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Purpose In the treatment of concurrent chemoradiotherapy (CCRT) in limited-stage small cell lung cancer, the optimal once-daily
radiotherapy (RT) dose/fractionation remain unclear although it is the most frequently used. Therefore, this study aimed to compare
the treatment outcomes and toxicities of modest dose RT (< 54 Gy) with those of standard dose RT (> 54 Gy) and investigate the
benefit of the high dose based on patient factors.

Materials and Methods Since 2004, our institution has gradually increased the thoracic RT dose. Among the 225 patients who
underwent CCRT, 84 patients (37.3%) received > 54 Gy. Because the patients treated with RT > 54 Gy were not randomly assigned,
propensity score matching (PSM) was performed.

Results The proportion of patients treated with > 54 Gy increased over time (p=0.014). Multivariate analysis revealed that the over-
all tumor stage and dose > 54 Gy (hazard ratio, 0.65; p=0.029) were independent prognostic factors for overall survival (0S). PSM
confirmed that thoracic RT doses of > 54 Gy showed significantly improved progression-free survival (3-year, 42.7% vs. 24.0%; p <
0.001) and OS (3-year, 56.2% vs. 38.5%; p=0.003). Sensitivity analysis also showed that 60 Gy resulted in better survival than 54
Gy. However, in patients with underlying lung disease, OS benefit from > 54 Gy was not observed but considerable rates of severe
pulmonary toxicities were observed (p=0.001).

Conclusion Our analysis supports that the 60 Gy RT dose should be considered in the once-daily regimen of CCRT for limited-stage
small cell lung cancer without underlying lung disease, but RT dose > 54 Gy did not seem to benefit for patients with chronic obstruc-

tive pulmonary disease or interstitial lung disease. Further study is needed to validate these results.
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Introduction

Concurrent chemoradiotherapy (CCRT) is the treatment
of choice in limited-stage small cell lung cancer (LS-SCLC).
In thoracic radiotherapy (RT), although a twice-daily (BID)
regimen is considered the standard of care after the Inter-
group 0096 trial [1], the once-daily (QD) regimen is used
more frequently. The U.S. National Cancer Database analysis
between 1999 and 2012 revealed that the utilization of a BID
regimen was only 11.3% [2]. Another recent survey analysis
for radiation oncologists showed that 60% of 309 respond-
ers preferred a QD regimen, and 76% acknowledged that QD
regimen was more common in routine practice [3]. BID regi-
men, which is not widely used, has several limitations. Inter-
group 0096 trial reported that BID regimen was associated
with severe (grade 3 or more) esophagitis (32% with BID vs.

16% with QD) [1]. Modern RT technique such as intensity-
modulated RT could reduce the rate of severe esophagitis,
but patient’s inconvenience was an additional obstacle to
adopt BID regimen which require at least 6-hour interval
between fractional treatments.

However, the optimal QD RT dose/fractionation remains
unknown. Although the CONVERT trial showed that 45
Gy /30 fractions (Fx) BID and 66 Gy /33 Fx QD achieved com-
parable survival outcomes, no standard QD regimen was
established because the trial failed to show the superiority of
the QD regimen [4]. The CALGB 30610/RTOG 0538 trial also
reported similar results in the meeting abstract of the Ameri-
can Society of Clinical Oncology (ASCO) 2021, showing sim-
ilar outcomes but failing to demonstrate the superiority of
70 Gy QD over 45 Gy BID [5]. A variety of QD RT regimens
have been used in the real-world treatment for LS-SCLC. A
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previous study reported that the median survival for pati-
ents receiving 45 Gy QD, 46-59.4 Gy QD, and 60-61.2 Gy QD
was 17.2, 18.3, and 19.2 months, respectively, indicating the
absence of any clear dose-response relationship in terms of
overall survival (OS) [2]. Without randomized evidence,
according to the very up-to-date ASCO/ASTRO (American
Society of Radiation Oncology) guideline, a QD RT dose of
60-70 Gy is ‘conditionally’ recommended as an acceptable al-
ternative to BID RT (quality of evidence: moderate) [6].

However, frail patients, especially those with underlying
lung disease, are currently recommended a 60-70 Gy thoracic
RT dose that can sometimes cause severe side effects. An
individual patient data pooled analysis from 11 trials of
CCRT for LS-SCLC reported that elderly patients failed to
complete treatment more often due to adverse events, and
died more frequently during treatment [7]. The number of
SCLC patients with underlying lung disease has been increa-
sing, and a recent study showed that patients with interstitial
lung abnormalities showed a higher rate of radiation pneu-
monitis than those without lung abnormalities after CCRT
for LS-SCLC, even with a modest RT dose (45 Gy BID or 50
Gy QD) [8].

Traditionally, modest doses of RT (45-50 Gy) are often used
in QD 1.8-2 Gy Fx in the absence of standard fractionation,
and our institutions have gradually increased the thoracic RT
dose from 44 to 66 Gy. Therefore, we conducted this study
to compare the treatment outcomes and toxicities of modest
doses (< 54 Gy) to those of a standard dose (> 54 Gy) using
propensity score-matching (PSM) data and investigate the
benefit of a standard dose based on patient factors.

Materials and Methods

1. Study population

We identified a cohort of 358 patients with LS-SCLC from
two institutions between January 2004 and December 2017,
after excluding patients without appropriate initial staging
work-up (both brain magnetic resonance imaging [MRI]
and whole-body fluorodeoxyglucose [FDG] positron emis-
sion tomography [PET]/computed tomography [CT]). All
patients were histologically confirmed to be SCLC patients.
We identified 225 patients treated with definitive CCRT after
excluding those treated with sequential chemoradiotherapy,
chemotherapy alone, or surgery with or without chemother-
apy for early stage SCLC.

2. Treatment details

The 8th edition of the American Joint Committee on Cancer
staging was used for TNM staging. Chemotherapy regimens
consisted of etoposide and cisplatin or carboplatin admin-
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istered every 3 weeks up to six cycles. Thoracic RT usually
started with the 2nd or 3rd cycle of chemotherapy. The RT
techniques for LS-SCLC have been described previously in
detail [9]. Three-dimensional conformal RT was used for
most patients (n=204, 90.7%), and intensity-modulated RT
was used for 21 patients (9.3%). The median RT dose was
54 Gy (range, 43.2 to 72.0 Gy). Only one case of 72 Gy /18 Fx
was irradiated for TINO SCLC which was not applied gener-
ally to common cases, and 43.2 Gy was also an exceptional
case in which one patient did not complete the scheduled RT
courses. The most commonly prescribed dose-fractionation
was 54 Gy /27 Fx (n=120, 53.3%), followed by 60 Gy /30 Fx
(n=70, 31.1%). Therefore, we divided the patients into two
dose groups: > 54 Gy (n=84, 37.3%) versus < 54 Gy (n=141,
62.7%) for subsequent analysis. Prophylactic cranial irradia-
tion (PCI) consisting of 25 Gy /10 Fx was recommended to
patients who had achieved complete or partial response after
CCRT and its implementation was determined by the treat-
ing physician and the patients’ choice.

3. Follow-up and toxicity evaluation

During the follow-up period, the patients underwent
physical examination, laboratory tests, chest radiography,
and chest CT every 2-3 months in the first year and every
3-6 months thereafter. Bone scan, brain MRI, and/or FDG-
PET/CT were performed at any time in case of suspicion of
metastasis. The median duration of follow-up was 32 months
(range, 5 to 148 months; interquartile range, 18 to 60 months)
for all patients. Severe pulmonary toxicities were defined as
grade 3 or higher toxicity according to the Radiation Therapy
Oncology Group criteria [10]. The determination of underly-
ing interstitial lung disease (ILD) was based on the diagnosis
of the pulmonologist who was following the corresponding
patient. Pulmonary toxicity of grades 1 and 2 after initiation
of RT were described according to related acute symptoms
during RT or within 3 months. Grade 3 was classified as RT
field associated pneumonitis, not ILD aggravation, which
symptoms were severe enough to use steroids. Grade 4 was
classified as a case of severe respiratory insufficiency that
required oxygen or assisted ventilation, and grade 5 was
classified as a case of death due to exacerbation.

4. Propensity score matching

Because the patients treated with RT > 54 Gy were not
assigned randomly, PSM was performed to adjust impor-
tant baseline characteristics (years of treatment, age, sex,
performance status, smoking history, T category, N category,
underlying lung disease, chemotherapy cycles, and the use of
PCI). The propensity score (PS) was calculated to predict the
likelihood that RT > 54 Gy was administered to each patient.
Based on the PS, the patients were matched at a 1:1 ratio (RT
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Table 1. Comparison of patient characteristics according to the thoracic radiotherapy dose (< 54 Gy vs. > 54 Gy)
No. of patients (%)

Characteristic _——————
RT < 54 Gy (n=141) RT > 54 Gy (n=84)
Follow-up duration (mo) 30.3 (18.4-55.0) 36.6 (19.1-73.1) 0.480
Year of treatment
2004-2012 84 (59.6) 35 (41.7) 0.014
2013-2017 57 (40.4) 49 (58.3)
Age (yr)
<65 75 (53.2) 43 (51.2) 0.879
=65 66 (46.8) 41 (48.8)
Sex
Female 29 (20.6) 9(10.7) 0.085
Male 112 (79.4) 75 (89.3)
Performance status (ECOG)
0 36 (25.5) 16 (19.0) 0.296
1 99 (70.2) 61(72.6)
2 6(4.3) 6(7.1)
3 0 1(1.2)
Height (cm) 164.148.0 165.1£7.5 0.341
Body weight at diagnosis (kg) 64.2+10.3 65.8+10.0 0.256
Smoking history
No 32(22.7) 13 (15.5) 0.255
Yes 109 (77.3) 71 (84.5)
T category
1 46 (32.6) 28 (33.3) 0.998
2 41(29.1) 25(29.8)
B 21 (14.9) 12 (14.3)
4 33(23.4) 19 (22.6)
N category
0 16 (11.3) 15 (17.9) 0.129
1 14 (9.9) 14 (16.7)
2 79 (56.0) 43 (51.2)
B 32(22.7) 12 (14.3)
Overall stage
I 9 (6.4) 9 (10.7) 0.300
I 16 (11.3) 13 (15.5)
I 116 (82.3) 62 (73.8)
Underlying lung disease
None 104 (73.8) 48 (57.1) 0.020
CcorD 29 (20.6) 31(36.9)
ILD 8(5.7) 5(6.0)
FEV: (L) 2.310.6 2.310.6 0.631
FEV4/FVC (%) 67.6£9.9 74.5160.7 0.314
DLCO (%) 88.3+18.6 89.1+18.6 0.775
FEV:1 (L)
<2 47 (35.1) 22(26.5) 0.243
22 87 (64.9) 61 (73.5)
DLCO (%)
<80 39 (35.5) 22(29.7) 0.516
=80 71 (64.5) 52(70.3)
NSE before treatment (mg/dL) 36.0£37.3 33.2427.5 0.551

(Continued to the next page)
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Table 1. Continued

No. of patients (%)

Characteristic
RT < 54 Gy (n=141) RT > 54 Gy (n=84)

Chemotherapy cycles
<6 11 (7.8) 12 (14.3) 0.185
6 130 (92.2) 72 (85.7)

RT techniques
3D-CRT 131 (92.9) 73 (86.9) 0.134
IMRT 10 (7.1) 11 (13.1)

PCI
Not done 17 (12.1) 16 (19.0) 0.215
Done 124 (87.9) 68 (81.0)

Values are presented as median (IQR), number (%), or meantSD. 3D-CRT, three-dimensional conformal radiotherapy; COPD, chronic
obstructive pulmonary disease; DLCO, carbon monoxide diffusion capacity; ECOG, Eastern Cooperative Oncology Group; FEV;, forced
expiratory volume in 1 second; FVC, forced vital capacity; ILD, interstitial lung disease; IMRT, intensity-modulated radiotherapy; IQR,
interquartile range; NSE, neuron specific enolase; PCI, prophylactic cranial irradiation; RT, radiotherapy; SD, standard deviation. ¥p-value
by t test (for continuous variables) and chi-square test (for categorical variables).

Table 2. Univariate and multivariate analysis for PFS and OS in all patients (n=225)

Univariate HR Univariate Multivariate HR Multivariate
(95% CI) p-value (95% CI) p-value
For PFS
Year of treatment: 2013-2017 vs. 2004-2012 0.88 (0.63-1.24) 0.474 1.01 (0.70-1.45) 0.966
Age: =65 yr vs. <65 yr 0.90 (0.64-1.26) 0.535 0.85 (0.60-1.21) 0.360
Sex: male vs. female 1.39 (0.86-2.26) 0.183 1.24 (0.67-2.30) 0.486
ECOG: 2-3 vs. 0-1 1.29 (0.64-2.67) 0.470 1.51(0.72-3.17) 0.272
Smoking: yes vs. no 1.29 (0.83-2.03) 0.260 1.23 (0.72-2.09) 0.448
BMI: > 23 vs. <23 0.96 (0.68-1.35) 0.807 1.11 (0.77-1.57) 0.616
Overall stage: III vs. I-II 1.61 (1.04-2.46) 0.031 1.74 (1.10-2.75) 0.018
CTx cycles: 6 vs. <6 0.81 (0.48-1.36) 0.419 0.69 (0.39-1.21) 0.197
PCI: yes vs. no 0.79 (0.49-1.27) 0.330 0.65 (0.39-1.11) 0.113
FEV,/FVC: =270% vs. < 70% 0.81 (0.58-1.14) 0.236 0.91 (0.62-1.30) 0.559
DLCO: = 80% vs. < 80% 1.14 (0.79-1.64) 0.475 1.25 (0.86-1.81) 0.242
RT dose: > 54 Gy vs. < 54 Gy 0.64 (0.45-0.91) 0.014 0.55 (0.38-0.81) 0.002
For OS
Year of treatment: 2013-2017 vs. 2004-2012 1.15 (0.79-1.65) 0.451 1.25 (0.85-1.85) 0.252
Age: > 65 yr vs. <65 yr 1.06 (0.74-1.49) 0.762 0.96 (0.66-1.39) 0.841
Sex: male vs. female 1.19 (0.74-1.95) 0.466 0.94 (0.49-1.79) 0.849
ECOG: 2-3 vs. 0-1 1.23 (0.54-2.80) 0.622 1.37 (0.59-3.17) 0.467
Smoking: yes vs. no 1.34 (0.84-2.14) 0.221 1.38 (0.77-2.48) 0.276
BMI: > 23 vs. < 23 0.92 (0.64-1.33) 0.669 0.95 (0.65-1.39) 0.811
Overall stage: Il vs. I-II 1.67 (1.06-2.63) 0.026 1.73 (1.08-2.76) 0.023
CTx cycles: 6 vs. < 6 0.83 (0.48-1.45) 0.514 0.67 (0.36-1.23) 0.199
PCI: yes vs. no 0.91 (0.55-1.52) 0.724 0.91 (0.51-1.59) 0.733
FEV1/EVC: =70% vs. < 70% 0.77 (0.54-1.11) 0.155 0.78 (0.53-1.16) 0.225
DLCO: = 80% vs. < 80% 1.02 (0.69-1.49) 0.914 1.12 (0.76-1.65) 0.572
RT dose: > 54 Gy vs. < 54 Gy 0.69 (0.48-0.99) 0.049 0.65 (0.44-0.96) 0.029

BMI, body mass index; CI, confidence interval; CTx, chemotherapy; DLCO, carbon monoxide diffusion capacity; ECOG, Eastern Coopera-
tive Oncology Group; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; HR, hazard ratio; OS, overall survival; PCI,
prophylactic cranial irradiation; PFS, progression-free survival; RT, radiotherapy.
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Fig. 1. Kaplan-Meier graph by thoracic radiotherapy dose in propensity score matched patients: (A) progression-free survival (PFS) and

(B) overall survival (OS).

<54 Gy vs. RT > 54 Gy) using the nearest-neighbor method.

5. Statistical analysis

The chi-square test and t test were used to evaluate the
distribution of characteristics between both groups. OS was
defined as the time from the date of diagnosis to the date of
the last follow-up or death due to any cause. Progression-
free survival (PFS) was defined as the time from the date of
diagnosis to the date of any progression or death during the
follow-up period. Local relapse-free survival (LRFS), reg-
ional relapse-free survival (RRFS), and distant metastasis
free survival (DMFS) were defined as the time from the date
of diagnosis to the date of local recurrence, regional recur-
rence, or distant metastasis, respectively. The Kaplan-Meier
method was used to estimate the survival curves, and log-
rank tests were used to compare the difference in survival
rates in the univariate analysis. The factors proven to have
a significant impact on OS were included in the multivariate
analysis using the Cox proportional hazard model. A p-value
less than 0.05 was considered statistically significant, and all
statistical analyses were performed using R ver. 3.5.2 (http: //
WWW.I-project.org).

Results

1. Patient characteristics

Overall, there were 187 men (83.1%) and 38 women (16.9%)
with a median age of 64 years (range, 39 to 84 years). The
Eastern Cooperative Oncology Group performance status
was mainly 0-1 in 212 patients (94.2%). The proportion of
patients treated with > 54 Gy increased over time (p=0.014).

More patients in the standard dose group had underlying
chronic obstructive pulmonary disease (COPD; 20.6% vs.
36.9%, p=0.020). The distribution of other characteristics,
such as age, sex, T category, N category, pulmonary func-
tion test, tumor marker, chemotherapy cycles, follow-up
duration, and the use of PCI, was not significantly different
between the two groups (Table 1). After PSM, characteristic
differences were further reduced and especially the propor-
tion of underlying lung disease was not significantly different
between the two groups (S1 Table, S2 Fig.). The proportion
of intensity-modulated radiotherapy technique application
(6.7% in < 54 Gy group vs. 10.7% in > 54 Gy group, p=0.562)
and 4-dimensional RT simulation (5.3% in < 54 Gy group vs.
12.0% in > 54 Gy group, p=0.246) were also not significantly
different between matched groups.

2. Impact of RT dose on survival outcomes

The results of the univariate and multivariate analyses for
PFS and OS in all study patients are shown in Table 2. In
the univariate analysis, stage III was significantly associated
with poor PFS (p=0.031) and OS (p=0.026). The RT dose of
> 54 Gy showed significantly improved PFS (3-year rate,
41.5% vs. 33.0%; p=0.014) and OS (3-year rate, 53.6% vs.
46.3%; p=0.049). After the multivariate analysis, all of the
above factors preserved statistical significance, and the sur-
vival benefit of the higher RT dose was also retained: hazard
ratio (HR) for PFS was 0.55 (95% confidence interval [CI],
0.38 to 0.81; p=0.002) and HR for OS was 0.65 (95% CI, 0.44
to 0.96; p=0.029).

After PSM, it was confirmed that the thoracic RT dose of >
54 Gy showed significantly improved PFS (3-year rate, 42.7%
vs. 24.0%; p < 0.001) (Fig. 1A) and OS (3-year rate, 56.2% vs.
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Fig. 2. Exploratory subgroup analysis on overall survival evaluating the benefit of 60 Gy or higher thoracic radiotherapy dose during
once-daily concurrent chemoradiotherapy. BMI, body mass index; COPD, chronic obstructive pulmonary disease; CTx, chemotherapy;
ECOG, Eastern Cooperative Oncology Group; FEV;, forced expiratory volume in 1 second; FVC, forced vital capacity; ILD, interstitial lung

disease; PCI, prophylactic cranial irradiation.

38.5%; p=0.003) (Fig. 1B). To analyze whether the difference
in locoregional control according to the RT dose escalation
resulted in OS improvement, the differences in patterns of
failure were additionally analyzed in matched cohort. The
probability of locoregional recurrences decreased to 46.7%
vs. 36.0% (p=0.246) by dose escalation, although it was not
statistically significant, but LRFS (mean, 30.7 months vs.
47.3 months; p=0.002) and RRFS (mean, 33.6 months vs. 48.4
months; p=0.007) showed a significant difference (S3 Table).
Additionally, better DMFS was observed in the RT > 54 Gy
group (mean, 30.6 months vs. 45.8 months; p=0.006) (S3
Table).

We added the sensitivity analysis about the comparison
results for 120 patients of 54 Gy vs. 70 patients of 60 Gy both
of which were the representative groups in modest dose
(< m54 Gy) and standard dose (> m54 Gy). Overall, the
results were not different from those of the previous PSM
comparison, and the 60 Gy group showed a significant dif-
ference in PFS compared to the 54 Gy group (p=0.026) (S4
Fig.).
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3. Investigation of benefit of RT > 54 Gy according to each
characteristic

Subgroup analysis was performed in the PS-matched
group to further identify patients who could derive benefit
from RT > 54 Gy compared to < m54 Gy. Fig. 2 shows the
results of the exploratory analysis plotting HR and 95% CI
and comparing OS by the administration of RT > 54 Gy for
each subgroup of patients. The benefits of RT > 54 Gy were
observed in most subgroups but not significantly in patients
with underlying lung disease (ILD or COPD). Specifically,
an RT dose > 54 Gy significantly improved OS in patients
without lung disease (3-year rate, 64.4% vs. 40.3%; p=0.002)
(Fig. 3A) but not in those with COPD (3-year rate, 39.8%
vs. 36.4%; p=0.510) (Fig. 3B) or ILD (3-year rate, 25.0% vs.
25.0%; p=0.470) (Fig. 3C). In the sensitivity analysis consist-
ing of 120 patients of 54 Gy and 70 patients of 60 Gy, similar
subgroup analysis according to the underlying lung disease
was also performed and showed the same results as the pre-
vious analysis. There was a significant OS difference in the
‘without lung disease’ group (3-year rate, 67.5% vs. 45.4%)
(p=0.014), but there was no difference in the COPD (3-year
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rate, 36.0% vs. 41.2%; p=0.780) and ILD (3-year rate, 25.0%
vs. 20.0%; p=0.510) groups (S5 Fig.).

The observed rates of severe (grade 3 or more) pulmonary
toxicities were significantly different based on underlying
lung disease which showed the highest rates in ILD group
(p=0.001) (Table 3), but not significantly different for RT dos-
es in each lung disease group (Table 3). Other mild (grade
1-2) pulmonary toxicities, baseline pulmonary function, and
related RT planning parameters (planning target volume,
irradiated lung volume, and mean lung dose) according to
RT dose were all not significantly different in each underly-
ing lung disease group (Table 3).

Discussion

Our results clearly show improved outcomes with the
standard RT dose over the traditional modest dose in the
course of QD CCRT for LS-SCLC. However, it remains
unclear whether this is applicable to patients with underly-
ing lung disease because subgroup analysis did not show
any benefit from RT > 54 Gy. Although no increase was
observed in the rate of severe pulmonary toxicities in the RT
> 54 Gy group, doses of 60 Gy may not be feasible for these
frail patients. Although consensus guidelines recommend
> 60 Gy like for other types of gross solid tumors, SCLC is
traditionally regarded as a radiosensitive tumor, and frail
patients may not benefit from RT dose escalation. Because
these patients showed poor OS probably due to the high
risk of underlying disease progression and mortality from
non-cancer causes, this risk could outweigh slight improve-
ments in OS due to dose escalation. Kobayashi et al. [8] also
reported that patients with ILD showed lower OS than those
without such abnormalities (median OS, 19 months vs. 68
months; p=0.034) after CCRT for LS-SCLC.

Due to the low incidence of LS-SCLC with underlying
lung disease, thoracic RT dose studies have not been con-
ducted for these patients. In fact, there are many cases where
standard CCRT is not recommended in the presence of ILD,
even if it is recommended, radiation oncologists could be
reluctant to treat with high doses. Therefore, it is difficult to
gather adequate data related to RT dose escalation in these
patients. Although few previous studies reported the unfa-
vorable impact of underlying lung disease on OS in patients
with LS-SCLC, heterogeneity with regard to RT dose/frac-
tionation, chemotherapy, and types/severity of underlying
lung disease (from just interstitial radiologic abnormality
to severe idiopathic pulmonary fibrosis) made it difficult to
interpret [8,11]. Song et al. [12] reported that GAP (gender,
age, and physiology) stage was the only predictor for acute
exacerbation of idiopathic pulmonary fibrosis in 59 patients
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with SCLC suggesting physicians to keep this in mind.
Including our study, time-dependent PFT changes after
CCRT and its impact on quality of life and OS in SCLC
patients with underlying lung disease had been rarely
known due to its rarity as well as irregular follow-up tests
although similar topics had been dealt with in patients with
non-small cell lung cancer. Hence, multicenter prospec-
tive studies for LS-SCLC with underlying lung disease will
be needed to validate our findings and to further analyze
detailed toxicity profiles related to severity and progression
of underlying disease, using such as ILD-GAP index with
regular PET follow-up.

Many previous studies retrospectively compared regi-
mens of approximately 60 Gy QD and 45 Gy /30 Fx BID and
demonstrated similar survival outcomes and mixed toxicity
profiles (generally more pneumonitis in the QD group and
more esophagitis in the BID group) [13-16]. However, even
retrospective data for QD RT dose comparisons are scarce
since the publication of the Intergroup 0096 trial [1]. Tom-
ita et al. [17] compared 45 Gy BID, < 54 Gy QD, and > 54
Gy QD in 127 LS-SCLC patients. Similar to our finding, the
median OS times were significantly different: 14 months in
the <54 Gy group and 41 months in > 54 Gy group. However,
they did not adjust for potential differences in patient/ tumor
characteristics in the different dose groups and did not per-
form subgroup analysis based on the presence of underly-
ing lung disease. Patients were randomized to 45 Gy BID or
70 Gy QD in the CALGB 30610/RTOG 0538 phase III trial;
however, the 61.2 Gy concomitant boost arm was terminated
early after the interim analysis due to unfavorable toxicity
compared with 70 Gy [18]. Subsequently, no direct compari-
son was made between the doses of 61.2 Gy and 70 Gy [5,19].
Therefore, our study is an important academic data as one of
the few studies to compare QD doses.

Recently, a randomized phase 2 trial comparing 60 Gy BID
versus 45 Gy BID suggested better OS in the 60 Gy dose esca-
lation [20], indicating that QD dose escalation will continue
to be attempted. However, the results of the RTOG 0617 dose
escalation study in non-small cell lung cancer failed to show
any benefit from 74 Gy escalation, which could be attributed
to toxicity [21]. Moreover, the previous RTOG 9712 study
examining the maximum tolerated dose of thoracic CCRT
showed that 60% of patients in the 64.8 Gy arm developed
grade 3 acute esophagitis, resulting in 61.2 Gy as maximum
tolerated dose [22]. Another study analyzed 1,228 patients
in the National Cancer Database who had been treated with
CCRT for non-metastatic SCLC and reported similar medi-
an OS times of 21.5 and 20.2 months for 70 Gy and 61.2 Gy,
respectively [23]. Some researchers also suggested hypofrac-
tionated RT in LS-SCLC. Zayed et al. [24] showed that 40-45
Gy/15-20 Fx, corresponding to 40-50 Gy EQD2 (equivalent
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dose in a 2-Gy fraction), demonstrated similar survival out-
comes to conventional fractionation with a total dose of > 58
Gy. They also reported similar effects of the hypofractionated
RT and conventional fractionation on tumor and normal tis-
sues despite important differences in the biological effective
dose values. These studies raised the possibility of applying
< 60 Gy in some patients. Taken together, standard QD tho-
racic RT dose remains controversial in the treatment of LS-
SCLC. However, considering that most clinicians prefer QD
over BID fractionation [3], it is necessary to determine the
standard dose for QD regimens despite insufficient evidence
for the benefits of QD over BID fractionation regimens.

However, there are several limitations to our study. First,
its retrospective nature is a major weakness as the patients
were not randomized, and sources of bias were not fully
controlled, although the use of PSM reduced some of the
bias. Second, the small number of patients with underlying
lung disease makes it difficult to clearly show the statisti-
cal differences according to RT dose escalation as well as to
assess the impact of the severity of underlying COPD or ILD
on subsequent pulmonary toxicities. Moreover, pulmonary
function test after CCRT had not been routinely performed
and the limitations of subgroup analysis necessitate cau-
tious interpretation. Further external validation is warranted
to support the results of the current analysis. Lastly, radia-
tion-related toxicities, especially those of less than grade 3,
may have been underestimated. However, this may not be a
severe limitation as grade 3 or higher lung toxicity gener-
ally warrants steroid treatment, which would have been well
documented in our dataset.

In conclusion, our analysis supports that the 60 Gy RT
dose should be considered in the QD regimen of CCRT for
LS-SCLC without lung disease, but RT dose > 54 Gy did not

seem to benefit for patients with COPD or ILD. Further pro-
spective study for these patients is needed to establish stand-
ard QD RT regimens for LS-SCLC.
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