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ABSTRACT

The prevalence of small cell lung cancer (SCLC) has declined in
the U.S. as the prevalence of tobacco use has declined. How-
ever, a significant number of people in the U.S. are current or
former smokers and are at risk of developing SCLC. Routine
histological or cytological evaluation can reliably make the diag-
nosis of SCLC, and immunohistochemistry stains (thyroid tran-
scription factor-1, chromogranin, synaptophysin, and CD56) can
be used if there is uncertainty about the diagnosis. Rarely do
patients present with SCLC amendable to surgical resection,
and evaluation requires a meticulous workup for extra-thoracic
metastases and invasive staging of the mediastinum. Resected
patients require adjuvant chemotherapy and/or thoracic radia-
tion therapy (TRT), and prophylactic cranial radiation (PCI)
should be considered depending on the stage. For limited-stage
disease, concurrent platinum-etoposide and TRT followed by

PCI is the standard.Thoracic radiation therapy should be started
early in treatment, and can be given twice daily to 45 Gy or
once daily to 60–70 Gy. For extensive-stage disease, platinum-
etoposide remains the standard first-line therapy, and the
standard second-line therapy is topotecan. Preliminary studies
have demonstrated the activity of immunotherapy, and the
response rate is approximately 10–30% with some durable
responses observed. Rovalpituzumab tesirine, an antibody drug
conjugate, has shown promising activity in patients with high
delta-like protein 3 tumor expression (approximately 70% of
patients with SCLC). The emergence of these and other promis-
ing agents has rekindled interest in drug development in SCLC.
Several ongoing trials are investigating novel agents in the first-
line, maintenance, and second-line settings. The Oncologist
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Implications for Practice: This review will provide an update on the standard therapies for surgically resected limited-stage small
cell lung cancer and extensive-stage small cell lung cancer that have been investigated in recent clinical trials.

INTRODUCTION

In the U.S., lung cancer is the leading cause of cancer mortality
and the second most common cancer diagnosis among both
men and women [1]. Small cell lung cancer (SCLC) accounts for
approximately 10%–15% of new lung cancer cases, and given
the prevalence of lung cancer, this represents a substantial
patient population [2, 3]. Small cell lung cancer is closely associ-
ated with tobacco use, and the prevalence of SCLC has declined
as the rate of tobacco use has declined [4]. However, the preva-
lence of current and former regular use of cigarettes among
adults in the U.S. is 18.1% and 20.1%, respectively [5]. This rep-
resents a large population at risk of developing SCLC in the
future. Most often, the two-stage system is used, in which
limited-stage SCLC (LS-SCLC) is defined as disease confined to a
single, tolerable radiation port, and extensive-stage SCLC (ES-
SCLC) is disease that has extended beyond a single tolerable
port.

DIAGNOSIS

Routine histological and cytological evaluation can reliably
make the diagnosis of SCLC. The characteristics of SCLC include
a high rate of mitoses, monomorphic cells, a high nucleus/cyto-
plasm ratio, and the presence of necrosis. The higher rate of
mitoses distinguishes SCLC from other neuroendocrine tumors
such as atypical or typical carcinoids [6]. Immunohistochemistry
(IHC) can be used when the histologic features are equivocal or
the pathologist wants increased confidence in the diagnosis
[7]. The commonly used IHC stains include thyroid transcription
factor-1 (TTF-1) or neuroendocrine differentiation (chromo-
granin, synaptophysin, CD56). Thyroid transcription factor-1 is
positive in approximately 90% of SCLC, abundant membranous
staining of CD56 is present in 98% of SCLC, and focal or diffuse
staining of synaptophysin is present in 100% of SCLC. Ki-67
staining can distinguish SCLC and large cell neuroendocrine

Correspondence: Thomas E. Stinchcombe, M.D., Duke Cancer Institute, DUMC 3198, 25178 Morris Building, Durham, North Carolina 27710, USA.
Telephone: 919-681-9504; e-mail: Thomas.stinchcombe@duke.edu Received May 7, 2017; accepted for publication July 6, 2017; published
Online First on August 4, 2017. http://dx.doi.org/10.1634/theoncologist.2017-0204

The Oncologist 2017;22:1510–1517 www.TheOncologist.com Oc AlphaMed Press 2017

Lung Cancer



from carcinoid tumors in the presence of crush artifact [7]. The
use of IHC stains improves agreement among pathologists, and
Thunnissen et al. have developed a flow diagram that incorpo-
rates cytoplasm nucleus, architecture, mitosis rate, and IHC to
assist in the diagnosis of neuroendocrine lung cancers [7].

The development of molecular profiling has revolutionized
the treatment of non-small cell lung cancer (NSCLC), and there
has been interest in molecular profiling for SCLC. Comprehen-
sive genomic profiling performed on 110 SCLC specimens
revealed a very high rate of nonsynonymous mutations, and
cytosine/guanine to adenine/thymine transversions were
found in 28% of all mutations, a pattern consistent with prior
history of heavy smoking [8]. Inactivating alterations of the
tumor suppressor genes TP53 and RB1 were present in all but
two cases. Alterations inactivating the NOTCH family of tumor
suppressor genes occurred in 25% of the cases. The multiple
simultaneous genomic alterations and the alterations that inac-
tivate tumor suppressor genes make it unlikely a targeted ther-
apy will be available for patients with SCLC in the near future.

The multiple simultaneous genomic alterations and
the alterations that inactivate tumor suppressor
genes make it unlikely a targeted therapy will be avail-
able for patients with SCLC in the near future.

SURGICALTHERAPY

Patients with SCLC rarely present with disease amendable to sur-
gical resection, and the principles of more advanced disease are
applied to surgically resected patients. The premise is that SCLC
is disseminated disease at the time of diagnosis and that adju-
vant chemotherapy and/or radiation therapy have the potential
to eradicate occult micrometastatic disease and improve distant
and/or local control.

The management of patients with a known diagnosis of
SCLC prior to surgical resection requires a staging workup for
extrathoracic disease, and invasive mediational staging is rec-
ommended prior to considering surgical resection due to the
variance between clinical and pathological staging [9, 10]. In the
International Association for the Study of Lung Cancer staging
program, 144 patients with SCLC were clinically node-negative,
and 14% were upstaged to N2 or greater after surgical resection
[11]. Of cases with clinical N2 disease, 32% were downstaged to
pathological N1 or less. In review of the National Cancer Data
Base (NCDB), 477 patients were identified as clinical stage I
SCLC, and pathological upstaging occurred in 25% of patients,
the majority due to the detection of nodal involvement [12].

For patients seen after surgical resection, adjuvant chemo-
therapy and/or radiation therapy is recommended. A recent
review of the NCDB identified 1,574 patients with pathologi-
cally stage T1–2N0M0 SCLC, and 954 patients underwent com-
plete resection. The 5-year overall survival (OS) for the entire
cohort was 47% [13]. Of the resected patients, 354 (37.1%)
received adjuvant chemotherapy and 190 received chemother-
apy and radiation (19.9%). Compared with no adjuvant therapy,
treatment with adjuvant chemotherapy with or without radia-
tion was associated with improved 5-year OS rate (52.7% vs.
40.4%, p< .01). After multivariable adjustment, analysis factors

associated with improved OS were receipt of adjuvant chemo-
therapy (hazard ratio [HR] of 0.78, 95% confidence interval [CI],
0.63–0.95, p 5 .02) and chemotherapy with radiation to the
brain (HR of 0.52, 95% CI, 0.36–0.70, p< .01). Retrospective
analyses have revealed a survival to prophylactic cranial irradia-
tion (PCI) in resected stage II and IV disease, but not in stage I
disease [14, 15]. Importantly, a greater percentage of patients
may be alive at 5–10 years and at risk for the late neurocogni-
tive complications associated with PCI. Prophylactic cranial irra-
diation is at many times a clinical decision based on patient
characteristics and preferences.

LIMITED-STAGE SMALL CELL LUNG CANCER

Chemotherapy
Concurrent chemotherapy and thoracic radiation therapy (TRT)
followed by PCI with curative intent is the standard therapy for
LS-SCLC. The standard chemotherapy combination is cisplatin
and etoposide; however, some patients may not be candidates
or be able to tolerate cisplatin. A retrospective analysis using the
national Surveillance Epidemiology and End Results-Medicare
database of patients with LS-SCLC revealed 565 patients; 219
(39%) received cisplatin and etoposide and 346 (61%) received
carboplatin and etoposide [16]. The median age of patients was
72 years (range 66–80 years), reflecting the use of the Medicare
database. In patients receiving cisplatin and etoposide, the
median and 5-year OS rate were 13.8 months and 10.2%, and
for patients receiving carboplatin and etoposide, the median
and 5-year OS rate were 13.7 months and 10.9% (p 5 .51). A
statistically significant difference in lung cancer-specific survival
was not observed (p 5 .91). Carboplatin and etoposide or cispla-
tin and etoposide are acceptable options for LS-SCLC, and plati-
num and etoposide will remain the standard for the near future.

Thoracic Radiation Therapy
Most of the debate in treatment of LS-SCLC is related to the
timing and schedule of TRT. Several meta-analyses have investi-
gated the difference between early and late TRT, and the early
initiation of thoracic radiation is associated with improved
long-term survival [17–19]. The benefit of early TRT is more
pronounced when platinum-based therapy is used, and when
the radiotherapy is started and completed within 30 days. A
prospective phase III trial investigated TRT starting with the first
or third cycle of cisplatin and etoposide (n 5 220), and the pri-
mary endpoint was noninferiority of the complete response
[20, 21]. Patients assigned to the late initiation of TRTand those
assigned to the early initiation of TRT had similar complete
response rates (36.0% vs. 38.0%), which met the study’s nonin-
feriority criteria.When late TRTwas compared with early TRT, a
similar progression-free survival (PFS; HR of 1.09, 95% CI, 0.80–
1.48, p 5 .60; median 11.2 and 12.4 months, respectively) and
a similar OS (HR of 0.93, 95% CI, 0.67–1.29, p 5 .69; median
24.1 and 26.8 months, respectively) were observed.The toxicity
was similar between the two therapies, except patients
assigned to the early compared with the late had a statistically
significant higher rate or febrile neutropenia (21.6% vs. 10.2%,
p 5 .02). For patients with limited symptoms, the goal should
be to start chemotherapy and radiation therapy on the first
cycle. However, many patients have significant symptoms or
borderline performance status and treating with one or two
cycles of chemotherapy and then integrating TRT into the sec-
ond or third cycle is a reasonable treatment strategy.
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Hyperfractionated TRT, defined as multiple doses of radia-
tion therapy in a single day, continues to be an area of active
investigation. There has been variability in the time TRTwas initi-
ated and in the radiation schedules in previous trials of hyper-
fractionated TRT. A phase III trial compared cisplatin and
etoposide with TRT twice daily to 45 Gy over 3 weeks to cisplatin
and etoposide with TRT once daily to 45 Gy over 5 weeks [22].
Patients assigned to the twice-daily therapy had a statistically
significant longer OS (Table 1). Compared with once-daily ther-
apy, twice-daily therapy was associated with a higher rate of
esophagitis and grade 3 esophagitis. The primary criticism of this
trial is that the dose of TRT on the once-daily arm was not an
equivalent radiobiological dose to the dose on the twice-daily
arm. Another trial compared once daily TRT of 50.4 Gy with
twice-daily TRT of 48 Gy using a split-course schedule with con-
current TRT (Table 1) [23]. Patients initiated cisplatin and etopo-
side, and after three cycles of cisplatin and etoposide, patients
were randomized to either of the radiation schedules. This trial
did not reveal a survival benefit for the twice-daily TRT com-
pared with the once-daily TRT, and the twice-daily TRTwas asso-
ciated with a statistically significant higher rate of grade �3
esophagitis. The criticisms of this trial have been the later initia-
tion of the TRT and that the split-course schedule on the twice-
daily arm is not optimal.

A recent phase III trial compared twice-daily TRT of 45 Gy
with once-daily TRTof 66 Gy with concurrent cisplatin and eto-
poside. Thoracic radiation therapy started on the second cycle
[24]. The primary endpoint was OS, and the trial did not reveal
a statistically significant difference in OS (Table 1) or in the sec-
ondary endpoints of PFS, local progression, and distant progres-
sion. A statistically significant difference in the rate of grade 3
or 4 esophagitis and pneumonitis were not observed. The OS
observed in both arms was longer than in previous studies, and
the conclusion was that both treatment schedules are options.
A phase III trial is investigating TRT of 45 Gy twice daily com-
pared with 70 Gy once daily in combination with carboplatin or
cisplatin and etoposide for four cycles (NCT00632853) [25]. The
primary endpoint is OS and the trial will enroll 729 patients.

Outside the context of a clinical trial, the adoption of twice-
daily TRT has been low, in part due to logistical difficulties: an

interval of at least 6 hours between fractions is required, and
there were concerns about a higher rate of severe esophagitis.
Currently, TRT schedules 45 Gy in 3 weeks (1.5 Gy twice daily)
or once daily to 60–70 Gy are acceptable [25].

EXTENSIVE-STAGE DISEASE

First Line
The first-line therapy for ES-SCLC is platinum and etoposide,
and carboplatin is the preferred agent based on similar efficacy
and a better toxicity profile [26]. A phase III trial from Japan
revealed a superior survival with cisplatin and irinotecan com-
pared with cisplatin and etoposide, but subsequent U.S. trials
did not reveal a survival benefit with cisplatin and irinotecan
[27–29]. Phase III trials compared platinum and etoposide with
platinum and topotecan, and these did not reveal a survival
benefit with the combination of platinum and topotecan [30,
31]. A phase III trial compared cisplatin and amrubicin, an
anthracycline derivative that is a topoisomerase II inhibitor,
with cisplatin and irinotecan, and revealed noninferiority of the
amrubicin arm [32]. Amurbicin is not available in the U.S.
Platinum-etoposide remains the standard first-line chemother-
apy for clinical trials and clinical practice.

Consolidation Radiotherapy
The use of radiation therapy on sites of residual disease to pre-
vent or delay disease has been the focus of several clinical tri-
als. A phase III trial compared TRT with no TRT in patients with
ES-SCLC who responded to first-line chemotherapy [33].
Patients were assigned to TRT (30 Gy in 10 fractions) or no TRT;
all patients received PCI. The primary endpoint was OS at 1
year. The OS at 1 year in the thoracic and no thoracic radiother-
apy arms was 33% and 28%, respectively (HR of 0.84, 95% CI,
0.69–1.01, p 5 .066), and median OS was 8 months in both
arms. In a secondary analysis of the OS rate at 2 years, the sur-
vival rate was higher in the TRT compared with the no TRT arm
(13% and 3%, p 5 .004). In the TRTand no TRTarms, the median
PFS rate was 4 and 3 months, respectively, and the 6-month PFS
rate was 24% and 20%, respectively (p 5 .001).

Table 1. Phase III trials of once-daily thoracic radiation therapy compared towith twice daily in combination with cisplatin
and etoposide

First author
[reference no.]

#No. of
patients Chemotherapy

Thoracic radiation
therapy

Median
overall
survival
(months)

Hazard ratio
or p value

5-year overall
survival rate

Turrisi [22] 206 Cisplatin and
etoposide, 4 cycles

45 Gy once daily
starting cycle 1

19 p 5 .04 16%

211 Cisplatin and
etoposide, 4 cycles

45 Gy twice daily
starting cycle 1

23 26%

Schild [23] 131 Cisplatin and
etoposide, 6 cycles

50.4 Gy daily
starting cycle 4

20.6 p 5 .68 21%

130 Cisplatin and
etoposide, 6 cycles

Split course: 24 Gy,
a 2.5 week break,
and 24 Gy starting
cycle 4

20.6 22%

Faivre-Finn
[24]

274 Cisplatin and
etoposide, 4–6 cycles

45 Gy twice daily
starting cycle 2

30 HR: 1.18,
p 5 .14

34%

273 Cisplatin and
etoposide, 4–6 cycles

66 Gy once daily
starting cycle 2

25 31%

Abbreviation: HR, hazard ratio.
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Patients in the TRT compared with the no TRT had a lower
rate of intrathoracic disease progression. No significant differ-
ences in OS were observed in subgroups based on presence of
intrathoracic disease at randomization, response to chemother-
apy, performance status, or whether patients had ES-SCLC due
to distant metastases or intrathoracic disease. There were no
significant differences in the rate of grade 3 or 4 toxicities in
the two arms. A Quality of life (QOL) assessment was not
included in the study. This study presents a clinical quandary
because it appears that a small subset of patients benefit, but a
method to identify that subset is lacking.

Radiation Therapy Oncology Group 0937 was a randomized
phase II trial that enrolled patients who responded to chemo-
therapy and had one to four metastases and no brain metasta-
ses [34]. Patients were randomized to PCI only or PCI with
consolidative radiation therapy, and the primary endpoint was
1-year OS rate. A planned interim analysis revealed the study
crossed the futility boundary after 97 patients had been
randomized. The 1-year OS rate in the PCI alone and the PCI
and consolidative radiation therapy arms were 60.1% and
50.8%, respectively (p 5 .21). Time to any progression favored
the PCI and consolidative arm (HR of 0.53, p 5 .01). Although
this treatment strategy is appealing and appears to delay dis-
ease progression, it should not be used outside of a clinical trial.

Second Line
Patients who have disease progression after chemotherapy are
classified as chemotherapy refractory, defined as disease pro-
gression within 60 or 90 days of completion of chemotherapy,
or chemotherapy sensitive, defined as disease progression after
60 or 90 days of completion of chemotherapy. The historical
purpose of these definitions is to select patients who are more
likely to benefit from further chemotherapy. A phase III trial
compared topotecan 1.5 mg/m2 daily for 5 days every 21 days
with the combination of cyclophosphamide, adriamycin, and
vincristine in patients with chemotherapy-sensitive SCLC and
revealed similar efficacy (Table 2) [35]. A subsequent phase III
trial revealed similarity in the activity and tolerability of oral
compared with intravenous topotecan, and another phase III
trial compared oral topotecan to best supportive care alone
and demonstrated the superiority of oral topotecan (Table 2)

[36, 37]. A subset analysis of the phase III trial of oral topotecan
compared with best supportive care in patients with disease
progression �60 days revealed a survival benefit to topotecan.
A phase III trial compared amrubicin with topotecan and
revealed similar OS, ending the development of amrubicin in
the U.S. [38].

These phase III trials established topotecan as the standard
second-line therapy, but there are concerns about the tolerabil-
ity with the current schedule.Weekly topotecan at 4 mg/m2 on
days 1, 8, and 15 every 28 days was investigated in a phase II
trial; no responses were observed, and 27% of patients required
a dose reduction [39]. A similar trial of weekly topotecan at
6 mg/m2 revealed a response rate of 8%, and high rate of hema-
tologic toxicities [40]. These data suggest that weekly topotecan
has limited activity and should not be used. The topotecan dose
of 1.25 mg/m2 daily for 5 days has similar efficacy but lower
grade 3 or 4 hematologic toxicity [41]. In clinical practice, many
clinicians empirically reduce the daily dose of topotecan or
reduce the schedule from 5 days to a shorter number of days.

A phase III study compared topotecan 1.0 mg/m2 on days 1–
5 every 3 weeks with cisplatin (25 mg/m2 on days 1 and 8), eto-
poside (60 mg/m2 on days 1–3), and irinotecan (90 mg/m2 on
day 8) with granulocyte colony factor stimulating support [42].
Patients were required to have disease progression �90 days
after last chemotherapy. Overall survival was significantly longer
in the combination chemotherapy compared with the topotecan
arm (Table 2). Grade 3 or 4 febrile neutropenia was more com-
mon in the combination arm than in the topotecan arm (31%
and 7%, respectively), as was grade 3 or 4 thrombocytopenia
(41% and 28%, respectively). Dose reductions occurred in 11%
of patients in the topotecan arm and in 50% of patients in the
combination arm. The combination arm can be considered for
good performance status patients with a prolonged treatment-
free interval. The rate of febrile neutropenia and need for fre-
quent dose reductions with the combination arm are concerns.

PROPHYLACTIC CRANIAL RADIATION

Prophylactic cranial radiation is the standard of care for patients
with LS-SCLC based on a meta-analysis of individual patient
data from 987 patients in 7 trials that revealed reduced risk of
death with PCI compared with no PCI (HR of 0.84, 95% CI,

Table 2. Selected phase III trials in second-line small cell lung cancer

First author
[reference no.] Comparison

Objective
response rate

Median progression-free
survival Median overall survival

von Pawel [35] Topotecan vs. CAV 24.3%,
18.3%,
p 5 .285

13.3 weeks,
12.3 weeks,
p 5 .553

25.0 weeks,
24.7 weeks,
p 5 .795

Eckardt [37] Oral topotecan vs.
IV topotecan

18.3%,
21.9%

11.9 weeks,
14.6 weeks

33.0 weeks,
35.0 weeks,
HR: 0.98, 95% CI: 0.77–1.25

O’Brien [36] Oral topotecan vs.
BSC

7% in topotecan
arm

16.3 weeks in
topotecan arm

25.9 weeks,
13.9 weeks,
p 5 .01

von Pawel [38] Amrubicin vs.
topotecan

31.1%,
16.9%,
p< .001

4.1 months,
3.5 months,
HR: 0.802, p 5 .018

7.5 months,
7.8 months,
HR: 0.880, p 5 .170

Goto [42] Cisplatin, etoposide,
irinotecan vs.
topotecan

84%,
27%,
p< .0001

5.7 months,
3.6 months,
HR: 0.50, p< .0001

18.2 months,
12.5 months,
HR: 0.67, p 5 .0079

Abbreviations: BSC, best supportive care; CAV, cyclophosphamide, doxorubicin, vincristine; HR, hazard ratio; IV, intravenous.
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0.73–0.97, p 5 .01) [43]. This translated into an improvement
in 3-year OS from 15.3% to 20.7%. The cumulative risk of brain
metastases at 3 years in the PCI and no PCI group was 33.3%
and 58.6%, respectively. A phase III trial of 720 patients com-
pared PCI at the standard dose of 25 Gy in 10 daily fractions
with a higher dose of 36 Gy in 18 daily fractions of 2 Gy [44]. A
significant difference in the rate of brain metastases at 2 years
in the standard compared with higher dose PCI was not
observed (HR of 0.80, 95% CI, 0.57–1.11, p 5 .18; rate of brain
metastases of 29% and 23%, respectively). The 2-year OS rate
in the standard-dose and higher-dose arms was 37% and 42%,
respectively (HR of 1.20, 95% CI, 1.00–1.44, p 5 .05). The lower
OS in the higher dose group was related to increased cancer-
related mortality. The standard PCI dose is 25 Gy in 10 daily
fractions. An analysis of the neurological and cognitive func-
tions and QOL in the two groups over 3 years did not reveal a
difference [45]. In both groups, a mild deterioration across time
of communication deficit, weakness of legs, intellectual deficit,
and memory was observed (all p< .005). At 3-years, 44% of
patients experienced a memory deficit of grade 1 and 8% expe-
rienced a memory deficit of grade 2 or more.

The role of PCI in patients with ES-SCLC is more controver-
sial, and two phase III trials have revealed contradictory results
in OS. The first trial randomly enrolled patients with ES-SCLC
with a response to initial chemotherapy to PCI or no further
therapy [46]. The primary endpoint was time to symptomatic
brain metastases, and imaging was performed when prede-
fined symptoms suggestive of brain metastases were present.
Patients were not required to have brain imaging prior to ran-
domization. Patients assigned to the PCI arm compared with
no PCI arm had a lower risk of symptomatic brain metastases
(Table 3). Patients assigned to the PCI arm compared with no
PCI arm experienced a superior OS (HR of 0.68, 95% CI, 0.52–
0.88, p 5 .003; median OS of 6.7 and 5.4 months, respectively).
The 1-year survival rate in the PCI and no PCI arms were 27.1%
and 13.3%, respectively.

A second study investigated PCI compared with observation
after initial response to chemotherapy, with the primary end-
point of OS [47]. This study required brain imaging prior to ran-
domization and on regular intervals on the observation arm.
This study was stopped after a planned interim analysis after
50% of patients had been enrolled (n 5 163) because the trial
had crossed the futility boundary. The OS inpatients assigned to
the PCI and observation arm favored the observation arm (HR
of 1.27, 95% CI, 0.96–1.68, p 5 .94; median OS of 11.6 and 13.7
months, respectively). In patients assigned to PCI and observa-
tion the PFS was similar, and the rate of brain metastases
favored the PCI arm (Table 3).

In ES-SCLC, PCI can reduce the rate of brain metastases, but
the impact on PFS and OS is less clear. The second study, which
required imaging prior to randomization and surveillance imag-
ing for interval development of brain metastases, was similar to
the practice patterns in the present study. Given the lack of OS
or PFS benefit observed in this trial, the author does not recom-
mend PCI for patients with ES-SCLC.

IMMUNOTHERAPY

Immunotherapy has revolutionized the care of patients with
NSCLC, and preliminary studies in patients with ES-SCLC are
available.The biology and mechanism of action of immunother-
apy in SCLC was recently reviewed in The Oncologist by Horn
et al. [48]. A phase I/II multicohort investigated the activity of
nivolumab alone and with ipilimumab in patients with ES-SCLC
that had progressed on chemotherapy [49]. Patients received
nivolumab 3 mg/kg every 2 weeks or nivolumab 1 mg/kg and
ipilimumab 3 mg/kg or nivolumab 3 mg/kg and ipilimumab
1 mg/kg every 3 weeks for four cycles followed by nivolumab
3 mg/kg every 2 weeks. The primary endpoint was objective
response rate (ORR), and patients in the combination arms
experienced a higher response rate and numerically longer PFS
(Table 4). The Kaplan-Meier PFS curves demonstrated a plateau
similar to immunotherapy in other diseases. In the combination
arms, three patients died from treatment-related adverse
events (myasthenia gravis, worsening renal failure, and pneu-
monitis). The rate of grade 3 or 4 treatment-related adverse
events in the nivolumab and combination arms was 13% and
19%–30%, respectively.When programmed death-ligand 1 (PD-
L1) expression was assessed, 17% of sample had PD-L1 expres-
sion of �1% and 5% had PD-L1 expression of �5%. Responses
were observed regardless of PD-L1 expression, and in
platinum-sensitive and refractory disease. The National Com-
prehensive Cancer Network recommended nivolumab alone
and with ipilimumab for patients who have relapsed 6 months
or less from primary therapy (both category 2A) [10].

A single-arm phase II trial investigated pembrolizumab
10 mg/kg every 2 weeks in patients with ES-SCLC with PD-L1
expression (defined as PD-L1 �1%) [50]. Of the 147 evaluable
tumor samples, 42 were PD-L1 positive (28.6%), and 24
patients were treated on trial. The ORR and PFS are presented
in Table 4. The median PFS is modest, but the duration of
response was 19.4 months (95% CI, 3.6–20.01). Of 24 patients,
2 experienced a grade 3–5 event, and autoimmune events
observed were colitis, infusion site reaction, thyroiditis, and
cytokine release syndrome. A phase III trial compared

Table 3. Phase III trials of prophylactic cranial irradiation compared with no prophylactic cranial irradiation in extensive-
stage small cell lung cancer

First author
[reference no.] Comparison

Rate of brain
metastasesa

Progression-free
survival Overall survival

1-year overall
survival rate

Slotman [46] PCI vs.
no PCI

14.6%,
40.4%,
HR: 0.27, p< .001

14.7 weeks,
12.0 weeks,
HR: 0.76, p 5 .02

6.7 months,
5.4 months,
HR: 0.68, p 5 .003

27.1%,
13.3%

Takahashi [47] PCI vs.
observation

48%,
69%,
p< .0001

2.3 months,
2.4 months,
HR: 0.98, p 5 .75

11.6 months,
13.7 months,
HR: 1.27, p 5 .094

48.4%,
53.6%

aFor Slotman et al., study numbers represent the cumulative rate of brain metastases at 1 year; for Takahashi et al., study numbers represent the
rate of brain metastases across the whole study.
Abbreviations: CI, confidence interval; HR, hazard ratio; PCI, prophylactic cranial irradiation.
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carboplatin and etoposide with ipilimumab or placebo in
treatment-na€ıve patients with ES-SCLC, and the primary end-
point was OS [51]. Patients assigned to the ipilimumab-
containing arm compared with the placebo arm experienced a
similar OS and ORR in both arms, and further investigation of
chemotherapy in combination with cytotoxic T-lymphocyte-
associated protein 4 agents is not warranted.

The lower rate of PD-L1 expression and lack of an
association with benefit to date suggest that PD-L1
expression is unlikely to be a predictive marker.
Immunotherapy is an option to consider for patients
with a good performance status without significant
comorbidities, especially if they experienced disease
progression within 60 or 90 days given the limited
efficacy of topotecan in this patient population. These
patients should be encouraged to participate in
ongoing trials.

Although the results of preliminary phase II studies are
promising, the ongoing phase III studies will define the role of
immunotherapy in ES-SCLC as second-line therapy. The devel-
opment of biomarkers for selection of SCLC patients who are
most likely to benefit from immunotherapy would benefit the
field. The lower rate of PD-L1 expression and lack of an associa-
tion with benefit to date suggest that PD-L1 expression is
unlikely to be a predictive marker. Immunotherapy is an option
to consider for patients with a good performance status with-
out significant comorbidities, especially if they experienced dis-
ease progression within 60 or 90 days given the limited efficacy
of topotecan in this patient population. These patients should
be encouraged to participate in ongoing trials.

ROVALPITUZUMAB TESIRINE

Rovalpituzumab tesirine is an antibody drug conjugated with a
humanized antibody against delta-like protein 3 (DLL3) and a
DNA cross-linking agent [52]. A phase I trial investigated this
agent in patients with SCLC and large-cell neuroendocrine carci-
noma. The dose-limiting toxicities were grade 4

Table 4. Trials of immunotherapy in extensive-stage small cell lung cancer [49, 50]

Measurement
Nivolumab 3 mg/kg
(n 5 98)

Nivolumab 1mg/kg
ipilimumab 3 mg/kg
(n 5 61)

Nivolumab 3 mg/kg
ipilimumab 1 mg/kg
(n 5 54)

Pembrolizumab
10 mg/kg
(n 5 24)

Objective response rate 10% 23% 19% 33.3%
95% CI: 15.6–55.35

Duration of response Not reached
95% CI: 4.4–NR

7.7 months
95% CI: 4.0–NR

4.4 months
95% CI: 3.7–NR

19.4 range: 13.6–20.6

Median PFS 1.4 months
95% CI: 1.4–1.9

2.6 month
95% CI: 1.4–4.1

1.4 months
95% CI: 1.3–2.2

1.9 months 95% CI: 1.7–5.9

Median overall survival 4.4 months
95% CI: 3.0–9.3

7.7 months
95% CI: 3.6–18.0

6.0 months
95% CI: 3.6–11.0

9.7 months 95% CI: 4.1–NR

1-year overall survival rate 33% 95%
CI: 22–45

43% 95%
CI: 30–56

35% 95%
CI: 22–48

37.7%

Abbreviations: CI, confidence interval; NR, not reached; PFS, progression-free survival.

Table 5. Ongoing trials in extensive-stage small cell lung cancer [23]

Disease setting Comparison Phase NCT trial no. Primary endpoint(s)

1st line Platinum/etoposide 1/2 pembrolizumab II 02580994 PFS

1st line Carboplatin/etoposide 1/2 atezolizumab III 02763579 OS and PFS

1st line Cisplatin/etoposide1 rovalpitizumab tesirine in DLL-3 positive I 0281999 Safety

1st line Platinum/etoposide alone, or with durvaleumb or
with durvalumab/tremelimumab

III 03043872 OS and PFS

Maintenance Pembrolizumab II 02359018 PFS

Maintenance Nivolumab, nivolumab/ipiliumumab or placebo III 02538666 OS and PFS

Maintenance Rovalpituzumab tesirine vs. placebo III 03033511 OS and PFS

2nd line Nivolumab vs. topotecan or amrubicin III 02538666 OS

2nd line Pembrolizumab vs. topotecan II 02963090 PFS

2nd line Atezolizumab vs. topotecan or carboplatin/etoposide II 03059667 ORR and maximum
change in tumor
measurements at
6 weeks

2nd line Rovalpitizumab tesirine1 nivolumab,
Rovalpitizumab tesirine1 ipilimumab
Rovalpitizumab tesirine1 nivolumab/ipilimumab

I/II 03026166 Safety

3rd line Rovalpituzumab tesirine II 02674568 ORR and OS

Abbreviations: NCT, National Clinical Trials, ORR, objective response rate; OS, overall survival, PFS, progression-free survival.
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thrombocytopenia and liver test elevation, and the recom-
mended dose for phase II trials is 0.3 mg/kg every 6 weeks.
Seventy-four previously treated SCLC patients were enrolled,
and the most common grade �3 adverse events were throm-
bocytopenia (11%), pleural effusion (8%), and increased lipase
(7%). In the intent-to-treat patient population, the response
rate was 18%. Patients were assessed for DLL-3 tumor overex-
pression by IHC using the cutoff �50%, and 67% had high
expression. In patients with high DLL-3 expression (n 5 26), the
ORR and median PFS by central radiologic review were 31%
and 4.6 months, respectively (95% CI, 4.0–5.7). In contrast, in
patients with DLL-3 low expression, the ORR and median PFS
were 0% and 2.2 months, respectively (95% CI, 4.0–5.7).

CONCLUSION

Ongoing Clinical Trials
The preliminary evidence of activity with immunotherapy
and rovalpituzumab tesirine has led to a resurgence of

interest in clinical trials in SCLC. Some of the trials are investi-
gating the role of immunotherapy in combination with plati-
num and etoposide as first-line therapy, after platinum and
etoposide as maintenance therapy, and in the second-line
setting (Table 5). The activity of rovalpituzumab tesirine is
being investigated in a third-line patient population, a
patient population without any approved therapies. The
future development of rovalpituzumab tesirine will most
likely be as part of combination therapy. The results of the
current trials will define the role of immunotherapy and
rovalpituzumab tesirine in ES-SCLC, and trials of immuno-
therapy in LS-SCLC have been initiated.
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