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Abstract: One of the most recent advancements in NSCLC was the approval of immunotherapy in the adjuvant setting. Both
atezolizumab and pembrolizumab have been approved for the use in early stage NSCLC patients post resection. As it broadens the
options for our patients, multiple approvals in the same setting are generally welcomed. However, there were important differences in
the two studies that led to the approvals and the data could be confusing. Here we review IMpower010, the study that led to the first
approval of atezolizumab in the adjuvant setting with comparison to the Keynote-091 study evaluating pembrolizumab in the adjuvant
setting, gaining the most recent FDA approval for adjuvant use in early stage NSCLC.
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Introduction

The use of immune checkpoint inhibitors (ICI) is now well-entrenched in the treatment of NSCLC with neoadjuvant use
in combination with platinum-based chemotherapy,' adjuvant treatment of resected early-stage NSCLC,>* as mainte-
nance therapy after definitive chemoradiation for unresectable stage 11 NSCLC,** single agent,’” or in combination
with platinum-based chemotherapy as first-line treatment of advanced NSCLC'®'® to second line monotherapy after
1718 the earliest approved indication for ICI in NSCLC. Dual
checkpoint blockade with nivolumab and ipilimumab could be another option in some cases.'’

disease progression on platinum-based chemotherapy,

One of the most recent advancements in NSCLC was the approval of immunotherapy in the adjuvant setting.”* Both
atezolizumab and pembrolizumab have been approved for the use in early stage NSCLC patients post-resection (Table 1).
As it broadens the options for our patients, multiple approvals in the same setting are generally welcomed. However,
there were important differences in the two studies that led to the approvals and the data could be confusing. Here we
review IMpower010, the study that led to the first approval of atezolizumab in the adjuvant setting with comparison to
the PEARLS/Keynote-091 study evaluating pembrolizumab in the adjuvant setting, gaining the most recent FDA
approval in early stage NSCLC.
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Table | Comparison of IMpower-010 and Keynote-091 Trial Characteristics and Approval Indication

Trial Name

IMpower-010

Keynote-091

# of patients

Total: 1,005
ITT: 507 (atezolizumab), 498 (Best Supportive care)

Total: 1,177
ITT: 590 (pembrolizumab), 587 (placebo)
PD-LI 250%: 168 (pembrolizumab), 165 (placebo)

calculation of

stage II-IIA population with tumors expressing PD-L1 on 1% or

Efficacy II-1IIA population PD-LI 21% (by SP263 IHC) ITT
population II-IIA population
IB-IIA population (ITT)
Hierarchical testing
Primary DFS assessed by investigator in the subpopulation of patients in | |. DFS assessed by investigator in ITT
endpoint the stage II-lllA population with PD-L1 21% (by SP263 IHC), in | 2. DFS assessed by investigator in PD-L1 250% population
all patients in the stage II-IlIA population and in the stage IB-IIIA
population (ITT)
Secondary I. OS in the ITT population I. DFS in PD-LI 21%
endpoints 2. DFS in the patients in the stage II-IllA population with PD-LI | 2. OSin ITT
250% 3. OSin PD-LI 250%
3. 3-year and 5-year DFS rates in patients in the stage II-IlIA | 4. OS in PD-LI 21%
population with PD-LI 21%, in all patients in the stage II-IIA | 5. Lung cancer specific survival
population, and in the ITT population 6. Adverse events
Statistical The trial had 90% power for the primary analysis of DFS in the | 86% power at an o level of 0.0125 to detect a hazard ratio

(HR) for DFS of 0.75 in the overall population (corresponding

sample size more of tumor cells, with a hazard ratio (HR) for disease to median DFS of 56 months in the pembrolizumab group and
recurrence or death of 0.65 (corresponding to median DFS 42 months in the placebo group) and approximately 90%
durations of 52 months in the atezolizumab group and 34 power at an o level of 0.0125 to detect an HR for DFS of 0.55
months in the best supportive care group). in the PD-LI TPS of 50% or greater population
The trial had 76% power for the primary analysis of DFS in the | (corresponding to median DFS of 76.4 months in the
ITT population, with an HR for disease recurrence or death of | pembrolizumab group and 42 months in the placebo group).
0.78 (corresponding to median DFS durations of 48.7 months in
the atezolizumab group and 38 months in the best supportive
care group). Full details of the statistical analysis plan are
provided in the protocol (appendix, pp 277-286).
Subgroup Category with 10 patients or more was analyzed Univariate analysis by treatment arm with the exception of
analysis PD-LI expression
Only subgroup with at least 50 patients per category
(combined pembro + placebo) were analyzed
Adjuvant Cisplatin-based (with either navelbine, docetaxel, pemetrexed, Recommended for Stage II-IlIA but NOT required.
chemotherapy | or gemcitabine) chemotherapy required If adjuvant chemotherapy given, n< 4 cycles

Stratification

Sex (female vs male),

I. Disease stage (IB vs Il vs llIA),

l.
factors 2. Tumour histology (squamous vs non-squamous), 2. Adjuvant chemotherapy (yes vs no),
3. Stage (IB vs stage Il vs stage llIA), 3. PD-LI tumor proportion score (TPS; percentage of
4. PD-LI expression status (tumor cell [TC] 2/3 and any tumor cells with membranous PD-L1 staining; <1% vs |-
tumor-infiltrating immune cells [IC] vs TCO/I and IC2/3 vs 49% vs 250%),
TCO/I and ICO/1 by SP142 IHC (BUT efficacy analyzed by 4. Geographical region (Asia vs eastern Europe vs western
SP263 IHC) Europe vs the rest of the world)
Randomization | I:1 I:1
Cross-over Not allowed Not allowed
(Continued)
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Table | (Continued).

Trial Name

IMpower-010

Keynote-091

characteristics

SqCC (34.4%)

PD-LI <1% (44.2%)

Randomized after adjuvant chemotherapy
African-American (0.60%)

Treatment Atezolizumab vs Best Supportive Care Pembrolizumab x 18 infusions vs Placebo (triple blinded)
arms

Results
Patient Never-smoker (22.1%) Never-smokers (13%)

SqCC (35.3%)
PD-LI <1% (39%) 86% received adjuvant chemotherapy
African-American (0.25%)

with positive

results

Male: 0.69 (0.48-0.99), Female: 0.61 (0.38-0.97)
White: 0.63 (0.45-0.89)

Europe and Middle East: 0.64 (0.45-0.93)
PS = 0: 0.57 (0.40-0.83)

Previous smoker: 054 (0 -37-0 78)
Non-SqCC: 0.60 (0.42-0.84)

Stage IlIA: 0.62 (0.42-0.90)

NI: 0.59 (0.36-0.97), N2: 0.66 (0.44-0.99)
Lobectomy: 0.63 (0.45-0.87)

Cisplatin + Vinorelbine: 0.55 (0.33-0.92)
EGFR unknown: 0.61 (0.38-0.91)

No ALK: 0.64 (0.44-0.93)

Median 32.8 months (IQR = 27.6-39.0) in stage II-IIA with PD-LI 21% | 35.6 months (IQR = 27.1-45.5).
Follow-up (SP263)
32.2 months (IQR = 27.4-38.3) in the stage II-llIA population
32.2 months (27.5-38.4) in the ITT population.
Primary Stage II-IIIA with PD-LI 21%: ITT:
results NE (95% CI = 36.1 to NE) vs 35.3 months (95% Cl = 29.0 to 53.6 months (95% CI = 39.2 to not reached) (36% event)
NE) HR = 0.66; 95% CI = 0.50-0.88; p = 0.0039 vs 42.0 months (31.3 to not reached) (44% event)
All patient in stage II-IlA: HR = 0.76 [95% CI = 0.63-0.91], p = 0.0014
42.3 months (95% Cl = 36.0 to NE) vs 35.3 months (95% Cl = | PD-L| expression 250%:
30.4 to 46.4), 0.79; 0.64-0.96; p = 0.020 NR (95% CI = 44.3 to not reached) (32% event)
ITT: NE (95% CI = 36.1 to NE) vs 37.2 months (95% Cl = 31.6 | vs NR (95% CI = 35.8 to not reached); (38% event)
to NE) 0.81; 0.67-0.99; p = 0.040 HR = 0.82 [95% CI = 0.57-1.18]; p = 0.14
Secondary OS data not mature: HR was 1.07 (95% CI = 0.80—1.42) in the | In the overall population, 98 (17%) of 590 participants
results ITT population, 0.99 (0.73—1.33) in all patients in the stage ll- | in the pembrolizumab group and |11 (19%) of
IIIA population, and 0.77 (0.51-1.17) in the stage II-llIA 587 participants in the placebo group had died as of data
population with PD-LI 21% cutoff. Median overall survival (and 95% CI) was not reached
in either group (HR = 0.87 [95% CI = 0.67-1.15], p = 0.17;
Figure 3).
Subgroups Age <65 yo: 0.67 (0.46-0.96) Age <65 yo: 0.73 (0.56-0.96)

PS = 0: 0.78 (0.62-0.99)

Current smoker: 0.42 (0.23-0.77)

Stage II: 0.70 (0.55-0.91)

Adjuvant chemotherapy: 0.73 (0.60-0.89)
Non-SqCC: 0.67 (0.54-0.83)

PD-LI: 1-49%: 0.67 (0.48-0.92)

EGFR+: 0.44 (0.23-0.84)

FDA approval
date

October 15, 2021

January 26, 2023

FDA approval

indication

Stage [I-IIA
PD-LI 21% by VENTANA PD-LI (SP263)
EGFR mutation, ALK fusion NOT excluded

Stage IB (T2a. >4 cm) - llIA
Regardless of PD-L| expression level
EGFR mutation, ALK fusion NOT excluded

Abbreviation: ITT, intention-to-treat.
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IMpower010 (NCT02486718) vs Keynote-091/PEARLS (NCT02504372)

In brief, atezolizumab’s adjuvant indication was approved based on the first hierarchical testing primary population (PD-
L1 >1%, resected stage II-1IIA) although all resected stage II-IIIA still achieved their endpoint. The intention-to-treat
(ITT) population (IB-IIIA) achieved a HR of 0.81 (0.67-0.99; p=0.040) but not statistically significant.* On the other
hand, the primary analysis population for Keynote-091 was the ITT population and there was statistically significant
improvement in DFS with pembrolizumab over placebo, hence the FDA approved indication was from stage IB-IIIA
regardless of PD-L1 expression level. From the subgroup analysis of Keynote-091, stage II and PD-L1 expression level
1-49% was positive for DFS benefit (HR = 0.67; 95% CI = 0-48-0-92).° It is important to note that the prespecified
analysis of DFS in subgroups of the overall population were performed on the basis of randomization stratification
factors (disease stage, receipt of adjuvant chemo, PD-L1 TPS, and geographical region), histology, smoking status, sex,
age, ECOG PS, race and EGFR mutation using a univariate Cox model with treatment as a single covariate, with the
exception of PD-L1 TPS subgroup analyses for which a multivariate Cox proportional hazards model adjusted for the
randomization stratification factors plus two additional factors of histology and smoking status were taken into account.

FDA Approval of PEARLS/Keynote-091 and IMpower010

Recently both atezolizumab and pembrolizumab have received FDA approval as monotherapy as additional treatment to
adjuvant chemotherapy based on the IMpower-010 and PEARLS/Keynote-091 trials, respectively. Comparison of the
trial characteristics are listed in Table 1.

The FDA drug approval process traditionally takes into account the whole study population (ITT) and if the ITT
achieved the primary endpoint of survival (PFS, DFS, or OS) improvement, then the FDA will grant the indication to the
whole ITT.?**? The approval of IMpower010 came earlier than PEARLS/Keynote-091 and the indication was narrower
for only resected II-IIIA resected NSCLC with PD-L1 >1% as that was the primary population in the first statistical
hierarchical testing. Of note, in the IMpower010 study, randomization was stratified by sex, histology, stage, and PDL1
expression status and the prespecified exploratory subgroup analyses of DFS and OS included baseline demographics
(age, sex, race, ethnicity) and prognostic characteristics (stage, PD-L1 expression, chemo regimen before randomization,
histology, smoking history, and ECOG PS).? Although one may argue that the benefit from IMpower010 was seen mostly
in high PD-L1 TC >50% with a HR for DFS at 0.43 (0.27-0.68), since the primary population PD-L1 TC >1% was
nonetheless positive with a HR for DFS at 0.66 (0.49-0.87), this lead to the FDA approval in this setting.2

Thus, while subgroup analysis of PEARLS/Keynote-091 demonstrated DFS benefit primarily among stage II patients,
PD-L1 expression between 1-49%, receipt of adjuvant chemotherapy, non-squamous histology, and somewhat surpris-
ingly patients who were EGFR+ (as EGFR mutations and ALK fusions were not excluded from both IMpower010 and
Keynote-091) as the study still reached its primary endpoint, the FDA approval was granted in that setting. Overall,
a “blanket” approval without regard to PD-L1 expression (analyzed by multivariate model just like the HR for the ITT)
by the US FDA, while not surprising, abdicates its potential to set the treatment landscape based on available scientific

evidence.

Design of PEARLS/Keynote-091 versus IMpower010
There were some differences in the design of PEARLS/Keynote-091 and IMpower010. PEARLS/Keynote-091 had
a sample size calculation for an 86% statistical power planned for a HR of 0.75 for the ITT population® compared to 0.78
for the ITT population of IMpower010.? Furthermore, the robust sample size of Keynote-091 allowed for a 90% power to
detect a HR of 0.55 in the PD-L1> 50%° compared to the sample size powered for 90% power to detect HR of 0.65
improvement in DFS for II-IIIA patients with PD-L1 expression in the IMpower010 study.’

The control arm in PEARLS/Keynote-091 was placebo with triple-blinding, compared to the open label best
supportive care arm as the control in IMpower010, which was another key difference in the two studies. The median

number of treatments and median duration of treatment were similar among pembrolizumab- or placebo-arms.*
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On-Going Trials

Two more “pure” adjuvant IO trials are on-going. First is adjuvant nivolumab (ANVIL) (NCT02595944) randomizing
903 patients to nivolumab 240 mg IV for 1 year versus observation with the co-primary endpoints of DFS and OS in the
ITT population (stage IB greater than or equal to 4 cm, II and IIIA, NSCLC following surgical resection and standard
adjuvant therapy). This design will allow for the approval of the ITT population if positive, but the co-primary endpoint
of OS in the ITT is unlikely to be reached, given that in IMpower010, OS was only reached to date in II-IIIA stage
patients whose tumor expressed PD-L1 >50%.%*

Another important trial is BR-31 (NCT02273375), randomizing 1,350 patients to durvalumab versus placebo with co-
primary endpoints of DFS in the PD-L1 >1% patients and then in the ITT population. While this trial will enroll the
highest amount of patients out of the four trials, speculating from the PEARLS/Keynote-091 data, the PD-L1 >1% group
is unlikely to be positive for DFS, making the presumed hierarchical testing of DFS in the ITT population not feasible.

Of note, both trials do not mandate the completion of four cycles of adjuvant chemotherapy and while the use of
adjuvant chemotherapy was high in PEARLS/Keynote-091 and benefit was observed in patients with adjuvant che-
motherapy, the role of adjuvant chemotherapy could still be potentially addressed by the remaining two trials.

Trial Design Lessons Learned from PERLS/Keynote-091 and IMpower010

(and Eventually ANVIL and BR31)

The “triumph” of pembrolizumab in the PEARSL/Keynote-091 study is the simplicity of this primary endpoint-DFS in
the ITT and not the complicated multiple hierarchical testing by stage and PD-L1 expression or having OS as a co-
primary endpoint. While embracing a dual-primary endpoint approach allows “multiple shots on the goal” for approval
since it would be considered positive if at least one of the dual-primary endpoint was met, the nature of hierarchical
testing does have inherent risks of not being able to carry out the next analysis if the first (or earlier) endpoints were
not met.

Discussion

For the most part, multiple approvals in the same or similar setting are generally welcomed, as it broadens the options for
our patients. However, when there are multiple options for adjuvant immunotherapy, how would you choose your
treatment? Should we be offering adjuvant immunotherapy to everyone that fits the indication? Or, the more appropriate
question may be who are the patients we should be offering adjuvant immunotherapy to? An approval does not
necessarily mandate therapy. Just because the study met its primary endpoint, should we really be offering adjuvant
immunotherapy to all comers?

The holy grail of immunotherapy in NSCLC is to identify both positive and negative predictive factors of responses.
As such many of the FDA approval of (ICI) for the treatment of NSCLC includes selection of treatment broadly by the
level of PD-L1 expression (<1%, 1-49%, >50%) (Table 2). Based on an FDA internal analysis, the use of single agent
ICI resulted in statistically similar overall survival when compared to chemo + ICI. Thus, to avoid additional cost and
toxicities, in patients with NSCLC tumors harboring PD-L1 expression >50%, most oncologists will use ICI
monotherapy.>* Indeed with increasing levels of PD-L1 expression greater than 50%, the ORR and OS improved with
single agent IO, as demonstrated in EMPOWER-Lung-01 and other studies.®”

The current negative predictive factors for ICI use in advanced NSCLC are tumors that harbored the two well
established actionable driver mutations (EGFR mutations and ALK ALK fusions). ROS! fusions were a further exclusion
biomarker if cemiplimab is used as a single agent (EMPOWER-1) or in combination (EMPOWER-3). Indeed all FDA
indications for ICI use in advanced NSCLC excluded EGFR+ and ALK+ NSCLC even if these patients were included in
IMpower150'? and IMpower130,"* two regimens approved by the US FDA, but EGFR+ and ALK+ NSCLC patients
were excluded per prescribing package insert. This is a sound decision given there are now third-generation EGFR TKIs
that confer median progression-free survival of ~20 months as first-line (1L) treatment of advanced EGFR+ NSCLC.*
Similarly, lorlatinib, a next-generation ALK TKI, is projected to confer >60 months PFS as 1L treatment of advanced
ALK+ NSCLC.*
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Table 2 Indications of the |2 Immunotherapy Regimens Approved by the FDA in US Circa February 2023

Chemotherapy Regimens

angiogenesis + 10)

approved: 22C3

PD-LI level <1%-100% <1%-100% <1%-100% >1% >50%
Histologies All histologies Non-SqCC only SqCC only All histologies All histologies
# trials 3 3 | 2 3
CM-9LA IMpower150 KN-407 KN-042 (IO KN-024 (IO alone) PD-1 mAb
(Chemo + 10 + 10) (chemo + anti- (chemo + 10) alone) PD-1 mAb approved: 22C3

POSEIDEN IMpowerl30 CM-227 (IO + 10) -IMpowerl 10 (IO alone) PD-LI
(Chemo + 10 + 10) (chemo + 10) PD-1 mAb mADb approved: SP142
approved: 28-8:
EMPOWER-Lung03 KN-189 EMPOWER-Lung01 (IO alone)
Chemo + IO (ROSI (chemo + 10) (ROSI fusion excluded) PD-1 mAb

fusion excluded) approved: 22C3

Abbreviations: CM, checkmate; KN, Keynote.

Furthermore, it is well established that ICI has minimum activity in EGFR+ NSCLC, even if the PD-L1 expression
was >50%.%7 In the adjuvant setting, osimertinib has conferred statistically significant improvement in disease-free
survival in resected stage IB to IIIA EGFR+ NSCLC.*® Despite data being immature, it was still considered “positive” in
the FDA risk-benefit analysis.”” One may argue that the benefit of adjuvant osimertinib derives mostly from its ability to
prevent relapse in the central nervous system (CNS) during its 3 years of treatment, whereas the CNS activity of single
agent immunotherapy remains uncertain.

Moreover, in those patients with EGFR and ALK (and potentially other targets), one must be cognizant of the
increased toxicities the patient may face when given immunotherapy prior to the use of TKIs,”’® whether it be in the
adjuvant setting (ADAURA) or upon relapse.

Thus, in those patients with resected NSCLC cancer with the sensitizing EGFR mutations, the priority of adjuvant
therapy should be given to adjuvant osimertinib, regardless of adjuvant chemotherapy or not,>' and clinicians should
avoid adjuvant single agent immunotherapy, regardless of the PD-L1 score.

Issues to be Addressed
The Paradoxical Activity of IO in EGFR Mutations in PEARLS/Keynote-09|

Some of the data from the subgroup analysis from Keynote-091 was somewhat puzzling and part of the issue we saw was how
to interpret the paradoxical activity of immunotherapy in NSCLC with EGFR mutations. It is, however, important to note that
the number of patients with EGFR mutations was only 39 (out of the 590 total patients in the pembrolizumab group; 7%) and
having just a handful of patients with good outcomes may have skewed the data. Furthermore, it must also be noted that EGFR
mutation status was not centrally confirmed and the type of EGFR mutations (del19, L858R, exon 20 insertions, sensitizing (or
possibly unknown if sensitizing or not) “uncommon mutation”) were not reported, leaving some potential for false positives.

The Role of Adjuvant Chemotherapy

While the inclusion criteria for IMpower010 was in those who had completed resection and adjuvant chemotherapy,”
Keynote-091 did not mandate adjuvant chemotherapy.’ Based on the HR 1.25 (0.76-2.05) for DFS in the ITT population
for those who did not receive adjuvant chemotherapy versus the HR being 0.73 (0.60-0.89) in those who received
adjuvant chemotherapy, Keynote-091 appears to at least support the use of adjuvant chemotherapy and, at this time, there
is no evidence to omit adjuvant chemotherapy to replace it with adjuvant immunotherapy, although this is a question that
may be answered (perhaps partially) through the ongoing adjuvant immunotherapy studies.
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Lack of African American Participations in IO Randomized Trials

In February 2022, the FDA’s Oncologic Drugs Advisory Committee convened to review the biologics license application
of sintilimab, a checkpoint inhibitor that was developed and evaluated solely in China. The Oncologic Drugs Advisory
Committee ultimately ruled 14—1 to require a clinical trial evaluating sintilimab in the US population, stating that the
population studying sintilimab was not reflective of the US population.** The oncology community as a whole must
strive toward improving the enrollment of patients from minority groups, as IMpower010 and Keynote-091 only included
0.6% and 0.25% of African Americans, respectively, which certainly does not reflect the US population.

The Need to Identify Positive and Negative Biomarkers for 10 Efficacy

As clinicians, we aspire to provide (survival) benefit while reducing toxicities and being able to tease out the patients
both with positive and negative biomarkers for IO efficacy would be ideal. While PD-L1 and TMB have shown some
value as predictive markers in the advanced/metastatic NSCLC setting,” it is far from being perfect. Especially in the
adjuvant setting where the bulk of the tumor is presumed resected, subjecting patients with further therapy that may cause
toxicities must be justified by the benefit it would provide. We are not there yet to know the biomarkers for 10 efficacy in
adjuvant therapy, except for, perhaps, stage of disease; having stage IB-IIIA, regardless of PD-L1 expression or EGFR
mutations. Stage was ultimately the one and only criteria for adjuvant pembrolizumab use per FDA approval of
PEARLS/Keynote-091. In short, is stage now the new biomarker? We must do better and now is the time.
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