TURKISH JOURNAL of ONCOLOGY Turk J Oncol 202237(1):9-15 [E]%
doi: 10.5505/4j0.2021.3420 Mgty

it -.'-Er.-ﬁ
a

ORIGINAL ARTICLE [E/fir

Role of Consolidative Thoracic Radiotherapy for
Extensive-stage Small Cell Lung Cancer: Trod Thoracic
Oncology Study Group 08-006 Multi-institutional Study

Giiler YAVAS," ©© Esra KORKMAZ KIRAKLI,? ©© Meltem DAGDELEN,? ©© Erkan TOPKAN,*
Mert SAYNAK,® © Fazilet ONER DINCBAS,* © Yurday OZDEMIR,* © Cagdas YAVAS,’
Siimerya Duru BiRGI,* © Serap AKYUREK®

'Department of Radiation Oncology, Baskent University, Ankara-Turkey

’Department of Radiation Oncology, University of Health Sciences, Dr. Suat Seren Chest Diseases and Surgery Training and Research
Hospital, izmir-Turkey

3Department of Radiation Oncology, Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Istanbul-Turkey

“Department of Radiation Oncology, Baskent University, Adana Dr. Turgut Noyan Application and Research Center, Adana-Turkey
*Department of Radiation Oncology, Trakya University, Edirne-Turkey

°Department of Radiation Oncology, Ankara University, Ankara-Turkey

OBJECTIVE
We aimed to evaluate the role of consolidative thoracic radiotherapy (TRT) in patients with extensive-
stage small cell lung cancer (ES-SCLC).

METHODS
The clinical data for 151 patients with the diagnosis of ES-SCLC treated with consolidative TRT from six
different hospitals from Turkey analyzed.

RESULTS

The median age of the patients was 61 years (range 36-83 years). The median dose of radiotherapy (RT)
was 45 Gy (range: 30-66 Gy) applied in median 25 fractions (range 10-34 fractions). For 151 assessable
patients, the median survival time (MST) was 14 months (range: 12.6-15.3). The patients who has com-
plete response and partial response had 16 months, and 14 months of MST. In multivariate analyses pro-
phylactic cranial irradiation (PCI) (p=0.011), female gender (p=0.017), and comorbidity (p=0.006) were
found as significant parameters associated with survival. The MSTs were 12 months in patients without
comorbidity, and 16 months for the patients with at least one comorbid disease. The patients who received
PCI had improved MSTs when compared the ones without PCI (16 months vs. 12 months). There was a
trend towards improved overall survival times in patients who received EQD2 >47 Gy RT doses (p=0.08).

CONCLUSION

Female gender, use of PCI, and unavailability of comorbid disease were associated with improved sur-
vival in ES-SLCL patients. There was a trend towards overall survival times in patients who received >47
Gy EQD2 doses; however, we believe that this statistical insignificance was related to our limited patient
numbers.
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Introduction

Small cell lung cancer (SCLC) is a neuroendocrine tumor
that represents about 12-20% of all lung cancers.[1,2]
SCLC is characterized by its high growth fraction, early
development of metastases, and development of treatment
resistance particularly for the patients with metastatic dis-
ease.[3] SCLC usually presents with disseminated disease
as approximately 60-70% of the patients diagnosed with
metastatic disease.[4] Although the response rates for
initial chemotherapy (CT) is high, extensive-stage (ES)-
SCLC commonly relapses within months, and unfortu-
nately, the survival of SCLC is very poor.

The main problem of ES-SCLC patients after CT is
intra-thoracic tumor recurrence since 75% of the pa-
tients had persisting intra-thoracic disease after CT, and
approximately 90% of the patients had intra-thoracic
progressive disease within the 1% year after diagnosis.
[5] Such high rate of intra-thoracic disease progression
explains the need of local treatment in selected patients.

There are three randomized studies and two meta-
analyses evaluating the role of thoracic radiotherapy
(TRT) in patients with ES-SCLC who responded to
CT.[6-9] Two of the randomized trials and one of the
meta-analyses showed survival benefit of TRT. There-
fore it is reasonable to use TRT for ES-SCLC patients,
who responded to CT and have intrathoracic residual
disease after CT. However there should be a subgroup
of patients who may benefit from TRT most, and the
factors affecting the response to TRT should be defined.
In addition, the optimal dose, fractionation scheme, and
the timing of TRT are still unknown. In this multicenter
study of Turkish Society of Radiation Oncology, Lung
Cancer Study group we aimed to evaluate the role of
consolidative TRT for the patients with ES-SCLC.

Materials and Methods

Patient Selection and Treatment Protocol

We retrospectively reviewed electronic medical records
for 151 ES-SCLC treated with consolidative TRT from
six different academic hospitals from the Turkey. All
patients were treated in accordance with the clinicians’
practices and department policies. All the patients re-
ceived neoadjuvant, adjuvant, or concomitant CT. The
median dose of TRT was 45 Gy (range, 30-66 Gy), with
a daily median fraction number of 25 (range, 10-34).

Follow-up
After completion of treatment, all patients were fol-
lowed by treating physician and a medical oncologists.
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The blood sample analyses and chest tomography
were made at periodically, and additional radiologi-
cal imaging was also performed when necessary. The
follow-up period was every 3 months for the first 2
years, every 6 months between 2" and 5" years, and
annually thereafter.

Statistical Analysis

All statistical analyses were performed using standard
software (SPSS version 22; SPSS Inc., Chicago, IL,
USA). The primary outcomes of interest were OS and
PES. Time to death or progression was calculated as the
period from the date of diagnosis to date of death or
first clinical or imaging evidence of disease recurrence.
Survival analyses were performed using the Kaplan-
Meier method and compared using the log-rank test.
The ¥* test or student’s t-test were used to analyze the
differences in clinical and pathological factors. Uni-
variate analysis was performed via the log-rank test.
Multivariate analysis was performed using the Cox
proportional hazards model, using covariates with a
p<0.10 based on univariate analysis. All p<0.05 were
considered statistically significant.

Results

Patient and Treatment Characteristics
Between May 2001, and April 2020 151 ES-SCLC pa-
tients who underwent consolidative TRT from six dif-
ferent academic hospitals from the Turkey were includ-
ed in the study. The patient and tumor and treatment
characteristics are summarized in Table 1. There were
22 (14.6 %) female, and 129 (85.4%) male patients. The
median age of the patients was 61 years (range 36-83
years). Most of the patients had a performance score
1 (54.3%) according to Eastern Cooperative Oncol-
ogy Group (ECOG) scoring system. Eighty-seven
(57.6%) patients did not have any comorbid diseases,
on the other hand, 24 (15.9%) of the patients had >2
co-morbid diseases. At baseline 5%, 5-10%, and >10%
weight loss were recorded in 9.9%, 9.3%, and 13.9% of
the patients, respectively. Most of the patients (62.9%)
had multiple metastases at the time of the diagnosis.
Isolated liver, lung, and bone metastases were obtained
in 7.3%, 15.2%, and 14.6% of the patients, respectively.
The most common CT schedule was cisplatin and
etoposide (94.7%), and 73.5% of patients received 6
cycles. RT was applied after CT in 129 (85.4%) pa-
tients, and 10 patients (6.6%) received RT prior to CT
because vena cava superior syndrome. The median
dose of RT was 45 Gy (range: 30-66 Gy) applied in
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Table 1 Patient, tumor, and treatment characteristics
for the entire cohort

Characteristics Patients (%)
n=151
Gender
Female 22 (14.6)
Male 129 (85.4)
ECOG Performance Score
0 33(21.9)
1 82 (54.3)
2 32(21.2)
3 4(2.6)
Co-morbidities
Absent 87 (57.6)
COPD 24 (15.9)
DM 7 (4.6)
CAD 8(5.3)
CVvD 1(0.7)
>2 co-morbid disease 24 (15.9)
Weight Loss
None 101 (66.9)
5% 15(9.9)
5-10% 14 (9.3)
>10% 21(13.9)
Metastases
Liver 11(7.3)
Lung 23(15.2)
Bone 22 (14.6)
Multiple 95 (62.9)
RT technique
3D-CRT 95 (62.9)
IMRT 40 (26.5)
2D 16 (10.6)
PCI
Present 102 (67.6)
Absent 49 (32.4)

ECOG: Eastern Cooperative Oncology Group; COPD: Chronic obstructive
pulmonary disease; DM: Diabetes mellitus; CAD: Coronary artery disease;
CVD: Cerebrovascular disease; RT: Radiotherapy; 3d-CRT: 3-Dimensional
conformal radiotherapy; IMRT: Intensity modulated radiotherapy; PCl:
Prophylactic cranial radiotherapy

median 25 fractions (range 10-34 fractions). The most
common used RT technique was 3-dimensional con-
formal RT (62.7 %). The median dose of 25 Gy (range,
25-36 Gy) prophylactic cranial irradiation (PCI) was
applied to 102 (67.5%) of the patients. PCI was applied
before and during TRT in 34 (22.5%), and 3 (2%) of
the patients, respectively.

Treatment Outcomes
For 151 assessable patients, the median survival time
(MST) was 14 months (range: 12.6-15.3). After initial
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CT 44 (29.1%) patients had a complete response, and
79 (52.3%) patients had a partial response. The patients
who had a complete response and partial response
had 16 months, and 14 months of MST. In multivari-
ate analyses PCI (p=0.011), female gender (p=0.017),
and comorbidity (p=0.006) were found as significant
parameters associated with survival. The patients who
received PCI had improved MSTs when compared the
ones without PCI (16 months vs. 12 months) (Fig. 1).
The MSTs were 12 months in patients without comor-
bidity, and 16 months for the patients with at least one
comorbid disease (Fig. 2). The MSTs for the female,
and male patients were 20 months, and 14 months, re-
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Fig. 1. Kaplan-Meier plots of overall survival for patients
who received PCI (blue line) and not received

PCI (red line).
PCI: Prophylactic cranial radiotherapy.
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Fig. 2. Kaplan-Meier plots of overall survival for female
patients (blue line) and male patients (red line).
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Fig. 3. Kaplan-Meier plots of overall survival for patients
who did not have any co-morbidity (blue line)
and who had co-morbidity (red line).
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Fig. 4. Kaplan-Meier plots of overall survival for patients
who received <47 Gy TRT (blue line) and 247 Gy

TRT (red line).
Gy: Gray; TRT: Thoracic radiotherapy.

spectively (Fig. 3). There was a trend toward improved
overall survival times in patients who received EQD2
247 Gy RT doses (p=0.08) (Fig. 4).

Toxicity

Table 2 shows both hematological, and non-hemato-
logical toxicities for entire cohort. Grade 1-2 leukope-
nia, thrombocytopenia, and anemia were observed in
6.6%, 3.3%, and 17.8% of the patients. There weren’t
any grade 3 nausea, vomiting, esophagitis, and fatigue.
Grade 2 nausea, vomiting, esophagitis, and fatigue rates
were 14.6 %, 9.3%, 43%, and 54.3%, respectively. Radi-

Table 2

Toxicity

Treatment-related toxicities
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Frequency (%)

Hematological toxicities

Leukopenia
Absent 139(92.1)
Grade 1 7 (4.6)
Grade 2 3(2.0)
Grade 3 2(1.3)
Thrombocytopenia
Absent 145 (96)
Grade 1 3(2.0)
Grade 2 2(1.3)
Grade 3 3(0.7)
Anemia
Absent 123 (81.5)
Grade 1 20(13.2)
Grade 2 7 (4.6)
Grade 3 1(0.7)
Non-Hematological toxicities
Nausea
Absent 129 (85.4)
Grade 1 14 (9.3)
Grade 2 8(5.3)
Vomiting
Absent 137 (93.7)
Grade 1 6 (4.0)
Grade 2 8(5.3)
Esophagitis
Absent 71 (47.0)
Grade 1 41 (27.2)
Grade 2 39(25.8)
Fatigue
Absent 69 (45.7)
Grade 1 56 (37.1)
Grade 2 26 (17.2)

ation pneumonia was observed in 17 (11.3%) patients,
and all symptoms were relieved with steroid treatment.

Discussion

In the current study, we discovered that consolidative
TRT is safe and tolerable in patients with ES-SCLC pa-
tients who responded CT. Female gender, use of PCI,
and unavailability of comorbid disease were associated
with improved survival in ES-SLCL patients. The RT
dose 247 Gy has associated a trend towards overall sur-
vival times.

ES-SCLC patients who have residual thoracic dis-
ease after initial systemic CT may benefit from TRT in
terms of survival times. Table 3 shows the randomized
trials investigating the role of consolidative TRT in ES-
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Table3 Randomized trials investigating the role of consolidative TRT in ES-SCLC patients
Author, N RCT cT RT/CT TRT scheme PCI Results/
year design sequence dose comments
Jeremicetal, 109 Phaselll PE CT—RT 54 Gy/36 fr/18 days to 25Gy/10fr  Improved median OS
1999[6] (3 cycles) gross chest disease, (17 vs. 11 months)
ipsilateral hilum, Increased esophageal
mediastinum, bilateral toxicity
supraclavicular fossae
Slotmanetal. 495 Phaselll PE CT—RT 30 Gy/10 fr to residual 30Gy/12fr  Improved 2-year OS
(CREST study), (4-6 cycles) gross disease and 25Gy/10fr  (15% vs. 3%, p=0.004);
2015(7] prechemotherapy 20 Gy/5fr  no difference in 1-year OS
involved hilar and
mediastinal lymph
nodes
Gore et al. 97  Phasell  Platinum- CRT 45 Gy/15 fr to disease 25Gy/10fr  No difference in 1-year OS
(RTOG 0937), based CT within the chest and 1-4 (60.1% vs. 50.8%, p=0.21)
2017(8] (4-6 cycles) oligometastatic lesions

TRT: Thoracic radiotherapy; RCT: Randomized controlled trial; RT: Radiotherapy; CT: Chemotherapy; PCl: Prophylactic cranial radiotherapy; PE: Platinum etopo-
side; OS: Overall survival; ES-SCLC: Extensive-stage small cell lung cancer; RTOG: Radiation Therapy Oncology Group; CRT: Conformal radiotherapy; N: Number;

fr: Fraction

SCLC patients.[6-8] The study by Jeremic et al. was the
first study demonstrating the survival benefit of TRT.[6]
The MSTs for the patients who did, and did not get TRT
were 17 versus 11 months, respectively. Although phase
III CREST study did not show any survival benefit for
TRT at 1 year, 2-year overall survival was 13% for the
patients who received TRT and 3% for the patients who
did not (p=0.004).[7] In addition, progression-free sur-
vival and intra-thoracic progression were improved with
TRT. The Radiation Therapy Oncology Group (RTOG)
0937 study did not show any difference with respect to
the overall survival times at 1 year.[8] In 2016, the sys-
tematic review of two-phase III randomized studies by
Jeremic et al. and Palma et al. was published.[9] In this
systemic review, overall delivery of TRT was associated
with improved overall survival and progression-free
survival. The systemic review and meta-analysis of 3
randomized controlled trials were published by Rathod
et al.[10] in 2019. This meta-analysis demonstrated that
TRT significantly reduced thoracic progression as the
first site of the failure and improved PFS benefit but did
not offer a significant overall survival benefit. In the cur-
rent study, the MST was 14 months (range: 12.6-15.3),
and compatible with the literature data.

Interestingly, the radiation dose used in three ran-
domized studies investigating the role of consolidative
TRT in ES-SCLC patients was different from each oth-
er; therefore we have limited data with respect to the
most appropriate RT doses. In the first study, Jeremic
et al.[6] used accelerated hyperfractionated TRT with

54 Gy in 36 fractions over 18 treatment days and con-
current low-dose daily CT consisting of carboplatin
and etoposide, 50 mg each, given on each RT day, fol-
lowed by PCI (25 Gy in 10 fractions) and then by two
additional cycles of PE. In the CREST study, TRT was
delivered to a dose of 30 Gy in ten fractions.[7] In this
study all patients receive PCI, and PCI was given as 20
Gy in five fractions, 25 Gy in ten fractions, or 30 Gy in
ten, 12, or 15 fractions. In the RTOG study, all patients
received 25 Gy PCI at 2.5 Gy/fraction.[8] The TRT
dose was 45 Gy delivered in 15 daily fractions of 3 Gy;
however, 30-40 was acceptable. Moreover, Li-Ming et
al.[11] retrospectively evaluated 306 ES-SCLC patients,
of which 170 received TRT. In this study, TRT biologi-
cally equivalent doses (BED) of >50 Gy improved over-
all survival times. In a study conducted from National
Cancer Data Base, Hasan et al.[12] retrospectively ana-
lyzed 3280 stage IV ECLC patients who received TRT.
Their results showed that patients who received >45 Gy
TRT had better survival. In the current study, the me-
dian dose of RT was 45 Gy (range: 30-66 Gy) applied
in median 25 fractions (range: 10-34 fractions). In
multivariate analysis, there was a trend towards overall
survival times in patients who received 247 Gy EQD2
doses; however, we believe that this statistical insignifi-
cance was related to our limited patient numbers.
Secondary analyses of the CREST study demon-
strated that both the overall survival and progression-
free survival were significantly higher in patients with
<2 metastases. Moreover, patients with liver and bone
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metastases had significantly worse overall survival.
[13] In the study by Jeremic et al.,[6] more than 90%
of patients who undergone TRT had <2 metastases and
did show overall survival benefit with TRT. The RTOG
0937 study included the patients with 1-4 metastases
who had complete or partial response to CT; therefore,
this study focuses on the oligometastatic patients.[8] In
the RTOG 0937 study, the patients with brain metasta-
sis were excluded. In can be concluded that the num-
ber of metastases is an important prognostic factor for
benefit from TRT. In the current study, we could not
demonstrate the impact of the number of metastases
on survival. However, in our study, 62.9% of the pa-
tients had multiple metastases. We also did not include
patients with brain metastases in our study.

The World Health Organization/ECOG perfor-
mance status also could have an impact of TRT. The
secondary analysis of the CREST study demonstrated
that patients with better performance had improved
overall, and progression-free survivals with TRT.[13]
In the study by Jeremic et al., analyses of pretreat-
ment factors also revealed that performance status was
a strong prognostic factor.[6,14] Furthermore, in the
RTOG 0937 study, there were some imbalances regard-
ing to the performance status of the study groups that
may be the reason for the lack of survival benefit.[8]
Lastly, the analyses of pretreatment prognostic fac-
tors of the study by Jeremic et al.[14] revealed that
various pretreatment prognostic factors including no
significant weight loss were strong prognosticators of
improved outcome. In the current study, we found that
the unavailability of comorbid disease was associated
with improved survival in ES-SLCL patients.

There is limited evidence with respect to the effect
of gender on the impact of TRT in ES-SCLC patients.
In the Dutch CREST study, the authors did not record
any significant differences in OS in subgroups divid-
ed by age and sex.[7] In a retrospective study by Xu
et al,,[15] it was found that there was no relationship
between age, sex, and overall survival times. In the cur-
rent study the MSTs for the female and male patients
were 20 months, and 14 months, respectively.

PCI decreases the incidence of symptomatic brain
metastases for the ES-SCLC patients who responded to
systemic CT; however, its impact on overall survival is
uncertain. In a phase III trial conducted by the Euro-
pean Organization for Research and Treatment of Can-
cer, all patients initially received four to six cycles of
CT, and patients with a response to CT were randomly
assigned to PCI or to observation without PCI.[5] Pa-
tients were not routinely imaged for the presence or
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absence of brain metastases after CT and prior to PCL
The PCI doses were between 20 and 30 Gy, applied
between 5 and 12 fractions. Patients treated with PCI
had a significantly decreased incidence of symptomatic
brain metastases at 1 year. The median overall surviv-
al was increased in patients treated with PCI (6.7 vs.
5.4 months, measured from randomization), and the
1-year survival rate was significantly increased. On the
other hand, a Japanese phase III trial in ES-SCLC pa-
tients comparing PCI plus magnetic resonance imag-
ing (MRI) surveillance versus MRI surveillance failed
to demonstrate a difference in PFS or OS between the
two strategies.[16] In the current study, we demon-
strated that ES-SCLC patients who received PCI had
improved survival times.

In the current study, we did not encounter unex-
pected hematological, and non-hematological toxici-
ties. The treatment was well tolerated. In the study by
Jeremic et al., severe esophageal toxicity was encoun-
tered; however, in this study 2-dimensional conformal
RT technique, larger treatment fields, and accelerated
hypofractionated RT schedule were used.[6,14] In the
CREST study, although esophageal toxicity was in-
creased with the use of TRT, >grade 3 esophageal tox-
icity in the TRT arm remained uncommon. Broncho-
pulmonary toxicity (grade 3 or higher) was similar in
both TRT and non-TRT groups.[7] In the RTOG study,
the differences between the TRT and non-TRT groups
were not significant.[8] One patient in each arm had
grade 4 toxicity, and one patient in PCITRT had grade
5 pneumonitis. Taken these all together it seems that
the use of TRT is safe when applied with more confor-
mal techniques, and limited treatment fields.

There are some limitations to our study that should
be mentioned. First and foremost, the current study
has a retrospective design and limited patient numbers.
The different centers used their own protocols. Ten out
of 151 patients (6.6%) received RT prior to CT because
of vena cava superior syndrome. Therefore, we could
not assess CT response for these patients. Besides these
limitations, the current study’s strengths include a lon-
ger follow-up period and its multi-centric nature.

Conclusion

The use of consolidative TRT is reasonable in patients
who responded to CT. Female gender, use of PCI, and
unavailability of comorbid disease were associated
with improved survival in ES-SLCL patients. There
was a trend towards overall survival times in patients
who received 247 Gy EQD2 doses; however, we be-
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lieve that this statistical insignificance was related to
our limited patient numbers. Further research stud-
ies to identify the patients who are likely to have more
OS benefit, the optimal dose fractionation schedule of
TRT, the optimal timing of TRT, and the optimal CT-
TRT sequence are needed.
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