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B Introduction

Lung cancer is the leading cause of cancer-related death
worldwide, with 1-, 3-, and 5-year survival rates that, although
showing substantial improvement in recent years, all remain
below 50%."* Roughly 85% of lung cancer cases fall under
the category of non-small-cell lung cancer (NSCLC), and the

PD-1

majority of lung cancer patients have advanced, recurrent, or
metastatic disease.*’ Tumor cell l Tcell
In the last decade, several immune checkpoint inhibitors
(ICIs) have gained approval from the US Food and Drug 1 Teal :f_}mzt;:;mt .
Administration (FDA) and the European Medicines Agency 3. Cytokine secretion by T cells 4
as standard treatments for advanced NSCLC.® Programmed 5. Kiling of tumor cels 4
death_ligand 1 (PD-L1) is an immune ChCCkPOint ligand Figure 1: The inhibition of T cell survival, proliferation, and function when
that is broadly CXpI‘CSSCd in non-small cell lung cancers, both the PD-1 receptor on a T cell binds to the PD-L1 ligand on a cancer cell.
in adenocarcinomas and in squamous cell carcinomas.” The
PD-1/PD-L1 immune checkpoint pathway involves the pro- Anti-PD-1 and anti-PD-L1 ICIs have shown promising

grammed death-1 (PD-1) receptor, which is expressed on T systemic activity in NSCLC patients, although some differ in
cells, binding to the PD-L1 or PD-L2 ligands, which are often terms of safety profiles and/or efficacy based on PD-L1 ex-

upregulated on other cells, including cancer cells. This leads to pression levels in patients.”” Numerous studies have found
PD-1 receptors on T cells recruiting the phosphatases SHP-1 a correlation between PD-L1 expression in tumor tissue and
and SHP-2, which promote T cell apoptosis by inhibiting co- an enhanced response rate to PD-L1 and PD-1 blockade in
stimulatory signaling.® SHP-2 also prevents signaling in T cells cancer patients. The prevailing notion is that higher levels of
by dephosphorylating T cell antigen receptors, resulting in the PD-L1 expression on tumor cells indicate that the tumor is ac-
inhibition of T cell survival, proliferation, and function (Figure tively using the PD-1/PD-L1 immune checkpoint pathway to
1, created with BioRender.com).”'® Additionally, the binding suppress immune responses against the tumor.'>*" By binding

of PD-1 to PD-L1 can induce differentiation of helper T' cells to PD-1 and PD-L1 respectively, anti-PD-1 and anti-PD-L1
into regulatory T cells, which play a role in suppressing im- IClIs inhibit the binding of PD-1 to PD-L1 (Figure 2, created
mune responses. with BioRender.com), thus preventing SHP-2 recruitment and

restoring normal T cell function.?* T cells play a crucial role
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in the immune response against cancer, particularly within the
tumor microenvironment. Restoration of T cell function thus
reverses immunosuppression, facilitating tumor destruction
through two primary mechanisms: the death ligand pathway
and granule exocytosis. In the death ligand pathway, stimula-
tion of the T-cell receptor (T'CR) induces cytotoxic T cells to
release death ligands, which bind to death receptors on target
tumor cells. This binding triggers apoptosis by activating both
extrinsic and intrinsic cell death pathways. In the granule exo-
cytosis pathway, TCR activation leads to the mobilization of
cytotoxic granules, which contain perforins and granzymes, to
the site of contact between T cells and tumor cells. Perforins
create pores in the tumor cell membrane, while granzymes en-
ter the tumor cell to cleave essential proteins, inducing tumor

cell death.?>%*
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Figure 2: Anti-PD-1 and anti-PD-L1 ICIs inhibiting the binding of the
PD-1 receptor on a T cell binds to the PD-L1 ligand on a tumor cell.

Prior to the approval of immunotherapy for NSCLC
treatment, third-generation platinum-based chemotherapy
doublets were the standard first-line treatment for advanced
NSCLC. These doublets combine a platinum compound
(cisplatin or carboplatin) with a third-generation chemother-
apy agent such as vinorelbine, gemcitabine, or taxanes.” The
advent of ICIs has transformed the treatment strategy for
advanced NSCLC: in recent years, immunotherapy, either as
monotherapy or in combination with other therapies, has be-
come the standard front-line treatment for advanced NSCLC
in patients who do not have targetable genetic alterations and
have no contraindications to PD-1/PD-L1 inhibitors.?

Nivolumab, pembrolizumab, atezolizumab, and durvalumab
are four widely studied anti-PD-1/PD-L1 IClIs in the treat-
ment of advanced NSCLC. Nivolumab and pembrolizumab
were among the first ICIs approved by the FDA for the treat-
ment of NSCLC.* Both ICIs are human IgG4 PD-1 immune
checkpoint inhibitor antibodies that bind to the PD-1 recep-
tor on T cells with high affinity and specificity, preventing
PD-1 from interacting with ligands PD-L1 and PD-L2. This
restores the ability of T cells to recognize and attack cancer
cells.!318

Following pembrolizumab’s approval, the FDA extended
treatment options by approving atezolizumab for patients with
metastatic NSCLC whose disease had advanced despite prior
platinum-based chemotherapy.?® Atezolizumab and durvalum-
ab are both humanized monoclonal IgG1 antibodies that bind
to PD-L1. This blocks the interaction between PD-L1 and
the PD-1/B7-1 activation complex, thus allowing T cells to
recognize and kill tumor cells.**" Apart from atezolizumab,

durvalumab is thus far the only other PD-L1 inhibitor that
has been approved by the FDA for the treatment of NSCLC.*

Given recent advancements in anti-PD-1/PD-L1 immu-
notherapy for treating advanced NSCLC, understanding the
collective efficacy of these agents is crucial for identifying
future directions of treatment development and optimiz-
ing treatment strategies. This systematic review thus aims to
evaluate the efficacy of the ICIs nivolumab, pembrolizumab,
atezolizumab, and durvalumab in the treatment of advanced
NSCLC by examining several landmark studies. It will do so
by examining overall survival (OS), defined as the time from
randomization in a clinical trial to the date of death due to any
cause, and progression-free survival (PFS), defined as the time
from randomization in a clinical trial to disease progression or
death from any cause.”

B Methods

A comprehensive search for studies published in English
was conducted using the PubMed database. Studies were se-
lected using permutations of the following terms: (“advanced”
OR “metastatic” OR “recurrent” OR “stage III” OR “stage IV”)
AND (“non-small cell lung cancer” OR “NSCLC”) AND
(“nivolumab” OR ”pembrolizumab” OR ”atezolizumab” OR
“durvalumab”), yielding 3,092 results on PubMed. The search
results were then filtered to only include those published in
2014 and beyond, bringing the number of results down to
3,086. Finally, the search results were filtered to include only
clinical trials and randomized controlled trials, yielding 401
results. From these 401 results, the following were filtered out
to yield the 69 articles cited in this article: duplicate articles,
articles not primarily focused on the treatment of advanced
NSCLC using anti-PD-1/PD-L1 IClIs, articles misclassified
as clinical trials, and studies with an impact factor lower than
2.

B Discussion

Nivolumab:

*  Efficacy of nivolumab monotherapy:

Nivolumab has demonstrated significant survival bene-
fits over docetaxel, a mainstay chemotherapy medication, in
treating advanced NSCLC across multiple studies. In the
CheckMate 017 study, which specifically assessed the efficacy
of nivolumab in treating advanced, previously treated squa-
mous-cell NSCLC, the median OS with nivolumab was 9.2
months compared to 6.0 months with docetaxel, represent-
ing a 41% reduction in the risk of death (hazard ratio, 0.59;
95% CI [0.44 to 0.79]; P<0.001).%3 The one-year OS rate was
42% with nivolumab versus 24% with docetaxel. Additional-
ly, the median PFS was 3.5 months for nivolumab compared
to 2.8 months for docetaxel (hazard ratio for death or disease
progression, 0.62; 95% CI [0.47 to 0.81]; P<0.001). Treat-
ment-related adverse events (TRAEs) of grade 3 or 4 were
significantly lower in the nivolumab group (7%) compared to
the docetaxel group (55%).

In the CheckMate 057 study, nivolumab also showed supe-
rior efficacy in nonsquamous NSCLC.* The median OS was
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12.2 months with nivolumab compared to 9.4 months with
docetaxel (hazard ratio for death, 0.73; 95% CI [0.59 to 0.89];
P=0.002). The one-year OS rate was 51% with nivolumab ver-
sus 39% with docetaxel. Although the median PFS did not
favor nivolumab (2.3 months vs. 4.2 months with docetaxel),
the one-year PFS rate was higher with nivolumab (19% vs.
8%). The efficacy of nivolumab was consistent across different
levels of PD-L1 expression.

Nivolumab's efficacy does not appear to be significantly
influenced by PD-L1 expression levels. In CheckMate 017,
the benefits of nivolumab were observed regardless of PD-
L1 expression.®® Similarly, in CheckMate 057, nivolumab's
effectiveness was noted across different PD-L1 expression
subgroups (21%, 25%, and 210%).%

Long-term follow-up data from both CheckMate 017 and
057 confirm the sustained survival benefits of nivolumab. The
two-year OS rates were significantly higher with nivolumab:
23% for squamous NSCLC and 29% for nonsquamous NS-
CLC, compared to 8% and 16% respectively for docetaxel.®
Five-year follow-up data from the CheckMate 017 and 057
studies further demonstrated a fivefold increase in OS rates
with nivolumab, with some patients experiencing prolonged
disease control even after discontinuing treatment.** The
5-year follow-up of the CA209-003 study supports these find-
ings, reporting a five-year OS rate of 16% - significantly higher
than the historical 5-year OS rates for stage IV NSCLC.

e Efficacy of nivolumab + chemotherapy:

In a four-arm study investigating the safety and efficacy of
nivolumab combined with different types of standard che-
motherapy in treating advanced NSCLC, it was found that
combination therapy with nivolumab and standard chemo-
therapy enhances the antitumor activity of each monotherapy,
with acceptable adverse events observed. The chemothera-
py regimens in each arm were nivolumab with gemcitabine/
cisplatin (arm A), pemetrexed/cisplatin (arm B), paclitaxel/
carboplatin/bevacizumab (arm C), or docetaxel (arm D) re-
spectively. This combination therapy showed enhanced
antitumor activity compared to monotherapy, with overall re-
sponse rates ranging from 50% to 100% in first-line therapy
and 16.7% in second-line therapy. Additionally, the median
PFS and PFS rates at six and nine months for the first-line
arms were superior to those for chemotherapy alone, though
OS data was not available.?

A five-year follow-up of this study revealed that PFS and
OS at five years were observed in arms B and C only. Notably,
arm C showed a moderate proportion of patients with five-
year PFS (1 out of 6 patients) and OS (4 out of 6 patients). No
unexpected severe adverse events or treatment-related deaths
occurred, indicating long-term tolerability of nivolumab com-
bined with platinum-based chemotherapy.*

*  Efficacy of dual immunotherapy with nivolumab + ip-

ilimumab:

Nivolumab combined with ipilimumab has also shown sig-
nificant efficacy in treating advanced NSCLC, particularly in
the CheckMate 227 study.*® This combination therapy has
been associated with a longer OS compared to chemothera-
py, regardless of PD-L1 expression levels. For patients with

PD-L1 expression levels of 1% or more, the median OS was
17.1 months with nivolumab plus ipilimumab compared to
14.9 months with chemotherapy. The 2-year OS rates were
40.0% and 32.8%, respectively. Even among patients with
PD-L1 expression levels below 1%, the median OS was 17.2
months with the combination therapy versus 12.2 months
with chemotherapy. The overall population showed a median
OS of 17.1 months with nivolumab plus ipilimumab and 13.9
months with chemotherapy, indicating a consistent survival
benefit across different PD-L1 expression levels.

The 5-year follow-up data from the CheckMate 227 study
turther reinforced the long-term benefits of nivolumab plus
ipilimumab.** This combination demonstrated increased
5-year survivorship and a durable clinical benefit regardless of
PD-L1 expression. The median OS was 17.1 months for pa-
tients with PD-L1 expression 1% and 17.4 months for those
with PD-L1 expression <1%. The objective response rates
(ORR) were similar between nivolumab plus ipilimumab and
chemotherapy (33% vs. 28%), but the median duration of re-
sponse (DOR) was significantly longer with the combination
therapy (21.7 months vs. 5.8 months). Notably, 27% of pa-
tients had an ongoing response at 5 years with nivolumab plus
ipilimumab compared to only 3% with chemotherapy.

However, in a study focusing on patients with advanced,
pretreated, immune checkpoint inhibitor-naive squamous
NSCLC, the addition of ipilimumab to nivolumab did not
improve outcomes.” The median OS was 10 months with the
combination therapy and 11 months with nivolumab alone,
and the objective response rates were similar (18% vs. 17%).
The study found no significant differences in OS or PFS be-
tween the treatment groups, and grade 3 or higher TRAEs

were slightly more frequent with the combination therapy.

Pembrolizumab

»  Efficacy of pembrolizumab monotherapy:

Pembrolizumab has demonstrated significant efficacy in
treating NSCLC, showing improvements in PFS, OS, ORR,
and DOR.

In the KEYNOTE-010 study, pembrolizumab outper-
formed docetaxel, especially in patients with PD-L1 expression
on at least 50% of tumor cells.*® These patients experienced a
median OS of 14.9 months for the 2 mg/kg group and 17.3
months for the 10 mg/kg group, compared to 8.2 months for
the docetaxel group. Additionally, the study showed that PFS
was significantly longer in patients treated with pembrolizum-
ab, with a median of 5.0 months for the 2 mg/kg group and
5.2 months for the 10 mg/kg group, compared to 4.1 months
for the docetaxel group. The ORR was also higher in the pem-
brolizumab groups, with significant improvements in both
efficacy and safety.

In the KEYNOTE-024 study, pembrolizumab demonstrat-
ed a median PFS of 10.3 months compared to 6.0 months for
chemotherapy.'? The estimated rate of OS at 6 months was
80.2% in the pembrolizumab group versus 72.4% in the che-
motherapy group. Pembrolizumab also achieved a higher ORR
(44.8% vs. 27.8%) and a longer median DOR (not reached vs.
6.3 months). This study highlighted the significant advantage
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of pembrolizumab in terms of both efficacy and safety, with
fewer TRAEs than chemotherapy.

Prolonged follow-up of KEYNOTE-042 showed that pem-
brolizumab continued to provide superior OS benefits across
various PD-L1 expression levels. In the PD-L1 tumor pro-
portion score (TPS) = 50% population, the median OS was
20.0 months in the pembrolizumab group compared to 12.2
months in the chemotherapy group.* Similar benefits were
observed in the PD-L1 TPS = 20% and = 1% populations,
with median OS of 17.7 months and 16.7 months, respec-
tively, for pembrolizumab, compared to 13.0 months and 12.1
months for chemotherapy. The 5-year follow-up confirmed
these long-term benefits, with estimated 5-year OS rates of
21.9% for PD-L1 TPS = 50%, 19.4% for PD-L1 TPS > 20%,
and 16.6% for PD-L1TPS 2 1%, compared to 8.5%-10.1% for
chemotherapy across these groups.®

Despite these benefits, pembrolizumab's efficacy can vary
with PD-L1 expression levels. Higher PD-L1 expression
correlates with greater benefits in both PFS and OS. For in-
stance, in KEYNOTE-042, patients with PD-L1 TPS > 50%
experienced a more pronounced improvement in PFS and OS
compared to the overall population.* However, pembrolizum-
ab still provided meaningful benefits even in lower PD-L1
expression groups, as seen in the extended follow-up data from
KEYNOTE-042.%

»  Efficacy of pembrolizumab + chemotherapy:

Pembrolizumab  combined with chemotherapy has
demonstrated significant efficacy in treating advanced NS-
CLC compared to placebo plus chemotherapy. In a 2018
study focusing on advanced nonsquamous NSCLC (KEY-
NOTE-189), the OS for patients receiving pembrolizumab
plus chemotherapy was 69.2% at 12 months, markedly higher
than the 49.4% seen in the placebo group (HR for death, 0.49;
95% CI [0.38, 0.64]; P<0.001). This benefit was consistent
across all levels of PD-L1 expression. The median PES in the
pembrolizumab group was 8.8 months versus 4.9 months in
the placebo group (HR for disease progression or death, 0.52;
95% CI [0.43,0.64]; P<0.001).* These results are supported
by a 2022 study investigating the efficacy of pembrolizumab
combined with chemotherapy (carboplatin and pemetrexed),
which similarly showed a significant improvement in PFS
with pembrolizumab plus chemotherapy, with a median PFS
of 13.0 months compared to 8.9 months with chemothera-
py alone (HR 0.53; 95% CI [0.31,0.91]; p=0.010). However,
no significant difference in OS was observed between the two
groups (HR 0.90; 95% CI [0.42,1.91]; nominal p=0.39).*

In squamous NSCLC, the addition of pembrolizumab to
chemotherapy also proved beneficial, with a median OS of
15.9 months compared to 11.3 months in the placebo group
(HR for death, 0.64; 95% CI [0.49, 0.85]; P<0.001). The me-
dian PFS was 6.4 months in the pembrolizumab group versus
4.8 months in the placebo group (HR for disease progression
or death, 0.56; 95% CI [0.45,0.70]; P<0.001).* Overall sur-
vival benefit was consistent regardless of PD-L1 expression
levels.

A retrospective study of elderly patients aged 75 years
and older found that pembrolizumab plus chemotherapy

showed a significant improvement in PFS and OS compared
to chemotherapy alone. The median PFS was 12.5 months
versus 5.3 months (P<0.001), and OS was not reached in
the pembrolizumab group compared to 21.27 months in the
chemotherapy-only group (P=0.037).# Subgroup analyses in-
dicated that the benefit was more pronounced in patients with
positive PD-L1 expression, stage IV disease, better perfor-
mance status (ECOG-PS <2), fewer comorbidities, or those
who were female. However, treatment discontinuation due to
adverse effects was higher in the pembrolizumab group (26%)
compared to the chemotherapy-only group (5%).

Atezolizumab

*  Efficacy of atezolizumab monotherapy:

Atezolizumab has demonstrated significant efficacy in treat-
ing advanced NSCLC. In the POPLAR study (2016), patients
treated with atezolizumab had a median OS of 12.6 months
compared to 9.7 months for those treated with docetaxel (HR
0.73, 95% CI [0.53,0.99]; p=0.04)."* Greater OS improve-
ments were associated with higher levels of PD-L1 expression.
Similarly, in the OAK study (2017), atezolizumab improved
OS to a median of 13.8 months compared to 9.6 months for
docetaxel (HR 0.73, 95% CI [0.62,0.87]; p=0.0003).** A fol-
low-up of the OAK study showed that after more than two
years, atezolizumab continued to provide a durable survival
benefit, with 28% of patients surviving longer than 24 months
compared to 18% in the docetaxel group.™

However, PFS did not show the same level of improve-
ment. In the POPLAR study, PFS was similar between the
two groups: 2.7 months for atezolizumab versus 3.0 months
for docetaxel (HR 0.94, 95% CI [0.72,1.23]).13 The OAK
study also showed comparable PFS between atezolizumab and
docetaxel: 2.8 months versus 4.0 months, respectively (HR
0.95,95% CI [0.82,1.10]).*

The ORR was similar between the two treatments in both
studies. In the POPLAR study, 15% of patients in both the
atezolizumab and docetaxel groups achieved an objective re-
sponse. However, the responses with atezolizumab were more
durable, with a median DOR of 14.3 months compared to 7.2
months for docetaxel.’® In the OAK study, the median DOR
was notably longer for atezolizumab at 16.3 months compared
to 6.2 months for docetaxel.™

*  Efficacy of atezolizumab + chemotherapy

Atezolizumab combined with chemotherapy further en-
hanced efficacy. In advanced nonsquamous NSCLC, the
IMpower130 study investigated atezolizumab combined with
carboplatin plus nab-paclitaxel versus chemotherapy alone.
The results showed significant improvements in both OS and
PFS.5° The median OS was 18.6 months (95% CI [16.0,21.2])
in the atezolizumab plus chemotherapy group compared to
13.9 months (95% CI [12.0,18.7]) in the chemotherapy-on-
ly group. Similarly, the median PFS was 7.0 months (95% CI
[6.2,7.3]) with the combination therapy versus 5.5 months
(95% CI [4.4,5.9]) with chemotherapy alone. OS and PFS
benefits were observed regardless of PD-L1 expression levels.

The above results are supported by that of the IMpower132

study, which also focused on advanced nonsquamous NSCLC,
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and compared atezolizumab plus cisplatin or carboplatin
plus pemetrexed (APP) with chemotherapy alone (PP). APP
showed a significant improvement in PFS with a median of
7.6 months (HR = 0.60, 95% CI [0.49,0.72]) compared to
5.2 months for PP. Although OS was numerically better for
APP, the difference was not statistically significant. OS and
PFS benefits were consistent across all levels of PD-L1 ex-
pression.”

The IMpowerl31 study, which investigated advanced
squamous NSCLC, showed that atezolizumab combined
with carboplatin plus nab-paclitaxel (A+CnP) showed a me-
dian PFS of 6.3 months (HR = 0.71, 95% CI [0.60-0.85])
compared to 5.6 months with chemotherapy alone (CnP).*?
However, the median OS was similar between the two groups:
14.2 months for A+CnP versus 13.5 months for CnP. The
PFS and OS benefits were observed irrespective of PD-L1

expression levels.

Durvalumab/MEDI4736

*  Efficacy of durvalumab monotherapy:

The PACIFIC trial was a pivotal phase 3 study evaluating
the efficacy of the immune checkpoint inhibitor durvalumab
in patients with stage III, unresectable NSCLC who did not
exhibit disease progression following concurrent chemoradio-
therapy. The trial demonstrated that durvalumab significantly
prolonged PFS compared to placebo. Specifically, the median
PFS was 16.8 months for the durvalumab group versus 5.6
months for the placebo group (HR for disease progression or
death, 0.52; 95% CI [0.42, 0.65]; P<0.001).* A separate study
found that durvalumab consistently benefited PFS across all
prespecified subgroups, including sex and age.”

Moreover, durvalumab also showed a significant im-
provement in OS. The 12-month OS rate was 83.1% in the
durvalumab group compared to 75.3% in the placebo group,
while the 24-month OS rates were 66.3% versus 55.6%, re-
spectively.” The stratified HR for death was 0.68 (99% ClI,
[0.47,0.997]; P=0.0025), indicating a significant OS benefit
with durvalumab across all prespecified subgroups, except for
patients with PD-L1 tumor cell expression <1%, where the
benefit was uncertain.

A five-year follow-up of the PACIFIC study demonstrated
that durvalumab confers long-term benefits on OS and PFS,
with estimated 5-year OS rates of 42.9% for the durvalumab
group compared to 33.4% for the placebo group, and 5-year
PFS rates of 33.1% and 19.0%, respectively.**

The safety profile of durvalumab was also assessed, show-
ing that grade 3 or 4 adverse events occurred in 30.5% of
patients in the durvalumab group compared to 26.1% in the
placebo group. The most common adverse events leading to
discontinuation were pneumonitis and radiation pneumonitis,
though the incidence of severe events was balanced between
the groups (3.4% for durvalumab vs. 2.6% for placebo).”

*  Efficacy of durvalumab + chemotherapy:

The combination of durvalumab and chemotherapy has also
been shown to significantly improve both PFS and OS com-
pared to chemotherapy alone. In the phase III POSEIDON
study, the median PFS was 5.5 months with durvalumab plus

chemotherapy (D + CT) versus 4.8 months with chemother-
apy (CT) alone, and the 24-month OS rates were 29.6% for
D + CT versus 22.1% for CT.% In a separate non-comparative
study (SAKK 16/14), durvalumab combined with neoadjuvant
chemotherapy demonstrated notably high OS rates of 91%
and 83% at 1 and 2 years respectively. Notably, patients with
a PD-L1 expression of 225% had a higher rate of pathologic
complete response. The study reported that 88% of patients
experienced adverse events of grade 3 and above.*

Analysis

e Nivolumab:

There exists some contradictory data about the efficacy of
nivolumab monotherapy, though it constitutes a small fraction
of the clinical studies investigating nivolumab. For instance,
nivolumab's efficacy was challenged in the CheckMate 026
study, where patients with a PD-L1 expression level of 5% or
more showed a median PFS of 4.2 months with nivolumab
versus 5.9 months with chemotherapy, and a median OS of
14.4 months versus 13.2 months (hazard ratio for death, 1.02;
95% CI,[0.80,1.30]).” Additionally, TRAEs of any grade were
reported in 71% of patients receiving nivolumab, compared to
92% with chemotherapy, with grade 3 or 4 events occurring in
18% and 51% of patients, respectively. These conflicting results
may stem from differences in patient populations between this
study and other trials, such as variations in genetic factors or
immune system function. They may also be a result of external
factors that may influence outcomes, including geographic lo-
cation, healthcare access, and socioeconomic conditions.

Further, the benefit of nivolumab can vary depending on
specific patient characteristics. For example, in the CheckMate
057 study, patients with epidermal growth factor receptor
(EGFR) mutations derived less benefit from nivolumab com-
pared to those without these mutations, though this finding
is limited by the small number of EGFR-positive patients.*

Additionally, dual immunotherapy with nivolumab and ip-
ilimumab does not show consistent benefits over nivolumab
monotherapy in some studies and leads to higher rates of se-
vere TRAEs compared to nivolumab monotherapy.*

e Pembrolizumab:

Despite its efficacy, pembrolizumab has limitations and as-
sociated adverse effects. In the KEYNOTE-010 study, while
pembrolizumab showed substantial survival benefits, pro-
gression-free survival in the total population did not meet
statistical significance criteria.*® Additionally, although pem-
brolizumab generally has a favorable safety profile compared
to chemotherapy, TRAE:s still occur. In the KEYNOTE-024
study, TRAEs of any grade occurred in 73.4% of pembrolizum-
ab-treated patients compared to 90.0% in the chemotherapy
group, with grade 3, 4, or 5 adverse events occurring in 26.6%
versus 53.3%, respectively.

Regarding pembrolizumab combined with chemotherapy,
studies conducted on patients with both nonsquamous and
squamous NSCLC reported adverse events of grade 3 or high-
er occurring in a significant proportion of patients—67.2% in
the nonsquamous and 69.8% in the squamous groups, respec-
tively.*>* Discontinuation rates due to adverse events were
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notably higher in the pembrolizumab + chemotherapy groups
as compared to the placebo + chemotherapy groups. #4549

e Atexolizumab:

Atezolizumab demonstrated a more favorable safety profile
compared to docetaxel. In the POPLAR study, 40% of patients
in the atezolizumab group experienced grade 3-4 adverse
events, compared to 53% in the docetaxel group.”® The OAK
study also reported fewer TRAEs with atezolizumab, with
grade 3-4 events occurring in 15% of patients compared to 43%
for docetaxel." The follow-up of the OAK study confirmed
that adverse events leading to treatment discontinuation were
similar between long-term survivors and non-survivors treated
with atezolizumab.*!

Moreover, despite its promising efficacy, the addition of
atezolizumab to chemotherapy is associated with increased
adverse effects. In the IMpowerl30 study, serious TRAEs
were reported in 24% of patients receiving atezolizumab plus
chemotherapy, compared to 13% in the chemotherapy-only
group.” Treatment-related deaths occurred in 2% of patients
in the atezolizumab group versus less than 1% in the chemo-
therapy group. The IMpower132 study also indicated higher
rates of grade 3 or 4 adverse events in the APP group (54.6%)
compared to the PP group (40.1%), with grade 5 events at
3.8% versus 2.9%, respectively.’® In the IMpowerl31 study,
any-cause adverse events were reported in 99.4% of patients in
the A+CnP group and 97.0% in the CnP group.*

e Durvalumab/MEDI4736:

Despite the demonstrated efficacy of durvalumab, there are
notable limitations and adverse effects associated with its use.
One significant limitation is the uncertain benefit in patients
with low (<1%) PD-L1 expression. In this subgroup, the hazard
ratio for overall survival was greater than 1, suggesting worse
outcomes with durvalumab compared to placebo.” However,
the wide confidence intervals indicate considerable uncertainty
around this estimate, preventing definitive conclusions about
its efficacy in this population.

Additionally, patients receiving durvalumab experienced a
higher percentage of maximum-grade 3 or 4 adverse events
compared to those receiving placebo (30.5% vs. 26.1%)." Dis-
continuation of the trial regimen due to adverse events was also
more common in the durvalumab group (15.4% vs. 9.8%).

Summary

This review explores the efficacy of four anti-PD-1/PD-L1
immunotherapies for treating advanced NSCLC (summarized
in Table 1). Nivolumab, pembrolizumab, and durvalum-
ab demonstrate robust efficacy in improving OS and PFS:
nivolumab shows consistent benefits observed across various
PD-L1 expression levels and has a favorable safety profile.
Dual immunotherapy with nivolumab and ipilimumab also
shows promising results, albeit with higher adverse event rates
compared to nivolumab monotherapy.

Pembrolizumab similarly has a favorable safety profile but
particularly benefits patients with high PD-L1 expression.
Durvalumab results in an increased incidence of severe adverse
events; its benefit for patients with low PD-L1 expression also
remains unclear. Finally, atezolizumab improves OS, especially

in patients with higher PD-L1 expression levels, and exhibits a
favorable safety profile; however, its efficacy in improving PFS
may benefit from further investigation.

Table 1: Summary of studies showing the efficacy of nivolumab,
pembrolizumab, atezolizumab, and durvalumab in treating advanced NSCLC.

Name of study | Aim of study Results
CheckMate 017 | Assessing the e Median OS with nivolumab was 9.2 months compared to
efficacy of nivolumab 6.0 months with docetaxel, representing a 41% reduction
in treating advanced, in the risk of death.®
previously treated
squamous NSCLC e One-year OS rate was 42% with nivolumab versus 24%
with docetaxel.
e Median PFS was 3.5 months for nivolumab compared to
2.8 months for docetaxel.
e TRAEs of grade 3 or 4 were significantly lower in the
nivolumab group (7%) compared to the docetaxel group
(55%).
e Efficacy of nivolumab was consistent across different levels
of PD-L1 expression.
o Two-year OS rates were 23% with nivolumab and 8% with
docetaxel.®
o Five-year pooled OS rates (CheckMate 017/057 pooled)
were 13.4% versus 2.6% with nivolumab and docetaxel
respectively.*®
CheckMate 057 | Assessing the e Median OS was 12.2 months with nivolumab compared to
efficacy of nivolumab 9.4 months with docetaxel.®
in treating advanced,
previously treated e One-year OS rate was 51% with nivolumab versus 39%
nonsquamous with docetaxel.
NSCLC
e Median PFS was 2.3 months with nivolumab versus 4.2
months with docetaxel.
o One-year PFS rate was 19% with nivolumab versus 8%
with docetaxel.
e Efficacy of nivolumab was consistent across different levels
of PD-L1 expression.
e Two-year OS rates were 29% with nivolumab and 16% with
docetaxel.®®
e Five-year pooled OS rates (CheckMate 017/057 pooled)
were 13.4% versus 2.6% with nivolumab and docetaxel
respectively.3®
Safety and | Assessing the safety o The chemotherapy regimens in each arm were nivolumab
efficacy of [and  efficacy  of with gemcitabine/cisplatin (arm A), pemetrexed/cisplatin
nivolumab and | nivolumab combined (arm B), paclitaxel/carboplatin/bevacizumab (arm C), or
standard with different types of docetaxel (arm D) respectively.®®
chemotherapy | standard
drug chemotherapy in e Overall response rates were 50%, 50%, 100%, and 16.7%
combination in | treating advanced inarms A, B, C, and D respectively.
patients with | NSCLC

e The median PFS was 6.28 months in arm A, 9.63 months
in arm B, not reached in arm C, and 3.15 months in arm D.

advanced non-
small-cell lung
cancer: a four
arms phase b
study

e PFS rates at 6 months were 60.0%, 83.3%, 83.3%, and
0.0% for arms A, B, C, and D respectively.

e PFS rates at 9 months were 40.0%, 83.3%, 83.3%, and
0.0% for arms A, B, C, and D respectively.

e 5-year PFS was observed in 0 out of 6, 1 out of 6, 1 out of
6, and 0 out of 6 patients in arms A, B, C, and D,
respectively.3®

e 5-year OS was observed in 0 out of 6, 1 out of 6, 4 out of
6, and 0 out of 6 patients in arms A, B, C, and D,
respectively.

e No unexpected severe AEs or treatment-related deaths
occurred.

CheckMate 227 | Assessing the 0

efficacy of nivolumab

For patients with PD-L1 expression levels of 1% or more,
the median OS was 17.1 months with nivolumab plus

plus ipilimumab in ipilimumab compared to 14.9 months with chemotherapy.*
treating advanced
NSCLC o The 2-year OS rates for patients with PD-L1 expression

levels of 1% or more were 40.0% with nivolumab plus
ipilimumab and 32.8% with chemotherapy.

e For patients with PD-L1 expression levels below 1%, the
median OS was 17.2 months with nivolumab plus
ipilimumab versus 12.2 months with chemotherapy.

e The overall patient population showed a median OS of 17.1
months with nivolumab plus ipilimumab and 13.9 months
with chemotherapy.

o 5-year median OS was 17.1 months for patients with PD-
L1 expression 21% and 17.4 months for those with PD-L1
expression <1%.4!

e The ORRs were 33% and 28% for nivolumab plus
ipilimumab and chemotherapy respectively.

o The median DOR was significantly longer with nivolumab
plus ipilimumab (21.7 months) as compared to
chemotherapy (5.8 months).

e 27% of patients had an ongoing response at 5 years with
nivolumab plus ipilimumab compared to only 3% with
chemotherapy.
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Lung-MAP
S14001

Assessing if the
addition of ipilimumab

to nivolumab
improves survival in
patients with
advanced,
pretreated,
immunotherapy-
naive squamous
NSCLC

The median OS was 10 months with nivolumab plus
ipilimumab and 11 months with nivolumab monotherapy.*?

ORRs were 18% with nivolumab plus ipilimumab and 17%
with nivolumab monotherapy.

OS and PFS were not significantly different between the
nivolumab plus ipilimumab and nivolumab monotherapy
groups.

Grade 3 or higher TRAEs occurred in 39.5% patients
receiving nivolumab plus ipilimumab and 33.3% receiving
nivolumab monotherapy.

KEYNOTE-010

Assessing efficacy of
pembrolizumab in

treating PD-L1-
positive,  previously
treated, advanced
NSCLC

The median OS was 14.9 months for patients given
pembrolizumab 2 mg/kg and 17.3 months for patients given
pembrolizumab 10 mg/kg, compared to 8.2 months for
patients given docetaxel.*®

PFS was significantly longer in patients treated with
pembrolizumab, with a median of 5.0 months for the 2
mg/kg group and 5.2 months for the 10 mg/kg group,
compared to 4.1 months for the docetaxel group.

ORRs were 18% in patients given pembrolizumab 2 mg/kg,
18% in those given pembrolizumab 10 mg/kg, and 9% in
those given docetaxel.

Grade 3-5 TRAEs occurred in 13% of patients given
pembrolizumab 2 mg/kg, 16% of those given
pembrolizumab 10 mg/kg, and 35% of those given
docetaxel.

KEYNOTE-024

Assessing efficacy of
pembrolizumab in

treating PD-L1-
positive,  previously
treated, advanced
NSCLC

Pembrolizumab demonstrated a median PFS of 10.3
months compared to 6.0 months for chemotherapy.'?

The estimated rate of OS at 6 months was 80.2% in the
pembrolizumab group versus 72.4% in the chemotherapy
group.

Pembrolizumab also achieved a higher ORR (44.8% vs.
27.8%) and a longer median DOR (not reached vs. 6.3
months).

TRAEs of any grade occurred in 73.4% vs. 90.0% of
patients in the pembrolizumab and chemotherapy groups
respectively.

KEYNOTE-042

Assessing efficacy of
pembrolizumab in
treating PD-L1-
expressing,
previously untreated,
advanced NSCLC

Median OS was 20.0 months in the pembrolizumab group
vs. 12.0 months in the chemotherapy group in the PD-L1
TPS 2 50% population, 17.7 months vs. 13.0 months in the
PD-L1 TPS 2 20% population, and 16.7 months vs. 12.1
months in the PD-L1 TPS 2 1% population.*

Median PFS was 7.1 months in the pembrolizumab group
vs. 6.4 months in the chemotherapy group in the PD-L1
TPS 2 50% population, 6.2 months vs. 6.6 months in the
PD-L1 TPS 2 20% population, and 5.4 months vs. 6.5
months in the PD-L1 TPS 2 1% population.

5-year OS rates with pembrolizumab were 21.9% for PD-
L1 TPS 2 50%, 19.4% for PD-L1 TPS 2 20%, and 16.6%
for PD-L1 TPS 2 1%. In comparison, 5-year OS rates with
chemotherapy were 9.8% for PD-L1 TPS 2 50%, 10.1% for
PD-L1 TPS 2 20%, and 8.5% for PD-L1 TPS 2 1%.4

KEYNOTE-189

Assessing efficacy of
pembrolizumab  plus

chemotherapy in
treating  previously
untreated,
nonsquamous,

metastatic NSCLC

The OS for patients receiving pembrolizumab plus
chemotherapy was 69.2% at 12 months, as compared to
49.4% in the placebo group.*

This benefit was consistent across all levels of PD-L1
expression. For instance, the OS for patients with PD-L1
TPS < 1% was 61.7% vs. 52.2% in the pembrolizumab plus
chemotherapy group and the placebo group respectively.
The OS for patients with PD-L1 TPS 2 50% was 73.0% vs.
48.1% in the pembrolizumab plus chemotherapy group and
the placebo group respectively.

The median PFS in the pembrolizumab group was 8.8
months versus 4.9 months in the placebo group.

Phase 2 cohort
of the
multicohort
study
KEYNOTE-021

Assessing if the
addition of
pembrolizumab to
platinum-doublet
chemotherapy
improves efficacy in
patients with
advanced
nonsquamous
NSCLC

Pembrolizumab demonstrated a median PFS of 13.0
months compared to 8.9 months with chemotherapy
alone.*’

No significant difference in OS was observed between the
two groups (HR 0.90; 95% CI 0.42-1.91; nominal p=0.39).

KEYNOTE-407

Assessing if the
addition of
pembrolizumab to
platinum-doublet

chemotherapy
improves efficacy in
patients with

advanced squamous
NSCLC

The median OS was 15.9 months in the pembrolizumab
plus chemotherapy group, compared to 11.3 months in the
placebo group.*

The median PFS was 6.4 months in the pembrolizumab
plus chemotherapy group versus 4.8 months in the placebo
group.

Pembrolizumab
Plus
Chemotherapy
Versus
Chemotherapy
Monotherapy
as a First-Line
Treatment  in
Elderly Patients
(275 Years Old)

With Non-
Small-Cell Lung
Cancer

Assessing the
efficacy and safety of
pembrolizumab  plus
chemotherapy in
elderly patients with
advanced NSCLC

The median PFS was 12.5 months in the pembrolizumab
plus chemotherapy group versus 5.3 months in the
chemotherapy-only group.*®

OS was not reached in the pembrolizumab plus
chemotherapy group compared to 21.27 months in the
chemotherapy-only group (P=0.037).

Treatment discontinuation due to adverse effects was
higher in the pembrolizumab plus chemotherapy group
(26%) compared to the chemotherapy-only group (5%).

POPLAR Assessing the Patients treated with atezolizumab had a median OS of
efficacy and safety of 12.6 months compared to 9.7 months for those treated with
atezolizumab versus docetaxel.”
docetaxel in
previously treated Greater OS improvements were associated with higher
NSCLC levels of PD-L1 expression.

PFS was similar between the two groups: 2.7 months for
atezolizumab versus 3.0 months for docetaxel.

Though 15% of patients in both the atezolizumab and
docetaxel groups achieved an objective response, the
responses with atezolizumab were more durable, with a
median DOR of 14.3 months compared to 7.2 months for
docetaxel.!

OAK Assessing the Atezolizumab improved OS to a median of 13.8 months
efficacy and safety of compared to 9.6 months for docetaxel.™
atezolizumab versus
docetaxel in PFS was 2.8 months versus 4.0 months with atezolizumab
previously treated and docetaxel respectively.

NSCLC
The median DOR was notably longer for atezolizumab at
16.3 months compared to 6.2 months for docetaxel.
After more than two years, atezolizumab continued to
provide a durable survival benefit, with 28% of patients
surviving longer than 24 months compared to 18% in the
docetaxel group.

IMpower130 Assessing the The median OS was 18.6 months in the atezolizumab plus
efficacy and safety of chemotherapy group compared to 13.9 months in the
atezolizumab plus chemotherapy-only group.*
chemotherapy versus
chemotherapy alone The median PFS was 7.0 months with atezolizumab plus
as first-line therapy chemotherapy versus 5.5 months with chemotherapy
for stage \Y% alone.
nonsquamous
NSCLC OS and PFS benefits were observed regardless of PD-L1

expression levels.

IMpower132 Assessing the Median PFS was 7.6 months with atezolizumab plus
efficacy and safety of cisplatin or carboplatin plus pemetrexed (APP), and 5.2
adding atezolizumab months with chemotherapy alone (PP).5!
to carboplatin  or
cisplatin plus Median OS was 17.5 months for APP vs. 13.6 months for
pemetrexed for PP. Although OS was numerically better for APP, the
patients with stage IV difference was not statistically significant.
nonsquamous
NSCLC OS and PFS benefits were consistent across all levels of

PD-L1 expression.

IMpower131 Assessing the Atezolizumab combined with carboplatin plus nab-
efficacy and safety of paclitaxel (A+CnP) showed a median PFS of 6.3 months
adding atezolizumab compared to 5.6 months with chemotherapy alone (CnP).52
to platinum-based
chemotherapy for The median OS was similar between the two groups: 14.2
patients with stage IV months for A+CnP versus 13.5 months for CnP.
squamous NSCLC

PFS and OS benefits were observed irrespective of PD-L1
expression levels.

PACIFIC Assessing the The median PFS was 16.8 months for the durvalumab
efficacy and safety of group versus 5.6 months for the placebo group.'®
durvalumab in
treating stage Il The 12-month OS rate was 83.1% in the durvalumab group
NSCLC compared to 75.3% in the placebo group, while the 24-

month OS rates were 66.3% versus 55.6%, respectively.
OS benefits with durvalumab were significant across all
prespecified subgroups, except for patients with PD-L1
tumor cell expression <1%, where the benefit was
uncertain.

Grade 3 or 4 AEs occurred in 30.5% of patients in the
durvalumab group compared to 26.1% in the placebo
group.

The incidence of severe events was 3.4% in the
durvalumab group vs. 2.6% in the placebo group.
According to a five-year follow-up, estimated 5-year OS
rates were 42.9% for the durvalumab group compared to
33.4% for the placebo group, and 5-year PFS rates were
33.1% and 19.0% respectively.5

POSEIDON Assessing the Median PFS was 5.5 months with D + CT versus 4.8
efficacy of months with CT alone.%®
durvalumab plus
chemotherapy (D + The 24-month OS rates were 29.6% for D + CT versus
CT) versus 22.1% for CT.
chemotherapy alone
(CT) in treating
metastatic NSCLC

SAKK 16/14 Assessing the Durvalumab combined with neoadjuvant chemotherapy
efficacy and safety of demonstrated notably high OS rates of 91% and 83% at 1
adding perioperative and 2 years respectively.*®
durvalumab to
neoadjuvant Patients with a PD-L1 expression of 225% had a higher
chemotherapy for rate of pathologic complete response.
stage IIANSCLC

88% of patients experienced adverse events of grade 3 and
above.

Mechanisms for differential efficacy of the mAbs are still
under investigation, and literature on this topic is currently
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limited. However, a study has found that the epitope region
of pembrolizumab has a considerably greater overlap with the
PD-L1 binding site than the epitope region of nivolumab.”
It is possible that for tumors that express high levels of PD-
L1, pembrolizumab's stronger binding affinity to the PD-L1
binding site may lead to a more robust anti-tumor immune
response compared to nivolumab. This may explain why
pembrolizumab is particularly effective in patients with high
PD-L1 expression, whereas nivolumab consistently benefits
patients regardless of their PD-L1 expression levels.

Cost-effectiveness

A major consideration in access to care regarding cancer
therapy is the burden of cost. Each of the ICIs covered demon-
strates varying cost-effectiveness and quality-adjusted life year
(QALY) improvements across different regions. Nivolumab
improved QALYs compared to docetaxel in the US, Canada,
and Sweden. For instance, nivolumab increased QALYs by
0.80 and 0.99 in patients with squamous and nonsquamous
NSCLC respectively in the US.*® The incremental cost-effec-
tiveness ratios (ICERs) of nivolumab in the United States (US)
were USD 100,776 per QALY in squamous and USD 117,739
per QALY in nonsquamous NSCLC patients. Nivolumab
was considered cost-effective at a willingness-to-pay (W'TP)
threshold of USD 150,000. In Canada, the ICERs were
CAN$140,753 per QALY for squamous and CAN$173,804
per QALY for nonsquamous NSCLC, while in Sweden, the
ICERs were SEK568,895 per QALY and SEK662,991 per
QALY for squamous and nonsquamous NSCLC patients re-
spectively.”® Despite higher costs, nivolumab remains approved
for advanced NSCLC treatment in all three countries due to
favorable long-term survival benefits, with Canada and Swe-
den showing increasingly favorable ICERs based on updated
trial data with a minimum follow-up of 5 years.

In a study investigating the cost-effectiveness of pembroli-
zumab as a first-line advanced NSCLC treatment, patients
treated with pembrolizumab gained 1.80 QALYs compared
to 1.06 QALYs with chemotherapy.®® In the United King-
dom (UK), the ICER for pembrolizumab without end-of-life
(EoL) adjustments—where a higher WTP threshold is applied
for treatments aimed at extending life in terminal patients—is
above the UK WTP threshold of GBP 30,000 (USD 42,048),
at approximately USD 52,000 per QALY. However, with EoLL
adjustments, the probability of pembrolizumab being cost-ef-
fective in the UK increases from <1% to 97.1%. Pembrolizumab
could thus be considered cost-effective in the UK if a high-
er WTP threshold is implemented. In contrast, in the US,
where the WTP threshold ranges from USD 100,000 to USD
150,000, the probabilities of pembrolizumab being cost-ef-
fective exceed 97% both with and without EoLL adjustments.
Finally, in Singapore, the ICER for pembrolizumab is SGD
167,692 per QALY, far exceeding the local WTP threshold of
SGD 100,000.°* This indicates that pembrolizumab is unlikely
to be a cost-effective NSCLC treatment in Singapore. Overall,
pembrolizumab's use in the clinic is more likely in regions like
the US where higher WTP thresholds apply, but its high cost

remains a barrier to broader adoption in countries like Singa-

pore and the UK, where its use may be limited unless a higher
WTP threshold is applied.

In China, atezolizumab as a first-line treatment for meta-
static NSCLC provides an additional 0.42 to 0.91 QALYs in
comparison to chemotherapy, depending on PD-L1 expression
levels.”? However, the ICERSs for atezolizumab as a first-line
treatment for metastatic NSCLC significantly exceed China’s
WTP threshold of USD 30,828 per QALY, making it unlikely
to be cost-effective there. In the US, however, the ICER for
atezolizumab as a first-line treatment for metastatic NSCLC
patients with high PD-L1 expression is USD 123,424 per
QALY, falling within the US WTP threshold range.®® Lastly,
in Canada, atezolizumab as a second-line treatment for ad-
vanced NSCLC provides a QALY gain of 0.60 over docetaxel
atan ICER of CAD 142,074 per QALY.** Docetaxel was more
likely to be cost-effective at WTP thresholds below CAD
125,000 per QALY, whereas atezolizumab was more likely
to be cost-effective at thresholds above this amount. Since a
WTP threshold of CAD 50,000 per QALY is used in Canada,
atezolizumab is unlikely to be cost-effective there.”® Overall,
while atezolizumab is more likely to be used in clinics in the
US, its high cost limits its use in China and Canada where the
WTP threshold is much lower.

Finally, treatment with durvalumab as maintenance therapy
in patients with stage III NSCLC provided an additional 0.50
QALYs compared with placebo.®® The ICER for durvalumab
in the US is USD 228,788 per QALY, significantly exceed-
ing the US WTP threshold with only a 7.2% probability of
being cost-effective. Similarly, in Brazil and Singapore, the
ICERs for durvalumab are USD 141,146 and USD 153,461
per QALY respectively. Both ICERs far exceed local WTP
thresholds, with a 0% likelihood of cost-effectiveness in either
country. However, in Singapore, a secondary analysis using dis-
counted prices through an industry-sponsored access program
improved cost-effectiveness, with the ICER dropping to USD
45,164 per QALY and the probability of durvalumab being
cost-effective rising to 74.9%. Overall, while durvalumab is
unlikely to be widely used in most countries due to its high
cost, reduced pricing in certain regions such as Singapore could
increase its viability in clinical practice.

Future directions

This review has found that there is a substantial body of
research on the effectiveness of combined immunotherapy
with nivolumab and ipilimumab, whereas data on dual im-
munotherapy involving other anti-PD-1 and anti-PD-L1
ICIs is comparatively sparse. Research evaluating durvalum-
ab in treating advanced NSCLC is limited compared to that
evaluating pembrolizumab, nivolumab, and atezolizumab; re-
search investigating the efficacy of durvalumab combined with
chemotherapy in treating advanced NSCLC is also lacking.
Continued research is essential to maximize the therapeutic
potential of all four ICIs in managing advanced NSCLC.
Areas that warrant further investigation include the efficacy
of dual immunotherapies using ICIs other than nivolumab
and the effectiveness of durvalumab, particularly in NSCLC

patients with low PD-L1 expression. In addition, studies
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on atezolizumab should aim to clarify its role in improving
progression-free survival, while research into durvalumab com-
bined with chemotherapy could reveal benefits for advanced
NSCLC treatment. Finally, although higher PD-L1 expres-
sion levels are generally associated with better overall survival
in NSCLC patients treated with anti-PD-1/PD-L1 thera-
pies, further studies are required to confirm PD-L1’s value as
a prognostic marker, as considerable variability exists in the
methods used to assess PD-L1 expression.

Beyond PD-1/PD-L1 inhibition, other immune checkpoint
receptors that play a critical role in tumor immune evasion,
such as CTLA-4, should be explored further in advanced NS-
CLC treatment. When CTLA-4 binds to B7, this results in the
downregulation of helper T cells, which help activate cytotoxic
T cells (Tcs) to kill target tumor cells. This also enhances the
activity of regulatory T cells (Tregs), which help the immune
system avoid overreacting to antigens by suppressing certain
immune responses. Together, these mechanisms contribute to
immune suppression, allowing tumors to evade immune de-
tection.” The combined inhibition of both the PD-1/PD-L1
and the CTLA-4/B7 axes has already been established as an
effective treatment strategy for patients with multiple ma-
lignancies.®® As such, investigating combination therapies
targeting multiple immune checkpoints could be a promising
approach, as dual inhibition may reduce the likelihood of tu-
mor resistance that can arise when targeting a single immune
checkpoint pathway.

Lastly, future research should also prioritize Tregs as a criti-
cal target for therapeutic intervention. Tregs play a pivotal role
in limiting the therapeutic efficacy of ICIs by suppressing an-
ti-tumor immune responses and promoting immune tolerance
within the tumor microenvironment. Their abundance has
been associated with poor clinical outcomes, as they inhibit the
activation and function of Tcs which are essential for effec-
tive tumor eradication.®” By focusing on strategies to deplete
or modulate Tregs, researchers could potentially enhance the
effectiveness of IClIs, leading to improved patient outcomes.
Investigating combination therapies that target Tregs along-
side ICIs may provide a dual approach to overcoming the
immunosuppressive barriers posed by Tregs, thereby increasing
anti-tumor immunity and improving survival rates for patients

with NSCLC.

Limitations

There are limitations to this review that should be noted.
Firstly, the exclusion of non-English language studies may limit
the generalizability of these findings to different ethnic groups
not included in the studies used. Additionally, findings related
to PD-L1 expression in tissue are dependent on the accuracy
and reliability of the methods used to assess PD-L1 expression
levels. Factors such as cutoff values, assays used to assess PD-
L1 tumor expression, whether biopsy or excision specimens
were used, and whether membranous or cytoplasmic staining
was used varied significantly across studies, particularly within
studies published before recent attempts to standardize PD-L1
immunochemistry. This may hamper this review’s findings re-

garding the efficacy of various ICIs in patient populations with
different PD-L1 expression levels.

B Conclusion

This review evaluates the effectiveness of four anti-PD-1/
PD-L1  immunotherapies—nivolumab, pembrolizumab,
durvalumab, and atezolizumab—for advanced NSCLC, with
all but atezolizumab showing efficacy in improving PFS, and all
but nivolumab demonstrating greater benefits in patients with
higher PD-L1 expression levels. Research on dual immuno-
therapies with other ICIs and the combination of durvalumab
with chemotherapy is limited. Continued research is needed
to optimize the use of these therapies, particularly regarding
the efficacy of dual immunotherapies, the role of PD-L1 ex-
pression in predicting outcomes, and the impact of combining
durvalumab with chemotherapy.
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