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Lung cancer is one of the most commonly diagnosed cancers and the leading cause of cancer-related deaths worldwide.
Although progress in the treatment of advanced non-small cell lung cancer (NSCLC) has been made over the past
decade, the 5-year survival rate in patients with lung cancer remains only 10%-20%. Obviously, new therapeutic options
are required for patients with advanced NSCLC and unmet medical needs. Cancer immunotherapy is an evolving
treatment modality that uses a patient’s own immune systems to fight cancer. Theoretically, cancer immunotherapy can
result in long-term cancer remission and may not cause the same side effects as chemotherapy and radiation. Immuno-
oncology has become an important focus of basic research as well as clinical trials for the treatment of NSCLC. Immune
checkpoint inhibitors are the most promising approach for cancer immunotherapy and they have become the standard
of care for patients with advanced NSCLC. This review summarizes basic tumor immunology and the relevant clinical

data on immunotherapeutic approaches, especially immune checkpoint inhibitors in NSCLC.
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Introduction

Lung cancer is one of the most commonly diagnosed can-
cers and the leading cause of cancer-related deaths world-
wide'. In Korea, lung cancer was the fourth most common
cancer in 2013, with 23,177 newly diagnosed patients, and the
most common cause of cancer-related deaths, accounting for
22.8% of all cancer-related deaths in 2014*°. Non-small cell
lung cancer (NSCLC) is diagnosed in approximately 85% of
patients with lung cancer, but most of these patients are diag-
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nosed at an inoperable or advanced stage”.

Progress in the treatment of advanced NSCLC over the
past decade includes the introduction of the cytotoxic che-
motherapy agent pemetrexed for tumors of non-squamous
histology and the development of molecularly targeted agents,
including epidermal growth factor receptor-tyrosine kinase
inhibitors (EGFR-TKI) and anaplastic lymphoma kinase
(ALK) inhibitors, for tumors with activating mutations, most
of adenocarcinoma histology"”. These agents have resulted in
better survival outcomes™’. The frequency of EGFR mutations
in tumors of adenocarcinoma is highest in patients from Asia-
Pacific countries, at 47% (range, 20%-76%)". Moreover, the
incidence of adenocarcinoma is steadily increasing, making it
the most common subtype of lung cancer in Korea'.

These advanced treatments, however, are unavailable to pa-
tients with squamous cell histology and those without appro-
priate molecular alterations, making their prognosis as poor
as ever. Moreover, acquired resistance to targeted agents is
now a challenging problem in patients who progress on these
therapies'”. Therefore, the 5-year survival rate in patients with
lung cancer ranges remains only 10%-20% in both developed
and developing countries, despite improving up to 10% in
most countries’. Obviously, new therapeutic options are re-
quired for patients with advanced NSCLC and unmet medical
needs.
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Immunotherapy, which uses a patient’s own immune sys-
tem, has recently appeared as another modality for cancer
treatment. Immuno-oncology has become an important
focus of basic research and clinical trials for the treatment of
NSCLC™". This review summarizes basic tumor immunology
and clinical data on immunotherapeutic approaches, espe-
cially immune checkpoint inhibitors in NSCLC.

Immune System and Tumor Immunology

Historically, immunity has signified a defense mechanism
against infectious diseases. However, noninfectious foreign
substances can also elicit immune responses. Therefore, the
immune system reacts not only to infectious microbes but to
cancer cells, and has the potential to kill cancer cells'.

The immune system consists of the innate immune system,
which reacts initially to foreign substances, and the adaptive
immune system, which responds subsequently. The innate
immune system includes complement proteins and cellular
components, including natural killer cells (NKs), dendritic
cells (DCs), polymorphonuclear leukocytes, mast cells, and
macrophages. The adaptive immune system includes humor-
al immunity mediated by antibodies produced by B lympho-
cytes, and cellular immunity mediated by T lymphocytes'".
Natural killer T (NKT) cells and y8 T cells are involved in both
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innate and adaptive immunity". The innate immune system
is ready to respond rapidly, in the absence of prior exposure,
and is antigen-nonspecific. By contrast, the adaptive immune
response is slower to develop, educated to recall prior expo-
sure, known as memory, and is antigen-specific'*"".

Cancer immunotherapy is an evolving treatment modal-
ity that uses a patient's own immune system to fight cancer.
Theoretically, cancer immunotherapy can result in long-term
cancer remission and may not cause the same side effects as
chemotherapy and radiation'*”.

Classically, cancer immunosurveillance hypothesizes that
the immune system can recognize and eliminate nascent
transformed cells*. However, tumors that developed in im-
munocompetent mice were found to be less immunogenic
than tumors that developed in immunodeficient mice®. These
findings indicated that, paradoxically, the immune system as-
sists in the eventual outgrowth of cancers that are better able
to escape immune detection. Thus, tumors are imprinted by
the immunologic environment in which they form**’,

1. Cancer immunoediting

Because the immune system can promote as well as sup-
press cancer growth, the broader term cancer immunoediting
was proposed to describe better these activities, in place of the
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Figure 1. The three phases of the cancer immunoediting process: elimination, equilibrium, and escape. DC: dendritic cell; y3: y5 T cell; IDO:
indoleamine 2,3-dioxygenase; IFN-y: interferon y; IL: interleukin; M1: M1 macrophage; M2: M2 macrophage; MDSC: myeloid-derived sup-
pressor cell; NK: natural killer cell; NKT: natural killer T cell; PD-L1: programmed death ligand 1; TGE-p: transforming growth factor f3; Treg:
regulatory T cell. Modified from Schreiber et al. Science 2011;331:1565-70, with permission of The American Association for the Advance-

ment of Science™.
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Cancer immunoediting consists of three phases of relations
between cancer cells and the immune system: elimination,
equilibrium, and escape (Figure 1). In the elimination phase,
the immune system detects and destroys transformed can-
cer cells from normal tissue before they become clinically
detectable tumors. This phase corresponds to the concept of
cancer immunosurveillance, in which the innate and adap-
tive immune systems work together. A proposed model for
the elimination phase consists of four steps. In the first step,
innate immune cells, such as NKs, NKT cells, and y8 T cells,
recognize transformed cells and produce interferon y (IFN-y).
In the second step, IFN-y induces the death of a limited num-
ber of tumor cells and some chemokines recruit NKs, DCs,
and macrophages. DCs ingest dead tumor cells and migrate
to the draining lymph node. In the third step, NK cells and
macrophages produce interleukin (IL)-12 and IFN-y, which
kill additional tumor cells while tumor antigen-specific T cells
develop in the draining lymph nodes. In the fourth step, tumor
antigen-specific T cells home to the tumor site and destroy
tumor cells**,

During the equilibrium phase, any cancer cell variant that
has survived the elimination phase has increased resistance to
immune recognition. The immune system also holds cancer
cells in a functionally dormant state using adaptive immune
cells such as T cells. Thus, the immune system prevents can-
cer cell outgrowth and sculpts the immunogenicity of these
cancer cells®*",

During the escape phase, the immune system can no longer
block tumor cells outgrowth, resulting in the emergence of
cancer cells and the development of clinically observable ma-
lignant disease. Cancer cell escape can occur through many
different mechanisms, including the loss of tumor antigens,
resulting in the evasion of immune recognition, increased
resistance to the cytotoxic effects of the immune system, and
establishment of an immunosuppressive tumor microenvi-

ronment”*",

2. Cancer-immunity cycle

An anticancer immune response can be divided into sev-
eral steps, known as the cancer-immunity cycle (Figure 2)”.
First, tumors release tumor cell antigens, which are captured
by antigen presenting cells (APCs) such as DCs. The APCs
subsequently process and present these captured antigens
on major histocompatibility complex (MHC) molecules, and
migrate to draining lymph nodes. In the lymph nodes, T cell
receptors on the surface of T cells recognize the antigenic
peptides presented by the MHC. However, T-cell activation
also requires the interaction of co-stimulatory signals, such as
between proteins of the B7 family (CD80 or CD86) on APCs
and CD28 on T cells. Finally, activated T cells migrate to and
infiltrate the tumor bed, binding to tumor cells and killing
them™?.

www.e-trd.org https://doi.org/10.4046/trd.2017.0120

Each step of the cancer-immunity cycle may be a potential
target for immunotherapy. Vaccines can promote tumor anti-
gen presentation by APCs, cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) blockade can promote the priming phase,
and programmed cell death protein 1 (PD-1) blockade or
programmed death ligand 1 (PD-L1) blockade can promote
the effector phase, consisting of the killing of cancer cells by
activated T cells™*.

3. Immunosuppressive mechanism

After T cells are activated, a checkpoint system is triggered
to inhibit further T-cell activation. Originally this mechanism
helps to regulate immune responses and maintain immune
balance, thereby preventing autoimmune reactions. Tumors
can also protect themselves from the immune system using
checkpoints as immune resistance mechanisms™'**.

Cancer cells can induce and recruit immunosuppressive
cells in the tumor microenvironment. These immunosup-
pressive cells include regulatory T cells (Tregs), myeloid-
derived suppressor cells (MDSCs), and M2 tumor-associated
macrophages (TAMs)*"**, Immunosuppressive molecules
such as IL-10, transforming growth factor B, and indoleamine
2,3-dioxygenase (IDO) are also secreted by cancer cells or im-
munosuppressive cells"*",

4. Immune response in NSCLC

Although lung cancer has been regarded classically as a
non-immunogenic malignancy, recent understanding of the
immune system suggests that antitumor immune responses
to lung cancer can be induced, that their magnitude may cor-
relate with clinical outcomes, and that immunotherapy may
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Figure 2. The cancer-immunity cycle. APC: antigen presenting cell;
MHC: major histocompatibility complex; TCR: T cell receptors.

31



t doA Tuberculosis and
r Respiratory Diseases

CY Jung et al.

be a therapeutic option in lung cancer”'"".

Several retrospective, immunohistochemical (IHC) analy-
ses of lung cancer specimens have shown that cellular im-
mune responses may be associated with clinical prognosis.
For example, the survival rate of patients with squamous
cell carcinoma of the lung, particularly those with early stage
tumors, was found to be significantly higher in the presence
than in the absence of tumor-infiltrating lymphocytes (TILs),
which were almost entirely CD8" T cells™. High levels of infil-
tration of both CD8" T cells and CD4" T cells were also associ-
ated with significantly higher survival rates in patients with
NSCLC™. By contrast, a high ratio of Tregs to TILs correlated
with a significantly higher risk of recurrence in patients with
stage INSCLC™".

Immunotherapy for NSCLC

The goal of immunotherapy is to potentiate the immune
system’s response to cancer cells. The adaptive immune sys-
tem, especially T cells, plays an important role in anticancer
immune responses . Studies to date have focused on two im-
munotherapeutic strategies in NSCLC: cancer vaccines and
immune checkpoint inhibitors. Cancer vaccines are antigen-
specific immunotherapies that augment tumor recognition by
the immune system, whereas immune checkpoint inhibitors
are antigen non-specific therapies that overcome tumor im-
munosuppression”'"'*",

Vaccines

Cancer vaccines stimulate the immune system to recognize
tumor antigens. Injection of a cancer vaccine, composed of
tumor-associated antigens (TAA) and adjuvant, into the skin
(usually intradermally) results in the uptake of TAAs by APCs
such as DCs. These APCs process these TAAs and migrate to
draining lymph nodes, where the activated APCs present anti-
gens to T cells, resulting in their activation™***,

Several cancer vaccines have been studied in NSCLC, in-
cluding melanoma-associated antigen-A3 (MAGE-A3)™",
liposomal-BLP25 (tecemotide)™*, TG4010™, and CIMAvax-
EGF™. To date, however, these cancer vaccines remain subop-
timal because the induction of the desired immune response
is weak, responses are short lived, and memory formation
is defective. The tumor microenvironment is also potently
immunosuppressive, resulting in the rapid inactivation of
vaccine-induced effector lymphocytes. These hurdles must be
overcome to develop clinically effective cancer vaccines™".
Consistently, however, these vaccines have been found more
effective in patients with minimal disease burden. Patient se-
lection based on predictive biomarkers will be a major future
challenge in the development of cancer vaccines'*"" ",
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Immune Checkpoint Inhibitors

Immune checkpoint inhibitors are the most promising
approach for cancer immunotherapy. Immune checkpoint
inhibitors most investigated in clinical trials of patients with
NSCLC include antibodies against CTLA-4, PD-1, and PD-L1.
A major advantage of these immune checkpoint inhibitors is
their ability to elicit antitumor immune responses regardless
of the specific tumor antigens'*'>*".

CTLA-4 is expressed on T cells and initiates inhibitory regu-
lation during the priming phase of a T-cell activation. CTLA-
4 competes with T-cell co-stimulatory receptor CD28, which
is needed for T-cell activation, by binding to members of the
B7 family (CD80 or CD86) on APCs. Binding of CTLA-4 to
CD80 or CD86, rather than to CD28, provides an inhibitory
signal to the T cell. By contrast, PD-1 is expressed on activated
T cells and regulates the effector phase of T-cell responses in
the tumor microenvironment. PD-1 binds to one of its ligands,
PD-L1 or PD-L2, which is usually expressed on cancer cells,
providing an inhibitory signal to the T cell. Therefore, inhibi-
tion of CTLA-4, PD-1, or PD-L1 results in the activation of T
cells and enhancement of anticancer immune responses (Fig-
ure 3)"*"**" Immune checkpoint inhibitors for the treatment
of NSCLC and the results of clinical trials are summarized in
Tables 1 and 2.

Priming phase Effector phase

Anti-CTLA-4

T-cell activation """
Figure 3. The immune system activation and checkpoint inhibitors.
APC: antigen presenting cell; CTLA-4: cytotoxic T-lymphocyte-
associated antigen 4; PD-1: programmed cell death protein 1; PD-
L1: programmed death ligand 1; TCR: T cell receptors. Modified
from Pardoll. Nat Rev Cancer 2012;12:252-64, with permission of
Springer Nature”.
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Table 1. Immune checkpoint inhibitors for the treatment of non-small cell lung cancer

Agent Description Company
Anti-PD-1
Nivolumab Fully human IgG4 monoclonal antibody directed against PD-1 on T cells Bristol-Myers Squibb
Pembrolizumab Humanized IgG4 monoclonal antibody directed against PD-1 on T cells Merck
Anti-PD-L1
Atezolizumab Human IgG1 monoclonal antibody directed against PD-L1 on tumor cells Genetech/Roche
Durvalumab Fully human IgG1 monoclonal antibody directed against PD-L1 on tumor cells Astrazeneca
Anti-CTLA-4
Ipilimumab Fully human IgG1 monoclonal antibody directed against CTLA-4 on T cells Bristol-Myers Squibb
Tremelimumab Fully human IgG2 monoclonal antibody directed against CTLA-4 on T cells MedImmune/Astrazeneca

PD-1: programmed cell death protein 1; PD-L1: programmed death ligand 1; CTLA-4: cytotoxic T-lymphocyte-associated antigen 4.

1. Anti-PD-1

1) Nivolumab

Nivolumab is the first anti-PD-1 antibody in clinical de-
velopment. Two phase III trials compared nivolumab with
docetaxel in patients with stage IIIB or IV squamous and non-
squamous NSCLC who experienced disease progression
during or after one prior platinum-based chemotherapy regi-
men"*"". In the first phase II trial, CheckMate 017, 272 patients
with squamous NSCLC were randomly assigned to receive
nivolumab (3 mg/kg every 2 weeks) or docetaxel (75 mg/m®
every 3 weeks). Median overall survival (OS, 9.2 months vs.
6.0 months; hazard ratio [HR], 0.59; 95% confidence interval
[CT], 0.44-0.79; p<0.001) and median progression-free survival
(PFS, 3.5 months vs. 2.8 months; HR, 0.62; 95% CI, 0.47-0.81;
p<0.001) were significantly longer in the nivolumab than
in the docetaxel group. In addition, the 1-year OS rate (42%
vs. 24%) and the objective response rate (ORR, 20% vs. 9%;
p=0.008) were higher in patients treated with nivolumab than
with docetaxel. Across the prespecified expression levels (1%,
5%, and 10%), the expression of the ligand for PD-1 (PD-L1)
was neither prognostic nor predictive of any of the efficacy
end points. Treatment-related adverse events (AEs) of grades
3 and 4 occurred less frequently with nivolumab than with
docetaxel (7% vs. 55%) .

In the second phase III trial, CheckMate 057, 582 patients
with non-squamous NSCLC were randomly assigned to re-
ceive nivolumab or docetaxel, in a design similar to that of the
CheckMate 017 trial. Patients with known EGFR mutation
or ALK translocation were allowed to receive additional TKI
therapy. Nivolumab was associated with significantly longer
median OS (0S, 12.2 months vs. 9.4 months; HR, 0.73; 95%
CI, 0.59-0.89; p=0.002) and higher ORR (19% vs. 12%, p=0.02).
Although median PFS was shorter in the nivolumab than in
the docetaxel group (median PFS, 2.3 months vs. 4.2 months),
the difference was not statistically significant (HR, 0.92; 95%
CI, 0.77-1.11; p<0.39). In contrast to the CheckMate 017 trial,

www.e-trd.org https://doi.org/10.4046/trd.2017.0120

involving patients with squamous cell NSCLC, the CheckMate
057 trial found that PD-L1 protein expression was associated
with improved OS and PFS in patients treated with nivolum-
ab. However, PD-L1 protein expression was evaluated retro-
spectively in prospectively collected, pretreatment (archival
or recent) tumor-biopsy specimens. Grade 3 and 4 treatment-
related AEs were again less frequent in patients treated with
nivolumab than with docetaxel (10% vs. 54%)"".

The phase III CheckMate 026 trial compared nivolumab
with platinum-based agents as first-line therapy in patients
with stage IV or recurrent NSCLC. Among the 423 patients
with a PD-L1 expression level >5%, nivolumab did not im-
prove median PFS compared with chemotherapy (PFS, 4.2
months vs. 5.9 months; HR, 1.15; 95% CI, 0.91-1.45; p=0.25).
Median OS (OS, 14.4 months vs. 13.2 months; HR,1.02; 95%
CI, 0.80-1.30) and ORR (26% vs. 33%) were similar in the
nivolumab and chemotherapy groups. Rates of grades 3 and 4
treatment-related AEs were lower with nivolumab than with
chemotherapy (18% vs. 51%)".

2) Pembrolizumab

The phase I KEYNOTE-001 trial found that higher PD-L1
expression in at least 50% of tumor cells (proportion score
[PS] >50%) was associated with higher ORR and longer PFS
and OS than lower levels (PS <1% and 1%-49%) in patients
with advanced NSCLC™. In the subsequent phase II/III
KEYNOTE-010 trial, 1,034 patients with previously treated
NSCLC and PD-LI expression (PS >1%) were randomly as-
signed to receive pembrolizumab (2 mg/kg or 10 mg/kg) or
docetaxel (75 mg/m®) every 3 weeks. In the total population
(PS 21%), median OS was significantly longer with pembro-
lizumab 2 mg/kg (10.4 months vs. 8.5 months; HR, 0.71; 95%
CI, 0.58-0.88; p=0.0008) and with pembrolizumab 10 mg/
kg (12.7 months vs. 8.5 months; HR, 0.61; 95% CI, 0.49-0.75;
p<0.0001) than with docetaxel. Among patients with high PD-
L1 expression (PS >50%), median OS was significantly longer
with pembrolizumab 2 mg/kg (14.9 months vs. 8.2 months;

33



CY Jung et al.

Tuberculosis and
Respiratory Diseases

trd¢

£'€es €9 8FS £00°0=d SFI 100°0>d 0'9 8¢ 1s1  Aderayjowey) %05 1'T-Ad
99z UN 0L (880-9%0) €90 UN (89°0-2£0) 050 €01 8FF  PST  qeunzioiquidd ODIOSN I ovar PCO-HLONATY
JUaUBAL) SUI[-)SIL]
9LT UN 808 - UN - Ve 60¢ 89 qeumnean( %06< TT-Ad
£el Ly = 60T = €e Y91 9F1 qeumpean(g %Ce< 1T-Ad
€8 UN fepids - €6 - 61 =9 €6 qewnpeam %Se> 1TAd
OIOSN 1T OLINVLLV
6€ 9 oy z010°0=d €01 g¢0=d v 91  TTT [oxe1000(]
091 8¢ (€60-8¢0)F20 2SI (SI'T-FL0) 160 8¢ 81  1¥C (RWNZI0Za)Y %I TT-Ad
57 79 184 £0000=d 96 8c6t0=d 0¥ €1 seh [exe1900(]
ST €91 ¢ (280-c90)c€r0  8€T  (0T'T-280)S60 8¢ i B4 qeUINZI[0ZOYY OTOSN I VO
6€ TL - voo=d L6 g9 0=d 0¢ LPT €PT [oxe1000(]
I I = (660-€50) €20 92T  (€TT-2L0) 60 Le 9FT  ET qeumzI[0Zoyy OIOSN 1 1 dVIdOd
- 8 - - 78 - v 8 781 [oxe1900(q
1000°0>d 1000°0>d (3y/8wor)
- UN - (020-9¢0)0¢0 €21 (8L0-SF0) 650 TS 6¢  IST  qeunzioiquiod
2000°0=d 1000°0=d (8y/8wz)
- UN - (£20-8€0) ¥S0 671 (8L°0-¥¥'0) 650 0¢ 0€  6¢1  qewmnziolquiad %08 1'T-Ad
e 9 9FE = g8 = 0¥ 6 €7e [oxe1900(]
1000°0>d v000=d (BY/8wor)
91 UN €es  (SL0-6F0)T190 22T  (¥60-990)6L0 0F 81  9PE  qeUNZIOIqUId]
80000=d L0°0=d (8y/8wg) %12 1'T-Ad
€1 UN cer  (880-850) 120 701 (co'1-¥20) 88°0 6'¢ 8T  PPE  qeumzijoiquiag OTOSN  II/IT ,;0TO-HLONATY
¥S 9¢ 6€ 200 0=d v6 6¢0>d Y L 892 [oxe1000(]
01 oLl 1S (680-650)€20  ¢el  (ITT-220)¢60 €c 61  18¢ qewnjoalN  snowenbs-uoN I 1280 SIBAPPIYD
sl 78 Ve 100°0>d 09 1000>d 8¢ 6 LET [oxe1900(
L UN 41 (6£0-¥%0) 650 6 (18:0-2%'0) 290 ce 0c  S€T qetumjoAIN snowenbg  J| WA AN REN 8]
jusauneaa) uﬁwsvwmnaﬁ
o (o
wwﬁm mﬁ% mww 59 (10 %s6) un AMMV (1D %S6) 4H AM".__% %) oy - ASojosty  aseyd Apmg
SHVIL UBIPI AT UeIpaN uepoyy 140 JIOHRESLL

I90ue) Sunj [[99 [[EWS-UOU JO JUIUIIBII) I0J SIOYIIYUI JuTod> 9D dUNUIWI JO S[RLI) [BITUI[D PAIIJIS *Z I[qBL

www.e-trd.org

Tuberc Respir Dis 2018;81:29-41

34



Immune checkpoint inhibitors in NSC

Tuberculosis and t d@
Respiratory Diseases r

grade
>3 (%)

DoR
(mo)

12.1

Median TRAEs

1-Year
0S (%)

HR (95% CI)

Median
HR (95% CI) 0S
(mo)

ORR Median
(%) PES
(mo)

No.

Treatment
arms

&

p—

[=]

Ed

h

jast

Q

[72]

«

=

Ry
=
5]
=
=

k= >

g 5

O E

. (9,]
[9\]
[*]
p—
i
H

18

Nivolumab 211 26 1.15(0.91-1.45) 14.4 1.02 (0.80-1.30) 56

NSCLC

I

CheckMate 026"

=
I
Q2 | =
- o o S|
o) N N =
&
=
)
g
~ © o r 2|2
5 o = Z o| 9
— v—«j:}
g
< [To) =
<t «© — N
n O ©o 1)
=
1)
=)
»n
9]
Pt
—
S)
=
£
=
<
o
=
2
<)
A
SRR ) o =
s <
=% 8 z 7|
=
-
»
g |t
- S |2
c\l a 2|2
=] ' s S| @
& S V| O <
— ol -
N =T
e =
= =
(=]
=g
SR
SN < @ |22
TR IYs) s g e
— =
= &
=R =
S E
% S| S5
o N — X O | =
e Ra\ e N =10 @
o o) n o'~
- ™ - o = 3
N~ <t N | T
=0
8§ A
= £ 5
o O Q2 .. O
s © < o =
8 g E = s
Q T 8
S 35 5 g o
o X N =2 9o|E ¥
£ S S S 9|25
T R IN g S| E=
= 3 = 5 S| 573
O < < A |20
v =
L <
E\°§ J:!EV
= I
n 2 2 ¢
AN L g
I3 R~ @ O
e} B 3 3 L =
/\IU/\II'JI o L=
— —IDD en Q
— — o
— — ~ —
T O T T~ Q =0
a 2 o o0 g 2] =%
A Z B o= Z. 7 Z
B
5 &
= = §:§3
o 8
(o)
. ¥
— =] [T
— 5} |77
= Lz
= g ;efs
S g 2 z £
&) _ e -
< = 0O o @
= == 23
5 &= =
O c = S 2
& z © o 2
= 2 < |~ RS)
m = A~ =
Z 5%
O =

www.e-trd.org

https://doi.org/10.4046/trd.2017.0120

HR, 0.54; 95% CI, 0.38-0.77; p=0.0002) and pembrolizumab
10 mg/kg (17.3 months vs. 8.2 months; HR, 0.50; 95% CL, 0.36-
0.70; p<0.0001) than with docetaxel. In this latter group (PS
>50%), median PFS was also significantly longer with pembro-
lizumab 2 mg/kg (5.0 months vs. 4.1 months; HR, 0.59; 95%
CL, 0.44-0.78; p=0.0001) and pembrolizumab 10 mg/kg (5.2
months vs. 4.1 months; HR, 0.59; 95% CI, 0.45-0.78; p<0.0001)
than with docetaxel. In the total population, however, median
PFS did not differ significantly in the pembrolizumab 2 mg/
kg and 10 mg/kg and docetaxel groups (3.9 months vs. 4.0
months vs. 4.0 months). ORR was significantly higher in the
total population of patients treated with pembrolizumab 2
mg/kg (18% vs. 9%, p=0.0005) and pembrolizumab 10 mg/kg
(18% vs. 9%, p=0.0002) than with docetaxel. Similarly, ORR in
patients with high PD-L1 expression (PS >50%) was signifi-
cantly higher following treatment with pembrolizumab 2 mg/
kg (30% vs. 8%, p<0.0001) and pembrolizumab 10 mg/kg (29%
vs. 8%, p<0.0001) than with docetaxel. Treatment-related AEs
of grades 3 to 5 were less frequent in both pembrolizumab
groups than in the docectaxel group (13% vs. 16% vs. 35%)"".

The phase III KEYNOTE-024 trial compared pembrolizum-
ab (200 mg every 3 weeks) with platinum-based chemothera-
py as first-line treatment in 305 patients with stage IV NSCLC
and high PD-L1 expression (PS >50%). Median PFS (10.3
months vs. 6.0 months; HR, 0.50; 95% CI, 0.37-0.68; p<0.001)"*
and median OS (not reached vs. 14.5 months; HR, 0.63; 95%
CI, 0.46-0.88; p=0.003)" were significantly longer with pem-
brolizumab than with chemotherapy. ORR was higher (44.8%
vs. 27.8%) and treatment-related AEs of grades 3 to 5 were less
frequent (26.6% vs. 53.3%) with pembrolizumab than with
chemotherapy™.

2. Anti-PD-L1

1) Atezolizumab

In the phase I POPLAR trial, 287 patients with NSCLC who
progressed on post-platinum chemotherapy were randomly
assigned to receive atezolizumab 1,200 mg or docetaxel 75
mg/m’ every 3 weeks. In this study, PD-L1 expression was
prospectively determined by IHC in tumor cells (TCs) and
tumor-infiltrating immune cells (ICs). Median OS was sig-
nificantly longer in patients treated with atezolizumab than
with docetaxel (12.6 months vs. 9.7 months; HR, 0.73; 95%
CI, 0.53-0.99; p=0.04). The OS benefit from atezolizumab
increased with increasing PD-L1 expression on TCs and/or
ICs, but OS was similar with atezolizumab and doectaxel in
patients without PD-L1 expression. Median PFS was similar in
patients treated with atezolizumab and docetaxel (2.7 months
vs. 3.0 months; HR, 0.94; 95% CI, 0.72-1.23; p=0.645). ORR was
similar in these two groups (14.6% vs. 14.7%), but the median
duration of response was longer with atezolizumab than
with docetaxel (14.3 months vs. 7.2 months; HR, 0.41; 95% CI,
0.18-0.96; p=0.034). Treatment-related AEs of grades 3 and 4
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were less frequent in patients treated with atezolizumab than
with docetaxel (11% vs. 39%)".

In the phase III OAK trial, 850 patients with stage IIIB or
IV NSCLC who had received 1-2 previous lines of cyto-
toxic chemotherapy, including at least one platinum-based
combination regimen, were randomly assigned to receive
atezolizumab 1,200 mg or docetaxel 75 mg/m” every 3 weeks.
Median OS was significantly longer with atezolizumab than
with docetaxel in the intention-to-treat (ITT) (13.8 months
vs. 9.6 months; HR, 0.73; 95% CI, 0.62-0.87; p=0.0003) and the
TC1/2/3 or IC1/2/3 (PD-L1 expression >1% on TCs or ICs)
(15.7 months vs. 10.3 months; HR, 0.74; 95% CI, 0.58-0.93;
p=0.0102) populations. The OS benefit from atezolizumab
was the highest in patients with high levels of PD-L1, TC3 or
IC3 (PD-L1 expression >50% on TCs or >10% on ICs) (20.5
months vs. 8.9 months; HR, 0.41; 95% CI, 0.27-0.64; p<0.0001).
However, OS was also better with atezolizumab than with
docetaxel in patients with TCO and ICO (PD-L1 expression
<1% on TCs and ICs). Median PFS was similar in patients
treated with atezolizumab and docetaxel in the ITT popula-
tion (2.8 months vs. 4.0 months; HR, 0.95; 95% CI, 0.82-1.10;
p=0.4928) and in TC1/2/3 or IC1/2/3 populations. However,
median PFS was significantly longer with atezolizumab than
with docetaxel in the TC3 or IC3 population (4.2 months vs.
3.3 months; HR, 0.63; 95% CI, 0.43-0.91; p=0.0123). Although
ORR was similar in the two groups in the ITT (14% vs. 13%)
and TC1/2/3 or IC1/2/3 populations, ORR was higher with
atezolizumab than with docetaxel in patients with TC3 or IC3
(31% vs. 11%). Rates of grades 3 and 4 treatment-related AEs
were lower in patients treated with atezolizumab than with
docetaxel (15% vs. 43%)’".

The phase II, single-arm trial BIRCH study included 667 pa-
tients with stage IIIB or IV NSCLC and PD-L1 expression >5%
on TCs or ICs (TC2/3 or IC2/3) who received atezolizumab
as first-line, second-line, and third-line or higher treatment.
ORR in the 139 patients treated with first-line atezolizumab
was 22% (31% in those with TC3 or IC3). Median OS was
23.5 months (26.9 months in those with TC3 or IC3) and the
12-month OS rate was 66.4% (61.5% in patients with TC3 or
IC3). Median PFS was 5.4 months (5.6 months in those with
TC3 or IC3). Grade 3 and 4 treatment-related AEs occurred in
9% of these patients™.

2) Durvalumab

In the phase I, single-arm ATLANTIC study, 333 patients
with stage IIIB or IV and EGFR/ALK wild-type NSCLC who
had received at least two prior lines of chemotherapy were
treated with durvalumab 10 mg/kg every 2 weeks. ORRs in pa-
tients with PD-L1 expression >25% and =90% were 16.4% and
30.9%, respectively. Median OS was 10.9 months in patients
with PD-L1 >25% and was not reached in patients with PD-
L1 >90%. One-year OS rates in patients with PD-L1 expression
>25% and >90% were 47.7% and 50.8%, respectively™.
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In the phase III PACIFIC trial, 709 patients with stage
III NSCLC who had not progressed after platinum-based
chemoradiotherapy were randomly assigned 2:1 to receive
durvalumab 10 mg/kg or placebo every 2 weeks for up to
12 months. Median PFES was significantly longer with dur-
valumab than with placebo (16.8 months vs. 5.6 months; HR,
0.52; 95% CI, 0.42-0.65; p<0.001) and was independent of PD-
L1 expression. ORR was significantly higher with durvalumab
than with placebo (28.4% vs. 16.0%, p<0.001), whereas rates of
grades 3 and 4 treatment-related AEs were similar in the two
groups (29.9% vs. 26.1%)™".

3. Anti-CTLA-4

1) Ipilimumab

Ipilimumab has been combined with cytotoxic chemo-
therapy or another immunotherapy agent in patients with
NSCLC. In a phase II trial, 204 patients with stage IIIB or
IV NSCLC were randomly assigned 1:1:1 to receive first-
line paclitaxel and carboplatin with two different schedules
(concurrent or phased arm) of ipilimumab or placebo. The
concurrent arm consisted of four doses of ipilimumab plus
chemotherapy followed by two doses of placebo plus chemo-
therapy. The phased arm consisted of two doses of placebo
plus chemotherapy followed by four doses of ipilimumab plus
chemotherapy. The median immune-related PFS (irPFS) was
longer with phased treatment than with placebo (5.7 months
vs. 4.6 months; HR, 0.72; 95% CI, 0.50-1.06; p=0.05), whereas
concurrent treatment did not improve irPES™.

By contrast, a subsequent phase III trial did not show that
the combination of ipilimumab plus first-line chemotherapy
enhanced median OS compared with chemotherapy alone
in patients with squamous NSCLC (13.4 months vs. 12.4
months; HR, 0.91; 95% CI, 0.77-1.07; p=0.25)™.

4. Combination therapies

The combination of immune checkpoint inhibitors and
conventional therapy with different mechanisms of action
may have a synergistic effect and result in clinical benefit.
Conventional therapies, especially targeted therapy, can lead
to a rapid initial response, but most responders will later ac-
quire resistance and develop progressive disease. Conversely,
immune checkpoint inhibitors can lead to a durable response
in a relatively small percentage of responders’. Conventional
therapies can also modulate the immune system, thereby af-
fectingimmunotherapy’™.

The combination of two immune checkpoint inhibitors
with distinct targets, particularly anti-PD-1/anti-PD-L1 and
anti-CTLA-4, may also improve response rate and survival
benefit compared with monotherapy™. Many ongoing clinical
trials are testing combination immunotherapies, and we look
forward to successful results from phase III studies.
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As part of the phase I KEYNOTE-021 trial, 123 patients with
non-squamous, stage IIIB or IV, chemotherapy-naive NSCLC
were randomly assigned to treatment with pembrolizumab
plus carboplatin and pemetrexed or to carboplatin and peme-
trexed alone. The ORR was significantly higher in patients
who received pembrolizumab plus chemotherapy than che-
motherapy alone (55% vs. 29%, p=0.0016). In the combination
group, the ORR was 80% in patients with PS >50%, although
there was no difference between those with PS <1% and PS
>1% (57% vs. 54%). Median PFS was significantly longer in the
combination than in the chemotherapy alone (13.0 months
vs. 8.9 months; HR, 0.53; 95% CI, 0.31-0.91; p=0.010)". The
ORR was higher and PFS was longer in patients treated with
pembrolizumab plus chemotherapy in this trial than in those
treated with pembrolizumab alone in the KEYNOTE-024 trial.
Median OS was also significantly longer in the combination
group than in the chemotherapy alone group (not reached
vs. 20.9 months; HR, 0.59; 95% CI, 0.34-1.05; p=0.0344)".
Treatment-related AEs of grades 3 to 5 were reported in 39%
of patients in the combination group compared with 26% in
the chemotherapy alone group™.

In the phase I, multicohort CheckMate 012 trial, patients
with stage IIIB or IV chemotherapy-naive NSCLC were as-
signed to receive nivolumab alone or combination therapies.
In one cohort, 56 patients were assigned to receive nivolumab
10 mg/kg plus three platinum-based doublet chemotherapy
agents every 3 weeks or nivolumab 5 mg/kg plus paclitaxel-
carboplatin. ORRs ranged from 33% to 47% irrespective of
PD-L1 expression. The 2-year OS rate in patients treated with
nivolumab 5 mg/kg plus paclitaxel-carboplatin was 62%.
Treatment-related grades 3 and 4 AEs were reported in 45% of
patients, and the discontinuation rate was 21%’".

In another cohort of the CheckMate 012 trial, 78 patients
were randomly assigned to receive nivolumab 3 mg/kg every
2 weeks plus ipilimumab 1 mg/kg every 6 or 12 weeks. The
ORRs in these groups were 38% and 47%, respectively. After
pooling these two groups, ORR was found to correlate with
PD-L1 expression, being 92% and 57% in patients with PD-L1
expression >50% and >1%, respectively. ORR was higher in pa-
tients treated with nivolumab plus ipilimuab in this trial than
with nivolumab monotherapy in another cohort of the Check-
Mate 012 trial. Median PFS was longer in patients treated with
ipilimumab every 12 than every 6 weeks (8.1 months vs. 3.9
months). Treatment-related grade 3 and 4 AEs in these two
groups were 37% and 33%, respectively™.

In a phase Ib trial (study 006), 102 patients with immu-
notherapy-naive, locally advanced, or metastatic NSCLC
were enrolled into the dose-escalation phase and received
durvalumab and tremelimumab, a selective human IgG2
monoclonal antibody against CTLA-4. Based on safety and
clinical activity, durvalumab 20 mg/kg every 4 weeks plus
tremelimumab 1 mg/kg were chosen as the expansion phase
doses. This dose cohort showed a manageable safety profile,
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with a 17% rate of grades 3 and 4 treatment-related AEs, and
antitumor activity (ORR 23%) irrespective of PD-L1 status®.

5.Predictive biomarkers for immune checkpoint
inhibitors

The immune checkpoint inhibitors showed durable clinical
responses and enhanced long-term survival in patients who
benefited from these agents. However, clinical trials of un-
selected patients with NSCLC showed that these agents had
low ORRs, of approximately 20%, as monotherapy”'. Moreover,
these agents have immune-related AEs, which may be life-
threatening, and their costs might result in financial burdens
on patients. Therefore, biomarkers predicting the benefits of
these agents are required”"”.

1) PD-L1 expression

PD-L1 expression, as determined by IHC, is the most com-
monly used predictive biomarker for anti-PD-1 and anti-PD-
L1 agents in clinical trials, with tests currently available in clini-
cal practice® ™. PD-L1 expression on TCs has been associated
with immunosuppression, inhibiting the antitumor activity of
T cells, as PD-L1 binding to PD-1 on activated T cells inhibits
T-cell signaling and blocks antitumor immune responses”’.
PD-L1 expression alone may not be representative of the
entire tumor microenvironment, as other concurrent immu-
nosuppressive mechanisms, involving Treg, MDSC, TAM, and
IDO, can be present’*®. Higher ORRs have been observed
in patients positive than negative for PD-L1, although up to
17% of PD-L1 negative patients responded™**. Moreover,
about 50% of patients with high PD-L1 expression did not
respond'®*. High PD-L1 expression has also been associated
with longer PFS and OS, although the results varied among
clinical trials®**". Taken together, these findings show that PD-
L1 IHC s insufficient as a predictive biomarker and has limita-
tions. For example, multiple antibodies have been utilized in
IHC assays and the interpretation of their results has not been
standardized. Other limitations include tumor heterogeneity
among different sections of the same sample or at different
tumor sites, and dynamic changes in PD-L1 expression over
time®. Several studies have compared different antibodies
and THC systems for PD-L1 tests. The Blueprint PD-L1 IHC
assay comparison project revealed high concordance among
the 28-8, 22C3, and SP263 assays, whereas fewer TCs were
stained with the SP142 assay”. Another study found that the
28-8 and E1L3N assays were comparable, whereas fewer
cells were stained using the 22C3 assay and the SP142 assay
detected significantly lower PD-L1 expression in TCs™. High
similarity among the different IHC assays suggests their po-
tential interchangeability in clinical practice”. The U.S. Food
and Drug Administration (FDA) has approved PD-L1 IHC
22C3 pharmDx as a companion diagnostic assay for pembro-
lizumab treatment in patients with NSCLC™,
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2) Alternative biomarkers

Clinical trials have shown that melanomas and NSCLCs re-
spond better to immune checkpoint inhibitors than other tu-
mor types”. One study showed that melanomas and NSCLCs
have the highest somatic mutation burden among tumor
types”, suggesting that tumor mutation burden may be a
predictive biomarker for treatment with immune checkpoint
inhibitors. In patients with NSCLC who were treated with
pembrolizumab, a higher nonsynonymous mutation burden
was associated with higher ORR, longer PFS, and more du-
rable clinical benefits".

Many ongoing studies are attempting to identify new pre-
dictive biomarkers, including TILs, immune gene signatures,
and multiplex THC assays®". Understanding the tumor micro-
environment and characterizing TILs and concurrent immu-
nosuppressive mechanisms are therefore important.

Conclusion

Better understanding of the immune system in the tumor
microenvironment has resulted in the development of new
immunotherapy agents such as immune checkpoint inhibi-
tors. Clinician familiarity with tumor immunology can help in
understanding the process of immunotherapy and developing
optimal treatment strategies for patients.

Immune checkpoint inhibitors, especially anti-PD-1 and
anti-PD-L1, have become the standard of care in patients with
advanced NSCLC. Nivolumab, pembrolizumab, and atezoli-
zumab are safer and more effective than docetaxel. Pembroli-
zumab should be considered a first-line treatment in NSCLC
with PD-L1 expression >50%, but without EGFR mutation and
ALK rearrangement. Durvalumab may be an effective adju-
vant treatment in stage IIl NSCLC after chemoradiotherapy.

Despite durable long-term survival, immune checkpoint
inhibitors alone have a relatively low response rate. Therefore,
combining immune checkpoint inhibitor with other im-
munotherapy or conventional therapy agents may improve
response rates and provide clinical benefits to more patients.
Predictive biomarkers are also essential in selecting patients
who would benefit from treatment, reducing the unnecessary
cost burden to patients who would not benefit from these
agents. Although THC assays of PD-L1 expression have draw-
backs, they are the only currently available tests in clinical
practice. Ultimately, biomarker-driven combination therapy
will become a standard strategy in future immunotherapy.
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