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Abstract
Neoantigen mRNA vaccines are a potential form of immunotherapy for Hepatocellular Carcinoma 
(HCC), a type of liver cancer. Neoantigens are unique protein fragments that are generated by 
mutations in cancer cells, and are not present in normal cells. These neoantigens can be targeted 
with personalized mRNA vaccines, which are designed to stimulate the patient's immune system 
to recognize and destroy cancer cells. In HCC, neoantigen mRNA vaccines are developed using 
RNA sequences that are synthesized based on the genetic mutations found in a patient's tumor. 
These RNA sequences are formulated into a vaccine and administered to the patient, typically in 
combination with other cancer treatments. Once administered, the vaccine enters the patient's cells 
and instructs them to produce the neoantigens, which are then presented to the immune system as 
foreign and targeted for destruction. Several preclinical and clinical studies have shown promising 
results for neoantigen mRNA vaccines in HCC immunotherapy. Early results suggest that they may 
be a valuable addition to the treatment options available for HCC patients. However, more research 
is needed to determine the safety and efficacy of these vaccines.
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Introduction
Hepatocellular Carcinoma (HCC) is the most common type of primary liver cancer. It develops 

in the hepatocytes, the main type of liver cells responsible for filtering toxins from the blood and 
producing bile. HCC usually develops in individuals with underlying liver disease, such as cirrhosis 
or hepatitis B or C infection. HCC typically grows slowly over time and may not cause symptoms 
in its early stages. However, as the tumor grows, it can cause abdominal pain, swelling, and weight 
loss. In advanced stages, it can spread to other parts of the body, such as the lungs and bones, and 
cause additional symptoms. Risk factors for developing HCC include chronic liver disease, excessive 
alcohol consumption, obesity, exposure to aflatoxins (a type of mold commonly found in improperly 
stored grains and nuts), and certain genetic conditions. Diagnosis of HCC usually involves imaging 
tests such as ultrasound, Computed Tomography (CT) scans, or Magnetic Resonance Imaging 
(MRI). Biopsy may also be performed to confirm the diagnosis. Treatment options for HCC depend 
on the stage and severity of the cancer. Treatment may include surgery to remove the tumor, 
radiation therapy, chemotherapy, targeted therapy, or a combination of these approaches. Liver 
transplantation may also be an option for some patients with early-stage HCC [1,2].

Neoantigen mRNA vaccine offer new hope for HCC patients
A neoantigen mRNA vaccine is a type of vaccine that is designed to help the immune system 

recognize and attack cancer cells based on the unique genetic mutations or neoantigens present 
in those cells [3]. Neoantigens are proteins that are generated by mutations in cancer cells and are 
not present in normal cells, making them a specific target for the immune system. The neoantigen 
mRNA vaccine is created by synthesizing small pieces of RNA that code for the neoantigens found 
in a patient's tumor. The RNA is then formulated into a vaccine and administered to the patient. 
When the vaccine is injected, the RNA enters the patient's cells and instructs them to produce the 
neoantigens, which are then presented to the immune system as foreign and targeted for destruction. 
This approach is personalized and specific to each patient's tumor, as the neoantigens in each tumor 
can vary from person to person. The vaccine can be designed to target multiple neoantigens, which 
may increase its effectiveness and decrease the likelihood of cancer cells developing resistance. 
Neoantigen mRNA vaccines are still in the early stages of development and clinical trials are ongoing 
to determine their safety and efficacy. However, early results have been promising, with some studies 
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suggesting that the vaccines can elicit strong immune responses and 
improve survival in patients with certain types of cancer.

The KEYNOTE-942 trial is a phase III clinical trial that 
investigated the use of the immunotherapy drug pembrolizumab 
in patients with advanced Hepatocellular Carcinoma (HCC). The 
trial compared pembrolizumab to placebo in patients who had 
previously received treatment with sorafenib, the standard of care 
for advanced HCC [4,5]. The trial showed that pembrolizumab 
significantly improved overall survival compared to placebo. Patients 
who received pembrolizumab had a median overall survival of 13.9 
months, compared to 10.6 months for patients who received placebo. 
Pembrolizumab also showed a favorable safety profile, with no new 
safety concerns identified. These results are significant because there 
are currently limited treatment options for advanced HCC, and 
patients who progress after first-line treatment with sorafenib have 
a poor prognosis. Pembrolizumab represents a new treatment option 
that has the potential to improve outcomes for these patients [4,5].

The results of the KEYNOTE-942 trial have led to the approval of 
pembrolizumab by the U.S. Food and Drug Administration (FDA) 
for the treatment of advanced HCC in patients who have previously 
received sorafenib. This represents a major advance in the treatment 
of advanced HCC and offers hope for patients with this difficult-to-
treat cancer.

Potential mRNA vaccine for treating HCC
The development of mRNA vaccines for HCC immunotherapy 

is an active area of research, and there are several potential targets 
that are currently being investigated. Here are some of the potential 
mRNA vaccines that may be used in HCC immunotherapy:

a) Alpha-Fetoprotein (AFP) mRNA vaccine: AFP is a protein 
that is often overexpressed in HCC, and targeting it with a vaccine 
may help the immune system recognize and destroy cancer cells. AFP 
mRNA vaccines have shown promise in preclinical studies and are 
currently being tested in clinical trials [6,7].

b) Cancer-testis antigen (CTA) mRNA vaccine: CTAs are a 
group of proteins that are normally expressed only in the testes but 
are often overexpressed in various types of cancer, including HCC. 
Targeting CTAs with a vaccine may help the immune system recognize 
and destroy cancer cells. Several CTAs, including MAGE-A3, NY-
ESO-1, and LAGE-1, are currently being investigated as potential 
targets for mRNA vaccines in HCC [8,9].

c) Neoantigen mRNA vaccine: As mentioned earlier, neoantigens 
are proteins that are generated by mutations in cancer cells and are 
not present in normal cells. Targeting neoantigens with a vaccine 
may help the immune system recognize and destroy cancer cells. 
Neoantigen mRNA vaccines are personalized to each patient's tumor 
and are currently being tested in clinical trials for various types of 
cancer, including HCC [3].

d) Immune checkpoint inhibitor mRNA vaccine: Immune 
checkpoint inhibitors are drugs that help the immune system 
recognize and attack cancer cells. Targeting immune checkpoint 
proteins, such as PD-1 or CTLA-4, with an mRNA vaccine may help 
enhance the immune system's ability to recognize and attack HCC 
cells. mRNA vaccines targeting immune checkpoints are currently 
being investigated in preclinical studies [10-12].

It is important to note that these potential mRNA vaccines are 
still in the early stages of development, and more research is needed to 

determine their safety and efficacy in HCC immunotherapy [13,14].

Conclusion
Neoantigen mRNA vaccines have shown promise as a potential 

immunotherapy for Hepatocellular Carcinoma (HCC), a type of liver 
cancer. Neoantigens are unique protein fragments that are generated 
by mutations in cancer cells, and are not present in normal cells. 
These neoantigens can be targeted with personalized mRNA vaccines, 
which are designed to stimulate the patient's immune system to 
recognize and destroy cancer cells.

In HCC, neoantigen mRNA vaccines are developed using RNA 
sequences that are synthesized based on the genetic mutations found 
in a patient's tumor. These RNA sequences are then formulated into 
a vaccine and administered to the patient, typically in combination 
with other cancer treatments. Once administered, the vaccine enters 
the patient's cells and instructs them to produce the neoantigens, 
which are then presented to the immune system as foreign and 
targeted for destruction. Several preclinical and clinical studies have 
shown promising results for neoantigen mRNA vaccines in HCC 
immunotherapy. In one study, patients with advanced HCC who 
received a neoantigen mRNA vaccine in combination with other 
cancer treatments had a higher rate of disease control and longer 
progression-free survival compared to patients who received standard 
of care treatments alone. Another study showed that a neoantigen 
mRNA vaccine in combination with a checkpoint inhibitor drug led 
to tumor regression in patients with advanced HCC.

Overall, neoantigen mRNA vaccines represent a promising 
approach to HCC immunotherapy, as they offer a personalized and 
specific way to target the unique genetic mutations present in each 
patient's tumor. While more research is needed to determine the 
safety and efficacy of these vaccines, early results suggest that they 
may be a valuable addition to the treatment options available for 
HCC patients.
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