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Summary

For inoperable stage I (T1-
T2N0) small cell lung can-
cer, the national guidelines
have recommended chemo-
therapy with or without
conventionally fractionated
radiation therapy. The find-
ings from present multi-
institutional cohort study
demonstrated that stereotac-
tic ablative radiation therapy,
together with chemotherapy,
provides appropriate local
control and survival and
should thus be considered for
these patients.
Purpose: For inoperable stage I (T1-T2N0) small cell lung cancer (SCLC), national
guidelines recommend chemotherapy with or without conventionally fractionated ra-
diation therapy. The present multi-institutional cohort study investigated the role of
stereotactic ablative radiation therapy (SABR) for this population.
Methods and Materials: The clinical and treatment characteristics, toxicities, out-
comes, and patterns of failure were assessed in patients with histologically confirmed
stage T1-T2N0M0 SCLC. Kaplan-Meier analysis was used to evaluate the survival
outcomes. Univariate and multivariate analyses identified predictors of outcomes.
Results: From 24 institutions, 76 lesions were treated in 74 patients (median follow-
up 18 months). The median age and tumor size was 72 years and 2.5 cm, respectively.
Chemotherapy and prophylactic cranial irradiation were delivered in 56% and 23% of
cases, respectively. The median SABR dose and fractionation was 50 Gy and 5 frac-
tions. The 1- and 3-year local control rate was 97.4% and 96.1%, respectively. The
median disease-free survival (DFS) duration was 49.7 months. The DFS rate was
58.3% and 53.2% at 1 and 3 years, respectively. The median, 1-year, and 3-year
disease-specific survival was 52.3 months, 84.5%, and 64.4%, respectively. The me-
dian, 1-year, and 3-year overall survival (OS) was 17.8 months, 69.9%, and 34.0%
respectively. Patients receiving chemotherapy experienced an increased median DFS
(61.3 vs 9.0 months; PZ.02) and OS (31.4 vs 14.3 months; PZ.02). The receipt of
chemotherapy independently predicted better outcomes for DFS/OS on multivariate
analysis (PZ.01). Toxicities were uncommon; 5.2% experienced grade �2 pneumo-
nitis. Post-treatment failure was most commonly distant (45.8% of recurrence), fol-
lowed by nodal (25.0%) and “elsewhere lung” (20.8%). The median time to each
was 5 to 7 months.
Conclusions: From the findings of the largest report of SABR for stage T1-T2N0
SCLC to date, SABR (�50 Gy) with chemotherapy should be considered a standard
option. � 2016 Published by Elsevier Inc.
Introduction

Stereotactic body radiation therapy (SBRT), also termed
stereotactic ablative radiation therapy (SABR), results in
high local control (LC) with minimal treatment morbidity
and is currently the standard of care for the management of
inoperable early-stage nonesmall cell lung cancer (NSCLC)
(1-3). Recent prospective data from surgery-eligible patients
have suggested potential equipoise, or even improved out-
comes, with SABR compared with surgery (4-6).

However, for resectable stage I (nonenodal) small cell lung
cancer (SCLC), the National Comprehensive Cancer Network
(NCCN) Clinical Practice Guidelines currently recommend
lobectomy and mediastinal lymph node dissection, with adju-
vant chemoradiation if node-positive and chemotherapy if
node-negative (7). However, for nonoperative patients (most



Volume - � Number - � 2016 Stereotactic radiation therapy for small cell carcinoma 3
commonly medically inoperable or those refusing surgery),
chemotherapy with or without conventionally fractionated RT
is the current NCCN recommendation (7). Although
SABRdassociated with high LC and patient convenience and
low toxicity and costsdcould effectively treat these T1-T2N0
SCLC lesions, a relative lack of published experience using this
approach is available, with only 3 case series reported, none
with >8 patients (8-10).

Because of the superior local control of SABR compared
with conventionally fractionated RT for NSCLC (11, 12)
and the improved outcomes of RT and chemotherapy for
limited-stage SCLC (13), it is important to determine
whether current guidelines should be modified to include
SABR in the T1-T2N0 SCLC patient population (14). This
is an especially pertinent issue as of late, with the recent
approval of low-dose computed tomography screening for
lung cancer in eligible patients (15, 16). Hence, although
quite debatable, a substantial increase could occur in the
diagnosis of early-stage NSCLC and SCLC, just as was
observed in the National Lung Screening Trial (17, 18).

To determine the role of SABR in the management of
stage I SCLC, we compiled the cumulative experience from
24 institutions to examine the survival outcomes, toxicities,
and patterns of failure after SABR in this population.
Methods and Materials

The present study was an institutional review boardeapproved
multi-institutional analysis for biopsy-proven, primary stage I
SCLC. All 24 institutions contributed every such patient from
their prospectively collected SABR databases or through
retrospective medical record review of SABR patients, using a
standardized data collection format. All data were reviewed by
3 investigators. Patients with a history of SCLCwere excluded,
with the exception of a single patient with limited-stage SCLC
who had been without evidence of disease for 12 years before
developinganewsolitary lungnodulepathologically confirmed
to be SCLC. Two cases of presumed synchronous primaries in
different lobes that were pathologically confirmed were
included, without evidence of nodal or distant metastasis.
Although heterogeneity in treatment at each institution was
present, SABR was delivered in 3 to 5 fractions, and all pro-
tocols accounted for respiratory motion and used principles of
image-guided RT. The individual institutions determined the
specifics of post-treatment imaging, and the responses were
evaluated using the Response Evaluation Criteria in Solid Tu-
mors. The collected information included details of the de-
mographic data, oncologic history, initial and/or ancillary
workup, tumor characteristics, age at diagnosis and at SABR
completion, treatment details, time to failure (and correspond-
ing locations), and time to death. Toxicities were assessed by
the treating physician at the initial occurrence using the Com-
mon Terminology Criteria for Adverse Events, version 4.0.

Data analysis was performed using MP14 statistical
software (StataCorp, College Station, TX). Fisher’s exact
test was used to assess measures of association in frequency
tables. The Wilcoxon rank-sum test was used to evaluate
the equality of the population distributions. The survival
function was performed using Kaplan-Meier estimates. The
log-rank test was used to examine equality across groups.
P<.05 was considered statistically significant. Statistical
tests were based on a 2-sided significance level.

The survival time was calculated from SABR
completion to the first occurrence of the considered event
(eg, recurrence). Overall survival (OS) was defined as the
interval from SABR completion to death from any cause.
Disease-specific survival (DSS) was defined as the in-
terval from SABR completion to death from SCLC.
Hence, patients who died of non-SCLC causes were
considered dead for the OS curves but censored for the
DSS curves. Disease-free survival (DFS) was defined as
the interval from SABR completion to the first recurrence
of disease.

The patterns of failure were categorized as local (in-field
only), nodal (regional, including supraclavicular), and
distant. However, in this comorbid population, new lung
lesions that develop during follow-up after SABR are often
not biopsied and are considered either second primaries or
recurrences (ie, following patterns of NSCLC). These iso-
lated or so-called oligo lung lesions are often treated
definitively; thus, the term “elsewhere lung failure” has
been increasingly used, recognizing that innumerable pul-
monary nodules still represent a type of distant failure.

The Cox proportional hazards model was used for
multivariate analysis to assess the effect of several factors of
significance on the endpoints. All factors with P�.25 on
univariate analysis were included in the multivariable anal-
ysis, with each factor eliminated in a stepwise manner until
the most significant variables were identified. The Wald test
was used to assess the role of covariates in the model.
Results

Patients and treatment

A total of 76 lesions were treated in 74 patients at 24 in-
stitutions from 2005 to 2015. The clinical characteristics of
this patient cohort are summarized in Table 1. The median
age was 72 years, the median smoking history was 50 pack-
years, and 25.7% of the patients had a history of previous
noncutaneous malignancies. Of the 76 lesions, 67 (88.2%)
were categorized as medically inoperable, nearly all because
of cardiopulmonary comorbidities. The median tumor size
was 2.2 cm (range 0.7-7.2). The lesions were predominantly
T1 (56 of 76; 73.7%) or T2a (15 of 76; 19.7%). At baseline,
52 of 74 patients (70.3%) had an Eastern Cooperative
Oncology Group performance status of 0 to 1.

The treatment parameters for this population are listed in
Table 2. The most frequent SABR dose and fractionation
was 50 Gy in 5 fractions (36.8%), followed by 50 Gy in 4
fractions (23.9%), and 54 Gy in 3 fractions (10.5%). The
median total SABR dose was 50 Gy (range 30-60).



Table 1 Clinical characteristics of the study population

Parameter n (%)*

Age at diagnosis (y)
Median 72
Range 44-105

Ethnicity
White 66 (89.2)
African-American 6 (8.1)
Other 2 (2.7)

Gender
Male 37 (50.0)
Female 37 (50.0)

Smoking history (pack-years)
Median 50
Range 10-162

Persistent smoking at last follow-up
Yes 10 (13.5)
No 64 (86.5)

History of malignancyy

None 55 (74.3)
Lung, early-stage NSCLC 10 (13.5)
Lung, locally advanced NSCLC 4 (5.4)
Lung, SCLCz 3 (4.1)
Genitourinary 3 (4.1)
Head and neck 1 (1.4)
Lymphoma 2 (2.7)
Breast 2 (2.7)
Melanoma 1 (1.4)

Malignancy within 1 y of diagnosis
Yes 8 (10.8)
No 66 (89.2)

Previous thoracic irradiation
Yes 4 (5.4)
No 70 (94.6)

Indication for SABR
Medically inoperable 67 (88.2)
Other active cancer 4 (5.3)
Refused surgery 3 (3.9)
Other/unknown 2 (2.6)

Lobe of lung
Right upper 21 (27.6)
Left upper 19 (25.0)
Right lower 15 (19.7)
Left lower 12 (15.8)
Right middle 6 (7.9)
Unknown 3 (3.9)

Location
Peripheral 63 (82.3)
Central 13 (17.1)

Lesion size (cm)
Median 2.2
Range 0.7-7.2

Lesion group
�1 cm 6 (7.8)
1.1-2.0 cm 29 (38.2)
2.1-3.0 cm 21 (27.6)
3.1-4.0 cm 14 (18.4)
4.1-5.0 cm 1 (1.3)
>5.1 cm 5 (6.6)

(continued)

Table 1 (continued )

Parameter n (%)*

AJCC clinical T stage
T1a 35 (46.1)
T1b 21 (27.6)
T2a 15 (19.7)
T2b 4 (5.3)
T3 1 (1.3)

Baseline staging PET performed
Yes 67 (90.5)
No 7 (9.5)

SUVmax on pre-SABR PET
Median 7.6
Range 1.3-27.7

Mediastinal nodal sampling
Performed 19 (25.0)
Not performed 57 (75.0)

ECOG performance status at diagnosis
0 16 (21.1)
1 36 (47.4)
2 14 (18.4)
3 9 (11.8)
Unknown 1 (1.3)

Abbreviations: AJCC Z American Joint Committee on Cancer;

ECOG Z Eastern Cooperative Oncology Group;

NSCLC Z nonesmall cell lung cancer; PET Z positron emission to-

mography; SABR Z stereotactic body radiation therapy;

SCLC Z small cell lung cancer; SUVmax Z maximum standard uptake

value.

* Parameters applicable to either the number of patients (nZ74) or

number of lesions (nZ76).
y Data do not sum to 100% owing to patients with synchronous or

metachronous neoplasms.
z Two patients had synchronous lesions in different lobes without

any evidence of nodal or distant disease; hence, the lesions were treated

as separate primaries. One patient had history of limited-stage small cell

carcinoma in another lung lobe and had been without evidence of

disease for 12 years.
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Chemotherapy was administered to 45 patients (59.2%),
not given to 27 (35.5%), and likely to have been given
(although unconfirmed) in 4 patients (5.3%). The most
common chemotherapy protocol was as follows: a platinum
agent and etoposide (95.9%), administered for 4 cycles
(61.2%), after completion of SABR (67.3%). Prophylactic
cranial irradiation was performed in 17 patients (23.0%), all
of whom were treated at a dose of 25 Gy in 10 fractions.
Clinical outcomes

The median follow-up period was 18 months (range 0.1-
62.3) after SABR completion. A complete response
occurred in 19 lesions (25.0%), a partial response in 29
(38.2%), stable disease in 13 (17.1%), and progression in 3
(3.9%). Figure 1 presents the Kaplan-Meier survival anal-
ysis. The 1- and 3-year LC rate was 97.4% and 96.1%,
respectively; the 1- and 3-year local failure-free survival
rates were both 96.6%. The distant metastasis-free survival



Table 2 Treatment characteristics of the study population

Parameter n (%)

SABR dose and fractionation
50 Gy in 5 fractions 28 (36.8)
50 Gy in 4 fractions 18 (23.9)
54 Gy in 3 fractions 8 (10.5)
60 Gy in 5 fractions 6 (7.9)
60 Gy in 3 fractions 5 (6.6)
48 Gy in 4 fractions 5 (6.6)
Other 6 (7.9)

Total SABR dose (Gy)
Median 50
Range 30-60

SABR dose group
�60 Gy 12 (15.8)
50-59 Gy 55 (72.4)
40-49 Gy 8 (10.5)
<40 Gy 1 (1.3)

Biologically effective dose* (Gy)
Median 112.5
Range 72-180

Biologically effective dose group
<100 Gy 3 (3.9)
100-129 Gy 53 (69.7)
130-149 Gy 7 (9.2)
�150 Gy 13 (17.1)

Receipt of PCIy

Yes 17 (23.0)
No 53 (71.6)
Unknown 4 (5.4)

Receipt of chemotherapy
Yes 45 (59.2)
No 27 (35.5)
Unknown, but most likelyz 4 (5.3)

Type of chemotherapy
Cisplatin/etoposide 28 (57.1)
Carboplatin/etoposide 19 (38.8)
Other/unknown 2 (4.1)

Cycles of chemotherapy
1 3 (6.1)
2 4 (8.2)
3 4 (8.2)
4 30 (61.2)
6 4 (8.2)
8 1 (2.0)
Unknown 3 (6.1)

Timing of chemotherapy
After SABR 33 (67.3)
Before SABR 12 (24.5)
Before SABR or concurrently 2 (4.1)
Before SABR, concurrently, or after SABR 1 (2.0)
Unknown 1 (2.0)

Primary tumor responsex

Complete response 19 (25.0)
Partial response 29 (38.2)
Stable 13 (17.1)
Progression 3 (3.9)
Unknown 12 (15.8)

(continued)

Table 2 (continued )

Parameter n (%)

Size of residual lesion (cm)
Median 1.3
Range 0.4-3.5

SUVmax of residual lesion
Median 1.9
Range 0-6.1

Abbreviations: SABR Z stereotactic body radiation therapy;

PCI Z prophylactic cranial irradiation; SUVmax Z maximum stan-

dardized uptake value.

* Assuming an a/b ratio of 10.
y PCI, when delivered, was administered at a dose of 25 Gy in 10

fractions in all cases.
z In these patients, chemotherapy was most probably administered

but could not be corroborated definitively owing to loss of follow-up.
x In accordance with Response Evaluation Criteria in Solid Tumors.
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rate was 73.2% and 62.7% at 1 and 3 years, respectively.
The median DFS period was 49.7 months, which corre-
sponded to a DFS rate of 59.1% and 54.0% at 1 and 3 years,
respectively. The median DSS period was 52.3 months, for
a rate of 84.4% and 64.4% at 1 and 3 years, respectively.
The 1- and 3-year OS rate was 71.1% and 34.6%, respec-
tively, and the median OS period was 17.8 months.

To identify the factors associated with several endpoints,
univariate analysis was performed (Tables E1-E5; available
online at www.redjournal.org). After adjustment for po-
tential confounders, multivariate analysis determined
several factors associated with various endpoints (Table 3).
Receipt of chemotherapy was an independent predictor of
both improved DFS (hazard ratio [HR] 0.37, 95% confi-
dence interval [CI] 0.17-0.82; PZ.01) and OS (HR 0.41,
95% CI 0.21-0.80; PZ.01). The median OS for patients
who received and did not receive chemotherapy was 31 and
14 months, respectively. Tumor size >2 cm was also
associated with worse OS (HR 2.80, 95% CI 1.32-5.94,
PZ.01). Finally, when examining the total RT dose as a
continuous variable, an association with greater local con-
trol was observed (HR 0.71, 95% CI 0.54-0.94; PZ.02).

At the latest available follow-up examination, 43 patients
(58.1%) had died. The cause of death for 10 patients (23.3%)
was unknown; 16 patients (37.2%) had died of SCLC, 8 pa-
tients (18.6%) of cardiopulmonary causes, 3 (7.0%) of other
malignancies, and 6 (14.0%) of other causes.

Patterns of failure

The patterns of failure were categorized into 4 groups: local
(in-field), nodal, elsewhere lung (including out-of-field),
and distant (Table 4). Of the 74 patients, 32 (43.2%)
experienced a total of 46 recurrences. At the last follow-up
visit, local recurrence had developed in 4 patients (8.7% of
all failures). In all cases, these local recurrences were
synchronously accompanied by other recurrences. In
contrast, distant metastases were the most common failure,

http://www.redjournal.org
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Fig. 1. Kaplan-Meier curves for the cohort illustrating overall survival (A), disease-specific survival (B), distant metastasis-
free survival (C), disease-free survival (D), local failure-free survival (E), and nodal failure-free survival (F).
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accounting for nearly one half (45.7%) of post-SABR
failures. The most frequent metastases were to the liver
(46.4%), bone (25.0%), and brain (14.3%). None of the 4
patients with treatment failure in the brain had received
prophylactic cranial irradiation. Nodal and elsewhere lung
failures represented 26.1% and 19.6% of all recurrences,
respectively, and were often associated with concomitant
recurrences in other locations. The median time to distant,



Table 3 Multivariate analysis using Cox proportional hazards model

Parameter HR 95% CI P value

OS
Receipt of chemotherapy (yes vs no) 0.41 0.21-0.80 .010
Tumor size (>2 cm vs �2 cm) 2.80 1.32-5.94 .008
Presence of nodal failure (yes vs no) 3.88 1.73-8.75 .001

DFS
Receipt of chemotherapy (yes vs no) 0.37 0.17-0.82 .014
Response of primary tumor (partial vs complete) 3.61 1.20-10.87 .023

LC
Total radiation dose (continuous variable) 0.71 0.54-0.94 .018

Abbreviations: CI Z confidence interval; DFS Z disease-free survival; HR Z hazard ratio; LC Z local control; OS Z overall survival.

Statistically significant variables associated with OS, DFS, distant metastasis-free survival, and LC are listed.
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nodal, and elsewhere lung failures in all patients was 5 to
10 months for each failure type (Table 4).

Toxicities

Overall, SABR was associated with limited toxicities. Of
the 76 lesions, 9 cases (11.8%) of grade 1, 3 (3.9%) of
grade 2, and 1 (1.3%) of grade 3 pneumonitis developed.
Additionally, 1 case each of grade 1 dermatitis and grade
2 fatigue occurred. Also, 4 cases (5.3%) of chest wall pain
(3 with grade 2 and 1 with an unknown grade) were
observed, without any rib fractures. No acute or late
esophageal toxicity was observed.

Discussion

Although highly effective for stage T1-T2N0 NSCLC,
SABR has rarely been performed or reported for T1-T2N0
SCLC. In the present study, we report the cumulative
experience of 74 patients with stage I SCLC treated with
SABR from 24 institutions. We have demonstrated that
SABR is a safe and effective local modality for this patient
population, producing high rates of LC and low rates of
treatment-related toxicities. Moreover, chemotherapy is
essential for these patients.

These results have important ramifications. Regarding
inoperable T1-T2N0 SCLC, NCCN has recommended
chemotherapy with or without conventionally fractionated
RT, although the latter is not recommended for patients with
poor performance status (7). However, for this patient
population with expected comorbidities, SABR was very
well tolerated and resulted in excellent local control. If one
may extrapolate from the NSCLC data, SABR is likely
superior to conventionally fractionated RT. Even if local
control is equivalent, SABR would still be preferred
because of the greater patient convenience, low toxicity, and
superior cost-effectiveness profiles compared with conven-
tionally fractionated RT (19, 20). Finally, if such patients
develop locoregional recurrence after SABR and chemo-
therapy, chemoradiation could play a role in salvage ther-
apy, although nodal failure was a strong predictor of worse
OS on multivariate analysis. Although the idea of prophy-
lactic mediastinal nodal irradiation is a possibility, no sup-
portive data for T1-T2N0 SCLC are currently available.
Finally, the median time to regional or distant recurrence in
the present series was 5 to 10 months, less than the corre-
sponding data for NSCLC (range 9-13 months), which
could necessitate post-treatment imaging studies earlier than
performed for NSCLC (21).

Our results compare favorably to the outcomes from
published surgical series of medically operable patients
(Table 5). The Medical Research Council phase III trial
demonstrated a mean survival of 10 and 6.5 months in the
RT and surgical arms, respectively, although the patients in
that trial likely had a greater disease volume than the pa-
tients in our series (22). In the Lung Cancer Study Group
832 randomized trial, the median survival for those with
clinical T1-T2N0 disease was 21 to 24 months (23). The
retrospective surgical data from a patient population similar
to that in the present study demonstrated 1- and 3-year OS
of roughly 80% and 60% in clinical stage IA patients and
60% and 45% in clinical stage IB patients, respectively
(24). Another study from Johns Hopkins demonstrated 1-
and 3-year OS of 82% and 50%, respectively, for stage I
SCLC patients undergoing surgical resection who had
received adjuvant chemotherapy (25). Their findings are
similar to the data for the corresponding patients in the
present study (1- and 3-year OS of 80% and 45%, respec-
tively) and to another relatively recent retrospective series
with a 1- and 3-year OS of w70% and 55%, respectively
(26). Taken together, although the vast majority of the pa-
tients in the present study were medically inoperable and
only a few had undergone pathologic mediastinal staging,
the survival was surprisingly comparable to that from sur-
gical reports of operable patients. However, it should not be
discounted that less-sensitive imaging studies in older re-
ports might have missed patients with occult distant me-
tastases. Although many of the reported surgical series did
not examine DSS, the median 52 months we have reported
is quite encouraging and is indicative that many patients
died of causes other than SCLC.

Notably, 1 patient who was 105 years old who developed
SCLC experienced a durable response after SABR and died



Table 4 Patterns of failure of the study population

Incidence and proportions Location* Median (range) time to failure (mo) Concomitant failure

Local failure (nZ4)
5.3% of all lesions In-field (nZ4) 28.2 (5.8-61.3) Elsewhere lung (nZ2)

Distant (nZ1)
Nodal and elsewhere lung (nZ1)

8.7% of all failures

Nodal failure (nZ12)
15.8% of all lesions Hilum (nZ7)

Mediastinum (nZ7)
Supraclavicular (nZ2)

5.2 (0.2-11.9) Isolated nodal (nZ5)
Distant (nZ3)
Distant and elsewhere lung (nZ3)
Elsewhere lung (nZ1)

26.1% of all failures

Elsewhere lung failure (nZ9)
11.8% of all lesions Ipsilateral lobe (nZ1)

Ipsilateral lung (nZ2)
Contralateral lung (nZ3)
Unknown (nZ3)

10.2 (0.4-61.3) Isolated elsewhere lung (nZ2)
Nodal and distant (nZ3)
Distant (nZ1)
Local (nZ2)
Local and nodal (nZ1)

19.6% of all failures

Distant failure (nZ21)
27.6% of all lesions Liver (nZ13)

Bone (nZ7)
Brain (nZ4)
Adrenal (nZ2)
Pleura (nZ2)

6.4 (1.2-49.7) Isolated distant (nZ13)
Nodal (nZ3)
Elsewhere lung (nZ1)
Nodal and elsewhere lung (nZ3)
Local (nZ1)

45.7% of all failures

* Totals might not sum to those of the first column because many patients developed synchronous failure.
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of myelodysplastic syndrome nearly 4 years after SABR.
This patient also experienced grade 2 chest wall pain and
grade 1 radiation pneumonitis. These responses and toler-
ance suggest that curative treatment is safe and efficacious
in the elderly population, a particularly important aspect
regarding SABR for any type of lung cancer.

Because of the uncommon presentation of SCLC with
early-stage disease and the current propensity of these
patients to subsequently undergo either surgical resection
or a conventional chemoradiation course, our study is to
date the largest series of this type of patients treated with
SABR. However, several limitations must be recognized.
In addition to its retrospective nature, our study was
limited by the likely heterogeneity in treatment details
provided from 24 institutions (contributing, on average, 3
Table 5 Comparison of survival parameters between our study and

Surgical series Study type Param

Medical Research Council (22) Randomized Mean OS
Mean OS

Lung Cancer Study Group 832
(23)

Randomized Median

Osaka, Japan (24) Retrospective cIA: 1-y
cIB: 1-y

Johns Hopkins (25) Retrospective Receivin
82%;

London, England (26) Retrospective 1-y OS w

Abbreviations: cIA, cIB Z clinical stage IA, IB, respectively; OS Z overa
patients per institution), including the workup protocols
(eg, pathologic nodal staging), type of treatment (eg,
receipt of chemotherapy), and post-treatment imaging
studies (within 3 months in most cases). Despite being
the largest reported series, the small sample size could be
subject to certain biases in survival analysis. Despite this,
we found that the clinical outcomes for these patients
were quite comparable to the previously cited surgical
series. Furthermore, it should be remembered that 10
patients had an unknown cause of death, which might
have affected the measured values of DSS. Next, the
stratification by receipt of chemotherapy omitted 4 pa-
tients who had most likely undergone chemotherapy but
without confirmation. Additionally, despite the relatively
short follow-up time, the clinical endpoints occurred
surgical series

eter in surgical series Parameter in present study

10.5 mo (RT arm)
6 mo (surgery arm)

Median OS 18 mo

OS 21-24 mo Median OS 18 mo

OS 80%; 3-y OS 60%
OS 60%; 3-y OS 45%

1-y OS 71%
3-y OS 35%

g chemotherapy: 1-y OS
3-y OS 50%

Receiving chemotherapy: 1-y OS
80%; 3-y OS 45%

70%; 3-y OS w55% 1-y OS 71%; 3-y OS 35%

ll survival; RT Z radiation therapy.
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relatively quickly in these data, including recurrences
(median 5-10 months), well within the median follow-up
period. Moreover, the inclusion of 2 patients with syn-
chronous lesions could also be debated; however, despite
1 distant recurrence, the other patient was free of disease
at the last follow-up visit. Next, although many studies
did not define a specific classification for “elsewhere lung
failure,” it is an important concept when considering that
isolated lesions occurring after initial SABR are rarely
biopsied and are often treated definitively. Finally, it is
also unclear why distant metastasis-free survival was not
significantly improved statistically with the use of
chemotherapy despite the improvement in DFS and OS.
However, the reason is potentially related to the relatively
smaller sample size (nZ21) of patients with distant
metastases in the present study. The relationship between
a partial or complete Response Evaluation Criteria in
Solid Tumors response and DFS on multivariate analysis,
together with the association of RT dose with LC, is
noteworthy and could indicate a suboptimal tumor
response with lower doses. However, a biologically
effective dose response could not be appreciated such has
been reported for stage I NSCLC (11). The role of con-
current chemoradiation (the standard for limited-stage
SCLC) and of elective mediastinal nodal irradiation
also could not be assessed because the vast majority of
patients did not undergo these measures. Finally, the
present study did not compare outcomes with the current
NCCN recommendation for chemotherapy with or
without RT. Thus, it would be inaccurate to state that
either method is superior to the other.

A similar unpublished series of 64 patients is currently
under study in Japan (27). Although 88% of cases were
medically inoperable in the present study, the percentage
was 66% in the Japanese cohort, implying a population
with fewer comorbidities; chemotherapy was delivered to
36 of 64 patients (56%). Despite the unpublished nature of
that work, the preliminary results appear similar to those of
the present report regarding the benefits of chemotherapy
and the relatively greater incidence of distant metastasis
(most commonly to the liver). The 2-year OS and DSS have
been reported as 76% and 79%, respectively, indicating less
death from competing comorbidities compared with the
present study. The 2-year LC rate was reported as 89%, and
no grade 3þ toxicities developed. These preliminary results
are anticipated to corroborate many of the conclusions from
our multi-institutional analysis.

Conclusions

From the present multi-institutional experience of SABR
for T1-T2N0 SCLC patients, the largest to date, we found
SABR to be a safe and effective treatment modality,
especially when combined with chemotherapy. This para-
digm can offer very high LC and relatively high DFS and
DSS. The OS appears numerically similar to that of pre-
viously published surgical series for operable patients.
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