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ABSTRACT

The CTLA-4 (cytotoxic T-lymphocyte associated antigen 4) and PD-1 (programmed death protein 1) checkpoints are immune negative
regulators of T-cell activity. Blockade of these checkpoints, resulting in raised activation of the immune system, has showed to new
immunotherapies for melanoma and other cancers. Ipilimumab, an CTLA-4 blocker, is approved for the treatment of advanced
melanoma. PD-1 blockers, nivolumab and pembrolizumab are approved to treat patients with advanced melanoma. Additionally,
ipilimumab and nivolumab combination has been suggested in patients with BRAF metastatic melanoma. PD-1 and CTLA-4 roles in
blocking immune responses, involving anticancer responses, are largely recognizable. CTLA-4 regulate T-cell proliferation primarily in
lymph nodes, early in an immune response, although PD-1 suppresses T-cells, primarily in peripheral tissue, later in an immune
response. The clinical outlines of therapeutic agents blocking these checkpoints may differ based on their mechanized variations.
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INTRODUCTION

major requirement of the immune system is to

distinguish between self and non-self. Process

center is recognition and binding of a T-cell
receptor (TCR) to an antigen displayed in the major
histocompatibility complex (MHC) on the surface of an
antigen presenting cell (APC). Several other factors then
impact whether this binding outcomes in activation of T-
cell or anergy.! The life of a T-cell initiates in the thymus,
where immature cells proliferate and create a broad
reserve of TCRs by recombination of the TCR gene
segments. A selection events then initiates, and T-cells
with strong reactivity to self-peptides are neglected in the
thymus to prevent autoreactivity in a process called central
tolerance.?

T-cells with inadequate MHC binding face apoptosis, but
those that can fragile respond to MHC molecules and self-
peptides are not neglected and are delivered as naive T-
cells to circulate by the blood, spleen, and lymphatic
organs. There they are revealed to professional APCs
presenting foreign antigens when infection occur or
mutated self-proteins in the time of malignancy. Certain
TCRs may have specificity that is cross-reactive to self-
antigens. Various immune checkpoint pathways regulate
activation of T-cells to prevent autoimmunity at multiple
stages during an immune response.?

The PD-1 (programmed cell death protein 1) and CTLA-4
(cytotoxic T-lymphocyte associated antigen 4) immune
checkpoint pathways are considered to regulate at various
stages of an immune response. CTLA-4 is the leader of the
immune checkpoint blockers, as it terminates possibly
autoreactive T-cells at the primary stage of naive T-cell
activation, generally in lymph nodes. The PD-1 pathway

operates earlier activated T-cells at the later stages of an
immune response, particularly in peripheral tissues.

A fundamental concept in cancer immunotherapy is that
cancer cells, which would normally be recognized by T-
cells, have developed routes to elude the host immune
system through taking advantage of peripheral tolerance.
blocking of the immune checkpoint pathways has directed
to the approval of some new therapeutics such as
ipilimumab (anti-CTLA-4), pembrolizumab (anti-PD-1), and
nivolumab (anti-PD-1). There are major similarities and
differences in these pathways, with indications for cancer
immunotherapy.®

2. CTLA-4 immune checkpoint

T-cell activation is a complex process that requires
stimulatory signal. TCR binding to MHC gives specificity to
T-cell activation, but further costimulatory signals are
needed. Binding of B7-1 (CD80) or B7-2 (CD86) molecules
on the APC with CD28 molecules conducts to signaling the
T-cell. Adequate levels of CD28:B7-1/2 binding shows to
proliferation of T-cells, increased T-cell survival, and
differentiation by the production of cytokines like
interleukin-2 (IL-2), raised the energy metabolism, and
upregulation of cell survival genes.®

While binding of CTLA-4 to B7 does not produce a
stimulatory signal, CTLA-4 is a CD28 homolog with higher
binding affinity for B7. This competition may prevent the
costimulatory signal generally provided by CD28:B7
binding (Fig. 1). The comparative amount of CD28:B7 vs
CTLA-4:B7 binding dictates whether a T-cell will undergo
activation or anergy.” Moreover, certain proof concludes
that CTLA-4 binding to B7 may actually produce inhibitory
signals that neutralize the stimulatory signals from
CD28:B7 and TCR:MHC binding. Suggested mechanisms for
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such inhibitory signals involve direct blocking at the TCR
immune events, CD28 inhibition or it’s signaling pathway,
or increased mobility of T-cells presenting to decreased
capability to interact with APCs.?
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Figure 1: CTLA-4 mediated T-cell blockade (A) expression
of positive signal, (B) expression of negative signal.

CTLA-4 itself is theme to regulation, specifically through
localization within the cell. In resting naive T-cells CTLA-4
is situated generally in the intracellular compartment.
Quicken signals coming from TCR and CD28:B7 binding
create upregulation of CTLA-4 on the cell surface by
process exocytosis involving of vesicles. This process
regulates in a graded feedback loop whereas stronger TCR
signaling evokes more CTLA-4 translocation toward the cell
surface. Net negative signal by CTLA-4:B7 binding, full T-
cells activation is inhibited by blocking of IL-2 production
and cell cycle progression.®

Furthermore, CTLA-4 is involved in other features of
immune control. Regulatory T-cells (Tregs) regulate
functions of the effector T-cells, and thus are major players
in maintaining peripheral tolerance. Differ from effector T-
cells, Tregs basically presents CTLA-4, and this is concluded
to be an important for their suppressive functions. In
animal models, genetic CTLA-4 deficiency in Tregs
decreased their suppressive functions. Tregs are control
effector T-cells by downregulation of B7 ligands on APCs,
proceeding to reduced CD28 co-stimulation (Fig. 2).%°
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Figure 2: CTLA-4 mediated blockade of regulatory T-cell.

3. PD-1 immune checkpoint

PD-1 is the member of costimulatory receptors family
B7/CD28, whereas it balances T-cell activation by binding
to its ligands, programmed death ligand 1 (PD-L1) and
programmed death ligand 2 (PD-L2). PD-1 binding blocks
the T-cell proliferation, and interferon-y (IFN-y), tumor
necrosis factor-o. (TNF-a), and IL-2 production, and also
decreases T-cell survival (Fig. 3).2* While T-cell experiences
concurrent PD-1 and TCR binding, PD-1 created signals
prevent  major  phosphorylation  TCR  signaling
intermediates and stops primarily TCR signaling and also
reduces T-cells activation. PD-1 expression is a trademark
of “exhausted” T-cells that have competent high levels of
stimulation or reduced help of CD4* T-cell. This happens
during cancer and chronic infections, is presented by T-cell
dysfunction, proceeding in deficient control of cancers and
infections.!?
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Figure 3: PD-1 mediated blockade of T-cell.

While PD-1 and CTLA-4 binding have same negative effects
on T-cell activity, the scheduling of down-regulation, the
organize signaling mechanisms, and the anatomic sites of
immune inhibition through these immune checkpoints
differ. Dissimilar CTLA-4, which is pinched to T-cells, PD-1
is more widely presented on activated T-cells, B-cells, and
myeloid cells. While CTLA-4 functions throughout the
primarily phase of T-cell activation, PD-1 functions
throughout the effector phase, mostly in peripheral
tissues.t3

The administration of PD-1 ligands varies from those for
CTLA-4, whilst B7 ligands are presented through APCs,
generally reside in lymph nodes or spleen. PD-L1 is
expressed on white blood cells, non-hematopoietic cells,
and in non-lymphoid tissues, and may be introduced on
parenchymal cells through inflammatory cytokines (IFN-y)
or cancerous signaling pathways. PD-L1 expression is
found on cancer cells, and is associated with an increasing
in tumor-infiltrating lymphocytes (TILs).**

PD-L2 is primary expressed on dendritic cells and
monocytes, but may be induced on a broad difference of
other immune cells and non-immune cells, depending
upon microenvironment. PD-1 has a higher binding affinity
for PD-L2 beside PD-L1, and this difference can be
responsible for various contributions of these ligands to
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immune responses. Due to PD-1 expressed in peripheral
tissues, interactions with PD-L1/PD-L2 are concluded to
maintain tolerance in locally infiltrated tissues.®

While the plurality of ligands for PD-1 shows to differs in
biological effects, depending on which ligand is bound. The
model illustrated opposing roles of PD-L1 and PD-L2
signaling in activation of NK cells. Blocking of PD-L2 binding
conducted to promoted Th2 activity, since PD-L1 binding
to CD80 has been demonstrate to block T-cell responses.
These biological effects are likely to contribute to
variations in activity and toxicity between antibodies
directed at PD-1 as opposed to those directed at PD-L1,
and thus have capable therapeutic strategies.®

However, regulatory T-cells express PD-1 and CTLA-4, the
function of PD-1 expression on these cells remains unclear.
PD-L1 has been illustrate to contribute to the conversion
of naive CD4* T-cells to Treg cells and also to inhibit T-cell
responses by promoting the initiation and conservation of
Tregs. Compatible with these outcomes, PD-1 inhibited can

reverse Treg mediated suppression of effector T-cells in-
vitro.Y’

PD-1 binding with its ligands decreases the magnitude of
the immune response in T-cells that are already attracted
in an effector T-cells response. This leads in a more
restricted spectrum of T-cell activation compared to CTLA-
4 blockade, which can elaborate the apparently lower
incidence of immune mediated adverse events associated
with PD-1.18

4. Significance of CTLA-4 and PD-1 checkpoints inhibition

Preclinical investigations leading decreased cancer growth
and enhanced survival with CTLA-4 or PD-1 inhibition
provide the rationale for immune checkpoint blocked for
cancer treatment. Monoclonal antibodies that inhibit PD-
1, PD-L1 and CTLA-4 are now approved for melanoma, lung
cancer, and also in the development for kidney cancer,
prostate cancer, and head and neck cancer (Table 1).°

Table 1: CTLA-4 and PD-1/PD-L1 checkpoint blockers approved.

Target Drug Status Organization
CTLA-4  Ipilimumab Phase Il: gastric, cervical, pancreatic, and colorectal cancer Bristol-Myers

Phase III: lung, and kidney cancer Squibb
CTLA-4  Tremelimumab  Phase II: lung cancer Medimmune/

AstraZeneca

PD-1 Pembrolizumab = Phase II: hematologic malignancies, glioblastoma, colorectal, Merkel = Merck

cell, and pancreatic cancer

Phase IlI: head & neck, gastric, and lung cancer
PD-1 Nivolumab Phase II: hematologic malignancies, cervical, colorectal, and Bristol-Myers

pancreatic cancer Squibb

Phase Ill: head & neck, kidney, gastric, glioblastoma, and lung cancer
PD-L1 Pidilizumab Phase II: hematologic malignancies, and kidney cancer CureTech
PD-L1 Durvalumab Phase II: glioblastoma, and colorectal cancer AstraZeneca/

Phase IiI: lung, and head & neck cancer Medimmune
PD-L1 Atezolimab Phase II: kidney cancer Roche

Phase IlI: bladder, and lung cancer

Lymph node Tumor site

The mechanism through which anti-CTLA-4 antibodies
introduce an anticancer response is uncertain, whilst
research ongoing concludes that CTLA-4 inhibition affects
the immune priming phase through supporting the
activation and proliferation of a higher number of effector
T-cells, nevertheless of TCR specificity, and also through
reducing Treg mediated suppression of T-cell responses
(Fig. 4). Anincrease in the patient diversity of the peripheral
T-cell pool following CTLA-4 inhibition with melanoma has
recently been investigated.?®

Actlvation, proliferation

Migration
to tumor site
Antigen

presenting
cell

Tumo,& Activation, proliferation

uptake Tumor elimination

Figure 4: CTLA-4 and PD-1/PD-L1 checkpoint inhibition.
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An ipilimumab investigations with melanoma or prostate
cancer patients provided proof that onset T-cell background
can also be significance. As quickly turnover of the T-cell
repository on primarily treatment was shown, and it
continued to evolve with some treatment.?! Both expansion
and loss of individual T-cell ancestor were reported, but
there was a net raise in TCR diversity. Overall survival was
associated with the maintenance of clone process in high
frequency at beginning. In patients with little overall
survival, treatment numbers of these highest frequency
clones decreased.??

These investigations conclude that effective CTLA-4
inhibition can depend on the capability to maintain
preexisting passionately T-cells with relevance to the
anticancer response. PD-1 inhibition implements at the
effector phase to restore the immune function in the
periphery that have been turned off following high levels of
antigen exposure.? The ligands for PD-1 can be expressed
by cancer cells and cancer infiltrating immune cells. PD-L1
expression on cancer cells differentiate through cancers,
but appears to be specifically abundant in melanoma, non-
small cell lung cancer (NSCLC), and ovarian cancer.?*

Recently, PD-L1 expression on cancer cells was shown to be
importantly associated with PD-1 expression on TILs, and
also mainly associated with PD-L2 expression when this
ligand was expressed. In the similar investigation, cancer
PD-L1 expression was the single factor most closely related
with response to anti-PD-1 inhibition, since PD-L1
expression on TILs was not associated with response.?
Other investigation observed that patient response to anti-
PD-L1 blockade was strongest when PD-L1 was expressed
by cancer infiltrating cells. PD-L1 blocking relevantly, as
distracted to PD-1 blockade, will inhibit PD-1:PD-L1 while
preserving PD-1:PD-L2 interactions.?®

The capability to distribute a more targeted signal with less
toxicity, as self-tolerance mediated by PD-1:PD-L2
interactions should be conserved. Moreover, as PD-L1 is
known to bind CD80 and PD-1 to deliver inhibitory signals
to T-cells, PD-L1 blockade with an appropriate antibody
could prevent PD-L1 reverse signaling and its leading T-cell
down-regulation through CD80.?” PD-L1 antibody could also
terminate the PD-L1:CD80 combination on other cells
where they are co-expressed, like dendritic cells. The
variations in time, location, and unnecessary effects of their
actions conclude that CTLA-4 and PD-1 targeted therapies
have the capable for additive or combine effects in the
advanced malignancies treatment.?®

More proof that supports the conclusions that various role
of each immune checkpoint outline that investigated the
biological effect of PD-1 and CTLA-4 inhibition in patients
ongoing single or combine treatment. CTLA-4 blockade
introduced a proliferative signal found primarily in a subset
of memory T-cells, whilst PD-1 blockade associated with
variations in genes to be involved in cytolysis and natural
killer cell function.?® Dual inhibition showed to non-
overlapping variations in gene expression. While the
treatments produced various effects on levels of circulating

cytokines. This investigation reports that PD-1 and CTLA-4
inhibition showed to different patterns of immune
activation.3°

5. Efficiency and specific response with checkpoint
blockers

CTLA-4 inhibition with ipilimumab was the first treatment in
patients to continue overall survival with advanced
melanoma in adventitious pattern. Investigation of long-
term survival report pooled over various phase Il and Il
trials illustrated that the survival curve starts to plateau at
about 3 years with survival rates (22 %, 26 % and 20 %
respectively) in all patients with adequate follow-up, in
treatment of naive patients as well as early treated
patients. Compatible with its survival advantages, CTLA-4
inhibition is associated with secure responses in a
proportion of patients treated compare to several
responses reported to last 3 years.3!

Nowadays, PD-1 inhibition has been seen to enhance
progression free survival with metastatic melanoma and
earlier treated metastatic squamous and non-squamous
patients. The prolonged follow-up records available show
that highly substantial responses may occur with PD-1
inhibition in patients with melanoma or renal cell
carcinoma. The response rates with PD-1 checkpoint
inhibition were higher than CTLA-4 inhibition in advanced
melanoma (33-34 % vs 12 %) patients in a phase Il head-to-
head trial of pembrolizumab vs ipilimumab. This case
estimated higher 1 year survival rates with pembrolizumab
vs ipilimumab (68-74 % vs 58 %).3?

Due to immune checkpoint blockers work through proceed
efficacious anticancer immune response patterns may vary
from those shown with chemical therapeutics or targeted
agents. Detained or unfamiliar responses can be related to
differs in the kinetics and efficiency of particular patient’s
individual immune system, and also its interaction with
cancers and metastases.3® The beginning raise in target
lesion cancer volume could be due to correct cancer growth
before the generation of valuable anticancer response.
Contrarily, speedy activation of an anticancer immune
response could responsible to inflammation and an influx of
immune cells into the cancer site, which could act as cancer
progression.3*

Clinical trials of ipilimumab, around 10 % of patients were
primarily characterized as having progressive disease, but
subsequently had favorable survival. Patients (4-8 %) with
advanced melanoma receiving nivolumab or
pembrolizumab in clinical trials had unusual responses that
did not meet Response Evaluation Criteria in Solid Tumors
criteria, but were nonetheless associated with patient
advantages. Unfamiliar response patterns have also been
reported in patients with lung cancer receiving PD-1
checkpoint blockers. These unconventional responses have
directed to the development of modified response criteria
known as immune related response criteria.>®
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6. Molecular biomarkers

A discomfort with ipilimumab has been the incapability to
predict perspective which patients are most possible
satisfaction from medication. The down level of inductive
CTLA-4 and the widespread expression of its B7 ligands are
useless as anticipating biomarkers.3®  Retroactive
investigations have scrutinized various biomarkers
associated with response, involving upregulation of T-cell
activation maker inducible co-stimulator, development of
polyfunctional T-cell response and also absolute
lymphocyte count. Corporation between cancer mutational
load and clinical advantages with CTLA-4 inhibition has been
seen, but was not sufficient alone to predict patients who
are probably respond against treatment.?’

Although, work scrutinizing cancer neoantigens has seen
satisfy, with the recognition of a neoantigen signature
peptide situate in cancers that corresponded with overall
survival of independently treated with CTLA-4 inhibitor.
Comparatively, the upregulation of PD-1 on exhausted cells
and ligands on cancer cells can offer the possible for
identifying patients responsive to PD-1/PD-L1 inhibition.3®
Initial record across cancer types recommends that patients
with PD-L1 presenting cancers or infiltrating immune cells
generally have a higher response rate against PD-1/PD-L1
therapy. They can have achieved survival results compared
to patients with negative PD-L1 expression. Moreover,
responses have been shown in patients with PD-L1
low/negative cancers, and hence these patients should be
unprohibited from treatment.3®

The ipilimumab and nivolumab combination to individual
agent alone, responses in PD-L1 positive patients were
same with the combine vs nivolumab alone, since PD-L1
negative patients did preferable receiving the combination.
All of these outcomes are provoking, whilst more research
is needed to initiate the sustainability and utility of PD-L1
expression as a prophetic biomarker.*® Another markers
response against PD-1/PD-L1 therapy have also been
investigated and involve characteristics associated with PD-
L1 mediated suppression of premature immunity.
Mutational and higher neoantigen burden with CTLA-4 have
currently been seen to be associated with efficiency in
patients with PD-1 inhibitor.**

7. Immunological toxicity

Immune checkpoint inhibitor is associated with prospective
immunologic etiologies, known as immune mediated AEs.
Mainly recorded immune mediated AEs involve rashes,
gastrointestinal disorders, and endocrinopathies. The
overall rate of grade Z3 AEs was higher with ipilimumab (20
%) compared to phase llI trial with pembrolizumab (10-13
%).*2 This could be a result of a larger magnitude of T-cell
proliferation or reduced Treg mediated
immunosuppression with CTLA-4 inhibition, or activation of
a small number of T-cell clones with PD-1 inhibition.*?

Hypophysitis (inflammation of the pituitary gland) is
recorded in patients (2-4 %) receiving ipilimumab but in <1
% of administrating PD-1 blockers. Moreover, this differs in

incidence can be unrelated to variations in immune
mechanism of action, but can be elucidated through ectopic
expression of CTLA-4 in the pituitary gland, priming to
ipilimumab binding to endocrine cells, attended through
complement fixation and inflammation. Blocking PD-L1
rather than PD-1 can outcome in a slightly variant toxicity
profile.*

Treatment related grade 3-4 AEs were estimated in patients
(4-13 %) receiving PD-L1 blockers in phase /1l across two
various agents and multiple cancers. Record from
comparative trials is not yet available, while the incidence
of grade 3-4 treatment related AEs can down with PD-L1
blockers than with PD-1. Since, the immune mediated AEs
estimated to date have been same between the two
agents.®

8. Combined
checkpoints

inhibition of CTLA-4 and PD-1/PD-L1

Inhibition of both CTLA-4 and PD-1/PD-L1 could, not only
introduce proliferation of an increasing number of T-cells
primarily in an immune response, but also re-establish
immune responses of earlier activated T-cells that have
become drained, and reduce Treg mediated
immunosuppression (Fig. 4).¢ Preclinical investigations
illustrated promoted anticancer responses by combined
inhibition compared with alone, which was also reported in
initial  clinical phases. This complementary effect
authenticates the various roles of these agents help in
immune regulation.” An improved progression free
survival and raised response rate were showed with the
combination of ipilimumab and nivolumab when compared
with ipilimumab alone in a scattered phase Il treatment
with metastatic melanoma patients.®

The objective response rate was 58 % vs 19 %, and the
median progression free survival was 11.5 vs 2.9 months for
the combined and monotherapy. Combine CTLA-4 and PD-
1 blockers are being reported in patients with various
cancers, involving advanced NSCLC and RCC.* In metastatic
RCC, primarily record conclude that the objective response
rate is higher to combined checkpoint inhibition (38-43 %)
than was shown with PD-1 blockade alone in a various trial
(20-22 %). preliminary record from lung cancer trials
unsatisfied raised anticancer activity with a combined
inhibition in NSCLC. Since, increased anticancer activity was
shown with a combined inhibition in small cell lung cancer
(SCLC) vs nivolumab.*°

CTLA-4 and PD-1 combined inhibition with the goal of
increasing efficiency is highly desirable, but combined
treatment could report more toxic. In patients with earlier
untreated melanoma or recurrent SCLC, the occurrence of
drug related grade 3-4 AEs was 54-55 % with concurrent
inhibition compared with ipilimumab (24-27 %) and
nivolumab alone (15-16 %).°! Initial CTLA-4 blockade does
not appear to liable patients to development of immune
mediated AEs with PD-1 blockade, which can therefore
support continues rather than combined treatment.>?
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CONCLUSIONS

The CTLA-4 and PD-1/PD-L1 checkpoint blockade
immunotherapy down-regulate T-cell activation to
maintain peripheral tolerance. Also, they may be utilized by
cancers to introduce an immune suppressive state that
permits the cancers to grow or develop rather of being
removed through the immune system.>® The variational
patterns of CTLA-4 and PD-1 ligand expression originate
mainly in lymphoid tissue and peripheral tissues. They are
central to the hypothesis that CTLA-4 acts primarily in
tolerance initiation, whereas PD-1 acts later to maintain
long term tolerance.> CTLA-4 and PD-1/PD-L1 blockers may
restore anticancer immune responses which controlling to
long term advantage in a valuable proportion of treated
patients.>®

Expected outcomes of their mechanism of action, immune
checkpoint blockers are led with immune mediated
toxicities. Most of which may be cleared successfully with
corticosteroids.>® Primarily investigation recommend that
inhibition of both CTLA-4 and PD-1/PD-L1 checkpoints
shows to increased efficiency rather blockade alone or in
sequence. This providing extra proof of the individual roles
of these immune checkpoints in regulating anticancer
immune responses.”” More trials are required to confirm
study and validate a combined strategy. CTLA-4 and PD-
1/PD-L1 blockers are in active clinical development for
multiple medications and have the prospective to
revolutionize future treatment strategies for many cancer
patients.>®
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