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Extensive-stage SCLC (ES-SCLC) is an aggressive cancer
and despite a high overall response rate (ORR) to first-
line platinum-based chemotherapy, responses are un-
fortunately short-lived and the 5-year overall survival
(OS) rate for ES-SCLC remains less than 5%.1 Current
first-line treatment regimens consist of platinum-based
chemotherapy plus atezolizumab or durvalumab when
indicated. Patients with platinum-sensitive disease
(treatment-free interval �3 mo) are usually rechal-
lenged with platinum-based chemotherapy. Patients
with platinum-refractory or resistant disease may
receive second-line chemotherapy with topotecan, VAC
(vincristine, Adriamycin [doxorubicin], and
cyclophosphamide), or lurbinectedin.2 Unfortunately,
second-line chemotherapies have limited efficacy, with
ORRs of 7% to 24% and OS ranging from 3.2 to 8.7
months.3–5 The poor outcomes from second-line
chemotherapies and the lack of durable responses
have led to a search for effective maintenance treat-
ments. Two large meta-analyses evaluating different
strategies have reported a small benefit in OS with high
heterogeneity among the included trials.6,7 It is impor-
tant to point out that most of the randomized controlled
trials did not reveal any significant OS benefit. For this
reason, maintenance therapy has not been recom-
mended after the completion of four to six cycles of
chemotherapy.

More recently, the addition of programmed death-
ligand 1 (PD-L1) inhibitors such as atezolizumab8 or
durvalumab9 to platinum-etoposide chemotherapy
followed by maintenance PD-L1 inhibition has exhibited
longer OS when compared with chemotherapy alone.
These first-line regimens changed the practice for
selected patients with ES-SCLC and have now supported
the role of maintenance immunotherapy. Not all patients
with SCLC will be a candidate for immune checkpoint
blockade, and therefore, the research on maintenance
strategies must continue.

In this issue of the Journal of Thoracic Oncology, Ai
et al.10 reports the findings of the randomized phase 3
Journal of Thoracic Oncology Vol. 16 No. 8: 1236–1238
trial ZL-2306-005, evaluating the safety and efficacy of
niraparib as maintenance treatment for platinum-
sensitive ES-SCLC. The dual primary end points were
progression-free survival (PFS) and OS, and the trial was
terminated early owing to the changing treatment
landscape and the emerging use of immunotherapy in
this setting. As a result, the analysis was performed with
185 out of the planned 591 patients. With the limitation
of this underpowered analysis, there was no improve-
ment in terms of PFS or OS for niraparib over placebo.
The OS analysis suggested that, at the interim time point
analysis, niraparib had a lower OS than placebo;
however, robust conclusions regarding the efficacy
should not be drawn.

Recent years have led to advances in the under-
standing of the pathogenesis of SCLC and potential targets
for treatment. Most of the mutations found in SCLC are
somatic mutations induced by the carcinogens found in
smoking.11 The biology of SCLC is mostly driven by TP53
and Rb1, and these are notably difficult molecular targets.
Platinum chemotherapies crosslink with purine bases in
DNA and cause DNA damage, which triggers apoptosis.
Poly(adenosine diphosphate–ribose) polymerase (PARP)
is a group of enzymes that detect single-stranded DNA
breaks, leading to DNA repair.12 By inhibiting the DNA
repair process, the apoptotic process is initiated. Nir-
aparib is an inhibitor of the PARP 1 and 2 enzymes
licensed for the maintenance treatment of a variety of
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platinum-sensitive gynecologic cancers.13 However, SCLC
has not been proven to express mutations in DNA repair
genes such as BRCA 1 or BRCA2, and these are not pre-
dictive of response to PARP inhibition.14

Rudin et al.15 reported the heterogeneity of the
transcriptomics and cellular structures of SCLC by
describing the changing expression of oncogenes during
the progression of SCLC in human xenograft models.
Simpson et al.16 reviewed mouse and human models of
expression of transcription regulators and proposed key
subtypes of SCLC defined by differing expressions of
defined transcription factors. The SCLC-A subtype was
defined by the expression of the ASCL-1 transcription
factor, which plays a key role in pulmonary tissue
neuroendocrine differentiation.17 The SCLC-A subtype
may respond to a combination of PARP inhibition and
PD-L1 blockade.

Researchers from MD Anderson Cancer Center
confirmed the four SCLC subtypes with differing ex-
pressions of transcription factors ASCL1, NEUROD1, and
POU2F3 or low expression of all three transcription
factors accompanied by a defined gene signature (SCLC-
A, N, P, and I, respectively).18 These groups were initially
identified applying nonnegative matrix factorization to
previously published data from 81 patients with SCLC
with surgically resected tumors. To validate the four
subtypes, they also analyzed data from 276 patients with
SCLC enrolled in the IMpower133 clinical trial. This
study found that each subtype had different tendencies
to respond to checkpoint inhibition or inhibitors of
PARP, Aurora kinases, or BCL-2. Interestingly, SCLC-A
xenografts treated with cisplatin shifted the gene
signature to SCLC-I, suggesting a mechanism of acquired
platinum resistance.

SLFN11 is implicated in regulating DNA damage
responses and replicative stress19 and it may be a
predictive marker of response to DNA-damaging
chemotherapy regimens and PARP inhibitors.20,21 A
randomized phase 2 trial investigating temozolozide in
combination with veliparib or placebo in relapsed
platinum-sensitive or refractory SCLC found no differ-
ence in PFS or OS.22 Exploratory objectives included
PARP-1 and SLFN11 immunohistochemical expression,
MGMT promoter methylation, and circulating tumor cell
quantification. Patients with SLFN11-positive tumors
treated with temozolomide/veliparib had a longer PFS
(5.7 versus 3.6 mo; p ¼ 0.009) and OS (12.2 versus 7.5
mo; p ¼ 0.014), indicating that this could be a potential
predictive biomarker for this strategy. An early phase
trial evaluating temozolomide and olaparib in
previously-treated SCLC reported an ORR of 41.7%.23

There was a correlation between low basal expression
of inflammatory response genes in patient-derived
xenografts and cross-resistance to both temozolomide
and first-line platinum-based doublet chemotherapy.

An ongoing phase 2 trial (NCT04334941)24 is
randomizing patients with SLFN11-positive ES-SCLC to
receive atezolizumab or atezolizumab plus talazoparib as
maintenance therapy. KEYLYNK-013 (NCT04624204)25

is a phase 3 trial, which randomizes patients with
limited-stage SCLC to receive concurrent chemo-
radiotherapy with or without pembrolizumab followed
by maintenance pembrolizumab with or without
olaparib. Notably, patients enrolled in this trial will not
be selected on the basis of any biomarker.

Recent preclinical and translational data suggest that
PARP inhibitors may have a role in the treatment of
SCLC, in particular, as maintenance therapies. Results of
ongoing studies will shed more light on the efficacy
of this strategy and it is hoped that it will help to identify
potential predictive biomarkers for appropriate patient
selection.
References
1. Nicholson AG, Chansky K, Crowley J, et al. The Inter-

national Association for the Study of Lung Cancer Lung
Cancer Staging Project: proposals for the revision of the
clinical and pathologic staging of small cell lung cancer
in the forthcoming eighth edition of the TNM
classification for lung cancer. J Thorac Oncol.
2016;11:300–311.

2. Dingemans AC, Früh M, Ardizzoni A, et al. Small-cell
lung cancer: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-upq. Ann Oncol. 2021;
32:839–853.

3. Owonikoko TK, Behera M, Chen Z, et al. A systematic
analysis of efficacy of second-line chemotherapy in
sensitive and refractory small-cell lung cancer. J Thorac
Oncol. 2012;7:866–872.

4. O’Brien ME, Ciuleanu TE, Tsekov H, et al. Phase III
trial comparing supportive care alone with supportive
care with oral topotecan in patients with relapsed
small-cell lung cancer. J Clin Oncol. 2006;24:
5441–5447.

5. Trigo J, Subbiah V, Besse B, et al. Lurbinectedin as
second-line treatment for patients with small-cell lung
cancer: a single-arm, open-label, phase 2 basket trial
[published correction appears in Lancet Oncol. 2020;21:
e553]. Lancet Oncol. 2020;21:645–654.

6. Rossi A, Di Maio M, Chiodini P, et al. Carboplatin- or
cisplatin-based chemotherapy in first-line treatment
of small-cell lung cancer: the COCIS meta-analysis of
individual patient data. J Clin Oncol. 2012;30:1692–
1698.

7. Bozcuk H, Artac M, Ozdogan M, Savas B. Does mainte-
nance/consolidation chemotherapy have a role in the
management of small cell lung cancer (SCLC)? A meta-
analysis of the published controlled trials. Cancer.
2005;104:2650–2657.

http://refhub.elsevier.com/S1556-0864(21)02111-0/sref1
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref1
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref1
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref1
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref1
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref1
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref1
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref2
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref2
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref2
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref2
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref2
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref3
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref3
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref3
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref3
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref4
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref4
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref4
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref4
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref4
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref5
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref5
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref5
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref5
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref5
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref6
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref6
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref6
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref6
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref6
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref7
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref7
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref7
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref7
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref7


1238 Huddar and Califano Journal of Thoracic Oncology Vol. 16 No. 8
8. Liu SV, Reck M, Mansfield AS, et al. Updated overall
survival and PDL1 subgroup analysis of patients with
extensive-stage small-cell lung cancer treated with
atezolizumab, carboplatin, and etoposide (IMpower133).
J Clin Oncol. 2021;39:619–630.

9. Goldman JW, Dvorkin M, Chen Y, et al. Durvalumab,
with or without tremelimumab, plus platinum-
etoposide versus platinum-etoposide alone in first-
line treatment of extensive-stage small-cell lung can-
cer (CASPIAN): updated results from a randomised,
controlled, openlabel, phase 3 trial. Lancet Oncol.
2021;22:51–65.

10. Ai X, Pan Y, Shi J, et al. Efficacy and safety of niraparib as
maintenance treatment in patients with extensive-stage
small cell lung cancer after first-line chemotherapy: a
randomized, double-blind, phase 3 study. J Thorac
Oncol. 2021;16:1403–1415.

11. Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures
of mutational processes in human cancer [published
correction appears in Nature. 2013;502:258]. Nature.
2013;500:415–421.

12. Satoh MS, Lindahl T. Role of poly(ADP-ribose) formation
in DNA repair. Nature. 1992;356:356–358.

13. Gourley C, Balmaña J, Ledermann JA, et al. Moving
from PARP inhibition to targeting DNA repair and DNA
damage response in cancer therapy. J Clin Oncol.
2019;37:2257–2269.

14. Allison Stewart C, Tong P, Cardnell RJ, et al. Dynamic
variations in epithelial-to-mesenchymal transition
(EMT), ATM, and SLFN11 govern response to PARP
inhibitors and cisplatin in small cell lung cancer.
Oncotarget. 2017;8:28575–28587.

15. Rudin CM, Poirier JT, Byers LA, et al. Molecular sub-
types of small cell lung cancer: a synthesis of human
and mouse model data [published correction appears
in Nat Rev Cancer. 2019;19:415. Nat Rev Cancer.
2019;19:289–297.

16. Simpson KL, Stoney R, Frese KK, et al. A biobank of small
cell lung cancer CDX models elucidates inter- and
intratumoral phenotypic heterogeneity. Nat Cancer.
2020;1:437–451.

17. Borges M, Linnoila RI, van de Velde HJ, et al. An
achaete-scute homologue essential for neuroendocrine
differentiation in the lung. Nature. 1997;386:852–855.

18. Gay CM, Stewart CA, Park EM, et al. Patterns of transcription
factor programs and immune pathway activation define four
major subtypes of SCLC with distinct therapeutic vulnera-
bilities. Cancer Cell. 2021;39:346–360.e7.

19. Murai J, Tang SW, Leo E, et al. SLFN11 blocks stressed
replication forks independently of ATR. Mol Cell.
2018;69:371–384.e6.

20. Polley E, Kunkel M, Evans D, et al. Small cell lung cancer
screen of oncology drugs, investigational agents, and
gene and microRNA expression. J Natl Cancer Inst.
2016;108. djw122.

21. Murai J, Feng Y, Yu GK, et al. Resistance to PARP in-
hibitors by SLFN11 inactivation can be overcome by ATR
inhibition. Oncotarget. 2016;7:76534–76550.

22. Pietanza MC, Waqar SN, Krug LM, et al. Randomized,
double-blind, phase II study of temozolomide in combi-
nation with either veliparib or placebo in patients with
relapsed-sensitive or refractory small-cell lung cancer.
J Clin Oncol. 2018;36:2386–2394.

23. Farago AF, Yeap BY, Stanzione M, et al. Combination
olaparib and temozolomide in relapsed small-cell lung
cancer. Cancer Discov. 2019;9:1372–1387.

24. U.S. National Library of Medicine. Testing mainte-
nance therapy for small cell lung cancer in patients
with SLFN11 positive biomarker. Identifier NCT04334
941. https://clinicaltrials.gov/ct2/show/NCT04334
941. Accessed May 25, 2021.

25. U.S. National Library of Medicine. Placebo-controlled,
study of concurrent chemoradiation therapy with pem-
brolizumab followed by pembrolizumab and olaparib in
newly diagnosed treatment-naïve limited-stage small
cell lung cancer (LS-SCLC) (MK 7339-013/KEYLYNK-013).
Identifier NCT04624204. https://clinicaltrials.gov/ct2/
show/NCT04624204. Accessed May 25, 2021.

http://refhub.elsevier.com/S1556-0864(21)02111-0/sref8
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref8
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref8
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref8
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref8
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref9
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref9
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref9
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref9
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref9
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref9
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref9
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref10
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref10
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref10
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref10
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref10
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref11
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref11
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref11
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref11
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref12
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref12
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref13
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref13
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref13
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref13
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref14
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref14
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref14
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref14
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref14
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref15
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref15
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref15
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref15
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref15
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref16
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref16
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref16
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref16
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref17
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref17
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref17
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref18
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref18
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref18
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref18
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref19
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref19
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref19
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref20
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref20
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref20
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref20
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref21
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref21
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref21
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref22
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref22
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref22
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref22
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref22
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref23
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref23
http://refhub.elsevier.com/S1556-0864(21)02111-0/sref23
https://clinicaltrials.gov/ct2/show/NCT04334941
https://clinicaltrials.gov/ct2/show/NCT04334941
https://clinicaltrials.gov/ct2/show/NCT04624204
https://clinicaltrials.gov/ct2/show/NCT04624204

	Poly(Adenosine Diphosphate–Ribose) Polymerase Inhibition as Maintenance Treatment for SCLC: The Search Must Continue
	References


