc.

Cox regression and survival analysis associated

with the GGT/ALT ratio

Cox regression and survival analyses were conducted
to assess the prognostic factors and confirm the prog-
nostic value of GGT/ALT for OS and DEFS. For the
analysis of OS, univariate and multivariate Cox regres-
sion analyses were performed, and a higher GGT/ALT
ratio (OR: 1.38; 95% CI 1.03, 1.87; P=0.033) was identi-
fied as a potential prognostic factor for predicting OS
in HCC. The other factors included larger tumour size

(OR: 2.27; 95% CI 1.25, 4.15; P=0.007), moderate/poor
differentiation (OR: 1.36; 95% CI 1.01, 1.83; P=0.040),
and BCLC grade C (OR: 2.75; 95% CI 1.51, 5.04;
P=0.001), as shown in Fig. 4. Intestinally, ALBI did
not demonstrate a significant prognostic value of OS
(P=0.375). Subsequently, an OS curve of GGT/ALT
was drawn with a total follow-up time of 72 months.
The results illustrated that the OS rate of the higher
GGT/ALT group decreased significantly (P<0.0001)
during the whole follow-up time. The 5-year OS rates
were 56.07% in the high group and 72.73% in the low
group, as shown in Fig. 5.

For the analysis of DFS, higher GGT/ALT (OR: 1.32;
95% CI 1.02, 1.70; P=0.031) was also outlined as a
potential predictor by Cox regression analysis. The
other factors included cirrhosis (OR: 1.65; 95% CI 1.17,
2.31; P=0.004), larger tumour size (OR: 1.85; 95% CI
1.09, 3.15; P=0.024) and BCLC grade C (OR: 2.42; 95%
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Variable N| Hazard ratio p Strata ~+~ ‘GGT/ALT =high ~+ ‘GGT/ALT =low
AFP =400 402 Reference

>400 156| = 1.10(0.80,1.51)  0.547 1.00
Cirrhosis no 116 Reference
yes 442 Cm 143(0.95,2.15)  0.091
Size <5 360 Reference T075
>5 198 —=— | 227 (1.25, 4.15) 0.007 Z
Number solitary 468 Reference g
multiple 90 fm 1.34(0.95,1.91)  0.098 ﬁ
Tumor capsule  absence 354 Reference _f__’ 0.50
presence 204| -—®— 1.06 (0.78, 1.44) 0.693 >
Differention good 374 Reference 3
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Fig. 4 Multivariate Cox regression analysis of overall survival
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Fig.5 A high ratio of GGT/ALT was correlated with poor overall
survival rates
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Fig. 6 Multivariate Cox regression analysis of disease-free survival
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Fig. 7 A high ratio of GGT/ALT was correlated with poor disease-free
survival rates

CI 1.44, 4.07; P<0.001) (Fig. 6). In this section, ALBI
was also omitted from the significant predictors of
DFS (P=0.717). The DES curve of GGT/ALT yielded
that the DFS rate of the higher GGT/ALT group was
significantly lower, similar to the OS rate (P<0.0001),
as shown in Fig. 7. The 5-year DFS rates of the high
and low GGT/ALT groups were 43.35% and 58.70%,
respectively.

PSM of GGT/ALT for vascular invasion prediction

To avoid the interference of other clinical param-
eters, PSM was used to match the data of the high and
low GGT/ALT groups. After matching, there were 93
patients in the low and high GGT/ALT groups. In the
original data, differences in distributions were charac-
terized in several variables, including sex (SD=0.302),
ALT (SD=0.727), albumin (SD=0.184), tumour size
(SD=0.469), tumour differentiation (SD=0.194),
BCLC (SD=0.424), GGT (SD=1.648) and ALBI grade
(SD=0.251). After matching, there was no significant
difference in the distribution between the two groups
except cirrhosis (SD=0.132), as shown in Table 3.

After matching, univariate logistic analysis was per-
formed to evaluate the potential risk factors in the pre-
diction of vascular invasion in HCC. The results showed
that GGT/ALT (OR: 1.86; 95% CI 1.23, 3.33; P=0.037)
was still correlated with vascular invasion. The other
risk factors comprised age (OR: 0.36; 95% CI 0.15, 0.87;
P=0.015), AFP (OR: 2.11; 95% CI 1.08, 4.12; P=0.029),
tumour size (OR: 2.68; 95% CI 1.42, 5.07; P=0.002),
tumour capsule (OR: 2.05; 95% CI 1.09, 3.87; P=0.026),
pathological differentiation (OR: 4.71; 95% CI 2.42, 9.17;
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Table 3 Absolute standardized differences before and after propensity score matching
Variables Before matching sD After matching sD
Low (n=365) High (n=193) Low (n=93) High (n=93)

Age, n (%) 0.003 0.077
<60 291 (75.58) 131 (75.72) 73 (78.49) 70(75.27)

>60 94 (24.42) 42 (24.28) 20(21.51) 23 (24.73)
Sex, n (%) 0.302 0.032
Female 70(18.18) 14 (8.09) 12 (12.90) 13(13.98)

Male 315(81.82) 159 (91.91) 81(87.10) 80 (86.02)
ALT, n(%) 0.727 <0.001
<56 299 (77.66) 172(99.42) 92 (98.92) 92 (98.92)

>56 86 (22.34) 1(0.58) 1(1.08) 1(1.08)
Albumin, n (%) 0.184 0.086
<40 211 (54.81) 79 (45.66) 49 (52.69) 45 (48.39)

>40 174 (45.19) 94 (54.34) 44 (47.31) 48 (51.61)
TB, n (%) 0.054 0.077
<20 349 (90.65) 154 (89.02) 86 (92.47) 84(90.32)

>20 36 (9.35) 19 (10.98) 7(7.53) 9(9.68)
AFP, n (%) 0.086 0.023
<400 282 (73.25) 120 (69.36) 65 (69.89) 64 (68.82)

>400 103 (26.75) 53(30.64) 28(30.11) 29(31.19)
Cirrhosis, n (%) 0.021 0.132
No 79(20.52) 37(21.39) 17 (18.28) 22 (23.66)

Yes 306 (79.48) 136 (78.61) 76 (81.72) 71(76.34)
Size, n (%) 0.469 0.088
<5 272 (70.75) 88 (50.87) 61 (56.99) 49 (52.69)

>5 113 (29.35) 85 (49.13) 40 (43.01) 44 (47.31)

Number, n (%) 0.07 <0.001
Solitary 326 (84.68) 142 (82.08) 77 (82.80) 77 (82.80)

Multiple 59(15.32) 31(17.92) 16 (17.20) 16 (17.20)
Tumor capsule, n (%) 0.013 0.091
Absence 245 (63.64) 109 (63.01) 64 (68.82) 60 (64.52)

Presence 140 (36.37) 64 (36.99) 29(31.18) 33(3549)

Differential, n (%) 0.194 0.067
Good 269 (69.87) 105 (60.69) 32(3441) 35(37.63)

Moderate/poor 116 (30.13) 68 (39.31) 61 (65.59) 58(62.37)

BCLC, n (%) 0424 0.092
A 260 (67.53) 84 (48.55) 51 (54.84) 51(54.84)

B 108 (28.05) 68 (39.3) 37(39.78) 35(37.63)

C 17 (442) 21(12.14) 5(5.38) 7(7.53)
GGT, n (%) 1.648 <0.001
<50 261 (67.79) 11 (6.36) 11(11.83) 11(11.82)

>50 124 (32.21) 162 (93.64) 82 (88.17) 82 (88.17)
ALBI Grade, n (%) 0.251 0.024
A 289 (75.06) 110 (63.58) 65 (69.89) 66 (70.97)

B 96 (24.9) 63 (36.42) 28(30.11) 27(29.03)

ALT, Alanine aminotransferase; TB, Total Bilirubin; AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer staging; GGT, y-Glutamyl Transpeptidase; ALBI grade,

Albumin-Bilirubin Grade
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Table 4 Univariate logistic regression associated with vascular

invasion after PSM

Risks Univariate analysis
OR (95% Cl) P

Age, n (%)

<60 Reference

>60 0.36 (0.15,0.87) 0.015
Sex, n (%)

Female Reference

Male 1.58(0.6,4.2) 0.342
Albumin, n (%)

<40 Reference

>40 1.37 (0.74, 2.56) 0.315
TB, n (%)

<20 Reference

>20 1.6 (0.5,5.12) 0417
AFP, n (%)

<400 Reference

>400 2.11(1.08,4.12) 0.029
Cirrhosis, n (%)

No Reference

Yes 0.93 (042, 2.08) 0.864
Size, n (%)

<5 Reference

>5 2.68(1.42,5.07) 0.002
Number, n (%)

Solitary Reference

Multiple 1.24.(0.6,2.55) 0.567
Tumor capsule, n (%)

Absence Reference

Presence 2.05(1.09,3.87) 0.026
Differential, n (%)

Good Reference

Moderate/poor 4.71(2.42,9.17) <0.001
BCLC, n (%)

A Reference

B 2.61(1.32,5.15) 0.006
@ 2.88(2.18,342) <0.001
ALBI Grade, n (%)

A Reference

B 1.27 (0.65, 2.46) 0.485
GGT/ALT

<295 Reference

>2.95 1.86(1.23,3.33) 0.037

TB, Total Bilirubin; AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer
staging; ALBI grade, Albumin-Bilirubin Grade; GGT, y-Glutamyl Transpeptidase;
ALT, Alanine aminotransferase

P<0.001), BCLC grade B (OR: 2.61; 95% CI 1.32, 5.15;
P=0.006), and grade C (OR: 2.88; 95% CI 2.18, 3.42;
P<0.001), as shown in Table 4. Additionally, the ALBI
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grade was not significantly associated with vascular inva-
sion after PSM (P=0.485). The results confirmed GGT/
ALT as a good predictive value for vascular invasion.

Discussion

Our study demonstrated the GGT/ALT ratio as an inde-
pendent predictive biomarker for vascular invasion in
HBV-related HCC. After grouping patients with a cut-off
value of 2.95, the high GGT/ALT group showed positive
predictive value for vascular invasion, higher tumour
severity, and lower DFS and OS in HCC patients. Fur-
ther sensitivity analysis, including subgroup analysis and
PSM, was performed and demonstrated GGT/ALT as
an independent predictor for vascular invasion in HCC
patients.

Vascular invasion is one of the major factors lead-
ing to poor prognosis of HCC, thus severely influencing
the treatment effect of resection surgery [18]. Therefore,
timely and accurate evaluations are pivotal for guiding
therapeutic approaches and improving survival. As a
main aetiology of HCC, HBV infection has been proven
to be an important causative agent of vascular invasion in
HCC patients.

HBV infection leads to multiple pathophysiologi-
cal alterations, including DNA oxidative damage, liver
cell necrosis, inflammatory responses, cytokine synthe-
sis and release, fibrosis and tumour tumorigenesis [19].
In this process, HBV X protein (HBx) has been found
to be related to MVI development involved in postop-
erative recurrence [20, 21]. Yang et al. [10] found that
HBV-positive patients were more prone to develop vas-
cular invasion in HCC. In further clinical studies, Lei
et al. [9] discovered that a preoperative HBV DNA load
larger than 104 IU/mL was an independent risk factor
for vascular invasion in HBV-related HCC. Wei et al.
[22] further summarized that both infection and active
replication of HBV were associated with inflammatory
injuries, the occurrence of vascular invasion and cancer
metastasis in liver cancer. In addition to aggravating the
progression and vascular invasion of HCC, Sarbarzeh
et al. [23] also discovered that hepatitis may result in
severe psychological issues. Considering the increased
risk of vascular invasion associated with HBV infection,
it is critical to predict the vascular invasion in HBV-
related HCC.

Among the examinations, GGT and ALT are adopted
broadly in the evaluation of liver pathology [24-28]. GGT
can mediate the production of ROS, promote cell growth
and proliferation [29] and is often elevated in liver dis-
eases such as hepatitis, cancer and vascular invasion [25,
26, 30].ALT is also known as a marker of liver dysfunction
and inflammation, which was found to be associated with
recurrence and poor survival of HBV-related HCC [31,
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32]. However, the changes in different biomarkers were
not equally accompanied by fluctuations in inflammatory
responses. In HBV-related HCC patients, the prediction
value of GGT for vascular invasion might be interfered
by chronic inflammation and poor liver reserves associ-
ated with HBV infection. Therefore, the combination of
GGT/ALT might exerts better predictive accuracy than
using GGT alone [33].

Ebiling et al. [11] disclosed that a higher GGT/ALT
ratio could predict a worse prognosis in chronic hepatitis
C. The research of Tarantino et al. [12] further supported
this idea by the discoveries that a lower GGT/ALT ratio
is an independent predictor of antiviral therapy response.
Consequently, GGT/ALT could reflect the hepatitis
severity such as prognosis and therapy responses, which
made it possible to predict hepatitis-induced HCC. Addi-
tionally, previous research also indicated that the high-
level GGT/ALT ratio was associated more with tumour
burden rather than inflammatory hepatitis parameters
[13].

Several studies have evaluated the predictive value of
GGT/ALT in liver cancer. Yang et al. [10] observed that
hepatitis B patients with a higher GGT/ALT ratio have
an increased risk of developing primary hepatic malig-
nancy. Additionally, it was documented in HBV-related
HCC patients with Child—Pugh A class that an elevated
GGT/ALT ratio was associated with more severe tumour
burden, including tumour size, vascular invasion, tumour
capsule, and shortened survival time [13]. However, the
study above generally focused on the predictive value of
GGT/ALT for tumour severity, in which vascular inva-
sion is just a subpart of the symptoms. Therefore, it is still
debatable whether GGT/ALT remains a good predictor
of vascular invasion in HCC when evaluated indepen-
dently. Therefore, we focused for the first time on the risk
factors for vascular invasion and investigated the inde-
pendent predictive value of GGT/ALT. Combining the
pathological role of HBV infection in vascular invasion
and thus in HCC progression and the predictive value of
GGT/ALT in both hepatitis B and HCC, we conducted
this study to confirm whether GGT/ALT is an independ-
ent predictive factor of vascular invasion and outcomes
in HBV-infected HCC.

As mentioned above, GGT/ALT has the ability to
predict vascular invasion in HCC. However, the differ-
ent distributions of characteristics among HCC patients
increased the heterogeneity and might lead to false posi-
tive results. Therefore, sensitivity analysis, including
subgroup analysis and PSM, was conducted. In the sub-
group analysis, the predictive value of GGT/ALT was
examined effectively in most subgroups. The insignificant
predictive value in other subgroups might be attributed
to the relatively small number of cases, and this could be
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confirmed through a larger database in the future. More-
over, PSM was employed to balance the distributions of
variables between the high and low GGT/ALT groups.
After matching, GGT/ALT was still listed as an inde-
pendent risk factor for vascular invasion, which proved
the predictive value of the ratio alone.

Currently, there is no authoritative explanation for
the predictive value of GGT/ALT. One possible hypoth-
esis is proposed as follows: GGT is affected by both
inflammation and tumours, while ALT is relatively more
responsive to hepatic inflammation and liver functions.
Although hepatitis in HCC patients has often been con-
trolled before resection, GGT and ALT might still be
interfered with by residual HBV infection or surgical
stimulus. Therefore, the ratio of GGT/ALT could reflect
the stages of primary tumour progression more precisely
by minimizing the interference of inflammation. In addi-
tion, decreased ALT also indicated an increased mortality
rate in people aged over 60 years because of the depletion
of liver function reserve, which could explain the positive
correlation between the GGT/ALT ratio and worse prog-
nosis [34]. Another potential explanation is that GGT/
ALT ratio was also confirmed as an independent predic-
tor of antiviral therapy response and prognosis in chronic
hepatitis, which was associated with an increased risk of
tumorigenesis and vascular invasion [11, 12].

In addition to HBV, the etiology of HCC also includes
hepatitis C virus (HCV), food contaminated with afla-
toxin, heavy drinking, obesity, smoking, type 2 diabetes,
etc. [1]. Considering the degree of inflammation and vas-
cular invasion may vary among the different etiologies,
the predictive value of GGT/ALT would also be investi-
gated respectively in the future.

In clinical practice, we often get perplexed by the fact
that different patients may have totally dissimilar vascular
invasions and related prognosis. However, current assess-
ment techniques, such as CT scans and tumour markers,
are insufficient to detect high risk patients. BCLC classi-
fication has also exhibited good predictive value in HCC.
However, BCLC is relatively difficult to address, which
limits its clinical use. As a powerful complement to
imaging examination, scoring systems and other screen-
ing methods [35], our study provided a simple and fea-
sible monitoring tool to assess vascular invasion, guide
the surgical approach and predict the outcomes of HCC,
which makes it easier to manage patients. With more
indicators identified in the future, the evaluation model
for HCC vascular invasion will be continuously refined
with the input of further experimental data.

In addition to GGT/ALT, there are many other bio-
markers of vascular invasion, such as Vascular-endothe-
lial cadherin (CDH5), Angiopoietin-2 (ANGPT2),
ETS-related gene (ERG), etc. [36]. Relatively, serum
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GGT/ALT is easier to obtain and measure in clinical use.
Therefore, it could be used in the preoperative evaluation
of vascular invasion, postoperative follow-up, recurrence
surveillance, and prognostic assessment. As contrast, tis-
sue biomarkers might have better potential diagnostic
performance and long-term prognostic value. However,
potential bias also existed according to distinct parts of
tissue and different pathologists. The specimen collec-
tion during surgery also restricts its preoperative assess-
ment. Therefore, it does require long-term and extensive
research.

This study still had several limitations. First, this study
only involves a single centre. More cases from different
centres and regions are required in the future. Second,
this study is a retrospective study, which may lead to
selection bias. This may be further verified by large-scale,
randomized, controlled trials in the future.

Conclusion

Our study proposed relatively reliable evidence in prov-
ing the prognostic value of GGT/ALT. As a cheap and
convenient biomarker, GGT/ALT is an independent pre-
dictor of vascular invasion and outcome in HBV-related
HCC patients undergoing resection surgery. As a screen-
ing tool, GGT/ALT could help to optimize the treatment
strategies for HCC patients and improve survival after
surgery.
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