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Abstract 

Background Microwave ablation (MWA) is widely used to eliminate colorectal liver metastases (CRLM). However, 
the risk of tumor recurrence is difficult to predict due to lack of reliable clinical and biological markers. Elevation 
of gamma-glutamyl transferase (GGT) and aspartate transaminase (AST) provides signals for liver inflammation 
and cancer progression. The present study evaluated the association between pre-ablation GGT to AST ratio index 
(GSR) and hepatic recurrence in patients with CRLM after MWA.

Methods A retrospectively analyzed 192 CRLM patients who underwent MWA from January 2013 to December 2017. 
Pre-ablation GSR was classified into high (≤ 2.34) or low (> 2.34) using the upper quartile value. The prognostic value 
of GSR and other risk factors for liver progression-free survival (LPFS) and cancer-specific survival (CSS) were evaluated 
by univariate and multivariate analyses.

Results High GSR was significantly associated with males (P = 0.041), the presence of cholelithiasis (P = 0.012), 
but not pre-ablation chemotherapy (P = 0.355), which caused significantly increased levels of GGT (P = 0.015) and AST 
(P = 0.008). GSR showed a significant association with LPFS and CSS through univariate analysis (P = 0.002 and 0.006) 
and multivariate analysis (P = 0.043 and 0.037). The subgroup analysis demonstrated no interaction between GSR 
and all variables except for distribution in the sub-analysis of LPFS.

Conclusions Our findings suggest that the pre-ablation GSR can be considered as a promising prognostic indicator 
for poor prognosis of patients with CRLM underwent MWA.
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Background
Colorectal liver metastases (CRLM) are a major chal-
lenge in clinical oncology and a leading cause of mortal-
ity in patients with advanced colorectal cancer (CRC) 
[1]. The liver is the primary site of metastatic spread, and 
most patients with CRC eventually succumb to hepatic 
involvement [2]. Several randomized controlled trials 
have shown that ablative interventions, especially micro-
wave ablation (MWA), can be effectively integrated with 
systemic and surgical therapies [3–6]. This multimodal 
approach significantly improves the prognosis.

Despite the growing interest in MWA for CRLM, bio-
markers specifically tailored for MWA remain poorly 
developed. Although previous studies have investigated 
the prognostic factors of liver metastases, such as the 
clinical risk score (CRS) and tumor burden score (TBS) 
[7, 8], and clinical biomarkers such as carcinoembryonic 
antigen (CEA) and gamma-glutamyl transferase (GGT) 
[9, 10], these indicators have been mainly developed for 
post-hepatectomy prediction. Some studies have sug-
gested that circulating markers, including alpha-fetopro-
tein, prothrombin time activity, and albumin-bilirubin, 
could also be used for predicting ablation outcomes 
[11–13]. However, it’s important to note that these inves-
tigations primarily focused on hepatocellular carcinoma 
(HCC), and there is currently no definitive evidence sup-
porting the applicability of these peripheral blood bio-
markers in the context of CRLM.

Circulating GGT and Aspartate aminotransferase 
(AST) are two well-known clinical parameters of hepatic 
injury, both of which are predominantly present in the 
liver, but are also found in other organs, such as the 
heart, kidney, and muscle [14, 15]. Meanwhile, the levels 
of serum liver GGT and AST are strongly environmen-
tally and genetically correlated with each other [16] and 
share genetic variances [17]. In terms of cellular biology, 
GGT is a membrane-bound enzyme involved in numer-
ous cellular processes, including amino acid transfer and 
glutathione (GSH) metabolism, which plays a crucial role 
in the antioxidant system [14]. Emerging evidence has 
shown that serum GGT levels serve as an indicator of 
oxidative stress [18]. AST, which is cytoplasmic or mito-
chondrial, catalyzes the transfer of amino groups to gen-
erate products involved in gluconeogenesis and amino 
acid metabolism [19]. Increased levels of GGT and AST 
are commonly observed in metabolic dysfunction-associ-
ated fatty liver disease (MAFLD), alcoholic liver disease, 
hepatitis infection, and drug toxicity [19–21].

However, GGT is more significant in biliary injury, 
cholestatic liver disease, and tumor progression than 
AST, as evidenced by the strong correlation between 
serum levels of GGT and various cancers, such as pri-
mary CRC and CRLM [22–24]. Mechanistically, the main 

reason for the increase in GGT in liver tumors is the 
production of high levels of reactive oxygen species to 
combat tumor cells [25]. Additionally, the tumor micro-
environment may contain factors, such as inflammatory 
mediators, that can also stimulate the expression of GGT 
[26]. To minimize the non-tumor impact of GGT, we 
introduce the new parameter GGT/AST ratio (GSR) to 
CRLM.

The excellent diagnostic significance of the GSR in bil-
iary obstruction and HCC has indicated that this division 
by AST likely specifies and strengthens the clinical value 
of GGT [27, 28]. Thus, we aim to explore whether the 
GSR can predict the progression of CRLM and serve as a 
simple and cost-effective clinical marker.

Methods
Patient enrollment and baseline information
We retrospectively analyzed data from 306 patients 
diagnosed with CRC who underwent hepatic metastasis 
ablation at the Sixth Affiliated Hospital of Sun Yat-sen 
University between January 2013 and December 2017. In 
adherence to the retrospective nature of this study, writ-
ten informed consent was obtained from all patients, and 
the Clinical Research Ethics Committee of the Sixth Affil-
iated Hospital of Sun Yat-sen University approved the 
research protocol.

In types of liver malignancies, GGT was correlated with 
tumor burdens, but not AST. But some tumors GGT’s 
increasea not related to tumor characteristics. Consist-
ent with our study, GGT didn’t reflect the tumor burden. 
Chemotherapy induced hepatic toxicity increased GGT, 
but not GSR. It is know that, increased GGT or AST 
because of biliary obstruction.

The inclusion and exclusion criteria, diagnostic proce-
dures, and treatment modalities corresponded to those 
explicated comprehensively within our prior study [29, 
30], supplemented by additional cases. Specifically, inclu-
sion criteria for the study were as follows: 1) patients 
diagnosed with CRC confirmed by pathological exami-
nation; 2) patients with liver-limited metastases and no 
major vascular invasion confirmed by contrast-enhanced 
computed tomography (CECT), contrast-enhanced mag-
netic resonance imaging (CEMRI), or positron emission 
tomography-computed tomography (PET-CT); 3) num-
ber of CRLM ≤ 9, and size of CRLM ≤ 5  cm. Exclusion 
criteria included: 1) patients with Child–Pugh class C or 
severe coagulation disorders (platelet count < 50 ×  103/
μl, prothrombin time > 20  s); 2) patients with poor per-
formance status (ECOG PS > 2); 3) patients with extra-
hepatic metastases prior to ablation (N = 74); 4) Patients 
with lesions that could not be completely ablated due 
to proximity to major biliary structures or adherence to 
the gastrointestinal tract after the initial ablation (N = 7); 
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5) patients with unresectable primary lesions (N = 7). 
(Fig. 1). The final cohort encompassed 192 eligible cases. 
For these patients, comprehensive demographic data, 
laboratory results, imaging findings, therapy protocols, 
and follow-up records were systematically collected. 
Additionally, a series of routine tests, including complete 
blood counts, serum biochemical indices, and tumor 
markers, were performed within one week before the 
MWA to ensure a thorough evaluation of each case.

The decision to employ MWA was made after compre-
hensive discussions by a multi-disciplinary team (MDT). 
Each patient’s treatment plan was carefully deliberated 
by the MDT, and upon reaching a consensus, the pro-
posed strategy was communicated to the patient, from 
whom written informed consent was then obtained. Post-
MWA, routine chemotherapy was administered as per 
the MDT’s collective decision, tailored to each patient’s 
individual clinical scenario.

Microwave ablation procedure
The preparatory phase for MWA involved the early exe-
cution of enhanced ultrasound to ascertain the lesions’ 

precise location, number, and size. Patients were required 
to provide informed consent, supplemented by adminis-
tering 50 mg of pethidine hydrochloride intramuscularly 
roughly 30  min before the procedure, with an addi-
tional 50  mg administered as needed throughout abla-
tion. Our institution utilized a 2450-MHz MWA system 
(KY2000; Nanjing Kangyou Biological Energy Co. Ltd, 
Nanjing, China), encompassing a microwave generator 
with a power output spanning 1–100 W, a flexible coaxial 
cable, and a cooling shaft antenna (KY-2450-b; Nanjing 
Kangyou Biological Energy Co. Ltd., Nanjing, China). The 
procedures were conducted under real-time ultrasound 
guidance (LOGIQ E9; GE Healthcare, Milwaukee, WI, 
USA).

Local anesthetic drug was administered using 2% lido-
caine prior to puncture, with a 24-G needle measur-
ing 10 cm utilized to ensure the deposition of lidocaine 
within the hepatic capsule. The antenna, guided by 
ultrasound, was subsequently inserted at the center of 
the largest section, extending 5  mm beyond the lesion’s 
deep edge. The energy output was tailored within the 
range of 45–60 W, delivered for 5–15 min to guarantee 

Fig. 1 Procedure of colorectal cancer liver metastases patients’ disposition for retrospective analysis
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comprehensive lesion ablation, alongside a margin of at 
least 5  mm encompassing the surrounding liver paren-
chyma. After the ablation of the needle tract, the proce-
dure was concluded.

Follow‑up protocol
Patients were recommended to undergo serological and 
imaging assessments every three months. Furthermore, 
a recurrent multidisciplinary evaluation was conducted 
to explore further treatment strategies for patients 
exhibiting local or systemic disease progression. Liver 
progression-free survival (LPFS) was defined as the tem-
poral interval spanning ablation to hepatic progression or 
worsening. Likewise, cancer-specific survival (CSS) was 
computed from ablation to the point of the patient’s last 
follow-up or death from cancer.

Statistical analysis
The normal ranges recommended by our institutional 
testing equipment and the threshold values for serum 
GGT and AST were established at 60 U/L and 40 U/L, 
respectively. The GSR was delineated as GGT/AST, 
with the upper quartile value of 2.34 constituting the 
demarcation. Baseline data from the patient pool was 
categorized into two groups to facilitate comparative 
analysis. The Pearson chi-square and Fisher’s exact tests 
were used to check differences within categorical vari-
ables. As for non-normally distributed continuous vari-
ables and categorical variables, the Mann–Whitney U 
test was employed to explore discrepancies between the 
two cohorts. Employing the Kaplan–Meier methodology, 
estimations were conducted for LPFS and CSS, and the 
disparities in survival were subjected to the log-rank test. 
Univariate and multivariate analyses were affected by 
utilizing the Cox proportional hazard regression model, 
wherein factors manifesting a P value below 0.1, concur-
rently demonstrated clinical significance, were inducted 
into the multivariate analysis. A two-tailed P value below 
0.05 denoted statistical significance. The statistical soft-
ware employed encompassed SPSS version 22.0 (IBM 
SPSS, Chicago, IL, USA) and R (version 4.2.3).

Results
Correlations among liver enzymes and clinicopathological 
parameters
Our investigation revealed a robust positive correlation 
between GSR and GGT levels (r = 0.77, P < 0.001, Supple-
mentary Fig. 1). Notably, this correlation persisted across 
both high and low GSR groups, affirming the consistency 
of this association (both P < 0.05). Conversely, no statis-
tically significant correlation emerged between GSR and 
AST levels (all P > 0.05), emphasizing the specificity of 
GSR as an indicator linked to GGT.

The normality status of GGT and AST levels exhibited 
no discernible associations with demographic factors, 
such as age and sex (both P > 0.05, Table  1). Similarly, 
prevalent liver and gallbladder diseases, including chole-
lithiasis and hepatic steatosis, showed no significant 
impact on GGT and AST levels. Furthermore, no corre-
lations were identified with primary tumors’ clinical stag-
ing and pathological subtyping.

The administration of pre-ablation chemotherapy cor-
related with a notable elevation in GGT (P = 0.015) and 
AST (P = 0.008) levels. The distribution of liver metasta-
ses and prior hepatic resection were also associated with 
increased GGT levels (P < 0.05). Interestingly, GSR exhib-
ited a positive correlation with GGT levels yet remained 
resilient to the influence of pre-ablation chemotherapy 
and hepatectomy (both P > 0.05). In patients with chole-
lithiasis, GSR levels increased significantly (P = 0.012).

Follow‑up and survival analysis
The follow-up period concluded in August 2023, reveal-
ing median durations of CSS and LPFS measuring 94.2 
and 14.1  months, respectively. Among the 192 CRLM 
patients, 74 (38.5%) died of tumor-related complications, 
while 113 (58.9%) experienced hepatic recurrence. Nota-
bly, three-year CSS and LPFS rates were registered at 
22.9% and 56.8%, respectively.

Furthermore, both elevated GGT and GSR levels 
were associated with inferior LPFS (P = 0.003 and 0.002, 
respectively, Fig.  2A and C). However, exclusively ele-
vated GSR correlated with CSS (P = 0.006, Fig. 2B), while 
GGT demonstrated no connection with patient CSS 
(P = 0.540, Fig. 2D). Several other factors contributed to 
hepatic recurrence, including lymph node metastasis of 
the primary lesion, the quantity and distribution of liver 
metastases, elevated CEA levels, and prior hepatic resec-
tion (all P < 0.05, Table 2). In addition to GSR, the differ-
entiation grade of the primary tumor and CA19-9 levels 
displayed strong correlations with patient CSS (P = 0.006 
and 0.002, respectively).

To mitigate the impact of confounding variables, a mul-
tivariate Cox regression analysis was conducted, incorpo-
rating factors with P values below 0.1. Consequently, GSR 
stood out as a robust independent risk factor for both 
LPFS (P = 0.043, HR, 95% CI: 1.84, 1.02–3.31, Table  2) 
and CSS (P = 0.037, HR, 95% CI: 1.70, 1.03–2.81, Table 2). 
Additionally, lymph node metastasis of the primary 
lesion and pre-ablation surgery maintained their associa-
tions with LPFS (P = 0.003 and 0.004, Table  2). Further-
more, elevated CA19-9 and poorly differentiated tumors 
emerged as independent risk factors for unfavorable CSS 
(both P < 0.05, Table 2).

Subsequently, the prognostic value of GSR across dis-
tinct subgroups was examined, accompanied by assessing 
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Table 1 Baseline characteristics of GGT, AST and GSR groups

n%/M [P25, P75] GGT(U/L) AST(U/L) GSR

Characteristics N = 192  ≤ 60  > 60 P  ≤ 40  > 40 P  ≤ 2.34  > 2.34 P

Patient characteristics 148(77) 44(23) 172(90) 20(10) 144(75) 48(25)

 Age (years) 0.534 0.225 0.866

   ≤ 60 110(57) 83(56) 27(61) 96(56) 14(70) 82(57) 28(58)

   > 60 82(43) 65(44) 17(39) 76(44) 6(30) 62(43) 20(42)

 Sex 0.105 0.826 0.041
  Male 129(67) 95(64) 34(77) 116(67) 13(65) 91(63) 38(79)

  Female 63(33) 53(36) 10(23) 56(33) 7(35) 53(37) 10(21)

 HBsAg 0.240 0.780 0.345

  Negative 164(85) 124(84) 40(91) 146(85) 18(90) 121(84) 43(90)

  Positive 28(15) 24(16) 4(9) 26(15) 2(10) 23(16) 5(10)

 Hepatic steatosis 1.000 0.383 0.366

  Absent 176(92) 136(92) 40(91) 156(91) 20(100) 134(93) 42(88)

  Present 16(8) 12(8) 4(9) 16(9) 0(0) 10(7) 6(12)

 Diabetes mellitus 0.127 0.738 0.465

  Absent 166(87) 131(89) 35(80) 149(87) 17(85) 126(88) 40(83)

  Present 26(13) 17(11) 9(20) 23(13) 3(15) 18(12) 8(17)

 Cholelithiasis 0.060 0.745 0.012
  Absent 165(86) 131(89) 34(77) 147(85) 18(90) 129(90) 36(75)

  Present 27(14) 17(11) 10(23) 25(15) 2(10) 15(10) 12(25)

Primary tumor characteristics
 Location of primary tumors 0.731 0.059 0.317

  Colon 96(50) 73(49) 23(52) 82(48) 14(70) 75(52) 21(44)

  Rectum 96(50) 75(501) 21(48) 90(52) 6(30) 69(48) 27(66)

 Pathological type 0.352 0.450 0.091

  High differentiation 45(23) 38(26) 7(16) 42(24) 3(15) 38(27) 7(15)

  Mild differentiation 132(69) 98(66) 34(78) 116(67) 16(80) 96(67) 36(75)

  Low differentiation 8(4) 7(5) 1(2) 8(5) 0(0) 5(3) 3(6)

  Other 4(2) 3(2) 1(2) 3(2) 1(5) 3(2) 1(2)

  Missing 3(2) 2(1) 1(2) 3(2) 0(0) 2(1) 1(2)

 T stage 0.237 0.424 0.109

  T2 16(8) 13(10) 3(7) 15(9) 1(5) 13(9) 3(6)

  T3 158(82) 125(84) 33(75) 142(83) 16(80) 122(86) 36(75)

  T4 13(7) 8(5) 5(11) 11(6) 2(10) 7(5) 6(13)

  Missing 5(3) 2(1) 3(7) 4(2) 1(5) 0(0) 3(6)

 Lymph node metastasis 0.719 0.230 0.120

  Negative 73(38) 56(39) 17(39) 68(40) 5(25) 51(35) 22(46)

  Positive 114(59) 90(60) 24(55) 100(58) 14(70) 91(64) 23(48)

  Missing 5(3) 2(1) 3(6) 4(2) 1(5) 2(1) 3(6)

Liver metastasis characteristics
 Presentation 0.689 0.083 0.255

  Metachronous 39(20) 31(21) 8(18) 38(22) 1(5) 32(22) 7(15)

  Synchronous 153(80) 117(79) 36(82) 134(78) 19(95) 112(78) 41(85)

 Number 0.119 0.187 0.868

  Solitary 94(49) 77(52) 17(39) 87(51) 7(35) 71(49) 23(48)

  Multiple 98(51) 71(48) 27(61) 85(49) 13(65) 73(51) 25(52)

 Maximum size (mm) 0.541 0.133 0.772

   ≤ 30 182(95) 139(94) 43(98) 90(52) 14(70) 136(94) 46(96)

   > 30 10(5) 9(6) 1(2) 82(48) 6(30) 8(6) 2(4)
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interactions between GSR and diverse variables (Fig.  3 
and Supplementary Fig.  2). Among the subgroups, only 
the distribution of liver metastases unveiled an interac-
tive effect with GSR concerning LPFS (P = 0.025, Fig. 3).

Discussion
In this study, we aimed to investigate the prognostic 
value of GSR, a new index based on the ratio of GGT 
to AST, in patients with CRLM undergoing MWA. Our 

Table 1 (continued)

n%/M [P25, P75] GGT(U/L) AST(U/L) GSR

Characteristics N = 192  ≤ 60  > 60 P  ≤ 40  > 40 P  ≤ 2.34  > 2.34 P

 Distribution 0.014 0.367 0.220

  Unilobar 141(73) 115(78) 26(59) 128(74) 13(65) 109(76) 32(67)

  Bilobar 51(27) 33(22) 18(41) 44(26) 7(35) 24(24) 16(33)

Pre‑ablation treatment
 Pre‑ablation chemotherapy 0.015 0.008 0.355

  No 83(43) 71(48) 12(27) 80(48) 3(15) 65(45) 18(37)

  Yes 109(57) 77(52) 32(73) 92(52) 17(85) 79(55) 30(63)

 Pre‑ablation hepatectomy 0.022 0.622 0.141

  No 161(84) 129(87) 32(73) 145(84) 16(80) 124(86) 37(77)

  Yes 31(16) 19(13) 12(27) 27(16) 4(20) 20(14) 11(23)

GGT  Gamma-glutamyl transpeptidase, AST Aspartate aminotransferase, GSR Gamma-glutamyl transferase to aspartate aminotransferase ratio index, HBsAg hepatitis B 
surface antigen

Fig. 2 Analysis of the Kaplan–Meier method for prognostic value of GSR in LPFS and CSS of CRLM after MWA. A, B Higher GSR predicted worse LPFS 
(A) and CSS (B) with MWA in CRLM patients (P = 0.002 and 0.006). C, D GGT was associated with CRLM patients’ LPFS treated with MWA (P = 0.003), 
but not associated with CSS (P = 0.540)
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main findings were that high GSR was associated with 
male and the presence of cholelithiasis but not with pre-
ablation chemotherapy, which increased GGT and AST 
levels. In addition, high GSR was an independent predic-
tor of poorer LPFS and CSS in patients with CRLM after 
MWA.

GGT and AST are well-established markers of liver 
function and liver injury, and previous studies have 
shown that their levels were not only related to liver 
injury but also influenced by liver tumors and their activ-
ity. [14, 31]. It is not surprising that CRLM patients have 
increased serum GGT and AST levels, as there is liver 
occupancy and hepatic toxicity from chemotherapy. 
One study found that increased serum GGT levels were 
strongly correlated with advanced tumor burden and 
chemotherapy in CRLM patients [22]. Although it has 
been widely reported that GGT is capable of predicting 

poor prognosis in CRLM patients, most studies have not 
addressed the correlation between GGT levels and tumor 
burden [23, 32]. Consistent with previous studies, our 
findings indicate that GGT is significantly increased in 
patients with chemotherapy and adversely affects prog-
nosis under MWA. However, GGT levels do not show 
an association with tumor burden in the liver. Similarly, 
Seebacher et  al. observed that GGT is an independ-
ent parameter for survival in patients with endome-
trial cancer but is not correlated with tumor stage [24]. 
Taken together, the prognostic classification ability of 
GGT should not be fully explained by tumor stage. These 
results suggest that GGT might be associated with sys-
temic changes of the disease, such as inflammation and 
hepatotoxicity, rather than with the local neoplastic 
transformation [33]. The elevation of GGT and AST lev-
els after chemotherapy indicates that these two factors 

Table 2 Univariate and multivariate analysis of factors of LPFS and CSS

LPFS Liver progression-free survival, CSS Cancer-specific survival, HR Hazard ratio, CI Confidence interval, HBsAg Hepatitis B surface antigen, KRAS Kirsten rat sarcoma 
viral oncogene, GGT  Gamma-glutamyl transpeptidase, AST Aspartate aminotransferase, GSR Gamma-glutamyl transferase to aspartate aminotransferase ratio index

Factors LPFS CCS

Univariate Multivariate Univariate Multivariate

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Patient characteristics
 Age (> 60 years) 0.88 (0.62, 1.24) 0.449 1.27 (0.81, 2.01) 0.301

 Sex (male vs female) 0.75 (0.52, 1.08) 0.122 0.98 (0.60, 1.58) 0.922

 HBsAg ( +) 1.13 (0.71, 1.80) 0.622 0.97 (0.51, 1.85) 0.937

 Hepatic steatosis 1.04 (0.53, 2.05) 0.917 1.30 (0.60, 2.84) 0.511

 Diabetes mellitus 1.04 (0.63, 1.71) 0.882 0.80 (0.40, 1.60) 0.522

 Cholelithiasis 0.78 (0.47, 1.28) 0.318 1.01 (0.53, 1.93) 0.969

Primary tumor characteristics
 Location (colon vs rectum) 0.84 (0.60, 1.17) 0.295 1.12 (0.71, 1.77) 0.628

 Pathological type 1.39 (0.98, 1.98) 0.066 1.48 (0.98, 2.26) 0.063 2.00 (1.21, 3.28) 0.006 1.89 (1.13, 3.14) 0.015
 T stage 1.54 (0.96, 2.47) 0.074 1.26 (0.74, 2.13) 0.400 1.51 (0.81, 2.79) 0.191

 Lymph node metastasis 1.70 (1.16, 2.40) 0.006 1.86 (1.23, 2.83) 0.003 1.37 (0.85, 2.21) 0.195

Liver metastasis characteristics
 Presentation (metachronous 
vs synchronous)

1.26 (0.82, 1.93) 0.297 1.40 (0.74, 2.65) 0.307

 Number (solitary vs multiple) 1.57 (1.12, 2.20) 0.009 1.53 (0.98, 2.38) 0.060 1.16 (0.73, 1.83) 0.526

 Size (> 30 mm) 2.00 (0.97, 4.12) 0.059 2.00 (0.50, 0.83) 0.123 2.04 (0.82, 5.09) 0.126

 Bilobar diseases 1.52 (1.05, 2.20) 0.025 1.19 (0.75, 1.87) 0.459 1.17 (0.70, 1.94) 0.542

Serum biochemical indices
 Elevated CEA (> 5 ng/mL) 1.47 (1.04, 2.06) 0.029 1.50 (0.98, 2.31) 0.065 1.13 (0.72, 1.79) 0.594

 Elevated CA19‑9 (> 37 kU/L) 1.36 (0.87, 2.12) 0.179 2.26 (1.36, 3.75) 0.002 2.23 (1.13, 3.14) 0.003
 Elevated GGT (> 60 U/L) 1.76 (1.21, 2.55) 0.003 1.00 (0.54, 1.85) 0.989 1.18 (0.70, 1.96) 0.544

 Elevated AST (> 40 U/L) 1.33 (0.81, 2.18) 0.266 0.69 (0.30, 1.60) 0.387

 Higher GSR (> 2.34) 1.80 (1.24, 2.60) 0.002 1.84 (1.02, 3.31) 0.043 1.93 (1.20, 3.13) 0.006 1.70 (1.03, 2.81) 0.037
Pre‑ablation treatment
 Pre‑ablation chemotherapy 1.05 (0.72, 1.52) 0.817 0.94 (0.59, 1.49) 0.795

 Pre‑ablation hepatectomy 1.75 (1.12, 2.73) 0.014 2.06 (1.26, 3.37) 0.004 1.13 (0.64, 2.00) 0.677
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reflect drug-induced hepatotoxicity as well as cancer 
activity. To account for the non-tumor-related signifi-
cance of GGT, the pre-ablation GGT levels were adjusted 
for AST levels.

However, no association between GSR and tumor stage 
was identified in this cohort. Unlike GGT or AST alone, 
the GSR was not affected by chemotherapy but was sig-
nificantly correlated with cholelithiasis, which represents 
changes that promote tumor growth, such as inflam-
mation [34], changes in bile flow [35], and alterations in 
metabolic hormone levels [36]. The strong correlation 
between GSR and cholelithiasis is consistent with an early 
finding that extrahepatic biliary atresia (EHBA) exhibited 

higher GSR than intrahepatic disease (IHD) [37]. This 
suggests that GSR is correlated with extrahepatic bil-
iary abnormalities. Increasing evidence has recognized 
cholelithiasis as a condition linked to the development of 
multiple cancers, such as cholangiocarcinoma [38], hepa-
tocellular carcinoma [39], colorectal cancer [40], breast 
cancer [41], prostate cancer [42], and kidney cancer [42]. 
Furthermore, research has identified cholelithiasis as an 
independent prognostic factor for recurrent unresectable 
intrahepatic cholangiocarcinoma patients who under-
went MWA [43]. These findings suggest that cholelithi-
asis might partly support GSR as a potential risk factor 
for CRLM under MWA.

Fig. 3 The forest graph of LPFS in CRLM patients showed that there were no interact effect between subgroups expect of distribution of metastasis 
(interaction P = 0.025)
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To the best of our knowledge, there is scarce published 
evidence exploring the role of the GSR in tumor biology. 
A recent study found that liver cancer increases serum 
GSR levels when compared to patients with chronic hep-
atitis B virus (HBV) infection [44]. Another HCC study 
highlighted that the GSR is a more effective biomarker 
than AFP for the early diagnosis of HBV-related HCC 
[28]. The importance of the GSR for the diagnosis of 
HCC was also identified by Ekmen et al. [45]. Although 
no correlation between the GSR and tumor parameters 
was found in these studies, nor in our present data, an 
increased GSR could reflect more active tumorigenesis 
based on the aforementioned studies. The potential of the 
GSR as a tumor parameter prompted us to investigate its 
prognostic significance in the CRLM cohort. As antici-
pated, our results demonstrated that an elevated GSR is 
associated with a higher risk of death and recurrence in 
patients with CRLM who underwent MWA. However, 
GGT alone is not an independent factor for CSS and 
LPFS. Therefore, adjustment by AST improved the prog-
nostic predictive value of GGT.

Furthermore, in the subgroup analysis of LPFS, there 
was a significant interaction between the distribution of 
liver metastases and GSR. This implies that the distribu-
tion of liver metastases may alter the prognostic effect 
of GSR because patients with bilateral or multiple liver 
metastases may have higher tumor burden and lower 
ablation efficacy compared with those with single liver 
metastases [46]. Therefore, GSR may be a useful bio-
marker for risk stratification of patients with CRLM and 
for guiding the optimal treatment strategy.

However, our study has some limitations. First, our 
study was retrospective and observational, which may 
introduce selection bias and residual confounding. Sec-
ond, our study was conducted in a single center, which 
may limit the external validity and reproducibility of our 
results. Third, our study did not explore the biological 
mechanisms and pathways of GSR in CRLM, which may 
require further experimental and molecular studies.

Conclusions
In conclusion, our study demonstrated that GSR, an 
index derived from the ratio of GGT to AST, is associ-
ated with LPFS and CSS in CRLM patients and may be a 
potential convenient and economical biomarker.
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