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Abstract： Acute myeloid leukemia (AML) is a common type of leukemia. The existing chemotherapy regimens and

hematopoietic stem cell transplantation can not achieve the ideal treatment effect, and more efficient treatment methods are

needed in the clinical treatment of AML patients. As a star method of immunotherapy, tumor vaccines have attracted much

attention. Choosing neoantigen as the target antigen in vaccine is a new and exploreable design plan for AML. In this review,

we will carefully summarize the current neoantigen-related vaccine research progress, reasonably speculate its application

prospects in AML, and put forward the key challenges and risks in the research.
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Introduction

1. Acute myeloid leukemia: the most common but intricate leukemia
As the most common diagnosed leukemia (1), acute myeloid leukemia (AML) is mainly characterized by the

uncontrolled proliferation of primitive myeloid progenitor cells. These cells are not capable to further differentiate into

normal mature leukocytes in vivo (2).

Chemotherapy is a common clinical treatment for AML. Moreover, according to the patient's physical fitness and

chemotherapeutic drug sensitivity, adjuvant radiotherapy can be treated to enhance the therapeutic effect of the induction

phase (3). In the consolidation period, the current clinical treatment is also to use high-dose cytarabine and other drugs

combined with chemotherapy for consolidation therapy (4). In addition, hematopoietic cell transplantation (allo-HCT) is

approved to treat patients with certain high-risk cytogenetic characteristics (such as FLT3-ITD without NPM1) and refractory

patients or patients with relapsed AML achieving CR2 after re-induction therapy (5). In short, the traditional treatment of

acute myeloid leukemia is often combined with sequential chemotherapy.

2. Tumor vaccine: a powerful weapon in immunotherapy

2.1 Tumor vaccine is an emerging active immunotherapy regime
In traditional concepts, vaccines refer to biological products made with various microorganisms for the prevention of

infectious diseases. In tumor treatment programs, tumor vaccines are not only limited to preventive vaccines, but also include

therapeutic vaccines, and most of them are used to reduce cancer recurrence after chemotherapy or surgery (6). In this review,

we will only discuss therapeutic vaccines. This type of vaccine mainly refers to injecting specific cells or molecules into the

patient's body, regulating the immune microenvironment in the peripheral blood, and inducing the body to actively amplify or

produce a specific response (7). The goal of therapeutic cancer vaccines is to induce tumor regression, eradicate minimal

residual disease, and ultimately establish a long-term anti-tumor memory to increase the patient's long-term disease-free

survival rate (DFS) (8). There are two types of tumor vaccines: cellular vaccines and molecular vaccines. Cell vaccines

include whole tumor cell vaccines and dendritic cells (DCs) vaccines. Peptide vaccines and granulocyte-macrophage-colony

stimulating factor (GM-CSF) vaccines belong to molecular vaccines (9). So far, tumor vaccines have become a research

hotspot in solid tumors. They have been used in ovarian cancer, lung cancer, melanoma, brain cancer, kidney cancerand other
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cancers (10-16). Even in the development direction of cervical cancer, different from the preventive vaccines that have been

on the market, cervical cancer therapeutic vaccines have been reported to be shown to induce a systemic immune response in

patients, resulting in a reversion of immunosuppression in the tumor microenvironment (17).

3. Neoantigen tumor vaccine: Bringing dawn to the treatment of AML
For the current tumor vaccine target antigens for AML, most of the projects are based on TAAs，such as NY-ESO-1

vaccine and DCP-001 vaccine (18-19). Moreover, based on the high specificity and safety of neoantigen discussed above, the

development of effective tumor vaccines based on various neoantigens in AML has become a new and valuable direction.

3.1 Two examples of neoantigen vaccines in AML

3.1.1 Vaccination with dendritic cell/tumor fusions
A research team has developed a multiple bone marrow vaccine in 2013. After injecting vaccine, the patient's auto-

derived tumor cells and auto-dendritic cells can be fused to produce a variety of tumor genetic antigens, including

neoantigens. It effectively captures tumor heterogeneity (20). In a phase I/II clinical trial, the median age of AML patients

who received chemotherapy was vaccinated at 63 years. The result was that 71% of vaccinated patients were still in

remission during the 5-year follow-up (21). With the research of this new personalized DC/AML fusion vaccine, after

vaccination, checkpoint blockade leads to the enhancement of genes that regulate memory and effector T cell activation and

proliferation, and enhances the diversity of T cell clones (22).

3.1.2 New OCV-501 peptide vaccine
The expression of WT1 gene (Wilms tumor gene1) in normal tissues in the body is extremely low and can be ignored,

but it has extremely high expression in 96% of AML cells, producing a large amount of WT1 peptide. Moreover, WT1 is an

oncogenic protein, and it does inhibit the growth of tumor cells, so WT1 is an ideal neoantigen for AML (23). OCV-501 is a

synthetic peptide composed of natural sequences derived from the WT1 gene product protein without any modification or

combination with other peptide sequences. It is an HLA II restricted WT1 adjuvant peptide therapeutic cancer vaccine (26).

Discussion
Based on the detailed discussions on neoantigens and vaccines for AML in our review, the analogy study of personalized

neoantigen pulsed cancer vaccines in AML is reasonable. Compared with solid tumors that have been extensively studied,

AML has a relatively low tumor burden. But neoantigen vaccine still has a prominent therapeotic potential.

In short, the personalized tumor vaccine based on neoantigen can be a potential treatment strategy for AML patients in

the future, which can cure patients more accurately, efficiently, and with little harm. Especially， it may will reduce AML

relapse rate after chemotherapy treatment or allo-HSC. Combination with this new type of vaccine with other

immunotherapies is also a desirable idea (25-26).
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