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Abstract
Background  Treatment with atezolizumab and bevacizumab has become standard of care for advanced unresectable hepa‑
tocellular carcinoma (HCC) but carries an increased gastrointestinal bleeding risk. Therefore, patients are often required to 
undergo esophagogastroduodenoscopy (EGD) to rule out esophageal varices (EV) prior to initiating therapy, which can delay 
care and lead to unnecessary procedural risks and health care costs. In 2019, the EVendo score was created and validated as 
a noninvasive tool to accurately screen out patients who were at low risk for having EV that required treatment. We sought 
to validate whether the EVendo score could be used to accurately predict the presence of EV and varices needing treatment 
(VNT) in patients with HCC.
Methods  This was a retrospective multicenter cohort study of patients with HCC from 9/2004 to 12/2021. We included 
patients who underwent EGDs within 1 year after their HCC diagnosis. We collected clinical parameters needed to calculate 
an EVendo score at the time of EGD and compared the EVendo model prediction to the gold standard endoscopic report in 
predicting presence of VNT.
Results  112 with HCC were recruited to this study, with 117 qualifying EGDs. VNT occurred in 39 (33.3%) patients. The 
EVendo score had a sensitivity of 97.4% and a negative predictive value of 96.9%, supporting the validity in applying EVendo 
in predicting VNT in HCC.
Conclusion  In this study, we validated the use of the EVendo score in ruling out VNT in patients with HCC. The applica‑
tion of the EVendo score could safely defer about 30% of EGDs for EV screening in HCC patients. Although additional 
validation cohorts are needed, this suggests that EVendo score can potentially be applied in patients with HCC to avoid 
unnecessary EGDs, which can ultimately mitigate healthcare costs and delays in initiating HCC treatment with atezolizumab 
and bevacizumab.
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Introduction

For advanced unresectable hepatocellular carcinoma 
(HCC), treatment with atezolizumab and bevacizumab has 
become the standard first-line therapy since the IMBrave 
150 trial in 2020 [1]. However, treatment with antiangio‑
genic agents is known to carry increased gastrointestinal 
bleeding risk [2, 3]. Specifically in the HCC population, 
the risk of bleeding is a significant concern given patients 
often have underlying cirrhosis, portal hypertension, and 
thrombocytopenia. Therefore, in the IMBrave 150 trial, 
patients were required to have an esophagogastroduoden‑
oscopy (EGD) prior to enrollment to detect esophageal 
varices (EV) [1]. Although there are currently no interna‑
tional standardized criteria for mandated endoscopy prior 
to treatment in advanced HCC, HCC patients commonly 
undergo EGD to evaluate for presence of varices before 
initiation of treatment [4, 5]. However, this is associated 
with procedural risks, and can lead to delays in care and 
increased healthcare costs.

Recently, a real-world multicenter analysis compared 
HCC patients treated with atezolizumab and bevacizumab 
who received EGD prior to treatment versus no EGD [6]. 
They found no difference in bleeding events between the 
two groups, presumably due to physician judgement of 
low risk of portal hypertension in the group that did not 
receive endoscopy. This supports a selective approach to 
EGD, in which patients with low risk of bleeding may 
safely forego endoscopy. This highlights the need for non-
invasive tools that can serve as primary screening methods 
to limit unnecessary EGD in patients with HCC.

In the literature, there are several noninvasive predictive 
factors identified for EV bleeding. Well studied predictive 
factors for EV bleeding events include a Child–Pugh Class 
grade B or above, a fibrosis index score greater than 3.95, 
a FIB-4 score greater than 3.3, or a high liver stiffness 
and spleen stiffness score [7–10]. Most of these factors 
evaluated for an EV bleed event, but were not studied for 
the presence of VNT. While all these factors have been 
evaluated in cirrhotic patients, they have not been vali‑
dated specifically in the HCC population. Other associated 
factors with EV bleeding include presence of ascites, low 
fibrinogen, low albumin, elevated creatinine, and elevated 
bilirubin levels, but these have not been studied enough as 
robust predictive factors on their own [7].

The Baveno VI criteria, which relies on liver stiffness 
measurement (LSM) and platelet counts, is a current 
screening method for EV that was recently validated in 
HCC patients. The Baveno VI criteria had a < 5% VNT 
miss rate and spared about 20% of patients from receiving 
an EGD [2]. Nevertheless, this criterion requires the avail‑
ability of LSM within a year, which may not be available 

in all clinical settings [2]. Therefore, there is a need for 
additional noninvasive VNT screening methods specific 
for HCC patients. In 2019, the EVendo was developed and 
validated as a noninvasive model to predict the presence 
of esophageal varices (EV) in non-HCC cirrhotic patients 
[11, 12]. The score considers international normalized 
ratio (INR), aspartate aminotransferase (AST), platelet 
count, urea nitrogen, hemoglobin, and presence of ascites. 
An EVendo score less than 3.90 suggesting low risk of 
varices needing treatment (VNT). While the EVendo score 
is validated in liver cirrhosis, its use in advanced HCC 
patients has not been studied. Our study aims to investi‑
gate whether the EVendo score could be used to accurately 
predict the presence of EV and VNT in patients with HCC.

Methods

Study Design and Participants

This was a retrospective multicenter cohort study conducted 
at University of California, Los Angeles and the Veteran 
Affairs Hospital in West Los Angeles. The patient cohort 
included a retrospective review of all adults diagnosed with 
HCC between 9/2004 and 12/2021. HCC was diagnosed by 
ICD9/ICD10 codes, liver biopsy showing HCC, or by MRI 
showing LI-RADS 5 lesion. The inclusion criteria included 
patients diagnosed with HCC at any stage who received 
an EGD less than 1 year following their HCC diagnosis. 
Patients were excluded from the study if they never received 
an EGD after HCC diagnosis, received an EGD greater than 
1 year after HCC diagnosis or before HCC diagnosis, or 
did not have lab information available at the time of EGD. 
All inclusion and exclusion criteria were determined by 
two physician manual chart review of the electronic health 
record. The variables collected included demographic data 
such as age, gender, race. We collected prognostic scores 
such as MELD-Na score, Childs-Turcotte-Pugh (CTP) score 
calculated from lab information at the time of the EGD. 
Additionally, we looked at whether the patient had cirrhosis, 
and if so, the etiology of cirrhosis, the initial treatment for 
HCC, and whether tumors were within or outside of Milan 
criteria. Additionally, clinical parameters needed to calculate 
the EVendo score were collected at the time of the EGD 
including international normalized ratio (INR), aspartate 
aminotransferase (AST), platelet count, blood urea nitrogen 
(BUN), hemoglobin, and presence of ascites, as determined 
by imaging or hepatology consult notes.

We compared the EVendo model prediction to the 
gold standard endoscopic report in predicting presence 
of EV. VNT was defined as medium or large varices, or 
small varices with high-risk stigmata. Varices not needing 
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treatment (VNNT) were defined as small varices without 
high-risk stigmata or no EV [13, 14].

Statistical Analysis

Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) was calculated to evalu‑
ate accuracy of EVendo score. Missed VNT percentage was 
calculated as false negative cases divided by total number 
of patients.

Results

The cohort contained 112 patients and 117 EGDs. A total of 
33.3% had VNT and 66.6% had VNNT or no varices. The 
study population was 80.3% male and 19.7% female. The 
average age was 65.8 years and 53% were non-white. For the 
VNT population, there were 41% that were CTP A, 38% that 
were CTP B, and 15.4% that were CTP C. In comparison, 
for the VNNT population, 66.6% that were CTP A, 17.9% 
that were CTP B, and 10.2% that were CTP C (p = 0.019). 
There was a significant difference in CTP score between the 
VNT and VNNT group, mainly driven by the larger per‑
centage of CTP A patients in the VNNT group. Between 
the VNT and VNNT group, there were no significant dif‑
ferences in the MELD-Na score (VNT 12.9 ± 0.9), NNT 
11.6 ± 5.3, p = 0.12), distribution of age (VNT 63.3 ± 7.03, 
VNNT 64.6 ± 7.09, p = 0.07), distribution of gender (VNT 
76.9% male, VNNT 82.1% male, p = 0.31), or percentage 
of patients with cirrhosis (VNT 94.8%, VNNT 92.3%, 
p = 0.61). There was no significant difference in etiology of 
cirrhosis or liver disease between the two groups: Hepati‑
tis C (VNT 58%, VNNT 53.8%), Hepatitis B (VNT 12.8%, 
VNNT 2.5%), metabolic-associated steatohepatitis (VNT 
10.3%, VNNT 3.8%), alcohol (VNT 10.3%, VNNT 11.5%), 
cryptogenic (VNT 2.5%, VNNT 0%), PSC/PBC (VNT 5.1%, 
VNNT 1.3%), multifactorial (VNT 10.3%, VNNT 20.5%) 
(p = 0.08). There was no significant difference in Barce‑
lona-Clinic Liver Cancer (BCLC) Staging between the two 
groups: BCLC A (VNT 56.4%, VNNT 57.7%), BCLC B 
(VNT 17.9%, VNNT 19.2%), BCLC C (VNT 12.8%, VNNT 
17.9%), BCLC D (VNT 10.3%, VNNT 1.3%). There was no 
significant difference in initial treatment for HCC: resec‑
tion (VNT 0%, VNNT 3.8%), radiofrequency ablation (VNT 
30.8%, VNNT 33.3%), trans-arterial chemoembolization 
(VNT 25.6%, VNNT 15.4%), Y90 Treatment (VNT 7.7%, 
VNNT 2.6%), Atezolizumab/bevacizumab or sorafenib 
(VNT 10.3%, VNNT 19.2%), transplant (VNT 5.1%, VNNT 
3.8%), other treatment (VNT 5.1%, VNNT 12.8%), and 
unknown (VNT 2.6%, VNNT 12.8%). (p = 0.201). In sum‑
mary, the most common initial treatments in both groups 
were trans-arterial chemoembolization and radiofrequency 

ablations. This was followed by atezolizumab and bevaci‑
zumab treatment, and less commonly, hepatic resection, 
Y9 treatment, transplant, and other or unknown treatments. 
Overall, 66 patients had tumors within Milan criteria, and 
49 had tumors outside Milan criteria. The baseline charac‑
teristics of all the patients are shown in Table 1.

Of the 117 EGDs performed, the EVendo score had a 
sensitivity of 97.4%, specificity of 41.0% for VNT, positive 
predictive value of 45.2%, and a negative predictive value 
of 96.9%. A total of 32 EGDs, or 27.3% of EGDs in this 
cohort, could have been deferred if the EVendo score was 
applied. The missed VNT percentage for the EVendo score 
was 2.56% (1/39). The confusion matrix depicting these 
results are shown in Table 2.

We also performed a sub-analysis of the EVendo score 
performance in patients who were treated with atezolizumab 
and bevacizumab for HCC (Table 3). Of the 19 EGDs that 
were performed, the EVendo score had a sensitivity of 100%, 
specificity of 46.7%, positive predictive value of 30%, and a 
negative predictive value of 100% (Table 3). 36.8% of EGDs 
in this cohort could have been deferred if the EVendo score 
was applied.

We also performed an additional analysis assessing 
EVendo score performance in detecting VNT across the 
different HCC stages through assessing BCLC staging and 
Milan criteria. The EVendo score had a negative predic‑
tive value of 95.5% in BCLC Stage A, and 100% in BCLC 
Stages B-D. The missed VNT percentage was < 5% in all 
BCLC stages (Supplemental Tables 1 and 2). Looking into 
Milan criteria, the negative predictive value was 95.2% in 
patients who met Milan criteria, and 100% in patients who 
did not meet Milan criteria (Supplemental Tables 3 and 4). 
This suggests that the EVendo score can be applied across 
all stages of HCC.

Discussion

Many patients who undergo screening EGDs are found to 
have no varices or varices that do not need treatment. In 
this study, about 66.6% of patients who underwent EGD 
screening for EV did not have endoscopic evidence of VNT. 
Particularly in patients with HCC, time to initial treatment 
is important to prevent cancer progression and, which can 
be delayed by unnecessary EGDs. Given that treatment with 
atezolizumab and bevacizumab increases the risk of bleed‑
ing, there is a need for high-performing non-invasive screen‑
ing tests for risk stratification in HCC patients.

The performance of the EVendo score in HCC patients 
in this study is promising, with a cutoff score of < 3.90 
giving high negative predictive values in ruling out VNT 
and very low missed VNT percentages. In this validation 
cohort of patients with HCC, the EVendo score had a NPV 
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Table 1   Clinical characteristics of all patients

**Significant p value of < 0.05 are marked with asterisks

Patient characteristics Overall (n = 117) VNT (n = 39) VNNT (n = 78) p-value

Age (mean (SD)) 66.3 (7.03) 64.6 (7.09) 67.19 (6.92) 0.067
Gender 0.51
 Male 94 30 64
 Female 23 9 14

Race 0.54
 White 55 19 36
 Black 14 3 11
 Hispanic 26 7 19
 Asian 12 6 6
 Other 10 4 6

Child-Turcotte Pugh Score (CTP) 0.019**
 A 68 16 52
 B 29 15 14
 C 15 7 8
 N/A 5 1 4

MELD-Na 12.02 (6.8) 12.9 (9.0) 11.6 (5.3) 0.12
Barcelona-Clinic Liver Cancer Staging 0.24
 A 67 22 45
 B 22 7 15
 C 19 5 14
 D 5 4 1
 N/A 4 1 3

Met Milan Criteria 0.089
 Yes 66 17 49
 No 49 20 29

Unable to Determine 2 2 0
Percent with Cirrhosis 94.8% (37/39) 92.3% (72/78) 0.61
Etiology of Cirrhosis/Liver Disease 0.08
 Hepatitis C 61 19 42
 Hepatitis B 7 5 2
 MASH 8 4 4
 Alcohol 13 4 9
 Cryptogenic 1 1 0

Primary Sclerosing Cholangitis/ Primary Biliary 
Cholangitis

3 2 1

Multifactorial 20 4 16
N/A 4 0 4
Initial Treatment for Hepatocellular Carcinoma 0.20
 Resection 3 0 3
 Radiofrequency Ablation 38 12 26
 Transarterial Chemoembolization 22 10 12
 Y90 Treatment 5 3 2
 Atezolizumab/Bevacizumab or Sorafinib 19 4 15
 No Treatment 9 5 4
 Transplant 5 2 3
 Other Treatment 5 2 3
 Unknown 11 1 10
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of 96.9% and a missed VNT percentage of 2.56%. These 
performance statistics were similar to the original EVendo 
study by Dong et al. evaluating EVendo performance in 
predicting VNT in patients with cirrhosis [11]. The NPV 
in the original cirrhotic training cohort was 95.8% [11]. 
The validation cohort of 109 cirrhotic patients undergoing 
EV screening prospectively had an NPV of 100% [11]. 
A validation of the EVendo score for the prediction of 
varices for patients with cirrhosis in a separate cohort was 
performed by Alswat et al. Using the same cutoff score of 
EVendo < 3.90, they found the NPV for VNT was reliable 
at 94% [12]. The Baveno VI criteria is another noninvasive 
risk stratification tool that has been well validated to pre‑
dict varices in patients with liver cirrhosis [15–17]. In the 
Baveno VI criteria, a liver stiffness measurement (LSM) 
less than or equal to 20 kPa by transient elastography or 
platelet count greater than or equal to 150 × 109 predicts 
a low risk of VNT. The Baveno VII criteria extends its 
application to all patients with cirrhosis and clinically 
significant portal hypertension using liver stiffness meas‑
urement less than or equal to 15 kPa and a platelet count 
greater than or equal to 150 × 109 [2, 18]. Recently in May 
2023, the Baveno VII criteria was also validated for use in 
patients with hepatocellular carcinoma with a VNT missed 
rate of < 5% [2]. This study shows that the EVendo model 
has a similar VNT missed rate of < 5% for HCC patients. 

Because the Baveno criteria requires an LSM within a 
year, the EVendo score is an attractive alternative as it 
utilizes commonly collected labs.

A strength of our study is that it is the first validation 
study for the EVendo score for HCC patients in an external 
cohort. Additionally, the patients that were included were 
from real world clinical practice with a multicenter design 
allowing for a diverse and more generalizable population. 
Several limitations need to be considered in interpreting our 
findings. First, the study was a retrospective analysis which 
carries the potential for bias including selection or misclas‑
sification bias. However, we attempted to mitigate this by 
applying strict inclusion and exclusion criteria. Reassur‑
ingly, majority of validation studies for non-invasive screen‑
ing tests for varices have been retrospective [12, 19], but 
have shown similar results to prospective studies [20, 21]. 
Second, noninvasive prediction of VNT are more important 
for those with compensated cirrhosis or CTP A than those 
with decompensated cirrhosis or CTP grade B or higher. 
Although we looked at 117 patients, only 68 patients were 
CTP A. More validation studies in CTP A patients would 
be beneficial in the future. Finally, in any varices screen‑
ing study, there is inevitable intra-operator variation among 
endoscopists in interpreting presence of VNT and VNNT.

Conclusion

The EVendo score was 97.4% sensitive and had a 96.9% 
negative predictive value in predicting VNT in a cohort of 
patients with HCC. In patients who received atezolizumab 
and bevacizumab, the EVendo score showed similar results 
with a sensitivity of 100%, and a negative predictive value 
of 100%. These results are comparable to application of 
the Baveno VII criteria for this population and may be 
useful particularly in resource-limited settings. Although 
additional validation cohorts are needed, this suggests that 
EVendo score can potentially be applied in patients with 
HCC to avoid unnecessary EGDs, which can ultimately 
mitigate healthcare costs and delays in initiating HCC 
treatment with atezolizumab and bevacizumab.
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Table 2   Confusion matrix for VNT detected by the EVendo score

VNT VNNT

EVendo ( +) 38 46
EVendo ( −) 1 32
Test parameters
 Sensitivity 97.4%
 Specificity 41.0%
 Positive predictive value 45.2%
 Negative predictive value 96.9%
 Missed VNT percentage 2.56%

Table 3   Confusion matrix for patients treated initially with atezoli‑
zumab and bevacizumab

VNT VNNT

EVendo ( +) 4 8
EVendo ( −) 0 7
Test parameters
 Sensitivity 100%
 Specificity 46.7%
 Positive predictive value 33.3%
 Negative predictive value 100%

Missed VNT percentage 0%

https://doi.org/10.1007/s10620-024-08449-y
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