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Cancer immunotherapy using T-cell receptor engineered T cell
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Abstract: T-cells have played extremely important roles to prevent tumor cells from growing into
cancer. Adoptive cellular therapy (ACT) with T-cells can not only cease tumor progression but also cure
cancer. The development of various ACT strategies for tumor immunotherapy has promoted substantial
progress for cancer management in recent years, whilst our review focuses on T-cell receptor engineered
T cell therapy (T'CR-T) that is becoming a promising treatment for cancer. Many TCR-T clinical trials
are being carried out for treating solid tumors. However, it is important to optimize the treatment safety
and efficacy in controlling the disease and preventing the fatal adverse events. New approaches to improve
TCR-T such as enhancing TCR affinity, increasing TCR expression, reducing mispairing and rigorous
testing TCR specificity etc. will provide more safe and effective immunological treatments for cancer
patients. Furthermore, combinations of TCR-T with other treatments, such as surgery, radiation therapy,
chemotherapy and immune checkpoint blockade, may extend the effectiveness in dealing with the complex

malignant diseases.
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Introduction (RT) have developed as three pillars of cancer treatments.

But big wounds, drug resistance and tumor relapse

Cancer has become a main public health issue and one of ..
demonstrate the drawback of traditional cancer treatments.

the major causes of death in the world. In 2018, available On the other hand, immunotherapy, which prevents tumor

data indicated that there were estimated 18.1 million new formation or suppresses its growth by reassembling the

cancer cases and 9.6 million cancer deaths. Lung cancer immune system intrinsic functions, is becoming a more

. o . . :
was the leading cause of cancer death (18.4%), which was and more reliable cancer treatment and forming a new

followed by colorectum cancer (9.2%), stomach cancer
(8.2%), liver cancer (8.2%), breast cancer (6.6%) and

pillar over the past two decades. But the biggest challenge
we are facing in the immunotherapy is that the impact of

esophagus cancer (5.3%) (1). Both in developing and
developed countries, malignancies, especially the late stage
diseases, consume a lot of human and financial resources,
but unfortunately, are still very difficult to be cured.
Traditionally, surgery, chemotherapy, and radiotherapy
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central and peripheral immune tolerance can be utilized
by being targeted tumors to hamper immune effector
cells. There are numerous strategies for carrying out
immunotherapies to overcome the immune tolerance, such
as therapeutic vaccines, immune checkpoint blockades,
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tumor microenvironment (I'M) regulation strategies or
adoptive cellular therapy (ACT) (2).

ACTs have shown promising results in clinical
investigations. To date, various ACTs, such as lymphokine-
activated killer (LAK) cells (3), tumor-infiltrating
lymphocytes (TILs) (4), cytokine-induced killer (CIK)
cells (5)/cytokine activated T-cells (CATs) (6), v T cells,
natural killer (NK) cells, chimeric antigen receptor-modified
T cell therapy (CAR-T) (7) and T-cell receptor engineered
T cell therapy (TCR-T) (8) have been developed and tested
in clinics. As a passive immunotherapy, ACT processes
may involve sorting immune cells from patients or healthy
people, expanding the cells ex vivo, then infusing the bulk
immune-cell populations into patients to treat the cancers.
Relying on tumor-specific T cell, some of the ACT
approaches are becoming potentially powerful treatments
for cancer, and the direct examples are two US FDA
recently granted CAR-T products, Kymriah for treating
acute lymphoblastic leukemia (ALL) (9,10), and Yescarta for
treating B-cell lymphoma (11,12).

The development of ACT is deeply related to clinic
needs, and its evolution relies on tremendous discoveries
in immunology in the past decades. Since ACT is such a
complex therapy, and has demonstrated enormous potential
for treating cancers in clinic practice, we believe that a
collective summary of the development, key questions,
critical modifications, should be helpful for improving the
technology. In this review, we will summarize the history
of ACT, and focus on TCR-T therapy, discuss target
selection, challenges and resolutions of TCR-T technology,
combination of TCR-T with other therapies for cancer
treatment.

Evolution of ACT

In 1955, Mitchison conferred that adoptive transfer lymph
node cells could retain tumor immunity in mouse (13).
Almost 30 years later, Rosenberg group demonstrated that
LAK cells inhibited the growth of established melanoma
using murine B16 metastasis model (3). LAK cells have no
restriction on major histocompatibility complex (MHC) for
the cytotoxic effect and a broad anticancer spectrum, but
have challenges like restrained cell expansion, low efficacy
and severe adverse effects. However, the group found
that combination of LAK cells and interleukin-2 (IL-2)
therapy had a great therapeutic effect on metastatic cancers
including renal carcinoma and melanoma (14).

In the late 1980s, Rosenberg group developed TILs as
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a new kind of ACT by isolating lymphocytes from tumor
tissues, and demonstrated its high anti-tumor activities
after in vitro expansion and infusion of the cells (4). TIL
is a mixture containing different kinds of lymphocytic
populations, such as NK cells, NK T cells, CD8" T cells,
CD4" T cells and y/8 T cells. The promise of early ACT
results has promoted further development in the fields.

Peripheral blood mononuclear cells (PBMCs) had
become a major source of lymphocytes for the development
of ACT immunotherapy. Schmidt-Wolf ez a/. demonstrated
that CIKs, which produced by inducing and expanding
PBMCs with anti-CD3 monoclonal antibodies, IFN-y
and IL-2, had potent antitumor activities (5). CD3*CD56"
effector cells, which comprise only 1-5% PBMC:s of healthy
person, are the major population of CIK (15). CIKs have the
advantages of rapid expansion, high efficient killing various
tumor cells, non-human leukocyte antigen (non-HLA)
restriction and almost no effect on normal bone marrow,
thus can be used as an important complement method
in tumor therapy. Such advantages have been harnessed
for targeting cancer cells in an antigen-specific manner
by further modification of cytokine activated killers (6),
or we name this sort of ACT as antigen-specific T cell
ACT.

The antigen-specific T cell ACT has been developed
mainly into two directions, one of them is CAR-T cell
therapy. In 1989, Gross group discovered that CAR-Ts
targeting natural antigens on the surface of tumor cells were
not dependent on the antigen processing and presentation
with HLA (7). Through several decades, CAR-T has been
refined continually to improve the safety and efficacy.
Generally, CAR-T is genetically constructed to express
scFv fusions containing T-cell signaling domains, such as
a transmembrane domain, a CD3-derived ITAM signaling
domain, and a costimulatory signaling domain (such as
CD28, OX40 or 4-1BB, etc.) (2,16,17).

TCR-T as another antigen-specific T cell ACT was
inspired by studies of Dembic er #/. that o and B gene
transfection could redirect the T cell specificity to recognize
cognate antigens presented by MHC-I in mouse models in
late 80s (8,18). In 1999, Clay et 4l. subsequently described
that genes of a melanoma-associated antigen 1 (MART-1)
specific af TCR were efficiently transferred to human PBL
for treating the cognate antigen positive tumors (19). The
remarkable capability of TCR-T has also been illustrated
by curing a metastatic melanoma patient with NY-ESO-1
specific CD4" T cells isolated directly from the patient (20).
Objective regression was also noticed in two patients treated
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with TCR-T specific for MART-1 (21), and a recent report
on TCR-T clinic trials showed that affinity improved
TCR-T delivered 80% clinical responses with advanced
myeloma (22,23). However, TCR-T as a therapeutic
strategy for cancer management has its own limitations, and
will be discussed in detail later in this review.

Selection of antigens for TCR-T therapy

In TCR-T gene therapy, the first step is to select
appropriate tumor antigen for TCR targeting. There
are three main type tumor antigens: (I) tumor-associated
antigens (TAAs) that are present in healthy tissue but
overexpressed in cancer cells, (II) cancer testis antigens
(CTAs) that are expressed in cancer cells and testis, fetal
ovaries, and trophoblasts (24) and (III) tumor-specific
antigens (T'SAs) that are just expressed in cancer cells, such
as neoantigens and antigens produced by a carcinogenic
virus, but not in healthy tissue.

"To ensure the safety and effectivity of TCR-T treatment,
the targeted antigens presented by MHC on the cancer
cells should not exist or be very weakly expressed on normal
cells. An adequate T-cell epitope is critic for specific TCR
isolation and specifically targeting tumor with constructed
TCR-T.

TCR-T therapy has the advantage to recognize most
of tumor antigens as they are able to recognize both
extracellular and intracellular antigens (16). Over the past
decades, there have been many well characterized peptide
antigens published for the development of TCR-T. Among
these antigen peptides, NY-ESO-1 5, s has been proved
to be one of safe and effective targets, so there are more
than 30% TCR-T clinical trials targeting NY-ESO-1 5, 4.
HPV-16 E6 and E7 proteins are TSA and closely related
with the occurrence of cervical cancer, and TCR-T clinical
trials targeting these two antigens have increased rapidly
during recent years. In addition, many TAAs, CTAs or
T'SAs are available for TCR-T therapy, such as MART-1,
Wilms’ tumor antigen 1 (WT1), HBsAg, AFP, MAGE(A3,
A4, A6, A10), PRAME, CMV, EBYV, gag, gpl100, HAI,
HERV-E, LMP2, CEA or P53 (Figure 14,B) (25). Figures 2,3
shows the TCR-T clinical trials worldwide until 2019 with
data collected from Clinical Trials.gov.

Neoantigens are potential good cancer rejection antigens,
which were generated by protein somatic mutation and
the resulted peptides are absent from the normal human
peptidome. Both tumor-specific DNA alterations and viral
open reading frames contribute to the pool of TSA. T cells
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targeting those antigens are not affected by central T cell
tolerance, may effectively control tumor occurrence (26,27).

The limitation of TCR-T and improvement
strategies

TCR-T is a kind of TCR gene-modified T cells, and
would have some inherited and passive limitations. TCR
recognizes HLA restricted antigens, and its binding affinity
is selected at the thymus during the T cell maturation, which
is a process evolved to prevent the T cells from establishing
autoimmunity. However, such self-protection features of
immune system can be amplified and utilized by tumor cells
to keep from the attacks by T cells. In addition, genetically
modified T cells may result in off-target toxicity (28).
On the other hand, during the TCR-T treatment, a
systemic cytokine release, known as cytokine release
syndrome (CRS) (29), may induce a serious adverse event,
and uncontrolled CRS will undermine TCR-T applications
(22,23). In order to treat patient safely and effectively,
researchers and clinicians have developed some strategies to
improve the function and safety of TCR-T.

Improving the efficacy

Enhancing TCR affinity

T cells specifically target pHLA with natural affinities
selected to ~1-100 pM (30-32), which limit the T cells
to recognize tumor cells showing abnormal antigen
presentation. Central and peripheral tolerance need low
TCR affinity, so there may be no high-affinity CTLs
specific for TAA in the peripheral T cell repertoire due
to the deletion in the process of thymic selection or
tolerance induction. In tumor micro-environment, the
downregulation of MHC-peptide complex (pMHC)
molecules in most tumors may cause tumor-induced
immune tolerance, thus the affinity of TCR for pMHC may
limit their function (33,34). Thus, increasing the affinity
between TCR and pHLA may overcome tumor-induced
immune tolerance and improve the TCR-T function.

Yeast display of TCRs was used to screen stable mutants
of the single-chain allo-reactive mouse 2C TCR and to
enhance its affinity by 100-fold. The high-affinity 2C TCR
endows the transfected T  cells with more peptide sensitivity
and CD8 independence (35,36). Boulter and his group
demonstrated a strategy to generate stable TCR molecules,
in which an inter-chain disulfide bond was introduced into
the interface between constant domains of the TCR. This
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Figure 1 The targeted antigen distribution of TCR-T clinical therapies from 2004 to 2019. (A) and (B) NY-ESO is the most dominant TAA

(The data comes from: clinicaltrials.gov.). Other target antigens such as MART-1, WT'1, virus specific antigen and other neoantigens are

gradually being tried for TCR-T therapy. TCR-T, T-cell receptor engineered T cell therapy; TAA, tumor-associated antigen; MART-1,

melanoma-associated antigen 1; WT1, Wilms’ tumor antigen 1.

method is proved to be suitable for various TCRs (37).

Based on the study of Boulter, the affinity of TCRs
were greatly enhanced to pM level using phage display in
2005. Li e al. demonstrated these high-affinity TCRs were
specific and sensitive to target cell-surface pHLAs (38). The
high-affinity TCR redirected CD8" T cells released a wider
range of soluble factors and more IL-2 than those natural
affinity TCR redirected CD8" T cells. Both HIV wild-type
and mutants could be effectively controlled by high-affinity
TCR-T cells (39).

Zhao group redirected human PBLs with a series of
high-affinity TCRs having KD values of 4 pM, 450 nM,
84 nM, 5 nM and 26 pM to verify if T cells expressing the
high-affinity TCRs would be more sensitive to cancer cells.
And Robbins group also checked different mutations of
1G4 TCR for their functions and specificity. The results
showed, in order to ensure the safety and reduce the cross-
reactivity of TCRs to self-peptide antigens, that the affinity
of TCRs to pHLA should be intermedium but not too high
(40,41).

© Annals of Blood. All rights reserved.

In 2006, Rosenberg group reported that there were
about 12% (2 of 17) tumor regression while using wild-type
MART-1,, ;5-specific TCR-T to treat melanoma patients
(NCT00091104). The infused cells could be detected in
patients for a long time (21). Furthered studies indicated
that there were 12% (4 of 34) and 30% (6 of 20) tumor
responses while treating patients with low (DMF4) and
high (DMF5) affinity T'CR specific for the same MART-
1 antigen, respectively (NCI-07-C-0174 and NCI-
07-C-0175) (42). In addition, about 67% (4 of 6) patients
with synovial cell sarcomas and 45% (5 of 11) patients
with melanoma showed objective clinical responses while
treated by an engineered high-avidity NY-ESO-1 TCR.
And about 18% (2 of 11) patients with melanoma exhibited
absolute tumor regressions which persisted for 1 year (NCI-
08-C-0121) (43,44). In the clinic trials of affinity-enhanced
NY-ESO“"-specific TCR-T, 16 of 20 patients (80%) with
advanced multiple myeloma showed encouraging clinical
responses, with 19.1 months of median progression-free
survival (NCT01352286) (22). It suggested that tumor
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Figure 2 The distribution and numbers of the TCR-T clinical trials in each country (The data comes from: clinicaltrials.gov.). All initiated

TCR-T clinical trials numbers are counted until 2019. The United States is still the dominant leader. In the recent years, China have carried

out more T'CR-T clinical trials. TCR-T, T-cell receptor engineered T cell therapy.
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Figure 3 The distribution of new initiated TCR-T clinical trials
in the United States and China from the year of 2006 to 2019
(The data comes from: clinicaltrials.gov.). TCR-T, T-cell receptor
engineered T cell therapy.

rejection may be improved with the increasement of TCR

affinity.

Increase TCR expression
The response thresholds were substantially lowered and
the T cell population decayed gradually if TCR levels

were reduced (45). Human T'CR assembled with murine

© Annals of Blood. All rights reserved.

constant regions could express more exogenous TCR and
mediate higher levels of cytokine secretion (46). Moreover,
mutation of the amino acid on specific sites of a chain and B
chain to cysteine to introduce an additional disulfide bond,
suppression of the endogenous TCR expression by siRNA
or zinc finger nuclease (ZFN), linking TCRa and B chain
gene fragments with self-splicing polypeptide 2A (2A),
could reduce the mismatch and increase the expression of
exogenous T'CR (47-50).

In this process of immunological synapse, the activation of
T cells is triggered by the combination of TCR and pMHC
and then mediated by CD3 molecule. Co-transfection of
TCR and CD3 enhanced the expression of TCR and led to
more rapid tumor clearance (51).

Cytokines and co-stimulatory signals

The family cytokines of common cytokine-receptor
y-chain (y,), containing IL-2, IL-4, IL-7, IL-9, IL-15 and
IL-21, make an important impact in the development,
proliferation, differentiation and survival of T cells (52).
Providing exogenous IL-2 enhances the proliferation and
survival of T cells during the death phase (53). In addition,
IL-7 has effect in the downregulation of Socs3 levels
and the promotion of IL-6 production, thus to promote
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immune response to chronic infection (54). IL-15 and
IL-21 can enhance the cytotoxicity of gpl00/HLA-A2-
directed TCR-T, as those cytokines have the ability to
enhance the expression of granzymes A and B, and perforin
1 (55). T-cells specific for WT1 pretreated with IL-21
could develop memory cells and extend life span of all four
patients (56). Tyrosinase-specific TCR-T conditioned with
IL-12 exhibited significantly enhanced functional activity, as
granzyme B expression was heightened and peptide-specific
CD107a degranulation was elevated (57). White blood cells
secreting IL-2/IL-12 and recognizing NY-ESO-1 antigen
were used to cure metastatic cancer (NCT01457131).
During T cells culture, the adjunction of cytokines has a
significant impact on the subsequent therapy iz vivo.

A costimulatory signal, such as a second stimulatory
signal provided by CD28/B7, is also important for T-cell
activation. In vitro experiments indicated that EBV-specific
TCR-T co-expressed with CD28 can dramatically enhance
antigen-specific IFN-y production (58). In vivo mouse
experiments showed that TCR and CD3 co-transducted
T-cells infiltrated tumors faster and accumulated in larger
numbers, and resulted in more rapid tumor clearance

compared with T cells redirected by TCR only (51).

Improving the safety

Insert suicide genes

CRS frequently occurred as serious side effect and
potentially led to the fatal complication in the TCR-T
therapy. TCR-T may cause on-target toxicity as healthy
tissues may display the targeted antigen (59). It is not easy to
predict the specificity of the mis-paired T'CR combinations,
but the non-specificity may lead to off-target toxicity that
can cause major damage to normal organization (60).
The insertion of the suicide genes is an alternative strategy
of optimizing safety and TCR-T cell regulation in vive in
case of heavy CRS or toxicity. The herpes simplex virus
thymidine kinase (HSV-TK) is the largely tested suicide
gene in humans and is documented to be safe and effective,
which confers lethal sensitivity of TCR-T to ganciclovir
(61,62). Other suicide genes, such as a truncated human
epidermal growth factor receptor (tEGFR), the small
molecule dimerizer, the inducible caspase 9 safety switch
(iCasp9), an oligopeptide, are also frequently used to
improve the safety (63,64).

© Annals of Blood. All rights reserved.
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Rigorous assessment the potential co-expression of
peptides in normal tissues

To prevent the on-target toxicity in TCR-T
immunotherapy, it needs to examine and confirm whether
the targeted antigen could be co-expressed in normal tissues
or organs. For instance, in an AFP specific TCR-T therapy,
the alanine scan (X-scan), different kinds of tissues, cell
types and HLA alleles were applied to test the specificity
and safety (65).

Knockdown of endogenous T'CRs

The knockdown of endogenous TCRs may reduce the
mispairing and increase exogenous redirected TCR
expression, as co-expressed of exogenous and endogenous
TCR chains on T cells may lead to competition for surface
expression and inappropriate matching. Nucleases genome
editing, RNA interfere (RNAi), Zinc-finger nucleases
(ZFNs), transcription activator-like effector nucleases
(TALEN) and CRISPR/Cas9 could be used to knockdown
that gene (66,67).

Can engineering neoantigen-reactive 'I" cells cover both
efficacy and safety?

The repertoires of TCR and antigen are large, but we
only found a small part for the development of TCR-T
to carry out clinical trials. Meanwhile, as TSAs (including
neoantigens) don’t exist in the normal organs, TCR-T
therapy focusing on these targets may have the best safety
feature. The number of TAAs and CTAs targets is limited,
thus targeting neo-antigens would be advantageous for the
development of TCR-T immunotherapy (27). Cancer-
specific mutations maybe possible to be detected by next-
generation sequencing technology in individual patients
(68-70). TCR-T targeting neo-antigens such as KRAS,
has also been tested in clinical trials (NCT03190941 and
NCT03745326), and will be realistic and effective to treat
tumor patients in the near future.

TCR-T combination with other therapies

Surgical resection and RT make significant effect on
controlling tumor growth, but are often difficult to
eradicate metastases or residual cancer cells. Chemotherapy
could inhibit rapidly growing tumor cells, but the side
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Table 1 Clinical trials of TCR-T combined with other treatment
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ClinicalTrials.gov

Antigen Disease Combination ) s Location Year
identifier

MART-1 Melanoma (skin) Peptide vaccine and aldesleukin NCT00091104  United States 2004

gp100 Melanoma (skin) gp100-fowlpox vaccine NCTO00085462 United States 2004

p53 Kidney cancer melanoma (skin) Dendritic cell vaccination NCT00704938  United States 2008
unspecified adult solid tumor, protocol
specific

MART-1 Metastatic melanoma skin cancer ALVAC MART-1 vaccine NCT00612222 United States 2008

gp100 Metastatic melanoma skin cancer ALVAC gp100 vaccine NCT00610311 United States 2008

MART-1; gp100  Melanoma skin cancer Peptide vaccines NCT00923195 United States 2009

NY-ESO-1 Metastatic cancer metastatic melanoma Secrete IL-2 NCT01457131 United States 2011
metastatic renal cancer

NY-ESO-1 Malignant neoplasm Dendritic cells and IL-2 NCT01697527 United States 2012

NY-ESO-1 Unspecified adult solid tumor, protocol ~ CTLA-4 antibody blockade NCT02070406 United States 2014
specific

NY-ESO-1 Adult solid neoplasm childhood solid Nivolumab PD-1 blockade NCT02775292 United States 2016
neoplasm metastatic neoplasm

NY-ESO-1; mTCR Metastatic malignant neoplasm, cyclophosphamide and NCT02774291 United States 2016
metastatic malignant neoplasm in the fludarabine phosphate
brain

NY-ESO-1 Ovarian, primary peritoneal, or fallopian  Decitabine NCT03017131 United States 2017
tube cancer

NY-ESO-1 Multiple myeloma Anti-PD-1 antibody NCT03168438 United 2017

pembrolizumab Kingdom

HPV16+ E6 NHSCC or cervical cancer Anti-PD-1 auto-secreted NCT03578406 China 2018

NY-ESO-1 Multiple myeloma; melanoma, synovial ~ CRISPR gene edited to eliminate  NCT03399448  United States 2018
sarcoma, myxoid/round cell liposarcoma endogenous TCR and PD-1

NY-ESO-1 Neoplasms Anti-PD-1 antibody NCT03697824 United 2018

pembrolizumab Kingdom

EBV Head and neck squamous cell carcinoma Anti-PD-1 auto-secreted NCTO04139057 China 2019

- HIV/AIDS Chidamide NCT03980691 China 2019

- Solid tumor Anti-PD-1 NCT03970382  United States 2019

TCR-T, T-cell receptor engineered T cell therapy; MART-1, melanoma-associated antigen 1; IL-2, interleukin-2.

effects and drug resistance limits its efficacy to a certain
extent. Immunological checkpoint antibodies have low
tumor response rates, nearly 20-30% at most of the time.
Combining ACT with other therapeutic methods will be
likely to provide long-lasting benefits in clinical therapy.
Below we will summarize the combination of TCR-T with
resection, RT, chemotherapy, immune cells and immune
checkpoint. Table 1 shows the TCR-T therapy clinical trials

© Annals of Blood. All rights reserved.

combined with other therapies, with data collected from
Clinical Trials.gov.

Open surgery therapy is accompanied by the problem of
low survival rate and tumor recurrence. The combination
of surgical resection with TCR-T seems to be synergistic
in eliminating residual cancer cells and preventing tumor
recurrence. For instance, the team of Antonio Bertoletti
used HBs-specific TCR-T to eradicate residual HCC cells
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in the blood after the patient who had undergone liver
transplantation, which could provide valuable prophylaxis
against relapse (NCT02686372, NCT02719782,
NCT03634683) (71-73). Meanwhile, tumor tissues and
TILs after surgical resections can also be processed for
immunotherapies.

It suggests that RT can reduce the local and distal
diseases by regulating TM and changing the tumor cell
intrinsic characteristics (74). While chemotherapy can
directly eradicate tumor cells by direct cytotoxicity and
immune-mediated cytotoxicity. In the clinical research
(NCT00923195), patients were treated with 5 days of
chemotherapy and 2 days of RT, so that the immune system
was ready for receiving the MART-1 and gp100 specific
TCR-T cells. The combination between chemotherapy/
radiation and TCR-T led to the development of more
efficacious ACT treatments for cancer (75).

Peptide vaccines and DC were also tried to be used
together with TCR-T (NCT00704938, NCT00923195). In
the clinical of NCT00923195, the procedure also used the
anti-MART=-1,, 35071, peptide vaccines or the anti-gp100, 54,4
peptide vaccines to stimulate immune cells, in order to
increase the function of MART-1 and gp100 specific
TCR-T cells (75). The combination therapy made good
effect on modulating DC maturation, promoting cancer
immunogenicity, increasing tumor antigen presentation,
and motivating immune responses.

Two important checkpoint molecules CTLA-4 and
PD-1 are major negative costimulatory molecules, which
can inhibit the function of T-cell in TM (76). To overcome
the immune suppression, T cells can be combined with
anti-CTLA-4 and/or anti-PD-1 antibodies to block the
immunosuppressive signaling pathway.

FDA has approved the CTLA-4 antibody, Ipilimumab,
to treat patients with advanced melanoma, and 15-20%
of treated subjects could achieve lasting benefits up to
2.5 years. Meanwhile, the PD-1 monoclonal antibodies
pembrolizumab and nivolumab have also been approved to
treat advanced melanoma (77). Recently, TCR-T clinical
therapies combined with CTLA-4 antibody and PD-1
antibody have also been conducted to promote the function
of T cells and break immune tolerance (NCT02070406,
NCT02775292, NCT03168438, NCT03578406,
NCT03697824, NCT04139057).

© Annals of Blood. All rights reserved.
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Conclusions

TCR-T is a passive immunotherapy of cancer. To prepare
for therapeutic injection of T'CR-T, a large number of T
cells can be efficiently grown in vitro by manual or machine,
which could spare the lymphocytes from the influence of
immunosuppression environment iz vivo. Various host
preconditioning regimens can also be applied before
TCR-T to create an environment favoring infused T cell
to grow. These important advantages make TCR-T as a
promising cancer immunotherapy (78,79).

Ken Garber reported that TCR-T have an advantage
over CAR-T to treat solid tumors, though the field is still
under study (16). These encouraging clinical results on
solid tumor, such as metastatic melanoma demonstrated
the function of TCR-T to treat cancer. TCR-T may
cause on-target toxicity if the targeted antigens, mainly
TAA, not only express on tumor cells but also express on
normal tissues, even at a lower level. Therefore, targeting
antigens expressed on cancers, such as virus specific antigen
and neoantigen, have been demonstrated as a reasonable
strategy to get off the beaten path to reduce the collateral
damage.

TCR-T is promising to be a remarkably effective
immunotherapy for patients with cancer. On the other
hand, it is important to further the study of those issues,
such as how to predict and control adverse events, how
to search for new targets including neo-antigens, how to
efficiently produce T cells at low cost, and how to combine
TCR-T with other antitumor therapies. We imagine that
TCR-T adoptive immunotherapy will treat patients with
many malignancies effectively and safely by resolving these
issues in the near future, especially in the solid tumor
treatment.
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