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Abstract

IMPORTANCE The impact of patient-specific, disease-related, and social factors on outcomes in
limited-stage small cell lung cancer (LS-SCLC) is not well defined. A post hoc secondary analysis of
such factors from the Cancer and Leukemia Group B (CALGB) 30610-Radiation Therapy Oncology
Group (RTOG) 0538 trial may impact future trial design.

OBJECTIVE To assess the comprehensive demographic, disease-related, treatment-related, and
social factors for potential associations with survival outcomes and understand whether specific
subpopulations may benefit from radiotherapy (RT) dose escalation in LS-SCLC.

DESIGN, SETTING, AND PARTICIPANTS This post hoc secondary analysis of a randomized clinical
trial included 638 adults with LS-SCLC treated at 186 unique treatment sites with at least 1accrual for
all patients from March 15, 2008, to December 1, 2019; 313 patients were randomized to receive RT
twice daily to a dosage of 45 Gy for 3 weeks and 325 to receive RT once daily to a dosage of 70 Gy for
7 weeks. Data were locked February 28, 2022, and analyzed from November 28, 2022, to June
4,2024.

INTERVENTIONS Twice-daily RT or once-daily RT.

MAIN OUTCOMES AND MEASURES Multivariable Cox proportional hazards models evaluated the
association of treatment groups and other risk factors with progression-free survival (PFS) and
overall survival (OS). Patient-specific factors included age, sex, and Eastern Cooperative Oncology
Group performance status. Disease-related factors included tumor, nodal, and overall cancer stages.
Treatment-related factors included type of chemotherapy, timing of concurrent RT, RT technique,
and prophylactic cranial irradiation. Social factors included marital status and treatment center
accrual volume.

RESULTS Among 507 patients (260 [51.3%] female and 247 [48.7%] male; mean [SD] age, 62.6
[7.9] years) included in the multivariate survival analysis, with a median follow-up of 4.7 (IQR, 3.7-7.1)
years, female sex was associated with improved OS (hazard ratio [HR], 0.73 [95% Cl, 0.58-0.91];

P =.006), while being 70 years or older was associated with decreased OS (HR, 1.50 [95% Cl, 1.14-
1.98]; P = .004). Neither age nor sex was associated with PFS. When compared with those with N1
disease, OS and PFS were worse in patients with N2 (HRs, 1.64 [95% Cl, 1.19-2.26]; P = .002 and 1.36
[95% Cl, 1.02-1.81]; P = .04, respectively) and N3 (HRs, 2.03 [95% Cl, 1.40-2.93]; P < .00Tand 1.63
[95% Cl, 1.17-2.26]; P = .004) disease. Compared with stage Il cancer, OS was worse for stage IlIA
(HR, 1.65 [95% Cl, 1.17-2.31]; P = .004) and stage IlIB (HR, 1.94 [95% Cl, 1.34-2.83]; P < .001).
Compared with high-volume accrual centers, treatment at low- or middle-volume accrual centers
was associated with worse PFS (HRs, 1.94 [95% CI, 1.33-2.82; P < .001] and 1.44 [95% Cl, 1.15-1.82;
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Abstract (continued)

P =.002], respectively) and worse OS (HRs, 1.55 [95% Cl, 1.03-2.32; P = .03] and 1.33 [95% Cl, 1.04-
1.70; P = .02], respectively).

CONCLUSIONS AND RELEVANCE This secondary analysis of the CALGB 30610-RTOG 0538
randomized clinical trial of patients with LS-SCLC found associations between female sex or being
younger than 70 years and improved overall survival and between advanced nodal stage or
treatment at low- or middle-volume accrual centers and worse outcomes. These findings suggest
that stratification by nodal stage, clinical stage, and age should be considered in future

randomized trials.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO0632853

JAMA Network Open. 2024;7(10):e2440673. doi:10.1001/jamanetworkopen.2024.40673

Introduction

Small cell lung cancer (SCLC) accounts for approximately 13% of lung cancers, and limited-stage SCLS
(LS-SCLC) is typically managed with chemotherapy and concurrent radiotherapy (RT).! The INTO096
trial established twice-daily radiotherapy to 45 Gy as the superior regimen compared with once-
daily RT to 45 Gy.2 However, twice-daily RT fractionation schedules are infrequently used in clinical
practice due to a variety of logistical issues, patient and physician preferences, and/or institutional
capacity. As aresult, dose escalation with once-daily RT has been investigated in several randomized
clinical trials.*®

In the Cancer and Leukemia Group B (CALGB) 30610-Radiation Therapy Oncology Group
(RTOG) 0538 trial, patients with LS-SCLC were randomized to receive RT twice daily to a dosage of
45 Gy for 3 weeks or RT once daily to a dosage of 70 Gy for 7 weeks.* While the final analysis did not
demonstrate superiority of once-daily RT over twice-daily RT in terms of overall survival (OS) or
progression-free survival (PFS), the comprehensive data on demographic, disease-related,
treatment-related, and social factors collected present opportunities to further describe potential
associations with survival outcomes and understand whether specific subpopulations may benefit
from dose escalation.

Methods

CALGB 30610-RTOG 0538 was a prospective randomized multisite clinical trial in which 638 patients
with LS-SCLC at 186 unique treatment sites received chemotherapy and were randomized to
concurrent twice-daily or once-daily RT. Each participant signed an informed consent document
approved by the participating institutional review boards in accordance with federal and institutional
guidelines. The Alliance Data and Safety Monitoring Board reviewed safety data semiannually. This
secondary analysis followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Patients were stratified by sex, weight loss (6 months prior to study entry =5% vs >5% of body
weight), Eastern Cooperative Oncology Group performance status (O vs 1vs 2; a score of O indicates
fully active, able to carry on all predisease performance without restriction; a score of 1indicates
restricted in physically strenuous activity but ambulatory and able to carry out work of a light or
sedentary nature; a score of 2 indicates that the patient is ambulatory and capable of all self-care but
unable to carry out any work activities and is up and about more than 50% of waking hours), RT
planning technique (intensity-modulated RT [IMRT] vs 3-dimensional RT [3D-RT]), chemotherapy
backbone (cisplatin vs carboplatin), and RT starting time (cycle 1vs 2). Additional disease
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characteristics including tumor and nodal stages and AJCC Cancer Staging Manual, 7th edition, stage
were not required at enrollment but were determined by the authors. Treatment centers were
divided based on total cumulative accrual volume: low (1 patient), middle (2-9 patients), and high
(=10 patients). PFS was defined as time from randomization to disease progression or death from
any cause; OS, time from randomization to death from any cause. A participant flow diagram is
provided in Figure 1.

Statistical Analysis

Data were analyzed from November 28, 2022, to June 4, 2024. Associations between patient,
disease-related, treatment, and social factors and PFS and OS were examined. Initial analyses used
univariate Cox proportional hazards models to assess the association between individual factors and
survival. Factors displaying an association in univariate analysis were incorporated into a multivariate
Cox proportional hazards model, allowing for adjustment of confounding variables and inclusion of
factors independently associated with survival outcomes. P values from Wald tests for univariate
models and likelihood ratio tests for multivariate models were reported. Hazard ratios (HRs) and the
corresponding 95% Cls were estimated from the multivariate Cox proportional hazards model.
Kaplan-Meier survival analysis was used to generate survival curves and to estimate median survival
times. Subgroup analyses were conducted to explore heterogeneity in treatment effects across
patient subpopulations defined by patient, disease-related, treatment, and social factors. Difference
in survival was analyzed using log-rank tests, and HRs and their 95% Cls were estimated from
univariate Cox proportional hazards models. Patients with missing values in the baseline risk factors
were excluded. Descriptive statistics were reported when patient demographic data were
summarized by treatment arm. Associations of continuous variables with treatment arm were
assessed via Wilcoxon rank sum tests and associations of categorical variables via x tests. Subset
analyses did not require all variables as in the multivariate assessment; thus, patient numbers differ
from those given in Figure 2.

Statistical significance was defined as a 2-sided P < .05. All statistical analyses were performed
by the Alliance Statistics and Data Management Center using SAS, version 9.4 (SAS Institute Inc).
Data were locked February 28, 2022. The trial protocol and statistical analysis plan for CALGB 30610-
RTOG 0538 are provided in Supplement 1.

Figure 1. Participant Flow Diagram

(731 Registered and randomized

313 Assigned to arm A (BID-RT) 325 Assigned to arm B (QD-RT) ‘ ‘ 93 Assigned to arm C

63 Excluded

41 Missing T stage
4 Missing T stage
and PS=2
3 Nstage=0
1 Nstage=0
and PS=2
14 PS=2

12 Excluded
(missing PCI)

50 Excluded
33 Missing T stage
1 Missing T stage | _ |
and PS=2 263 Included in
4 Nstage=0 > Kaplan-Meier
12 PS=2 analysis
6 Excluded
(missing PCI) “J
257 Included in
— multivariable

survival analysis

262 Included in
—> Kaplan-Meier
analysis

250 Included in
— multivariable
survival analysis

93 Excluded

(no participants from arm C
included in this analysis)

Patients were registered and randomized at the same time. An Eastern Cooperative
Oncology Group performance score (PS) of 2 indicates that the patient is ambulatory and
capable of all self-care but unable to carry out any work activities and is up and about

more than 50% of waking hours. BID-RT indicates twice-daily radio therapy (RT); PCl,
prophylactic cranial irradiation; and QD-RT, once-daily RT.
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Results

Between March 15, 2008, and December 1, 2019, 507 patients with LS-SCLC (260 [51.3%] female and
247 [48.7%] male; mean [SD] age, 62.6 [7.9] years) received RT (257 twice-daily RT and 250 once-
daily RT), had data available for tumor and nodal staging, and were included in this secondary
multivariable analysis. Median follow-up was 4.7 (IQR, 3.7-7.) years. Patient demographic

Figure 2. Multivariable Overall (OS) and Progression-Free Survival (PFS) Based on Multivariate Analysis of Patient Factors

@ Overall survival Progression-free survival
No. of events/ Does not : Favors No. of events/ Does not | Favors
No. of patients HR favor | survival No. of patients HR favor | survival
Source (%) (95% CI) survival P value (%) (95% CI) survival P value
Arm .952 462
A (BID-RT) 172/257 (66.9) 1 [Reference] L 192/257 (74.7%) 1 [Reference] "
B (QD-RT) 162/250 (64.8) 0.99(0.80-1.24) - .95b 191/250 (76.4%) 1.08 (0.88-1.33) - 46>
Performance score .542 132
0 169/253 (66.8) 1 [Reference] u 186/253 (73.5%) 1 [Reference] L]
1 165/254 (65.0) 0.93(0.75-1.17) - .54b 197/254 (77.6%) 1.17 (0.95-1.44) - .13b
Gender .0062 132
Female 162/260(62.3) 0.73(0.58-0.91) - .006° 191/260 (73.5%) 0.85 (0.69-1.05) - .13b
Male 172/247 (69.6) 1 [Reference] L 192/247 (77.7%) 1 [Reference] u
Age group, y .0052 252
<70 259/405 (64.0) 1 [Reference] n 303/405 (74.8%) 1 [Reference] L]
270 75/102 (73.5) 1.50(1.14-1.98) - .004P 80/102 (78.4%) 1.17 (0.90-1.52) - .25b
Marital status .0052 .032
Married 118/163(72.4) 1 [Reference] u 126/163 (77.3%) 1 [Reference] L]
Missing 130/232(56.0) 0.74(0.57-0.97) - .03b 162/232 (69.8%) 0.81 (0.63-1.05) - 11b
Unmarried 86/112(76.8)  1.21(0.91-1.62) - 19 95/112 (84.8%) 1.17 (0.89-1.55) - 250
Accrual volume .032 <.0012
Low (1 patient) 32/46 (69.6) 1.55(1.03-2.32) . .03b 39/46 (84.8%) 1.94 (1.33-2.82) —-— <.001P
Mid (2-9 patients) 186/270(68.9) 1.33(1.04-1.70) - .02b 214/270(79.3%) 1.44 (1.15-1.82) - .002P
High (210 patients) 116/191 (60.7) 1 [Reference] C 130/191 (68.1%) 1 [Reference] L]
N stage <.0012 .012
1 51/93 (54.8) 1 [Reference] u 65/93 (69.9%) 1 [Reference] L]
2 202/299 (67.6) 1.64(1.19-2.26) - .0020 225/299 (75.3%) 1.36 (1.02-1.81) - .04b
3 81/115(70.4) 2.03(1.40-2.93) —a— <.001P 93/115(80.9%) 1.63(1.17-2.26) - .004b
T stage .042 302
OorX 37/67 (55.2) 0.74 (0.50-1.10) —a .13b 47/67 (70.1%)  0.80 (0.56-1.14) —. 220
1 91/141 (64.5) 1 [Reference] L 100/141 (70.9%) 1 [Reference] "
2 111/173(64.2) 0.89(0.67-1.18) - 420 134/173 (77.5%) 1.05 (0.80-1.37) - .73b
3or4 95/126 (75.4) 1.22 (0.90-1.65) - .200 102/126 (81.0%) 1.10(0.83-1.47) - 500
PCl 322 .182
No 131/202 (64.9) 1 [Reference] n 150/202 (74.3%) 1 [Reference] L]
Yes 203/305(66.6) 0.89(0.71-1.12) - .32b 233/305 (76.4%) 0.87 (0.70-1.07) - .18b
Chemotherapy backbone .332 712
Carboplatin 58/95(61.1) 1.17 (0.86-1.60) - .33b 66/95 (69.5%)  1.06 (0.79-1.41) - .71b
Cisplatin 276/412 (67.0) 1 [Reference] L 317/412 (76.9%) 1 [Reference] L]
RT start time .682 .502
Cycle 1 155/224(69.2) 1 [Reference] L 171/224 (76.3%) 1 [Reference] L]
Cycle 2 179/283(63.3) 0.95(0.76-1.20) -+ .68b 212/283 (74.9%) 1.08 (0.87-1.34) - 500
RT technique .27 .072
IMRT 190/302 (62.9) 1 [Reference] n 227/302 (75.2%) 1 [Reference] L]
3D-RT 144/205(70.2) 0.88(0.70-1.11) - 270 156/205 (76.1%) 0.82 (0.66-1.02) - .07b
AL AL [T
0.1 1 10 0.1 1 10
HR (95% Cl) HR (95% Cl)

Arm A received twice-daily radiotherapy (RT) to a total dose of 45 Gy; arm B, once-daily ratio; IMRT, intensity-modulated RT; PCl, prophylactic cranial irradiation; and 3D-RT, 3-
RT to a dose of 70 Gy (QD-RT). An Eastern Cooperative Oncology Group performance dimensional RT.

score of O indicates fully active, able to carry on all predisease performance without 2 Calculated using type 3 likelihood ratio test.

restriction; a score of 1indicates restricted in physically strenuous activity but

b ) !
) .. Calculated using covariate Wald test.
ambulatory and able to carry out work of a light or sedentary nature. HR indicates hazard J
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characteristics and tumor characteristics of those included in the multivariable analysis are provided
in Figure 2.

Patient-Specific Factors

Multivariate analysis demonstrated that OS after chemoradiation therapy was associated with sex
and age. Women had improved OS (HR, 0.73 [95% Cl, 0.58-0.91]; P = .006), while advanced age
(=70 years vs <70 years) was associated with worse OS (HR, 1.50 [95% Cl, 1.14-1.98]; P = .004).
Neither factor was associated with PFS. Unplanned subset analysis demonstrated that patients
younger than 70 years receiving twice-daily RT had significantly better OS (Figure 3) (HR, 0.56 [95%
Cl, 0.40-0.78]; P < .001) and PFS (HR, 0.61[95% Cl, 0.45-0.84]; P = .002) compared with older
patients receiving twice-daily RT. Older patients receiving once-daily RT demonstrated improved PFS
compared with older patients receiving twice-daily RT (HR, 0.58 [95% Cl, 0.37-0.91]; P = .02).
Weight loss prior to randomization and performance status were not associated with survival
outcomes.

Disease-Related Factors

While tumor category was not associated with OS or PFS, nodal category and overall stage emerged
as factors associated with both OS and PFS. Compared with stage Il disease (n = 77), OS was worse
for the 307 patients with stage IlIA disease (HR, 1.65 [95% Cl, 1.17-2.31]; P = .004) and the 141 with
stage IlIB disease (HR, 1.94 [95% Cl, 1.34-2.83]; P < .001). Compared with patients with N1 disease,
OS was significantly poorer in patients with N2 (HR, 1.64 [95% Cl, 119-2.26]; P = .002) and N3
(HR, 2.03[95% Cl, 1.40-2.93]; P < .001) disease. Similarly, compared with N1disease, PFS was
reduced in patients with N2 (HR, 1.36 [95% Cl, 1.02-1.81]; P = .04) and N3 (HR, 1.63[95% Cl,
1.17-2.26]; P = .004) disease. There was no significant difference in PFS or OS when comparing N2
and N3 disease.

Figure 3. Overall Survival and Progression-Free Survival Among Patients Categorized by Treatment Arm and Age

[A] All-cause mortality Progression-free survival
No. of events/ Median HR No. of events/ Median HR
Arm x age group No. of patients (95% ClI) (95% Cl) Arm x age group No. of patients (95% ClI) (95% ClI)
ArmA, <70y 127/201 34.4(28.1-43.0) 0.56 (0.40-0.78) ArmA, <70y 143/201 14.5(12.6-18.2) 0.61(0.45-0.84)
ArmA, 270y 49/62 20.3(17.0-29.4) 1 [Reference] ArmA, 270y 53/62 11.3(8.3-16.6) 1 [Reference]
Arm B, <70y 144/219 33.5(25.3-42.5) 0.60 (0.43-0.83) ArmB, <70y 173/219 14.6 (11.0-20.0) 0.74 (0.54-1.00)
Arm B, 270y 28/43 26.4 (15.3-NE) 0.69 (0.43-1.09) ArmB, 270y 29/43 15.4 (11.9-NE) 0.58(0.37-0.91)
100 100+ Armx age group
s ! ArmAx<70y
304 = 804 M ArmAx270y
; ArmBx<70y
°°. 604 ; 604 ArmBx270y
z g
£ =
3 404 & 404
204 + e+ g 201
[= W
Log-rank P=.005 Log-rank P=.01
0 T T T T 1 0 T T T T 1
0 32 64 96 128 160 0 32 64 96 128 160
Time, mo Time, mo
No. at risk No. at risk
Arm xage group Armxage group
ArmA, <70y 201 131 71 40 27 15 8 1 0 ArmA, <70y 201 78 53 36 25 14 7 1 0
ArmA, 270y 62 31 10 5 1 1 0 ArmA, 270y 62 16 6 3 1 1 0
ArmB, <70y 219 136 84 52 32 12 3 2 0 ArmB, <70y 219 91 61 39 20 6 2 2 0
Arm B, 270y 43 22 15 8 3 2 0 ArmB, 270y 43 18 13 8 3 1 0

Arm A received twice-daily radiotherapy to a total dose of 45 Gy; arm B, once-daily radiotherapy to a dose of 70 Gy. Plus signs represent censored patients. HR indicates hazard ratio;
NE, nonestimable.
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Social Factors

Marital status was not associated with PFS or OS. Treatment at a low-volume center was associated
with worse OS (HR, 1.55 [95% CI, 1.03-2.32]; P = .03) and PFS (HR, 1.94 [95% Cl, 1.33-2.82]; P < .001)
compared with treatment at a high-volume center. Similarly, treatment at a middle-volume center
was associated with worse OS (HR, 1.33 [95% Cl, 1.04-1.70]; P = .02) and PFS (1.44 [95% Cl,
1.15-1.82]; P = .002) when compared with a high-volume center.

Treatment-Related Factors

None of the treatment-related factors investigated were significantly associated with PFS or OS
differences. These factors included type of chemotherapy, timing of RT initiation, IMRT vs 3D-RT,
twice-daily RT vs once-daily RT, or use of prophylactic cranial irradiation (PCl).

Discussion

Our findings in this secondary analysis of the CALBG 30610-RTOG 0538 trial highlight the
importance of reevaluating factors traditionally associated with outcomes in LS-SCLC. In the future,
more refined stratifications should be selected in LS-SCLC trials.

Patient-Specific Factors

Both female sex and being younger than 70 years were associated with improved OS, but neither was
associated with PFS differences. Our finding that older patients may fare worse with twice-daily RT
runs in contrast to data from the CONVERT (Concurrent Once-Daily Versus Twice-Daily
Radiotherapy) trial.” While just over 100 patients 70 years or older were included in our analysis, it
represents, to our knowledge, the largest cohort so far in a prospective randomized clinical trial. We
investigated numerous potential explanations for worse outcomes in older patients undergoing
twice-daily RT and significant differences in any grade 3 or greater toxicity, RT interruptions, or IMRT
vs 3D-RT were not detected. Potentially, undetected deconditioning during twice-daily RT may have
delayed or prevented the completion of systemic therapy in a population with frailty. Clearly, further
data are needed to better assess the potential association between age and RT regimen.

Disease-Related Factors

The association of nodal staging with both PFS and OS reinforces the value of nuanced staging
beyond historical designations of limited and extensive. This is particularly relevant given a recent
CONVERT post hoc analysis, which similarly underlined the significance of overall stages Il vs

Il disease.®

Social Factors

Our findings echo existing literature and emphasize potential benefits of treatment at high-volume
centers.>1° Reasons are likely multifactorial and difficult to discern from available data. Potential
explanations include funding and capacity for supportive care, enhanced capacity to detect and
address recurrences, or inherent differences in experience or access to multidisciplinary peer

discussions.”"

Treatment-Related Factors
Treatment-specific factors including 3D-RT vs IMRT, RT timing, chemotherapy backbone, and PCl,
were not associated with survival. Further analysis of RT treatment details is planned.

Limitations

This study has limitations, including the retrospective assignment of staging from the AJCC Cancer
Staging Manual, 7th edition, and, while efforts were made to collect follow-up information on PCI,
data submission was not mandated.
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Conclusions

This secondary analysis of CALGB 30610-RTOG 0538 randomized clinical trial comparing twice-daily
RT with once-daily RT found that female sex and being younger than 70 years were associated with
improved OS and advanced nodal stage and treatment at low- or middle-volume accrual centers
were associated with worse outcomes in patients with LS-SCLC. Our study highlights the need for
consideration of evidence-based patient and clinical factors during the design of randomized clinical
trials in LS-SCLC, including overall clinical stage and nodal category, sex, and patient age.
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