
© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(Suppl 4):S308-S311tlcr.amegroups.com

Small cell lung cancer (SCLC) is a devastating disease 
with rapid progression and limited treatment options (1). 
Topotecan is the only Food and Drug Administration (FDA) 
approved treatment option for recurrent or progressive 
SCLC, but has a median time to progression of less than 
four months (2). More effective therapies are urgently 
needed. Alkylating agents have shown single-agent efficacy 
in SCLC (3), and a recent phase II clinical trial demonstrated 
that temozolomide (TMZ), a non-classic oral alkylating 
agent, had activity in relapsed SCLC [overall response 
rate (ORR) 20%], particularly for brain metastasis (4).  
However, the median progression-free survival (PFS) time 
of TMZ was still only 3.5 months. 

Poly (ADP-ribose) polymerase (PARP)-dependent base 
excision repair is a well-defined mechanism of resistance 
to TMZ (5). Adding veliparib, an inhibitor of PARP-
1 and PARP-2, to TMZ can overcome TMZ resistance 
in preclinical models (6). A proteomic profiling study 
discovered elevated expression level of PARP-1 in SCLC 
(7). Additionally, aberrant expression of several genes 
associated with DNA damage response is observed in SCLC 
(8). Hence, PARP inhibitors are attractive candidates for 
targeting DNA damage response pathways in SCLC (9). 

Pietanza et al. have conducted a multicenter, randomized, 
double-blind, phase II study (ClinicalTrials.gov identifier: 
NCT01638546) to test the hypothesis that adding veliparib 
to TMZ may overcome resistance and improve outcome in 
patients with relapsed SCLC (10). A total of 104 patients with 
recurrent SCLC were enrolled and randomly assigned 1:1 
to receive oral veliparib (40 mg twice daily, from day 1 to 7)  

or placebo with TMZ (150 to 200 mg/m2/day, day 1 to 5 
of a 28-day cycle) as second- or third-line therapy until 
disease progression, unacceptable toxicity, or withdrawal 
of consent. Response to treatment was determined by 
imaging at weeks 4 and 8, and every 8 weeks thereafter. 
The primary endpoint was 4-month PFS. Although TMZ/
veliparib showed a higher ORR (39% vs. 14%; P=0.016), 
4-month PFS and overall survival (OS) was not significantly 
different between the two groups: 36% versus 27% (P=0.19), 
and 8.2 versus 7.0 months (P=0.50), respectively. The 
combination of TMZ with veliparib was associated with a 
higher incidence of neutropenia and thrombocytopenia. 
These observations are similar to the experience of combining 
PARP inhibitors with cytotoxic chemotherapies (11). A 
reduction in the dose of TMZ from 200 to 150 mg/m2/day  
resulted in a significant reduction in the incidence of 
hematological toxicities. The investigators concluded that 
more frequent myelosuppression, treatment delays, dose 
reduction and a higher ratio of patients with platinum-
resistance in the TMZ/veliparib group may have contributed 
to the discordance between higher ORR and no improvement 
in survival. Although the primary endpoint was not achieved, 
subgroup analysis showed that patients with Schlafen-11 
(SLFN11) expression, an exploratory endpoint of this clinical 
trial, had a significantly better PFS (5.7 vs. 3.6 months; 
P=0.009) and OS (12.2 vs. 7.5 months; P=0.014) with TMZ/
veliparib treatment. 

SLFN11 is a putative DNA/RNA helicase belonging 
to the Schlafen family of proteins which cause cell cycle 
arrest (from the German word Schlafen: “to sleep”) (12). 
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It functions as a cell cycle checkpoint and induces lethal 
S-phase arrest in response to DNA damage (13). Two 
groups independently discovered that SLFN 11 expression 
predicts sensitivity to DNA damaging agents (DDA) based 
on screening of the Cancer Cell Line Encyclopedia (CCLE) 
(14) and the National Cancer Institute Antitumor Cell Line 
Panel (the NCI-60) (15). Preclinical studies also confirm 
that SLFN11 expression can predict sensitivity to PARP 
inhibitors by trapping PARP1 and PARP2 at DNA single-
strand breaks (“PARP trapping”) (16,17). Patient-derived 
xenograft (PDX) models have demonstrated that SLFN11 
expression measured by immunohistochemistry (IHC) 
correlates with treatment responses to PARP inhibitors in 
SCLC (17). 

Pietanza and colleagues amended their study to 
investigate if SLFN11 expression was predictive of clinical 
benefit from TMZ/veliparib and showed that SLFN11 is a 
predictive biomarker for both PFS and OS in SCLC patients 
receiving PARP inhibitors and TMZ (10). Interestingly, 
there was a trend to improved OS calculated from initial 
diagnosis in SLFN11-overexpressing SCLCs, which raises 
the question whether SLFN11 overexpression identifies 
SCLC patients destined to do better regardless of the type 
of DDAs administered rather than identifying a subset of 
SCLC patients who might derive greater benefit from PARP 
inhibitors in combination with DDAs. Nevertheless, the 
results reported by Pietanza and colleagues warrants further 
investigation in a prospective study that stratifies SCLC 
patients to receive PARP inhibitors and TMZ based on their 
SLFN11 expression level. 

Although associated with a strong biological rationale, 
the addition of veliparib to TMZ does not improve survival 
in an unselected group of SCLC patients and comes at 
a price in terms of toxicity. Therefore, it is important to 
identify variables associated with the combination which 
can be optimized to maximize clinical benefit. SLFN11 
overexpression is one such variable as mentioned above. 

The choice of PARP inhibitor and continuous drug 
dosing by minimizing dose interruptions can also 
potentially influence clinical activity (18). The most potent 
PARP inhibitors generally demonstrate the strongest 
DNA binding. Talazoparib is one of the most potent 
PARP inhibitors with greater PARP trapping potency than 
veliparib and a strong correlation of cytotoxic potential with 
SLFN11 expression (16). To minimize dose interruptions 
caused by hematological toxicities, dose modification of one 
or both members of the combination can be considered. 
Recent preclinical data suggests that lower doses of TMZ 

can be combined with maximum doses of PARP inhibitors 
without compromising clinical activity, while reducing 
dosing interruptions due to hematological toxicities (19). 
These data provide a rationale for combining talazoparib 
with sub-maximal doses of TMZ in future studies of SCLC. 

In addition to SLFN11 expression, attempts are 
underway to develop biomarkers, such as RAD51 and 
γH2AX, that can identify patients most likely to benefit 
from PARP inhibitors (8,18). Gene expression signatures 
have been developed to predict sensitivity to PARP 
inhibitors and identify synergistic drug combinations (20). 
PARP-targeted imaging is a novel approach that permits 
assessment of target engagement in vivo and can help study 
the effects of variations in dose and dosing regimens (21).

Pietanza and colleagues have shown that targeting DNA 
damage pathways with a combination of a PARP inhibitor 
and an alkylating agent can improve clinical outcome and 
survival in patients with SLFN11-expressing SCLCs. Other 
mechanisms to target DNA damage and repair pathways 
also need to be investigated, especially for SLFN11-
deficient tumors. Mitotic inhibitors such as aurora kinase 
and cell cycle checkpoint inhibitors are currently under 
investigation (8). Ataxia telangiectasia mutated (ATM) and 
ATM- and Rad3-related (ATR) kinases exert a regulatory 
effect on DNA damage and repair pathways (22). The ATR 
inhibitor, M6620 is active in combination with topotecan 
in patients with platinum-refractory SCLC and is currently 
under investigation in an ongoing phase II clinical trial 
(NCT02487095) (23). 

Based on the observations of Pietanza and colleagues, 
we propose a rational design for future clinical trials for 
patients with platinum-refractory SCLC (Figure 1). For 
tumors with high SLFN11 expression, a combination of 
an alkylating agent with a PARP inhibitor warrants further 
evaluation. For SLFN11-deficient tumors, other treatment 
options should be explored. Epigenetic modifications 
such as methylation, acetylation and EZH2 mediated 
H3K27me deposition can influence SLFN11 expression. 
Drugs targeting these epigenetic modifiers, such as DNA 
demethylating agents (decitabine), histone deacetylase 
(HDAC) inhibitors (romidepsin, entinostat) and EZH2 
inhibitors (EPZ011989), have been shown to successfully 
reverse SLFN11 deficiency-associated resistance to 
conventional chemotherapy and DDA in preclinical models 
and can be evaluated in clinical trials (24). The HDAC 
inhibitor, belinostat in combination with cisplatin and 
etoposide has shown clinical activity in patients with SCLC 
and neuroendocrine tumors in a phase I clinical trial (25). 
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ATR inhibition has also been shown to overcome resistance 
to PARP inhibitors in SLFN11-deficient tumors, providing a 
rationale for combining ATR inhibitors with PARP inhibitors 
in patients with SLFN11-deficient tumors (16).These 
approaches might also find applicability in other SLFN11-
deficient cancers such as colon cancer and ovarian cancer (13). 
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