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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Immunotherapy causes cancer patients' immune systems to
activate in search of and eliminate cancer cells. As a therapeutic
area for cancer, it has expanded in importance and demonstrated
promising results in treating many cancers. Checkpoint
blockade (CPB) therapy may stimulate a suppressed immune
response to provide long-lasting therapeutic results. However,
the absence of a tumor-reactive immune infiltration is probably
why response rates are still low. Using chimeric antigen receptor
(CAR)-modified T cells to fight cancer may significantly impact
immunology. This study explored using checkpoint inhibitors,
car-T cells, and vaccines in immunotherapy to treat cancers.
Drugs used for CPB aim to reduce immunological suppression,
allowing for more effective CAR T cells and dendritic cell
(DC) vaccines, providing some optimism that this may be
increased, both of which have proven therapeutic efficacy in
specific cancers. However, drug-induced side effects and the
tumor microenvironment's propensity for immunosuppression
mean treatment effectiveness is still inadequate. The outcomes
of current preclinical tests suggest that novel therapies targeting
lymphocyte-activation gene 3 (LAG3), T cell immunoglobulin
and mucin-domain containing-3 (TIM3), cytotoxic T
lymphocyte-associated protein 4 (CTLA-4), and programmed
cell death protein 1 (PD-1) could be used as adjuvant therapies
to modify the tumor microenvironment.

Key words. Immunotherapy, cancer treatment, checkpoint
inhibitors, CAR T cells, oncolytic viruses, DC vaccines.

Introduction.

In the last few years, immunotherapy has been the focal
point of ground-breaking research and development for
cancer therapies. New, promising treatments for tumors with
poor prognoses have been approved more rapidly than with
traditional medicine, and the cancer care landscape is quickly
and constantly shifting. There have been several pivotal people
and significant advances in the field of immunotherapy for cancer
treatment since its inception [1]. Cell-mediated cytotoxicity
involves the release of cancer cell antigens, delivery to antigen-
presenting cells (APCs), successful presentation to T cells,
priming and activation of APCs and T cells, trafficking and
infiltration of antigen-specific T cells into tumors, recognition
of cancer cells by T cells, and overriding immunosuppression
in the tumor microenvironment [2]. Due to the advancement of
tumor immunotherapy in the clinic, combining vaccination with
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immune checkpoint inhibitors (ICI) is a newly developed method
for treating cancer. The complete immunological response is
still a problem, however. A genetically modified cell membrane
nanovesicle that combines immunosuppression reversal with
antigen self-presentation for enhancing cancer immunotherapy.
It is a detailed illustration of a customized vaccine formulation
that instantly activates both naive and worn-out T cells.

The artificial nano vaccine has excellent homing properties,
higher durability, and a nanoscale size that may quickly fill
the lymphatic system. Compared to traditional vaccinations,
this particular antigen self-presentation method is better. The
anti-PD1 medication, which boosts T cell immune response
and breaks immunosuppression, is crucially administered to
B7 codelivery initially [3]. Many immediately conjure up the
idea of immunizations against germs and viruses when they
hear "vaccine." Such immunizations have shielded humanity
from deadly illnesses for a long time. By immunizing healthy
individuals with attenuated or detoxicated bacteria, viruses, or
other infectious antigens, vaccines protect them against disease.
A vaccine's primary function is to stop or lessen the severity of
infectious illnesses that are life-threatening.

Vaccine-induced immunological memory acquisition often lasts
for a very long time. Multiple people have developed immunity
to numerous diseases due to a successful worldwide system of
regular vaccination against prevalent ailments. Since vaccines
are widely considered one of the most beneficial and crucial
prophylactic techniques [4], the World Health Organization
(WHO) advises that they be accessible in developed countries.
Late detection, the TME's molecular complexity, and a shortage
of highly effective therapy options all contribute to cancer's
continued status as a worldwide health crisis. There was an
urgent need for innovative, efficient treatment methods to be
implemented between 2015 and 2017 since there were 367,167
new instances of cancer and 165,000 fatalities worldwide.
However, the clinical result still needs improvement due to drug
resistance and side effects. Various strategies have been devised
to minimize tumor resistance to chemotherapy, radiation, and
a combination. Thus, the ideas of anticancer immunotherapy,
established recently, are based on using a host's immune to
control and eradicate cancer [5].

A study [6] investigated immunotherapy's present and
prospective usefulness in treating "malignant pleural
mesothelioma" [6]. Immune checkpoint inhibitors' efficacy has
catapulted cancer immunotherapy to the forefront of cancer

105



treatment, which was made possible by identifying immune
checkpoint molecules. There are now solid hopes for creating
customized T-cell medicines and neoantigen vaccines. Around
2030, the age of ICI and customized cancer immunotherapy is
anticipated [7]. The study [8] compares the mechanisms and
side effects of cytotoxic medicines, targeted treatments, and
immunotherapies. Small molecule inhibitors are related to
targeted drugs. Checkpoint inhibitory antibodies, CAR T-cells,
cancer vaccinations, and oncolytic viruses are examples of
immunotherapies. Study [9] discussed these developments,
difficulties, and prospective solid tumor treatment methods.
They show the great potential of combining CAR-T cells with
immunotherapies. Synthetic biology allows CAR-engineered T
cells to treat high-risk hematological malignancies. It is now
recognized that solid tumors that originate from epithelial
cells do not respond to CAR therapy for several reasons [10].
Multiple immunotherapy strategies for lung cancer were
covered in the present study [11], as well as CAR-T cell
components, current clinical research utilizing CARs, and
the several TAAs being explored as potential targets for lung
cancer CAR-T cell production. The study [12] examined how
immune checkpoint blockade techniques have been used with
CAR T cell therapies to enhance immunotherapeutic effects
while minimizing the impact of tumor heterogeneity and
T-cell depletion. The research [13] examined the most recent
developments in adoptive T-cell treatment, cancer vaccines,
oncolytic viruses, novel cytokines, checkpoint inhibitors,
and clinical studies using monoclonal antibodies. T-cell
modifications using CRISPR-Cas9 technology have been
the primary focus of the research because of the potential for
these modifications to be exploited as immune therapeutics
against cancer [14]. Exosomes from “CAR-T cells” that were
engineered to target mesothelin (MSLN) were separated in this
study [15], and surface expression of the "CARs and CD3" was
shown, as was the overall preservation of the original T cells'
features. The combination of “CAR T cell and CPB” treatments
for solid tumor malignancies was a preliminary investigation
study [16] that examined preclinical and clinical applications.
The study presented [17] an update of current developments in
the “cellular and molecular components of the TME” to pinpoint
potential immunotherapy resistance mechanisms and create
fresh combination approaches for cancer immunotherapy. The
research [18] offered an inventory of the current clinical status
of the CAR-T cell and OV treatments. Although therapeutic
promise has been shown in preclinical research, CAR-T cells
and OVs alone assist a limited number of patients. Study [19]
examined the obstacles of overcoming resistance and recent
advancements in immunotherapy to treat CRC. Microbiota is
an autonomous organ that controls tumor development and
treatment response. New immunotherapies, more selective,
effective, and less toxic, extended patient longevity in the
chemo-free period, provided they didn't cease therapy. They
now concentrate on microbiota makeup to improve responses
[20]. As a result, we focus on using checkpoint inhibitors,
CAR-t cells, and vaccines in immunotherapy to treat cancer.
The remaining sections of this analysis are as follows: Part 2
introduces the methodology. The research results are in part 4.
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Part 4 contains the discussion. Part 5 includes the conclusion.

Role of Immunotherapy in Cancer Treatment Checkpoints
Inhibitors.

A form of cancer therapy known as a checkpoint inhibitor
targets specific immune cell proteins known as the checkpoints.
These checkpoints stop the immune system from targeting
the body's healthy cells. However, specific cancer cells may
use these checkpoints to evade the immune system's attack.
Checkpoint inhibitors aid the immune system in recognizing and
attacking cancer cells by blocking these checkpoints. They are
often used to treat diseases that have progressed to other body
sections, including melanoma, lung and kidney cancer. The
FDA has authorized several checkpoint inhibitors, including
pembrolizumab, nivolumab, and atezolizumab. Usually, these
medications are given intravenously at a medical facility or
clinic. Fatigue, skin rash, and diarrhea are a few of the adverse
effects that checkpoint inhibitors may cause. Rarely, they may
result in more severe adverse effects such as colon, liver, or lung
inflammation. It is crucial to discuss the possible advantages
and hazards of this sort of therapy with your doctor and whether
checkpoint inhibitors are a viable treatment choice for your
particular form of cancer.

Immune-related Adverse Events (irAEs)

Immune-related Adverse Events (irAEs) are a group of
unfavourable effects that may follow the administration of
specific immunotherapy drugs that are intended to strengthen
the immune system in order to combat cancer or other
disorders. These occurrences occur when the immune system
unintentionally targets healthy tissues and organs, which
can have a variety of potentially grave or even fatal adverse
consequences. Immunotherapy, in contrast to conventional
chemotherapy, targets the immune system rather than
cancer cells directly, giving rise to a different class of adverse
responses known as irAEs. The effects of common irAEs on the
skin, gastrointestinal tract, liver, lungs, endocrine system, or
other body organs might range greatly in severity. In order to
preserve patient wellbeing and ensure the safety and efficacy of
immunotherapy treatments, managing and monitoring irAEs is
essential. This frequently necessitates quick action.

CAR-T cell.

CAR-T cell treatment is cancer immunotherapy that uses the
patient's own genetically engineered T cells. It's possible that
T cells, a kind of immune cell, may identify and eliminate
cancer cells and other "foreign" cells. In CAR-T cell treatment,
the patient's T cells are taken from their blood and modified
genetically to surface-express a chimeric antigen receptor.
These receptors are designed to identify and bind to specific
surface proteins malignant cells produce. Reintroduced T cells
have been genetically altered to target and destroy cancer cells
that produce a particular protein. Positive results have been
seen when using CAR-T cells to treat blood cancers, including
leukemia and lymphoma. Fever, fatigue, and low blood pressure
are all possible outcomes of cytokine release syndrome, one
of the dangers and side effects. It is also still a very novel and
challenging kind of treatment.



Vaccination.

Immunotherapy takes the form of cancer vaccines, which prime
the immune system to target and kill cancer cells. Therapeutic
and preventive cancer vaccines are the two main types. By
focusing on viruses or other elements that potentially raise the
chance of getting cancer, preventative cancer vaccinations aim
to stop certain kinds of diseases. Vaccines against infectious
agents that may lead to cancer, such as hepatitis B and
human papillomavirus (HPV), are becoming more common.
Therapeutic cancer vaccines treat preexisting tumors by
stimulating the immune system to target and kill cancer cells.
Cancer cells or specific proteins or antigens found in cancer
cells might be used to develop such vaccinations. Only recently
have therapeutic cancer vaccines been licensed for use against
some malignancies, such as melanoma and prostate cancer. They
are often used in addition to other cancer treatments, including
chemotherapy and radiation. Cancer vaccinations might improve
the body's defenses against illness; however, this is not always
the case for all people or cancer types. It is crucial to discuss the
possible advantages and disadvantages of this sort of therapy
with your doctor and whether a cancer vaccine is an acceptable
treatment choice for your particular type of cancer. Coinhibitory
pathways are often triggered during “T cell activation, the
binding of T lymphocytes” to their corresponding ligands,
which may inhibit anticancer immune responses. Tumor cells
produce more coinhibitory ligands like PD-L1 after exposure
to Th1 cytokines produced by T cells. Therefore, the production
of these ligands may dampen the anticancer response, enabling
the tumor to persist. Figure 1 shows that CAR T cells may be
preserved using CPB with adoptive T cell therapy.

Methodology.

Cell-Extrinsic Techniques

Granzyme B expression, T cell proliferation in vitro,
IFN-g production, and CAR T cell activity in vivo were all
enhanced by PD-1 inhibition. In a trial using an anti-GD2
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CAR, pembrolizumab treatment increased "T cell activity"
and persistence after continuous antigenic activation targeting
"PD-L1+ tumor cells". Anti-PD-1 CPB antibodies might help
exhausted CAR T cells regain some of their effector's function.
However, regular antibody delivery was necessary for the PD-1
antibody to be successful since tumor recurrence occurred when
treatment was stopped.

Reducing "PD-L1 expression on MDSCs" was one way in
which the "PD-L1 CPB" boosted the success of CAR T cell
treatment. Adding "anti-PD-L1 antibody and MDSC-depleting
antibodies" to CAR T cell therapy significantly increased its
effectiveness. Since this is the case, "PD-L1+ MDSCs on CAR
T cell therapy" may have suppressive effects. The systemic
impact of CPB may be mitigated with the use of an "oncolytic
adenovirus" encoding a "PD-L1-blocking mini-antibody" in
combination with an "anti-HER2 CAR T cell" treatment. This
"PD-L1 oncolytic" method reactivated "CAR T cells" better than
systemic "PD-L1 antibodies" in a subcutaneous prostate cancer
mouse model. Two-phase I clinical trials evaluated CAR T cells
using the "PD-1/PD-L1 CPB" approach. Lymphodepletion and
autologous CD19 CAR T cells cured resistant diffuse large
B cell lymphoma. PD-L1 expression increased as the tumor
progressed despite treatment. T cell injection day 26, patients
began receiving 2 mg/kg of pembrolizumab every three weeks.
By day 45, fewer PD-1/EOMES-expressing T cells were present,
although CART19 cells and TCR-b T cell clones had developed.

The phase I trial comprised eleven participants with recurrent
or resistant neuroblastoma. CAR T cells were administered
to patients either alone (n = 4), in combination with
cyclophosphamide and fludarabine (n = 4) or in combination
with pembrolizumab (n = 3). No dose-limiting toxicities
occurred, and all infusions were well tolerated. Pembrolizumab
did not further improve the concentration or persistence of IL-15
or CAR T cell proliferation following Cy/Flu lymphodepletion.
There was a complete response in one patient treated with
pembrolizumab, but this is insufficient to make any conclusions.
“CAR T cell” treatment has shown promising results in clinical
trials in Table 1.

Tumor Infiration
CAR T oells infifrie e

Figure 1. Checkpoint Blockade Rescues CAR T cell fatigue.
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Table 1. CAR T cell and Checkpoint Inhibition Therapies in Trials.

CAR Design/Target CPB Agent Prognosis of cancer Trial Phase

15;;8;) "l% (Eg}lg2hC9-GD2-CD28- Pembrolizumab | Neuroblastoma NCT01822652 I
Lymphoma of several types, including

JCARO17 Durvalumab Non-Hodgkin's, Follicular, Diffused NCT03310619 /11
Massive B Cell, and Lymphoma
Lymphomas with CD19 amplification

Anti-CD19 CARs Pembrolizumab include mantle cells, follicles, and NCT02650999 I/
diffuse large B cells.
Acute lymphocytic leukemia, B cell

zeta CD19/CD19CAR-28 T cells Ipilimumab lymphoma, and persistent lymphocytic NCT00586391 I
leukemia

KTW-C19/CD19 Atezolizumab Spreading large B cell lymphoma NCT02926833 /11

Central memory T cells that are

élg%li’gggtsi_%lg f ;gr:;s_gfgg, D3, Durvalumab General heterogeneous B cell cancer NCT02706405 I

and EGFRt JCARO14

CART-EGFRVIII T cells Pembrolizumab | Glioblastoma NCT03726515 I

Table 2. PD-1 dominant negative receptor CAR T cell therapy and CBP using CAR T cells.

Checkpoint Inhibition drugs with CAR T Cells Features

CAR T cells with PD-1 dominant
negative receptor

Systemic Potential toxicity Localized to tumor
Multiple doses of CPB Potential doses Single

No Targeted therapy Yes

multiple Antigen responsiveness Multiple

Limits of antibody penetration Limits to tumor penetration Unlikely

cell-extrinsic

Approval of PD-1/PD-L1 for this application suggests it has
the potential to streamline operations. However, this method
has potential drawbacks, including the possible toxicity of
systemic, untargeted treatment, antibody tumor penetration,
and pharmacokinetics are inherently unpredictable, and PD-1
antibody dosing must be repeated often due to their short half-
lives. T cell-intrinsic techniques, some of these issues may be
resolved by using gene editing to make "CAR T cells" inherently
resistant to "PD-1 signaling".

Cell-Intrinsic Techniques.

One possible exception to the need for individual dosage is
provided by an intracellular model in Table 2. In addition, the
patient would be eligible for constitutive biological therapy that
might provide CPB forever. The induction of an "anti-carbonic
anhydrase IX CAR and an anti-PD-L1 scFv antibody" in primary
human T cells is one strategy that has been investigated. In the
tumor microenvironment, "anti-PD-L1" antibodies accumulated
and prevented PD-1 signaling. In an "orthotopic model of human
renal cell cancer," CAR T cells boosted effector activity while
decreasing the expression of inhibitory receptors, including
"PD-1," "TIM-3," and "LAG-3." Locally modified CART19
cells that produced an scFv against PD-1 also showed improved
outcomes in vivo.

They created a dominant-negative PD-1 receptor by omitting
the internal signaling domain while keeping the extracellular
one. The antitumoral efficacy of CAR T cells is significantly
enhanced by using an "anti-mesothelin CAR with CD28 and
CD3z domains to create a PD-1 dominant negative receptor"
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Mechanism

Cell-intrinsic

in experimental models of mesothelioma and lung cancer. The
"switch receptor" approach involves generating a phony receptor
that, upon "PD-L1 identification," provides costimulation by
combining the "transmembrane and intracellular domains of
CD28 with the extracellular domain of PD-1." Anti-mesothelin
CAR T cells have greater effector capacities and durability in
vivo when co-expressed with a PD-1:CD28 illusion, resulting in
long-term effectiveness and complete regression of preexisting
tumors. In clinical trials, we want to compare a CAR targeting
mesothelin to a "PD-1 dominant negative receptor" since the
evidence shows these two approaches are equally effective.
Research is using genome-editing tools like "CRISPR/Cas9"
and "TALEN" to disable the “PD-1 signaling pathway”. Tumors
are more easily eliminated in vivo and in vitro thanks to “PD-1
deletion CAR T cells”. To develop worldwide "CAR T cells"
with improved in vivo effector function and resistance to "PD-
1 signaling”, we employed "CAR expression and multiplex
genome editing at three loci. Blocking all PD-1 signaling" may
paradoxically cause T cells to become permanently specialized
and tired in a mouse model of persistent viral infection. T cells
may benefit most from upregulating a low level of PD-1, which
either cell-intrinsic or cell-extrinsic CPB can then inhibit.
Genotoxicity caused by PD-1 gene editing or CAR transgene
may negatively impact T cell proliferation and effector activity.
It is also essential to identify and reduce off-target cleavage.
Because CAR T cells produce scFvs that inhibit PD-
1, administering both treatments individually may not be
necessary while still attaining effective doses of both in vivo.



"EGFR-positive advanced solid malignancies" such as lung,
stomach, and liver tumors are being studied to determine
whether PD-1 antibody-secreting CAR T cells may be used to
treat them successfully. Genome-editing methods that disable
the PD-1 receptor are also used to investigate its role in T cells
transplanted from healthy individuals.

The simplicity of the cell-intrinsic approach makes it
appealing to drug administration. Instead of requiring multiple
administrations, as with the antibody/cell-extrinsic strategy,
CPB-enabled T cells can be administered once. Viral vector
integration and T cell memory persistence support their long-
lasting transgene expression. Considering the constraints, it is
uncertain which of the two ways could be the most effective
and least harmful. The cell-intrinsic strategy would restrain the
activation of the innate T-cell response, potentially leading to
the generation of polyclonal antitumor immunity that is well-
suited to highly heterogeneous tumors and, as a result, resistant
to antigen escape. Avoiding CAR T cell weariness and reviving
an endogenous immune response that had been dormant but
was recruited by epitope spreading may both need antibody-
mediated CPB, the apparent superiority of the cell-intrinsic
method in preventing autoimmunity to off-target epitopes.

Vaccines using dendritic cells.

Antigen-presentation cells called DCs 'present' peptides to T
cells, which activates them. An effective cancer vaccine may be
created ex vivo containing tumor antigens and reinfused into the
patient. DC-based immunizations boost the patient's immune
response against their tumor and reduce side effects compared
to standard therapy. Numerous "cancers, melanoma, acute
myeloid leukemia, multiple myeloma, squamous cell carcinoma

.'.,uq&'\\ B

of the head and neck, and ovarian cancer" have been the focus

of DC vaccine-based phase I and II clinical trials. Leukapheresis

collects blood depending on the kind of malignancy and the T

cells that need to be activated. It cultivates DCs or monocytes

in vitro with a particular cocktail of cytokines to stimulate
differentiation into mature DCs. DCs may be primed to identify
tumor-derived antigens by exposure to antigen peptide, protein,
mRNA, or cancer cells/lysate. When vaccination is given, it
stimulates the production of “antigen-specific T cells," shown

in Figure 2.

Recent clinical research has focused on refining the ex vivo
processes used to create the DC vaccine to increase its efficacy.
These adjustments are made to lessen the TME's adverse effects
shown in Figure 3. The activation and mobilization of DCs,
their maturation, dosage, and delivery, and the development of
vaccines employing various subtypes of DCs, are all strategies.

DCs can't function properly when the
microenvironment is altered by tumor cells, which suppresses
the immune system's antitumor response.

[ Metabolic stress induced by tumor cells may alter the
metabolic profile and functional capabilities of DCs by
decreasing TME nutrition and oxygen.

[1 Restricted antigen expression of tumor cells may modify or
conceal their antigens to evade immune system recognition.

[1 Alarmins that reduce immunity are expressed, such as MMP-
2, which blocks DCs from secreting IL-12, blocking the
development of Th1 T cells and activating NK cells.

[J Myeloid-derived suppressor cells (MDSCs) and T-regulatory
(Treg) cells, immune system suppressors that block T cell
proliferation, may be directly activated by tumor cells.
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Figure 2. Human body's response to the DC vaccination.
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Figure 3. Cancer-related DC damage.

[J Tumor cells may suppress the production of DC
chemoattractants (CC-chemokine ligand 4) to limit dendritic
cell infiltration.

[1 Because tumor cells hide within them, immune checkpoints
are triggered. T cell activation may be suppressed by
expressing PD-1 and CTLA-4 ligands.

[ Immuno-suppressive cytokine secretion of some cytokines
(IL-6 and IL-10) hinders DCs from maturing and activating.

Recent Clinical Trials

In this trial, they are testing how well CPB works in tandem
with CAR T cells. Different medications, dosages, and
schedules are used in this research. No existing models can be
used for such an analysis in a preclinical setting. Anti-PD-1
CPB was tested in phase I and phase II trials for patients with
malignant pleural mesothelioma who had received mesothelin
CAR T cells. 8 of 11 mesothelioma patients who were tracked
for at least three months responded to cyclophosphamide
preconditioning, a single CAR T cell treatment, and at least three
anti-PD-1 doses. Two patients experienced complete metabolic
responses. Because tumors exhibited a solid metabolic response
even when expressing just 40% of the targeted antigen, the
hitherto unknown prospect of neoantigen response and epitope
dispersion owing to combination therapy is noteworthy.

Result analysis.

Three different cancer treatments of checkpoint inhibitors,
CAR-T cells, and vaccines each combat cancer differently. Each
of these therapies has the potential to be successful in the battle
against cancer, but the choice of which one to employ will rely
on the kind and stage of the patient's particular disease as well
as their general health and past medical conditions.

Figure 4 depicts the number of clinical trials in people and
children. Cancer treatment symptoms vary by kind, stage, and
patient. However, infants, adults, and seniors may experience the
following clinical features after cancer treatment. During cancer
therapy, kids may endure exhaustion, discomfort, and nausea.
They may also have weight, hunger, attitude, and behavior
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changes. Cancer patients may feel tired, nauseous, vomiting, and
lack appetite. They may also feel discomfort, gastrointestinal
abnormalities, and mood or sleep problems. They may endure
hair loss, skin changes, and sexual dysfunction depending on
the malignancy and therapy. Seniors receiving cancer treatment
may take weariness, discomfort, and appetite problems.

They may also face consequences from other medical drugs.
Seniors are at risk for falls, fractures, and other injuries during
cancer treatment. Remembering that cancer therapy may
be highly customized and individuals' clinical features and
symptoms might differ substantially is vital. Managing cancer
symptoms and side effects requires constant collaboration with
a healthcare team. Immunotherapy in cancer treatment of adults
has the highest number of clinical trials when measured, such as
children and seniors.

Figure 5 depicts the multiple phases of cancer patients in
clinical trials. Depending on the kind of cancer, its stage, and
the particular patient, the clinical characteristics or symptoms
of cancer might change. However, in general, phase I and phase
I clinical characteristics of cancer may include phase 1. The
tumor is often tiny and has not yet spread to adjacent tissues
or organs in phase I of cancer. Clinical features may thus be
weak or nonexistent. The tumor has become more prominent

ED -
w 50
a
= 40
o
E ]
T 30 4
=
2 20
E
=5
= 104
U T T T
Child Adult Senior
Figure 4. Number of clinical trials in people and children.
Current trails
120 Mon-active trails
k.
B
™|
o
=
o
B
2
E
=
Zz

Phasa |

Figure 5. Multiple phases of cancer patients in clinical trials.



90 -

80 <

70 =

60 =

Number of clinical trails

—)

0- — %

]
First Second Third

T
Fourth
CAR generation

Figure 6. Number of clinical trials for CAR generation.

100 4

A

2
¢ N

[ (.
E 1 1
£ . | i
E N 1|
- | ’:/ = e

R

R

20

T

Figure 7. Antigen of tumors.

and could have spread to surrounding organs or tissues when
the cancer is in phase II. It is crucial to remember that based
on the kind and stage of the disease and the specific patient, the
clinical characteristics of cancer may vary significantly. Early
identification and treatment may enhance results and raise the
likelihood of a successful course of action. The immunotherapy
in cancer treatment of phase I have the highest number of
clinical trials when measured as phase 11.

Figure 6 depicts the number of clinical trials for CAR
generation. Making “CAR T-cells," programmed to identify and
destroy cancer cells, requires genetically altering the patient's
immune cells. Making CAR T-cells requires advanced training
in genetic engineering and cell culture techniques. Trained
professionals and scientists in specialist laboratories often do
research like this. However, although CAR T-cell therapy has
shown promise in treating several types of cancer, there are
still challenges to be overcome, it is still a relatively new and
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complex procedure, and there may be dangers and adverse
consequences. Immunotherapy in cancer treatment of the
second generation has the highest number of clinical trials when
measured in generations 1, 3, and 4.

Figure 7 depicts the antigen of tumors. The immune system
identifies antigens as "foreign" or '"non-self" substances.
Tumors antigens, which might be proteins or other compounds
may be present on the surface of cancer cells or be made by
tumors. The immune system may recognize these molecules as
"non-self" and actively work to eliminate them. These antigens
are unique to cancer cells and are absent in healthy cells. They
are the most specific targets for cancer immunotherapies like
“CAR-T cell” therapy. The development of more precise cancer
treatments is to improve patient outcomes, and researchers must
identify and target tumor antigens. However, creating efficient
immunotherapies is difficult due to the intricacy of cancer and
the diversity of tumor antigens.

Discussion.

Treating early-stage cancers or preventing recurrence tumors
using new anticancer vaccinations is helpful since they may
increase overall and progression-free survival. Specific
inhibitory receptors expressed by T cells, including "TIM-3 and
LAG-3", are increased after sustained antigen stimulation and
PD-1 inhibition, suggesting that different blocking antibody
combinations may enhance function [21]. Cell-intrinsic
strategies may be necessary to combat immunosuppression
by repeated inhibitory signals, such as administering several
checkpoint-targeting antibodies or multicistronic elements
that target multiple pathways inside the cell. Involving more
innate and adaptive immune system components such as B7-
H3, VISTA, and B7S1 may lead to a more potent antitumor
response. Several more inhibitory receptors, including B7-H3,
VISTA, and B7S1, have been discovered lately and provide new
ways to regulate T cell responses [22].

Antigen heterogeneity is one barrier to successful therapy
that must be overcome if solid tumors are to be effectively
targeted since they are often characterized by diverse antigen
expression. Selecting a target antigen that is highly and
continuously expressed in tumor tissue is the first step toward
resolving this challenge [23]. CAR T cells' antigen-targeting
capacity may increase, radiation treatment could be combined
(radiation therapy promotes TRAIL-mediated death), or
attention might be directed toward antigen-negative tumor
cells. T-cell immunotherapy will handle the theory supporting
CPB in conjunction with prospective advances in experimental
and clinical settings. A prolonged reaction from the effectors
is required. More study is needed to determine whether or
not CAR T cells are effective, utilizing more accurate and
therapeutically relevant models [24]. The group conducting the
study looked at the longevity and performance of CAR T cells
in malignant pleural effusions to find ways around the present
restrictions. On-target off-tumor damage is dangerous since
most cars used to treat solid tumors are directed toward antigens
in normal tissues. Combination CPB boosts effectiveness but
runs the danger of making toxicity worse, as is the case with
any functional improvements to focused treatment. Current
therapy treatments, such as suppressing CAR T cell generation



with drugs, aren't the only methods to eliminate T cells upon
discovery of detrimental effects; suicide genes may be employed
to mediate T cell elimination in such cases, although this might
be a waste of T cell efficiency [25].

Although antitumor responses have been seen in this current
phase-I clinical study, off-tumor intended benefits have not yet
manifested. Technology needs dual antigen activation; inhibiting
signaling is activated after binding a typical tumor antigen.
Using a trans-signaling strategy to dissociate "CD3z signaling"
from costimulatory signaling are two methods for increasing the
selectivity and decreasing the toxicity of "CAR T cells."

Conclusion.

According to this study, several types of cancer have responded
well to anticancer immunotherapy, whether used alone or
in combination. The most up-to-date research from this trial
shows significant therapeutic benefits for patients with solid
tumors. Indirectly, it could eliminate cancer cells by increasing
T-cell migration in the tumor microenvironment (TME).
Still, therapeutic efficacy may be diminished by resistance
mechanisms such as tumor-induced immune evasion. The use of
PDL1, LAG3, and TIM3 cell treatments, among others, has shown
promise in preclinical examinations of "CAR-T" for the cure of
cancer. The optimal dose of chemotherapies, PD1/PDL1 inhibitors,
and CTLA-4 inhibitors is still a matter of active investigation.
ICT are more likely to be effective in patients who weren't earlier
treated with chemotherapy. Future methods to create new ways of
researching together and offering these revolutionary medicines
for patients, as well as the most information about the treatment of
cancerous tumors using CAR T cells and CPB medicines, will be
revealed via ongoing clinical studies.
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