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Immune checkpoint inhibitors targeting PD-1 or PD-L1 represent a standard treatment option for patients
with advanced non-small-cell lung cancer. However, a substantial proportion of patients will not benefit
from these treatments, and robust biomarkers are required to help clinicians select patients who are most
likely to benefit. Here, we discuss the available evidence on the utility of clinical characteristics in the
selection of patients with advanced non-small-cell lung cancer as potential candidates for single-agent
anti-PD-1/PD-L1 therapy, and provide practical guidance to clinicians on identifying those patients who
are most likely to benefit. Recommendations on the use of immune checkpoint inhibitor in clinically chal-
lenging populations are also provided.
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Immune checkpoint inhibitors (ICIs) blocking the PD-1/PD-L1 pathway, such as nivolumab, pembrolizumab
and atezolizumab, represent a standard treatment option for patients with advanced non-small-cell lung cancer
(NSCLC) 111, and have rapidly been adopted into clinical practice [2,3]. However, with a response rate of 14-23%
in unselected populations and 16-48% in patients with PD-L1-expressing tumors [4], these drugs offer improved
outcomes in some patients, but not all. Currently, there remains uncertainty about which patients with NSCLC are
most likely to benefit from anti-PD-1/PD-L1 therapy. Robust predictive markers are urgently required to identify
these patients to ensure they receive the most appropriate treatment.

PD-L1 expression has been proposed as a potential biomarker of response to ICI in NSCLC as there is evidence
suggesting increased response rates and longer overall survival (OS) in patients with higher PD-L1 expression [5].
However, not all studies support this, and durable responses have been observed in patients with low or no PD-L1
expression [6,7]. This may be explained, at least in part, by the dynamic and heterogeneous nature of PD-L1
expression, which may lead to misclassification of PD-L1 status (8-10]. Rebiopsy may therefore be a worthwhile
option in patients who do not respond to first-line treatment and who initially test negative for PD-LI expression,
providing that a different PD-L1 result may change their clinical options.

There are several other limitations of PD-L1 expression as a biomarker. Anti-PD-1/PD-L1 drugs do not inhibit
every co-inhibitory interaction that may play a role in antitumor T-cell responses; a fact that may contribute to
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the failure of PD-L1 expression to fully differentiate responders and nonresponders. Furthermore, each anti-PD-
1/PD-L1 drug has been co-developed with its own PD-L1 immunohistochemistry (IHC) diagnostic assay [11].
Each assay uses different antibody clones for PD-L1 detection with different affinities, specificities and thresholds
for clinical decision-making [11,12]. Results also require subjective interpretation by a pathologist [11,13]. According
to the US FDA, pembrolizumab must be used in conjunction with its companion PD-L1 test, while the assays for
nivolumab and atezolizumab are considered complementary and their use is not mandatory [12,14]. Of note, in a
post hoc analysis of OAK, a Phase III trial that compared atezolizumab with docetaxel in pretreated patients with
advanced NSCLC, PD-L1 expression in a subset of patients was determined using two diagnostic IHC assays. The
patients were classified according to atezolizumab’s complementary assay (SP142) and pembrolizumab’s companion
assay (22C3) to see what impact this had on study outcomes. Irrespective of the assay used, atezolizumab was shown
to improve survival in patients with PD-L1-negative tumors, confirming the original findings of the trial [15]. Other
studies have demonstrated high concordance between most PD-L1 IHC assays, but have not correlated these data
with clinical results [16-18]. Efforts are underway by the pharmaceutical industry and regulators to harmonize these
diagnostic tests. Blueprint is one such project, aiming to understand the similarities and differences between the
testing systems [19,20]. The recently completed second phase of Blueprint compared five PD-L1 detection assays
including the new assay for avelumab (Dako 73-10), which was found to stain a slightly higher percentage of
tumor cells than other assays [21]. Phase II demonstrated the utility of training platforms for standardizing scoring
among pathologists and showed that there was a good correlation of PD-L1 expression between tumor and cytology
specimens [19,21], a finding supported by other recent studies [22,23].

Tumor mutational burden (TMB) is a key emerging biomarker of response to PD-1 and PD-L1 inhibitors that
has shown promise across cancer types [24]. Using whole-exome sequencing, a higher nonsynonymous mutation
burden was shown to be associated with significantly improved objective response rate, durable clinical benefit and
progression-free survival (PES) in NSCLC patients treated with pembrolizumab compared with those with a lower
burden [25]. Efficacy also correlated with a higher neoantigen burden [25], and it has been proposed that higher
levels of neoantigens formed from nonsynonymous mutations enhance tumor antigenicity and trigger an immune
response within the tumor once the inhibition of the PD-1 pathway is prevented by immunotherapy [25-27]. An
exploratory analysis from CheckMate 026 revealed that among patients with high TMB, nivolumab was associated
with a longer median PES versus chemotherapy (9.7 vs 5.8 months; hazard ratio [HR]: 0.62; 95% CI: 0.38-1.00).
In patients with low/medium TMB, PES was shorter in the nivolumab arm (4.1 vs 6.9 months; HR: 1.82, 95%
CI: 1.30-2.55), while OS was similar between treatment groups regardless of TMB [28]. Similarly, Gettinger and
colleagues demonstrated that increased somatic mutations and neoantigens were significantly associated with an
increased response to anti-PD-1 inhibitors but not with OS at 3 years [29]. An association between TMB and
response to atezolizumab has also been demonstrated both in unselected and PD-L1-selected populations, and
in first-line and second-line settings (30l. TMB can be determined using clinically accessible techniques, such as
targeted next-generation sequencing and comprehensive gene panels [26,30, and from circulating tumor DNA using
ablood-based assay [31]. Rizvi ez /. demonstrated that quantification of TMB by targeted next-generation sequencing
correlated well with whole-exome sequencing and that TMB was greater in patients with durable clinical benefit
than those without. Furthermore, combining TMB with PD-L1 expression provided greater predictive power
and further enriched for benefit to anti-PD-1/PD-L1 therapy (321. The recently reported CheckMate 227 trial
showed that chemotherapy-naive patients with advanced NSCLC and a high TMB (>10 mutations/Mb) treated
with nivolumab plus ipilimumab experienced a longer PES than the group treated with chemotherapy (7.2 vs
5.5 months; HR: 0.58, 97.5% CI: 0.41-0.81; p < 0.001). The 1-year PFS rate (42.6 vs 13.2%) and objective
response rate (45.3 vs 26.9%) were also higher in the nivolumab plus ipilimumab arm [33]. At present TMB remains
investigational and is not routinely used in clinical practice. Thus, as it stands, PD-L1 is an imperfect biomarker
for predicting the response to ICI, but to date remains the only one tested prospectively.

Here, we look beyond PD-L1 expression as a selection tool for patients who are candidates for single-agent
anti-PD-1/PD-L1 therapy, and provide practical guidance on how to identify patients most likely to benefit. We
also provide guidance on the use of PD-1/PD-LI inhibitors in specific clinical scenarios.

Methods

A comprehensive literature search of PubMed was performed to identify relevant studies that looked at associ-
ations between clinical characteristics and treatment outcome. Search terms included ‘carcinoma, non-small-cell
lung’ (MESH major topic); immunotherapy, nivolumab, pembrolizumab, atezolizumab, durvalumab, avelumab,

2416

Future Oncol. (2018) 14(23) future science group



PD-1/PD-L1 inhibitors in patients with non-small-cell lung cancer

checkpoint inhibitor, PD-1, PD-L1; and predictive, prognostic, association, relationship, correlation, biomarker,
subgroup. There were no restrictions on publication date or language. Additional papers were identified from
reference lists and the authors’ expert knowledge. The search was supplemented by searches of abstracts from the
past year of key general oncology and lung cancer congresses, including the World Conference on Lung Cancer
2017, American Society of Clinical Oncology 2017, European Society for Medical Oncology 2017, and American
Association for Cancer Research 2017.

Clinical trials of ICl in NSCLC
PD-1 inhibitors
Nivolumab (Opdivo®; Bristol-Myers Squibb, NY, USA) is approved in Europe and the USA for pretreated locally
advanced or metastatic NSCLC [34,35]. Approval of nivolumab was partly based on the results of two Phase III
clinical trials that compared nivolumab with docetaxel as second-line treatment in patients with advanced squamous
cell (CheckMate 017) or nonsquamous cell (CheckMate 057) NSCLC (Table 1). In both studies, median OS was
longer in the nivolumab group compared with the docetaxel group, and the objective response rate was higher
(CheckMate 017: 20 vs 9%, p = 0.008; CheckMate 057: 19 vs 12%, p = 0.02) [36,37]. Median PES favored nivolumab
in CheckMate 017 but not CheckMate 057; however, rates of PES at 1 year were higher in the nivolumab group
than the docetaxel group in both studies (CheckMate 017: 21 vs 6%; CheckMate 057: 19 vs 8%, respectively) (36,37].
Pembrolizumab (Keytruda®; Merck, Kenilworth, NJ, USA) is also approved for relapsed locally advanced or
metastatic NSCLC, although its use is restricted to patients with PD-L1 expression in >1% tumor cells [47,48]. In
a Phase I trial of pembrolizumab (Keynote 001), improved clinical activity was observed in patients who expressed
PD-LI in at least 50% of tumor cells (39). Thus, in Keynote 010, a Phase II/III trial that followed, only patients
with PD-L1-positive tumors (PD-L1 >1%) were eligible for inclusion. Pembrolizumab (2 mg/kg) prolonged OS
compared with docetaxel in this patient population (HR: 0.71, 95% CI: 0.58-0.88), with the greatest impact
on those expressing higher levels of PD-L1 40). The initial approval of pembrolizumab as second-line treatment
in PD-L1-positive NSCLC was extended to first-line treatment in patients with high PD-L1-expressing tumors
(PD-L1 >50%) with no EGFR or ALK mutations, following results of Keynote 024 [41]. In this study, treatment
with pembrolizumab prolonged PES and OS and improved objective response rates (45 vs 28%, respectively)
compared with chemotherapy in the first-line setting [41). Nivolumab was also trialed as first-line treatment in
patients with PD-L1 expression in >1% of tumor cells in CheckMate 026, but it did not show an improvement
in PES or OS compared with platinum-based chemotherapy [2s).

PD-L1 inhibitors

Atezolizumab (Tecentriq®; F Hoffmann-La Roche/Genentech, Basel, Switzerland/CA, USA) is approved in Europe
and the USA for second-line treatment of NSCLC following platinum-based chemotherapy [49,501. Following
positive results in two Phase II trials (POPLAR and BIRCH) [42,43], atezolizumab was compared with docetaxel
in a Phase III study (OAK) in unselected patients who had received up to two previous chemotherapy regimens,
including at least one platinum-based therapy. OS was significantly improved in the atezolizumab treatment group
compared with the docetaxel group. This benefit was independent of the level of PD-L1 expression, with patients
with low or undetectable PD-L1 expression also demonstrating a prolonged OS with atezolizumab versus docetaxel
(12.6 vs 8.9 months; HR: 0.75, 95% CI: 0.59-0.96) (44]. Other PD-L1 inhibitors in late-stage development for
NSCLC include durvalumab (Imfinzi®; AstraZeneca, Cambridge, UK) and avelumab (Bavencio®; EMD Serona,
MD, USA; Pfizer, NY, USA); data for both have recently been reported (Table 1) (45,46].

Potential clinical characteristics for guiding patient selection for single-agent anti-PD-1/PD-L1
therapy

In the following sections, we discuss the available evidence on the impact of age, smoking status, tumor histology,
Eastern Cooperative Oncology Group (ECOG) performance status (PS), presence of brain metastases, speed of
disease progression, response to previous treatment, treatment history and EGFR/ALK mutational status on the
response to ICI in NSCLC, and provide our recommendations on selecting patients for these treatments based on
these factors.
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Table 1. Details of key clinical trials of checkpoint inhibitor monotherapy in non-small-cell lung cancer that included

subgroup analyses.

Trial Phase Setting Study population Immunotherapy arm Active control arm Primary end point Ref.
Nivolumab
CheckMate 012 | First line o Stage Illb/IV NSCLC Nivolumab None Safety [55]
3 mg/kg Q2w
n=>52
CheckMate 017 1] Second line o Stage Illb/IV NSCLC Nivolumab Docetaxel [0}y [37]
e Squamous cell histology 3 mg/kg Q2W 75 mg/m? Q3W
n=135 n=137
CheckMate 057 1] Second or o Stage Illb/IV NSCLC Nivolumab Docetaxel [e}Y [36]
third line o Nonsquamous cell 3 mg/kg Q2W 75 mg/m? Q3W
histology n =287 n =268
CheckMate 026 1] First line e Stage IV or recurrent Nivolumab Platinum-based PFS among patients with [28]
NSCLC 3 mg/kg Q2W chemotherapy Q3W PD-L1 expression >5%
e PD-L1 tumor n=271 n =270
expression >1%
Pembrolizumab
Keynote 001 | First line or o Locally advanced or Pembrolizumab None Safety and antitumor [39]
later metastatic NSCLC 2mg/kg Q3W n = 6; activity plus efficacy in
10 mg/kg Q3W n = 287; previously-treated
10 mg/kg Q2W n = 202 patients with high
expression of PD-L1
Keynote 010 1/ Second line e Stage llIb/IV or recurrent Pembrolizumab Docetaxel OS and PFS in total [41]
or later NSCLC 2 mg/kg Q3W n = 345; 75 mg/m? Q3W population and in patients
o PD-L1 tumor proportion 10 mg/kg Q3W n = 346 n=343 with PD-L1 tumor
score >1% proportion score >50%
Keynote 024 1] First line o Stage IV NSCLC Pembrolizumab Platinum-based PFS [42]
o No sensitising EGFR 200 mg fixed dose Q3W chemotherapy
mutations or ALK n=154 n=151
translocations
e PD-L1 tumor proportion
score >50%
Atezolizumab
BIRCH 1l First to third e Stage lllb/IV or recurrent Atezolizumab None Objective response rate [42]
line or later  NSCLC 1200 mg fixed dose Q3W
o PD-L1 expression level of n =659
TC2/3 and/or 1C2/31
o No brain metastases
POPLAR Il Second or o Advanced NSCLC Atezolizumab Docetaxel OS in ITT population and [45]
third line 1200 mg fixed dose Q3W 75 mg/m? Q3W PD-L1 subgroups
n=144 n=143
OAK 1] Second or o Stage lllb/IV or recurrent  Atezolizumab Docetaxel OS in ITT population and [47]
third line NSCLC 1200 mg fixed dose Q3W 75 mg/m? Q3W PD-L1 subgroups
n =425 n =425
Avelumab
JAVELIN Solid b Second line e Stage lllb/IV NSCLC Avelumab None Safety [45]
Tumor or later o No brain metastases 10 mg/kg Q2W
n=184
Durvalumab
PACIFIC 1] Second line o Stage Il locally advanced Durvalumab Placebo n =237 PFS and OS [46]
or later NSCLC 10 mg/kg Q2W
o Previously received n =476

chemoradiation

TPD-L1 TC expression was scored as a percentage of PD-L1-positive TC (TC3 >50% or TC2 >5% but <50%). PD-L1 IC expression was scored as a percentage of tumor area stained
positive (IC3 >10% or IC2 >5% but <10%).
IC: Tumor-infiltrating immune cell; ITT: intent-to-treat; NSCLC: Non-small-cell lung cancer; OS: Overall survival; PFS: Progression-free survival; TC: Tumor cell; Q2W: Every 2 weeks; Q3W:

Every 3 weeks.

Age

Age-associated deterioration of the immune system may impact the effectiveness of immunotherapies, which rely
on the competent functioning of various immunological components [51]. This has implications for the treatment
of lung cancer, which mostly occurs in older people, with an average age at diagnosis of 70 years [52]. Although many
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Overall survival Progression-free survival
n HR (95% CI) HR (95% ClI)

OAK atezolizumab vs docetaxel [47,60] }

Overall 850 [ 0.73 (0.62-0.87) Overall o 0.93 (0.81-1.08)

<65 453 b 0.80 (0.64-1.00) <65 - 0.93 (0.77-1.14)

>65 397 —— 0.66 (0.52-0.83) >65 | NR (NR-NR)

65-74 307 - : 0.63 (0.48-0.83) 65-74 —— 0.98 (0.77-1.25)

75-84 88 — 0.79 (0.46-1.35) 75-84 »—-% 0.93 (0.58—1.51)
c 057 ni vs (non-sq ) [36] |

Overall 582 —o— | 0.75 (0.62-0.91) Overall —0—+ 0.91 (0.76-1.09)

<65 339 »—-% 0.81 (0.62-1.04) <65 »—-% 0.89 (0.70-1.13)

65-74 200 — . 0.63 (0.45-0.89) 65-74 — 0.94 (0.69-1.27)

>75 43 ' . } Y 0.90 (0.43-1.87) >75 ! =‘ | 0.97 (0.49-1.95)
c 017 ni bvs d I (squamous) [37] !

Overall 272 00— | 0.59 (0.44-0.78) Overall —0— | 0.63 (0.48-0.82)

<65 152 — } 0.52 (0.35-0.75) <65 —— 0.62 (0.44-0.89)

65-74 91 —— 0.56 (0.34-0.91) 65-74 —a— } 0.51 (0.32-0.82)

=75 29 k ; - 1.85 (0.76-4.51) =75 k ; = 1.76 (0.77-4.05)
Keynote 010 pembrolizumab vs docetaxel (Pq-L1 +) [41] |

Overall 1033 o 0.67 (0.56-0.80) Overall »—D—<} 0.85 (0.73-0.98)

<65 604 —— 0.63 (0.50-0.79) <65 —a— 0.84 (0.69-1.02)

65 429 »—H 0.76 (0.57-1.02) >65 »—-4‘—< 0.93 (0.72-1.19)
Keynote 024 pembrolizumab vs platinum-bas‘pd chemotherapy (PD-L1+) [42] }

Overall 305 —0— | 0.60 (0.41-0.89) Overall —0— | 0.50 (0.37-0.68)

<65 141 } NR (NR-NR) <65 —.— 0.61 (0.40-0.92)

>65 164 | NR (NR-NR) >65 —a— } 0.45 (0.29-0.70)
Elias et al. meta-analysis [52] : :

Overall 5033 HCH ! 0.69 (0.63-0.74) Overall | NR (NR-NR)

<65 2718 - } 0.68 (0.61-0.75) <65 } NR (NR-NR)

>65 2315 —m— ! 0.64 (0.54-0.76) >65 | NR (NR-NR)

0(0 0T5 1.1) 1.% 2?0 2}5 OTO OTS 1.5 1.% 2?0 2?5
Favors immunotherapy Favors chemotherapy/targeted therapy Favors immunotherapy Favors chemotherapy/targeted therapy

Figure 1. Efficacy of immunotherapy in non-small-cell lung cancer according to age. Data shown are published HR and 95% Cl values
from each trial (or from published meta-analyses); no reanalyses have been performed for the purposes of the current article.

HR: Hazard ratio; NR: Not reported.

of the Phase III trials of PD-1/PD-LI inhibitors in NSCLC have assessed the effectiveness of the ICI according to
age, no clear age-associated differences have emerged. Generally, improved survival was evident in patients treated
with anti-PD-1/PD-L1 therapies versus chemotherapy, regardless of the age group assessed (Figure 1) [36,40,41,44].
In CheckMate 017, data suggest that nivolumab is less effective than docetaxel in patients aged 75 years or older.
However, the small number of patients included within this subgroup (11 and 18 patients in the nivolumab
and docetaxel groups, respectively) precludes any firm conclusions being drawn [371. A meta-analysis of nine
randomized controlled trials involving over 5000 patients with NSCLC treated with nivolumab, pembrolizumab
or atezolizumab versus chemotherapy/targeted therapy concluded that the efficacy of PD-1/PD-L1 inhibitors was
similar in patients over 65 years of age compared with those who were younger [53]. In the Phase IT trial CheckMate
171 evaluating nivolumab monotherapy, the estimated 6-month OS rate was 66% in the subgroup of patients
aged > 70 years (n = 279) versus 67% in the overall population (n = 809). Tolerability was also comparable with 56
and 50%, respectively, experiencing treatment-related adverse events (AEs) [541. Similar findings were observed in
CheckMate 153, a community-based Phase III/IV safety trial of nivolumab in which 40% of the study population
were aged >70 years. Estimated OS at 6-months was 63% in both this subgroup of patients and the overall study
population with similar proportions experiencing treatment-related AEs (62 vs 60%, respectively) [55].

Thus, there is sufficient evidence against using age as a factor for selecting patients for anti-PD-1/PD-L1 therapy
and it should not be used to deny a patient treatment, particularly as these drugs offer a less toxic alternative to
chemotherapy.

Smoking status

Exposure to tobacco smoke has long been recognized as the single most important contributing cause of lung
cancer. Most patients included in clinical trials of PD-1/PD-L1 inhibitors in NSCLC have been former or current
smokers. Some trials have analyzed responses according to smoking status and results suggest a reduced benefit of
anti-PD-1/PD-L1 antibodies in never smokers (Figure 2) [36,41,43,44]. In Keynote 001, the overall response rate
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Overall survival Progression-free survival
n HR (95% CI) HR (95% CI)
POPLAR atezolizumab vs docetaxel [45] | |
Overall 287 »cH‘ 0.73 (0.53-0.99)  Overall Hj‘—i 0.94 (0.72-1.23)
Current/former smoker 231 i 0.75 (0.64-1.00) Current/former smoker | NR (NR-NR)
Never smoked 56 — 0.55 (0.24-1.24) Never smoked | NR (NR-NR)
I I
OAK atezolizumab vs docetaxel [47,60] ! :
Overall 850 HH } 0.73 (0.62-0.87)  Overall =] 0.93 (0.81-1.08)
Current/former smoker 694 HIH | 0.74 (0.61-0.88) Current/former smoker HEH 0.87 (0.74-1.02)
Never smoked 156 FI—% 0.71 (0.47-1.08) Never smoked ?}—I—< 1.30 (0.92-1.82)
CheckMate 057 nivolumab vs docetaxel (non-squ‘hmous) [36] :
Overall 582 HHI 0.75 (0.62-0.91)  Overall HOH 1.91 (0.76-1.09)
Current/former smoker 458 HH : 0.70 (0.56-0.86) Current/former smoker FIJ‘ 0.83 (0.67-1.01)
Never smoked 18 — 1.02 (0.64-1.61) Never smoked - 1.39 (0.90-2.13)
I I
Keynote 024 pembroli vs i based chemotherapy (PD-L1+) [42] |
Overall 305 —H } 0.60 (0.41-0.89)  Overall HH } 0.50 (0.37-0.68)
Current smoker 65 | NR (NR-NR) Current smoker —a 0.68 (0.36-1.31)
Former smoker 216 | NR (NR-NR) Former smoker HEH } 0.47 (0.33-0.67)
Never smoked 24 } NR (NR-NR) Never smoked ] 0.90 (0.11-7.59)
T t T T T 1 T t T T T 1
0 1 2 3 4 5 0 1 2 3 4 5
Favors immunotherapy Favors chemotherapy Favors immunotherapy Favors chemotherapy

Figure 2. Efficacy of immunotherapy in non-small-cell lung cancer according to smoking status. Data shown are published HR and 95%
Cl values from each trial; no reanalyses have been performed for the purposes of the current article.
HR: Hazard ratio; NR: Not reported.

(ORR) to pembrolizumab was lower in the never smoker group compared with former/current smokers (10 vs
22%, respectively) [39). This observation was repeated in the Phase I CheckMate 012 trial in patients treated with
first-line nivolumab monotherapy where ORR was 9 and 33% for never smokers and former/current smokers,
respectively [38]. A subgroup analysis of CheckMate 057 suggested an OS benefit with nivolumab over docetaxel in
patients with a history of smoking that was not evident in the never smokers’ group [36]. Conversely, in OAK and
POPLAR, the OS benefit of atezolizumab over docetaxel was observed regardless of smoking status (Figure 2) [43,44].
A systematic review showed that current/former smokers seem to derive greater survival benefit from PD-1/PD-L1
inhibitors over docetaxel (HR: 0.71, 95% CI: 0.63-0.82; p < 0.00001) compared with never smokers (HR: 0.79,
95% CI: 0.60-1.06; p = 0.11) [56].

Available evidence suggests that the higher ORR observed in patients who are current or former smokers is likely
due to the higher TMB associated with this population (57). Thus, TMB, rather than smoking status, is likely more
relevant when determining the most appropriate treatment, but this at present remains investigational. Smoking
status should not therefore be used to select patients for anti-PD-1/PD-L1 therapy.

Tumor histology

The use of a number of drugs for NSCLC — including bevacizumab, nintedanib and pemetrexed — is restricted
to certain tumor histologies [58,59). The efficacy of ICI in NSCLC; however, appears to be largely independent of
histology subtype, with improved OS and/or PFES in patients with both squamous and nonsquamous histologies
treated with anti-PD-1/PD-L1 therapies versus chemotherapy evident (Figure 3) (36,37,40,41,43,60]. Data on rarer
histological types, such as large cell lung cancer, are lacking. Although most Phase III trials have not selected
for histology, CheckMate 017 and CheckMate 057 recruited only patients with squamous or nonsquamous cell
carcinoma, respectively [36,37]. Both trials demonstrated a significant improvement in OS favoring nivolumab
over docetaxel (36,57, with a clinical benefit still evident at 3 years regardless of histology [611. However, in the
squamous cell population, the benefit of nivolumab was comparable across PD-L1 expression levels, while in
the nonsquamous cell population (93% of whom had adenocarcinomas), the magnitude of benefit was greater
in those who expressed PD-L1 (>1%) compared with those who did not [36,37). Similarly, in OAK, OS was
prolonged with atezolizumab versus docetaxel regardless of histology type [44], yet efficacy was correlated with
PD-L1 expression in the nonsquamous cell population only (Figure 3) (60]. In post hoc multivariate analysis of
Keynote 010, nonsquamous histology was independently associated with better OS versus squamous histology
among patients treated with pembrolizumab (HR: 0.55, 95% CI: 0.43-0.70; p < 0.0001) (62]. Conversely, in
a retrospective Japanese study, multivariate logistic regression identified squamous histology to be independently
associated with a higher objective response rate with nivolumab (67 vs 11%; p = 0.004) [63]. As squamous histology
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POPLAR atezolizumab vs docetaxel [45] |
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HR (95% Cl)

Progression-free survival

HR (95% Cl)

Review

Overall 287 —0— 0.73 (0.53-0.99) Overall —— 0.94 (0.72-1.23)
Squamous 97 ——t— 0.80 (0.49-1.30) Squamous | NR (NR-NR)
Non-squamous 190 »—I—{ 0.69 (0.47-1.01) Non-squamous } NR (NR-NR)
| |
OAK atezolizumab vs docetaxel [47,60] : :
Overall 850 o 0.73(0.62-0.87)  Overall O 0.93 (0.81-1.08)
Squamous 222 ——| 0.73 (0.54-0.98) Squamous | NR (NR-NR)
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Figure 3. Efficacy of immunotherapy in non-small-cell lung cancer according to histology type. Data shown are published HR and 95%
Cl values from each trial; no reanalyses have been performed for the purposes of the current article.
HR: Hazard ratio; IC: Tumor-infiltrating immune cell; NR: Not reported; TC: Tumor cell.

has been found to be independently associated with high expression of PD-L1 [64], it is likely that PD-L1 expression
rather than tumor histology may underlie any difference seen between squamous and nonsquamous populations,
and therefore may be biasing post hoc analyses.

Due to the influence of PD-L1 expression, not to mention the association between smoking status and histology
type, and the insufficient evidence for a survival benefit in one population over another, we do not recommend
using histology as a factor to select patients more likely to benefit from anti-PD-1/PD-L1 therapies.

ECOG performance status

Most randomized controlled trials of anti-PD-1/PD-L1 drugs in NSCLC performed to date have excluded patients
with an ECOG PS >2. Therefore, clinical evidence in this subgroup of patients is limited. Recent results from
two trials of nivolumab that have included patients with PS2 have both demonstrated lower estimated 6-month
OS rates in PS2 patients compared with the overall study population (CheckMate 171: 46 vs 67%; CheckMate
153: 41 vs 63%) [54,55]. No clear differences in survival have emerged from the clinical data between PSO and PS1
patients (Figure 4) (36,37,40,41,44]. Ongoing studies are evaluating the use of anti-PD-1/PD-L1 therapies in the PS2
setting [65,66], and until further clinical evidence has been generated from such studies, we do not recommend using
these therapies in patients with PS >2.

Presence of brain metastases

NSCLC patients with brain metastases represent a group with poor prognosis [67]. Most trials of ICls in pre-
treated [36,37,39,40,43,44] and treatment-naive NSCLC patients [28,38,41] have allowed individuals with treated and/or
stable brain metastases. Clinical evidence to date on the use of anti-PD-1/PD-L1 drugs in this population has shown
varied results. In CheckMate 057, there was no OS benefit of nivolumab over docetaxel for patients with brain
metastases (HR: 1.04, 95% CI: 0.62—1.76) [36]. However, in OAK, an OS benefit of atezolizumab over docetaxel
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Figure 4. Efficacy of immunotherapy in non-small-cell lung cancer according to Eastern Cooperative Oncology Group performance
status. Data shown are published HR and 95% Cl values from each trial; no reanalyses have been performed for the purposes of the

current article.

HR: Hazard ratio; NR: Not reported.

was evident in patients with treated brain metastases at baseline (HR: 0.54, 95% CI: 0.31-0.94), with a similar
outcome for PFS (HR: 0.61, 95% CI: 0.38-0.99) [44]. Treatment of patients with active, symptomatic or untreated
brain metastases with PD-1/PD-L1 inhibitors cannot be recommended due to a lack of clinical evidence in this
population and the concern that an increase in lesion size due to inflammatory response may lead to worsening
neurological symptoms. However, patients who have received treatment for brain metastases, are asymptomatic,
and are clinically and radiologically stable without the need for corticosteroids (or are on a stable or decreasing
dose of <10 mg daily prednisone [or equivalent]) could be considered suitable candidates for anti-PD-1/PD-L1
therapy.

Speed of disease progression/response to prior treatment

Hyperprogression has been reported in some cancer patients receiving immunotherapy treatment, including
NSCLC (es]. In one study, 40 (16%) of 242 patients with advanced NSCLC were reported to have hyperprogressive
disease (HPD). Despite similar clinical, molecular and pathological characteristics, including PD-L1 status, patients
with HPD had significantly poorer survival outcomes compared with those without HPD (69]. In this study, the
response to treatment prior to receiving immunotherapy was also similar between patients who developed HPD
and those who did not. There is evidence however, that suggests that patients who achieve progressive disease as
the best response to the previous line of treatment may not derive as much OS benefit from single-agent PD-1
pathway inhibitors as those who achieve disease control [63). In a retrospective study of 50 patients with advanced
NSCLC, those who responded to the treatment received prior to nivolumab monotherapy had a significantly higher
ORR to nivolumab than non-responders (47 vs 3%; p < 0.0001) [63]. Similarly, in another study, patients who
derived a clinical benefit from first-line chemotherapy had improved PFS and OS with nivolumab compared with
those whose best response to chemotherapy was progressive disease [70]. Whether this is due to the chemotherapy
responder population being enriched with patients with immunologically ‘hot’ tumors is unknown. A post hoc mul-
tivariate analysis of CheckMate 057 demonstrated that patients with poor prognostic factors, including progressive
disease as the best response to prior treatment and a shorter time since the last treatment, and/or more aggressive
disease together with low or no PD-L1 expression, had a higher risk of death on nivolumab in the first 3 months
of treatment versus docetaxel [71]. It will be important to evaluate whether the length of disease-free survival after
previous treatment is a reflection of pre-existing immune responses as has been reported in cervical cancer [72]. As
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the median time to respond to single-agent anti-PD-1/PD-L1 therapy is approximately 2—-3 months [28,36,37,39-41],
this delayed onset of effect should be considered before initiating treatment in patients who have progressed during
or within 3 months of completion of the previous line of therapy. Docetaxel monotherapy may be more appropriate
for these patients. In cases of adenocarcinoma, adding nintedanib may be suitable as this combination has shown
improved OS benefits in patients with early progression or progressive disease as a best response after first-line
treatment [73].

Treatment history

A post hoc analysis of the Keynote 001 trial examined the impact of previously received radiotherapy on the clinical
activity of pembrolizumab. The patients who had received radiotherapy prior to pembrolizumab demonstrated
longer PES (HR: 0.56, 95% CI: 0.34-0.91; p = 0.019) and OS (HR: 0.58, 95% CI: 0.36-0.94; p = 0.026) compared
with patients who had not received radiotherapy (74]. A meta-analysis of 19 clinical trials of anti-PD-1/PD-L1 drugs
revealed that treatment-naive patients had a significantly better response to these treatments compared with those
who had previously received chemotherapy (75]. In CheckMate 057, an OS benefit for nivolumab over docetaxel
was not observed in the subset of patients who had received nivolumab in the third-line setting (HR: 1.34, 95%
CI: 0.73-2.43) 136]. These results suggest that there is a potential association between previously received treatment
and the response to anti-PD-1/PD-L1 therapies, but these relationships have yet to be validated and should be
considered exploratory.

Mutational status
EGFR & ALK

Genetic alterations in EGFR and ALK have been identified as key driver mutations contributing to the development
of NSCLC, and occur in approximately 10-35% and 3—7% of patients, respectively [76]. Tumors harboring these
mutations are more common in NSCLC patients with adenocarcinomas and in ‘never’ or light smokers [76], who
usually have a low TMB (77]. Trials of pembrolizumab and nivolumab in first-line setting (Keynote 024 and
CheckMate 026) have excluded patients with EGFR or ALK mutations. However, Phase I1I trials of atezolizumab,
nivolumab and pembrolizumab in the second-line setting or later have all demonstrated a lack of survival benefit
with these treatments over chemotherapy in patients with EGFR mutant NSCLC (Figure 5) (36,40,44,60). This has
been confirmed in a recent meta-analysis 78] and corroborated in other studies [79]. In the BIRCH trial, ORRs
were lower in previously-treated EGFR mutant-positive patients treated with atezolizumab compared with EGFR-
wild-type patients [42]. In the JAVELIN solid tumor trial, no confirmed responses to avelumab were reported in
patients (n = 10) with EGFR mutations or ALK translocations [45]. Licences for pembrolizumab and atezolizumab
specifically state that patients with EGFR or ALK genomic aberrations should have disease progression on a targeted
therapy as well chemotherapy before receiving these drugs [47-50]. Thus, we would suggest that these patients should
be considered for treatment with anti-PD-1/PD-L1 therapies only after all the other standard treatment options
(i.e., tyrosine-kinase inhibitors and chemotherapy) have been exhausted.

KRAS

KRAS mutations are detected in around 30% of NSCLCs and are more common in patients with adenocarcinomas
and smokers [80]. At present, there is no approved targeted treatment for KRAS mutant NSCLC. ICIs have been
proposed as a potential treatment option in these patients, partly due to the higher incidence of KRAS mutations
among smokers (80]. The efficacy of anti-PD-1/PD-L1 therapy according to KRAS mutation status has been
investigated in subgroup analyses of some clinical trials with varied results (Figure 5). In OAK, the OS benefit of
atezolizumab over docetaxel was similar between KRAS mutant and wild-type patients (44]. In CheckMate 057,
PES was longer in the chemotherapy arm versus nivolumab for patients with wild-type KRAS [36]. A meta-analysis
of OAK, CheckMate 057 and POPLAR found that ICIs prolonged OS over docetaxel in patients with a KRAS
mutation (HR: 0.64, 95% CI: 0.43-0.96; p = 0.03), but not in those with wild-type tumors (81]. As evidence
suggests that NSCLC patients with or without KRAS mutations can benefit from PD-1 pathway inhibitors, KRAS
mutational status should not be used to select patients for treatment with anti-PD-1/PD-L1 therapy.

Other mutational markers

MET exon 14 skipping mutations, high-level MET amplification and BRAF and ROSI mutations have all been
identified as important driver events in NSCLC, occurring in 1-3% of lung cancers [76,82]. A study investigating the
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Efficacy of immunotherapy in non-small-cell lung cancer according to mutational status. Data shown are published HR and

each trial; no reanalyses have been performed for the purposes of the current article.

HR: Hazard ratio; NR: Not reported; WT: Wild-type.

effectiveness of ICIs in MET exon 14-mutated NSCLC patients concluded that, despite frequent PD-L1 expression,
treatment responses were uncommon and lower than those observed with ME7-targeted therapy (83]. This may be
explained by the lower TMB in tumors that harbor MET exon 14 alterations; a characteristic shared in BRAF and
ROSI mutant NSCLC [84-86) Evidence on the impact of these mutations on the response to anti-PD-1/PD-L1
antibodies is scant. Thus, we do not recommend selecting patients on this basis.

The use of single-agent anti-PD-1/PD-L1 therapies in clinically challenging populations
Patients with pre-existing autoimmune disease or conditions requiring systemic
immunosuppression

Approximately 14-25% of patients with NSCLC have a co-existing autoimmune disease [87]. The presence or
history of active autoimmune disease is an established contraindication to immunotherapy due to the potential
for disease flare-up and worse immune-related toxicity. For the same reason, patients with an active, known or
suspected history of autoimmune disease have predominantly been excluded from clinical trials of anti-PD-1/PD-
L1 inhibitors in NSCLC. In a recent retrospective analysis of 46 NSCLC patients with autoimmune disease
treated with PD-1 pathway inhibitors, symptomatic flare of the underlying autoimmune disease was uncommon,
occurring in only eight (17%) patients (s8], leading to the temporary interruption of anti-PD-1 treatment in three
(7%) patients. The proportion of patients reporting at least one immune-related AE (irAE; 26%) was similar to
previous reports in patients without autoimmune diseases. All events were considered unrelated to the underlying
autoimmune condition [88]. A meta-analysis of 49 case reports, case series and observational studies that included
123 patients with cancer and a pre-existing autoimmune disease treated with ICI found that 92 (75%) patients
experienced an exacerbation of the autoimmune disease, an irAE or both, but concluded that these could usually
be managed without discontinuation of ICI therapy [89].

The use of PD-1/PD-L1 inhibitors in patients with active autoimmune disease requiring systemic treatment is
not recommended. However, in patients who have not experienced a flare-up of disease for 2 years and do not
require immunosuppressive treatment (except for prednisone <10 mg daily or equivalent), these treatments could
still be considered. This approach would necessitate a full and open discussion with the patient to ensure that
they are aware of the possible risk of a flare-up, and close monitoring of the patient throughout treatment. The
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potential risk-benefit should be considered on an individual basis, taking into account the organ(s) targeted and
the etiopathogenetic mechanism of the autoimmune disease. It should be noted that most clinical trials allowed
systemic treatment with low-dose corticosteroids (<10 mg of prednisolone or equivalent). Patients requiring regular
high-dose corticosteroid or immunosuppression respond less frequently to immunotherapy [90]. If possible, treating
physicians should try and reduce the steroid dose to prednisone <10 mg daily (or equivalent) before commencement
of anti-PD-1/PD-L1 therapy, to see if the patient is able to tolerate it.

Renal or hepatic dysfunction

Clinical trials of PD-1 pathway inhibitors in NSCLC have largely excluded patients with renal or hepatic impair-
ment. However, evidence suggests that ICIs can be a well-tolerated therapeutic option in these patients [91,92]. In a
study of 27 patients with advanced solid tumors and impaired cardiac, renal or hepatic function, treatment with
anti-PD-1 agents was associated with tolerable irAEs and infrequent and manageable worsening of organ func-
tion [92]. A case series of melanoma patients with chronic kidney failure and an organ transplant recipient treated
with ICIs also suggests anti-PD-1 antibodies can be used safely in patients with impaired kidney function [91].
As monoclonal antibodies are metabolized into peptides and amino acids by intracellular catabolism, and not by
the liver or kidney, hepatic or renal dysfunction are likely to have little effect on the pharmacokinetics of these
drugs [93]. Due to the challenges associated with treating patients with impaired kidney or liver function with
systemic cytotoxic drugs, anti-PD-1/PD-L1 agents provide an alternative and safe treatment option for some of
these patients. In our opinion, those with mild to moderate kidney dysfunction (i.e., glomerular filtration rate
>30 ml/min), or grade 1 hepatic impairment (i.e., alanine aminotransferase <3 x upper limit of normal or total
bilirubin <1.5 X upper limit of normal) can be considered candidates for treatment with ICIs. However, caution
should be taken for patients with severe kidney disease (i.e., glomerular filtration rate <30 ml/min). Specifically,
patients with immune-related renal dysfunction, such as glomerulonephritis, should not be treated unless there is
a clear understanding that renal failure might require management by dialysis and that this is an acceptable conse-
quence to the patient. Treatment of NSCLC patients with grade 2 or 3 liver-specific AEs with ant-PD-1/PD-L1

therapies is not recommended.

Future perspective

Detailed discussion of the complex interactions between PD-L1-expressing tumor cells and host-immune cells
within the tumor microenvironment is beyond the scope of the current article. However, it is important to
note that such relationships are likely to underlie the influence on outcomes of some of the clinical factors
discussed above, and may also explain the potential role of emerging biomarkers, such as TMB [94]. The utility
of TMB as a predictor of response to immunotherapy has generated much attention, not just in NSCLC (os],
but it has not yet been tested prospectively in lung cancer. Other potential biomarkers of response have also
been proposed, including immune-related gene signatures [43,96], and baseline hematological measures, such as
neutrophil-lymphocyte ratio (97). Notably, TMB and neoantigen formation are increased in tumors with DNA
repair deficiencies caused by, for example, loss-of-function mutations in homologous recombination and mismatch
repair (MMR) genes [98]. In tumors with deficient mismatch repair (dIMMR) and microsatellite instabilicy (MSI),
a high mutational and neoantigen burden is associated with a favorable response to ICI [99]. Le ez a/. reported
objective radiographic responses in 53% (46/86) of patients with dMMR tumors treated with pembrolizumab in
a range of different cancer types and a 2-year OS rate of 64%; however, no patient with NSCLC was included in
this study [99]. Based on similar data from 159 patients across five multicohort, single-arm clinical trials, the FDA
granted the first tissue/site-agnostic approval to pembrolizumab in 2017 for patients with progressive dMMR or
MSI-high advanced solid tumors [100]. Beyond MMR and MSI, one of the emerging mutations with a predictive
role is polymerase € (POLE), which can compromise DNA repair and replication mechanisms in a similar way to
dMMR. In a recent analysis from 15,529 lung cancer tumors, only 0.3% were MSI-high and 1.0% had mutations
in DNA repair genes (MLH1, MSH2, POLE); the presence of either correlated with a high TMB (p < 0.0001) (s5].
A link between DNA repair deficiencies, TMB, neoantigen load and tumor-infiltrating lymphocytes has been
demonstrated in lung adenocarcinoma [101], but further study is required to correlate this with ICI efficacy.

The validation of predictive markers for immunotherapy and the incorporation of routine testing into clinical
practice would be an important step in identifying patients most likely to benefit from these drugs. It may be
necessary to combine multiple biomarkers that capture different aspects of the tumor—immune cell interaction in
order to accurately predict the response to ICIs. Cancer immunograms are one method for integrating biomarkers
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and have been applied to lung cancer patients to identify different phenotypes (102]. Immunograms build a picture
of the patient-specific tumor microenvironment and have the potential to be utilized for optimal personalized
immunotherapy [102,103].

This paper has focused on the use of PD-1/PD-L1 inhibitors as monotherapy as this is most relevant to clinical
practice at this time. However, this is a rapidly evolving field and the use of these drugs in combination with other
ICI or with other treatment strategies, and in earlier stages of lung cancer, is currently under investigation and will
likely be part of the oncology treatment landscape in the future.

Conclusion

We acknowledge that much of the evidence presented here is from post hoc subgroup analyses of randomized
controlled trials, which has inherent limitations, but we believe that patients should not be selected for PD-1/PD-
L1 inhibitor treatment based on their age, smoking status, tumor histology or treatment history. This conclusion
is supported by results of a recent meta-analysis of many of these trials [104]. Current data do not support use of
these drugs in patients with PS >2 who should be offered entry into a clinical trial if possible. The patients with
untreated brain metastases, grade 2/3 liver-specific AFEs, or active autoimmune disease requiring chronic systemic
treatment should not receive PD-1/PD-L1 inhibitors. For the patients who have treated/stable brain metastases or
autoimmune diseases that require only low-dose steroids (prednisone <10 mg daily or equivalent), PD-1/PD-L1
inhibitors should be still considered as a therapeutic option. The patients with autoimmune diseases for whom a
flare-up would cause serious morbidity should be treated with great caution, as should those who have progressed
on or within 3 months of completing the previous line of treatment and those with severe kidney disease. Those
with targetable driver mutations should only receive anti-PD-1/PD-L1 drugs once all other standard treatment
options have failed.

Executive summary

Background

e Inhibitors of the PD-1/PD-L1 pathway offer improved outcomes in some patients with advanced non-small-cell
lung cancer (NSCLCQ), but not all.

e Identifying patients with NSCLC who will benefit from anti-PD-1/PD-L1 inhibitors remains an unmet need.

e Expression of PD-L1 has demonstrated some utility as a predictor of response to PD-1/PD-L1 inhibitors but has its
limitations.

e Emerging biomarkers such as tumor mutational burden show promise but have yet to be tested prospectively.

Clinical trials of ICl in NSCLC

e Two PD-1 inhibitors, nivolumab and pembrolizumab, are approved in Europe for the treatment of advanced
NSCLC, having shown clinical efficacy in a number of Phase I-ll clinical trials.

e Atezolizumab is the first PD-L1 inhibitor to be approved for advanced NSCLC in the second-line setting following
positive results in a Phase Ill trial versus docetaxel.

Potential clinical characteristics for guiding patient selection for single-agent anti-PD-1/PD-L1 therapy

e Clinical data were reviewed to assess the clinical utility of age, smoking status, tumor histology, performance
status, presence of brain metastases, speed of disease progression, treatment history and mutational status in
predicting the response to single-agent PD-1/PD-L1 inhibitors.

The use of single-agent anti-PD-1/PD-L1 therapies in clinically challenging populations

e The use of PD-1/PD-L1 inhibitors in patients with active autoimmune disease requiring systemic treatment is not
recommended but should still be considered in those who have not experienced a flare-up of disease for 2 years
and do not require immunosuppressive treatment.

e Due to the challenges associated with treating patients with impaired kidney or liver function with systemic
cytotoxic drugs, anti-PD-1/PD-L1 agents may provide an alternative and safe treatment option for some of these
patients.

Future perspective

e The validation of predictive markers for immunotherapy and the incorporation of routine testing into clinical
practice would be an important step in targeting these drugs to patients most likely to benefit.

Conclusion

e Responses to PD-1/PD-L1 inhibitors have been observed in patients regardless of their age, smoking status, tumor
histology or treatment history, so these factors should not be used for patient selection.

e The patients with untreated brain metastases, severe kidney or liver dysfunction, or active autoimmune disease
requiring chronic systemic treatment should not receive PD-1/PD-L1 inhibitors, and those with targetable
mutations should only receive these drugs once all other standard treatment options have failed.
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