148

") Check for updates

Advancements in Small-cell Lung Cancer: The

Changing Landscape Following IMpower-133

Jose Pacheco, Paul A. Bunn

Abstract

The treatment landscape of small-cell lung cancer is rapidly evolving. Results of the first-line randomized ftrial
comparing etoposide/carboplatin/placebo with etoposide/carboplatin/atezolizumab (IMpower-133) were recently
published, showing a longer progression-free survival and overall survival for patients receiving atezolizumab. These
results changed the standard first-line therapy for the first time in several decades. There are 4 additional ongoing
randomized trials comparing chemotherapy alone with chemotherapy plus immune checkpoint inhibition as initial
treatment. In addition to these major changes in first-line treatment, multiple second or later line options with new
agents are likely to change therapeutic standards in these settings. In this article, we discuss the changing treatment
landscape following IMpower-133, highlight new second/subsequent line approaches, and discuss the role of bio-

markers in patient selection for these treatments.
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Introduction

For the past several decades, first-line therapy for extensive stage
small-cell lung cancer (ES-SCLC) has been platinum-based
chemotherapy (cisplatin or carboplatin) combined with etopo-
side. Recent studies indicated that several immune checkpoint
inhibitors (ICIs) were active in refractory SCLC. Subsequently, a
phase III randomized trial (IMpower-133) demonstrated that add-
ing the ICI atezolizumab to etoposide + carboplatin (EP) improved
both progression-free survival (PFS) and overall survival (OS)
(Figure 1).” These results have changed the standard of care for the
first time in several decades. Ongoing randomized trials of other
ICIs in the first line are likely to result in combinations of ICIs with
EP being standard front-line therapy for the near future. Progress
will still be made exploring new drugs and novel immune therapy
combinations in second and subsequent line therapy.

Topotecan was approved in 1998 by the United States Food and
Drug Administration (FDA) for second-line SCLC following
progression on platinum-based chemotherapy, and both intrave-
nous/oral topotecan remain the only FDA-approved therapy in this
setting.’v’ Based on studies described below, nivolumab became the
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only approved therapy for > third-line SCLC.” However, many
new options have emerged for post-platinum therapy (Figure 2).
In this review, we discuss the changing treatment landscape
following IMpower-133, highlight new second/subsequent line
approaches, and discuss the role of biomarkers in patient selection
for these treatments.

Methods

Trials were identified by searching PubMed without date limits,
abstracts from major medical society meetings, and clinicaltrials.gov.
Search terms included: AEB1102, Alisertib, Alisertib phase 2,
Anlotinib, AZD2811, CASPIAN, CheckMate 032, CheckMate
451, durvalumab and SCLC, GSK2879552, IMpowerl33,
INCB059872, ipilimumab and SCLC, lurbinectedin, KEYNOTE
158, KEYNOTE 604, Navitoclax and SCLC, nivolumab and
platinum etoposide small cell, Pembrolizumab and maintenance
SCLC, Pembrolizumab and paclitaxel SCLC, Rovalpituzumab
tesirine, RRx-001, Sacituzumab Govitecan SCLC, Sunitinib
maintenance SCLC, Talazoparib and SCLC, Temozolomide and
Olaparib, temozolomide and small cell, Topotecan and CAV, and
Topotecan and SCLC phase III. Additionally, the following sections
of the 2018 International Association for Lung Cancer World
Conference on Lung Cancer were reviewed: “Management of SCLC

» o«

patients not represented in clinical trials,” “Presidential Sympo-
sium,” and “What is changing in the management of pulmonary
neuroendocrine tumors?” Supplemental Table 1 (in the online
version) provides information on the number of items identified by

each search term and the reasons for exclusion of some studies.
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Figure 1

Summary of IMpower-133 Results; Adapted From Horn et al.

A, Overall Survival Curves. B, Excerpt From a Forest Plot
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Abbreviations: Cl = confidence interval; mo = months; no = number.

Immune Checkpoint Inhibition
First-line Therapy

Atezolizumab + EP. IMpower-133 compared EP with EP +
atezolizumab. Four cycles of platinum-based doublet chemotherapy
=+ atezolizumab were administered as induction, each cycle being
given every 21 days. Carboplatin was administered at area under the
curve 5 on day 1 and etoposide at 100 mg/m? on days 1 to 3.
Atezolizumab was administered at 1200 mg every 3 weeks on day 1.
After the 4 cycles of induction therapy, patients without progressive

disease continued every 3-week atezolizumab or placebo as main-
tenance until disease progression or unacceptable toxicity. The
median number of cycles of atezolizumab in the experimental group
(induction + maintenance) was 7, and 11.6% of patients received
atezolizumab for > 12 months (ie, > 17 cycles). Prophylactic cra-
nial radiation was permitted on this trial, but not mandated.
Consolidative thoracic radiotherapy was not allowed. Twenty-two
patients on each study arm (about 11%) received prophylactic

cranial radiation.”
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Figure 2 Treatment Options for Small-Cell Lung Cancer and Potential Utility of TMB/PD-L1 as Biomarkers. A. Schema of
Treatment Options. B, TMB as a Potential Biomarker. G, PD-L1 on Tumor Cells as a Potential Biomarker. D, PD-L1 on Tumor

Cells and Immune Cells as a Potential Biomarker. Platinum-Sensitive Disease is Defined as Progression/Relapse = 90 Days
Following Last Dose of Platinum-Based Chemotherapy. Some Other Chemotherapy Regimens Include: Amrubicin,
Cyclophosphomide + Doxorubicin + Vincristine, Gemcitabine, Irinotecan, Paclitaxel, and Vinorelbine

FirstLine

*Platinum + etoposide
+/- atezolizumab
OR -
*Platinum + irinotecan
OR
* Clinical trial
< No current biomarker has
a high likelihood of
predicting who will benefit
from addition of

Second and subsequent line
*Retreatment with original platinumregimen

(only for platinum sensitive disease)

(unclear efficacy following platinum-based therapy + PD-1 axis inhibitor)
*Nivolumab +/ipilimumab

(no prior PD-1 axis inhibitor)
*Pembrolizumab

(no prior PD-1 axis inhibitor)
*Topotecan
*Temozolomide
*Other chemotherapy regimens
*Clinical trial

Some emerging options

- Lurbi dii

- Temozolomide + PARP inhibitorfor
SLFN-11 overexpression

- Alisertib + chemotherapyfor c-MYC+
by IHC

- Anlotinib

atezolizumab
T™MB

Tumor cells +
immune cells

Tumor cells

2

*Enhanced benefit
with nivolumab + ipilimumab
*Possiblefirst line chemotherapy free
option with nivolumab + ipilimumab
*Cut point for high TMB on targeted
sequencing panels and blood based
testing is unclear

Positive stainingdoes not
appearto predict benefit
from PD-1 axis inhibition +/
CTLA-4 inhibition

Positive staining may predict
pembrolizumab benefitin

High TMB 2 248 missense mutationsby whole exome immunotherapy naive patients

sequencing

Abbreviations: CTLA-4 = Cytotoxic T lymphocyte-associated protein 4; IHC = immunohistochemistry; PARP = poly ADP ribose polymerase; PD-1 = programmed cell death protein 1; PD-L1 =
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programmed death ligand 1; SLFN-11 = Schiafen family member 11; TMB = tumor mutational burden.

Figure 1 summarizes the results from IMpower-133. The
objective response rate (ORR) was similar in the 2 arms, as was
median duration of response. However, ongoing responses at the
time of data reporting were greater in the EP + atezolizumab arm at
14.9% versus 5.4%. Additionally, the OS curves were nearly
identical undl about 7 to 8 months, after which they began to
separate in favor of EP + atezolizumab; this separation was still
increasing at the median follow-up of 13.9 months.” The increased
duration of response and prolonged survival outcomes seen with
other chemotherapy + ICI combinations in first-line treatment of
non—small-cell lung cancer (NSCLC) suggests the OS curves in
IMPOWER-133 may separate further with longer follow-up and
that the hazard ratio (HR) is likely to improve more in favor of
EP + atezolizumab.'*"”

With respect to PES, the fact that the results were almost iden-
tical through the median indicates that nearly 50% of the patients
had no benefit from the addition of atezolizumab and emphasizes
the need to identify a biomarker distinguishing patients likely or
unlikely to benefit. Unfortunately, blood-based tumor mutational
burden (TMB) did not associate with benefit in this trial
(Figure 1).” The superiority of EP 4 atezolizumab is likely to result
in this regimen remaining a standard, at least until the results of
other ICI randomized trials are known. Table 1 summarizes the
other ongoing first-line randomized trials with ICIs in ES-SCLC."®
Trials summarized in Table 1 are based on data from earlier phase
studies in second or later line therapy described below. A press
release recently indicated that the phase III randomized mainte-
nance trial comparing nivolumab and nivolumab 4 ipilimumab
versus placebo failed to meet its primary endpoint.'” Although
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details of the study are not currently available, this maintenance
approach will likely not be utilized unless other agents show a
positive result.

Second and Later Line Therapy

Nivolumab + Ipilimumab. Ipilimumab was the first ICI tested in
SCLC. Unfortunately, a phase III randomized trial of platinum-
based chemotherapy =+ ipilimumab showed no benefit from add-
ing ipilimumab.'® Trials showing benefit of combining ipilimumab
with nivolumab in melanoma and NSCLC lead to trials of nivo-
lumab alone and with ipilimumab in ES-SCLC. The CheckMate-
032 trial evaluated nivolumab = ipilimumab in previously treated
SCLC. Nivolumab was administered at 3 mg/kg every 2 weeks.
Nivolumab + ipilimumab was administered every 3 weeks for 4
cycles followed by nivolumab maintenance at 3 mg/kg every 2
weeks, with nivolumab and ipilimumab being dosed at either 1 mg/
kg and 3 mg/kg, or 3 mg/kg and 1 mg/kg, respectively.”” The trial
originally used any of these 3 regimens and subsequently random-
ized patients between nivolumab alone or nivolumab 1 mg/kg +
ipilimumab 3 mg/kg.

The ORR with single agent nivolumab was 11% (n = 245) in
the combined cohorts (randomized and non-randomized).” In the
non-randomized cohort, the ORR was 19% with nivolumab 3 mg/
kg + ipilimumab 1 mg/kg (n = 54), whereas it was 23% for
nivolumab 1 mg/kg + ipilimumab 3 mg/kg (n = 61) (Table 2).°
The ORR was 22% in the combined cohorts with nivolumab 1
mg/kg + ipilimumab 3 mg/kg (n = 156) (Table 2).7 Although the
ORR was numerically higher for nivolumab + ipilimumab when
compared with nivolumab, no statistical comparisons were made
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Table 1 Ongoing Randomized Trials of Imnmune Checkpoint Inhibitors in First-line Small-cell Lung Cancer

Trial Phase
Phase Il (Mpower-133)* '

Patient Population

First-line therapy with
platinum-based doublets =+ ICI

First-line therapy with
platinum-based doublets =+ ICI

Maintenance therapy after
platinum-based doublets

First-line therapy with platinum
based-doublets + ICls

Phase I'®

Phase Il (CheckMate-451)'®

Phase Il (CASPIAN)'®

Phase Il (KEYNOTE-604)'® First-line therapy with

platinum-based doublets =+ ICI

Primary Estimated
Treatments Outcome Completion Date
a) Atezolizumab + carboplatin + etoposide, PFS and 0S Aug 1, 2019
OR b) Carboplatin + etoposide
) Nivolumab + platinum + etoposide, PES Jun 2, 2020
OR b) Platinum + etoposide
a) Nivolumab, OR b) Nivolumab + ipilimumab, 0S Nov 20, 2019
OR c) Placebo
a) Durvalumab + tremelimumab -+ platinum + PFS and 0S Feb 28, 2020
etoposide, OR b) Durvalumab + platinum +
etoposide, OR c) Platinum + etoposide
a) Pembrolizumab + platinum + etoposide, PFS and 0S Oct 5, 2021
OR b) Platinum + etoposide

Abbreviations: ICl = immune checkpoint inhibitor; 0S = overall survival; PFS = progression-free survival.

between the 3 dosing regimens and the confidence intervals (Cls)
for ORR overlapped for each of the different arms.*” Nine patients
crossed over at time of progression on nivolumab to nivolumab +
ipilimumab, none of whom had subsequent confirmed responses.’

The PFS and OS in the non-randomized cohort were numerically
higher for nivolumab 1 mg/kg + ipilimumab 3 mg/kg when
compared with nivolumab or nivolumab 3 mg/kg + ipilimumab
1 mg/kg (Table 2). However, there were no statistical comparisons
between groups; additionally, the CIs for PFS and OS overlapped
for each of the regimens.4'7 The most striking feature of this trial
was not the median survival but the high survival rates at 1 and
2 years, indicating that, although a minority of patients benefited,
those that benefited had long-term benefit.

Although CheckMate-032 treated patients with ES-SCLC in
second or later lines, the results in third or later lines were similar, and
the long-term survival with nivolumab alone was superior to that
observed with historical controls treated in the third-line setting. As a

result, the FDA approved nivolumab monotherapy for third-line
SCLC.>?? However, there was a recent press release that the phase
I randomized trial (CheckMate-331) comparing nivolumab with
standard of care (topotecan or amrubicin) in second-line therapy of
ES-SCLC did not meet the primary endpoint of OS.”” When the data
is presented, it will be important to see if there were any differences
between the treatment arms with regard to key subgroups (eg, patients
with high TMB or platinum-resistant disease).

TMB seemed to predict benefit from nivolumab + ipilimumab
in NSCLC.>* As a result, patients in CheckMate-032 were divided
into TMB tertiles, with the upper tertile being designated as high
TMB. For those with high TMB, the ORR to nivolumab (n = 47)
was 21.3% and for nivolumab 1 mg/kg + ipilimumab 3 mg/kg
(n = 206), it was 46.2%. For low and intermediate TMB, the ORR
to nivolumab was only 4.8% and 6.8%, respectively, whereas for
nivolumab 1 mg/kg + ipilimumab 3 mg/kg, the ORR in low and
intermediate TMB were 22.2% and 16%, respectively (Table 3).

Table 2 Efficacy of Second and Subsequent Line Immune Checkpoint Inhibitors

ORR, % Median PFS, | 1-year PFS, | Median 0S, | 1-year 0S,
Regimen (95% CI) [mos (95% CI) | % (95% Cl) [mos (95% CI) | % (95% Cl) Adverse Events
Nivolumab* " 112 8.0-16) | 1.4° (1.4-1.9) 11 41" (3.0-6.8) 27 Grade 3-4 TRAES, 13%: diarrhea, 0%;
(n = 245) (n=99) (n = 98) pneumonitis, 1%; 1 lipase, 0%
Nivolumab 1 mg/kg + 22" (16-29) 2.6 (1.4-4.1) 19 7.8" (3.6-14.2) 40 Grade 3-4 TRAES, 30%: diarrhea, 5%;
ipilimumab 3 mg/kg every (n = 156) (n=61) (n=61) pneumonitis, 2%; 1 lipase, 9%
3 weeks x 4 cycles, then
nivolumab maintenance””
Nivolumab 3 mg/kg + 19 (9.0-31) 1.4° (1.3-2.2) N/A 6.0° (3.6-11) 35 Grade 3-4 TRAEs, 19%: diarrhea, 2%;
ipilimumab 1 mg/kg every (n=54) pneumonitis, 2%; 1 lipase, 0%
3 weeks x 4 cycles, then
nivolumab maintenance®’
Pembrolizumab® 18.7 (11.8-27.4)| 2.0 (1.9-2.1) 17 8.7 (5.6-12) 40 Grade 3-4 TRAEs, 12%: pancreatitis,
(n = 107) 2%,; colitis, 1%; pneumonitis, 1%
Durvalumab'® 9.5 (1.2-30.4) [ 1.5(0.9-1.8) 14 4.8 (1.3-10.4) 28 Grade 3-4 TRAEs, 0%
(n=21)
Durvalumab + 13.3(3.8-30.7) | 1.8(1.0-1.9) | 16.3 (5.4-32.6) | 7.9 (3.2-15.8) | 41.7 (23.3-59.2) (Grade 3-4 TRAEs, 23.3%: 1 lipase, 6.7%;
tremelimumab?” (n = 30) pituitary dysfunction, 6.7%; adrenal
insufficiency, 3.3%; diarrhea, 0%
Atezolizumab®’ 6 (h=17) N/A N/A N/A N/A N/A

Nivolumab maintenance was 3 mg/kg every 2 weeks.
Abbreviations: Cl = confidence interval; N/A = not available; ORR = objective response rate; OS = overall survival; PFS = progression-free survival; TRAEs = treatment-related adverse events.
“Randomized and non-randomized cohorts.

®Non-randomized cohort.
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Table 3 Biomarkers and Efficacy of Inmune Checkpoint Inhibitors in Small-cell Lung Cancer

Patients, ORR, % Median PFS, 1-year Median OS, 1-year
Regimen Biomarker n (95% CI) | mos (95% CI) PFS. % mos (95% Cl) 0S, %
Nivolumab™® High TMB 47 21.3 1.4 (1.3-2.7) 21 5.4 (2.8-8.0) 8h
Intermediate TMB 44 6.8 1.3 (1.2-1.4) 3 3.9 (2.4-9.9 26
Low TMB 42 48 1.3 (1.2-1.4) 0 3.1 (2.4-6.8) 22
Nivolumab 1 mg/kg + High TMB 26 46.2 7.8 (1.8-10.7) 30 22 (8.2-NR) 62
ipilimumab 3 mg/kg every 3
weeks x 4 cycles, then
nivolumab maintenance”®
Intermediate TMB 25 16 1.3 (1.2-2.1) 8 3.6 (1.8-7.7) 20
Low TMB 27 222 15 (1.3-2.7) 6 3.4 (2.8-7.3) 23
Nivolumab®”’ PD-L1 positive 11 9 N/A N/A N/A N/A
PD-L1 negative 64 14 N/A N/A N/A N/A
Nivolumab 1 mg/kg + PD-L1 positive 10 10 N/A N/A N/A N/A
ipilimumab 3 mg/kg every 3
weeks x 4 cycles, then
nivolumab maintenance””
PD-L1 negative 31 32 N/A N/A N/A N/A
Nivolumab 3 mg/kg + PD-L1 positive ® 40 N/A N/A N/A N/A
ipilimumab 1 mg/kg every 3
weeks x 4 cycles, then
nivolumab maintenance””
PD-L1 negative 29 21 N/A N/A N/A N/A
Pembrolizumab® PD-L1 positive 42 35.7 (21.6-52.0) | 2.1 (2.0-8.1) 29 14.9 (5.6-NR) 58
PD-L1 negative 50 6 (1.3-16.5) 1.9 (1.6-2.0) 8 5.9 (3.3-10.1) 31

High TMB was defined as > 248 missense mutations by whole exome sequencing.
Nivolumab maintenance is 3 mg/kg every 2 weeks.
PD-L1-positive was defined as > 1% staining by the respective assay.

The PD-L1 test and cell types stained differed for nivolumab = ipilimumab AND pembrolizumab.

Abbreviations: Cl = confidence interval; N/A = not available; NR = not reached; ORR = objective response rate; OS = overall survival; PD-L1 = programmed death ligand 1; PFS = progression-free

survival; TMB = tumor mutational burden.

The ORR appeared to be greater for nivolumab 1 mg/kg + ipili-
mumab 3 mg/kg compared with nivolumab across the different
TMB rtertiles; however, there was no statistical comparison made
between the dosing regimens.”®

High TMB may also help predict for better PFS and OS with
nivolumab 1 mg/kg + ipilimumab 3 mg/kg (Table 3) (Figure 2).
However, there did not appear to be any substantial differences in
PFES or OS for patients with low/intermediate TMB given either
nivolumab or nivolumab 1 mg/kg + ipilimumab 3 mg/kg
(Table 3). Although survival did appear to be better for those with
high TMB treated with nivolumab 1 mg/kg + ipilimumab 3 mg/kg
when compared with nivolumab, no statistical comparison was
made between the regimens.“’

Adverse events were higher with nivolumab + ipilimumab when
compared with nivolumab (Table 2). Immune-related neurologic
toxicities and deaths were uncommon: 1% grade 4 limbic en-
cephalitis with nivolumab, 2% grade 3 myasthenia gravis and 2%
grade 1 to 2 limbic encephalitis with nivolumab 1 mg/kg + ipili-
mumab 3 mg/kg.”>® There was concern for increased risk of
autoimmune adverse events with ICIs in SCLC when compared
with other tumor types because of the parancoplastic syndromes
seen in SCLC; however, higher rates of autoimmune adverse events
were not seen with nivolumab = ipilimumab or with the other ICIs
discussed below (Table 2).*7

Based on these results, a first-line maintenance trial was initiated
comparing nivolumab alone with nivolumab + ipilimumab with
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placebo shown in Table 1."” Unfortunately, as discussed above, a
recent press release indicated that the trial failed to meet the primary

endpoint."”

Pembrolizumab. KEYNOTE-158 examined pembrolizumab 200
mg every 3 weeks. Ninety-four patients were evaluable for response;
42 were programmed death ligand-1 (PD-L1)-positive (combined
positive score > 1% by the 22C3 assay), and 50 were PD-L1-
negative. Independent review committee-assessed ORR  was
18.7% (Table 2). The response differed by PD-L1 positivity; ORR
was 35.7% in positive patients and 6% in negative patients
(Table 3).2

The median PFS was 2 months and the 1-year PFS was 17%,
whereas the median OS was 8.7 months and the 1-year OS was
40% (Table 2). The median PFS did not differ when comparing
PD-LI1-positive patients with PD-L1-negative patients; however, the
1-year PES was better in PD-L1-positive patients. The OS was
improved in PD-L1-positive patients when compared with PD-L1-
negative patients (Table 3) (Figure 2). As with the nivolumab
studies, the long-term survival in a subset of patients was the most
remarkable finding. Pembrolizumab was relatively well-tolerated;
any grade treatment-related adverse events (TRAEs) were 60%,
and grade 3 to 4 TRAEs were 12% (Table 2). Immune-mediated
neurologic toxicities were uncommon: 1% grade 5 encephalitis.”
There is an ongoing phase II study comparing pembrolizumab
with topotecan as second-line therapy.'® In the ongoing



KEYNOTE-604 trial, pembrolizumab is being evaluated in com-
bination with platinum-based doublets as first-line therapy
(Table 1)."°

PD-L1 Inhibitors. Atezolizumab and durvalumab were studied as
monotherapies in previously treated ES-SCLC having progressed on
prior platinum-based doublets (Table 2).'”*" Additionally, durvalumab
has been evaluated in combination with tremelimumab (Table 2).%°
The first-line IMpower-133 study with atezolizumab and the first-

line Caspian study with durvalumab are highlighted in Table 1."°

ICIs  With Chemotherapy — Post-platinum  Doublets. A trial
combining pembrolizumab + paclitaxel (n = 26) has presented
results. The ORR was 23%, the median PFS was 5.0 months, and
the median OS was 9.2 months. The median PFS did not differ by
PD-L1 positivity (5.0 months in PD-L1-positive [n = 4] and 3.9
months in PD-Ll-negative [n = 22]; P = .897); however, the
relative numbers in each group were small. The OS for PD-L1-
positive versus PD-L1-negative patients was not provided. This
trial suggested patients with MET amplification (n = 3) may have
improved median PFS at 10.5 months versus patients without MET
amplification (n = 9) with a median PFS of 3.4 months (P =.019).
However, the numbers were small for comparison by MET
amplification status. This treatment combination was relatively
well-tolerated, most adverse events were grade 1 to 2, and no grade

26
” There are

3 to 4 adverse event occurred with an incidence > 8%.
ongoing trials of combinations of ICIs with other chemotherapies,

but no results are available at the time of this review.

Standard Second-line Therapy

Retreatment With Platinum-based Doublets. For patients with
platinum-sensitive disease (most commonly defined as progression/
relapse > 90 days following last dose of platinum-based therapy),
retreatment with the original platinum-based regimen may be effi-
cacious (Figure 2). Response rates of 34% to 65% have been re-
ported in this setting. The median PFS was 5.5 months in 1 study,
and the median OS ranged from 6.3 to 14.4 months across studies.
The majority of the literature suggesting a benefit to this approach is
based on retrospective analysis.””>* How such an approach would
compare to other available therapies in similar patient populations
undergoing randomization is unclear.

Topotecan. Topotecan is the only FDA-approved second-line
therapy for SCLC after progression on platinum-based chemotherapy
(Figure 2). This agent is most effective in platinum-sensitive disease,
defined as progression/relapse > 90 days following platinum-based
chemotherapy. The ORR was 10% to 24% in unselected patients;
platinum-sensitive patients had an ORR of 17% to 27%, and
platinum-resistant patients had an ORR of 5% to 13%. Without
regards to platinum sensitivity, the median PES ranged from 2.8 to
3.5 months and the median OS from 5.8 to 8.2 months (Table 4).
Across studies, the OS appeared to be higher in platinum-sensitive
patients versus platinum-resistant patients.’’>* The most common

grade > 3 treatment-emergent adverse events were hematologic:
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neutropenia, 54% to 88%; thrombocytopenia, 41% to 58%; and
anemia, 24% to 42% (Table 4).79>*

Amrubicin, CAV (Cyclophosphamide, Doxorubicin, Vincristine),
Gemcitabine, Irinotecan, Paclitaxel, Vinorelbine. Topotecan was
originally compared with CAV. Topotecan had similar antitumor
efficacy but greater symptom improvement.”> Amrubicin was
compared with topotecan in a randomized phase III trial of second-
line therapy for patients previously receiving platinum-based
chemotherapy. Although the ORR was numerically higher with
amrubicin (31.1% vs. 16.9% with topotecan), the median PFS and
OS were similar. Amrubicin had more febrile neutropenia and
grade > 3 infections.”’ Amrubicin is not FDA-approved for SCLC,
but it is utilized in some parts of the world as a second-line treat-
ment option. There are reports of activity of a variety of chemo-
therapies in patients with SCLC who progressed after first-line
platinum-based chemotherapy, including gemcitabine, irinotecan,
paclitaxel, vinorelbine, and others. For the most part, these agents
produced a median PFS of 2 to 4 months and a median OS of 4 to 7
months; however, they were never included in randomized trials.””
Although not FDA-approved, these agents are sometimes used
(Figure 2).

New Agents Being Studied in Second-line or Greater
SCLC

Temozolomide = Poly ADP Ribose Polymerase (PARP) Inbibition.
Veliparib + temozolomide produced an ORR of 39% versus 14%
with temozolomide monotherapy. However, the combination did
not significantly increase PFS (median, 3.8 months vs. 2.0 months;
P =.39) or OS (median, 8.2 months vs. 7.0 months; P = .50). The
1-year OS was similar with veliparib + temozolomide at 35% versus
temozolomide alone at 30% (Table 4).”

Schlafen family member 11 (SLEN-11) recognizes DNA damage
and may limit DNA replication through binding to DNA. SLEN-
11 may be found in any type of cell; however, it is inactivated in
some cancers through hypermethylation. Higher levels of SLFN-11
are believed to be associated with enhanced sensitvity to DNA
damaging agents.”” SLEN-11 expression was evaluated in 48 pa-
tients treated with temozolomide =+ veliparib; 23 patients (48%)
had overexpression and 25 patients (52%) lacked overexpression.
SLEN-11 overexpression was not associated with survival on the
temozolomide monotherapy arm. However, for those receiving
temozolomide + veliparib, the median PFS (P = .009) and the
median OS (P = .014) were improved in patients with SLFN-11
overexpression (n = 12) (Table 5) (Figure 2).”

Across different dose levels, the confirmed ORR was 35% with
olaparib + temozolomide, which was numerically greater in
platinum-sensitive patients (progression/relapse > 90 days following
platinum-based therapy) versus platinum-resistant patients. The
median PES was 2.8 months, and the median OS was 7.3 months
(Table 4).>* The addition of temozolomide to a PARP inhibitor in
both of these trials resulted in more grade > 3 cytopenias than
temozolomide monotherapy: neutropenia, 37% to 51%; thrombo-
cytopenia, 29% to 50%; and anemia, 11% to 29% (Table 4,233
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Table 4 Efficacy of Second and Subsequent Line Chemotherapies

Patients, | ORR, % | Median PFS,
Regimen N (95% CI) |[mos (95% CI)
Topotecan®’ % 624 10-24% 2.8-3.5%
Temozolomide + veliparib® 49 39 (25-54) 3.8 (3.0-4.1)
Temozolomide + olaparib® 20 35° 2.8 (1.7-5.2)
Lurbinectedin'® 61 39.3 27-53) | 4.1 (2.6-5.7)
Lurbinectedin + 27 37° 3.4 (2.0-6.0)
doxorubicin®*
Rovalpituzumab tesirine® 339 12.4 (9.1-16.4) N/A
Anlotinib®® 81 49(0.29.7) | 41 (2.8-4.8)
Alisertib®’ 48 21(10-35) | 2.1 (1.4-3.4)
Alisertib + paclitaxel'’ 89 22° 3.3°
Sacituzumab govitecan™® 50 14° 3.7 (2.1-4.3)

1-year Median 0S, 1-year
PFS, % | mos (95% Cl) 0S, % Adverse Events
0-15° 5.8-8.2° 14.2-32.6° Grade > 3 AFs,’ 89%
N/A 8.2 (6.4-12.2) 35° Grade 3-4 TEAEs: mainly
cytopenias
5-10° 7.3 (4.6-11.3) 30-35° Grade 3-4 TRAEs: mainly
cytopenias
10-15° 11.8 (9.6-15.9) 43 Grade 3-4 AEs:'
mainly cytopenias
N/A 7.9 (5.0-12.0) 22.4 Grade 3-4 AEs"; mainly cytopenias
N/A 5.6 (4.9-6.1) N/A Grade 3-4 TRAEs, 40%;
thrombocytopenia, 11%;
photosensitivity, 7%; pleural
effusion, 4%
N/A 7.3 (6.5-10.5) N/A Grade > 3 TRAES, 35.8%
5° N/A N/A Grade 3-4 TRAEs, 53%
N/A 6.9° 10-15° Grade > 3 TEAEs, 76%
5-10° 7.5 (6.2-8.8) 25° Grade 3-4 TEAEs, mainly
neutropenia and diarrhea

Abbreviations: Cl = confidence interval; N/A = not available; ORR = objective response rate; OS = overall survival; PFS = progression-free survival; TEAE = treatment-emergent adverse event;

TRAE = treatment-related adverse event.

Confidence intervals were not provided as results were determined from multiple separate trials and/or different patient populations.
bThis included time to progression and progression-free survival as the 3 trials included had different endpoint measures.

CEstimated from survival curves as not reported in reference.
9IMultiple trials, some reporting TEAES and others reporting TRAES.
“Confidence intervals were not available.

'Not reported if TEAEs or TRAES.

This later trial with olaparib and temozolomide is ongoing.
Another PARP inhibitor, talazoparib, is similarly being investigated
in combination with temozolomide in relapsed/refractory ES-
SCLC. Temozolomide is also being studied in SCLC in combina-
tion with novel immunotherapies (eg, M7824, which is a fusion
protein with antibodies against both PD-LI1 and transforming
growth factor-f). Additionally, temozolomide monotherapy is being
investigated for prevention of brain metastasis in patients with
SCLC, as maintenance after platinum-based chemotherapy and in
relapsed/refractory disease for patients with O-6-methylguanine-
DNA-methyltransferase (MGMT) methylation.'®

Lurbinectedin. Lurbinectedin may promote apoptosis through
inhibiting transcription of protein-encoding genes and inducing

double-stranded DNA breaks. Lurbinectedin produced an ORR of
39.3% in a phase II trial of 61 previously treated patients without
baseline brain metastasis. For platinum-sensitive patients (progres-
sion/relapse > 90 days following platinum-based therapy), the ORR
was 44%, and for platinum-resistant patients, the ORR was 33%.
The median PFS was 4.1 months; 4.2 months in platinum-sensitive
patients and 3.4 months in platinum-resistant patients. The median
OS was 11.8 months; 15.8 months in platinum-sensitive patients
and 8.1 months in platinum-resistant patients. The 1-year OS was
43%; 59% for platinum-sensitive patients and 23% for platinum-
resistant patients (Table 410

Lurbinectedin may be better tolerated than a similar drug, tra-
bectedin, that is approved in sarcoma.'”*" Grade 3 to 4 adverse
events with lurbinectedin included neutropenia, 39%; febrile

Table 5 Association Between Biomarkers and Efficacy of New Chemotherapies in Small-cell Lung Cancer

Median PFS, Median 0S,
Biomarker Patients, N Regimen ORR, % mos (95% Cl) mos (95% Cl)
SLFN-11 overexpression by IHC® 12 Temozolomide + veliparib 580 5.7° 3.7-N/A) 12.2° (9.7-N/A)
No SLFN-11 overexpression by IHC® 13 Temozolomide + veliparib 380 3.6" (2.0-6.0) 7.5" (5.6-N/A)
¢-MYC positive by IHC"" 17 Alisertib + paclitaxel N/A 4.6 HR 0.29 (0.12-0.72) N/A
16 Paclitaxel N/A 2.3 N/A
¢-MYC negative by IHC'' 6 Alisertib + paclitaxel N/A 3.3 HR 11.8 (1.52-91.2) N/A
7 Paclitaxel N/A 5.2 N/A

Abbreviations: Cl = confidence interval; HR = hazard ratio; IHC = immunohistochemistry; N/A = not available; ORR = objective response rate; OS = overall survival; PFS = progression-free

survival; SLFN-11 = Schlafen family member 11.
AConfidence intervals not provided.
PHazard ratios not provided.
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neutropenia, 9%; thrombocytopenia, 7.5%; alanine aminotrans-
ferase increase, 4.6%; and aspartate aminotransferase increase, 4.5%
(Table 4).1°

A phase Ib expansion cohort evaluated lurbinectedin + doxo-
rubicin as second-line therapy. One of the 28 enrolled patients had
baseline brain metastasis. The ORR was 37%, being higher in
platinum-sensitive patients at 50% versus 11% in platinum-
resistant patients. The median PFS was 3.4 months; 5.7 months
in platinum-sensitive patients and 1.5 months in platinum-resistant
patients. The median OS was 7.9 months; 11.5 months in
platinum-sensitive patients and 4.9 months in platinum-resistant
patients. The main grade > 3 adverse events were hematologic:
neutropenia, 93%; anemia, 21%; thrombocytopenia, 18%; and
febrile neutropenia, 14%.>* The reasons for the differences in sur-
vival outcomes between this trial and the phase II mentioned above
are unclear. However, there were fewer patients on this expansion
cohort, and the dose of lurbinectedin utilized in combination with
doxorubicin was less than in the phase II monotherapy study.m‘34 It
is possible these differences could explain part of the variability in
results. A randomized phase III trial (ATLANTIS) is evaluating
lurbinectedin 4 doxorubicin compared with investigator’s choice
(topotecan or CAV) as second-line therapy in ES-SCLC.'® Ran-
domized trials evaluating the monotherapy dose of lurbinectedin in
a similar setting are likely to be initiated as well.

Rovalpituzumab Tesirine (Rova-T). Rova-T is an antibody drug
conjugate (ADC) with an antibody against delta-like ligand 3
(DLL3), a cleavable linker and a pyrrolobenzodiazepine dimer
toxin. Approximately 85% of SCLC expresses DLL3. DLL3 may be
expressed in normal tissues; however, its level of expression in
normal tissues is much lower than in SCLC. DLL3 inhibits
NOTCH activation, resulting in increased tumor growth in
scLC.”

The phase II TRINITY trial examining Rova-T as third- or later-
line therapy in DLL-positive patients with ES-SCLC did not meet
the primary endpoint, and as a result, accelerated FDA approval was
not pursued.’” DLL3-positive was defined as > 25% of tumor cells
staining any intensity, and DLL3 high was defined as > 75% of
tumor cells staining any intensity. Three hundred thirty-nine pa-
tients were DLL3-positive, 238 of which were DLL3—high.3 >

Rova-T was administered at 0.3 mg/kg every 6 weeks for 2
doses. The ORR was 12.4% in all subjects and 14.3% in DLL3-
high patients. The median OS was 5.6 months in all partici-
pants. DLL3-high patients had a median PES of 3.8 months and
a median OS of 5.7 months. Grade > 3 TRAEs were experi-
enced by 40%. Common TRAEs of any grade included photo-
sensitivity, 35%; pleural effusion, 28%; peripheral edema, 26%;
thrombocytopenia, 22%; and pericardial effusion, 12%. Grade 3
to 4 TRAEs included thrombocytopenia, 11%; photosensitivity,
7%; and pleural effusion, 4% (Table 4).%> Problems with fluid
balance (capillary leak syndrome, serosal effusions, and peripheral
edema) have prevented safe administration of more than 2 cycles
of Rova-T.*

There are several ongoing trials of Rova-T. It is being evaluated in
first-line treatment as either monotherapy, in combination with
platinum-based chemotherapy, or as sequential administration
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before or after platinum-based chemotherapy. The randomized
phase III MERU trial is comparing Rova-T with placebo as a
maintenance strategy following platinum-based chemotherapy.'® A
second-line trial evaluating Rova-T compared with topotecan
(TAHOE) was recently stopped early after interim analysis showed
inferior OS with Rova-T.** Rova-T is also being evaluated as part of
novel combinations with nivolumab + ipilimumab.'®

Anlotinib. Anlotinib is a multi-kinase inhibitor that most strongly
inhibits vascular endothelial growth factor receptor, c-KIT, platelet-
derived growth factor receptor, and fibroblast growth factor recep-
tor. It was examined as > third-line therapy for patients with ES-
SCLC. Eighty-one patients received anlotinib, and 38 patients
received placebo. The ORR was low with anlotinib at 4.9%.
However, the median PFS was significantly improved when
compared with placebo at 4.1 months versus 0.9 months (HR,
0.19; 95% CI, 0.12-0.32; P < .0001). Twenty-six percent of pa-
tients receiving anlotinib had brain metastasis. The relative PFS
benefit of anlotinib versus placebo did not differ by presence or
absence of brain metastasis. The HR was 0.15 (P = .003) for pa-
tients with brain metastasis, and the HR was 0.20 (P < .001) in
patients without brain metastasis. The OS analysis was immature
but suggested a possible OS benefit at a median OS of 7.3 months
with anlotinib versus 4.9 months with placebo (HR, 0.53; 95% CI,
0.30-0.92; P = .0210). Grade 3 to 5 adverse events occurred in
35.8% of patients: 13.6% hypertension and 4.9% hand-foot syn-
drome (Table 4).%°

Aurora Kinase Inhibition. Alisertib is an inhibitor of Aurora A
Kinase. As a single agent in relapsed SCLC, the ORR was 21% (10
of 48), which did not differ by platinum sensitivity. The main
grade > 3 adverse events were neutropenia, 37%; anemia, 12%; and
thrombocytopenia, 8% (Table 4).”

Alisertib with paclitaxel was compared with paclitaxel alone in a
randomized phase II trial. The ORR was 22% with alisertib +
paclitaxel (20 of 89) and 18% with paclitaxel alone (16 of 89). The
PFS was greater with alisertib + paclitaxel (median, 3.3 months)
versus with paclitaxel (median, 2.2 months; HR, 0.71; P = .038).
This PES difference seemed to be driven by those with platinum
resistant disease, who had median PFS 2.9 months with alisertib 4
paclitaxel (n = 60) versus 1.6 months with paclitaxel (n = 49) (HR,
0.66; P = .04). The OS was not significantly different between the
2 treatments; median of 6.9 months with alisertib + paclitaxel
versus 5.6 months with paclitaxel (HR, 0.73; P = .06). Grade > 3
treatment-emergent adverse events were greater with the addition of
alisertib to paclitaxel at 76% versus 51% (Table 4)."!

Preclinical studies indicate alisertib and other aurora kinase in-
hibitors are more effective in cells with amplification or high
expression of myc.ﬁ’% Myc functions in cancer to increase meta-
bolism and cellular proliferation.”” In normal tissues, myc has low-
level expression and minimal activation; however, in SCLC and
some other tumors, there is sustained activation/increased expres-
sion of myc.”® Patients who were c-myc positive (> 14) by
immunohistochemistry (IHC) had significantly improved PFS with
alisertib + paclitaxel (median, 4.6 months; n = 17) versus with
paclitaxel (median 2.3 months; n = 16) (HR, 0.29; 95% CI, 0.12-

(linical Lung Cancer May 2019

155



156

Advancements in Small-cell Lung Cancer

0.72) (Figure 2)."" In contrast, those who were c-myc negative had a
significantly worse PFS with alisertib + paclitaxel (median, 3.3
months; n = 6) versus with paclitaxel (median, 5.2 months; n = 7)
(HR, 11.8; 95% CI, 1.5-91) (Table 5)."" Other aurora kinase in-
hibitors, such as the nanoparticle aurora kinase B inhibitor
AZD2811, are being investigated in early trials and may have effi-

. . . . . . 16
cacy In patients with myc ampllﬁcatlon or overexpression.

RRx-001. RRx-001 targets tumor associated macrophages and
cancer stem cells. It may re-sensitize patients to platinum-based
chemotherapy. Twenty-six patients were treated with RRx-001 on a
phase II study, all having prior exposure to platinum-based chemo-
therapy and all of whom received > 2 previous systemic treatments. **

RRx-001 was administered until development of progressive
disease, after which patients were to be started on platinum-based
chemotherapy. Twelve (46%) of the 26 enrolled patients subse-
quently received platinum-based chemotherapy and were evaluable
for response. It is unclear why the other 14 patients were not
evaluable. It was not reported whether any of these 14 non-
evaluable patients received subsequent platinum-based therapy,
whether any of them never progressed on RRx-001, or whether
some became too sick owing to their disease and/or drug toxicities
to be candidates for platinum-based chemotherapy. Four of the 12
evaluable patients who were subsequently treated with platinum-
based chemotherapy obtained an objective response; all of these 4
were platinum-resistant at enrollment. The median OS of 7.5
months and the 1-year OS of 46% for the 12 evaluable patients
treated with RRx-001 followed by platinum-based chemotherapy
was encouraging. However, information was not provided as to
what the survival outcomes were for the whole enrolled population
of 26 patients.*® Although RRx-001 may benefit a subset of patients
with ES-SCLC, its actual benefit is unclear owing to small patient
numbers and a lack of information on the 14 enrolled patients who
were not evaluable for response. However, based on the encouraging
results in the 12 evaluable patients on this study, a phase III trial has
been initiated evaluating RRx-001 followed by platinum-based
chemotherapy versus platinum-based chemotherapy alone in third

or later lines of therapy.'®

Sacituzumab Govitecan. Sacituzumab govitecan is an ADC with
an antibody against tumor-associated calcium signal tranducer 2, a
cleavable linker and the cytotoxic SN-38 (which is the active
metabolite of irinotecan). This ADC delivers 136-fold greater SN-
38 to tumor cells than irinotecan, based on preclinical studies.”’
In a phase Ib trial, 53 patients with SCLC were treated, and the
ORR was 14%, the median PFS was 3.7 months, and the median
OS was 7.5 months. The main grade > 3 adverse events were
neutropenia, 34%; diarrhea, 9%; and febrile neutropenia, 2%

(Table 4).%8

Nanoliposomal Irinotecan-based Therapy. There are 2 nano-
liposomal drugs, nanoliposomal irinotecan and nanoliposomal SN-
38, that are being evaluated in previously treated ES-SCLC.'®
Similar to sacituzumab govitecan, these drugs are attempting to
achieve antitumor efficacy by delivering higher doses of SN-38 to
tumors than traditional irinotecan.

Clinical Lung Cancer May 2019

Pegzilarginase (AEB1102). Argininosuccinate synthase (ASS) is
responsible for cellular synthesis of arginine. Preclinical studies
suggest that SCLC with low ASS expression is sensitive to extra-
cellular arginine depletion. Limited data from 16 human SCLC
specimens suggested low to no ASS expression by IHC may be
found in around 45% of cases. Polymerase chain reaction analysis
suggested a similar incidence of low to no ASS RNA expression in
50% of 10 evaluated SCLC cell lines.””

AEB1102 depletes extracellular arginine. There is currently an
ongoing expansion cohort examining AEB1102 monotherapy in
previously treated patients with ES-SCLC.'® A separate study is
evaluating AEB1102 + pembrolizumab in immunotherapy-naive
patients with ES-SCLC based on preclinical studies showing
enhanced efficacy of this combination when compared with either
monotherapy. '

Lysine-specific Demethylase 1 (LSD1) Inhibitors. LSD1 is respon-
sible for demethylating histone H3 lysine 4. LSD1 helps in main-
taining a stem cell-like phenotype. LSD1 was overexpressed by IHC
in 98 of 100 formaldehyde-fixed paraffin-embedded SCLC speci-
mens. Thirty-two percent of 28 SCLC cell lines had their growth
inhibited by an experimental LSDI1 inhibitor known as
GSK2879552. Multiple SCLC xenograft models also demonstrated
growth inhibition with GSK2879552.”" Twenty-nine patients were
enrolled on a phase I study examining this agent in SCLC; this
study was stopped early owing to toxicity and lack of benefit.'®

Preclinical data suggest LSD1 inhibition with PD-1 axis inhibi-
tion may be more effective than either monotherapy.”> There is
another LSD1 inhibitor, INCB059872, in clinical development.
This agent is being evaluated as monotherapy in a dose-escalation
study and in combination with nivolumab for patients with
16

SCLC progressing on/after platinum-based therapy.

Bromodomain and Extra-terminal (BET) Inhibitors. Preclinical
studies have suggested SCLC may be sensitive to inhibition of BET
proteins. BET proteins may bind to the enhancer region of achaete-
scute homolog 1 (ASCL1), leading to increased ASCL1 expression.
ASCL1 is a transcription factor that promotes formation of
neuroendocrine tumors. ASCL1 was very highly overexpressed in >
50% of 15 SCLC cases, and increased ASCLI is hypothesized to be
associated with enhanced sensitivity to BET inhibitors. An experi-
mental BET inhibitor demonstrated significant growth inhibition in
15 of 18 SCLC cell lines examined.” BET inhibitors are currently
in clinical trials, and SCLC is a tumor type of interest in these

. 1
trials.'®

Other Epigenetic Modifiers. Certain segments of the genome in
SCLC are heavily methylated, which may result in inactivation of
several genes that function in cell cycle arrest and repair of DNA
damage. Such hypermethylation has been correlated with high
expression of E2F and EZH2.>* Because of this, EZH2 inhibitors
are being evaluated in early phase trials as potential antitumor
therapies in ES-SCLC.'® DNA methyltransferase inhibitors and
alkylating deacetylase inhibitors are also being evaluated owing to
their potential to cause epigenetic modifications that may have

. 16,55,56
antitumor efficacy. 777"



DNA Damage Response Inhibirors. SCLC has a high proliferation
rate, and large numbers of genomic alterations tend to accumulate
with time. SCLC is also relatively resistant to DNA-damaging
agents. Continued cellular proliferation may be dependent on
pathways that recognize and repair certain types of DNA damage.
PARP is one of many proteins involved in repairing DNA damage,
and it functions primarily through base excision repair. Higher
PARP expression has been demonstrated in SCLC when compared
with either normal lung or other types of lung cancer. In this
context, DNA damage response inhibitors (eg, PARP inhibitors and
Weel inhibitors) may have efficacy and are currently being evalu-
ated in SCLC as monotherapy and in combination.'®>””°

A randomized phase II trial evaluated 4 cycles of cisplatin +
etoposide with or without veliparib as first-line treatment. Although
there was a difference in PFS with the addition of veliparib (median,
6.1 months vs. 5.5 months; HR, 0.63; P = .01), there was no
significant difference in ORR (P = .57) or OS (P = .17). Efficacy
outcomes and their relationship to specific biomarkers (eg, SLEN-
11) were not reported. Additionally, maintenance PARP inhibi-
tion after the 4 cycles of induction therapy was not administered,
and whether this would have led to a greater difference in OS is

57,58
unclear.

Bel-2 and Bcl-xl Inhibitors. Bcl-2 and Bcl-xl are proteins limiting
apoptosis. Inhibitors of these proteins have demonstrated efficacy in
SCLC cell lines and mouse models. Navitoclax was evaluated in 39
patients with SCLC having received > 1 prior systemic therapy and
demonstrated little efficacy: ORR, 2.9%; median PES, 1.5 months;
and median OS, 3.2 months. Thrombocytopenia was a significant
toxicity with navitoclax; grade 3 to 4 in 41% of patients.”” Other
bcl-2 inhibitors that are thought to cause less thrombocytopenia
than navitoclax are being studied, and potentially these agents could
be escalated to a higher effective dose than navitoclax, which could
lead to better responses. Additionally, ADCs with bcl-2 inhibitor
payloads are also being evaluated.'®

Genetically Modified T-cells and Bispecific T-cell Engagers. Genet-
ically modified chimeric antigen receptor (CAR) T-cells have
revolutionized the care of patients with B-cell acute lymphoblastic
leukemia (ALL) and certain types of lymphoma.®”®" CAR T-cells
have recently gained FDA approvals for these diseases.” However,
initial trials in solid tumors targeting proteins such as Her2 have
faced toxicity challenges.”” Because DLL-3 is highly expressed on
SCLC and lacking significant expression on normal tissues, there are
trials evaluating DLL-3 targeting CAR T-cells in SCLC.""*
Similarly, a bispecific T-cell engager has demonstrated efficacy in
ALL and gained FDA approval in this disease.”® Bispecific T-cell
engager antibodies have also been developed against DLL-3 and are

being explored in SCLC.*

Discussion

SCLC was once a disease with few treatments. Fortunately, there
are new options for first-line management, with the addition of an
ICI to standard chemotherapy, as well as several emerging
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treatments for patients after progression on first-line systemic
therapies (Figure 2). Many of these options are in the National
Comprehensive Cancer Network guidelines, and new FDA ap-
provals are likely in the near future.'

Advanced SCLC is a disease where maintenance therapy after
completion of first-line chemotherapy has generally not been
practiced. Maintenance with pembrolizumab or sunitinib after
platinum-based doublets did not appear to improve survival.®>*
Additionally, a recent press release suggested no OS benefit with
maintenance nivolumab + ipilimumab following platinum-based
chemotherapy.'” However, with the recent release of the
IMpower-133 data, continuation atezolizumab is likely to be
increasingly implemented as maintenance after completion of
atezolizumab + platinum-based doublets.” Whether consolidation
radiation to the thorax £ oligometastatic sites would be of
benefit for patents with no or limited sites of extrathoracic dis-
ease upon starting atezolizumab maintenance has not been
determined.

Similar to NSCLC, in SCLC, the question about whether it is
best to give atezolizumab + platinum-based chemotherapy to pa-
tients upfront versus sequencing platinum-based chemotherapy
followed by an ICI at progression will become increasingly com-
mon. Although we do not have a randomized trial showing which of
these is the best option, it may be better to give platinum-based
doublets + atezolizumab with atezolizumab maintenance for a
few reasons. One, in randomized trials, there are an estimated 35%
of patients who do not get second-line therapy.®” Additionally, we
can get some insight into this question from patients with NSCLC
on KEYNOTE-021. This was a phase II randomized trial
comparing carboplatin + pemetrexed + pembrolizumab versus
carboplatin + pemetrexed. At a median follow-up of 24 months,
there was a significant difference in 2-year OS for chemotherapy +
pembrolizumab at 67% versus 48% for chemotherapy alone (HR,
0.56; P=.0151), and this was despite a 73% cross-over rate at time
of progression on the chemotherapy-alone arm to subsequently
receive an ICL'>'* However, looking at the IMpower-133 data, it is
hard to make any conclusions in this regard, as only 7.4% of the
patients progressing on chemotherapy alone subsequently received
an ICL.” Also, neoadjuvant studies in small patient populations with
NSCLC have suggested much higher major pathologic response
with PD-1 axis inhibitors plus platinum-based doublets versus
platinum-based doublets alone; 50% to 80% versus 20% to
45%.°%7" Because of the possible benefit of vascular endothelial
growth factor inhibition with ICIs that has been suggested in other
tumor types, would there be a role of adding bevacizumab to ate-
zolizumab as a maintenance strategy after completion of platinum-
based doublets + atezolizumab?”>”* Similarly, giving bevacizumab
with atezolizumab + EP as induction in the front-line setting
followed by atezolizumab + bevacizumab maintenance could
potentially improve even further on the IMpower-133 results.

EP + ICIs will likely be utilized increasing in the near future for
first-line therapy given the positive survival results from IMpower-
133 and the ongoing phase III first-line trials. There is no evi-
dence that changing to a different PD-1 axis inhibitor after
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progression on PD-1 inhibitor-based therapy will be efficacious.
Additionally, data is lacking in both NSCLC and SCLC to suggest
cytotoxic  T-lymphocyte-associated protein 4 inhibitors have
meaningful efficacy following progression on a PD-1 axis inhibitor.
Thus, use of PD-1 axis inhibitors £ cytotoxic T-lymphocyte-asso-
ciated protein 4 inhibitors in second or later lines of therapy are not
likely to be a recommended strategy in the coming years. Rather,
other immunotherapies and novel combinations will be evaluated in
clinical trials.

Many of the trials discussed in this review excluded patients with
central nervous system (CNS) disease. For trials that allowed
enrollment of patients with CNS disease, the vast majority of pa-
tients had to have brain metastasis that were stable and previously
treated. This is unfortunate as CNS involvement occurs in up to
80% of patients during the first 2 years following a diagnosis of ES-
SCLC.”” Thus, for a significant proportion of patients with SCLC,
the ORR and median survival reported in many of the trials dis-
cussed above may not be applicable. For the agents/regimens dis-
cussed in this review, temozolomide has the most CNS efficacy data;
however, based on literature in melanoma, there is reason to think
nivolumab + ipilimumab may also have efficacy in CNS disease for

,76,77

patients who have not been exposed to ICIs previously.’

Although there is yet to be a great biomarker that helps select
treatment for patients with SCLC, there are many candidates. High
TMB has been suggested to predict benefit from nivolumab +
ipilimumab; however, its application is challenging and not ready
for routine clinical implementation (Figure 2).%¢ CheckMate-032
utilized whole exome sequencing to define high TMB.*® Unfor-
tunately, whole exome sequencing is only available at select research
institutions, is costly, and is time consuming. Foundation Medicine
has a targeted sequencing panel that estimates TMB based on
evaluation of a much smaller panel of genes than whole exome
sequencing (324 vs. 21,522). Foundation Medicine testing also
identifies some types of mutations that may not necessarily code for
different amino acids (eg, synonymous mutations) as opposed to
whole exome sequencing, which only identifies mutations that code
for different amino acids. Whether Foundation Medicine testing
can be used to identify patients with SCLC with high TMB that
would have greater benefit from nivolumab 4 ipilimumab remains
to be determined (Figure 2).”8 The role of blood-based TMB testing
to predict benefit of this combination is also unclear. Whether high
TMB could predict a population of patients with SCLC that may
forgo frontline chemotherapy and who would benefit most from
initial treatment with nivolumab + ipilimumab as in CheckMate-
227 remains to be seen (Figure 2).%4

Although c-myc is not thought of as an emerging biomarker in
SCLC, there is a strong signal that positive c-myc IHC staining may
predict benefit from aurora kinase A inhibition + chemotherapy
(Figure 2)."" A biomarker based trial to select patients with c-myc
positive IHC staining for treatment with such a combination would
be of interest. Although there is a signal that SLNF-11 over-
expression may predict for those more likely to benefit from com-
binations involving PARP inhibitors, the data is limited and more
clinical information is needed in this regard (Figure 2).”

A PD-L1 combined positive score > 1% by the Dako 22C3 assay
did appear to predict increased response and improved survival with
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pembrolizumab when compared with PD-L1-negative patients, the
same was not true of the Dako 28-8 assay where PD-L1 positivity
was not associated with improved outcomes with nivolumab +
ipilimumab (Figure 2). However, these 2 assays are not testing the
same thing. With the 22C3 assay, a combined positive score is
calculated from staining on tumor cells, lymphocytes, and macro-
phages, whereas with the Dako 28-8 assay, only staining on tumor
cells is used to determine positivity.”® The different cell types that
are used to determine the PD-L1 score for each of these assays could
affect the predicative value of the respective test. Further study is
thus needed to determine the true udlity of the various PD-L1
assays, and a standardized testing method would be useful.

DLL-3 staining may be necessary for effectiveness of Rova-T;
however, the degree of positivity may not matter, as ORR and OS
were not significantly different in the TRINITY trial when comparing
high DLL3 (> 75% of tumor cells staining positive) with 25% to 74%
of tumor cells staining positive.”” Itis unclear whether certain degrees of
positivity for a cell surface marker will be better for predicting benefit of
other ADCs in SCLC or whether positive staining of any magnitude
will suffice. Data about utility of MGMT methylation status to predict
response and survival with temozolomide in SCLC is conflicting, and
thus this test is not ready for clinical use.””®””

Novel combinations of ICIs with agents (eg, with LSDI in-
hibitors, with lurbinectedin, or with drugs that deplete extracellular
arginine, or with other experimental therapies) will be important to
evaluate in patients who have progressed on ICIs £ chemotherapy.
Many of these trials are already ongoing.'® As we have illustrated in
this review, SCLC is a disease where outcomes may improve over
historical numbers owing to new developments in first-line man-
agement and increasing therapeutic options in later lines of therapy.
Additionally, as we have suggested biomarker testing may make its
way into care of patients with SCLC in the not so distant future. It
is an exciting time for SCLC treatment, with a lot of new de-

velopments that may translate into improved patient outcomes.
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Supplemental Data

Supplemental Table 1 Detailed Information on Methods of Identification of Studies

Search Term
AEB1102

Alisertib

Alisertib phase 2
Anlotinib

AZD2811

CASPIAN

CheckMate 032
CheckMate 032
CheckMate 032

CheckMate 451
Durvalumab and SCLC

(GSK2879552
IMpower133
INCB059872
Ipilimumab and SCLC

Lurbinectedin
Lurbinectedin

KEYNOTE 158
KEYNOTE 604
Navitoclax and SCLC

Nivolumab and platinum etoposide
small cell

Pembrolizumab and maintenance
SCLC

Pembrolizumab and paclitaxel SCLC
Rovalpituzumab tesirine
Rovalpituzumab tesirine

RRx-001
Sacituzumab govitecan SCLC
Sunitinib maintenance SCLC

Talazoparib and SCLC
Temozolomide and olaparib
Temozolomide and small cell lung

Temozolomide and small cell lung

Database
ClinicalTrials.gov

2016 IASLC World Conference
on Lung Cancer

PubMed

2018 IASLC World Conference
on Lung Cancer

ClinicalTrials.gov

ClinicalTrials.gov
2017 ASCO Annual Meeting
PubMed

2017 IASLC World Conference
on Lung Cancer

ClinicalTrials.gov
2018 ASCO Annual Meeting

ClinicalTrials.gov
PubMed
ClinicalTrials.gov
PubMed

2018 ASCO Annual Meeting

2018 IASLC World Conference
on Lung Cancer

2018 ASCO Annual Meeting
ClinicalTrials.gov
PubMed

ClinicalTrials.gov
PubMed

2018 ASCO Annual Meeting
2018 ASCO Annual Meeting
PubMed

2018 ASCO Annual Meeting
PubMed
PubMed

ClinicalTrials.gov
2018 ASCO Annual Meeting
PubMed

ClinicalTrials.gov

Number of
Items
Identified

5

NN oD

24

26

13

19

106

14

Jose Pacheco, Paul A. Bunn

Number of
ltems
Included

2

W — —

Reasons for Exclusion

Trial in hematologic malignancies,
no information about SCLC patient inclusion

Not SCLC patient population

Not SCLC patient population, not clinical trial
Not SCLC patient population, not clinical trial

Not SCLC patient population, study
terminated and no results

Not SCLC patient population
Not SCLC patient population
Not SCLC patient population

Did not evaluate TMB as a biomarker,
only looked at health status via a
patient questionnaire

N/A

Not SCLC patient population, not clinical
trial, not durvalumab

Not SCLC patient population
Trials in progress abstract
Not SCLC patient population

Not SCLC patient population, not clinical trial,
no ipilimumab, trials in progress abstract,
non-randomized phase Il trial when there was a
randomized phase Il trial, phase Il trial without
platinum/etoposide backbone

Not SCLC patient population, used
updated data from a later meeting

N/A

Not SCLC patient population
N/A

Not clinical trial, phase | trial when
there was a phase Il trial

Not SCLC patient population
N/A

Not SCLC patient population, not clinical trial
Not clinical trial

Not clinical trial, included completed
trial and not incomplete trial

N/A
Not clinical trial

Not clinical trial, induction regimen
did not use platinum/etoposide

Not SCLC patient population
Not SCLC patient population, not clinical trial

Not SCLC patient population, not clinical
trial, only included patients with brain metastasis

Not SCLC patient population
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Supplemental Table 1 | Continued

Search Term
Topotecan and CAV

Topotecan and SCLC phase Il

Database
PubMed

PubMed

Number of
Items
Identified

22

42

Number of
Items
Included

1

Reasons for Exclusion

Not clinical trial, did not compare with
CAV, did not involve topotecan

Not clinical trial, not phase Il trial, not

second or subsequent line therapy, only

included brain metastasis, only included
poor performance status patients

Abbreviations: ASCO = American Society of Clinical Oncology; CAV = cyclophosphamide + doxorubicin + vincristine; IASLC = International Association for the Study of Lung Cancer; N/A = not

applicable; SCLC = small-cell lung cancer; TMB = tumor mutational burden.
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