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abstract

PURPOSE Although level 1 evidence supports 45-Gy twice-daily radiotherapy as standard for limited-stage small-
cell lung cancer, most patients receive higher-dose once-daily regimens in clinical practice. Whether increasing
radiotherapy dose improves outcomes remains to be prospectively demonstrated.

METHODS This phase III trial, CALGB 30610/RTOG 0538 (ClinicalTrials.gov identifier: NCT00632853), was
conducted in two stages. In the first stage, patients with limited-stage disease were randomly assigned to receive
45-Gy twice-daily, 70-Gy once-daily, or 61.2-Gy concomitant-boost radiotherapy, starting with either the first or
second (of four total) chemotherapy cycles. In the second stage, allocation to the 61.2-Gy arm was discontinued
following planned interim toxicity analysis, and the study continued with two remaining arms. The primary end
point was overall survival (OS) in the intention-to-treat population.

RESULTS Trial accrual opened on March 15, 2008, and closed on December 1, 2019. All patients randomly
assigned to 45-Gy twice-daily (n5 313) or 70-Gy once-daily radiotherapy (n5 325) are included in this analysis.
After a median follow-up of 4.7 years, OS was not improved on the once-daily arm (hazard ratio for death, 0.94;
95% CI, 0.76 to 1.17; P5 .594). Median survival is 28.5 months for twice-daily treatment, and 30.1 months for
once-daily treatment, with 5-year OS of 29% and 32%, respectively. Treatment was tolerable, and the frequency
of severe adverse events, including esophageal and pulmonary toxicity, was similar on both arms.

CONCLUSION Although 45-Gy twice-daily radiotherapy remains the standard of care, this study provides the most
robust information available to help guide the choice of thoracic radiotherapy regimen for patients with limited-
stage small-cell lung cancer.

J Clin Oncol 41:2394-2402. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Small-cell lung cancer (SCLC) represents 13% of all
lung cancer, and one third of patients present with
limited-stage disease.1 Treatment involves cisplatin-
based chemotherapy combined with thoracic radio-
therapy followed by prophylactic cranial irradiation in
patients with responsive disease.2 The standard ra-
diotherapy regimen, 1.5 Gy twice-daily to 45 Gy over
3 weeks, was defined by Intergroup 0096 (INT-0096),
a phase III study completed in 1992. Accelerating
radiotherapy from 45 Gy once daily in 5 weeks to 45 Gy
twice daily in 3 weeks resulted in improved 5-year
overall survival (OS) from 16% to 26%.3 Despite this
result, the adoption of the twice-daily regimen has
been limited, and most patients receive once-daily
treatment.4 Factors affecting the implementation of
twice-daily radiotherapy include logistical challenges
of treating patients twice daily as well as tolerability
concerns, as severe acute esophageal toxicity was
twice as likely on the twice-daily radiotherapy arm of
Intergroup 0096.

An overarching concern regarding Intergroup 0096
was the relatively low biologically effective radiotherapy
dose used in the once-daily cohort. Higher-dose
thoracic radiotherapy regimens, including 70-Gy
once-daily and 61.2-Gy concomitant-boost radio-
therapy, were studied in cooperative group trials with
promising outcomes.5,6 The resultant phase III CALGB
30610/RTOG 0538 trial evaluated the efficacy of high-
dose radiotherapy in combination with chemotherapy
for limited-stage SCLC. We report the final analysis of
the trial’s primary end point, OS, for patients randomly
assigned to 70-Gy once-daily radiotherapy or standard
45-Gy twice-daily radiotherapy.

METHODS

Trial Oversight

The trial was conducted through the National Cancer
Institute National Clinical Trials Network and led by the
Cancer and Leukemia Group B, now part of the Alli-
ance for Clinical Trials in Oncology. Data quality was
ensured by review of data by the Alliance Statistics and
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Data Management Center and by the study chairperson
(J.B.) following Alliance policies. The authors were re-
sponsible for design of the trial and the collection, analysis,
and interpretation of the data. Each participant signed an
institutional review board–approved, Protocol (online only)-
specific informed consent document in accordance with
federal and institutional guidelines. Alliance Data and Safety
Monitoring Board reviewed safety data semiannually.

Patients

Patients age at least 18 years with limited-stage SCLC,
EasternCooperative Oncology Group performance status 0-2,
and measurable disease by RECIST 1.1 were eligible. Re-
gional lymph node involvement, excluding contralateral hilar
and supraclavicular nodes, was required. Adequate baseline
initial laboratory values were required. Required imaging
before enrollment included spiral computed tomography (CT)
of the chest and abdomen, fluorodeoxyglucose-positron
emission tomography or bone scan, and magnetic reso-
nance imaging or CT of the brain.

Trial Design

In the first stage of the study, enrolled patients were ran-
domly assigned 1:1:1 to receive four cycles of cisplatin
(80 mg/m2 intravenous on day 1, once every 3 weeks) and
etoposide (100mg/m2 intravenous on days 1, 2, and 3, once
every 3 weeks) with one of three radiotherapy regimens,
45 Gy in 1.5-Gy twice-daily fractions over 3 weeks, 70 Gy in
35-Gy once-daily fractions over 7 weeks, or 61.2-Gy
concomitant-boost over 5 weeks. In the second stage, one
experimental arm was dropped, and the study continued
with two remaining arms with 1:1 allocation. Radiotherapy
could start with either the first or second chemotherapy
cycle. Prophylactic cranial radiation, 25 Gy in 10 fractions,
was recommended for patients with responsive disease. The

trial was amended in July 2015 to permit carboplatin (area
under the curve of 5 mg per milliliter per minute, day 1 of
each cycle) instead of cisplatin at the discretion of the
treating physician. Stratification factors for random assign-
ment included sex, radiotherapy start time (with chemo-
therapy cycle 1 or cycle 2), performance status (0 v 1 v 2),
weight loss before study entry (# 5% of body weight
v . 5%), radiotherapy planning technique (3D-conformal v
intensity-modulated), and chemotherapy choice.

End Points and Assessments

The primary end point was OS (time from random as-
signment to death from any cause). Key secondary end
points included investigator-assessed objective response
rates (according to RECIST 1.1), progression-free survival
(PFS, time from random assignment to disease progression
or death from any cause), and treatment-related toxicity in
the intention-to-treat population. Adverse events (AEs) were
assessed according to National Cancer Institute Common
Terminology Criteria for AEs version 4.0. The investigators
determined attribution of AEs.

Tumor assessments were conducted at screening, every
two cycles of chemotherapy and at least every 3 months for
2 years, then every 6 months for 3 years, yearly for an
additional 5 years until disease progression or death, and
after progression, every 6 months for survival.

Thoracic Radiotherapy Planning and Quality Assurance

Radiotherapy was directed to the areas of disease in-
volvement on CT and/or fluorodeoxyglucose-positron
emission tomography imaging, and the ipsilateral hilum
was included in the target volume regardless of clinical
involvement. Repeat simulation and adaptation of the ra-
diotherapy plan was allowed for the final 26 Gy in the 70-Gy
once-daily cohort. Three-dimensional planning was

CONTEXT

Key Objective
Does administering higher doses of once-daily radiotherapy improve overall survival, compared with standard 45-Gy twice-

daily radiotherapy, for patients treated with concurrent chemotherapy and radiotherapy for limited-stage small-cell lung
cancer?

Knowledge Generated
Six hundred thirty-eight patients were randomly assigned between 45-Gy twice-daily radiotherapy and 70-Gy once-daily

radiotherapy. Although there was no difference in overall survival between the arms, more patients initiating twice-daily
treatment completed planned radiotherapy. Most adverse events were similar between arms, although there was a trend
toward increased hematologic toxicity and a greater number of grade 5 events in the 70-Gy arm.

Relevance (B.G. Haffty)
Although the study does not definitively define the most ideal dose fractionation schedule in this setting, survival rates were

similar in the once-daily and twice-daily regimen. These data aid in the decision-making process regarding radiation
scheduling for limited-stage small-cell lung cancer.*

*Relevance section written by JCO Deputy Editor Bruce G. Haffty, MD.
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required and intensity-modulated radiation permitted with
appropriate credentialing. Four-dimensional CT simulation
was encouraged and a management plan for tumor motion
required. Treatment plans were centrally reviewed for
adherence to protocol guidelines at the Imaging and Ra-
diation Oncology Core (Lincoln, RI).

Statistical Analysis

The primary objective of the trial is to determine whether the
remaining experimental treatment is superior to the control
treatment. For sample size calculation, we assumed the
median survival for the remaining experimental arm was
29.9 months and for the control arm was 23 months, or a
corresponding hazard ratio (HR) of 0.77 in favor of the
remaining experimental arm over the control arm under
exponential hazards. With at least 483 deaths observed at
the final analysis, we had approximately 82% power to test
the null hypothesis H0: log(l1/l2)5 0 versus the alternative
hypothesis HA: log(l1/l2) # 0.77 for the comparison of OS
between the two arms at a two-sided significance level of .05,

where l1 is the hazard rate of the experimental arm and l2 is
the hazard rate of the control arm. Interim analyses were
conducted annually for possibly stopping the trial early for
either superiority or inferiority of the remaining experimental
arm relative to the control arm. O’Brien-Fleming–like
boundaries7 were constructed using Lan-DeMets error
spending function.8 Conditional power was used to evaluate
the probability of rejecting the null hypothesis at the final
analysis, given the observed test statistic at kth interim
analysis at HR 1.3 or futility assessments.9 Additional details
of the statistical design can be found in the study protocol.

Patients were randomly assigned with equal allocation
using stratified permuted block algorithm with stratification
factors. Block size of six was used in both stages of the trial.

A total of 731 patients accrued between March 15, 2008,
and December 1, 2019. Of them, 638 patients on the
remaining experimental arm and the control arm were
included in data analysis. On the basis of the interim
analysis conducted in October 2020 with 376 events (about

Patients randomly assigned
(N = 638)

Patients starting protocol chemotherapy
Patients starting protocol radiotherapy
  Received = 45 Gy
  Received > 45 Gy
  Received < 44 Gy

(n = 298)
(n = 287)
(n = 258)

(n = 8)
(n = 21)

Patients starting protocol chemotherapy
Patients starting protocol radiotherapy
  Received = 70 Gy
  Received > 70 Gy
  Received 60-69 Gy
  Received < 60

(n = 304)
(n = 291)
(n = 218)
(n = 12)
(n = 24)
(n = 37)

Discontinued therapy
   AEs
   Died
   Progressive disease
   Physician decision
   Patient withdrew
   Other

(n = 53)
(n = 23)
(n = 3)
(n = 4)
(n = 5)
(n = 9)
(n = 9)

Discontinued therapy
   AEs
   Died
   Progressive disease
   Physician decision
   Patient withdrew
   Other

(n = 70)
(n = 34)
(n = 7)
(n = 3)
(n = 1)

(n = 10)
(n = 15)

Completed protocol therapy (n = 245) Completed protocol therapy (n = 234) 

Lost to follow-up                 (n = 4)
Withdrawn                         (n = 22)

Lost to follow-up                  (n = 6)
Withdrawn                          (n = 15)

Survival analysis (n = 313)  Survival analysis (n = 325)  

Assigned to 45 Gy  twice a day
(n = 313) 

Assigned to 70 Gy once daily
(n = 325)

Assigned to 61.2 Gy CB
(n = 93)

No protocol therapy
   Patient withdrew
   Alternate therapy
   Progressive disease
   Other

(n = 15)
(n = 7)
(n = 1)
(n = 1)
(n = 6)

No protocol therapy
   Patient withdrew
   Physician decision
   Other

(n = 21)
(n = 17)
(n = 2)
(n = 2)

Arm discontinued after planned
interim analysis

FIG 1. CONSORT diagram. AE, adverse event; CB, concomitant-boost.
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78% information), the early stopping boundaries were not
crossed with the critical Z-value of 2.807 for early superiority
stopping and an observed Z statistic of 0.3328. As there was
very low probability that the planned final analysis would
reject the null hypothesis and conclude that the remaining
experimental arm is better than the control, Alliance data
safetymonitoring board recommended a public release of the
data. The results reported here were based on the data
locked on March 2, 2022. Kruskal-Wallis test was used to
check the balance between arms of the continuous variables
of baseline patient characteristics and chi-square test for the
categorical variables. The primary end point of OS included
all 638 randomly assigned patients in the intent-to-treat
analysis. OS and PFS were estimated with the Kaplan-
Meier method, and between-group comparisons were

evaluated by the stratified log-rank test. Cox proportional
hazards model was fitted to estimate the HR of treatment
effect and its 95% CI with respect to stratification factors. A
total of 144 stratums were defined by randomization strati-
fication factors. For the primary analysis, the stratified log-
rank test and the stratified Cox PH analysis will only stratify on
subgroups defined by performance status (0, 1/2) and
chemotherapy choice (entry before the option to use car-
boplatin, choice of carboplatin among those patients for
which this is an option, and choice of cisplatin among those
patients for which this is an option). The heterogeneity of
treatment effects for OS and PFS across patient subgroups,
for example, sex, chemotherapy backbone, weight loss,
performance status, and radiotherapy technique, and the
HRs and CIs therein were estimated from unstratified Cox PH
models fitted to the specific subgroups. The Kruskal-Wallis
test was used to compare the continuous variables of patient
characteristics and the chi-square test to compare the cat-
egorical variables between arms. Miettinen-Nurminen
method was used to compare the specific event propor-
tions between both arms. Reported P values were not ad-
justed for multiple comparisons for other end points and for
the group sequential design for the primary end point. A two-
sided significance level of 5% was used in all tests for de-
claring statistical significance. Data collection and statistical
analyses were conducted by the Alliance Statistics and Data
Management Center. All analyses were conducted using SAS
9.4 software (Cary, NC) or R version 4.0.5 (Vienna, Austria).

RESULTS

Patients

Between March 15, 2008, and December 1, 2019, 731
patients were randomly assigned (Fig 1). A planned interim
toxicity analysis resulted in discontinuation of the 61.2-Gy
concomitant-boost arm in March 2013,10 leaving 638 pa-
tients randomly assigned to 45-Gy twice-daily radiotherapy
(n 5 313) or 70-Gy once-daily radiotherapy (n 5 325) for
primary analysis. The distributions of the baseline covariates
were comparable between study (Table 1), and treatment
details were similar in both cohorts (Table 2).

Outcomes

Overall survival. After a median follow-up of 4.7 years
(interquartile range, 3.1-7.1 years), 204 patients (65%) in
the 45-Gy twice-daily group and 218 patients (67%) in the
70-Gy once-daily group had died. OS did not significantly
differ between treatment arms (P5 .594). Median OS was
28.5 months (95% CI, 25.4 to 34.5) for 45-Gy twice-daily
compared with 30.1 months (95% CI, 24.4 to 37.2) for
70-Gy once-daily radiotherapy. Two-year and 5-year OS
were, respectively, 58% (95% CI, 0.53 to 0.64) and 29%
(95% CI, 0.24 to 0.35) on the 45-Gy arm, compared with
57% (95% CI, 0.51 to 0.62) and 33% (95% CI, 0.28 to
0.39) on the 70-Gy arm (Fig 2A).

TABLE 1. Baseline Patient Characteristics

Characteristic
45 Gy Group
(N 5 313)

70 Gy Group
(N 5 325)

Total
(N 5 638)

Age, years

Mean (SD) 63.3 (8.0) 62.4 (8.1) 62.8 (8.1)

Median 64.0 63.0 63.0

Q1-Q3 58.0-69.0 57.0-68.0 57.0-69.0

Range 42.0-81.0 37.0-80.0 37.0-81.0

Race, No. (%)

White 271 (86.6) 281 (86.5) 552 (86.5)

Black or African American 27 (8.6) 27 (8.3) 54 (8.5)

Asian 4 (1.3) 4 (1.2) 8 (1.3)

American Indian or Alaska Native 2 (0.6) 2 (0.6) 4 (0.6)

More than one race 0 (0.0) 1 (0.3) 1 (0.2)

Not reported 5 (1.6) 4 (1.2) 9 (1.4)

Unknown: patient unsure 4 (1.3) 6 (1.8) 10 (1.6)

Sex, No. (%)

Male 154 (49.2) 155 (47.7) 309 (48.4)

Female 159 (50.8) 170 (52.3) 329 (51.6)

Ethnicity, No. (%)

Not Hispanic or Latino 292 (93.3) 302 (92.9) 594 (93.1)

Hispanic or Latino 11 (3.5) 9 (2.8) 20 (3.1)

Not reported 4 (1.3) 4 (1.2) 8 (1.3)

Unknown 6 (1.9) 10 (3.1) 16 (2.5)

Weight loss 6 months before study,
No. (%)

# 5.00%/6 months 260 (83.1) 277 (85.2) 537 (84.2)

. 5.00%/6 months 53 (16.9) 48 (14.8) 101 (15.8)

Eastern Cooperative Oncology Group
performance score, No. (%)

0 140 (44.7) 157 (48.3) 297 (46.6)

1 160 (51.1) 149 (45.8) 309 (48.4)

2 13 (4.2) 19 (5.8) 32 (5.0)

Abbreviation: SD, standard deviation.
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Median OS remained similar between treatment arms in a
separate analysis limited to patients who initiated radio-
therapy per protocol; 29.4 months (95% CI, 26.5 to 36.8)
for twice-daily versus 33.1 months (95% CI, 25.4 to 39.6)
for once-daily radiotherapy. Subgroup analysis comparing
OS between treatment arms did not reveal a difference
among stratification factors.

Treatment response and PFS. The overall complete and
partial response rates were. Respectively, 27.8% and
55.6% on the 45-Gy twice-daily arm and 31.1% and 53.5%
on the 70-Gy once-daily arm (P 5 .7670). Disease pro-
gression was observed in a total of 229 patients (73%) in
the twice-daily group and 248 patients (76%) in the once-
daily group. PFS was similar in both arms (P5 .70; Fig 2B).

Safety and tolerability. Overall, 295 patients on the 45-Gy
twice-daily arm and 301 patients on the 70-Gy once-daily
arm could be evaluated for safety. Table 3 details severe
(grade 31) hematologic and nonhematologic AEs as well as
relative rates of commonly occurring severe AEs, defined as
occurring in at least 10% of patients. Radiation-related tox-
icity was similar in both arms. Grade 31 esophageal toxicity
was 16% in the 45-Gy twice-daily arm and 17.5% in the
70-Gy once-daily arm. Rates of grade 3 dyspnea were low,
4% (12 patients) on the twice-daily arm and 7% (21 patients)
on the once-daily arm, and the only case of grade 4 dyspnea
reported was on the twice-daily arm. Patients on the 70-Gy
arm had higher rates of leukopenia and lymphopenia, with a
trend toward increased anemia. Details of 11 grade 5 AEs on
the once-daily radiotherapy arm and four on the twice-daily
arm are provided in Table 4.

Of patients starting twice-daily radiotherapy, 92% received
at least 45-Gy and 80% completed all four chemotherapy
cycles, while 79% of patients starting once-daily radio-
therapy received at least 70-Gy (87% received . 60 Gy),
and 72% completed four chemotherapy cycles.

DISCUSSION

To our knowledge, CALGB 30610 is the largest study
conducted to date for limited-stage SCLC. We hypothesized
that raising the nominal radiotherapy dose by more than
50%, from 45-Gy twice-daily to 70-Gy once-daily, would
improve tumor control and OS for patients treated with
concurrent chemoradiotherapy. Although OS was not
better with high-dose radiotherapy, outcomes on both arms
of the current trial are reasonably favorable, with median
survival in the range of 28-30 months and approximately
30% of patients surviving at least 5 years.11 Both regimens
also appeared tolerable, likely due in part to modern ra-
diotherapy planning and integrated quality assurance, with
similar overall rates of severe AEs.

This trial was designed at a time when there was substantial
enthusiasm for studying high-dose fractionated radiotherapy
in the combined-modality treatment of lung cancer. Ad-
vances in technology, particularly three-dimensional con-
formal radiotherapy, led to prospective pilot and phase II
trials suggesting that higher radiation doses in the setting of
concurrent chemotherapy were safe and effective.5,12-14 Two
additional large multi-institutional phase III trials testing ra-
diation dose escalation in lung cancer were initiated at
roughly the same time as CALGB 30610. The CONVERT trial
compared 66-Gy once-daily with 45-Gy twice-daily radio-
therapy in limited-stage SCLC.15 As in our trial, high-dose
once-daily radiotherapy did not improve outcomes. Median
survival was 25 months with daily radiotherapy and
30months with twice-daily radiotherapy (HR, 1.18;P5 .14).
High-dose radiotherapy was also tested in locally advanced
non-SCLC. The RTOG-0617 trial showed that increasing
once-daily radiotherapy dose with concurrent chemotherapy
was detrimental, with a median survival of 20.3 months on
the 74-Gy arm and 28.7 months on the standard 60-Gy arm
(P 5 .004).16

The results of the CONVERT and RTOG-0617 trials raised
questions about the strategy of using high-dose once-daily
radiotherapy with chemotherapy for locally advanced lung
cancer. In contrast to those studies, outcomes on the high-
dose arm of CALGB-30610 appear similar to standard
therapy (HR, 0.94), but CALGB-30610 was not designed as
a noninferiority trial and 45-Gy twice-daily radiotherapy
remains the standard of care. Regardless, and despite the
lack of supporting randomized data, most patients with
limited-stage SCLC are treated with once-daily radiotherapy
to doses of 60 Gy or higher in clinical practice.4

Although the results on the 70-Gy arm may be interpreted as
supporting continued use of high-dose once-daily radio-
therapy, both CONVERT and our study could justify increased
utilization of 45-Gy twice-daily radiotherapy. More patients on
the twice-daily arms of both studies completed radiotherapy,
possibly due in part to the timing of radiation-related toxicity,
as patients receiving twice-daily treatment may have com-
pleted radiotherapy before the maximal onset of acute

TABLE 2. Radiotherapy and Chemotherapy Detail

Variable

45 Gy
(N 5 313),
No. (%)

70 Gy
(N 5 325),
No. (%)

Total
(N 5 638),
No. (%) P

Radiotherapy technique .9499

Intensity modulated 188 (60.1) 196 (60.3) 384 (60.2)

Three-dimensional conformal 125 (39.9) 129 (39.7) 254 (39.8)

Radiotherapy start time .7618

First cycle of chemotherapy 141 (45.0) 137 (42.2) 278 (43.6)

Second cycle of
chemotherapy

172 (54.9) 188 (57.8) 360 (56.5)

Chemotherapy backbone .5944

Cisplatin 252 (80.5) 267 (82.2) 519 (81.3)

Carboplatin 61 (19.5) 58 (17.8) 119 (18.7)

NOTE. P values for continuous variables are from Kruskal-Wallis test and
P values for categorical variables are from chi-square test.
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toxicities such as esophagitis. And although the toxicity profile
of once-daily radiotherapy and twice-daily radiotherapy were
similar in general, there was an increase in certain hema-
tologic toxicities and a higher numerical rate of grade 5
toxicity on the once-daily arm of both trials.

The optimal once-daily radiotherapy dose is not well de-
fined. Neither CONVERT nor our study included a lower-
dose once-daily radiotherapy arm, and there is a lack of
randomized data addressing whether increasing the dose
of once-daily radiotherapy improves outcomes compared

A
OS

2-Year 3-Year 4-Year 5-Year 6-Year

Arm A 0.58 (0.53 to 0.64) 0.43 (0.38 to 0.49) 0.35 (0.29 to 0.41) 0.29 (0.23 to 0.35) 0.26 (0.21 to 0.32) 

Arm B 0.56 (0.51 to 0.62) 0.44 (0.39 to 0.50) 0.37 (0.32 to 0.43) 0.32 (0.27 to 0.39) 0.29 (0.24 to 0.35) 

Treatment Arm Event/Total Median (95% CI) HR (95% CI) P

B: 70 Gy once daily 218/325 30.1 (24.4 to 37.2) 0.93 (0.75 to 1.15) .498

A: 45 Gy twice a day 204/313 28.5 (25.4 to 34.5) Ref

0 12 24 36 48 60 72

313 241 160 109 70 51 39

325 242 167 121 88 68 48

No. at risk:

Time (months)

OS
 (%

)

0.2

0.4

0.6

0.8

1.0

B
PFS

3-Year2-Year 4-Year 5-Year 6-Year

Arm A 0.36 (0.31 to 0.42) 0.3 (0.25 to 0.36) 0.27 (0.22 to 0.32) 0.24 (0.19 to 0.29) 0.21 (0.16 to 0.27) 
Arm B 0.36 (0.31 to 0.41) 0.32 (0.27 to 0.37) 0.28 (0.23 to 0.33) 0.21 (0.16 to 0.26) 0.25 (0.2 to 0.3)

Treatment Arm Event/Total Median (95% CI) HR (95% CI) P

B: 70 Gy once daily 250/325 14.2 (11.9 to 17.5) 0.97 (0.8 to 1.19) .785

A: 45 Gy twice a day 230/313 13.5 (11.7 to 15.8) Ref

0 12 24 36 48 60 72

313 159 101 78 54 43 31

325 170 107 88 68 54 35

No. at risk:

Time (months)

PF
S 

(%
)

0.2

0.4

0.6

0.8

1.0

FIG 2. (A) OS and (B) investigator-assessed PFS in the intention-to treat population. P values are from
stratified log-rank test. HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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with modest doses. Published guidelines suggest using
doses between 60 and 70 Gy, although the low level of
evidence for this recommendation is acknowledged.17

Outcomes on the CALGB 30610 70-Gy arm appear
more favorable than those on the 66-Gy arm of CONVERT,

although it is not valid to compare the results between trials,
particularly given the differences in patient selection and
treatment detail. Future analysis will assess the relationship
between radiotherapy dose and outcomes as . 20% of
patients did not complete therapy to 70 Gy.

TABLE 3. Summary of Severe (grade 31) AEs and Commonly Occurring (. 10% on either arm) Severe AEs

AE Category
45 Gy (n 5 295),

No. (%)
70 Gy (n 5 301),

No. (%) P

Overall grade 3 AE (max) 93 (29.7) 77 (23.7) .0855

Overall grade 4 AE (max) 149 (47.6) 161 (49.5) .6250

Overall grade 5 AE 4 (1.3) 11 (3.4) .0792

Hematologic grade 3 AE 66 (21.1) 70 (21.5) .8891

Hematologic grade 4 AE 140 (44.7) 157 (48.3) .3649

Hematologic grade 5 AE 0 (0.0) 0 (0.0) NA

Nonhematologic grade 3 AE 131 (41.9) 127 (39.1) .4751

Nonhematologic grade 4 AE 36 (11.5) 49 (15.1) .1840

Nonhematologic grade 5 AE 4 (1.3) 11 (3.4) .0792

Neutrophil count decreased 186 (63.1) 198 (65.8) .4864

Leukocyte count decreased 148 (50.2) 177 (58.8) .0343

Hemoglobin decreased 60 (20.3) 79 (26.2) .0882

Platelet count decreased 43 (14.6) 57 (18.9) .1543

Dehydration 42 (14.2) 39 (13.0) .6483

Febrile neutropenia 40 (13.6) 38 (12.6) .7351

Lymphocyte count decreased 28 (9.5) 49 (16.3) .0135

Esophageal pain 32 (10.8) 36 (12.0) .6692

Dysphagia 28 (9.5) 34 (11.3) .4707

NOTE. P values for continuous variables are from Kruskal-Wallis test and P values for categorical variables are from chi-square test.
Max 5 patients with maximum grade toxicity, such that each patient is only counted once as having grade 3 or grade 4 toxicity.

Abbreviations: AE, adverse event; Max, maximum; NA, not available.

TABLE 4. Grade 5 AEs
Patient AE Attribution AE Detail Arm (Gy) Off-Treatment Reason Days on Study

1 Unrelated Cardiac general 45 AE 37

2 Definite Infection with unknown neutrophil count—blood 45 Death on study 26

3 Possible Multiorgan failure 45 Death on study 36

4 Unlikely Sudden death 45 Death on study 42

5 Unlikely Adult respiratory distress syndrome 70 Death on study 19

6 Probable Adult respiratory distress syndrome 70 Tx completed per protocol 123

7 Unlikely Cardiac general 70 Death on study 81

8 Unrelated Cardiac arrest 70 Death on study 7

9 Possible Cardiac arrest 70 Death on study 468

10 Unlikely Progression of stroke 70 Death on study 76

11 Unlikely Hypersensitivity 70 Tx completed per protocol 59

12 Definite Infection with neutropenia 70 Death on study 70

13 Unlikely Sudden death 70 Death on study 72

14 Possible Sudden death 70 Death on study 18

15 Possible Sudden death 70 Death on study 71

Abbreviations: AE, adverse event; Tx, treatment.
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The failure of high-dose radiotherapy challenges accepted
models predicting the biologic efficacy of radiotherapy
and demonstrates the need for well-conducted phase III
studies.18,19 It also strikes at the heart of long-held beliefs
in the radiation oncology community that more treatment
equals better outcomes. It may simply be that protracting
the treatment course is not effective in the context of
chemoradiotherapy for lung cancer, and that incorpo-
rating an element of accelerated therapy is critical, par-
ticularly for SCLC. Although utilization of modern
radiotherapy techniques was expected to permit safe dose
escalation, raising the nominal radiotherapy dose beyond
a certain level may increase treatment-related toxicity,
particularly subacute cardiac effects, as was suggested in
the dosimetry analysis from RTOG-0617.20 Nevertheless,
a deep belief in dose escalation continues in the radiation
oncology community, and national guidelines still include
using once-daily doses up to 70 Gy, even with mature
outcomes of RTOG 0617 demonstrating worse survival
with dose escalation in non-SCLC.21

INT-0096 was one of the few trials, in any disease site,
where altering the radiotherapy regimen improved overall
patient survival.3 Whether further enhancements in ra-
diotherapy regimens will translate into improvements in
survival remains to be seen. An alternative strategy,

increasing the dose of twice-daily radiotherapy to 60 Gy,
resulted in promising survival in a phase II Scandinavian
trial.22 This regimen maintains an element of treatment
acceleration, and additional studies are currently being
planned.

Although CALGB 30610 was a well-conducted phase III
trial, there are several limitations. Slow initial accrual
resulted in major amendments including allowing radio-
therapy to start with either the first or second cycle of
chemotherapy and permitting carboplatin to be used in
place of cisplatin. The trial stratified for several potential
prognostic factors, but did not control for additional
prognostic variables that might affect outcomes such as
primary tumor and nodal stage, overall tumor volume, and
radiotherapy volumes. Detailed dosimetry analysis and
evaluation of patient subsets are pending and may be
helpful in hypothesis-generation for future studies.

In conclusion, data from the current study substantially add
to, but do not resolve, the debate concerning an optimal
radiotherapy regimen for limited-stage SCLC. Although the
standard of care remains unchanged, the outcomes from
CALGB 30610 provide the most robust information avail-
able to help guide the choice of thoracic radiotherapy
regimen for patients with limited-stage SCLC.
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