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ABSTRACT

In the U.S., the prevalence of small cell lung cancer
(SCLC) is declining, probably reflecting the decreasing
prevalence of tobacco use. However, a significant num-
ber of patients will receive a diagnosis of SCLC, and ap-
proximately 40% of patients with SCLC will have
limited-stage (LS) disease, which is potentially curable
with the combination of chemotherapy and radiation
therapy. The standard therapy for LS-SCLC is concur-
rent chemoradiotherapy, and the 5-year survival rate
observed in clinical trials is approximately 25%. The
standard chemotherapy remains cisplatin and etopo-
side, but carboplatin is frequently used in patients who
cannot tolerate or have a contraindication to cisplatin.
Substantial improvements in survival have been made
through improvements in radiation therapy. Concur-
rent chemoradiotherapy is the preferred therapy for

patients who are appropriate candidates. The optimal
timing of concurrent chemoradiotherapy is during the
first or second cycle, based on data from meta-analy-
ses. The optimal radiation schedule and dose remain
topics of debate, but 1.5 Gy twice daily to a total of 45
Gy and 1.8-2.0 Gy daily to a total dose of 60-70 Gy
are commonly used treatments. For patients who ob-
tain a near complete or complete response, prophy-
lactic cranial radiation reduces the incidence of brain
metastases and improves overall survival. The ongo-
ing Radiation Therapy Oncology Group and Cancer
and Leukemia Group B and the European and Cana-
dian phase III trials will investigate different radia-
tion treatment paradigms for patients with LS-SCLC,
and completion of these trials is critical. The Oncologist
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INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality
in the U.S., and it was estimated that, in the U.S. in 2009,
more patients would die from lung cancer than from colo-
rectal, breast, and prostate cancer combined [1]. It is esti-
mated that approximately 13% of the 219,000 patients who
receive a diagnosis of lung cancer will have small cell his-
tology (approximately 28,500 patients) [1, 2]. Small cell
lung cancer (SCLC) is characterized by rapid growth, a
high prevalence of mediastinal lymph node and distant me-
tastases at the time of diagnosis, and high sensitivity to che-
motherapy and radiotherapy. SCLC is frequently divided
into limited-stage (LS)-SCLC and extensive-stage (ES)-
SCLC, and it is estimated that 40% of patients will have LS-
SCLC at the time of diagnosis [2]. The prevalence of SCLC
is declining within the U.S., probably related to a decrease
in smoking prevalence over last several decades. In an anal-
ysis of the Surveillance, Epidemiology, and End Results
(SEER) database, the percentage of patients with a diagno-
sis of SCLC among patients with lung cancer decreased
from 17% in 1986 to 13% in 2002 [2]. The percentage of
patients with SCLC who are women has increased, proba-
bly reflecting a later peak in tobacco use among women,
and the percentage of patients with LS-SCLC aged =70
years is increasing, and was 45% in 2000 [3]. The increas-
ing prevalence of elderly patients will undoubtedly create
some unique treatment challenges. The 5-year overall sur-
vival rate for LS-SCLC reported in the most recent U.S. co-
operative group trial was 25% [4], but the 5-year survival
rate observed in a recent review of the SEER database was
10% [2].

STAGING

The most commonly used staging system is the two-stage
Veterans Administration Lung Study Group (VALG) stag-
ing system for patients with inoperable lung cancer [5]. LS-
SCLC is defined as disease that can be encompassed within
areasonable radiation field, and ES-SCLC is defined as dis-
ease that is greater than a reasonable radiation field. This
simple staging system provides valuable prognostic infor-
mation, and remains the best predictor of response to ther-
apy and survival [6—8]. The most common interpretation of
this system defines LS-SCLC as disease confined to one
hemithorax, defined as the ipsilateral and contralateral me-
diastinal or the ipsilateral supraclavicular lymph nodes. Pa-
tients with malignant effusions are defined as having LS-
SCLC according to the VALG definition, but are frequently
considered to have ES-SCLC by many cooperative groups.
The Radiation Therapy Oncology Group (RTOG) and East-
ern Cooperative Oncology Group exclude patients with ma-
lignant pleural effusions, as well as contralateral hilar or
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supraclavicular lymphadenopathy, from LS-SCLC trials.
The tumor—node—metastasis (TNM) system exists for
SCLC; however, this system has not been routinely adopted
for clinical practice. The TNM system was recently updated
as part of the International Association for Study of Lung
Cancer staging project [9]. The TNM staging system was
able to differentiate patients’ SCLC prognosis according to
stage, with the exception that there was no significant dif-
ference between stage IA and stage IB patients.

There has been increasing interest in the use of fluoro-
deoxyglucose (FDG) positron emission tomography (PET)
in the staging of patients with SCLC. Several small studies
have revealed a benefit of PET scan staging in detecting dis-
tant metastatic disease or additional nodal metastases; how-
ever, the number of patients included in those trials was
relatively small [10—13]. Thus, data on the use of FDG-PET
staging are limited at this time, and the current guidelines
from the American College of Chest Physicians state that
the routine use of PET scanning outside a clinical trial can-
not be recommended [14]. The National Comprehensive
Cancer Network (NCCN) clinical practice guidelines in
SCLC state that a PET scan is optional but can be used as
part of the initial evaluation in addition to other recom-
mended studies, and a bone scan is optional if a PET scan is
obtained [15].

CHEMORADIOTHERAPY

In LS-SCLC, treatment with chemotherapy alone results in
poor intrathoracic disease control, with intrathoracic fail-
ures occurring in 75%-90% of patients [16]. The addition
of thoracic radiotherapy (TRT) to chemotherapy leads to a
significantly lower rate of intrathoracic failure, to 30%—
60%; however, longer overall survival has not been consis-
tently observed. In order to address this issue, two meta-
analyses were performed [17, 18]. Pignon et al. [18]
performed a meta-analysis based on individual data from 13
randomized trials that included 2,103 evaluable patients
with LS-SCLC. The relative risk for death observed among
patients receiving chemotherapy and TRT, in comparison
with chemotherapy alone, was 0.86 (95% confidence inter-
val [CI], 0.78-0.94; p = .001). An absolute different in sur-
vival of 5.4% * 1.4% at 3 years was observed. Warde and
Payne performed a literature-based meta-analysis of 11 ran-
domized trials that included 1,911 patients, and that meta-
analysis revealed longer overall survival with the
combination of TRT and chemotherapy than with chemo-
therapy alone (odds ratio for 2-year survival rate, 1.53; 95%
CI, 1.30-1.76; p < .001) [17]. The absolute difference in
the 2-year survival rate was 5.4% (95% CI, 1.1%-9.7%).
These meta-analyses established the combination of che-
motherapy and TRT as standard of care in LS-SCLC.
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TIMING OF RADIATION

Although the timing of radiation therapy continues to be de-
bated, the 2009 NCCN guidelines in SCLC state that there
is category 1 evidence to support concurrent chemoradio-
therapy over sequential therapy for fit patients [15]. The op-
timal timing of concurrent radiation therapy during the
course of chemotherapy is generally agreed to be during the
first or second cycle of chemotherapy [19-21]. This is sup-
ported by some phase III data and three meta-analyses
based on literature. Interpretation of the phase III trials in-
vestigating the timing of TRT is difficult because the defi-
nitions of early and late TRT, the types of chemotherapy
used, and the radiotherapy schedules employed have varied
among trials [22-30]. Of the trials performed, three re-
vealed longer survival for early versus late TRT [23, 29,
30]. Chemotherapy compliance appears to be essential in
order to observe the survival benefit with early versus late
TRT [22].

A meta-analysis of phase III studies combining chest ir-
radiation and platinum-based chemotherapy concluded that
the most important predictor of 5-year survival is the time
from the start of any treatment until the end of radiotherapy
(SER), with shorter SERs (<30 days) being associated with
the highest 5-year survival rates (>20%) [31]. A subse-
quent meta-analysis was performed evaluating early versus
late radiotherapy, with early therapy defined as within 30
days of beginning chemotherapy [32]. When platinum-
based chemotherapy was used, the 2- and 5-year survival
rates favored early TRT. This difference was significant
only if the overall treatment time of radiation was <30
days. Compliance was important, suggesting that patient
selection is important [19]. In a meta-analysis by Fried et al.
[20], late TRT was defined as beginning 9 weeks after the
initiation of chemotherapy or after completion of the third
cycle of chemotherapy. That meta-analysis showed a statis-
tically significant benefit of early TRT over late TRT in
terms of 2-year overall survival but not for 3-year overall
survival. On subset analysis of studies that used hyperfrac-
tionated TRT, treatment with early versus late TRT re-
vealed a survival benefit, but no overall survival benefit
was observed for early versus late TRT when once-daily
TRT was employed. A survival benefit for early versus late
TRT was seen in studies using platinum-based therapy; no
significant difference in overall survival was observed for
early versus late TRT in studies using nonplatinum-based
chemotherapy. Despite the supportive data for early con-
current radiation therapy, early concurrent radiation ther-
apy and dose intense therapy are not appropriate for all
patients because of the greater toxicity. Delayed radiation
therapy is preferable for patients who cannot tolerate con-
current treatment because of a poor performance status,
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weight loss, or comorbid conditions predisposing them to
poor tolerance, or for patients who have large tumor vol-
umes for which adequate coverage with radiation therapy
would result in an unacceptable dose to normal tissue.

RADIATION DOSE AND FRACTIONATION SCHEDULE
Radiation schedule and total dose for SCLC have been top-
ics of continuous debate. Several radiation therapy doses
and fractionation schedules are supported in the literature.
The 2009 NCCN guidelines on SCLC note that, when ra-
diotherapy is given for LS-SCLC, it should be delivered as
either 1.5 Gy twice daily to a total of 45 Gy or 1.8§-2.0 Gy
daily to 6070 Gy, starting with the first or second cycle of
chemotherapy. A 10-year-old study demonstrated the ben-
efits of using twice-daily dosing for 3 weeks over once-
daily dosing for 5 weeks to deliver a total of 45 Gy [4].
Patients in both arms of that study received the same total
dose of radiation. The study clearly demonstrated that alter-
ing the course of radiation therapy influences survival.
However, the twice-daily regimen is not well accepted in
clinical practice [33]. This is likely a result of the practical
challenges of administering twice-daily therapy, and the as-
sociated greater acute toxicity, in particular, a higher rate of
esophagitis; grade 3 or 4 esophagitis was observed in 32%
and 15% of the twice-daily and daily TRT arms, respec-
tively. One of the major criticisms of that study is that, be-
cause the biological effectiveness of 45 Gy delivered over 5
weeks is less than that of 45 Gy delivered over 3 weeks, the
study does not confirm that twice-daily treatment is better
than once-daily treatment delivered to comparable biologic
doses. A second trial by the North Central Cancer Treat-
ment Group investigated twice-daily TRT with a treatment
break (48 Gy in 32 fractions with an initial 2.5-week break
after 24 Gy) in comparison with 50.4 Gy in 28 fractions
[34]. TRT began on the fourth cycle of chemotherapy in
both treatment arms, and the times to completion of TRT
were similar in both treatment arms. No difference in terms
of overall survival was observed between the two treatment
arms. Although the effective dose of the twice-daily frac-
tionation was diminished by the 2.5-week treatment break,
the results of that trial may have discouraged the use of
twice-daily TRT.

A number of cooperative groups have investigated
novel radiotherapy schedules in phase I or II trials. The
phase I Cancer and Leukemia Group B (CALGB) 8837
study evaluated maximally tolerated twice-daily and daily
doses of radiation with concurrent chemotherapy in LS-
SCLC. The maximally tolerated doses (MTDs) were 45 Gy
in 30 fractions over 3 weeks when given twice daily and 70
Gy in 35 fractions over 7 weeks when given daily [35]. The
CALGB 39808 trial subsequently confirmed that it is fea-
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Arm A: Cisplatin/Etoposide* R
with TRT 45 Gy BID (1.5 Gy/fx)
starting day 1 for 3 weeks
%
Patients registered 4 Arm B: Cisplatin/Etoposide* R
and randomized with TRT 70 Gy QD (2.0 Gy/fx)
starting day 1 for 7 weeks
Arm B or C: After 30 patients
enrolled on each arm the arm
K j with a lower rate of toxicity will
/ continue and study will become a
Arm C: Cisplatin/Etoposide* 2-Arm phase Il
with TRT 61.2 Gy concomitant boost
(1.8 Gy/fx) starting on day 1 every day
for 16 days of treatment; then BID

K (1.8 GY/fx) for 9 days of treatment

Figure 1. CALGB 30610/RTOG 0538: Phase III trial of TRT regimens in patients with limited-stage small cell lung cancer

receiving cisplatin and etoposide.

*All patients will receive cisplatin, 80 mg/m? on day 1 and etoposide, 100 mg/m? on days 1, 2, and 3, every 21 days for four
cycles. Prophylactic cranial radiation should be offered to all patients with a complete response or near complete response.
Abbreviations: BID, twice daily; CALGB, Cancer and Leukemia Group B; fx, fraction; QD, daily; RTOG, Radiation Therapy

Oncology Group; TRT, thoracic radiation therapy.

sible to safely deliver 70 Gy daily concurrently with carbo-
platin and etoposide following an induction regimen of
paclitaxel and topotecan. That regimen was associated with
a 92% response rate and median overall survival time of
22.4 months [36]. The RTOG 97-12 trial evaluated the
MTPD of TRT given to patients concurrently taking cisplatin
and etoposide (EP). Radiation was given as 1.8 Gy/fraction
daily to the clinical target volume for the first two cycles
and then twice daily to the gross tumor volume for 3, 5,7, 9,
or 11 days (i.e., total dose of 50.4—64.8 Gy). The MTD was
61.2 Gy, with esophagitis being the dose-limiting toxicity
[37]. A subsequent phase II study, RTOG 0239, evaluated a
61.2-Gy concomitant boost regimen with EP. Radiation
was administered at 1.8 Gy/fraction, 5 days per week for 16
fractions, then twice daily for 5 days for a total dose of 61.2
Gy in 34 fractions in 5 weeks. The 2-year overall survival
rate observed in that trial was 37%, and the rate of locore-
gional control at 2 years was 80% [38].

An ongoing phase III study conducted by the CALGB
and RTOG is exploring the optimal dose of radiation in LS-
SCLC (Fig. 1). That trial is comparing overall survival and
toxicity among patients receiving EP plus 45 Gy in 30 treat-
ments given twice daily, 5 days a week for 3 weeks (stan-
dard-dose radiation), 70 Gy in 35 treatments given daily, 5
days a week for 7 weeks, and 61.2 Gy in 34 treatments given
daily, 5 days/week for 16 days, and then twice daily, 5 days
a week for 9 days (National Library of Medicine [NLM]
identifier, NCT00632853) [39]. The 45-Gy twice-daily
dose is considered the control arm, and the other two treat-
ment arms are considered the investigational arms. After
the initial 30 patients have been enrolled in each treatment
arm, an interim analysis will be performed, and the inves-

Control Arm:
Cisplatin/Etoposide*with TRT 45 Gy
BID (1.5 Gy/fx) starting day 22

Patients registered \_
and randomized

Investigational Arm:
Cisplatin/Etoposide* with daily TRT 66
Gy (2 Gy/fx) starting day 22

-

Figure 2. CONVERT: Phase III trial of TRT in patients with
limited-stage small cell lung cancer receiving cisplatin and
etoposide.

*All patients receive cisplatin, 25 mg/m? on days 1-3 or 75
mg/m? on day 1, and etoposide, 100 mg/m? on days 1-3 for
four to six cycles.

Abbreviations: BID, twice daily; CONVERT, Concurrent
Once-daily Versus twice daily RadioTherapy; fx, fraction;
TRT, thoracic radiation therapy.

tigational treatment arm with the higher rate of treatment-
related toxicity will be discontinued and the trial will be a
two-arm phase III trial. Another phase III trial, Concur-
rent Once-daily Versus twice daily RadioTherapy
(CONVERT), is running both in Europe and Canada, com-
paring two concomitant chemoradiation therapy regimens
plus EP (Fig. 2) and conformal radiotherapy of 45 Gy in 30
fractions of 1.5 Gy given twice daily (control arm) versus
70 Gy in 35 daily fractions of 2 Gy (NLM identifier,
NCT00433563) [40].

RADIATION THERAPY FIELDS

Historically, radiation therapy portals were large, encom-
passing the entire mediastinum. This was necessary to en-
sure adequate coverage of gross disease prior to the routine
use of computed tomography (CT)-based radiation therapy
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planning. In addition to the routine use of CT planning, im-
age-guided radiation therapy and techniques to control or
compensate for tumor motion improve tumor coverage.
This reduced field size, in most cases, translates into lower
rates of toxicity. Radiation therapy fields in an intergroup
study include the ipsilateral hilar nodes in all cases and the
precarinal, bilateral paratracheal, and subcarinal lymph
nodes in patients with N2 or N3 disease. There are no field
reductions in the hyperfractionated arm. The fields are re-
duced to treat gross disease only after 44 Gy in the 70-Gy
arm. Boost fields include gross disease only in the concom-
itant boost arm. The current intergroup trial allows for a
resimulation for redefinition of gross disease prior to begin-
ning the radiation therapy boost with the intent of decreas-
ing treatment volumes.

PROPHYLACTIC CRANIAL IRRADIATION
The incidence of central nervous system (CNS) metastases
in SCLC patients is >50% [41]. The use of prophylactic
cranial irradiation (PCI) has consistently been shown to be
effective in decreasing the incidence of CNS failures [42—
45], and it is recommended therapy for patients with LS-
SCLC who have had a complete response to primary
therapy. Historically, the routine use of PCI was met with
skepticism because of retrospective reports of a high level
of toxicity and a lack of a survival advantage. Poor func-
tional outcomes in patients treated with PCI have been at-
tributed to treatment with a high dose per fraction and a high
total dose of radiation [46] and concurrent chemotherapy
[47]. Detailed data regarding the toxicity of PCI have been
limited. Retrospective and prospective studies have shown
deficits in baseline assessments after systemic therapy and
before the administration of PCI [42, 43, 48], emphasizing
the need for prospective evaluation. Studies that have pro-
spectively assessed the cognitive impact of PCI have not
shown significant impairment attributed to PCI [42, 48, 49].
Meta-analysis and SEER data review have shown a sur-
vival advantage with the use of PCI in patients with LS-
SCLC. Aupérin et al. [50] published a meta-analysis of
individual data from patients treated in seven prospective
randomized studies. This was the first study to demonstrate
a survival advantage with PCI. The relative risk for death in
the treatment group, as compared with the control group,
was 0.84 (95% CI, 0.73-0.97; p = .01), which corresponds
to a 5.4% higher rate of survival at 3 years (15.3% in the
control group versus 20.7% in the treatment group). Patel et
al. [51] reported a SEER data review of 7,995 patients with
LS-SCLC. Of them, 670 were identified as having PCI.
Greater overall and cause-specific survival were observed
in patients treated with PCI. The 2- and 5-year survival rates
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were 23% and 11% without PCI and 42% and 19% with
PCI, respectively.

PCI does not completely eliminate the risk for CNS fail-
ure. Data have shown that lower doses of radiation may be
less effective in preventing CNS failures [42, 50]. Le Pé-
choux et al. [52] published the results of a large interna-
tional study evaluating radiation dose for PCI in SCLC.
Between September 1999 and December 2005, 720 patients
with LS-SCLC in complete remission after chemotherapy
and TRT from 157 centers in 22 countries were randomly
assigned to standard-dose PCI to 25 Gy in 10 daily fractions
or higher-dose PCI to 36 Gy delivered in 10 fractions of 2
Gy once daily or 16 fractions of 1.5 Gy twice daily. No sig-
nificant difference in the total incidence of brain metastases
was observed after higher-dose PCI. There was a signifi-
cantly higher rate of cancer-related mortality in the higher-
dose arm as a result of the unexplained finding of more
deaths from extracranial disease progression. Based on the
results of that study, 25 Gy delivered at 2.5 Gy per fraction
per day remains the standard of care for PCI in LS-SCLC
patients. The commonly used radiation schedule of 30 Gy at
2 Gy per fraction was not investigated in that trial, and it
remains a commonly used and reasonable alternative.

CHEMOTHERAPY AND TARGETED AGENTS IN
LS-SCLC

SCLC is a very chemotherapy-sensitive disease, and in ES-
SCLC patients, EP, cisplatin and irinotecan (IP), and cyclo-
phosphamide, doxorubicin, and vincristine are considered
standard therapies; in LS-SCLC, EP is the preferred com-
bination because it can easily be integrated with concurrent
TRT. Several phase II trials have investigated the role of
carboplatin and etoposide with concurrent TRT [53, 54],
and a retrospective review has revealed outcomes similar to
those with cisplatin-based therapy [55]. However, phase 111
data comparing the efficacy of carboplatin with that of cis-
platin in LS-SCLC are lacking and phase III data from car-
boplatin-based chemoradiotherapy are limited. Given the
curative intent of chemoradiotherapy, cisplatin is consid-
ered the standard therapy unless the patient cannot tolerate
or has a contraindication to cisplatin-based therapy. The
percentage of patients with LS-SCLC who are aged =70
years is increasing, and there is a higher prevalence of co-
morbidities such as renal insufficiency in this patient pop-
ulation. These changing demographics may reduce the
proportion of patients who are eligible for cisplatin-based
therapy. Several phase I and phase 1II trials have investi-
gated different chemotherapy platforms in LS-SCLC pa-
tients, and those trials have involved the addition of a third
agent, most frequently paclitaxel or ifosfamide (Table 1)
[53,56—-66]. The other strategy that has been investigated is
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Table 1. Select phase II trials of chemotherapy in LS-SCLC
Thoracic radiotherapy

Median survival 2-yr OS
Study n Chemotherapy Treatment Start time (mos) rate (%)
Levitan et al. [56] 31 EP + paclitaxel 45 Gy QD Cycle 1 22.3 47%
Ettinger et al. [59] 53 EP + paclitaxel 45 Gy QD Cycle 1 24.7 55%
Horn et al. [61] 61 EP + paclitaxel 63 Gy QD Cycle 3 15.7 24%
Bremnes et al. [62] 39 EP + paclitaxel 42 Gy QD Cycle 3 21 33%
Bass et al. [53] 37 CbE + paclitaxel 45 Gy QD Cycle 2 19.5 47%
Woo et al. [57] 44 EP + ifosfamide 40 Gy QD Cycle 1 22.5 NR
Hanna et al. [60] 53 EP + ifosfamide 45 Gy QD Cycle 1 15.1 36%
Glisson et al. [58] 67 EP + ifosfamide 45 Gy BID Cycle 1 23.7 50%
Kubota et al. [63] 30 EP + IP* 45 Gy BID Cycle 1 20.2 41%
Mitsuoka et al. [64] 51 EP + IP* 45 Gy BID Cycle 1 NR 51%
Miller et al. [65] 63 ET + paclitaxel — CbE 70 Gy QD Cycle 3 20 35%
Le et al. [66] 68 EP + TPZ — EP 61 Gy QD Cycle 1 21 NR
“Patients received concurrent chemoradiotherapy with EP followed by IP.
PPatients received two cycles of chemotherapy followed by concurrent chemoradiotherapy with Cb.
“Patients received concurrent chemoradiotherapy with EP plus TPZ followed by chemotherapy with EP. Trial was closed
early as a result of excess toxicity for TPZ in the head and neck trial.
Abbreviations: BID, twice daily; CbE, carboplatin and etoposide; EP, cisplatin and etoposide; ET, etoposide and topotecan;
IP, cisplatin and irinotecan; LS-SCLC, limited-stage small cell lung cancer; NR, not reported; OS, overall survival; QD,
daily; TPZ, tirapazamine.

the replacement of etoposide or treatment with a different
chemotherapy combination before or after completion of
concurrent chemoradiotherapy with EP [65, 66]. None of
these chemotherapy strategies has revealed results promis-
ing enough to pursue a phase III trial.

The one exception has been the use of concurrent che-
moradiotherapy with EP followed by consolidation therapy
with IP [63, 64], which is being investigated in the Japanese
Clinical Oncology Group Trial 0202. All patients will re-
ceive initial treatment with EP concurrent with TRT (twice
daily to 45 Gy) and then patients will receive either three
additional cycles of EP or IP. Treatment with IP versus EP
in ES-SCLC patients resulted in longer survival in one
phase III study performed in Japan [67]; however, two
phase III trials performed in North America did not reveal a
survival benefit for IP in comparison with EP in ES-SCLC
patients [68, 69]. Differences in the patient populations and
the pharmacogenomics of the patient populations related to
the metabolism of irinotecan may have contributed to the
different results observed between the two trials. The re-
sults of this trial are awaited, but if the new combination
does provide a survival benefit, there will be a question as to
whether the results apply to the North American patient
population.

Targeted therapies have been investigated in LS-
SCLC, and the results to date have been disappointing as
well. Vandetanib is a tyrosine kinase inhibitor of vascu-

lar endothelial growth factor receptor-2 and epidermal
growth factor receptor, and it was investigated in com-
parison with placebo in patients with LS-SCLC and ES-
SCLC who experienced a response after initial
chemotherapy [70]. The progression-free and overall
survival times were not longer in the overall study pop-
ulation, but in a subgroup analysis, patients with LS-
SCLC who received vandetanib (n = 23), versus placebo
(n = 23), experienced a longer overall survival time
(hazard ratio, 0.45; p = .07). A phase II trial investigated
the combination of carboplatin, irinotecan, and bevaci-
zumab in combination with TRT, and that trial was
stopped early after two patients developed tracheoesoph-
ageal (TE) fistula and a third patient died from an aero-
digestive hemorrhage [71]. Of note, the two patients
developed TE fistula 2 and 5 months after completion of
TRT. These safety data have resulted in concerns about
the safety of bevacizumab concurrently or after the com-
pletion of chemoradiotherapy in LS-SCLC patients, and
it does not appear that antiangiogenic agents will have a
significant role in LS-SCLC treatment. Other targeted
agents that have been investigated include matrix metal-
loproteinase inhibitors, tamoxifen, and thalidomide, in
trials for patients with LS-SCLC or in which LS-SCLC
constituted a substantial proportion of the patients en-
rolled, and none of those agents led to a significant im-
provement in overall survival [72-74].
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CONCLUSIONS

LS-SCLC is a potentially curable disease with chemoradio-
therapy, and advances in radiation therapy have signifi-
cantly improved overall survival. The initiation of TRT
concurrent with chemotherapy, during the first two cycles,
and a start to end of radiotherapy <30 days appear to im-
prove the efficacy of chemoradiotherapy. The data from in-
dividual trials investigating the timing of TRT are
contradictory, but three meta-analyses [20, 21, 32], based
on published data, suggest that TRT should be started early,
and an accelerated regimen should be considered in combi-
nation with platinum-based therapy. A meta-analysis based
on individual data may provide additional information
about the optimal time to initiation of TRT and a better es-
timate of the magnitude of benefit. EP remains the standard
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chemotherapy. PCI reduces the incidence of brain metasta-
ses and improves overall survival. There are two ongoing
phase III trials: an RTOG and CALGB trial for patients with
LS-SCLC will investigate three different TRT paradigms
and the CONVERT trial is comparing two radiation therapy
paradigms. The continued enrollment and completion of
these trials are critical for further advances in the treatment
of this disease.
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