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Over the last century, there have been
numerous advances in oncological re-
search, each one getting us closer and clos-
er to treating one of the most fatal diseases
of our generation: cancer. Presently, many
treatments may only be effective for a short
amount of time and finding long lasting
cancer treatments has been a struggle for
many patients.® Chemotherapy-the use
of chemicals to eradicate cancer cells-can
be effective yet it kills many healthy cells
in the process, leaving patients with pain-
ful side effects. Likewise, the most com-
mon forms of radiation therapy can also
cause damage to healthy tissue, prolonging
treatment.!! Naturally, neither of these two
options sound particularly appealing, and
while many people do not have the luxury
of choice when handed a diagnosis, there
are less destructive treatments on the hori-
zon. Immunotherapy, the term for using
one’s own immune system to fight cancer,
is different from other types of treatments
as it only attacks tumor cells. Although
the immune system’s job is to attack for-
eign cells, tumor cells start out as normal,
healthy cells until they proliferate out of
control. As such, the immune system does
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not recognize them as foreign cells. It is
for this reason that current immunother-
apy treatments are only viable for a short
amount of time, with patients having to
continually switch treatments to ensure
that tumors are not growing. However,
recent advancements pertaining to cancer
immunology have begun to widen the effi-
cacy and length of treatments.

In recent years, there has been a prom-
ising solution to the shortcomings of mod-
ern cancer treatment: personalized cancer
treatment tailored to the individual. Tai-
lored treatment could provide a solution
to some of the issues that come with main-
stream cancer therapy. This specificity is
achieved by creating fewer side effects and
directly targeting only cancer cells." As put
by the Journal of Molecular Biomarkers
and Diagnosis, “the suitability of this ‘one-
size-fits-all’ approach to cancer therapy is
called into question. Precision medicine,
the proposed future for the treatment of
disease, is based on a tailored approach for
selecting therapy at the individual patient
level™

The human body possesses a complex
immune system with many types of cells.
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Before speaking on some of the new per-
sonalized immunotherapy treatments, a
short background discussion about how
our immune systems work is needed.
There are two main types of white blood
cells present in the immune system: T-cells
and B-cells. T-cells, which originate in the
lymph nodes, recognize foreign intruders
and threatening cells within the body and
will attack them to reduce harm to the
body. B-cells interact with antigens, which
are specific foreign molecules that will elic-
it an immune response. B-cells will recog-
nize certain antigens as foreign and will
then produce antibodies (proteins) that
will attach to foreign materials and act as a
flag down for the immune system to locate
and destroy them.*°

A major characteristic of immune
cells is their ability to recognize mole-
cules on the surface of cells, which is the
mechanism that personalized immuno-
therapy treatments take advantage of by
using neoantigens. A neoantigen is a new
protein that forms on the surface of can-
cer cells when certain mutations occur
in tumor DNA. Neoantigens play an im-
portant role in helping the body build an



immune response against cancer cells.?
Neoantigen-based cancer treatments are
revolutionary, as the immune system will
be wired to only destroy cells that display
neoantigens (cancer cells), and all other
cells in the body will be unaffected-a feat
that chemotherapy and radiation therapy
treatments have not been able to achieve.
According to initial studies of neoanti-
gen-based vaccines, scientists have gener-
ated a multitude of evidence surrounding
“antitumor activity in patients with mel-
anoma’, with neoantigens playing a key
role in the T-cell immune response against
tumor cells.* A recent paper published
in 2021 completed a study on a group of
729 breast cancer patients, and patients
who were reported to have a “high level
of neoantigen expression” demonstrated
improved survival. Furthermore, neoanti-
gen-based vaccines have been shown to be
effective in mouse models for cancers such
as skin, colon, and bone cancers.® Neoanti-
gens have also been shown to be effective
in the clinical realm, as a recent clinical tri-
al completed by the Center for Cancer Re-
search utilized neoantigens in a breast can-
cer study; in total, they treated six women
with metastatic breast cancer using Tumor
Infiltrating Lymphocytes (T-Cells that have
neoantigens on their surfaces) that were
personalized to each patient, and found
that “tumors shrank in three of the six
women’, one of which became completely
cancer free after the treatment.®

How can medical researchers train
an immune system into attacking cancer

A neoantigen is
a new protein that
forms on the surface

of cancer cells when
certain mutations
occur intumor DNA
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Figure 1: B cells binding to antigens and releasing antibodies.

cells? The first step is to sequence the pa-
tient’s normal genomic DNA as well as the
tumor’s DNA. The two sequences are then
compared to find mutations within the tu-
mor DNA; these mutations will eventually
be the “targets” for the immune system to
aid in recognizing cancer cells. In order
for a mutation to be an effective target for
the creation of neoantigens, the mutation
must encode for a protein that is expressed
on the surface of the tumor.” This protein
must also be able to be recognized by the
immune system, so an immune response
can be generated. Once a mutation that
meets these requirements is found, there
are a couple of different ways to induce the
neoantigen treatment into the patient, in-
cluding vaccines and T-cell therapy.”

In neoantigen based vaccines, the
neoantigens identified during mutation
analysis are injected into the body and will
elicit an immune response from T-cells
and B-cells. These immune cells will rec-
ognize the neoantigen vaccine as foreign
and are programmed to attack any mate-
rial within the body presenting the specific
neoantigen. In the process, they will also
attack neoantigen-presenting tumor cells.
In T-cell therapy, neoantigens are added
to the patient’s isolated T-cells in the lab
and are grown until the T-cells reach a
high enough concentration. T-cells have
specific receptors that are programmed to
recognize the specific neoantigen sequence
that was previously isolated. Once the cells
reach this concentration, they will be in-
jected back into the patient and the T-cells
will start attacking any foreign materials
expressing that specific neoantigen.”
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CONCLUSION

While investigators have made great
strides in personalized neoantigen can-
cer treatments, if widespread use of these
treatments is to take place, more research
is required on how to produce them on a
large scale for many patients. An issue with
the current neoantigen treatment research
is that it is difficult to find a mutated se-
quence that can be targeted and expressed
as a neoantigen. Because of this, it can take
a long time to find a suitable sequence for
one patient, and most cancer patients do
not have this time to wait.> Furthermore,
not all patients have tumors that are easily
accessible, making it difficult to sequence
the tumor DNA, which is essential for neo-
antigen treatments. Clinical and preclinical
trials are currently being completed and
are aiming to target these issues. Despite
these challenges, the promising research
surrounding neoantigens provides a foun-
dation for a new generation of cancer treat-
ments, focused around diminishing harm-
ful side effects and creating more tumor
specificity. These treatments will be free of
toxic chemicals or harmful radiation, and
consequently, cancer patients will even-
tually have a higher quality of life that is
largely pain-free.

REFERENCES

1. Jain K. K. (2021). Personalized
immuno-oncology. Medical
Principles and Practice:
International Journal of the Kuwait
University, 30(1), 1-16. https://doi.

SPRING 2022 | Berkeley Scientific Journal 75



Cancer Tumour

Patients

Figure 2: Personalized cancer therapy procedure.

org/10.1159/000511107 8.
Maciejko, L., Smalley, M., &
Goldman, A. (2017). Cancer
immunotherapy and personalized
medicine: Emerging technologies
and biomarker-based approaches.
Journal of Molecular Biomarkers

& Diagnosis, 8(5), 350. https://doi.
org/10.4172/2155-9929.1000350

3. Understanding Cancer
Immunotherapy Research. (2020).
What is neoantigen-based therapy?
Therapies. https://www.ucir.org/
therapies/neoantigen-based-therapy
Blass, E., Ott, P.A. (2021). Advances
in the development of personalized
neoantigen-based therapeutic cancer
vaccines. National Review of Clinical
Oncology 18(4), 215-229. https://doi.
org/10.1038/s41571-020-00460-2
Jiang, T., Shi, T., Zhang, H., Hu, J.,

10.

76 Berkeley Scientific Journal | SPRING 2022

Analysis,
Modeling

Sequencing

Personalized
Therapy

Song, Y., Wei, J., Ren, S., & Zhou, C. 11. Majeed, H., & Gupta, V. (2022).
(2019). Tumor neoantigens: From Adverse effects of radiation therapy.
basic research to clinical applications. In StatPearls. StatPearls Publishing.
Journal of Hematology & Oncology, http://www.ncbi.nlm.nih.gov/books/
12(1), 93. https://doi.org/10.1186/ NBK563259/

$13045-019-0787-5

Li, W., Amei, A., Bui, E, Norouzifar, IMAGE REFERENCES

S., Lu, L., & Wang, Z. (2021). Impact

of r'leoe?,ntlgen expression and T—.cell 12. Figure 1: B cells binding to antigens
activation on breast cancer survival. and releasing antibodies | Arizona
Cancers, 13(12), 2879. https://doi. Science Center; https://askabiologist.
org/10.3390/cancers13122879 asu.edu/b-cell | Arizona State
Zhang, Z., Lu, M., Qin, Y,, Gao, W, University. (2011, February 16).

Tao, L.,'Su, W., & Zhong, J. (2021). B-cells. Ask a Biologist. https://
Neoantlge'n: Anew breakthrough askabiologist.asu.edu/b-cell

in tumor immunotherapy. Frontiers 13. Figure 2: Personalized cancer

in Immunology, 12. https://www.
frontiersin.org/articles/10.3389/
fimmu.2021.672356

Zhang, X., Sharma, P. K., Peter
Goedegebuure, S., & Gillanders, W. E.
(2017). Personalized cancer vaccines:
Targeting the cancer mutanome.
Vaccine, 35(7), 1094-1100. https://
doi.org/10.1016/j.vaccine.2016.05.073
Borden, E. S., Buetow, K. H., Wilson,
M. A., & Hastings, K. T. (2022).
Cancer neoantigens: Challenges

and future directions for prediction,
prioritization, and validation.
Frontiers in Oncology, 12. https://
www.frontiersin.org/articles/10.3389/
fonc.2022.836821

Aldous, A. R., & Dong, J. Z.

(2018). Personalized neoantigen
vaccines: A new approach to cancer
immunotherapy. Bioorganic &
Medicinal Chemistry, 26(10),
2842-2849. https://doi.org/10.1016/j.
bmec.2017.10.021

therapy procedure | Jeyang259 |
Jeyang259. (2020, February 27).
Personalized cancer therapy.
Wikimedia Commons. https://
commons.wikimedia.org/wiki/
File:Personalized_Cancer_Therapy.

png



