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ABSTRACT

examinations in other cancer types.

Blockade checkpoints of immune cell activation has been illustrated to be the most powerful approach for activation of anticancer
immune responses. PD-1 and CTLA-4 checkpoints have mainly on activated T-cells to be the most solid targets for the cancer
treatment. The drugs when administered as monotherapy had substantial increase in durable response rates and had possible safety
profile, but 50 % or more of patients failed to respond to treatment. Combination of CTLA-4 and PD-1 blockers was estimated to
increase the response rates, and ipilimumab (anti-CTLA-4) plus nivolumab (anti-PD-1) combination was seen to importantly boost
efficiency in metastatic melanoma patients. The success of combination immune checkpoints therapy motivated several clinical
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INTRODUCTION

or some decades treatment of advanced cancer has
been faced by unreliable therapeutic strategies.
Patients with metastatic cancers that were not
surgically removable had to depend on chemotherapy,
commonly associated with severe adverse occasions as
well as high rates of degeneration.? Acknowledging of the
immune system and surveillance grew the idea of using
immune cells to eliminate cancer, obtained significance
and different strategies to activate the immune response.

Administration of interleukin-2 (IL-2) for stimulating T-cell
proliferation, is one of the earliest tested as well as oldest
immune based drug approved for the treatment of
cancer.?

While the first generation of immunotherapies were low
response rate, high incidence of serious adverse effects.
The hunt for reliable targets for immune responses
modulation lead the way of checkpoints of T-cell activation
and development of targeting monoclonal antibodies.
Cytotoxic T-lymphocyte associated protein 4 (CTLA-4) and
programmed cell death protein 1 (PD-1) have been found
to be the most reliable drugs targets and changed the
results of treatment for advanced cancers.> Drugs
targeting CTLA-4 or PD-1/PD-L1 are approved for
treatment of various types of cancers involving melanoma,
lung cancer, breast cancer, head and neck cancer, bladder
cancer, cervical cancer, hepatocellular cancer, gastric
cancer, cutaneous squamous cell cancer, classic Hodgkin’s
lymphoma and B-cell lymphoma (Table 1).

Table 1. List of approved drugs targeting CTLA-4 and PD-1

Indication

Metastatic melanoma

Metastatic melanoma, head and neck cancer, hepatocellular carcinoma,
colorectal cancer, classical Hodgkin’s lymphoma

Melanoma, B-cell lymphoma, classical Hodgkin’s lymphoma, gastric cancer,

cervical cancer, hepatocellular cancer

Drug Brand Name
CTLA-4 blockers Yervoy
ipilimumab

PD-1 blockers Opdivo
nivolumab

pembrolizumab Keytruda
Cemiplimab Libtayo
PD-L1 blockers Tecentriq
Atezolizumab

Avelumab Bevencio
Durvalumab Imfinzi

Combined (CTLA-4 and PD-1)
Ipilimumab plus Nivolumab

Yervoy plus opdivo

Cutaneous squamous cell cancer
Head and neck cancer, lung cancer, breast cancer

Merkel cell carcinoma
Lung cancer
Metastatic melanoma, renal cell cancer, colorectal cancer
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The influence of CTLA-4 and PD-1 inhibitors on oncological
research and their success in cancer treatment is
appreciated by scientist. The 2018 Nobel Laureate in
Medicine, James P. Allison, USA and Tasuku Honjo, Japan
was discovered negative immune regulation independently
(CTLA-4 and PD-1 respectively).® Main benefits of CTLA-4
and PD-1 inhibitors are magnificent substantial response
rates and possible adverse effects. Combined CTLA-4 and
PD-1 inhibitors was recommended to have symbiotic effect
on activation and increase rates of anti-cancer immune
response in patients. Various medical studies were
exploited to test both the safety and efficiency of the
combination in different cancer subtypes.®

The proceeding in approval of the ipilimumab and
nivolumab combination for their treatment demonstrated
remarkable increase in response rates and median survival
times in melanoma and renal cell carcinoma. In addition,
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studies in hard to diagnose cancers like non-small cell lung
cancer, mesothelioma, and sarcoma have shown enhanced
response rates in patients treated with combined therapy.®

2. CTLA-4 immune checkpoint

CTLA-4 is a receptor found on surface of activated T-cells.
The location of human CTLA-4 gene and the details of the
protein encoded discovered through screening of mouse
cytolytic T-cell derived cDNA libraries (Table 2). While CTLA-
4 expression is commonly seen upon activation of T-cells,
however regulatory T-cells (Tregs) express CTLA-4
constitutively because of their high levels of transcription
factor FoxP3.” CTLA-4 basically acts by competing with CD28
receptors for binding to B7 ligands present on antigen
presenting cells (APCs). During T-cell activation, CD28
receptors bind to B7 ligands on APCs and give the necessary
second activation signal.®

Table 2. Summary of CTLA-4 and PD-1

CTLA-4
CD152

Receptor
Synonyms

Gene location Chromosome 2q33

Protein details AA# 223

Cells expressing receptor  Effector T-cells, Treg

Ligands

Cells expressing ligands APCs

Although, CTLA-4 receptors bind to B7 ligands with higher
affinity and lower surface density and outcompete CD28
receptors for binding. Lack of second activation signal in
presence of CTLA-4 receptors lead to anergy in T-cell.®
Additionally, CTLA-4 receptors are shown to sequester B7-
ligands from the surface of the APCs and effect in
exceptional depletion of the ligands on their surface.
Interesting, because of its structural similarity with CD28
and its expression on activated T-cells, CTLA-4 was belief to
be a positive regulator of T-cells.’®

James P. Allison is credited for illustrating the negative role
of CTLA-4 and showing the opposing effects of CTLA-4 and
CD28 in response to T-cell stimulation. CTLA-4 engagement
with B7-ligands repealed IL-2 secretion through T-cells and
its proliferation that followed TCR activation.!! Blockade of
CTLA-4 using anti-CTLA-4 antibodies resulted in rejection of
initiated cancers and that the mice lacking gene result
severe lymphoproliferative and lethal autoimmune
phenotype. CTLA-4 activation was recorded to inhibit IL-2
production and T-cell proliferation and induce cell cycle
disruption by cross-talks with pathways regulating cell
survival and proliferation.!?

3. PD-1/PD-L1 immune checkpoint

PD-1is a cell surface receptor commonly seen on T-cells, B-
cells and NK cells. Honjo and coworkers are credited for the
discovery of PD-1 gene location and encoded protein
through their studies on pathways of programmed cell

CD80 (B7-1), CD86 (B7-2)

PD-1

PD CD1, CD279

Chromosome 2373

AA # 288

Effector T-cells, Treg, NK cells, macrophages
PD-L1 (B7-H1), PD-L2 (B7-DC)

APCs, Cancer cell, hematopoietic cells

death (Table 2).13 Similarity between extracellular domain
of PD-1 and CTLA-4, however unlike CTLA-4, a dimeric
protein, PD-1 lacks the extracellular cysteine residue
required for covalent dimerization and presents as a
monomer on cell surface. Basic level of PD-1 is noticed on
B-cells and not on immature T-cell, whereas its expression
is induced upon activation of TCR/BCR.%*

Besides T-cells, NK cells and B-cells, PD-1 is further
expressed on Tregs, NKT cells, activated monocytes and
myeloid DCs. The ligands for PD-1, PD-L1 and PD-L2 are
generally showed on macrophages and DCs.*® PD-L1 is also
revealed on T-cells, B-cells, vascular endothelial cells,
fibroblastic reticular cells, epithelial cells, pancreatic cells,
astrocytes, neurons as well as placental trophoblasts and
retinal epithelial cells. On binding with their ligands, PD-1
receptors restrict cell proliferation, cytokine secretion and
cytotoxic ability of immune cells and so hijack the immune
response.'®

PD-1/PD-L1 pathway is found to play a major role in escape
of cancer cells from immunosurveillance, with PD-1
expression seen on effector T-cells. Also depleted T-cells in
tumor microenvironment (TME) and PD-L1 expression
shown different types of cancers cell surface involving
bladder, lung, colon, breast, kidney, cervix, melanoma,
glioblastoma, myeloma and T-cell lymphoma.*’ Blockade of
PD-1/PD-L1 pathway to stimulate anti-tumor immune
responses has been the most successful current strategy.
Monoclonal antibodies such as pembrolizumab, nivolumab,
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cemiplimab, atezolizumab, avelumab and durvalumab are
approved by US FDA for the treatment of different types of
cancer.!®

4. Rational for combined immunotherapy

Delivered monotherapy in clinical studies, CTLA-4 and PD-1
blockers illustrated impressive strong response rates,
increased the survival time of patients and possible safety
profile.!® Benefits of monotherapy were limited by low
response rates, moreover, only a fraction of patients found
to respond to the therapy. For instance, 50 % or most of
metastatic melanoma patients failed to respond against
monotherapy as shown by objective response rates (ORR)

Effects of CTLA-4 & PD-1 Blockade
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for ipilimumab (10-16 %) as well as nivolumab and
pembrolizumab (30-40 %).2°

Combined blockade was thus presented to increase the
response and survival rates. It was thought that blockade of
CTLA-4, which is primarily involved in regulation of T-cell
activation in lymph nodes and in DC suppression activity
through Treg cells, would act collaboratively with PD-1
blockade that is commonly included in inhibition of T-cell
and NK cell activation in peripheral tissues and also in
introduction of Treg cell differentiation (Fig. 1). Outcomes
from clinical data estimated the efficiency of CTLA-4 plus
PD-1 checkpoint inhibitors and illustrated the benefits of
therapy.?

CTLA-4 PD-1
Blockade Blockade
' I ]
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Fig. 1. Effects of combined blockade of CTLA-4 and PD-1.

5. Clinical evidences for various cancers
5.1 Melanoma

Combination of ipilimumab with nivolumab and
pembrolizumab was examined extensively in metastatic
melanoma patients. Moreover, the efficiency of the
combination was illustrated in several clinical trials. Phase |
considered, ipilimumab plus nivolumab combination was
disclosed to increase the ORR (61 %), with complete
responses seen in 22 % patients.?? Patients allocated to
combined therapy in the investigation reportedly had lower
incidence of disease progression or death. Hazard ratio (HR)
for disease progression in combined therapy vs. ipilimumab
monotherapy was 0.40 (p< 0.001 for both) compared to
ipilimumab and nivolumab monotherapy.?

Outcomes from analysis of results after 3-4 years follow-up
of the patients in the investigation further demonstrated
the excellent benefits of combined therapy over
monotherapy. Combined therapy illustrated assisted OS
rate of over 50 % at both 3-4 years evaluation.?* Data
showed from patients treated with nivolumab alone or
combined with ipilimumab in clinical investigations
involving phase lll trials, further demonstrated that patients
receiving combined therapy had higher median PFS, for
cutaneous melanoma (11.7 months) and mucosal
melanoma (5.9 months) patients compared to nivolumab
monotherapy group (6.2 and 3.0 months).?>

The improved incidence of adverse circumstances shown
with combined therapy, variations in the sequence of
distribution of nivolumab and ipilimumab was tested in a
phase Il. Patients received nivolumab for 6 doses attended
by outlined switch to ipilimumab for 4 doses or vice versa.?®
Fascinating, disease continuation was lower and overall
survival was better when nivolumab was distributed first
followed by ipilimumab, but there was not particular
difference in frequencies of treatment related grade 3-5
adverse incidents between the 2 groups.?’

Pembrolizumab plus ipilimumab combination

In Phase-l b, efficiency of combine regular dose
pembrolizumab with low dose ipilimumab was evaluated in
metastatic melanoma patients. Fascinating,
pembrolizumab and low dose ipilimumab combination also
demonstrated comparable efficiency with ORR (61 %), 1-
year PFS rate (69 %) and 1 year OS rate (89 %) but had lower
events of grade 3-4 adverse events (46 %).22 Outcomes from
investigation of ‘true-world’ results illustrated that
metastatic cutaneous melanoma patients treated with
pembrolizumab combination and low-dose ipilimumab had
an overall response rate (38 %) and lower event of grade 3-
4 adverse incidence (18 %).2°

5.2 Renal cell carcinoma

Combination of CTLA-4 (ipilimumab) and PD-1 (nivolumab)
antibodies for the treatment of metastatic renal cell
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carcinoma was first explored from phase | to phase 111.3°
Phase | was planned to test multiple dose processes of the
combination. Outcomes illustrated that while the ORR is
40.4 % for both arms and 2-year OS rate (67.3 % and 69.6
%) was similar between patients who received nivolumab 3
mg/kg plus ipilimumab 1 mg/kg (N3/11) and nivolumab 1
mg/kg plus ipilimumab 3 mg/kg (N1/13), treatment-related
grade 3-4 adverse effects were comparatively higher in
N1/13 group (38.3 % and 61.7 %).3!

In the randomized phase Il trial nivolumab (3 mg/kg) plus
ipilimumab (1 mg/kg) was selected for the treatment. The
investigate presented 18-month OS rate (75 %), ORR (42 %)
and median PFS (11.6 months) in the combined group.
The events of death and/or disease progression in the
combined group was lower compared to control group.
Interestingly, patient studied results from the phase Ill trial
were investigated, which demonstrated that patients in
nivolumab plus ipilimumab group had fewer symptoms as
well as better health related quality of life compared to the
control.3®

5.3 Colorectal cancer

Colorectal cancer with DNA mismatch repair-deficient or
microsatellite instability high positive tumors was awaited
to immunotherapy response because of high levels of
tumor neoantigens, tumor-infiltrating lymphocytes and
checkpoints expression.3* In an open-label phase Il
investigation, PD-1 receptors inhibitor with nivolumab
noted an ORR (31 %), disease control rate (69 %) and 12
months OS rate (73 %). From the investigation illustrated
that nivolumab and ipilimumab combined had an
investigator-assessed ORR (55 %) and disease control rate
(80 %). PFS rates at 9 and 12-month were 76 % and 71 %
and OS rates were 87 % and 85 %. Authors concluded that
nivolumab and ipilimumab combination had comparatively
better efficiency and was a promising alternative treatment
strategy for metastatic colorectal cancer patients.3®

5.4 Lung cancer

Durvalumab plus tremelimumab for NSCLC (non-small cell
lung cancer)

Multiple investigation marked the efficiency of anti-CTLA-4
with anti-PD-1/PD-L1 antibodies in lung cancer. Phase-I (b)
estimated the safety and efficiency of durvalumab (anti-PD-
L1) and tremelimumab (anti-CTLA-4) combination in
patients with advanced squamous or non-squamous NSCLC
across 5 cancer centers in USA. The investigation recorded
clinical activity in patients with PD-L1 positive cancers and
PD-L1 negative cancers with researcher evaluated ORR in 23
% patients.3®

Nivolumab plus ipilimumab for NSCLC

Safety and activity of combined nivolumab and ipilimumab
as first-line therapy for NSCLC was evaluated in a phase .
Two different dosage administrations of the combination
involving, nivolumab every 2 weeks plus ipilimumab every
12 weeks with nivolumab every 2 weeks plus ipilimumab
every 6 weeks were estimated in the investigation. At the
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time of recording, ORR emerged to be slowly higher (47 %
vs. 38 % each) in patients receiving ipilimumab every 12
weeks compared to 6 weeks.3’

In phase Il investigation, the efficiency and safety of
nivolumab with ‘low-dose’ ipilimumab as first-line
treatment for metastatic NSCLC was examined and the
cooperation of efficiency with PD-L1 expression and cancer
mutational load was evaluated.3® Investigation illustrated
that ORR was higher in patients with cancer mutational load
of at least 10 mutations per MB and was independent on
PD-L1 expression (48 % in PD-L1>1 % and 47 % in PD-L1<1
% group), and proposed 210 mutations per MB as the cutoff
for cancer mutational load.%

Nivolumab plus ipilimumab for SCLC (small cell lung
cancer)

Additionally, to NSCLC, nivolumab and ipilimumab
combination was examined in patients with advanced SCLC.
In a multicenter phase I/1l, patients who degenerated after
at least one previous platinum-including administration
were treated with nivolumab plus ipilimumab or nivolumab
alone.** At the time of estimation, patients receiving
nivolumab and ipilimumab combination had higher ORR (23
% vs. 10 %) and longer survival (median OS, 7.7 vs. 4.4
months and 1-year OS rate, 43 % vs. 33 %) compared to
nivolumab monotherapy, further confirming the combining
PD-1 and CTLA-4 blockers advantages.*

5.5 Mesothelioma

Combined anti-CTLA-4 and anti-PD-1 antibodies was
examined in phase Il with malignant pleural mesothelioma.
In the first investigation, a perspective single center, single
arm trial, malignant pleural mesothelioma patients who
proceeded after at least one line of platinum-including
chemotherapy, were managed with combination of
nivolumab plus ipilimumab. The investigation recorded that
in the suitable patients with interpretable response, stable
disease was reached (38 %), partial response (29 %) and
disease control (68 %) patients.*?

Second investigation, a prospective, randomized, non-
comparative, open-label, multicenter trial, patients
progressing after first or second-line platinum-based
treatments were served with combination of nivolumab
plus ipilimumab or nivolumab alone. The investigation
recorded that in the intention-to-treat population, disease
control was reached in combination patients (52 %) and
monotherapy group (40 %).** From both examinations
concluded that nivolumab and ipilimumab combination
demonstrated promising activity in malignant pleural
mesothelioma patients who proceeded after
chemotherapy and suggested confirming the larger trails
efficiency.

5.6 Esophagogastric cancer

Advantages of combined PD-1 and CTLA-4 blockade was
estimated in patients with normally advanced or metastatic
esophagogastric cancers. Patients who worsen after
primary chemotherapy received either nivolumab
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monotherapy or nivolumab plus ipilimumab combined
therapy in the investigation.* Study of the results disclosed
that investigator-assessed ORR were shown in patients
receiving the nivolumab and ipilimumab combination (24
%) and nivolumab alone (12 %). 12 months PFS rates 17 %
and 8 %, whereas 12 months OS rates were 35 % and 39 %
each.®

Fascinating, out of the 2 different dose groups involved to
estimate the combination, patients receiving nivolumab (1
mg/kg) and ipilimumab (3 mg/kg) had comparatively
superior ORR (24 % vs. 8 %), 12 months PFS rate (17 % vs.
10 %) and 12 months OS rate (35 % vs. 24 %). Concluded
that phase IIl investigations testing the combination
efficiency in earlier lines of therapy for esophagogastric
cancer were in progress.*

5.7 Prostate Cancer

Efficiency of anti-CTLA-4 and anti-PD-1 antibodies in
metastatic prostate cancer patients was examined in a
single center perspective trail phase Il. Patients with
androgen receptor variant 7 (AR-V7) positive cancers were
administered with combi nation of nivolumab plus
ipilimumab. During testing, ORR in patients with
measurable disease (25 %), median PFS (3.7 months) and
OS (8.2 months) was recorded. Results occurred to be
superior in cancers with DNA repair deficiency (DRD)
positive cancers compared to DRD negative (ORR, 40 % vs O
%; HR for disease progression, 0.31 and HR for death, 0.41)
and indicated that further investigations in larger group
were needed to favorable combined efficiency.*’

5.8 Sarcoma

Safety measures and activity of PD-1 alone or in combine
with CTLA-4 blockade was investigated in an open-label,
non-comparative, randomized phase Il examination in
sarcoma patients who received at least one primary line of
systemic therapy.*® Patients registered in the evaluation
received either nivolumab alone or nivolumab and
ipilimumab combination. Nivolumab and ipilimumab
combined group had comparably more confirmed
responses (16 % vs 5 %), longer median PFS (4.1 months vs
1.7 months) and longer median OS (14.3 months vs 10.7
months).  Therefore, concluded that nivolumab
monotherapy illustrated limited efficiency in sarcoma
patients, whilst nivolumab and ipilimumab combined
therapy demonstrated promising efficiency.*

SUMMARY

Based on mechanism of action, combined PD-1 and CTLA-4
blockers has been successful in rising the response rates
and median survival time in cancer patients. Combination
of nivolumab plus ipilimumab has been authorized for
metastatic melanoma, advanced renal cell carcinoma and
colorectal cancer.®® More investigations illustrated
increased response and survival rates in lung cancer
patients administered with nivolumab and ipilimumab
combination, and this shown to be efficacious in difficult to
treat cancers like mesothelioma and sarcoma. Moreover,
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most of the investigations evaluated the nivolumab and
ipilimumab combination and also other PD-1/PD-L1 and
CTLA-4 blockers.>!

Furthermore, nivolumab and ipilimumab combination was
informed to rise in the adverse events frequency and
precipitate autoimmunity.>? Also, the severity was seen to
be diminished partly through dose variance, regimen and
sequence of the drugs administrations.>® Fascinatedly, the
dose of nivolumab and ipilimumab that illustrated
promising efficiency and limited toxicity occurred to vary
with cancer type. The differences in successive doses of
CTLA-4 and PD-1 blockers in the combination point to the
complex variances in cancer microenvironment in various
cancer sub-types.>* Further investigations are in-progress to
titrate the dose, regimen and the administration sequence
of the combined therapy. The outcomes from the
investigations could involve additional insights into
immunosuppressive mechanisms in TME. The advantages
of PD-1 plus CTLA-4 blockade therapy in specific cancer
types help in identifying the combine dose with desired
efficiency.>®

CONCLUSIONS

To conclude, CTLA-4 and PD-1 combined blockers was
effective and approachable in increasing the response and
survival rates in several types of cancer, also increased the
occurrence  of  adverse  events.®  Furthermore,
investigations may be needed to lower down the
occurrence and adverse events potency while preserving
the efficiency of the combination. Additional investigations
are also needed to confirm the combination efficiency of
other PD-1/PD-L1 and CTLA-4 immune checkpoints
blockers.>’

Acknowledgements

The author thankful to Faculty of Science, Janata Junior
College, Nagbhid to encouraged for research work. The
author also thankful to Visvesvaraya National Institute of
Technology, Nagpur to encouraged for research work.

Author Contribution
The author has alone responsible for writing this article.
REFERENCES

1. Rosenberg SA. IL-2: the first effective immunotherapy for
human cancer. J Immunol. 2014;192(12):5451-8.

2. Rotte A, Bhandaru M, Zhou Y, McElwee KJ. Immunotherapy of

melanoma: present options and future promises. Cancer
Metastasis Rev. 2015;34(1):115-28.
3. Sanmamed MF, Chen L. A Paradigm Shift in Cancer

Immunotherapy: From Enhancement to Normalization. Cell.
2018;175(2):313-26.

4. Darvin P, Toor SM, Sasidharan Nair V, Elkord E. Immune
checkpoint inhibitors: recent progress and potential biomarkers.
Exp Mol Med. 2018;50(12):165.

5. Looi CK, Chung FF, Leong CO, Wong SF, Rosli R, Mai CW.
Therapeutic challenges and current immunomodulatory strategies

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

256


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., 79(2), March — April 2023; Article No. 39, Pages: 252-258

in targeting the immunosuppressive pancreatic tumor

microenvironment. J Exp Clin Cancer Res. 2019;38(1):162.

6. Bhandaru M, Rotte A. Blockade of programmed cell death
protein-1 pathway for the treatment of melanoma. Journal of
Dermatologic Research and Therapy. 2017;1(2):1-11.

7.Wang X, Guo G, Guan H, YuY, LuJ, Yu J. Challenges and potential
of PD-1/ PD-L1 checkpoint blockade immunotherapy for
glioblastoma. J Exp Clin Cancer Res. 2019;38(1):87.

8. Hargadon KM, Johnson CE, Williams CJ. Immune checkpoint
blockade therapy for cancer: An overview of FDA-approved
immune checkpoint inhibitors. Int Immunopharmacol. 2018;62:
29-39.

9. Rotte A, D'Orazi G, Bhandaru M. Nobel committee honors tumor
immunologists. J Exp Clin Cancer Res. 2018;37(1):262.

10. Rotte A, Jin JY, Lemaire V. Mechanistic overview of immune
checkpoints to support the rational design of their combinations
in cancer immunotherapy. Ann Oncol. 2018;29(1):71-83.

11. Michot JM, Bigenwald C, Champiat S, Collins M, Carbonnel F,
Postel-Vinay S. Immune-related adverse events with immune
checkpoint blockade: a comprehensive review. Eur J Cancer.
2016;54: 139-48.

12. Brunet JF, Denizot F, Luciani MF, Roux-Dosseto M, Suzan M,
Mattei MG. A new member of the immunoglobulin superfamily--
CTLA-4. Nature. 1987;328(6127):267-70.

13. Perkins D, Wang Z, Donovan C, He H, Mark D, Guan G.
Regulation of CTLA-4 expression during T cell activation. J
Immunol. 1996;156(11):4154-9.

14. Alegre ML, Noel PJ, Eisfelder BJ, Chuang E, Clark MR, Reiner SL.
Regulation of surface and intracellular expression of CTLA4 on
mouse T cells. J Immunol. 1996;157(11):4762-70.

15. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. 2012;12(4):252-64.

16. Fife BT, Bluestone JA. Control of peripheral T-cell tolerance and
autoimmunity via the CTLA-4 and PD-1 pathways. Immunol Rev.
2008;224: 166-82.

17. Stamper CC, Zhang Y, Tobin JF, Erbe DV, lkemizu S, Davis SJ.
Crystal structure of the B7-1/CTLA-4 complex that inhibits human
immune responses. Nature. 2001;410(6828):608—11.

18. Wing K, Onishi Y, Prieto-Martin P, Yamaguchi T, Miyara M,
Fehervari Z. CTLA-4 control over Foxp3+ regulatory T cell function.
Science. 2008; 322(5899):271-5.

19. Krummel MF, Allison JP. CD28 and CTLA-4 have opposing
effects on the response of T cells to stimulation. J Exp Med.
1995;182(2):459-65.

20. Leach DR, Krummel MF, Allison JP. Enhancement of antitumor
immunity by CTLA-4 blockade. Science. 1996;271(5256):1734—6.

21. Chambers CA, Sullivan TJ, Allison JP. Lymphoproliferation in
CTLA-4- deficient mice is mediated by costimulation-dependent
activation of CD4+ T cells. Immunity. 1997;7(6):885-95.

22. Intlekofer AM, Thompson CB. At the bench: preclinical
rationale for CTLA-4 and PD-1 blockade as cancer immunotherapy.
J Leukoc Biol. 2013;94(1):25-39.

23. Chikuma S, Abbas AK, Bluestone JA. B7-independent inhibition
of T cells by CTLA-4. J Immunol. 2005;175(1):177-81.

ISSN 0976 — 044X

24. Fraser JH, Rincon M, McCoy KD, Le Gros G. CTLA4 ligation
attenuates AP-1, NFAT and NF-kappaB activity in activated T cells.
Eur J Immunol. 1999;29(3):838-44.

25. Bhandaru M, Rotte A. Monoclonal Antibodies for the
Treatment of Melanoma: Present and Future Strategies. Methods
Mol Biol. 2019;1904: 83—-108.

26. Ascierto PA, Del Vecchio M, Robert C, Mackiewicz A, Chiarion-
Sileni V, Arance A. Ipilimumab 10 mg/kg versus ipilimumab 3
mg/kg in patients with unresectable or metastatic melanoma: a
randomised, double-blind, multicentre, phase 3 trial. Lancet
Oncol. 2017;18(5):611-22.

27. Di Giacomo AM, Ascierto PA, Queirolo P, Pilla L, Ridolfi R,
Santinami M. Three-year follow-up of advanced melanoma
patients who received ipilimumab plus fotemustine in the Italian
Network for Tumor Biotherapy (NIBIT)-M1 phase Il study. Ann
Oncol. 2015;26(4):798-803.

28. Eggermont AM, Chiarion-Sileni V, Grob JJ, Dummer R, Wolchok
JD, Schmidt H. Prolonged Survival in Stage Ill Melanoma with
Ipilimumab Adjuvant Therapy. N Engl J Med. 2016;375(19):1845—
55.

29. Eggermont AM, Chiarion-Sileni V, Grob JJ, Dummer R, Wolchok
JD, Schmidt H. Adjuvant ipilimumab versus placebo after complete
resection of high-risk stage Ill melanoma (EORTC 18071): a
randomised, double-blind, phase 3 trial. Lancet Oncol.
2015;16(5):522-30.

30. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA,
Haanen JB. Improved survival with ipilimumab in patients with
metastatic melanoma. N Engl J Med. 2010;363(8):711-23.

31. Robert C, Thomas L, Bondarenko I, O'Day S, Weber J, Garbe C.
Ipilimumab plus dacarbazine for previously untreated metastatic
melanoma. N EnglJ Med. 2011;364(26):2517-26.

32. Wolchok JD, Neyns B, Linette G, Negrier S, Lutzky J, Thomas L.
Ipilimumab monotherapy in patients with pretreated advanced
melanoma: a randomised, double-blind, multicentre, phase 2,
dose-ranging study. Lancet Oncol. 2010;11(2):155-64.

33. Francisco LM, Salinas VH, Brown KE, Vanguri VK, Freeman GJ,
Kuchroo VK. PD-L1 regulates the development, maintenance, and
function of induced regulatory T cells. J Exp Med.
2009;206(13):3015-29.

34. Latchman Y, Wood CR, Chernova T, Chaudhary D, Borde M,
Chernova I. PD-L2 is a second ligand for PD-1 and inhibits T cell
activation. Nat Immunol. 2001;2(3):261-8.

35. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands
in tolerance and immunity. Annu Rev Immunol. 2008;26: 677—-704.

36. Francisco LM, Sage PT, Sharpe AH. The PD-1 pathway in
tolerance and autoimmunity. Immunological  Reviews.
2010;236(1):219-42.

37. Carreno BM, Bennett F, Chau TA, Ling V, Luxenberg D, Jussif J.
CTLA-4 (CD152) can inhibit T cell activation by two different
mechanisms depending on its level of cell surface expression. J
Immunol. 2000;165(3):1352-6.

38. Sugiura D, Maruhashi T, Okazaki IM, Shimizu K, Maeda TK,
Takemoto T. Restriction of PD-1 function by cis-PD-L1/CD80
interactions is required for optimal T cell responses. Science.
2019;364(6440):558-66.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

257


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., 79(2), March — April 2023; Article No. 39, Pages: 252-258

39. Malek TR, Castro I. Interleukin-2 receptor signaling: at the
interface  between tolerance and immunity. Immunity.
2010;33(2):153-65.

40. Bennett F, Luxenberg D, Ling V, Wang IM, Marquette K, Lowe
D. Program death-1 engagement upon TCR activation has distinct
effects on costimulation and cytokine-driven proliferation:
attenuation of ICOS, IL-4, and IL-21, but not CD28, IL-7, and IL-15
responses. J Immunol. 2003;170(2):711-8.

41. Nishimura H, Nose M, Hiai H, Minato N, Honjo T. Development
of lupus-like autoimmune diseases by disruption of the PD-1 gene
encoding an ITIM motif-carrying immunoreceptor. Immunity.
1999;11(2):141-51.

42. Nishimura H, Okazaki T, Tanaka Y, Nakatani K, Hara M,
Matsumori A. Autoimmune dilated cardiomyopathy in PD-1
receptor-deficient mice. Science. 2001;291(5502):319-22.

43. Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L.
Nivolumab in previously untreated melanoma without BRAF
mutation. N Engl J Med. 2015;372(4):320-30.

44. Ansell SM, Lesokhin AM, Borrello I, Halwani A, Scott EC,
Gutierrez M. PD-1 blockade with nivolumab in relapsed or
refractory Hodgkin's lymphoma. N Engl J Med. 2015;372(4):311-
9.

45. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE.
Nivolumab versus Docetaxel in Advanced Nonsquamous Non-
Small-Cell Lung Cancer. N Engl J Med. 2015;373(17):1627-39.

46. Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE,
Poddubskaya E. Nivolumab versus Docetaxel in Advanced
Squamous-Cell Non-Small-Cell Lung Cancer. N Engl J Med.
2015;373(2):123-35.

47. Carbone DP, Reck M, Paz-Ares L, Creelan B, Horn L, Steins M.
First-Line Nivolumab in Stage IV or Recurrent Non-Small-Cell Lung
Cancer. N Engl J Med. 2017;376(25):2415-26.

ISSN 0976 — 044X

48. Delyon J, Bizot A, Battistella M, Madelaine I, Vercellino L, Lebbe
C. PD-1 blockade with nivolumab in endemic Kaposi sarcoma. Ann
Oncol. 2018; 29(4):1067-9.

49. Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas AD,
Licitra L. Nivolumab for Recurrent Squamous-Cell Carcinoma of
the Head and Neck. N Engl J Med. 2016;375(19):1856-67.

50. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ,
Srinivas S. Nivolumab versus Everolimus in Advanced Renal-Cell
Carcinoma. N Engl J Med. 2015;373(19):1803-13.

51. Bellmunt J, Bajorin DF. Pembrolizumab for Advanced
Urothelial Carcinoma. N Engl J Med. 2017;376(23):2304.

52. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L.
Pembrolizumab as Second-Line Therapy for Advanced Urothelial
Carcinoma. N Engl J Med. 2017;376(11):1015-26.

53. Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP.
Pembrolizumab for the treatment of non-small-cell lung cancer. N
Engl J Med. 2015;372(21):2018-28.

54. Giaccone G, Kim C, Thompson J, McGuire C, Kallakury B,
Chahine JJ. Pembrolizumab in patients with thymic carcinoma: a
single-arm, single-center, phase 2 study. Lancet Oncol.
2018;19(3):347-55.

55. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T,
Fulop A. Pembrolizumab versus Chemotherapy for PD-L1-Positive
Non-Small-Cell Lung Cancer. N Engl J Med. 2016;375(19):1823-33.

56. Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L.
Pembrolizumab versus Ipilimumab in Advanced Melanoma. N Engl
J Med. 2015;372(26):2521-32.

57. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R.
Durvalumab after Chemoradiotherapy in Stage Ill Non-Small-Cell
Lung Cancer. N Engl J Med. 2017;377(20):1919-29.

Source of Support: The author(s) received no financial support for the research, authorship, and/or publication of this article.

publication of this article.

Conflict of Interest: The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or

For any questions related to this article, please reach us at: globalresearchonline@rediffmail.com

New manuscripts for publication can be submitted at: submit@globalresearchonline.net and submit_ijpsrr@rediffmail.com

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

258


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
mailto:globalresearchonline@rediffmail.com
mailto:submit@globalresearchonline.net
mailto:submit_ijpsrr@rediffmail.com

