
© AME Publishing Company.   J Gastrointest Oncol 2024;15(6):2712-2720 | https://dx.doi.org/10.21037/jgo-24-359

Introduction

Hepatocellular carcinoma (HCC) is the most common 
liver malignancy (1). It ranks as the sixth most common 
cancer and the third leading cause of cancer-related 
mortality worldwide (2). HCC is closely related to chronic 
liver disease and liver cirrhosis which can be due to viral 

and non-viral causes including metabolic-associated 
steatohepatitis (MASH) and metabolic syndrome (1); 
conditions that have been linked to increased cardiovascular 
risks and liver-related mortality (3). 

Advanced stage HCC necessitates systemic therapies. 
These include tyros ine kinase  inhibi tors  (TKIs) 
monotherapies with sorafenib or lenvatinib, combination 
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therapies of vascular endothelial growth factor inhibitors 
(VEGFis) with immune checkpoint inhibitors (ICIs) with 
atezolizumab plus bevacizumab or cabozantinib, single 
agent VEGFi with ramucirumab, or dual ICI therapies 
with durvalumab and tremelimumab, or ipilimumab and 
nivolumab (1,4,5). 

However, it is crucial to note that both VEGFi and 
ICI are classified as potentially cardiotoxic drugs (6). 
This emphasizes the critical need for preventive measures 
and close monitoring, especially in patients with cardiac 
comorbidities and metabolic syndrome. The management 
of these patients should be tailored to their individual risk 
profiles, balancing the potential benefits of treatment against 
the risk of cardiotoxicity. We present this case in accordance 
with the CARE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-24-359/rc).

Case presentation

We present the case of a man in his seventies, treated 
at the American University of Beirut Medical Center, 

with known poorly controlled hypertension and diabetes 
mellitus type 2 and severe obesity (body mass index of  
47 kg/m2). The patient presented complaining of dyspnea 
on exertion, orthopnea, and decreased ambulation. His 
medical history also included peripheral artery disease, 
venous thromboembolism, stroke, and coronary artery 
disease treated with coronary artery bypass grafting (CABG) 
3 years earlier. Patient experienced an acute heart failure 
due to triple vessel disease with a left ventricular ejection 
fraction (LVEF) of 20–25% which improved after CABG 
to 40–44%. His preoperative electrocardiogram showed 
a right bunch bundle block, ventricular extrasystoles, 
and T wave inversion in anterior leads. For treatment of 
cardiovascular comorbidities, the patient was receiving 
clopidogrel, bisoprolol, ramipril, and furosemide. The 
patient reported no significant alcohol intake and no family 
history of malignancy or sudden death.

On presentation, and part of the respiratory symptoms 
workup, a transthoracic echocardiography showed a mobile 
hyperechoic thrombus-like structure extending from the 
origin of the inferior vena cava and protruding into the right 
ventricle in diastole and global longitudinal strain (GLS) of 
−10.7% indicating that the patient was at an increased risk of 
cardiac toxicity from antineoplastic agents (7). 

The patient was started on therapeutic anticoagulation 
for a presumed diagnosis of atrial thrombus. Computed 
tomography (CT) scan angiography was done for further 
assessment of the atrial mass which showed hypodense 
structure within the right atrium and a left hepatic lobe 
heterogeneous mass, in addition to multiple lung nodules. 
For further characterization of the liver mass, a magnetic 
resonance imaging (MRI) of the abdomen was done and 
demonstrated a 16-cm progressively enhancing liver mass in 
the left and caudate lobes, extending to segment VIII at the 
dome, narrowing the left portal and middle hepatic veins, 
occluding the left hepatic vein, and abutting the left and 
right hepatic arteries, in addition to prominent portacaval 
lymph nodes. A CT-guided biopsy of the liver mass 
demonstrated poorly differentiated HCC, with tumor tissue 
exhibiting diffuse and strong positivity for glypican-3, and 
no expression for HepPar-1, CK7, and TTF1. In summary, 
the patient was found to have a liver mass consistent 
with HCC, extending to the right atrium in addition to 
prominent portahepatic lymph nodes and lung nodules 
which makes the patient’s Barcelona Clinic Liver Cancer 
stage C (BCLC-C) (8,9). 

In anticipation of initiating systemic treatment 
with atezolizumab plus bevacizumab based on the 
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IMbrave150 clinical trial (10), the patient underwent an 
esophagogastroduodenoscopy to rule out esophageal varices. 
Furthermore, since the findings of echocardiography were 
in favor of a tumor thrombus rather than thrombosis, the 
previously prescribed anticoagulants were discontinued. 
After  in i t ia t ion of  cancer  systemic  therapy with 
atezolizumab and bevacizumab, both given every 21 days, 
serial imaging demonstrated good response to treatment 
as per the Response Evaluation Criteria in Solid Tumors 
(RECIST) criteria (Figure 1) (11,12). Alpha-fetoprotein 
(AFP) decreased from 346.9 to 11.8 IU/mL after the 
first cycle of atezolizumab and bevacizumab and further 
decreased to 1.8 IU/mL after the fifth cycle and remained 
in that range (the trend of AFP is illustrated in Figure S1).

A year and a half later, the patient reported exertional 
dyspnea, with a drop in the LVEF on echocardiography 
to 35–39% (GLS: −12.1%). Since bevacizumab is known 
to cause cardiac dysfunction, and in the absence of any 
other explanation for the drop in LVEF, the decision was to 
discontinue the medication. The patient did not complain 
of any other symptom and did not follow up with his 
cardiologic, ultimately no other interventions were made. 
After completing 22 cycles of combination therapy with 
atezolizumab and bevacizumab, the patient continued on 
atezolizumab as monotherapy, despite the lack of the proof 
of evidence of efficacy. 

With the discontinuation of bevacizumab and no other 
interventions, a follow-up echocardiography 5 months later 
showed an improvement of LVEF to 45–49%. With this 
improvement, bevacizumab was reintroduced for 2 cycles, 

but was ultimately discontinued due to the persistence of 
heart failure symptoms.

With continuation of single agent atezolizumab, 
tumor continued to show evident response. Three years 
later, patient passed away in sleep due to a presumed 
cardiovascular event resulting in cardiopulmonary arrest. 
All procedures performed in this study were in accordance 
with the ethical standards of the institutional research 
committee(s) and with the Helsinki Declaration (as revised 
in 2013). Written informed consent for publication of this 
case report and accompanying images was not obtained 
from the patient or the relatives after all possible attempts 
were made.

Discussion

Our case herein provides special insights into the critical 
role of cardiac interactions with modern oncologic therapies 
for patients with HCC, particularly those with a high risk of 
cardiovascular toxicity.

The patient under discussion was considered at a 
very high risk for VEGFi-related cardiotoxicity, given 
his history of arterial vascular disease and heart failure, 
which are both very high-risk factors, as well as other 
cardiotoxicity risk factors related to VEGFi (13). These 
factors are summarized in Table S1. He also experienced a 
drop in ejection fraction from 40–44% to 35–39% within  
18 months while receiving bevacizumab, with consistently 
low GLS values since diagnosis. Cardiac deterioration 
coincided with treatment with bevacizumab, which was 

Figure 1 Sequential MRI of the abdomen demonstrating reduction in hepatocellular carcinoma tumor size during treatment. Red arrow 
indicates the location of the tumor. The length of each cycle is 21 days. MRI, magnetic resonance imaging.

At diagnosis

Liver
lesion

on
MRI

Tumor
size 15.7 cm × 11.3 cm × 9.1 cm

Time

7.0 cm × 4.6 cm × 3.3 cm No suspicious hepatic lesion

After 5 cycles After 51 cycles
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eventually suspended. 
The cardiovascular side effects vary with the cancer 

medication class, with some differences seen within the 
same class, some drugs being more cardiotoxic than others 
(Table 1). Each of atezolizumab and bevacizumab, which the 
patient was receiving, have a distinct cardiotoxicity profile. 
Bevacizumab is more likely to cause hypertension, arterial 
and venous thromboembolism, heart failure, myocardial 
infarction, and hemorrhage-related clinical events, while 
atezolizumab is more associated with immune-related side 
effects such as myocarditis (potentially fatal), pericarditis, 
vasculitis, and respiratory failure (22). Additionally, immune 
check point inhibitors cause accelerated atherosclerosis. 
In preclinical models, immune checkpoint proteins inhibit 
the progression of atherosclerosis (24), while ICIs cause 
activation of T-lymphocytes which leads to endothelial 
inflammation and dysfunction, and eventually causing 
microvascular disease which manifests as ischemic stroke, 
myocardial infarction or peripheral arterial disease (25,26). 
Management of ICI-associated atherosclerosis is currently 
being investigated and several medications including statins 
and proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors are currently undergoing trials (26). Despite the 
overall decrease in the use of CABG, however, in patients with 
malignancy specifically, there is an increase (27). Furthermore, 
our patient previously underwent coronary artery bypass using 
vein grafts. To date, there are no clinical trials to evaluate the 
effects of ICIs in patients with vein grafts, however preclinical 
data indicate the role of inflammation and immunomodulation 
in vein graft failure (28). 

According to the European Society of Cardiology 
(ESC) guidelines, a patient who suffers from symptomatic 
or asymptomatic cardiac dysfunction during cancer 
treatment often continue to experience early survivorship 
complications (<5 years after cancer therapy). GLS is 
used to predict subclinical cardiac dysfunction in patients 
receiving antineoplastic agents before the development 
of clinical symptoms. A normal GLS mean ranges from 
−18.8% to −22.7% (29). A decrease in GLS (absolute value) 
by 15% is indicative of subclinical ventricular dysfunction 
(7,29). The leading cause of cardiac death in patients 
taking the combination atezolizumab and bevacizumab 
is a thromboembolic event (22), which may be attributed 
to patient-related factors (age, obesity, cardiovascular 
comorbidities), cancer itself, and cancer treatment. 
Atezolizumab monotherapy can lead to an increased risk of 
mortality by respiratory failure compared to bevacizumab 
monotherapy or the combination of atezolizumab with 

bevacizumab. Therefore, it is important to tailor cancer 
treatment to maximize the potential benefit while reducing 
concomitant risk, and if appropriate, to give less cardiotoxic 
cancer treatment regimens.

Upon initiation of any potentially cardiotoxic drug, 
patients should be stratified as per their baseline risk 
of cardiotoxicity. The Heart Failure Association of the 
European Society of Cardiology cardio-oncology study 
group, in collaboration with the International Cardio-
Oncology Society (HFA-ICOS), developed tools to stratify 
oncology patients into different risk categories (low risk, 
medium risk, high risk, and very high risk) based on the 
planned therapy and patient-related factors contributing to 
cardiovascular risk (13). These tools cover seven classes of 
cardiotoxic cancer treatments, allowing for a personalized 
approach to surveillance and management.

These baseline risk categories guide prevention and 
surveillance strategies. The ESC cardio-oncology guidelines 
of 2022 offer recommendations on cardiac surveillance to 
prevent cancer treatment-related cardiovascular toxicities (6).  
This  includes  c l inica l  cardiovascular  assessment 
(physical examination, blood pressure monitoring, lipids, 
glycosylated hemoglobin HbA1c, etc.), electrocardiography, 
echocardiography assessing the LVEF and, if possible, the 
GLS, and biomarkers (cardiac troponin, brain natriuretic 
peptide) at baseline and regularly during the disease course 
based on the treatment given and patient’s risk level (Table 2).  
Patients with elevated cardiovascular risk require 
optimization of modifiable risk factors and close monitoring 
with cardiac imaging, serial electrocardiograms, and 
sequential biomarker assessment to predict and have early 
detection of cardiotoxicity.

With the increasing global prevalence of non-viral 
causes of HCC, such as MASH, and given that an elevated 
body mass index has been associated with a greater risk of 
thrombosis with the use of bevacizumab, careful patient 
selection is of critical importance (30,31). For patients at an 
increased risk of thrombosis, regimens that do not include 
anti-vascular endothelial growth factor (VEGF) therapies 
should be considered. The combination of durvalumab 
and tremelimumab is currently approved for first-line 
treatment of advanced HCC, but it is worth noting that the 
HIMALAYA trial was not published when our patient was 
initially diagnosed and initiated therapy (20).

Of note, the patient maintained a good response 
to atezolizumab monotherapy despite discontinuing 
bevacizumab. Although the estimated half-l i fe of 
bevacizumab is around 20 days (with a range from 11 to  
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50 days) (32), the patient’s response to atezolizumab as 
single agent was sustained until his death 6 months after the 
last administered dose of bevacizumab. This observation 
highlights the importance of treatment regimens devoid 
of anti-VEGF (which consist of single agent ICI or double 
ICI) especially in patients with cardiovascular risk factors 
(5,20,33). To date, no study has investigated atezolizumab as 
monotherapy. 

ICI cardiotoxicity increases when given as dual ICI 
therapy or when combined with another cardiotoxic 
agent like VEGFi (34,35). Therefore, it would be prudent 
to further assess the responses on ICI monotherapies. 
Moreover, only a few studies have evaluated predictive 
biomarkers for ICI in HCC, including programmed 
death-ligand 1 (PD-L1) expression, immune-related 
gene signatures, tumor mutational burden, and platelet-
lymphocyte ratio (36). This area merits further investigation 
to identify patients who would benefit most from 
immunotherapy.

This study serves as a real-world example of a patient 

diagnosed with HCC. It emphasizes the importance 
of early recognition and follow up of cardiovascular 
adverse events that are associated with the treatment, in 
a population that likely has a baseline of cardiovascular 
comorbidities at diagnosis. It also asserts the importance 
of individualized approach to treatment and the need for 
multidisciplinary care. Furthermore, it shows the potential 
benefit of single agent immunotherapy for treatment of 
HCC. Its limitation lies in being based on a single case of a 
patient with metabolic syndrome and MASH, resulting in 
inability of generalizability to include patients with HCC 
due to other etiologies such as viral hepatitis. Additionally, 
its retrospective nature along with being based on a single 
study, leads to a lack of statistical power and insufficiency to 
establish causality. 

Conclusions

This case highlights the critical importance of cardiovascular 
risk assessment in HCC patients before initiating cancer 

Table 1 Cardiovascular toxicities of first and second-line treatment modalities for hepatocellular carcinoma (6)

Category Drug name Monotherapy or bitherapy (name of trial) Cardiovascular toxicities

VEGFi—
monoclonal 
antibodies

Bevacizumab In combination with atezolizumab—1st line (IMbrave150) (10) HTN, VTE: +++; HF, ATE: ++; MI: +/−

Ramucirumab Monotherapy—2nd line (REACH-2) (14) HTN: +++; ATE: ++; MI: +/−

VEGFi—TKI 
targeting VEGF 
receptors

Sorafenib Monotherapy—1st line (SHARP) (15) HTN: +++; HF, MI: ++; ↑QTc: +/−

Lenvatinib Monotherapy—1st line (REFLECT) (16) HTN: +++; HF, ↑QTc, ATE, MI: ++

Regorafenib Monotherapy—2nd line (RESORCE) (17) HTN: +++; HF, ATE, MI: +

Cabozantinib Monotherapy—2nd line (CELESTIAL) (18) HTN: +++; ↑QTc, VTE, ATE: ++; HF, 
MI: +

In combination with atezolizumab—2nd line (COSMIC-312) (19)

Immune 
checkpoint 
Inhibitors

Atezolizumab In combination with bevacizumab—1st line (IMbrave150) (10) Myocarditis, arrhythmia (Afib, VT/
SVT): + to ++ (frequency 0.2–2%, 
but both can be fatal); pericarditis, 
HF, vasculitis: +; VTE, MI, Takotsubo: 
+/−; ICI cardiotoxicity increase, with 
dual ICI or in combination with other 
cardiotoxic agent

In combination with cabozantinib—2nd line (COSMIC-312) (19)

Durvalumab Monotherapy—1st line (HIMALAYA) (20)

In combination with tremelimumab—1st line (HIMALAYA) (20)

Tremelimumab In combination with durvalumab—1st line (HIMALAYA) (20)

Pembrolizumab Monotherapy—2nd line (KEYNOTE-224) (21)

Nivolumab In combination with ipilimumab—2nd line (CheckMate-040) (22)

Ipilimumab In combination with nivolumab—2nd line (CheckMate-040) (23)

+++, very common, incidence ≥10%; ++, common, incidence 1–10%; +, uncommon, incidence 0.1–<1%; +/−, rare, incidence <0.1%. 
↑: prolongation. VEGFi, vascular endothelial growth factor inhibitor; HTN, hypertension; VTE, venous thromboembolism; HF, heart 
failure; ATE, arterial thromboembolism; MI, myocardial infarction; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth factor; 
QTc, corrected QT interval; Afib, atrial fibrillation; VT, ventricular tachyarrhythmia; SVT, supraventricular tachyarrhythmia; ICI, immune 
checkpoint inhibitor. 
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Table 2 ESC guidelines on cardiovascular surveillance for patients undergoing VEGFi or ICI treatment, based on risk stratification (6)

Cardiac assessment 
modality

VEGFi ICI

Baseline Follow-up Baseline Follow-up

CV assessment

Low risk BP monitoring at every clinical visit [I-C]. Daily 
home monitoring of BP: 1st cycle, when increasing 

antineoplastic therapy dose, every 2–3 weeks 
thereafter [I-C]

Yes [I-B] Every 3 cycles (until treatment completion)  
[I-C]→every 6–12 months [IIb-C]

Moderate risk – –

High risk Yes [I-B] Every 3 cycles (until treatment completion)  
[I-C]→every 6–12 months [I-C]

ECG

Low risk Yes [I-C] – Yes [I-B] C2, C3, C4, every 3 cycles [IIa-B]→every  
6–12 months [IIb-C]

Moderate risk Yes [I-C] Monthly first 3 months [I-C]→every 
3–6 months [I-C]

– –

High risk Yes [I-C] Monthly first 3 months [I-C]→every 
3–6 months [I-C]

Yes [I-B] C2, C3, C4, every 3 cycles [IIa-B]→every  
6–12 months [I-C]

TTE

Low risk Yes [IIa-C] – Yes [IIb-C] –

Moderate risk Yes [IIa-C] Every 4 months for 1 year [IIb-C] 
→every 6–12 months [IIa-C]

– –

High risk Yes [I-C] Every 3 months for 1 year [IIa-C] 
→every 6–12 months [IIa-C]

Yes [I-B] –

cTn

Low risk – – Yes [I-B] C2, C3, C4, every 3 cycles [IIa-B]

Moderate risk – – – –

High risk – – Yes [I-B] C2, C3, C4, every 3 cycles [IIa-B]

NP

Low risk – – Yes [I-B] Every 6–12 months [IIb-C]

Moderate risk Yes [IIb-C] Every 4 months for 1 year [IIb-C] – –

High risk Yes [IIa-C] Every 4 weeks→every 3 months 
for 1 year [IIa-C]

Yes [I-B] Every 6–12 months [I-C]

The cycle length differs according to the agents being used. I: class I; IIa: class IIa; IIb: class IIb; B: level B; C: level C. ESC, European 
Society of Cardiology; VEGFi, vascular endothelial growth factor inhibitor; ICI, immune checkpoint inhibitor; CV, cardiovascular; BP, blood 
pressure; ECG, electrocardiography; C2, cycle 2; C3, cycle 3; C4, cycle 4; TTE, transthoracic echocardiography; cTn, cardiac troponin; 
NP, natriuretic peptide. 

treatment and vigilant cardiovascular monitoring within a 
multidisciplinary cardio-oncology setting during the disease 
course, especially for high-risk patients. It also emphasizes 
the necessity of balancing the effectiveness of cancer 
treatment with its potential cardiotoxicity. Furthermore, 
this study encourages additional research into the efficacy 
of ICI monotherapy and the identification of predictive 

biomarkers for ICI to tailor treatment strategies for patients 
with HCC, enhancing their clinical outcomes.
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