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Purpose: An optimal once-daily radiotherapy (RT) regimen is under investigation for definitive con-
current chemoradiotherapy (CCRT) in limited disease small cell lung cancer (LD-SCLC). We compared
the efficacy and safety of dose escalation with intensity-modulated radiotherapy (IMRT).

Materials and Methods: Between January 2016 and March 2021, patients treated with definitive
CCRT for LD-SCLC with IMRT were retrospectively reviewed. Patients who received a total dose <50
Gy or those with a history of thoracic RT or surgery were excluded. The patients were divided into two
groups (standard and dose-escalated) based on the total biologically effective dose (BED, /B = 10) of
70 Gy. The chemotherapeutic regimen comprised four cycles of etoposide and cisplatin.

Results: One hundred and twenty-two patients were analyzed and the median follow-up was 27.8
months (range, 4.4 to 76.9 months). The median age of the patients was 63 years (range, 35 to 78
years) and the majority had a history of smoking (86.0%). The 1- and 3-year overall survival rates of
the escalated dose group were significantly higher than those of the standard group (93.5% and
50.5% vs. 76.7% and 33.3%, respectively; p = 0.008), as were the 1- and 3-year freedom from in-
field failure rates (91.4% and 66.5% vs. 73.8% and 46.9%, respectively; p = 0.018). The incidence of
grade 2 or higher acute and late pneumonitis was not significantly different between the two groups
(p = 0.062, 0.185).

Conclusion: Dose-escalated once-daily CCRT with IMRT led to improved locoregional control and
survival, with no increase in toxicity.

Keywords: Small cell lung carcinoma, Limited diesease, Radiotherapy, Radiotherapy dosage, Intensi-
ty-modulated radiotherapy

Introduction

Small cell lung cancer (SCLC) is a rapidly progressive cancer if not
controlled with appropriate intervention [1]. Only one-third of pa-
tients with SCLC are diagnosed with limited disease that can be
encompassed within the radiotherapy (RT) field [2]. Given that
SCLC is a relatively radiosensitive tumor [3] and the number of sur-

gical candidates for very early-stage SCLC is small, RT is the main
local treatment modality. Based on the Japan Clinical Oncology
Group study 9104 [4], National Cancer Institute of Canada Clinical
Trials Group data [5], and Yugoslavia data [6], concurrent chemora-
diotherapy (CCRT) is the standard of care for limited disease small
cell lung cancer (LD-SCLC) to improve survival.

The prescribed RT dose for SCLC has traditionally been lower
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than that for non-small-cell lung cancer due to the difference in
radiosensitivity between the two tumor types [3]. However, recent
studies have trialed modified schedule or escalated-dose RT to
overcome locoregional recurrences after conventional-fractionated
CCRT. The Intergroup 0096 study demonstrated that patients treat-
ed with a 45 Gy/30 fractions twice-daily schedule showed longer
overall survival (OS) compared to those treated with 45 Gy/25 frac-
tions once-daily [7], while the CONVERT [8] and CALGB 30610 [9]
trials showed a similar OS in the 45 Gy/30 fractions twice-daily
group compared to the conventional RT group. Despite the acceler-
ated RT schedule showing improved survival [7], it also increased
treatment-related toxicities and deteriorated the patients' quality
of life [7,8,10].

Conventional RT remains the standard scheme for LD-SCLC in
many institutions [11] because two hospital visits per day tends to
reduce patient compliance. Therefore, in our institution, we esca-
lated the total dose but maintained a single daily dose of curative
intent CCRT in patients with LD-SCLC. We analyzed the clinical
outcomes of the patients with the aim to prove the efficacy of dose
escalation.

Materials and Methods

1. Patients (study population)

We retrospectively reviewed patients with LD-SCLC who were
treated with RT from January 2016 to March 2021 at our institu-
tion. Patients who were initially diagnosed, pathologically con-
firmed, treated with definitive aim CCRT with intensity-modulated
radiotherapy (IMRT), and irradiated with a total dose of >50 Gy
were included. Patients who had no follow-up chest computed to-
mography (CT) after treatment, a history of other malignancy in
the 2 years prior to SCLC diagnosis, and experience of RT or surgery
in the thoracic cavity were excluded (Fig. 1). This study was ap-

January 2016 March 2021
LD-SCLC treated with definitive CCRT,
n=158

Exclusion

* <50 Gy, n =10

_| * Other malignancy within 2 years, n = 10
"| » History of RT or surgery in the chest,n = 7
* Not IMRT, n =8

e Etc,n=1

y
n=122

Fig. 1. Patient flow chart. LD-SCLC, limited disease small cell lung
cancer; CCRT, concurrent chemoradiation therapy; RT, radiotherapy;
IMRT, intensity-modulated radiotherapy.
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proved by the Institutional Review Board of Asan Medical Center
(IRB No. 2023-0815). Informed consent was waived based on the
retrospective nature of this study.

2. Treatment

1) Radiotherapy

Four-dimensional CT simulation was performed as the standard
protocol, and the gross tumor volume (GTV) was delineated in the
most expiratory phase. For patients who underwent induction che-
motherapy, post-chemotherapy tumors, including all initial tumor
sites, were delineated as the GTV. The clinical target volume (CTV)
was delineated to cover the adjacent nodal area or ambiguous tu-
mor margin in 48 patients (39.3%). The internal target volume (ITV)
was added to the GTV or CTV to allow for respiratory tumor motion.
The planning target volume (PTV) was expanded 3-7 mm from the
ITV. All treatment was planned using IMRT with a total dose in the
range of 50-66 Gy and conventional fractionation. Thereafter, the
biological equivalent dose (BED) was calculated using the linear
quadratic formula [12] to equally compare different treatments
with different radiation doses per session using an a/p of 10. To
evaluate the radiation dose irradiated to normal organs, the maxi-
mum dose, mean dose irradiated to each organ and Vx were mea-
sured, where Vx refers to the volume of the area irradiated more
than x Gy. All patients were treated with image-guided radiothera-
py (IGRT) with cone-beam CT conducted at least once a week. Us-
ing IGRT, the early response of tumor could be checked during
treatment period, which allowed for adjustments to the treatment
plan to reduce the treatment volume, as well as the normal organ
radiation dose (e.g., lungs, esophagus, and heart).

2) Chemotherapy
The standard chemotherapy regimen included four cycles of plati-

num-based combination treatment as follows: etoposide 100 mg/
m’/day over 3 hours on days 1-3, cisplatin 70 mg/m? over 1 hour
on day 1, and carboplatin at an area under the concentration-time
curve of 5 over 1 hour on day 1. Chemotherapy was administered
after the evaluation of hematologic toxicity and performance sta-
tus by clinicians every 3 weeks. Two patients switched etoposide
with irinotecan due to toxicity (irinotecan 65 mg/m*/day over 90
minutes on days 1 and 8). A total of 103 patients (84.4%) were ad-
ministered 1-2 cycles of induction chemotherapy before CCRT due
to old age, bulky tumor, or prompt start of treatment.

3. Evaluation after treatment and toxicities

Following completion of CCRT, chest CT was performed 1 month
later, followed by every 3 months for the evaluation of treatment
response and surveillance of disease progression for the first 2
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years, and every 6 months until 5 years. The maximum treatment
response after definitive CCRT was decided by clinicians with the
aid of chest CT and fluorodeoxyglucose positron emission tomogra-
phy-CT if deemed necessary. In cases without radiation-induced
pneumonitis, a complete response was defined as disappearance of
the primary lesion or no obvious metabolic hyperactivity. A partial
response required > 30% decrease in the sum of the longest diam-
eters (SLD) of target lesions. Between complete response and par-
tial response, near complete response was considered in cases with
ambiguous chest CT imaging; for example, radiation pneumonitis
obscuring the total primary lesion with a minimal residual solid
part with unclear metabolic activity. A progressive disease required
>20% increase in the SLD and stable disease was defined as being
neither partial response nor progressive disease.

Brain magnetic resonance imaging was performed at the time of
initial diagnosis. Prophylactic cranial irradiation (PCl) was consid-
ered for patients without brain metastasis and with a partial or
complete disease response after thoracic CCRT. PCl was selectively
administered according to age, performance, and patient prefer-
ence.

Toxicity was graded according to the Common Terminology Cri-
teria for Adverse Events (CTCAE) Version 5.0. [13] After the comple-
tion of RT, RT-associated toxicity was graded as acute when it oc-
curred within 3 months, and as late when it occurred after 3

months.

4. Statistical analysis

Locoregional failure (LRF) was defined as tumor recurrence in the
ipsilateral hemithorax and regional lymph node(s) and was subdi-
vided into in-RT-field failure (IFF) and out-RT-field failure (OFF).
Between the date of IFF and OFF, the LRF date was recorded as the
earlier. Freedom from IFF (FFIFF), freedom from OFF (FFOFF), free-
dom from LRF (FFLRF), and freedom from distant metastasis (FFDM)
were calculated from the date of diagnosis to the date of failure or
the last follow-up (the date of the most recent cancer-associated
clinical visit).

The disease progression date was recorded as the earliest date of
any recurrence or the date of death in patients without recurrence.
The survival status of the patients and the date of death were ob-
tained through the national health insurance database. For the pa-
tients who died, the date of death was obtained and for the pa-
tients who remained alive, May 31, 2023, was recorded as the date
of death. Additionally, progression-free survival (PFS) and OS were
calculated from the date of diagnosis to the date of disease pro-
gression and death, respectively.

The Pearson chi-square test and independent sample t-test were
used to compare the characteristics of patients in both groups. The
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Kaplan-Meier method was used to analyze the survival outcomes,
and log-rank tests were used to evaluate the statistical significance
between two groups. Clinical and therapeutic factors that may af-
fect IFF and OS were analyzed, including factors that were signifi-
cantly different between the two groups, using the Cox proportion-
al hazard model in univariate analysis. Thereafter, multivariate
analysis was performed using the backward elimination method in
the Cox proportional hazard model including the factors with
p-value <0.1 in univariate analysis or clinicians thought might be
affecting each survival outcomes. Decided at clinician's discretion,
the overall stage was additionally included in the FFIFF analysis,
and overall stage and whether PCl was performed were included in
the OS analysis. A p-value <0.05 was considered statistically sig-
nificant. SPSS version 21 (IBM, Armonk, NY, USA) was used for all
statistical analyses.

Results

1. Patient and disease characteristics

A total of 122 patients were analyzed, with a median follow-up
period of 27.8 months (range, 4.4 to 76.9) (Table 1). The median
age of the patients was 63 years (range, 35 to 78 years) and the
majority of patients were male (104 patients, 85.2%), and had a
history of smoking (105 patients, 86.0%). A total of 109 patients
(89.3%) had a primary tumor of <7 cm and 114 patients (93.4%)
had nodal metastasis. Only two patients had stage | disease ac-
cording to the 8th staging system of American Joint Committee on
Cancer (AJCC) [14] and all the patients had LD according to the In-
ternational Association for the Study of Lung Cancer recommenda-
tion [15].

The patients were divided into a standard group, irradiated with
a total dose of <BED,, 70 Gy (median 63.5 Gy; range, 60.0 to 68.6
Gy) and a dose-escalated group, irradiated with a total dose of
>BED,, 70 Gy (median 73.7 Gy; range, 71.1 to 80.5 Gy). In the
standard group, 53 patients (88.3%) had stage Il compared to 40
patients (64.5%) in the dose-escalated group (p = 0.005). Addi-
tionally, the standard group showed a tendency toward higher
nodal stage (p = 0.053), but there was no significant difference in
forced vital capacity, forced expiratory volume in one second, and
underlying interstitial lung disease or chronic obstructive pulmo-
nary disease between the two groups. The diffusing capacity of the
lung for carbon monoxide (DLCO) was better in the dose-escalated
group (p = 0.011).

A total of 103 patients (84.4%) were treated with induction che-
motherapy and 45 patients (36.9%) underwent PCl after definitive
CCRT for thoracic disease (Table 2). Forty-eight patients (39.3%)
had CTV for thoracic RT, including 25 (41.7%) in the standard group
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Table 1. Patient characteristics

Standard dose (n = 60) Escalated dose (n = 62) p-value

Follow-up (mo) 22.9 (4.4-67.6) 31.7 (6.6-76.9) 0.145
Age (yr) 64 (41.0-78.0) 63 (35.0-78.0) 0.638
Sex 0.094

Male 51 (85.0) 53 (85.5)

Female 9(15.0) 9(14.5)
ECOG performance status 0.932

0 11 (18.3) 1(17.7)

1-2 49 (81.7) 51(82.3)
Smoking 0.728

Never 7 (11.7) 10 (16.1)

(ex)smoker 53(88.3) 52 (83.9)
FVC (%) 84.0 (51.0-121.0) 82.0 (42.0-109.0) 0.343
FEV1 (%) 78.0 (40.0-130.0) 75.0 (38.0-117.0) 0.375
DLCO (%) 65.5 (46.0-115.0) 77.0 (42.0-123.0) 0.01
Chronic lung disease 14 (23.3) 7(11.3) 0.422
T stage 0.601

0 1(1.7) 4(6.5)

1 13 (21.6) 12 (19.3)

2 16 (26.7) 20(32.3)

3 15 (25.0) 14 (22.6)

4 15 (25.0) 12 (19.3)
N stage 0.053

0 2(3.3) 6(9.7)

1 8(13.4) 18 (29.0)

2 35(58.3) 26 (42.0)

3 15 (25.0) 12 (19.3)
Overall stage 0.005

| 1(1.7) 1(1.6)

Il 6 (10.0) 21(33.9)

1 53 (88.3) 40 (64.5)

Values are presented as median (range) or number (%).

ECOG, Eastern Cooperative Oncology Group; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; DLCO, carbon monoxide diffusion

capacity.

and 23 (37.19%) in the dose-escalated group. The median PTV was
292.2 mL (range, 39.5 to 742.3 ml) and 190.8 mL (range, 77.7 to
801.0 mL) in the standard and dose-escalated groups, respectively
(p = 0.005).

2. Treatment outcomes

The median OS was 23.1 months (95% confidence interval [Cl],
17.2-29.0) months and 38.7 months (95% Cl, 28.4-49.0) in the
standard and dose-escalated groups, respectively, with 1- and
3-year OS rates of 76.7% and 33.3% and 93.5% and 50.5%, re-
spectively (p = 0.008) (Fig. 2). Fig. 3A-3E shows the Kaplan-Meier
method survival curves of FFLRF, FFIFF, FFOFF, FFDM, and PFS, re-
spectively. The median FFIFF was unreached in the dose-escalated
group, but showed a significant difference compared to that of the
standard group at 1 and 3 years (standard group 73.8% and 46.9%
vs. dose-escalated group 91.4% and 66.5%, respectively; p = 0.018).
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Moreover, the 3-year FFLRF was 40.5% and 52.8% in the standard
and dose-escalated groups (p = 0.028), while the 3-year FFDM
was 28.4% and 50.6%, respectively (p = 0.034). None of the pa-
tients showed disease progression immediately after CCRT, and ob-
jective response ratio was 97.5% (n = 119) (Table 3).

3. Initial patterns of failure

For isolated failure in-RT field, there were eight patients (13.3%) in
the standard group and one patient (1.6%) in the dose-escalated
group (p = 0.025) (Table 4). Sixteen patients (26.7%) did not expe-
rience recurrence in the standard dose group compared to 23 pa-
tients (37.19%) in the dose-escalated group showing a tendency for
recurrence to be less in the dose-escalated group (p = 0.086). The
initial failure site contained the RT field in 19 patients (31.7%) of
the standard group and 11 patients (17.7%) of the dose-escalated
group. The majority of them were found in combination with out-
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Table 2. Treatment

Standard dose (n = 60)

Escalated dose (n = 62) p-value

CCRT regimen 0.031

Etoposide/cisplatin 33(55.0) 47 (75.8)

Etoposide/carboplatin 24 (40.0) 13 (21.0)

Others 3(5.0) 2(3.2)
Treatment volume

GTV (mL) 52.5 (2.3-246.5) 36.7 (4.4-259.4) 0.316

PTV (mL) 292.2 (39.5-742.3) 190.8 (77.7-801.0) 0.005
RT regimen

RT dose (Gy) 52.5 (50.0-56.7) 60.9 (58.8-66.0) <0.001

Daily dose (Gy) 2.1(2.0-2.1) 2.1(2.0-2.2) 0.066

RT duration (day) 39 (32-67) 46 (38-65) <0.001
PCl, yes 22 (36.7) 23 (37.1) 0.961

Values are presented as number (%) or median (range).

CCRT, concurrent chemoradiation therapy; GTV, gross tumor volume; PTV, planning target volume; RT, radiotherapy; PCl, prophylactic cranial irradia-

tion.
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Fig. 2. Overall survival.

of-RT field recurrence or distant metastasis. The most frequent
failure pattern contained distant metastasis in both groups.

4. Acute and late toxicities

Among all patients, 26 (21.3%) showed grade 2 or higher acute ra-
diation pneumonitis and 28 (23.0%) showed grade 2 or higher
acute radiation-induced esophagitis. Grade 2 or higher acute
esophagitis occurred in 19 patients (31.7%) in the standard group
and nine patients (14.5%) in the dose-increase group, showing a
statistically significant difference between the two groups (p =
0.024) (Table 5). Grade 2 or higher late radiation pneumonitis or fi-
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brosis was identified in 19 patients (15.6%) of all patients and only
one patient suffered from grade 2 late esophagitis. None of the pa-
tients presented with grade 4 or 5 toxicity. Additionally, Vs, Vi, Voo
of the lungs and mean dose of the heart were lower in the dose es-
calated group with statistically significant difference (Supplemen-
tary Table S1).

5. Prognostic factors

In univariate analysis for FFIFF, DLCO, CCRT regimen including cis-
platin, and BED,, 270 Gy showed a significant favorable correla-
tion. But in multivariate analysis only DLCO, and the CCRT regimen
showed statistical significance with a hazard ratio (HR) of 0.980
(95% Cl, 0.962-0.999; p = 0.036) and 0.502 (95% Cl, 0.270-
0.932; p = 0.029), respectively (Table 6). BED,, > 70 Gy showed fa-
vorable tendency but was not statistically significant (HR=0.566;
95% Cl, 0.311-1.028; p = 0.062). For 0S, in multivariate analysis,
the CCRT regimen remained statistically significant, with a HR of
0.498 (95% Cl, 0.314-0.790; p = 0.003) and also BED,, =70 Gy
showed a significant favorable correlation with a HR of 0.620 (95%
Cl, 0.392-0.981; p = 0.041) (Table 7).

Discussion and Conclusion

Our study showed improved local control in the RT field, with a
1-year FFIFF of 91.4% in the dose-escalated group compared to
the standard group. Additionally, for FFIFF, BED,, > 70 Gy showed a
favorable correlation in univariate analysis and was marginally sig-
nificant in multivariate analysis. Furthermore, the dose-escalated
group showed improved OS, with a median OS of 23.1 months and
38.7 months in the standard and dose-escalated groups, respec-
tively. Therefore, we consider the possibility that improvement in
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Fig. 3. Other survival outcomes: (A) freedom from locoregional
failure, (B) freedom from in-field failure, (C) freedom from out-
of-field failure, (D) freedom from distant metastasis, (E) progres-
sion-free survival. BED, biologically equivalent dose.

https://doi.org

/10.3857/r0}.2023.00591



High-dose IMRT for limited disease SCLC

Radiation Oncology Journal ROJ

local control led to improved OS. Even with total dose escalation
for treatment volume, the dose-volumetric histogram parameters
to normal organs could be maintained at a similar or even lower level
of those of the standard group using IMRT, with the significantly
lower incidence of grade 2 or higher acute esophagitis (p = 0.024).

Table 3. Treatment response

Standard dose  Escalated dose

(n = 60) (=62  Pvalue
Complete response 2(3.3) 2(3.2) 0.903
Near complete response 7(11.7) 6(9.7)
Partial response 49 (81.7) 53 (85.5)
Stable disease 2(3.3) 1(1.6)
Progressive disease 0(0.0) 0(0.0)

Values are presented as number (%).

Several retrospective and prospective studies have compared 45
Gy/30 fractions twice-daily with various once-daily regimens with
a total dose of 45-70 Gy [7-10,16,17]. Although comparing surviv-
al rates between studies warrants caution, the median OS of the
dose-escalated group in our study was not inferior to that of 45
Gy/30 fractions twice-daily groups in other studies, ranging from
23.0 to 31.4 months [7-10,16,17]. In the CONVERT [8] trial in 2017,
the median OS of the 45 Gy twice-daily group was 30 months
compared to 25 months in the 66 Gy once-daily group (p = 0.14).
Moreover, the CALGB 30610 [9] trial presented in 2023 reported a
median OS of 28.5 months and 30.1 months in the 45 Gy twice-dai-

Table 5. Acute and late toxicities using CTCAE v5.0
Standard dose

Escalated dose

The p-value was calculated for the distribution of the five response cat- (h = 60) (n = 62) p-value
egorical variables with Fisher's exact test. Acute
Pneumonitis 0.062
- . . . Grade 17 18 (30.0) 21(33.9)
Table 4. Initial patterns of failure according to the RT field Grade 2-3 17 (28.3) 9(145
Standard dose  Escalated dose p-value Esophagitis 0.024
(n = 60) (h =62) Grade 1 7(1.7) 13 (21.0)
No recurrence 16 (26.7) 23(37.1) 0086 Grade 2-3 19 (31.7) 9 (14.5)
Locoregional recurrence Late
Isolated in-RT field 8(13.3) 1(1.6) 0.025 Pneumonitis/fibrosis 0.185
Isolate_d ou.t—of—RT field 3(5.0) 6(9.7) 0.430 Grade 1 19 (31.7) 29 (46.8)
Cg’g%'{‘%‘l in- andout-  3(50) 6(97) 0481 Grade 2-3 12 (20.0) 7(1.3)
) . Esophagitis 0.492
Distant metastasis
Isolated 18 (30.0) 22(355) 0762 Grade 1 ) )
>0l ? . ’ : ' Grade 2-3 1(1.7) -
Combined with locore- 12 (20.0) 4(6.4) 0.019
gional Values are presented as number (%).
CTCAE, Common Terminology Criteria for Adverse Events.
Values are presented as number (%). 2 ) . : ; .
RT, radiotherapy. Asymptomatic and observations only without intervention.
Table 6. Univariate and multivariate analysis for freedom from in-field failure
o Univariate Multivariate®
HR (95% Cl) p-value HR (95% Cl) p-value
Age, 270 yr 1.031 (0.462-2.300) 0.941 -
Sex, female 0.851 (0.382-1.898) 0.693 -
ECOG performance status, 2 1 3.113 (0.967-10.021) 0.057 2.954 (0.910-9.594) 0.072
Smoking, smoker 0.949 (0.534-1.687) 0.859 -
Chronic lung disease, yes 1.942 (0.988-3.817) 0.054 -
DLCO, continuous value 0.978 (0.960-0.996) 0.019 0.980 (0.962-0.999) 0.036
T stage, 3-4 1.214 (0.686-2.146) 0.506 -
N stage, 3 1.578 (0.817-3.050) 0.174 -
Overall stage, Il 1.777 (0.859-3.674) 0.121 -
Induction CTx, yes 2.528 (0.907-7.041) 0.076 -
CCRT regimen, etoposide with cisplatin 0.511 (0.284-0.920) 0.025 0.502 (0.270-0.932) 0.029
PTV, continuous value 1.001 (1.000-1.003) 0.098 -
BED,,, 270 0.506 (0.284-0.900) 0.020 0.566 (0.311-1.028) 0.062

ECOG, Eastern Cooperative Oncology Group; DLCO, carbon monoxide diffusion capacity; CTx, chemotherapy; CCRT, concurrent chemoradiation thera-
py: PTV, planning target volume; BED, biologically equivalent dose; HR, hazard ratio; Cl, confidence interval.
“Multivariate analysis was performed using the backward elimination method in the Cox proportional hazard model.
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Table 7. Univariate and Multivariate Analysis for Overall Survival

Variable Univariate Multivariate®
HR (95% Cl) p-value HR (95% Cl) p-value
Age, 270 yr 1.631 (0.926-2.870) 0.090 -
Sex, female 0.751 (0.386-1.459) 0.398 -
ECOG performance status, > 1 0.703 (0.405-1.222) 021 -
Smoking, smoker 1.103 (0.697-1.744) 0.676 -
Chronic lung disease, yes 1.535 (0.885-2.663) 0.127 -
DLCO, continuous value 0.987 (0.971-1.003) 0.122 -
T stage, 3-4 1.595 (1.016-2.505) 0.042 -
N stage, 3 1.417 (0.848-2.367) 0.183 -
Overall stage, Il 1.599 (0.908-2.814) 0.104 -
GTV, continuous value 1.003 (1.000-1.006) 0.042 1.003 (1.000-1.006) 0.074
PTV, continuous value 1.001 (1.000-1.002) 0.035 -
Induction CTx, yes 1.130 (0.597-2.141) 0.707 -
CCRT regimen, etoposide with cisplatin 0.448 (0.284-0.705) 0.001 0.498 (0.314-0.790) 0.003
BED,, =70 0.547 (0.347-0.861) 0.009 0.620 (0.392-0.981) 0.041
PCl, yes 0.805 (0.501-1.291) 0.367 -

ECOG, Eastern Cooperative Oncology Group; DLCO, carbon monoxide diffusion capacity; CTx, chemotherapy; CCRT, concurrent chemoradiation thera-
py; GTV, gross tumor volume; PTV, planning target volume; BED, biologically equivalent dose; HR, hazard ratio; Cl, confidence interval.
IMultivariate analysis was performed using the backward elimination method in the Cox proportional hazard model.

ly group and 70 Gy once-daily groups, respectively (p = 0.498).

However, few studies have compared the once-daily regimen
[18,19] for dose escalation. Kim et al. [18] showed a 3-year OS of
53.6% in the dose-escalated group irradiated with >54 Gy, and
Tomita et al. [19] showed a median OS equal to 41.0 months in the
standard fractionation group (=54 Gy). In the current study, we
reveal that the use of a once-daily regimen with IMRT achieves a
median OS of more than 3 years, with acceptable toxicity in all pa-
tients. To the best of our knowledge, this study is the first to use
IMRT in all patients and represents an important basis to clarify the
optimal once-daily regimen with a modern RT technique.

The PTV were significantly larger in the standard group compared
to those in the dose-escalation group (p = 0.005), but there was
no significant difference in the GTV (p = 0.316), indicating no sig-
nificant difference in the total primary and nodal gross tumor vol-
umes. However, the overall TNM stage according to the 8th edition
of AJCC [17] was significantly higher (p = 0.005) in the standard
group, which may impact disease control or OS. Although most
studies and guidelines divide SCLC into limited or extensive stages
[20,21], several studies have announced the prognostic value of
TNM staging in patients with SCLC [22,23]. To account for this, we
performed additional multivariate analysis, including factors relat-
ed to tumor extent, and found no statistically significant factors
related to FFIFF and OS. However, as this is a limitation of our ret-
rospective study, long-term follow-up with more patients and fur-
ther randomized controlled studies considering patients and dis-
ease characteristics are needed.

The criterion for dividing the two groups in this study was BED,,
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70 Gy, and in terms of the RT regimen, its total dose reaches ap-
proximately 60 Gy in 2 Gy per fraction. A phase | study presented
in 1998 sought to investigate the maximum tolerative dose (MTD)
in SCLC starting with the fourth cycle of chemotherapy. The authors
reported 70 Gy/35 fractions (BED,, 80 Gy) as the MTD, which led to
grade 4 or more acute esophagitis in 33% of patients, with no cases
of acute pneumonitis [24]. Moreover, by implementing concurrent
chemotherapy and conformal RT, the CONVERT [8] and CALGB
30610 [9] trials reported 19% and 17.5% of grade 2 or more acute
esophagitis with 66 Gy/33 fractions and 70 Gy/35 fractions, respec-
tively. Although prospective studies have introduced high doses
[8,9,25], in retrospective studies [10,16,17], most of the institutions
have only attempted modest dose escalations, increasing gradually
from 50 Gy or more in conventional RT. In our institution, we em-
ploy dose escalation in selective patients with consideration for
their age, performance, other morbidities, and dose constraints for
normal organs. Among the few studies that have compared
once-daily regimens, one showed no significant difference in com-
plications based on 54 Gy [26] and another study showed better PFS
and OS based on the same dose [18]. Therefore, we set a dose that
was slightly higher than this as the standard and converted it into
BED,, considering the diversity of the dose per fraction.

This study has a few limitations that warrant discussion, largely
owing to its retrospective nature. First, some information could not
be obtained, even after thoroughly reviewing the patients' medical
records, because some patients had participated in clinical phase Il|
double-blind trials for which we could not establish whether the
patients had received the systemic agent or not. However, only a
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small number of the included patients participated in such trials.
Second, regarding treatment toxicity, data for grade 1 toxicity may
have been missed when it was based on the patient's subjective
symptoms. However, as CTCAE version 5.0 defines grade 2 or higher
toxicity as that requiring medication, toxicity of grade 2 or higher
could be investigated without omission by making inquiries in rela-
tion to the prescribing history, which may be clinically important.
Finally, the patient and disease characteristics, such as DLCO, over-
all stage, PTV and chemotherapy regimen may have varied between
the two groups. Unlike the previous three factors, chemotherapy
regimen was found to have significant effect on the survival rate in
univariate and multivariate analyses. However, as we had no strict
criteria on chemotherapy such as dose and time intervals, and also
included a small number of double-blind trials of systemic therapy,
the influence of additional confounders cannot be ruled out when
interpreting results related to chemotherapy. Therefore, a well-de-
signed randomized trial that can compensate for these group dif-
ferences should be conducted.

Like the standard dose group, the most common failure pattern
in the dose-escalated group included distant metastases. Therefore,
the need for systemic therapies that can control distant metastases
more efficiently and exhibit fewer side effects will continue to be im-
portant to extend the survival period. Several ongoing trials have intro-
duced various drugs concurrently (NCT04602533, NCT04624204,
NCT03811002) or as consolidation (NCT03540420, NCT03703297) [27].
If the standard regimen of systemic therapy changes according to
the results of these trials, additional studies on the optimal RT reg-
imen and the interaction between systemic therapy and RT will be
needed.

In conclusion, dose-escalated once-daily CCRT with an IMRT
technique over 70 Gy in BED,, affordably improved survival and lo-
cal tumor control without increasing toxicity. A prospective study
will be designed to overcome the limitations of these retrospective
outcomes.
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