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Abstract: Microscopic vascular invasion (MVI) has been demonstrated as a strong risk factor associated with tumor 
recurrence and poor overall survival among hepatocellular carcinoma (HCC) patients after resection, but the pre-
operative prediction of MVI is still challenging. We aimed to build and validate a novel model to predict MVI in the 
preoperative setting. We retrospectively collected 857 patients with Barcelona Clinic Liver Cancer (BCLC) stage 0 
or A HCC who underwent primary resection at Kaohsiung Chang Gung Hospital between January 2001 and June 
2016. The patients were randomized into derivation (n = 648) and validation groups (n = 209). Logistic regression 
analysis was used to screen out independent risk factors for MVI and further constructed a predictive model for 
MVI. Prediction performance was compared by the area under the receiver operating characteristic curve (AUC). 
The multivariable logistic regression analysis of the training cohort found that alpha-fetoprotein (AFP) ≥ 20 ng/mL 
(OR = 1.96, 95% CI: 1.41-2.73, P < 0.001), albumin < 3.5 g/dL (OR = 1.48, 95% CI: 1.06-2.05, P = 0.019) and 
tumor burden score (TBS) ≥ 8.6 (OR = 2.54, 95% CI: 1.49-4.35, P = 0.001) to be independent risk factors for MVI. 
The three factors were chosen to build a model for prediction of MVI. The AUC for the training and validation group 
was 0.619 (95% CI: 0.575-0.663) and 0.642 (95% CI: 0.562-0.722), respectively, and the calibration plot showed 
good performance of the prediction model, with a low mean absolute error at 0.01. In conclusion, the new model 
comprised AFP, albumin, and TBS that can predict risk of MVI for early-stage HCC.
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Introduction

Liver cancer is highly prevalent globally, with 
over 900,000 estimated new cases annually. 
Hepatocellular carcinoma (HCC) constitutes 
more than 90% of these instances [1]. He- 
patocellular carcinoma (HCC) is the predomi-
nant form of liver malignancy, estimated to 
account for over 80% of primary cases [2]. 
Presently, hepatectomy stands as a prevalent 
and safe treatment for early-stage HCC 
patients. Despite successful surgical resec-
tions, recurrence rates for HCC exceed 50% [1, 
3]. Identified risk factors for HCC recurrence 

post-hepatectomy include tumor size, serum 
α-fetoprotein (AFP) levels, tumor differentiation, 
cirrhosis, surgical margins, HBV viral load, and 
microvascular invasion (MVI) [3-7].

MVI represents a histologic diagnosis that can 
only be determined post-hepatectomy. Nu- 
merous models aimed at predicting MVI have 
been developed, facilitating the stratification of 
high-risk groups preoperatively and enhancing 
treatment decision-making for HCC [8-11]. 
While biomarkers such as alpha-fetoprotein 
(AFP) and des-carboxy prothrombin are utilized 
in clinical practice, their accuracy in detecting 
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vascular invasion remains constrained [12]. 
Some investigations have identified specific 
radiographic and radiomic features as inde- 
pendent risk factors for MVI, leading to the 
development of various risk models [13-16]. 
Nevertheless, many radiomic and radiographic 
features are obtained by delineating volumes of 
interest and extracting features, leading to 
models that are vulnerable to operator-depen-
dent variability and reduced robustness. Lee et 
al. employed total tumor volume (TTV), mea-
sured manually via length, width, and height in 
preoperative computed tomography, to charac-
terize tumor burden [8]. However, this approach 
is labor-intensive, and interobserver variability 
poses a challenge.

Sasaki K et al. initially introduced the concept 
of tumor burden score (TBS), which is derived 
through tailored computations incorporating 
tumor size and number as continuous vari-
ables. They elucidated that TBS holds promise 
as a precise tool for prognostic stratification 
among patients with colorectal liver metasta-
ses undergoing resection [17]. Subsequent 
investigations have corroborated the utility of 
TBS in prognosticating outcomes among 
patients with hepatocellular carcinoma (HCC) 
undergoing hepatectomy [18]. Nonetheless, it 
is important to note that TBS lacks reflection of 
the biological intricacies of tumors as it solely 
encompasses morphological characteristics.

As a pivotal prognostic determinant, the pre- 
operative anticipation of MVI enhances the 

of the present study was to develop and vali-
date a novel model for predicting MVI in HCC 
within the preoperative context.

Patients and methods

Ethics statement 

This study adhered to the principles outlined in 
the Declaration of Helsinki and current ethical 
standards. Approval was obtained from the 
Ethics Committee of Chang Gung Memorial 
Hospital (Institutional Review Board No. 
201901103B0). The need for informed con-
sent for this study was waived by the Institu- 
tional Review Board (IRB), and all data were 
analyzed anonymously.

Patients

A total of 2,103 patients who underwent pri-
mary resection for HCC at Kaohsiung Chang 
Gung Memorial Hospital (KCGMH) between 
January 2001 and June 2016 were consecu-
tively included. Exclusion criteria comprised 
patients aged less than 20 years, those classi-
fied as BCLC stage B or C, individuals who had 
received radiofrequency ablation (RFA) or tran- 
scatheter arterial chemoembolization (TACE) 
prior to resection, and those who underwent 
liver transplantation following resection. Ulti- 
mately, 857 patients with BCLC stage 0 or A 
HCC who underwent primary resection were 
enrolled in the study. Patients were randomized 
into training (n = 648) and validation groups (n 
= 209) at a ratio of 3:1 for internal validation 

Figure 1. Flowchart of the study population.

optimization of treatment de- 
cisions for HCC. Numerous 
investigations have endeav-
ored to forecast MVI employ-
ing preoperative parameters. 
Risk scoring models and 
nomogram frameworks have 
been constructed utilizing pre-
operative clinical, laboratory, 
and imaging variables to 
enhance the accuracy of MVI 
prediction [19, 20]. Evidently, 
the efficacy of these models in 
predicting MVI in HCC has 
been extensively validated. 
Although scant studies exist 
on this subject, increasing 
attention is being directed 
towards it. Therefore, the aim 
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(Figure 1). Baseline characteristics, including 
laboratory examinations (hematology, biochem-
istry, tumor marker AFP, and hepatitis serology 
tests), and pathological features were compre-
hensively documented. The number of tumors 
and their sizes (length and width) were mea-
sured based on post-operative pathological 
reports.

Definition

The diagnosis of cirrhosis was documented in 
the pathological reports for resected non-tumor 
tissues. The diagnosis of HCC was made in 
accordance with the guidelines set forth by the 
European Association for the Study of Liver 
(EASL) and the American Association for the 
Study of Liver Diseases (AASLD) [21, 22]. 
Histopathological confirmation of MVI was con-
ducted by experienced pathologists at our hos-
pital, defined as tumor invasion into the portal 
vein, capsule vein, or both [23].

TBS is defined as the distance from the origin 
of a Cartesian plane composed of two vari-
ables: maximum tumor size and the number of 
tumors. TBS is calculated using the following 
formula: TBS^2 = (maximum tumor size)^2 + 
(number of tumors)^2 [17, 18]. In our study, cut-
offs for TBS were determined by calculating the 
maximal Youden index in the receiver operating 
characteristic curve. Subsequently, we catego-
rized TBS into two groups: low (≤ 8.6) and high 
(> 8.6). 

Statistical analysis

Continuous data were expressed as mean ± 
standard deviation, while categorical data were 
presented as numbers (percentages). Demo- 
graphic data were compared between groups 
using the χ2 test or Fisher’s exact test, as ap- 
propriate. Logistic regression analysis was 
employed to identify independent risk factors 
for MVI and to construct a predictive model for 
MVI. Prediction performance was assessed by 
calculating the area under the receiver operat-
ing characteristic curve (AUC). Diagnostic per-
formance of the model was evaluated using 
calibration curves in both the training and vali-
dation groups. Additionally, sensitivity, specific-
ity, positive predictive value, negative predic-
tive value, and accuracy of the model were 
computed. Statistical significance was set at a 
two-sided P-value less than 0.05. All statistical 
analyses were performed using SPSS version 
24.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

A total of 857 patients were enrolled in the 
study based on our inclusion and exclusion cri-
teria. Their baseline characteristics are sum-
marized in Table 1. Within this cohort, the mean 
age of patients was 58.6 ± 11.5 years, with 
670 (78.2%) being male. The majority of 
patients were classified as Child-Pugh grade A 
(91.7%) and BCLC stage A (85.5%). The mean 
tumor size was 2.9 ± 1.0 cm, with 780 patients 
(91.0%) presenting with a single tumor. 
Diabetes mellitus (DM) was present in 222 
(25.9%) patients, while liver cirrhosis was 
observed in 400 patients (46.7%). The etiolo-
gies of hepatitis were hepatitis B (485/857; 
56.6%), hepatitis C (300/857; 35.0%), hepatitis 
B+C (42/857; 4.9%), and non-B non-C (NBNC) 
(114/857; 13.3%). Elevated AFP (≥ 20 ng/mL) 
was found in 331 (38.6%) patients. 306, 514, 
and 35 patients were categorized as ALBI (albu-
min-bilirubin) grade I, II, and III, respectively. 
The mean FIB-4 (Fibrosis-4) level was 0.92 ± 
0.75. Pathologically, microvascular invasion 
was present in 327 patients (38.2%). There 
were no significant differences between the 
training and validation datasets regarding all 
preoperative characteristics and the incidence 
of MVI (39.0% and 35.4%, respectively; Table 
1).

Analysis of MVI-related predictors

Univariate logistic regression analysis of the 
training dataset identified HCV infection, ele-
vated AFP (≥ 20 ng/mL), low albumin (< 3.5 g/
dL), thrombocytopenia (< 150 103/µL), and 
high TBS (≥ 8.6) as potential risk factors for the 
presence of MVI. Subsequently, stepwise multi-
variable analysis of the training cohort revealed 
that AFP ≥ 20 ng/mL (Odds ratio [OR] = 1.951; 
95% CI = 1.404-2.711; P < 0.001), albumin < 
3.5 g/dL (OR = 1.498; 95% CI = 1.081-2.075; P 
= 0.015), and TBS ≥ 8.6 (OR = 1.586; 95% CI = 
1.143-2.200; P = 0.006) were independent 
risk factors for MVI (Table 2).

Development and validation of a risk score 
model for predicting MVI in HCC

The three factors were selected to construct a 
model for predicting MVI, as detailed in Table 3. 
Score points were assigned to each indepen-
dent risk factor based on their regression coef-
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ficients, as outlined in Table 3. AFP values 
exceeding 20 ng/mL were assigned 2 points, 
albumin values below 3.5 g/dL were assigned 
1 point, and TBS values of 8.6 cm^2 and above 
were assigned 1 point. With a total of five pos-
sible points, incidences of MVI ranged from 
23.5% to 62.1% across scores of 0 to 4, yield-
ing a significant p-value of less than 0.001 

(Table 3). The area under the curve (AUC) of the 
receiver operating characteristic (ROC) curve 
was 0.619 (Figure 2A), and the calibration plot 
demonstrated favorable performance of the 
prediction model, with a low mean absolute 
error of 0.01 (Figure 3). Subsequently, a valida-
tion dataset was utilized to validate the risk 
score model, yielding an AUC of the ROC curve 

Table 1. Patient characteristics of HCC patients in the training and validation cohorts

 Total (n = 857) Training cohort 
(n = 648)

Validation cohort 
(n = 209) P value

Age (years), mean ± SD 58.6 ± 11.5 58.6 ± 11.5 58.7 ± 11.7 0.906
Male, n (%) 670 (78.2) 513 (79.2) 157 (75.1) 0.218
Diabetes mellitus, n (%) 222 (25.9) 176 (27.2) 46 (22) 0.139
Viral hepatitis status, n (%) 0.845
    HBV 443 (51.7) 338 (52.2) 105 (50.2)
    HCV 258 (30.1) 190 (29.3) 68 (32.5)
    HBV + HCV 42 (4.9) 32 (4.9) 10 (4.8)
    NBNC 114 (13.3) 88 (13.6) 26 (12.4)
Platelets < 150 103/µL, n (%) 411 (48.0) 304 (46.9) 107 (51.2) 0.281
Albumin (g/dL); mean ± SD 3.6 ± 0.6 3.63 ± 0.61 3.67 ± 0.63 0.384
Total bilirubin(mg/dL), mean ± SD 0.80 ± 0.34 0.83 ± 0.34 0.80 ± 0.32 0.300
ALBI score, mean ± SD -2.36 ± 0.53 -2.35 ± 0.53 -2.39 ± 0.54 0.339
FIB-4 index, mean ± SD 0.92 ± 0.75 0.93 ± 0.82 0.88 ± 0.51 0.385
Liver cirrhosis, n (%) 400 (46.7) 296 (45.7) 104 (49.8) 0.304
Child-Pugh grade, n (%) 0.504
    A 786 (91.7) 592 (91.4) 194 (92.8)
    B 71 (8.3) 56 (8.6) 15 (7.2)
BCLC stage, n (%) 0.510
    0 124 (14.5) 106 (16.4) 29 (13.9)
    A 733 (85.5) 542 (83.6) 180 (86.1)
AFP (ng/mL), n (%) 0.052
    < 20 526 (61.4) 395 (61.0) 131 (62.7)
    20-200 167 (19.5) 137 (21.1) 30 (14.4)
    > 200 164 (19.1) 116 (17.9) 48 (23.0)
Tumor size (cm)a; mean ± SD 2.9 ± 1.0 2.86 ± 1.02 2.90 ± 0.99 0.680
Tumor number, n (%) 2.9 ± 1.0 0.512
    Single 780 (91.0) 588 (90.7) 188 (90.0)
    Multiple 77 (9.0) 60 (9.3) 21 (10.0)
Tumor burden score; mean ± SD 10.6 ± 6.2 10.6 ± 6.3 10.5 ± 6.0 0.837
Microvascular invasion 0.347
    Yes 327 (38.2) 263 (39.0) 74 (35.4)
    No 530 (61.8) 395 (61.0) 135 (64.6)
Recurrence, n (%) 486 (56.7) 371 (57.3) 115 (55.0) 0.572
Death, n (%) 324 (37.8) 247 (38.1) 77 (36.8) 0.741
Data are expressed as mean ± standard deviation (SD) or n (%).Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; 
NBNC, non HBV non HCV; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, alpha fetoprotein; ALBI, 
albumin-bilirubin; FIB-4, fibrosis-4; BCLC, Barcelona clinical liver cancer. aDiameter of the largest tumor nodule.
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of 0.642 (Figure 2B). Nagelkerke’s R^2 values 
and the results of the Hosmer-Lemeshow test 
indicated good overall model fit, with a signifi-
cant effect size (Table 4).

Discussion

MVI has been proven by many studies to be the 
most consistent risk factor for HCC recurrence 
and survival [24-26]. Several novel systems 
based on MVI were proposed and proven to 
have better prognostic value than conventional 
staging systems [17, 27]. However, MVI can 
only be recognized by histopathologic examina-
tion of postoperative specimen currently. The 

results of the present study indicated that pre-
operative serum AFP and albumin levels and 
TBS to be independent predictors for MVI for 
early-stage HCC, which can thus be used to 
build an effective risk score model. A novel 
model was then developed based on albumin, 
AFP, and TBS for patients with early-stage HCC 
to identify MVI before surgery. 

In our study, multivariate analysis revealed that 
preoperative albumin, AFP, and TBS were inde-
pendent risk factors for MVI. A risk score model 
for predicting MVI was constructed using these 
three factors, which respectively represent 
tumor burden and biology. These factors, along 

Table 2. Preoperative predictors of MVI in patients with HCC in a training cohort

Variable Comparison
Univariable Multivariable

OR (95% CI) P-value OR (95% CI) P-value
Age (years) > 60 vs. ≤ 60 1.066 (0.777-1.463) 0.690
Sex Male vs. Female 1.159 (0.782-1.716) 0.462
Hypertension Yes vs. No 1.078 (0.777-1.494) 0.654
Diabetes mellitus Yes vs. No 1.077 (0.757-1.535) 0.679
CHB Yes vs. No 1.400 (0.922-2.127) 0.114
CHC Yes vs. No 1.628 (1.057-2.056) 0.027
AFP (ng/mL) ≥ 20 vs.< 20 1.877 (1.358-2.594) 0.000 1.951 (1.404-2.711) < 0.001
Albumin (g/dL) < 3.5 vs.≥ 3.5 1.545 (1.123-2.125) 0.008 1.498 (1.081-2.075) 0.015
Platelet (103/µL) ≥ 150 vs.< 150 1.378 (1.004-1.891) 0.047
Liver cirrhosis Yes vs. No 1.183 (0.862-1.624) 0.299
Child-Pugh grade B vs. A 1.189 (0.683-2.070) 0.541
FIB-4 index Per 1 score increase 1.155 (0.952-1.401) 0.143
ALBI grade¶ Grade 2 vs. grade 1 1.423 (1.012-2.001) 0.043

Grade 3 vs. grade 1 1.703 (0.751-3.862) 0.203
BCLC stage A vs. 0 1.177 (0.763-1.814) 0.461
Tumor number Multiple vs. Single 0.701 (0.397-1.238) 0.221
Tumor burden score* ≥ 8.6 vs. < 8.6 1.585 (1.151-2.183) 0.005 1.586 (1.143-2.200) 0.006
*Tumor burden score divided into 2 groups: Low: < 8.6 and High: ≥ 8.6. ¶ALBI grade divided into 3 grades: Grade1: ≤ -2.60; 
Grade 2: -2.60 to ≤ -1.39, Grade 3: ≥ -1.39.

Table 3. Risk score model for the prediction of microvascular invasion
Predictor variables Regression coefficients (β) Categories Points
AFP < 20* 0

1.951 ≥ 20 2
Albumin ≥ 3.5* 0

1.498 < 3.5 1
Tumor burden score < 8.6* 0

1.586 ≥ 8.6 1
Total score 0 1 2 3 4
Probability of MVI 23.5% 33.3% 41.8% 45.7% 62.1%
*Reference category.
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with cut-points selected via a 
classification approach, are 
straightforward to calculate 
and exhibit objectivity, mini-
mizing user bias. These char-
acteristics render the predic-
tion model more applicable 
across various subspecialties, 
without being constrained by 
a patient’s viral hepatitis sta-
tus, which was not significant 
in predicting MVI in univariate 
analysis. This predictive model 
was convenient to use for its 
easily available preoperative 
clinical data. 

In recent years, numerous 
studies have explored the use 
of radiomic features to devel-
op prediction models for MVI 
with promising levels of accu-
racy. Other prediction models 
for MVI integrate radiographic, 
tumor characteristics, serum 
biochemistry, tumor markers, 
and inflammatory indicators. 
For instance, Li et al. con-
structed a nomogram based 
on inflammatory scores, AFP 
levels, and tumor size [28]. 
Lee et al. devised a model  
utilizing AFP levels and total 
tumor volume for patients 
with early-stage HCC under- 
going liver resection [8]. 
However, many imaging fea-
tures rely on subjective 
assessments by radiologists 
and lack standardization. 
Zhao et al. demonstrated that 
variations in regions of inter-
est significantly impact the 
performance of CT-based 
radiomics models for predict-
ing MVI in HCC patients [29]. 
Total tumor volume serves as 
a surrogate for both tumor 
size and number and is a 
robust predictor of MVI. No- 
netheless, the manual acqui-
sition of total tumor volume, 
involving measurements of 
length, width, and height, is 
time-consuming.

Figure 2. Receiver operating characteristic (ROC) curve of the risk score 
model for predicting MVI: (A) training dataset with an area under the curve 
(AUC) of 0.619 and (B) validation dataset with an AUC of 0.642.
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Our study revealed that preoperative TBS and 
AFP were independent risk factors for MVI,  
consistent with previous findings [8, 30, 31]. 
However, a noteworthy difference is the identifi-
cation of albumin as an independent risk factor 
for predicting MVI in our study, a factor not pre-
viously reported in the literature. We hypothe-
size that this discrepancy may be attributed to 
the specific characteristics of the HCC cohort 
examined in our study. Specifically, we focused 
on patients with early-stage HCC, characterized 
by relatively small tumor sizes and numbers. 
Under such circumstances, the impact of TBS 
on MVI may be diminished. Conversely, albu-
min, being produced in the liver and serving as 
an indicator of hepatic synthetic function and 
nutritional status, emerges as a relevant and 
readily available parameter for preoperative 
assessment.

According to guidelines, various treatment 
options are available for early-stage HCC, 
including resection, RFA, radiotherapy, and liver 
transplantation. Among these, only surgery pro-
vides sufficient tissue for MVI confirmation. In 
cases of early-stage HCC treated with RFA or 
radiotherapy, MVI status remains unknown. 
However, our model, utilizing preoperative albu-
min, AFP, and TBS, offers the ability to predict 

of immunotherapy in HCC, MVI may serve as a 
potential indicator for adjuvant or neoadjuvant 
immunotherapy in the future. The findings of 
our study contribute valuable insights into MVI, 
particularly in the context of early-stage HCC 
undergoing non-surgical treatments.

Protein induced by vitamin K absence II (PIVKA-
II) was detected in 80-90% of HCC patients, 
suggesting its potential use as an HCC bio-
marker [34]. Although multiple studies have 
explored its utility in surveillance, treatment 
monitoring, and predicting recurrence of HCC, 
it is not yet recommended as a routine test. In 
Taiwan, PIVKA-II has been covered by health 
insurance since June 2020 for patients with cir-
rhosis or those who have undergone curative 
treatment for HCC. In the present study, the 
HCC cohort was enrolled from 2001 to 2016; 
thus, PIVKA-II was not available in clinical prac-
tice at that time. We believe that incorporating 
PIVKA-II into our model could enhance the pre-
diction rate. In the future, we plan to extend our 
cohort and use PIVKA-II to predict MVI.

The study has some limitations. Firstly, we uti-
lized pathologic TBS, which cannot be obtained 
preoperatively. While pathologic TBS provides 
theoretically accurate data, we extrapolate that 

Figure 3. Calibration plot of actual versus predicted probability of MVI in the 
training dataset, demonstrating a mean absolute error of 0.01.

MVI in such cases. This preop-
erative prediction of MVI 
enables optimization of HCC 
treatment planning. Notably, 
liver transplantation should 
be prioritized post-tumor tre- 
atment in patients at high risk 
of MVI to address potential 
intrahepatic micro-metasta-
ses. Recent advancements in 
systemic therapies, including 
immune checkpoint inhibitors, 
tyrosine kinase inhibitors, and 
monoclonal antibodies, have 
shown promising outcomes in 
advanced HCC treatment. The 
combination of atezolizumab 
(anti-PDL1 antibody) and bev-
acizumab (anti-VEGF antibody) 
has emerged as a superior 
option to sorafenib in terms  
of overall survival [32, 33]. 
Consequently, this combina-
tion has become the standard 
first-line therapy for advanced 
HCC. With the rapid progress 
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imaging TBS effectively represents its patho-
logical counterpart in our study. However, fur-
ther investigation is warranted to validate this 
assumption. Secondly, patient enrollment was 
conducted retrospectively, resulting in poten-
tial selection bias. Nevertheless, we contend 
that the risk of bias is minimal given that 
patients were consistently monitored by the 
same physicians throughout their disease tra-
jectory. Additionally, they underwent standard-
ized clinical and laboratory assessments, as 
well as HCC screening via ultrasonography 
every 3 to 6 months. Finally, the study is limited 
by its single-center design and lacks external 
validation. Therefore, a multi-center study is 
needed to perform external validation.

Conclusion

In conclusion, we have developed a model 
incorporating AFP, albumin, and TBS, which 
effectively predicts the risk of MVI in early-
stage HCC. This model holds potential for rou-
tine clinical application, aiding in treatment 
decision-making for early-stage HCC patients 
undergoing non-surgical interventions.
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