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Abstract: Small cell lung cancer (SCLC) is a particularly lethal subtype of lung cancer whose treatment 
landscape has been relatively devoid of advance. The recent integration of immunotherapy in the first-
line treatment of SCLC has improved overall survival (OS), prompting the first major paradigm shift for 
this disease in decades. Despite this improvement in outcomes, most patients with SCLC will relapse after 
initial response. Standard salvage systemic therapy for SCLC remains disappointing, with few approved 
agents and consistently poor outcomes. The need for novel agents to combat this disease remains pressing. 
Fortunately, there are several agents in various stages of development that hold potential as novel treatments 
for advanced SCLC. Lurbinectedin, which targets active transcription, has shown activity in platinum-
sensitive and platinum-resistant SCLC as monotherapy and in combination with doxorubicin. Aurora A 
kinase (AAK) inhibitors showed initial activity when given with paclitaxel but in randomized studies, failed 
to improve outcomes over paclitaxel plus placebo. However, in the subset of patients with MYC expression, 
targeting AAK was effective. Similarly, agents targeting poly-ADP ribose (PARP) pair well with other 
DNA damaging drugs but in the subset of patients whose tumors express Schlafen-11 (SLFN-11), efficacy 
appeared greater. CDK 4/6 inhibition is being explored, primarily as a means to protect myeloid cells during 
cytotoxic chemotherapy in a strategy expected to be uniquely effective in SCLC. Ongoing trials are also 
studying are novel formulations of established cytotoxic agents. Delta-like protein 3 (DLL3) is an appealing 
therapeutic target given its selective expression on SCLC cells, but after initial exciting results, the antibody-
drug conjugate (ADC) Rovalpituzumab tesirine (Rova-T) did not have a favorable efficacy to toxicity profile 
in randomized trials. Other agents targeting DLL3 are under study. Targeting angiogenesis has yielded 
modest improvements in the past but newer agents such as anlotinib are renewing interest. While the 
current therapeutic landscape beyond chemo-immunotherapy remains the same as it was decades ago, drug 
development for SCLC is rapidly moving forward and promises to deliver the needed novel agents in the 
very near future.
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Introduction
 

Smal l  ce l l  lung  cancer  (SCLC) i s  an  aggress ive 
neuroendocrine malignancy with a high proliferative 
index that accounts for just under 15% of new lung 
cancer diagnoses (1). While less common than non-small 
cell lung cancer (NSCLC), SCLC is disproportionately 
lethal. The majority of patients with SCLC present with 
advanced disease where systemic therapy is the primary 
treatment modality. The historic standard of platinum-
doublet chemotherapy provides consistently high response 
rates (RR), but while initially responsive to numerous 
cytotoxic agents or radiotherapy, SCLC is characterized 
by a rapid and near-inevitable relapse (2). The addition of 
immunotherapy to first-line chemotherapy has provided 
a long-awaited improvement in SCLC outcomes. Two 
randomized phase III trials have demonstrated that the 
addition of an anti-PD-L1 antibody to platinum doublet 
chemotherapy (atezolizumab in IMpower 133 and 
durvalumab in CASPIAN) significantly improves both 
progression free survival (PFS) and overall survival (OS), 
establishing new standards of care (3,4). 

While there is a clear survival benefit seen with early 
integration of immunotherapy, most patients with SCLC 
will relapse. Active salvage therapy is an ever-relevant 
clinical need, particularly in light of the suboptimal 
outcomes with standard treatment. The only second-line 
agent currently approved by the US FDA is topotecan. 
Topotecan, though, has limited efficacy, with a RR of 24% 
and a survival of about 6 months. These modest outcomes 
are accompanied by notable toxicity including relatively 
high rates of grade 3–4 thrombocytopenia (10%), grade 
3–4 anemia (18%) and grade 4 neutropenia (38%) (5). 
Despite the need for novel therapeutics, there has been 
a striking lack of new approved agents for the treatment 
of relapsed SCLC. There are many challenges to drug 
development in SCLC including the rapid clinical course 
of the disease, the comorbidities that accompany this 
smoking-related malignancy, and poor access to adequate 
tissue samples for analysis to guide rational drug design. 
Unlike NSCLC, targeted therapy has had no impact on 
the treatment of SCLC. While the typical SCLC genome 
harbors many genomic aberrations, there is a notable 
absence of actionable alterations in protein kinases, the likes 
of which have transformed the therapeutic landscape of 
NSCLC. Rather, SCLC is characterized by loss-of-function 
alterations in tumor suppressor genes TP53 and RB1; the 
multitude of mutations seen in the SCLC genome have not 

yielded viable drug targets to date (6). 
The current therapeutic landscape for relapsed SCLC is 

bleak. Fortunately, a greater understanding of the biology 
of SCLC and the underlying heterogeneity of the disease 
have provided promising inroads in establishing novel 
therapeutic strategies. 

Lurbinectedin

One of the agents relatively far in development is 
lurbinectedin, an RNA polymerase II inhibitor that 
targets active transcription. Lurbinectedin can have a 
direct cytotoxic effect, inducing apoptosis in constitutively 
active tumor cells, but it may also impact the tumor 
microenvironment but targeting tumor associated 
macrophages (7). A phase I study determined safe dosing 
schedules for lurbinectedin monotherapy of 4 mg/m2 or, 
because clearance was independent of body surface area, 
a flat dose of 7 mg intravenously (IV) every 3 weeks (8). 
Another phase I combination study, based on preclinical 
synergy, established tolerability of lurbinectedin 4 mg (flat 
dose) with doxorubicin (50 mg/m2) in 21-day cycles (9).  
This combination was studied in 12 patients with platinum-
sensitive relapsed SCLC (defined as a platinum-free 
interval of at least 90 days) who had received only one 
prior line of therapy and showed promise. Lurbinectedin 
plus doxorubicin offered RR of 92% with a median PFS of 
5.8 months. In 9 patients with platinum-resistant relapsed 
SCLC (platinum-free interval under 90 days) who had 
received only one prior line of therapy, there was still 
activity, with a RR of 33% and a median PFS of 3.5 months. 
Toxicities were primarily hematologic in nature, with high 
rates of grade 3–4 neutropenia (95%), leukopenia (79%), 
anemia (47%) and thrombocytopenia (26%). 

A phase II basket study explored the activity of 
lurbinectedin 3.2 mg/m2 monotherapy (given every 21 days) 
in various solid tumors, including a 105-patient cohort 
with relapsed SCLC that had received one prior line of  
therapy (10). This study confirmed activity with an 
investigator-assessed RR of 35.2% and a median duration 
of response (DOR) of 5.3 months. The median OS was 
9.3 months. In 60 patients with platinum-sensitive relapse 
(platinum-free interval of at least 90 days), the RR was 45% 
with a DOR of 6.2 months. In patients with platinum-
resistant SCLC (platinum-free interval shorter than 90 days), 
there was still activity; the RR was 22.2% with a DOR of 
4.7 months. Grade 3–4 adverse events were again primarily 
hematologic: grade 3–4 neutropenia was observed in 46.5% 
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of patients. ATLANTIS is a randomized phase III trial of 
lurbinectedin 2 mg/m2 (capped at 4 mg) plus doxorubicin 
40 mg/m2 every 3 weeks versus standard chemotherapy 
(topotecan or cyclophosphamide plus doxorubicin plus 
vincristine) in patients with relapsed SCLC (11). The dosing 
schedule was modified from the previous phase Ib study to 
limit myelosuppression in a less selective, previously treated 
patient population. Results from ATLANTIS are pending.

Bcl-2 Inhibition

Bcl-2 is an inhibitor of apoptosis often overexpressed in 
SCLC and another appealing therapeutic target (12). The 
small molecule Bcl-2 inhibitor navitoclax was explored in a 
single-arm, phase I/II study that included 39 patients with 
relapsed SCLC (13). Patients received navitoclax 150 mg  
daily for 7 days followed by 325 mg daily thereafter in  
21-day cycles. Only one patient achieved a response (RR 
2.6%) with 23% of patients achieving stable disease. The 
median PFS was 1.5 months and median OS was 3.2 months. 
The most common adverse event was thrombocytopenia, 
with any grade noted in 62% of patients and 41% of patients 
experiencing grade 3–4 thrombocytopenia, though bleeding 
complications were not observed. 

With limited monotherapy efficacy, combinations are 
being explored. Preclinical models noted downregulation 
of HIF-1a gene sets in response to Bcl-2 inhibition (14). 
Rapamycin, an mTOR inhibitor, regulates the HIF-1a 
pathway and preclinically, when combined with a Bcl-2 
inhibitor, prevented resistance and was highly synergistic in 
SCLC models. An ongoing clinical trial of navitoclax and 
vistusertib is exploring this synergistic relationship (NCT 
03366103). 

Aurora A kinase (AAK) inhibition

AAK is a regulator of mitosis that is overexpressed in 
SCLC (15). AAK binds directly with c-MYC, a transcription 
factor amplified and overexpressed in 18–31% of SCLC 
samples (16). Disruption of the AAK and c-MYC complex 
with AAK inhibitors induces apoptosis and represents 
an appealing therapeutic strategy. Alisertib is an orally 
bioavailable AAK inhibitor with observed clinical activity 
in SCLC. A 5-arm phase II trial of alisertib in various 
malignancies included 60 patients with relapsed SCLC, 
48 of whom were evaluable for response (17). Alisertib 
was given orally at a dose of 50 mg twice daily for 7 out of 
every 21 days. The RR in the SCLC cohort was 21% with a 

median DOR of 4.1 months and a median PFS of 2.1 months. 
There were 36 patients with platinum-sensitive relapsed 
SCLC (with a platinum-free interval of at least 90 days) and 
12 patients with platinum-resistant relapse. In the platinum-
sensitive group, RR was 19%, DOR was 3.1 months and 
median PFS was 2.6 months. In the platinum-refractory group, 
RR was 25%, DOR was 4.3 months and median PFS was  
1.7 months. Drug-related adverse events were largely 
hematologic and in the SCLC cohort, included a 37% 
incidence of grade 3–4 neutropenia, 12% grade 3–4 anemia, 
8% grade 3–4 thrombocytopenia and 5% grade 3–4 fatigue.

A subsequent phase II trial randomized 178 patients with 
relapsed SCLC to paclitaxel plus alisertib or placebo (18). 
The dosing of alisertib was adjusted in light of overlapping 
toxicities with paclitaxel chemotherapy. Alisertib was 
administered orally at 40 mg twice daily on days 1–3, 
8–10 and 15–17 in 3-week cycles with paclitaxel 60 mg/m2 
given IV weekly on days 1, 8 and 15. In the placebo arm, 
paclitaxel was given at a dose of 80 mg/m2 on the same 
schedule. In the intention-to-treat population, alisertib 
did not significantly improve outcomes over placebo. The 
median PFS in the alisertib/paclitaxel arm was 3.32 months 
compared to 2.17 months with placebo/paclitaxel (P=0.113). 
In patients with platinum-sensitive relapse (using a 90-day  
platinum-free interval threshold), the median PFS was 
3.72 months with alisertib and 3.34 months with placebo 
(P=0.590) whereas in patients with resistant relapse, the 
median PFS was 2.86 months with alisertib and 1.68 months 
with placebo (P=0.037). There was no survival advantage 
observed with alisertib. Median OS was 6.86 months with 
alisertib versus 5.58 months with placebo (HR 0.93; 95% 
CI: 0.652–1.341, P=0.714). RR was similar between alisertib 
and placebo (22% versus 18%) as was DOR (3.16 and  
2.79 months, respectively). 

Exploratory biomarker analyses from this study 
identified an important potential path forward for use of 
AAK inhibitors in relapsed SCLC. Because this strategy 
targets the MYC-AAK complex, expression of c-MYC is 
a potential predictive marker for AAK inhibition. In the 
randomized trial of paclitaxel plus placebo versus paclitaxel 
plus alisertib, c-MYC expression by immunohistochemistry 
was performed on tissue samples from 46 patients; 33 of 
these (72%) were positive while 13 (28%) were negative. 
In patients with c-MYC positive SCLC, outcomes did 
favor alisertib over placebo: median PFS was 4.64 months 
with alisertib and paclitaxel compared to 2.27 months with 
placebo and paclitaxel (HR 0.29; 95% CI: 0.12–0.72). In 
tumors that did not express c-MYC, outcomes favored the 
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placebo arm (with the higher dose of paclitaxel): median 
PFS was 3.32 months with alisertib plus paclitaxel versus 
5.16 months with placebo plus paclitaxel (HR 11.8; 95% CI: 
1.52–91.2). Drug development in relapsed SCLC will need 
to incorporate the use of rational biomarkers and MYC 
expression represents a potentially powerful tool to guide 
use of AAK inhibition going forward. Additional predictors 
are being explored including phosphorylation of Rb (19). 
Loss of phosphorylated RB led to a hyperdependence on 
Aurora kinase in animal models, supporting its study as a 
potential predictor, though given the high prevalence of Rb 
loss in SCLC, its potential clinical role is unclear.

Poly-ADP ribose (PARP) inhibition

PARP enzymes are responsible for detection and base-
excision repair of single-strand DNA breaks, and given 
their high expression in SCLC, PARP has been a target 
of interest for drug development (20). Talazoparib was 
evaluated in a phase I trial with a 23-patient expansion 
part for patients with relapsed SCLC (21). Patients 
received talazoparib 1.0 mg daily but only 2 patients (9%) 
achieved a partial response. The median PFS was 11.1 
weeks. Development then moved beyond PARP inhibitor 
monotherapy.

Rat iona l  s t r a teg ie s  sought  to  combine  PARP 
inhibitors with DNA-damaging agents, namely, cytotoxic 
chemotherapy. The addition of the PARP inhibitor 
veliparib, however, did not improve outcomes when added 
to first-line chemotherapy. A phase I trial established 
tolerability of the combination in 9 patients with SCLC (22). 
Based on this experience, in the phase II ECOG-ACRIN 
2511 trial, 128 patients with treatment-naïve, advanced 
SCLC were treated with four 21-day cycles of cisplatin 
75 mg/m2 (day 1) plus etoposide 100 mg/m2 (days 1–3) 
and were randomized 1:1 to receive concurrent veliparib 
100 mg or placebo orally twice daily (days 1–7) (23).  
PFS, the primary endpoint, was similar between the 
veliparib arm (median 6.1 months) and the placebo arm 
(median 5.5 months). Median OS was 10.3 months with 
veliparib plus chemotherapy and 8.9 months with placebo 
plus chemotherapy (P=0.17). There was no difference in RR 
(71.9% for veliparib, 65.6% for placebo; P=0.29) but the 
addition of veliparib compared to placebo did increase the 
rate of some toxicities, including grade 3 lymphopenia (8% 
versus 0%) and grade 3–4 neutropenia (49% versus 32%).

In patients with previously treated SCLC, other PARP 
combinations showed promise. A phase II trial explored 

the oral alkylating agent temozolomide given with either 
veliparib 40 mg twice daily or placebo (24). In 104 patients, 
responses were more frequent with the addition of veliparib 
(RR 39% versus 14%, P=0.16). However, this did not 
translate into a difference in 4-month PFS rate (36% with 
veliparib, 27% with placebo, P=0.19) or median OS (8.2 
versus 7.0 months). Veliparib did increase toxicity including 
higher rates of grade 3–4 thrombocytopenia (50% versus 
9%) and grade 3–4 neutropenia (31% versus 7%) when 
compared to the temozolomide with placebo. Comparable 
outcomes were seen in a single arm phase I/II study of the 
PARP inhibitor olaparib plus temozolomide (25). The phase 
I portion established a schedule of temozolomide 75 mg/m2  
daily with olaparib 200 mg orally twice daily, both given 
on days 1–7 in 21-day cycles. In 48 evaluable patients with 
previously treated SCLC, the RR was 41.7% with a median 
PFS of 4.2 months and a median OS of 8.5 months. Among 
the 34 patients with platinum-sensitive relapse (using a  
90-day threshold), the RR was 47.1% compared to 28.6% 
in the 14 patients with platinum-resistant relapse. Median 
PFS and median OS were 4.5 and 9.4 months for sensitive 
relapse and 2.9 and 7.4 months for resistant relapse. 
There was not a statistically significant difference between 
platinum-sensitive and platinum-resistant patients in PFS 
(HR 0.76, P=0.400) or OS (HR 1.05, P=0.898), though 
the sample sizes were limited. There seems to be activity 
with PARP inhibitor combinations featuring cytotoxic 
chemotherapy, but they have an unclear role at this time. 
It is likely that a subset of patients is deriving most of the 
benefit and efforts to enrich study populations may provide 
stronger signals. 

A promising predictive biomarker for PARP inhibitors 
in SCLC is expression of Schlafen-11 (SLFN-11), which 
mediates response to DNA damage and replication stress. 
SLFN-11 expression by immunohistochemistry was 
correlated with outcomes in the randomized phase II study 
of temozolomide plus veliparib versus temozolomide plus 
placebo (Table 1) (24). In this trial, the addition of veliparib 
to temozolomide improved outcomes in the SLFN-11-
positive subset. In patients receiving temozolomide and 
veliparib, outcomes were superior in SLFN-11-positive 
cases compared to SLFN-11 negative, with longer median 
PFS (5.7 versus 3.6 months, P=0.009) and median OS 
(12.2 versus 7.5 months, P=0.014). In patients receiving 
temozolomide plus placebo, there was no difference in 
median PFS (P=0.162) or OS (P=0.634) on the basis of 
SLFN-11 expression. Prospective studies in patients with 
SLFN-11-positive SCLC are underway and in development. 
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In addition, exploratory analysis of the outcomes by SLFN-
11 expression in the phase II ECOG-ACRIN 2511 trial of 
cisplatin, etoposide and veliparib are ongoing and could 
influence any potential role for this triplet in the future.

An intriguing role for PARP inhibitors in the treatment 
of SCLC is as an immunomodulator. Preclinical studies 
demonstrate an upregulation of PD-L1 expression in 
response to olaparib and enhancement of both T-cell 
infiltration and tumor regression (26). This appears to be 
mediated by the STING innate immune pathway. This 
effect has yet to be validated clinically; in a phase II study 
of olaparib and the PD-L1 inhibitor durvalumab, responses 
were noted in only 10.5% of patients (27).

Cyclin dependent kinase 4/6 (CDK 4/6)

Inhibition of CDK 4/6 prevents phosphorylation of Rb and 
leads to an arrest in the cell cycle at G1. This has been an 
effective therapeutic strategy in some malignancies, such 
as breast cancer, where CDK 4/6 inhibitors are effective 
and approved treatments. They may play a different role 
in the treatment of SCLC. One of the characteristic 
genomic findings of SCLC is loss of Rb (6); thus, CDK 
4/6 inhibitors would be expected to have minimal impact 
on the cell cycle of SCLC cells. Trilaciclib was studied 
in patients with SCLC, but not as an anti-tumor agent, 
rather as a myeloprotective agent. When administered 
with cytotoxic chemotherapy, trilaciclib could induce G1 
cell cycle arrest in host hematopoietic stem and progenitor 
cells, with relatively little impact on the anti-tumor effect 
of chemotherapy. Several trials explored the benefit of 
adding trilaciclib to chemotherapy as a means to reduce the 
myelosuppressive effects. Three separate phase II studies 
explored this strategy in SCLC: trilaciclib with first-line 
carboplatin plus etoposide (G1T28-02), trilaciclib with first-
line carboplatin plus etoposide with atezolizumab (G1T28-
05), and trilaciclib with second-line topotecan (G1T28-03) 
(28-30). All of these studies met their primary endpoints 

for significant reductions in the incidence and duration of 
neutropenia. As expected, the efficacy of chemotherapy did 
not appear to be impaired and patient reported outcomes 
were improved with the addition of trilaciclib. Preclinical 
studies have also analyzed the effect of CDK 4/6 inhibition 
on immune cell function (31). After short term exposure 
to CDK 4/6 inhibition, T cell proliferation was decreased 
but effector T cell activation and tumor infiltration were 
enhanced. 

Novel formulations of chemotherapy

Many cytotoxic agents have demonstrated limited efficacy 
in relapsed SCLC, but their use can be limited by toxicity. 
Newer formulations of traditional cytotoxic agents have 
renewed interest in chemotherapy-based approaches. For 
example, nano-particle albumin bound (nab)-paclitaxel 
has emerged as a well-tolerated and efficacious agent 
for the treatment of breast cancer, pancreatic cancer and 
NSCLC (32). The single-arm phase II NABSTER trial 
studied the efficacy of nab-paclitaxel in 68 patients with 
relapsed SCLC (33). Using a 60-day platinum-free interval 
to define platinum sensitivity, 43 patients had platinum-
sensitive relapse and 25 patients had platinum-refractory 
relapse. Patients received nab-paclitaxel monotherapy 
weekly on days 1, 8 and 15 in 28-day cycles. Treatment was 
well tolerated; the only grade 3–4 toxicity observed was 
neutropenia (9%). Reports of efficacy are pending. 

A nanoliposomal formulation of irinotecan was developed 
to minimize serum exposure and allow for delivery through 
leaky tumor vasculature where macrophages activate 
the drug (34). Preclinical models suggest high SLFN-
11 expression may help predict efficacy of nanoliposomal 
irinotecan (nal-IRI). When given intravenously 70 mg/m2  
every 2 weeks, nal-IRI, early efficacy suggested a RR in 
33.3% of patients (4 out of 12), though more complete data 
are still pending (35). 

For patients with platinum-sensitive relapse, retreatment 

Table 1 OS and PFS (both measured in months) with TMZ and either veliparib or placebo in the overall study population and by presence or 
absence of SLFN-11 expression by immunohistochemistry (20) 

Outcome
Overall SLFN-11 positive SLFN-11 negative

TMZ + veliparib TMZ + placebo TMZ + veliparib TMZ + placebo TMZ + veliparib TMZ + placebo

PFS 3.8 2.0 5.7 1.8 3.6 3.6

OS 8.2 7.0 12.2 9.4 7.5 7.7

OS, overall survival; PFS, progression free survival; TMZ, temozolomide; SLFN-11, Schlafen-11. 
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with platinum plus etoposide has been an effective treatment 
option (36). Novel strategies to re-sensitize SCLC tumors 
to platinum-based chemotherapy are emerging. RRx-001 
is a dinitroazetidine derivative that lists among its effects 
epigenetic modulation and induction of the M1 macrophage 
phenotype (37). A single-arm phase II explored treatment 
with RRx-001 followed by re-challenge with platinum 
plus etoposide in patients with relapsed SCLC. The trial 
enrolled 26 patients, 19 of whom (73.1%) had platinum-
resistant relapse. The RR to RRx-001 was 3.8% (1 patient) 
and the RR to the subsequent platinum plus etoposide was 
26.9% including one complete response. The median OS 
was 8.6 months with a 12-month OS rate of 44.1%. In the 
subset of patients with platinum-resistant disease treated 
in the third-line setting or later (n=14), the RR was 21.4% 
with a median PFS of 5.8 months and a median OS of 8.6 
months. RRx-001 was well tolerated with the most common 
treatment emergent adverse events being infusion site 
reaction (23%), decreased appetite (15.3%) and headache 
(11.5%). 

Delta-like protein 3 (DLL3)

Another promising target for drug development in SCLC 
is DLL3. DLL3 is a member of the NOTCH receptor 
ligand family that inhibits NOTCH activation. DLL3 is 
expressed in about 80% of SCLC specimens with low rates 
of expression in normal adult tissue (38). Rovalpituzumab 
tesirine (Rova-T) is an antibody-drug conjugate (ADC) that 
links a DLL3 specific IgG1 monoclonal antibody with a 
potent DNA cross-linking agent. A phase I study of Rova-T 
in patients with relapsed SCLC showed initial promise. 
Given intravenously at a dose of 0.3 mg/kg every 6 weeks, 
the initial reported RR was 18% with a median DOR of 
5.6 months. Median PFS was 3.1 months and median OS 
was 4.6 months. Grade 3 or higher toxicities included 
thrombocytopenia (11%), pleural effusion (8%) and lipase 
elevation (7%). 

While initial activity was encouraging, the subsequent 
randomized trials of Rova-T failed to establish a role for 
Rova-T in the treatment of SCLC. TRINITY was a single-
arm phase II study of third-line (and beyond) Rova-T in 
339 patients with SCLC positive for DLL3 expression by 
immunohistochemistry (39). Rova-T offered a modest RR 
of 12.4% and a median OS of 5.6 months. Toxicity was 
significant, as grade 3–5 treatment emergent adverse events 
were seen in 63% of patients; grade 5 events occurred in 
10% of patients. Drug-related serious treatment emergent 

adverse events were reported in 30% of patients. TAHOE 
and MERU were both randomized phase III trials of 
Rova-T in the second line and maintenance settings, 
respectively (40). Both studies were terminated early for 
failure to meet interim primary PFS and OS endpoints. 
Limited activity with higher than expected rates of toxicity 
have led to the discontinuation of Rova-T development.

Rova-T is no longer under development, but DLL3 
remains an appealing target. Other molecules are being 
developed to exploit the selective expression of DLL3 
on SCLC tumor cells. AMG 757 is a rationally designed, 
bispecific T cell engager (BiTE®) designed to target and 
crosslink DLL3 on SCLC cells with CD3-positive T cells, 
facilitating T cell-mediated tumor lysis (41). Preclinical 
studies demonstrate effective induction of cell death in 
DLL3-expressing cancer cells with growth inhibition in 
SCLC xenograft models (42,43). A phase I trial of AMG 
757 in patients with relapsed SCLC is underway. AMG 119 
employs an alternate strategy whereby autologous T cells 
are genetically modified ex vivo to express transmembrane 
chimeric antigen receptor targeting DLL3 (44). Preclinical 
data show high potency and specificity for tumor cells 
expressing DLL3; this agent is also in phase I investigation 
in patients with relapsed SCLC. 

Fibroblast growth factor receptor (FGFR)

FGFR1 amplifications have been observed infrequently 
in SCLC specimens (6). Exploration of FGFR1 as a 
therapeutic target in SCLC has been limited, in part due to 
challenges with rapid next-generation sequencing (NGS) of 
typically scant SCLC specimens relative to the aggressive 
disease course. One report, though, showed efficacy of 
this strategy. A patient treated with platinum doublet 
chemotherapy followed by second line topotecan was found 
to have FGFR1 amplification after plasma-based NGS (45). 
Pazopanib is a commercially available multi-kinase inhibitor 
with activity at FGFR1. She received pazopanib 800 mg 
orally once daily off-label and achieved a partial response 
after 2 months, continuing therapy for 12 months overall. 

Angiogenesis

Agents targeting angiogenesis have been studied in SCLC 
with mixed results. Vascular endothelial growth factor 
(VEGF) plays a central role in angiogenesis and high 
VEGF levels are a poor prognostic factor in SCLC (46). 
Bevacizumab is a monoclonal antibody targeting VEGF. 
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The addition of bevacizumab to chemotherapy did improve 
PFS but did not have an impact on OS (47). Sunitinib is 
a multi-kinase tyrosine kinase inhibitor that also targets 
VEGF. Use of sunitinib as maintenance therapy after 
chemotherapy had a similar impact: longer PFS but no 
improvement in OS (48).

Anlotinib is another multi-kinase inhibitor with activity 
at VEGF receptors 2 and 3 as well as other potentially 
relevant receptors such as FGFR 1–4, platelet-derived 
growth factors α and β, and stem cell-factor receptor 
(c-kit) (49). ALTER 1202 was a double-blind, randomized 
phase II trial that included 120 patients with SCLC who 
had received 2 prior lines of chemotherapy (50). Patients 
were randomized 2:1 to receive anlotinib 12 mg orally or 
placebo once daily for 14 days in 21-day cycles. Anlotinib 
improved median PFS to 4.1 months from 0.7 months with 
placebo (HR 0.19; 95% CI: 0.12–0.32). There was also an 
improvement in OS. Median survival in the 82 patients 
treated with anlotinib was 7.3 months and in the 38 patients 
receiving placebo, median OS was 4.9 months (HR 0.53; 
95% CI: 0.3–0.8, P=0.0029). The 1-year survival rate was 
30.6% compared to 13.1% in the control arm. 

Conclusions

Drug development in SCLC has been remarkably 
challenging, in part due to its aggressive biology, typical 
patient characteristics and numerous practical challenges. 
The lack of new drug approvals does not reflect the lack 
of interest; dozens of trials have simply failed to improve 
outcomes. Immunotherapy has provided a brief respite 
from the long drought of new approvals, changing the 
paradigm initially in the third-line setting and ultimately in 
the first-line setting. For patients who relapse after chemo-
immunotherapy, standard therapy remains starkly limited. 
There is reason for optimism, though, as several agents 
have shown promise and will likely impact this disease 
in the relatively near future. The likely path forward for 
drug development in SCLC will be contingent on the 
development of rational and reliable predictive biomarkers. 
While NGS may occasionally yield viable therapeutic 
targets, alternative testing strategies will be needed. 

There is a growing appreciation that SCLC, while 
histologically uniform, is an incredibly heterogeneous 
disease. There are distinct molecular subtypes of SCLC 
classified on the basis of expression of transcriptional 
regulators (51). Delivery of specific agents to patients with 
specific subtypes of SCLC is likely to yield superior results. 

Using expression of SLFN-11 or MYC, as outlined above, 
is a better path forward than empiric drug exploration in 
an unselected population, which has been the standard 
strategy for decades. Obtaining adequate tissue specimens 
for analysis has historically been challenging in SCLC but 
the only rational drug development strategy in SCLC will 
require rational subclassification. Once achieved, many 
of the agents that have failed in SCLC may need to be 
revisited as the failure may not have been with the drug, but 
rather the patient population studied. With trials such as 
this already planned, there will likely be significant gains in 
this setting in the years to come.
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