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ABSTRACT

Purpose: The paper reviews the obstacles that face CAR-T cells in solid tumors
and the suggested novel strategies to overcome these obstacles in association
with the efficacy as well as the safety profile of CAR-T cell therapy.

Subjects and Methods: This is a systematic review exploring the novel strategies
to improve CAR-T cells in solid tumors.

Results: Several strategies have been developed, including: 1) targeting multiple
antigens; 2) improving trafficking of CAR-T cells into tumor tissues; 3)
Preventing the immunosuppression of TME on CAR-T cells by different
approaches such as blocking the recruitment of MDSCs or TAM in TME, saving
CAR-T cells viability from exhaustion by blocking negative signals, and
enhancement of CAR-T cells persistence activity by blocking PD-1/PDL-1
pathway in TME, 4) designing novel CAR-T cells to prevent the exhaustion; and
5) inducing a self T cells response in the tumor-bearing host to prevent tumor
escape and enhance CAR-T cells activity.

Conclusions: Recent researches about CAR-T cells therapy carries new hope for
targeting solid tumors.

INTRODUCTION

One of interesting cellular immunotherapy that used for cancer treatment is chimeric antigen
receptor (CAR) T cell therapy. CAR-T cell is a genetically modified T cell that to express
chimeric antigen receptor (CAR) for specifically identify and destroy the cancerous cells in
an MHC-independent manner, and prevent them from escaping (Jensen & Riddell, 2014;
Labanieh et al., 2018).

Thirty years since Gross et al, first innovated CAR-T cells. Basically, CARs composed of
three components, extracellular antigen binding region, transmembrane region and
intracellular signal transduction region. Each part has a specific function. The extracellular
antigen binding region target antigen is composed of the single-chain variable fragment
(scFv) of an antibody and identifies the target antigen. The transmembrane region connects
extracellular region with intracellular region. The intracellular signal transduction region is
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the activation domain with one or more co-stimulatory domains that responsible for the
activation of CAR-T cell(Gross et al., 1989).

Based on the structure of intracellular signals transduction region, there are four generations

of CAR-T cells. The first generation CAR-T cells have only one signal domain (CD3(). The
first generation CARs clinically failed in the majority of patients as CAR-T cells did not
persist and expand in vivo for more than a few days. Therefore, additional costimulatory
molecule used in the second generation such as CD28, OX40 or 4-1BB etc., to prolong the
survival time and significantly increase the anti-tumor efficacy of CAR-T cells. The third-
generation CARs contain more than one costimulatory molecules that stimulate cell
proliferation and cytokine release according to the preclinical trials. The fourth-generation
CAR-T cells have extra powerful tools including ascytokines, receptors for chemokines
suicide gene and controlled suicide gene that provide not only rapid expansion and high
tumor killing activity, but also superior advantages in safety and persistence(Ahmed, 2021).

The optimized CAR-T cells demonstrated obvious success in CD19+ B cell line
hematological malignancies. For solid tumors, there are many obstacles and challenges, such
as interfering with CAR-T cells identification of tumor antigens, hindering the infiltration of
CAR-T cells and no persistence of CAR-T cell activity(Ahmed, 2021). In this review, we
discussed the obstacles that face CAR-T cells in solid tumors and the suggested novel
strategies to overcome these obstacles in association with the efficacy as well as the safety
profile of CAR-T cell therapy.

METHODOLOGY

This is a systematic literature review drawing upon previous studies. Google scholar, Scopus,
PubMed were searched for relevant studies. There is no time frame binding the study.

RESULTS AND DISCUSSION

Improving trafficking of CAR-T cells into tumor tissues:

The main cause of poor efficacy of CAR-T cell therapy is insufficient number of CAR-T
cells to enter the solid tumor. Therefore, the enhancement of CAR-T cell pentration into
tumor microenvironment (TME) is important to improve its efficacy in solid tumors.
Obstacles that hinder CAR-T cells infiltration into solid tumors are including: (1) fibrosis of
tumor-associated fibroblasts (CAFs) and abnormal tumor blood vessels represent a physical
barrier, (2) the chemokines of solid tumors is not matched with the chemokine receptor of
CAR-T cells(Jo et al., 2020).

Overexpression of fibroblast activation protein (FAP) in CAFs activates CAFs by FAP-
STAT3 axis to drive CCL2 expression and promote bone marrow-derived inhibitory cells
(MDSCs) recruitment in TME resulting in increasing tumor growth. For modulation of
immune microenvironment and overcoming CAFs barrier, FAP-redirected CAR-T cells are
used. Preclinical trial in tumor-bearing mouse model of malignant pleural mesothelioma,
CAR-T cells targeting FAP stopped tumor development significantly and prolonged the
survival time(Ahmed, 2021).

Formation of abnormal blood vessels by tumors to gain more nutrition for growth and
metastasis leads to the spatio-temporal heterogeneity of tumor blood flow leading to
abnormal TME including interstitial hypertension, hypoxia and acidosis. This abnormal
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vascular tissue negatively impacts on CAR-T cells infiltration. Therefore, targeting tumor
blood vessels is essential to improve CAR-T cells infiltration. The vital signal in angiogenesis
process is VEGF/VEGFR axis that can enhance endothelial cells proliferation, improve the
expression of adhesion molecules, and increases vascular permeability. Using anti-angiogenic
therapy against VEGF/VEGFR can normalize tumor vessels. It has been found that anti-
VEGFR2 CAR-T cells can extend the survival time of B16 tumor-bearing mice when used in
combination with T cells specific for the melanoma tumor antigens (gp100 or TRP-1). The
synergistic therapy could promote vascular normalization. The anti-VEGFR-2 CAR-T cells
may reduce the populations of immunosuppressive cells such as Tregs and MDSCs which
express VEGFR-2(Ahmed, 2021). Also, both of VEGFR1-targeted CAR-T cells and
VEGFR-2/3 CAR-T suppress tumor growth by the same mechanism(Schuberth et a;., 2013).

Mismatched chemokines/chemokine receptors is also considered one of physical barriers that
hinders CAR-T cells infiltration into solid tumors. The development of CAR-T cells
expressing chemokine receptors can improve CAR-T cells entry into tumors through binding
to their corresponding ligands. For example, CD70+ primary gliomas can secret many
chemokines, particularly IL-8. So, the CD70 pecific CAR-T cell co-expressing IL-8R could
be recruited to tumor tissue to do its effect. Additionally, CXCR2-expressing CAR-T-cell that
targets the tumor-associated avB6 integrin, could recruit to tumor site and perform its anti-
tumor activity against Avp6-expressing ovarian or pancreatic tumor xenografts. [14] When
CCR2b exressing CAR-T cells that target GD2 are injected into tumor-bearing mice with
CCL2-secreting neuroblastoma, the homing ability of CAR-T cells enhanced and the
antitumor activity increased (Figure 2)(Jin et al., 2019).

Figure (2): Enhancement of CAR-T cells infiltrating into solid tumors. (a), (b), overcoming CAFs barrier or
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Destroying abnormal tumor blood vessels. (c), (d), (e), Improving the entry of CAR-T cells expressing
chemokine receptors into tumor tissue (Zhang et al,.2021)

Preventing the immunosuppression of TME on CAR-T cells

Potent immunosuppressive and immunomodulatory signals against CAR-T-cells are provided
by TME via cell-cell interactions and secreted factors. The main factors in TME affecting the
CAR-T cells efficacy are many types of immune cells, hypoxia, upregulated immune
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checkpoint ligands and the immunosuppressive mediators. Cell-cell interactions are occured
by immune cells in TME, including, myeloid derived suppressor cells (MDSCs), tumor-
associated macrophages (TAMs) and regulatory T cells (Tregs) resulting in a production of
different mediators, such as, reactive oxygen species (ROS), lactic acid, arginase,
indoleamine 2, 3- dioxygenase (IDO), prostaglandin E2(PGE2), adenosine and TGF-p.
Therefore, improving of CAR-T cells anti-tumor activity requires blocking of immune cells
or molecular signals included in TME immunosuppression(Fultang et al., 2019; Parihar et al.,
2019).

Blocking the recruitment of MDSCs or TAM in TME

Myeloid-derived suppressor cells (MDSCs) recruitment can be suppressed by Olaparib or
eliminated by Gemtuzumab Ozogamicin (against CD33) or NK cells expressing a chimeric
activating receptor NKG2D.( to restore CAR-T cells proliferation and subsequently death of
tumor cells . Furthermore, the ligand of NKG2D (NKG2DL) is overexpressed on MDSCs
and in some solid tumors not in healthy tissues. Administration of NKG2D-Fc fusion protein
by tumor-bearing mice eliminates MDSCs through NKG2D/NKG2DL axis and improve the
anti-tumor activity of CAR-T cells(Feng et al., 2020). For TAMs,
Glycophosphatidylinositol-anchored receptor (Folate receptor B “FRB”) is over-expressed on
TAMs. The presence of FRB+ TAMs in tumor tissues always has a bad prognosis. Therefore,
using folate receptor B (FRp) redirected-CAR-T cells that eliminates FR+ TAMs from the
TME leads to improve endogenous tumor-specific CD8+ T cells infiltration in the TME and
inhibit tumor growth(Kurahara et al., 2012).

Saving CAR-T cells viability from exhaustion by blocking negative signals

One of important soluble regulators in TME is TGF-P. it suppresses CD8+ T cells cytotoxic
function by downregulation of granzymes expression. By inhibiting the endogenous TGF-
receptor (TGFBR2) signal in CAR-T cells, the anti-tumor activity of ROR1-specific CAR-T
cells enhanced for triple-negative breast cancer via inhibiting of Treg conversion and
preventing CAR-T cells exhaustion. [20] The novel CD19 CAR-T cell that secrete bispecific
trap protein co-targeting PD-1 (a PD-1 ScFv) and TGF-B (TGFBR II Domain) blocked
endogenous TGF-B signaling, reduced the Treg proportion and improved CAR-T cells
therapeutic effect in PC3-CD19 prostate tumor xenograft model(Lind et al., 2020).

One of the most important characteristics of the TME is hypoxia that can enhance tumor
progression by different mechanisms, such as adenosine receptor expression upregulation in
immuno-suppressive cells. Therefore, Improving the anti-tumor activity and saving CAR-T
cells from exhaustion could be achieved by blocking the adenosine signal of CAR-T cells
with CRISPR/Cas 9 system, sShRNA or overexpressing denosine Deaminase 1(Giuffrida et
al., 2021).

Redox micromilieu and lactate of the TME are apart from the cytokines and adenosine
signals. They cause damage to CAR-T cells. In order to save CAR-T cells from damaging by
ROS in TME, CAR-T cells co-expressing catalase could prevent the loss of CAR-T cell
functions caused by oxidative stress and promote T cells antioxidant capacity by
metabolizing H202 subsequently save anti-tumor function(Ligtenberg et al., 2016). Also,
high amount of lactate in TME inhibits T cell functions via suppressing IL-2 production.
Improving anti-PD-1 efficacy (Daneshmandi et al., 2019) and CAR-T activity (Mane et al.,
2021)could be achieved by blocking lactate dehydrogenase A (LDH-A) in tumor cells.

39 |
Journal of Scientific Research in Medical and Biological Sciences
https://bcsdjournals.com/index.php/jsrmbs



https://bcsdjournals.com/index.php/jsrmbs

Enhancement of CAR-T cells persistence activity by Blocking PD-1/PDL-1 pathway in
TME

One of the potential tumor markers is PD-1/PD-L1 axis. Suppression of anti-tumor activity of
T cells and interface of CAR-T cells infiltration into TME occur by the Interaction between
PD-1 on T cells and PD-L1 on cancerous cells. IFN-y,TGF-p and TNF-a induce the
expression of PD-1 on tumor tissues via activation of Ras, ERK/MAPK, PTEN/PI3K, and
Akt/mTOR signaling pathways. Enhancement of CAR-T cells anti-tumor activity is induced
by knocking down or knocking out of the PD-1 gene in CAR-T cells or using immune-
checkpoint blockades in combination with CAR-T cells. this modified CAR-T cells are safer
because of the scFv secreted by CAR-T cells is restricted to tumor tissues. For knocking out
PD-1 gene in CART cells, the CRISPR/Cas9 gene editing system has been designed (Figure
3). In human, using CRISPR/Cas9 ribonucleoprotein-mediated editing to disrupted PD-1 in
CAR-T cells enables from good tumor control and prevents the relapse triple-negative breast
cancer cells xenograft PDXs models(Hu et al., 2019).

Despite of EGFRVIII CAR-T cells administration (iv) is effective in destroying intracerebral
tumors, the increase in PD-L1 expression on tumor tissue hinders CAR-T cells functions
leading to tumor progression. While generating EGFRVIIIAPD-1 CAR-T cells using
CRISPR/Cas9 gene-editing of the PDCD1 locus in CAR-T cells specific for EGFRvIII was
effective in NSG mice against EGFRvIII expressing glioma. Also, a third-generation PD-1-
disrupted EVCAR-T cells targeting EGFRvVIII could improve the efficacy of CAR-T cells and
inhibit the growth of GBM cells. On the other hand, PD-L1-targeted CAR-T or CAR-T cells
expressing a dominant-negative form of PD-1 significantly enhanced the activity of
mesothelin-targeted CAR-T cells with xenograft PDXs models. Interestingly, blocking PD-
1/PD-L1 signal not only decrease CAR-T cells exhaustion, and improve the persistence but
also increase the ratio of CD8+/CD4+ T cells in the TME(Choi et al., 2019).
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Figure (3): Overcoming the suppression of CAR-T cells activity in TME by new approaches. (A) hindering the
infiltration of MDSCs in TME by Olaparib, CD33-targeting antibodies or NK cells expressing a chimeric
activating receptor NKG2D.{. (B) FRp-targeting CAR-T cells deleted TAM for activation of mesothelin-

redirected CAR-T cells and endogenous tumor-specific CD8+ T. (C) relieving exhaustion signals or oxidative
stress by deleting TGF-p or adenosine signal or overexpressing catalase. (D) inhibiting PD-1 signal by
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autocrine anti-PD-1 scFv, blocking PD-1 expression using CRISPR-Cas9 or by antibodies targeting PD-
1(Zhang et al,.2021

Preventing the exhaustion of CAR-T cells by engineering novel strategies

The exact mechanism mediating CAR-T cell exhaustion is not yet clear. The available
results may open up new approaches for solving the problem and providing potential novel
targets for improving CAR-T cell therapies. Dysfunction of CAR-T cells may be happened
due to TME suppression, antigen density and T cell exhaustion. The main characteristic of
exhausted CAR-T cell is marked decrease in the production of IL-2. It is caused by
continuous antigen stimulation and inflammatory signals in chronic infections as well as
tumors. This exhausted T cells are not only inactive to eradicate tumors, but also express a
wide range of inhibitory receptors including PD-1, TIM-3 and LAG-3. Although, till now, the
mechanisms by which exhaustion of CAR-T cells occurs are not completely understood,
various engineering strategies have been developed recently in order to prevent exhaustion
and improve the persistence of CAR-T cells (Wherry & Kurachi, 2015).

Persistence of CAR-T cells is affected by various co-stimulatory molecules. For example,
continous proliferation, persistent and activity of CD19-based CAR-T cells in clinical trials
influenced by the tandem signaling endo-domains of co-stimulatory molecules including
CD28, ICOS, 0X40, and 4-1BB as well as cytokine signals. Each of them has a specific role
for CAR-T cells persistence (Ghorashian et al., 2019). Also, 4-1BB-based CAR-T cells
demonstrated clinical durable persistence in comparison to CD28-based CAR-T cells. This
may be regarded to CD28-based CAR-T cells expressed genes encoding for inhibitory
receptors, including LAG3, TIM-3, CTLA4, BTLA, and CD244(2B4), and exhaustion-
related transcription factors such as T-bet, EOMES, Blimp-1, and Helios while 4-1BB-based
CAR-T cells expressed transcription factors related to immune memory, including KLF6,
JUN and JUNB. Additionally, 4-1BB-based CAR-T cells persistence is because of potently
activation of CAR engineered T cells to ncNF-kB signaling by 4-1BB cytoplasmic domain
signals that promotes CAR-T cells survival via repressing the pro-apoptotic protein Bim
expression. It is suggested that post antigen identification, CD28-based CAR-T cells can be
activated and expressed effector molecules and immunosuppressive molecules more rapidly
than 4-1BB-based CAR-T cells. The relatively slower activation process of 4-1BB-based
CAR-T cells has a beneficial effect on effector T cells to differentiate into memory T cells.
Based on the mechanism, both CD28 and 4-1BB redirected CAR-T cells have a particular
glycolytic and fatty acid metabolism. CD28-based CAR-T cells are more dependent on a
glycolytic-based metabolism which is characteristics of effector T cells while 4-1BB-based
CAR-T cells used fatty acids as the essential source of energy , which is characteristics of
memory T cells(Philipson et al., 2020; Kawalekar et al., 2016).

In addition to, inducible costimulator (ICOS) is a member of the CD28 family and has an
YMFM signal motif in the intracellular domain. ICOS signaling is essential for optimal
proliferation and activition of human Th17 cells. ICOS-based CD4+ CAR-T cells showed a
Th17 core molecular signature with a Thl bias, including overexpression of IFN-y, TNF-a
and T-bet. Also, the Th17 cells that were redirected with 1COS-based CARs mediated
efficient antitumor responses. Thus, the selection of appropriate costimulatory signals
molecule is a critical part for enhancing the persistence of CAR-T cells(Paulos et al., 2010;
Guedan et al., 2014).
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Enhancement of CAR-T cells persistence can be achieved by designing CD28 motifs. CD28
includes YMNM, PRRP, and PYAP as intracellular subdomains. Each sub domains has an
important role in inducing T cell activation and differentiation. YMNM signal motif, starting
at Tyrosine 170/173 (mouse/human), has a specific function to recruit important Src-
homology 2(SH2)-domain proteins, such as PI3K and Grb2/Sos adapters, leading to
activation of of NF-xB, AP-1, and NATF and subsequently expression of IL-2 and
differentiation of T-cell to short-lived effectors (Pagan et al., 2012). Previous experience
elicited that replacement of YMNM and PYAP subdomains with FMNM and AYAA, in the
CD28 costimulatory domain that retained only one functional CD28 motif PRRP, could
develop durable antitumor control in xenograft models (Boucher et al., 2021). Similar studies
have demonstrated that by replacing N (asparagine) with F (phenylalanine) in the
continuation of YMNM in CD28 will decrease CD28-CAR-T cells exhaustion and increase
their persistence. Therefore, designing CD28 motif subdomain to modulate CAR-T cells
persistence has also significant impact on the therapeutic efficacy and safety of CAR-T cells
(Guedan et al., 2020). It is suggested that CD28 signal modification may provide a better
suitable combination of downstream transcription factors and is more conducive for gene
transcription that inhibits the exhaustion of CAR-T cells (Figure 4).

Figure (4): The persistence of CAR-T cells viability is affected by co-stimulatory signals of
CARs . (A) CAR based on 4-1BB induced the persistence of CAR-T cells viability by
reducing apoptotic protein expression, and enhancing immune memory related transcription
factors expression. (B) CD28 with YMNM motif is conducive to the production of high
levels of NFAT and NR4a, leading to production of large amounts of IL-2 and developing of
the exhaustion state. (C) CD28 with YMFM motifs enhances the production of transcription
factor complexes, including NFAT/c-Fos/c-Jun that maintains the persistence of CAR-T cells
by increasing the activity of AKT(Zhang et al,.202).
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Another approach for improving of CAR-T cells persistent vitality can be achieved by CD3e
and { ITAMs. CD3 modification has a beneficial effect on CAR-T cells persistence. Three
intracellular ITAM motifs are contributed in CD3( providing signal 1 for activating T cell,
promoting cytolysis, regulating IL-2 secretion and enhancing anti-tumor activity. Studies
demonstrated that a single functional ITAM has an effective antitumor activity leading to a
more memory/naive phenotype. It was superior to the triple-ITAM-containing wild-type
CD3( chain. [38] Another different study showed that using CD3¢ cytoplasmic domain in a
second-generation CAR enhanced CAR-T cells antitumor activity(Wu et al., 2020). This is
regarded to CD3e ITAMs has Lck kinase that recruited the inhibitory Csk kinase to balance
the activating and inhibitory motifs of TCR signals, and subsequently improve antitumor
activity of CAR-T cells.

Additionally to designing the CAR costimulatory signals, novel approaches to develop
specific cytokines for full activation of CAR-T cells were used. It was approved that the
expression of cytokines IL-7 (Ma et al., 2020), IL-15 and IL-23improved the activation and
expansion of CAR-T cells. In tumor-bearing mice, IL-7 is found to be promoted CAR-T
cells proliferation, prolonged the survival of CAR-T cells and prevented the exhaustion by
downregulation of PD-1 expression. Also, T cells redirected with an optimized GD2-specific
CAR and interleukin-15 is found to be reduced PD-1 expression and enhanced CAR-T cells
proliferative ability. There is a particular integration between both cytokines IL-7 and IL-15
to generate CD45RA+ CCR7+ early memory populations and favor the emergence of an
intratumoral CD8+CD62L+TCF7+IRF4- population that was highly responsive to anti-PD-1
therapy. As shown in figure (5), mbIL15-CAR-T cells (coexpressing CAR with a membrane-
bound chimeric IL-15) resulted in high persistent CAR-T cells by stopping the downstream
effects of CD28 that cause CAR-T cells exhaustion.
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Figure (5): Cytokines improved CAR-T cells activity and persistence. (A):The expression of cytokines IL-7, IL-
15 enhanced cytokine-driven CAR-T cell ctivation and expansion. (B): mbIL15-CAR-T cells demonstrated
durable activation through STATS activation to stop the downstream effects of CD28 that cause CAR-T cell
exhaustion(Ma et al., 2020)

Other strategy for extending long-lasting CAR-T cell activity is achieved by blocking the
inhibitory receptors expression such as PD-1, TIM-3 and LAG-3 in CAR-T cells (Zou et al.,
2019) or combining CAR-T cells with antibody therapy of inhibitory receptors (Figure 3)
(John et al., 2019) to prevent T cell failure produced by inhibitory signals or reversed CAR-T
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cells with an exhausted phenotype. Also, genetically engineering T cells for over expressing
mutated Fas variants in order to prevent FasL-mediated apoptosis, demonstrate better
persistence, and have more antitumor efficacy against both of hematological and solid
tumors (Yamamoto et al., 2019). Furthermore, REGNASE-1 gene has an excellent capability to
affect the persistence and efficacy of CD8+T cells. CAR-T cells lacking REGNASE-1 gene
demonstrated enhanced cytotoxicity against a wide range of tumors and promoted
differentiation of T cells into memory T cells(Wei et al., 2019).

Inducing a self T cells response in the tumor-bearing host to prevent tumor escape and
enhance CAR-T cells activity

Targeting mouse EGFRvVIII (an antigen specifically expressing on glioma and completely
absent from any normal tissues) by third-generation CAR-T cells (NCAR-T) destroyed
mouse gliomas, and demonstrated significant antitumor activity even when antigenic peptides
derived from EGFRvIII completely blocjed mCAR-T cells (Sampson et al., 2014).
Furthermore, the cured mice became resistant for rechallenging with EGFRVIIINEG tumors.
Assessment of MCAR-T cells mechanism of action revealed that lysing of cancerous cells by
MCAR-T cells resulted in activation of dendritic cells (DCs) and macrophages of tumor-
bearing mice followed by killing of the EGFRVIIINE® tumor by tumor-specific T cells of mice
because of T cell clones of the tumor-bearing host were activated by epitope spreading and
kill cancerous cells with altered tumor antigens (Sampson et al., 2014).

It has been reported that CAR-T cells expressing IL-7 and CCL19 (7 x19 CAR-T cells) could
improve migration of DCs and T cells into TME for complete control of the pre-established
solid tumors growth and prolonged the survival [48]. Moreover, muFAP-CAR-T cells
(expressing the specific CARs for the mouse fibroblast activation protein “FAP”) found to
have no antitumor effects on tumors in the immunodeficient NSG mice while significantly
suppressing the tumor growth in the wild-type mice by augment of the endogenous CD8+ T-
cell (Wang et al., 2014).

CONCLUSION

For improving CAR-T cell therapy in the management of solid tumors, several strategies
have been developed, including: 1) targeting multiple antigens; 2) improving trafficking of
CAR-T cells into tumor tissues; 3)  Preventing the immunosuppression of TME on CAR-T
cells by different approaches such as blocking the recruitment of MDSCs or TAM in TME,
saving CAR-T cells viability from exhaustion by blocking negative signals, and enhancement
of CAR-T cells persistence activity by blocking PD-1/PDL-1 pathway in TME, 4) designing
novel CAR-T cells to prevent the exhaustion; and 5) inducing a self T cells response in the
tumor-bearing host to prevent tumor escape and enhance CAR-T cells activity. Recent
researches about CAR-T cells therapy carries new hope for targeting solid tumors. The final
task in this field is to carry out clinical application.
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