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ABSTRACT

Churchill et al.; IRJO, 4(3): 40-48, 2021; Article no.IRJO.68037

With introduction of immunotherapy, the treatment of advanced renal cell carcinoma has undergone
a substantial change. Immunotherapeutic agents including nivolumab, ipilimumab, pembrolizumab,
have been introduced and approved for therapy of this life-threatening malignancy. Chimeric antigen
receptor- T cells produced using adoptive cell transfer genetic engineering technology, have shown
significant benefits over previous immunotherapies, but their toxicity profile needs to be carefully
weighed. While they have shown significant benefit in hematological malignancies, their role in solid
tumors has shown mixed results. Several clinical trials are ongoing to evaluate their safety and
efficacy in several malignancies, including advanced renal cell carcinoma.

This paper reviews in brief the immunotherapy and CAR-T cell therapy in renal cell carcinoma.

Keywords: Chimeric antigen receptor; CAR-T cell therapy; renal cell carcinoma.

1. INTRODUCTION

Renal cell carcinoma (RCC) is a life-threatening
malignancy, with median age at diagnosis of 64
years [1]. Most common histological subtype is

clear cell RCC (ccRCC), accounting for nearly 80%

of all RCC; other histologic subtypes being
papillary, chromophobe, translocation, and
collecting duct tumors [1].

Immunotherapy has shown promising results in
treatment of renal cell carcinoma [2]. Nivolumab
(OPDIVO, from Bristol-Myers Squibb Company),
an anti-programmed death-1 (PD-1) monoclonal
antibody, was approved by U.S. Food and Drug
Administration (FDA) on November 23, 2015 for
treatment of advanced renal cell carcinoma as a
second line therapeutic option [1,2]. Later, new
combination therapies including immunotherapy
drugs were approved by U.S. FDA as first line
agents to treat advanced RCC [2]. On April 16,
2018, U.S FDA approved combination therapy
with the immunotherapy drugs nivolumab
(Opdivo) and ipilimumab (Yervoy) as first-line
treatment for patients with advanced RCC [3].
On April 19, 2019, the U.S. FDA approved
pembrolizumab plus axitinib, and on 14 May,
2019 avelumab plus axitinib for first-line
treatment of patients with advanced renal cell
carcinoma (RCC) [4,5]. Again, very recently, On
22 Jan 2021, U.S. FDA approved a combination
of nivolumab and cabozantinib (cabometyx) (a
tyrosine kinase inhibitor) as first-line therapy in
advanced renal cell carcinoma [6,7].

Further advancement in the field of
immunotherapy in RCC includes CAR-T cell
therapy [2]. CAR-T cell therapy has shown
significant benefits over previous
immunotherapies, but their toxicity profile needs
to be carefully weighed over the benefits [2].
Several CAR-T cell therapies are already
approved by U.S FDA for non-Hodgkin
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lymphoma and leukemia, including axicabtagene
ciloleucel (Yescarta®) for relapsed or refractory
large  B-cell lymphoma, brexucabtagene
autoleucel (Tecartus®) for relapsed or refractory
mantle cell lymphoma, and tisagenlecleucel
(Kymriah®) for relapse (second or later) or
refractory B-cell precursor acute lymphoblastic
leukemia (ALL) [8]. Recently in February 2021,
U.S. FDA approved lisocabtagene maraleucel
(Breyanzi®) for the treatment of relapsed or
refractory large B-cell lymphoma [8,9]. Very
recently, on March 2021, U.S FDA approved
idecabtagene vicleucel (Abecma®) for treatment
of relapsed or refractory multiple myeloma [10].

CAR-T cell therapy of advanced RCC is still in
clinical trials stage [11-13]. In renal cell
carcinoma, immunotherapy has shown promising
results, so CAR-T cell therapy adds to the hopes,
but significant nephrotoxicity of CAR-T cells is an
important risk factor to consider [2].

2. GENERAL PERSPECTIVE
IMMUNOTHERAPY

ON

2.1 Immunotherapy in Clinical Practice
e Naked (unconjugated) monoclonal
antibodies, for example alemtuzumab
(anti-CD52), and rituximab (anti-CD20) [14].
Unconjugated monoclonal antibodies don’t
have any drug or radioactive particle
attached. Their mechanism of action in
treatment of cancer includes direct cell
lysis, induction of apoptosis, complement
dependent cytotoxicity, or antibody-
dependent cell-mediated cytotoxicity [14].
Conjugated monoclonal antibodies, for

example inotuzumab (humanized
monoclonal antibody anti-CD22) and
brentuximab [14]. In conjugated

monoclonal antibodies a chemotherapeutic




agent or radioactive particle is attached
[14].

o Bispecific T-cell engaging antibodies
(BIiTEs), for example blinatumomab (anti-
CD19). These antibodies link CD3+ T
effector cells with target tumor cell and
cause target cell lysis [14].

e Chimeric Antigen Receptor T cells

(CAR-T cells), for example
Tisagenlecleucel (Kymriah), and
axicabtagene ciloleucel [14].

Tisagenlecleucel and axicabtagene
ciloleucel target tumor cells that express
CD19, and induce cytotoxicity in them [14].
The first generation of CAR-T cells failed to
produce a satisfactory cytokine response
and T cell expansion [14]. The second
generation CAR-T cells had a co-
stimulatory endo-domain that improved
expansion and persistence of CAR-T cells
[14]. Tisagenlecleucel is a second
generation CAR-T cell therapy with a 4-
1BB co-stimulatory domain, and targets
CD19 [14].

2.2 CAR-T Cell Therapy

Chimeric antigen receptor T cells (CAR-T cells)
are produced using an adoptive cell transfer
technology. In this method, T cells harnessed
from a patient's own blood (autologous) are
genetically engineered to produce tumor antigen
specific receptors on their surface, called
chimeric antigen receptors. These CAR-T cells
are multiplied, and then infused into the
bloodstream of the patient after the patient has
completed a lymphodepleting chemotherapy [15].

The Chimeric antigen receptor directs the CAR-T
cells to attack the target cells [16]. Use of CAR-T
cell therapy (especially CD-19 directed CAR-T
cells) has shown a dramatic response in acute
lymphocytic leukemia (ALL), chronic lymphocytic
leukemia (CLL), and non-Hodgkin’s lymphoma
[14,15].

2.3 CAR-T Cell
Toxicities

Therapy Associated

2.3.1 Cytokine release syndrome (CRS)

Krishnamoorthy et al observed poor outcomes
and significant toxicities with the use of CAR-T
cell therapy in 4 solid organ transplant recipients
[2 orthotopic heart transplants, 1 deceased donor
kidney transplant, and 1 pancreas after kidney
transplant (PAK)] who had developed Post
Transplant Lymphoproliferative Disorder (PTLD)
10 to 20 years post-transplant [16]. All these 4
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patients developed cytokine release syndrome
and neurotoxicity that was managed with
tocilizumab [16]. Three out of these 4 patients
developed acute kidney injury, received renal
replacement therapy, and only 1 of these 3
recovered renal functions [16]. Other toxicities in
these 3 patients were pancytopenia, pneumonia,
and infections [16]. All and 3 of these patients did
not survive (chose hospice care or de-escalation
of treatment, and died): death occurred on day
15, day 25, and day 42 post CAR-T cell therapy,
respectively [16]. The PAK transplant recipient
developed acute pancreatitis post CAR-T cell
immunotherapy (no acute kidney injury), showed
continued response to therapy, with no new
lymphomatous tissue involvement (as per
assessment till 90 days post-transplant) [16].

Cytokine release syndrome is seen in nearly 40-
50% of patients on CAR-T cell therapy [2].
Cytokine release syndrome involves excessive
activation of leukocytes, and massive release of
inflammatory cytokines [14]. Interleukin-6 (IL-6) is
a key mediator in cytokine release syndrome.
There are several other cytokines involved,
including (but not limited to) interferon gamma
(IFN-y), granulocyte-monocyte colony stimulating
factor (GM-CSF), soluble glycoprotein 130
(sgp130), and interleukin-8  (IL-8) [14].
Tocilizumab is a humanized monoclonal antibody
against IL-6 receptor, serves as an interleukin-6
receptor inhibitor, and is used in treatment of
CRS [14]. The risk factors for cytokine release
syndrome in B cell-ALL include high disease
burden, lymphodepletion therapy,
thrombocytopenia prior to lymphodepletion, and
use of higher CAR-T cell dose [14,17].

Generally, CRS is seen days to weeks after
infusion with CAR-T cell therapy, unlike CRS
after  rituximab  (unconjugated monoclonal
antibody) which appears within hours of the
infusion [14].

CRS is associated with fever (usually the first
sign) [14]. Multiple organ dysfunction is seen in
CRS, with life threatening complications including
hypotension unresponsive to fluid resuscitation,
cardiac  dysfunction, coagulopathy, and
respiratory, renal, and hepatic failure [14]. The
treatment approach is supportive care fluid
resuscitation, and antipyretics for mild CRS [14].
When severity of CRS increases, anti-interleukin-
6 (anti-IL6) therapy (for example, tocilizumab and
siltuximab) and corticosteroids [14]. Anti-IL6
therapy is preferred over corticosteroids in
treatment of CRS, but in very severe cases both
may be required [14]. Corticosteroids may
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adversely affect the function of T-cells, and
diminish persistence and anti-tumor activity of
CAR-T cells [14]. If CRS is life threatening, and
anti-IL6 therapy is not effective, high dose
corticosteroids may be needed [14].

2.3.2 Neurotoxicity [CAR-T cell-related
encephalopathy syndrome (CRES) and
immune effector cell-associated
neurotoxicity syndrome (ICANS)]

It is also known as immune effector cell-
associated neurotoxicity syndrome (ICANS) [14].
Initial manifestations of CRES can be subtle
neurological signs and symptoms including
headache, lethargy, tremor, mild aphasia, apraxia
and dysgraphia [14]. As neurotoxicity progresses,
severe aphasia, delirium, hallucinations and
encephalopathy may manifest [14]. Rarely
seizures, coma, and fatal cerebral edema can
occur [14].

The underlying mechanism involved for
development of CRES is poorly understood [14].
It is believed that CRES occurs either due to
direct cytotoxic effect of the CAR-T cell therapy,
or due to CRS. Significant inflammation, and
early activation of central nervous system
endothelial cell (CNS-EC) disrupts the blood-
brain barrier (BBB) by increasing its permeability
and influx of high levels of inflammatory
cytokines into the CNS [14,17]. There are
controversies regarding effective management
strategy for CRES, other than the use of
corticosteroids for treatment of cerebral edema
[14].

2.4 Acute Kidney Injury and Tumor Lysis
Syndrome

Acute kidney injury may occur due to tumor lysis
syndrome or due to CAR-T cell therapy as a part
of cytokine release syndrome (CRS) [15,18].
Tumor lysis syndrome occurs when tumors
release their contents into patient’'s blood either
due to chemotherapy, or spontaneously. This
may result in several metabolic abnormalities
including hyperuricemia, hyperkalemia,
hyperphosphatemia, hypocalcemia and may
cause toxic effects including acute kidney injury,
cardiac arrythmias, seizures or death [15,18,19].

2.5 On-Target Off-Tumor Toxicity
CAR-T cell therapy, with receptors targeted

towards specific tumor antigen can be
significantly toxic if these tumor antigens
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(targeted by CAR-T cells) are expressed in
normal cells (even if the level of expression is
low). This is called ‘on target’ toxicity [20].
‘On target’ toxicity is a serious concern, and
different strategies have been tried, and are
being tried to develop CAR-T therapy technique
to minimize ‘on target’ toxicity. This includes split-
dose or lesser dose CAR-T cell therapy,
saturating CAIX (carbonic anhydrase IX) sites in
the liver using anti-CAIX monoclonal antibodies
before giving CAR-T cells [20].

2.6 Advanced Renal Cell
Therapeutic Options

Carcinoma-

Immune checkpoint inhibitors directed against
CTLA-4 (example ipilimumab), PD-1 (example
pembrolizumab and nivolumab), and PD-L
(example, atezolizumab) is an essential
component of treatment of patients with
advanced RCC [21-25]. For patients having
majority of their tumor burden confined to their
primary tumor, presenting with stage IV disease,
and there are no other IMDC (International
Metastatic RCC Database Consortium) risk
factors, cytoreductive nephrectomy is considered
a preferable option [24]. Patients who need
immunotherapy, depending on whether or not the
patient has clear cell pathology, and the IMDC
risk model for metastatic RCC profile (favorable
or poor/intermediate risk, the initial
immunotherapy choices include pembrolizumab
+ axitinib combination therapy; Ipilimumab +
nivolumab; anti VEGF tyrosine kinase inhibitors;
anti-PD1 monotherapy; and High-dose
interleukin-2 (HD-I1L2) [24].

Tyrosine kinase inhibitors, such as cabozantinib,
inhibit new vessel formation, and have been
found to be effective in treatment of renal cell
carcinoma [21]. Cabozantinib was approved by
U.S. FDA in 2016 for treatment of patients with
advanced RCC who had already received prior
antiangiogenic therapy [26]. Later, FDA approved
this drug (cabozantinib, Cabometyx) for first-line
treatment of advanced Renal Cell Carcinoma on
19 December 2017 [26]. Again, recently, on
January 22, 2021, F.D.A approved the
combination of nivolumab and cabozantinib as
first-line treatment for patients with advanced
renal cell carcinoma (RCC) [6].

2.7 CAR-T Cell Therapy in Renal Cell
Carcinoma

Cor H.J Lamers, et al developed first generation
CAR-T model against carbonic-anhydrase-IX
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Table 1. CAR-T cells clinical trials in renal cancer (either exclusively or together with other malignancies)

Clinical Trial Identifier Sponsor Title Phase Study start date Study completion date Estimated number of Results Posted?
subjects
NCT03638206 Shenzhen BinDeBio Ltd. Autologous CAR-T/TCR-T Cell 17 March 1, 2018 March 1, 2023 73 No
Immunotherapy for
Malignancies.2
NCT03393936 Shanghai PerHum Safety and Efficacy of CCT301 I/l March 26, 2018 March 30, 2035 66 No
Therapeutics Co., Ltd. CAR-T in Adult Subjects with
Recurrent or Refractor¥ Stage IV
Renal Cell Carcinoma.”
NCT02830724 National Cancer Institute Administering Peripheral Blood 1 April 6, 2017 January 1, 2028 124 (actual enrolment 2) No (Recruitment
(NCI) Lymphocytes Transduced with a suspended)
CD70-Binding Chimeric Antigen
Receptor to People With CD70
Expressing Cancers.”®
NCT01218867 National Cancer Institute CAR T Cell Receptor 1 November 10, 2010 December 15, 2015 24 (actual enrolment) Yes. Study
(NCI) Immunotherapy Targeting terminated
VEGFR?2 for patients with (observation: no
Metastatic Cancer.?’ objective responses)
NCT04633148 Cellex Patient Treatment Dose-escalating trial with | November 23, 2020 May 2023 35 No

GmbH

UniCARO2-T Cells and PSMA
Target Module (TMpPSMA) in
patients with progressive
disease after standard systemic
therapy in cancers with positive
PSMA marker.”®

Abbreviations: CAR: chimeric antigen receptor. TCR: T-cell receptor. VEGFR: vascular endothelial growth factor receptor. PSMA: prostate specific membrane antigen.

References

NCT03638206-NIH: U.S. National Library of Medicine. Autologous CAR-T/TCR-T Cell Inmunotherapy for Malignancies. Clinical Trials.gov. Accessed from: https://clinicaltrials.gov/ct2/show/NCT03638206.

NCT03393936-NIH: U.S. National Library of Medicine. Safety and Efficacy of CCT301 CAR-T in Adult Subjects With Recurrent or Refractory Stage IV Renal Cell Carcinoma. Clinical trials.gov. Accessed from:

https://clinicaltrials.gov/ct2/show/NCT03393936.

NCT02830724-NIH: U.S. National Library of Medicine. Administering Peripheral Blood Lymphocytes Transduced With a CD70-Binding Chimeric Antigen Receptor to People With CD70 Expressing Cancers. Clinicaltrials.gov. Accessed from:

https://clinicaltrials.gov/ct2/show/NCT02830724.
NCT01218867- NIH: U.S. National Library of Medicine. CAR T Cell Receptor Inmunotherapy Targeting VEGFR?2 for Patients With Metastatic Cancer. Clinicaltrials.gov. Accessed from: https://clinicaltrials.gov/ct2/show/NCT01218867.

NCT04633148- NIH: U.S. National Library of Medicine. Dose-escalating Trial With UniCARO2-T Cells and PSMA Target Module (TMpPSMA) in Patients With Progressive Disease After Standard Systemic Therapy in Cancers With Positive PSMA

Marker. Clinicaltrials.gov. Accessed from: https://clinicaltrials.gov/ct2/show/NCT04633148.

44



(CAIX) and treated 3 patients with metastatic
renal cell carcinoma (RCC) [disseminated clear
cell RCC] expressing CAIX [27]. This was first
clinical experience of using CAR-T cell therapy in
metastatic RCC [27]. One of the problems they
experienced in this trial was ‘on-target’ toxicity
manifested as dose limiting liver enzyme
disturbances in 2 out of the 3 patients [20]. The
on-target toxicity is due to expression of CAIX
antigens in bile duct epithelial cells [20]. Besides
being present on RCC, CAIX antigens are
expressed in several normal tissues including
gastric mucosa epithelium, duodenum, small
intestine, and bile duct [28]. Also, hypoxia can
induce CAIX expression in many other tissues
[28]. To prevent or decrease on-target toxicity,
they used a technique of shielding the CAIX sites
in the liver but not tumor by applying a CAIX
monoclonal antibody (mAb) [intravenous infusion
of 5 mg of the anti-CAIX mAb G250, 3 days
before each series of CAR-T cell infusions]
leaving CAIX antigen in renal cell carcinoma
accessible [20]. They applied this technique on
the next 9 patients (total 12 subjects were
studied) [20]. All these 12 patients had their
diseased kidney removed, and had treatment
refractory metastasis (mainly in the lungs) [20].
They found that by using anti-CAIX mAb to
saturate CAIX sites in liver, they could effectively
block the liver toxicity, and also could extend
peripheral CAR-T cell persistence. CAR-T cells
persisted for up to 4 weeks following first
treatment cycle, and 1-3 weeks following second
treatment cycle when anti-CAIX mAb was not
used. When anti-CAIX mAb was used, the CAR-
T cells persisted for 3-5 weeks following both first
and second treatment cycles

Li Huizhong, et al developed a second-
generation CAR-T model targeting antigen
carbonic anhydrase IX (CAIX) that is human
renal cell carcinoma specific [29]. They used this
CAR-T model together with sunitinib, a
multitargeted tyrosine kinase inhibitor that
improves T- cell infiltration and type-1 T-cell
cytokine response. Sunitinib, as a monotherapy
had shown objective response rate of
approximately 30%. Li Huizhong, et al. found in
their study that the combination therapy (second
generation CAR-T cells + sunitinib) significantly
improved the efficacy against the established
mouse lung metastasis model of human renal
cell carcinoma prolonged survival of the recipient
mice [29].

Wang Y, et al developed dual targeted CAR-T
cells against CAIX and CD70. These CAR-T cells

[20].
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had the ability to target double positive (CAIX+
CD70+) and single positive (CAIX+ CD70-,
CAIX- CD70+) tumor cells. The investigators
showed that their dual targeted model had
superior  efficacy and persistence when
compared with other CAR-T cell models in clear
cell renal cell carcinoma (ccRCC) orthotopic
mouse model [30].

Several clinical trials, as outlined in Table 1, are
testing/have tested safety and efficacy of CAR-T
cell therapy in Renal cell carcinoma [31-35].
While outcomes of these clinical and preclinical
studies seems promising, more research is
needed to establish whether or not CAR-T cells
are safe and effective in treatment of renal cell
carcinoma.

3. CONCLUSION

Before the availability of biologic therapy and
immunotherapy for RCC, it was very difficult to
treat this tumor, especially in advanced stages.
The only treatment available was surgery, and
RCC was resistant to chemotherapy. Biologics
and immunotherapy improved survival, and
brought a new hope in treating RCC. CAR-T cells
are relatively new in the therapeutic arsenal.
They have shown very promising results in
treatment of hematological malignancies, and
some of these agents (Axicabtagene ciloleucel,
Brexucabtagene autoleucel, Tisagenlecleucel,
lisocabtagene maraleucel, and idecabtagene
vicleucel) have been approved by U.S. FDA for
treatment of these malignancies; their
effectiveness and benefit in managing solid
tumors remains an area of research. CRS,
neurotoxicity, nephrotoxicity,  tumor lysis
syndrome, and other adverse events associated
with use of CAR-T cells pose a challenge for
researchers. Newer generations of CAR-T cells
are being designed and tested to reduce the
toxicity profile and provide better outcomes.
Several clinical trials are ongoing to test safety
and efficacy of CAR-T cell therapy in RCC, and
hopefully the research will provide the miracle to
the community in near future.

CONSENT
It's not applicable.
ETHICAL APPROVAL

It's not applicable.

45



DISCLOSURE STATEMENT

Authors Brian Mark Churchill, Jula K Inrig, Anju
Gopan, Lara Kristina Donato, Ekaterina
Vorozheikina and Luis Mendoza are employees
of IQVIA, a leading global provider of advanced
analytics, technology solutions, and clinical
research services to the life sciences industry but
the views in the article are the authors’ own.
Other than this, the authors declare no
professional, academic, competitive, or financial
conflicts of interest related to this article. No

Churchill et al.; IRJO, 4(3): 40-48, 2021; Article no.IRJO.68037

funding was used in the preparation of this article.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Xu JX, Maher VE, Zhang L, et al. FDA
Approval  Summary: Nivolumab  in
Advanced Renal Cell Carcinoma After Anti-
Angiogenic Therapy and Exploratory
Predictive Biomarker Analysis. Oncologist.
2017;22(3):311-317.

DOI: 10.1634/theoncologist.2016-0476

2. Schepisi G, Conteduca V, Casadei C, et al.
Potential Application of Chimeric Antigen
Receptor (CAR)-T Cell Therapy in Renal

Cell Tumors. Front Oncol. 2020;10:565857.

Published 2020 Sep 23.
DOI:10.3389/fonc.2020.565857

3. FDA Approves Nivolumab and Ipilimumab
Combination for Advanced Kidney Cancer.
National Cancer Institute. National Cancer
Institute at the National Institutes of Health.
Available:  https://www.cancer.gov/news-
events/cancer-currents-blog/2018/kidney-
cancer-fda-nivolumab-ipilimumab-first-line .
10 May 2018. Accessed on 7 April 2021

4. FDA approves pembrolizumab plus axitinib
for advanced renal cell carcinoma. U.S.
FDA.
Available: https://www.fda.gov/drugs/drug-
approvals-and-databases/fda-approves-
pembrolizumab-plus-axitinib-advanced-
renal-cell-carcinoma. 22  April  2019.
Accessed on 16 April 2021

5. FDA approves avelumab plus axitinib for
renal cell carcinoma. U.S. FDA. Accessed
from: https://www.fda.gov/drugs/resources-
information-approved-drugs/fda-approves-
avelumab-plus-axitinib-renal-cell-
carcinoma. 15 May 2019. Accessed on 16
April 2021.

46

10.

1.

12.

FDA approves nivolumab plus
cabozantinib for advanced renal cell
carcinoma. U.S. Food and Drug

Administration.

Available: https://www.fda.gov/drugs/drug-
approvals-and-databases/fda-approves-
nivolumab-plus-cabozantinib-advanced-
renal-cell-
carcinoma#:~:text=FDA%Z20approves %20
nivolumab%20plus%20cabozantinib%20fo
r%20advanced%20renal%20cell%20carcin
oma,-
Share&text=0On%20January%2022%2C%
202021%2C%?20the,renal%20cell%20carci
noma%20(RCC) . 22 Jan 2021. Accessed
on 16 April 2021

CABOMETYX™ (cabozantinib) tablets, for
oral use (Prescribing Information). Exelixis,
Inc. South San Francisco, CA 94080.
Available:https://www.accessdata.fda.gov/
drugsatfda_docs/label/2016/208692s000Ibl
.pdf . April 2016. Accessed on 7 April 2021
FDA-approved CAR T-cell Therapies.
UPMC Hillman Cancer Center.

Available: https://hillman.upmc.com/mario-
lemieux-center/treatment/car-t-cell-
therapy/fda-approved-therapies . Accessed
on: 7 April 2021

FDA Approves Bristol Myers Squibb's CAR
T-cell Therapy Breyanzi for Large B-cell
Lymphoma. Precision oncology news.
Available:https://www.precisiononcologyne
ws.com/regulatory-news-fda-
approvals/fda-approves-bristol-myers-
squibbs-car-t-cell-therapy-breyanzi-large-
b#.YG2Js-gzY2w Feb 05, 2021.
Accessed on 7 April 2021.

ABECMA (idecabtagene vicleucel). U.S.
Food and Drug Administration.

Available:  https://www.fda.gov/vaccines-
blood-biologics/abecma-idecabtagene-
vicleucel . 30 Mar 2021. Accessed on 7
April 2021.

Phase 1/2 Study of Metastatic Renal
Cancer Using T-Cells Transduced With a
T-Cell Receptor Which Recognizes TRAIL
Bound to the DR4 Receptor. NIH- U.S.
National Library of Medicine,
Clinicaltrials.gov.
Available:https://clinicaltrials.gov/ct2/show/
NCT00923390 . April 9, 2019. Accessed on
7 April 2021

Mori J, Adachi K, Sakoda Y, et al.
AntilJtumor efficacy of human antilIclimet
CAROT cells against papillary renal cell
carcinoma in an orthotopic model.
2021;112(4):1417-1428.



13.

14.

15.

16.

17.

18.

19.

20.

DOI: https://doi.org/10.1111/cas.14835

Li H, Ding J, Lu M, et al. CAIX-specific
CAR-T Cells and Sunitinib  Show
Synergistic Effects Against Metastatic
Renal Cancer Models. J Immunother.
2020;43(1):16-28.

DOI: 10.1097/CJ1.0000000000000301
Kotch C, Barrett D, Teachey DT
Tocilizumab for the treatment of chimeric
antigen receptor T cell-induced cytokine
release  syndrome. Expert Rev Clin
Immunol. 2019;15(8):813-822.
DOI:10.1080/1744666X.2019.1629904
Jhaveri KD, Rosner MH. Chimeric Antigen
Receptor T Cell Therapy and the Kidney:
What the Nephrologist Needs to
Know. Clin J Am Soc  Nephrol.
2018;13(5):796-798.
DOI:10.2215/CJN.12871117
Krishnamoorthy S, Malone A, Santos
RDelos, Murad H, Alhamad T. Role of
CAR-T Cell Therapy in Post Transplant
Lymphoproliferative Disorder
[abstract]. Am J Transplant. 2020; 20
(suppl 3).
Available:https://atcmeetingabstracts.com/
abstract/role-of-car-t-cell-therapy-in-post-
transplant-lymphoproliferative-disorder/.
Accessed April 3, 2021

Gust J, Hay KA, Hanafi LA, et al
Endothelial Activation and Blood-Brain
Barrier Disruption in Neurotoxicity after
Adoptive Immunotherapy with CD19 CAR-
T Cells. Cancer Discov. 2017;7(12):1404-
1419.
DOI:10.1158/2159-8290.CD-17-0698
Porter DL, Levine BL, Kalos M, Bagg A,
June CH. Chimeric antigen receptor-
modified T cells in chronic lymphoid
leukemia [published correction appears in
N Engl J Med. 2016 Mar
10;374(10):998]. N Engl J Med.
2011;365(8):725-733.
DOI:10.1056/NEJMoa1103849

Howard SC, Jones DP, Pui CH. The tumor
lysis syndrome [published correction
appears in N Engl J Med. 2018 Sep
13;379(11):1094]. N Engl J Med.
2011;364(19):1844-1854.
DOI:10.1056/NEJMra0904569

Lamers CH, Sleijfer S, van Steenbergen S,
et al. Treatment of metastatic renal cell
carcinoma with CAIX CAR-engineered T
cells: clinical evaluation and management
of on-target toxicity. Mol Ther.
2013;21(4):904-912.

Churchill et al.; IRJO, 4(3): 40-48, 2021; Article no.IRJO.68037

47

21.

22.

23.

24,

25.

26.

27.

28.

DOI:10.1038/mt.2013.17

Sepe P, Mennitto A, Corti F, Procopio G.
Immunotherapeutic Targets and Therapy
for Renal Cell Carcinoma. Immunotargets
Ther. 2020;9:273-288. Published 2020 Nov
13.

DOI:10.2147/ITT.S240889

Ross K, Jones RJ. Immune checkpoint
inhibitors in renal cell carcinoma. Clin Sci
(Lond). 2017;131(21):2627-2642.
Published 2017 Oct 27.
DOI:10.1042/CS20160894

Lavacchi D, Pellegrini E, Palmieri VE, et al.
Immune Checkpoint Inhibitors in the
Treatment of Renal Cancer: Current State
and Future Perspective. Int J Mol Sci.
2020;21(13):4691.

Published 2020 Jun 30.
DOI:10.3390/ijms21134691

Rini Bl, Battle D, Figlin RA, George DJ,
Hammers H, Hutson T, et al. The society
for immunotherapy of cancer consensus
statement on immunotherapy for the
treatment of advanced renal cell carcinoma
(RCC). Journal for ImmunoTherapy of
Cancer (2019) 7:354. DOI:
https://doi.org/10.1186/s40425-019-0813-8
Checkpoint Inhibitors. Memorial Sloan
Kettering Cancer Center.
Available:https://www.mskcc.org/cancer-
care/diagnosis-treatment/cancer-
treatments/immunotherapy/checkpoint-
inhibitors. Accessed on 16 April 2021.

FDA Approves Cabozantinib for First-Line
Treatment of Advanced Renal Cell
Carcinoma. The ASCO Post.
Available:https://ascopost.com/News/5838
7.20 Dec 2017.

Accessed on 9 April 2021

Lamers CH, Sleijfer S, Vulto AG, Kruit WH,
Kliffen M, Debets R, Gratama JW, Stoter G,
Oosterwijk E. Treatment of metastatic renal
cell carcinoma with autologous T-
lymphocytes genetically retargeted against
carbonic anhydrase IX: first clinical
experience. J Clin Oncol. 2006;24(13):e20-
2.

DOI:  10.1200/JC0O.2006.05.9964. PMID:
16648493.

Yeku O, Li X, Brentjens R.J. Adoptive T-
Cell Therapy for Solid Tumors. American
Society of Clinical Oncology Educational
Book. Volume 37.

Available:
https://ascopubs.org/doi/10.1200/EDBK_1
80328 . Accessed on 15 April 2021.



29.

30.

31.

32.

Li H, Ding J, Lu M, Liu H, Miao Y, Li L,
Wang G, Zheng J, Pei D, Zhang Q. CAIX-
specific CAR-T Cells and Sunitinib Show
Synergistic Effects Against Metastatic
Renal Cancer Models. J Immunother.
2020;43(1):16-28.

DOI: 10.1097/CJI.0000000000000301.
PMID: 31574023.

Wang Y, Grimaud M, Buck A, Fayed A,
Chang M, Jennings R, et al. Abstract 6606:
Develop dual-targeted CAR-T cells to
achieve RCC cures. Cancer Res
2020;80(16 Supplement):6606.

DOI: 10.1158/1538-7445.AM2020-6606.

Churchill et al.; IRJO, 4(3): 40-48, 2021; Article no.IRJO.68037

Autologous CAR-T/TCR-T Cell
Immunotherapy for Malignancies. NIH: U.S.
National Library of Medicine, Clinical
Trials.gov.

Accessed:https://clinicaltrials.gov/ct2/show
/NCT03638206.

Accessed on 15 April 2021.

Safety and Efficacy of CCT301 CAR-T in
Adult  Subjects With Recurrent or
Refractory Stage IV Renal Cell Carcinoma.
NIH: U.S. National Library of Medicine,
Clinical  ftrials.gov.  Accessed  from:

33.

34.

35.

https://clinicaltrials.gov/ct2/show/NCT0339
3936. Accessed on 15 April 2021.
Administering Peripheral Blood
Lymphocytes Transduced With a CD70-
Binding Chimeric Antigen Receptor to
People With CD70 Expressing Cancers.
NIH: U.S. National Library of Medicine,
Clinicaltrials.gov.
Available:https://clinicaltrials.gov/ct2/show/
NCT02830724.

Accessed on 15 April 2021

CAR T Cell Receptor Immunotherapy
Targeting VEGFR2 for Patients With
Metastatic Cancer. NIH: U.S. National
Library of Medicine, Clinicaltrials.gov
Available:https://clinicaltrials.gov/ct2/show/
NCT01218867. Accessed on 15 April 2021.
Dose-escalating Trial with UniCAR02-T
Cells and PSMA Target Module
(TMpPSMA) in Patients With Progressive
Disease After Standard Systemic Therapy
in Cancers With Positive PSMA Marker.
NIH: U.S. National Library of Medicine,
Clinicaltrials.gov.
Available:https://clinicaltrials.gov/ct2/show/
NCT04633148

Accessed on 15 April 2021

© 2021 Churchill et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/68037

48



