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Purpose: Thoracic radiotherapy (TRT) is the recommended therapeutic regimen for exten-

sive-stage small cell lung cancer (ES-SCLC). Little is known about TRT benefits in elderly

populations. The aim of this study was to evaluate TRT effects on the prognosis of elderly

patients with ES-SCLC.

Patients and methods: This retrospective analysis reviewed the records of patients over

65 years of age with metastatic ES-SCLC treated between 2010 and 2016. Enrolled patients

received standard chemotherapy regimens (etoposide plus cisplatin or carboplatin). A total of

93 eligible patients were subjected to propensity score matching, which led to 40 patients

being assigned to the TRT group and 40 to the no thoracic radiotherapy (noTRT) group. The

cohort of 80 patients (67 males) had the median age of 69 years (range, 65–85 years), with

a median of 4 chemotherapy cycle (range, 1–8 cycles), and a median chest irradiation dose of

50 Gy (range, 30–60 Gy). We analyzed overall survival (OS), progression-free survival

(PFS), and local recurrence-free survival (LRFS) as endpoints; survival rates were deter-

mined by the Kaplan–Meier method and compared across groups with log-rank tests.

Multivariate prognostic analysis was performed with Cox regression modeling, and catego-

rical variables were analyzed with Chi-square tests.

Results: In all patients, the 1-year OS, PFS, and LRFS rates were 38.3%, 16%, and 17.9%,

respectively. The TRT group had superior survival outcomes compared to the noTRT group:

their 1-year OS, PFS, and LRFS rates were 55% vs. 25% (P < 0.001), 32.1% vs. 0% (P <

0.001), and 31% vs. 2.6% (P < 0.001), respectively. TRT did not increase the incidence of

adverse reactions (P = 0.431).

Conclusion: TRT can improve chest tumor control and survival time in elderly ES-SCLC

patients. Large-scale studies to further assess the benefits of TRT are warranted.
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Introduction
Over the last several years, lung cancer has had the highest incidence and mortality

rates of all malignant neoplasms.1 The most recent data from Surveillance

Epidemiology and End Results indicate that lung carcinoma occurs most frequently

in patients 65 to 74 years of age. Of lung carcinoma patients, 69.4% are diagnosed

after the age of 65, and 72% of patients who die from lung carcinoma are above 65

years of age.2 Small cell lung cancer (SCLC) accounts for about 15–20% of lung

cancer cases, and approximately 70% of SCLC cases have an initial diagnosis with

extensive invasion. Extensive-stage SCLC (ES-SCLC) has a natural disease course
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of 2–4 months and a 1-year overall survival (OS) of only

2%.3,4 Although 60–70% of ES-SCLC patients respond to

4–6 cycles of platinum-based chemotherapy, improving

the median survival time to 7–12 months, 80–90% of

such patients suffer an intrathoracic recurrence within

1 year,5 leading to a 2-year OS rate less than 5%, and long-

term disease-free survival is rare.6,7 ES-SCLC patients are

recommended to receive systemic chemotherapy as the

standard therapeutic regimen. However, a European multi-

center randomized clinical trial confirmed that the 2-year

OS rate could improve from 3% to 13%, and intrathoracic

recurrence could be reduced to 50% for ES-SCLC

patients who had chemotherapy with subsequent chest

irradiation.8,9 Consequently, the National Comprehensive

Cancer Network guidelines recommended that ES-SCLC

patients who respond to chemotherapy also receive thor-

acic radiotherapy (TRT). Because the majority of ES-

SCLC patients are over 65-years-old, and few elderly

patients are included in clinical trials, it is not known

whether TRT can improve survival in elderly ES-SCLC

patients.10 Previous research provides evidence that in

elderly patients with non-small cell lung cancer, TRT can

decrease rates of chest recurrence and increase survival

time.11 However, much less work has been done investi-

gating TRT in elderly patients with ES-SCLC. Therefore,

the objective of this study was to evaluate the effectiveness

of TRT in elderly ES-SCLC patients.

Materials and Methods
Patient Population
We completed a retrospective review of patients seen in our

hospital with ES-SCLC between January 2010 and

January 2018. The inclusion criteria were: (1) histopatholo-

gically confirmed SCLC; (2) distant metastasis (e.g., brain,

bone, liver, lung, adrenal gland, abdominal cavity, etc.) in

addition to a primary SCLC; (3) standard chemotherapy

treatment (etoposide with cisplatin or carboplatin); and (4)

pretreatment examinations with a complete medical history,

physical examination, blood test, liver and kidney function

tests, chest X-ray, cervical and thoracic enhanced computed

tomography (CT) or positron emission computed tomogra-

phy (PET-CT), and cranial enhanced magnetic resonance

imaging (MRI). Patients diagnosed due to contralateral

hilar or supraclavicular lymph node metastasis were

excluded. In total, 93 patients were eligible for this study.

The prognosis of ES-SCLC patients over 65 years of age has

been reported to be related to the independent clinical factors

of age, gender, TRT, and prophylactic cranial irradiation.12

Propensity score matching consisting of the following items

was applied: gender, Karnofsky Performance Status (KPS)

score, weight loss, chemotherapy efficacy, presence of more

than one metastasis.

Treatment
40 patients received chemotherapy consisting of etoposide

(100 mg) on days 1–5 with cisplatin (30 mg/m2) on days 1–3

(EP), and 40 patients received etoposide (100 mg) on days

1–5 with carboplatin (500 mg) on day 1 (EC). With respect

to radiotherapy. 33 patients received intensity-modulated

radiation therapy, 5 received three-dimensional conformal

radiation therapy, and 2 received conventional radiation

therapy. Radiotherapies were administered with a Pinnacle3

8.0-m planning system to delineate gross tumor volume on

enhanced computed tomography images, defined as radio-

graphically visible tumor residual lesions and positive lymph

nodes. The clinical target volume (CTV) mainly included

0.5–0.8 cm of the primary lesion and the draining area of

positive lymph nodes. The planned target volume (PTV)

was defined as the CTV plus a 0.5–1.0 cm margin and

PGTV was expanded from GTV with a 0.5–1.0 cm margin.

The prescription dose was 30–60 Gy in fractions of 1.8–3

Gy.13 Doses in organs at risk were generally within normal

limits; 9 patients received concurrent chemotherapy during

thoracic radiotherapy.

Efficacy Evaluation and Follow-Up
Chemotherapy efficacy was evaluated 1 month after induc-

tive chemotherapy according to the Response Evaluation

Criteria in Solid Tumors 1.1. Radiation-related toxicities

(i.e., hematologic decline, gastrointestinal reactions, radia-

tion esophagitis, and radiation pneumonitis) were assessed

3 months after TRT on the basis of Common Terminology

Criteria for Adverse Events 3.0. Acute adverse events

greater than or equal to grade 2 were considered treatment-

related side effects. Ultrasonography, enhanced CT and

MRI, or PET-CT (performed every 3 months during the

first 2 years after treatment, every 6 months during the

next 2 years, and annually thereafter) was used to evaluate

treatment efficacy. The primary end-points were OS

(defined as the time from diagnosis to death or lost follow-

up) and progression-free survival (PFS: defined as the time

from diagnosis to disease progression or lost follow-up).

The secondary end-point was local recurrence-free survi-

val (LRFS: defined as the time from diagnosis to local

recurrence or lost follow-up).
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Statistical Analysis
All data analyses were performed using the SPSS 24.0 statis-

tical software (IBM Corporation, Armonk, NY, United

States). OS, PFS, and LRFS were calculated by the Kaplan–

Meier method and compared across groups with log-rank

tests. Multivariate prognostic analysis with a backward-

forward stepwise method was performed with Cox regression

modeling, and categorical variables were analyzed with Chi-

square tests. P-value <0.05 of the two-sided test was consid-

ered significantly different statistically.

Results
Patient Characteristics
After propensity score matching, 40 patients each were

enrolled in the TRT and noTRT groups. Patients with brain

(13 TRT; 7 noTRT), lung (8 TRT; 9 noTRT), liver (5 TRT; 11

noTRT), bone (16 TRT; 19 noTRT), adrenal gland (7 TRT; 6

noTRT), or other cancers (10 TRT; 15 noTRT) were included

in the study. Overall, there were 67 males; the median age of

the cohort was 69 years (range = 65–85 years), the median

chemotherapy cycle number was 4 cycles (range = 1–8

cycles), the median chest irradiation dose was 50 Gy

(range = 30–60 Gy) (Table 1). The prescription dose of

each enrolled elderly ES-SCLC patients in the TRT group

after PSM could be seen in Table 2. For TRT group, the

median volume, D50 and D95 of PTV were 378.78 cm3

(range = 60.43–932.72 cm3), 52.69 Gy (range = 31.32–58.98

Gy), 48.47 Gy (range = 30.01–65.17 Gy), respectively; and

the median mean lung dose, V5 and V20 of lung were 13.24

Gy (range = 2.88–18.79 Gy), 48 Gy (range = 6.01–77 Gy)

and 26 Gy (range = 3–32 Gy), respectively; the median

maximum dose of spinal cord and mean esophageal dose

were 40.56 Gy (range = 16–48.57 Gy) and 29.18 Gy (range =

11.50–66.59 Gy). Besides, the median duration of TRT was

38 days (range = 11–74 days), the median time between the

Table 1 The General Clinical Data of Elderly Patients with ES-SCLC Before and After PSM

Characteristics Before PSM After PSM

TRT noTRT P value TRT noTRT P value

(n=44) (n=49) (n=40) (n=40)

Age: 0.388 0.556

<75 10 39 34 32

≥75 6 38 6 8

Sex: male 37 36 0.213 33 34 0.762

Smoking index:

≥400

36 37 0.391 32 32 0.800

Weight loss 10 7 0.293 6 7 0.762

KPS score: ≥80 39 45 0.602 36 36 1.000

Metastatic sites: 0.140 0.329

Brain 16 11 14 10

Others 28 38 26 30

Numbers of metastases: 0.017 0.143

0–1 18 9 15 9

≥2 26 40 25 31

Numbers of chemotherapy cycles: 0.491 1.000

1–3 9 13 9 9

≥4 35 36 31 31

Chemotherapy efficacy: 0.056 0.112

Effective 23 16 20 13

Ineffective 21 33 20 27

Abbreviations: ES-SCLC, extensive-stage small cell lung cancer; PSM, propensity score matching; TRT, thoracic radiotherapy; noTRT, no thoracic radiotherapy; KPS,

Karnofsky performance status.
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start of chemotherapy and the end of radiotherapy was 4.7

months (range = 1.64–18.33 months), and the median time

between the last of chemotherapy and the start of radiother-

apy was 26.5 days (range = 14–75 days).

Survival Outcome
All enrolled patients were contacted regularly after medical

treatment, and the median follow-up length was 37 months.

The median OS, PFS, and LRFS times were 10.3 months,

5.9 months, and 6.4 months, respectively; the 1-year OS

rates, PFS, and LRFS rates were 38.3%, 16%, and 17.9%,

respectively; the 2-year OS, PFS, and LRFS rates were 7%,

4%, and 2.7%, respectively. Patients undergoing TRT had

better survival outcomes than the noTRT group (Table 3,

Figures 1–3). In TRT group, the patients received more than

or equal to 50Gy had a similar survival outcome than those

who did not, the median OS and PFS were 14.9 vs. 10.9

months (P = 0.282), 8.9 vs. 9.9 months (P = 0.778), respec-

tively; the 1-year OS and PFS were 66.7% vs. 45.5%, 22.2%

vs. 36.1%, respectively; the 2-year OS and PFS were 16.7%

vs. 5.7%, 5.6% vs. 5.2%, respectively.

Prognostic Analysis of Clinical Factors
Univariate analysis indicated that OS was related to num-

ber of metastases (P < 0.001), number of chemotherapy

cycles (P = 0.014), chemotherapy efficacy (P < 0.001), and

TRT (P < 0.001), time between the beginning of che-

motherapy and the end of radiotherapy more than 4.7

Table 2 The Prescription Dose of Each Elderly ES-SCLC Patients

in TRT Group After PSM

Number of Patients Prescription Dose (Gy) Times

12 60 30

1 56 28

1 50.4 28

3 54 27

1 52.5 25

8 50 25

5 45 15

1 37.5 15

2 36 12

6 30 10

Table 3 Survival Comparison of Elderly ES-SCLC Patients with

TRT or noTRT After PSM

Characteristics TRT

(n = 40)

noTRT

(n = 40)

P value

Overall survival: 0.000

Median(months) 13.2 7.5

1-year(%) 55% 25%

2-year(%) 11.4% 0%

Progression-free survival: 0.000

Median(months) 8.9 5.0

1-year(%) 32.1% 0%

2-year(%) 8% 0%

Local recurrence-free survival: 0.000

Median(months) 10.3 5.1

1-year(%) 31% 2.6%

2-year(%) 5.6% 0%

Abbreviations: ES-SCLC, Extensive-stage small cell lung cancer; PSM, propensity

score matching; TRT, thoracic radiotherapy; noTRT, no thoracic radiotherapy.

Figure 1 Overall survival comparison of elderly ES-SCLC patients with TRT or

noTRT after PSM.

Figure 2 Progression-free survival comparison of elderly ES-SCLC patients with

TRT or noTRT after PSM.
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months (P = 0.050). Multivariate analysis of factors with

P values <0.1 in our univariate analysis indicated that

elderly ES-SCLC patients with less than one metastasis,

with more than four cycles of chemotherapy, who had

effective chemotherapy, or who received of TRT had better

prognoses than those without TRT (Table 4).

Chemotherapy Efficacy and Prognostic
Patients who received effective chemotherapy had better sur-

vival outcomes than those who did not. Specifically, the med-

ianOS, PFS, andLRFS timeswere 14.0 versus 7.9months (P<

0.001), 8.0 versus 4.9 months (P < 0.001), and 10.2 versus 5.5

months (P < 0.001), respectively; the 1-yearOS rates, PFS, and

LRFS rateswere 57.6%versus 25.5%, 30.3%versus 4.9%, and

33.6% versus 7%, respectively; the 2-year OS rates, PFS, and

LRFS rates were 15.2% versus 2.1%, 9.1% versus 0%, and

6.7% versus 0%, respectively. TRT increased survival times in

both effective and ineffective chemotherapy groups (Table 5).

Adverse Reactions
In the noTRT and TRT groups, there were 32 and 29 cases of

adverse effects (P = 0.431), respectively, and the incidences of

myelosuppression and gastrointestinal reactions (grade 2 or

worse) were 29 versus 26 cases (P = 0.899) and 16 versus 14

cases (P = 0.701), respectively. Of the 40 patients who under-

went TRT, 2 suffered radiation esophagitis and 2 patients

suffered radiation pneumonitis; All 4 patients recovered after

active treatment.

Patterns of Failure
A total of 74 patients suffered from chest recurrence or

distant metastasis after treatment. Patients who had chest

recurrence, including local and regional, accounted for

45% (18/40) of cases in the TRT group and 87.5% (35/

40) in the noTRT group. Local recurrence, distant metas-

tasis, and both local recurrence and distant metastasis

occurred in 7 (20%) versus 13 cases (33.3%), 18 (51.4%)

versus 5 cases (12.8%), and 10 (28.6%) versus 21 cases

(53.8%) in the TRT and noTRT groups, respectively.

Discussion
The findings of the present retrospective study suggest that

the addition of TRT to treatment plans of elderly patients

with ES-SCLC could improve OS and PFS, similar to

what has been seen in young patients. Furthermore, induc-

tion chemotherapy effectiveness did not influence TRT

effects on survival, and the addition of TRT appeared to

provide survival benefits, decrease local recurrence rates,

and improve quality of life for elderly ES-SCLC patients.

Though platinum-based chemotherapy, which has high

response rates, has been the standard treatment regimen

for ES-SCLC patients since the 1970s, thoracic recurrence

is the most common cause of ultimate treatment failure

and subsequent short-term patient death. Researchers have

attempted unsuccessfully to improve survival time by

increasing chemotherapy cycles14–16 and optimizing first-

and second-line chemotherapy regimens.17–21 The recent

introduction of immunotherapy has brought new hope for

many cancer patients.22–25 Immunotherapy clinical studies

have suggested that treatment with checkpoint inhibitors

may be viable options for ES-SCLC patients.26–28 The

IMpower133 study—a double-blind, placebo-controlled,

Phase 3 trial that evaluated atezolizumab plus carboplatin

and etoposide in patients with ES-SCLC who had not

previously received treatment (N = 202)—showed that

the addition of atezolizumab extended OS (10.3 months

to 12.3 months) improved the 1-year survival rate (38.2%

to 51.7%), and increased the complete response rate (1.0%

to 2.5%) compared to the placebo group (N = 202).

Moreover, the survival benefit was most pronounced in

patients older than 65 years, who had an Eastern

Cooperative Oncology Group score of 1 and no brain or

liver metastases.26 Although immunotherapy prolongs sur-

vival in some cancer patients, the majority of patients do

not benefit from immune checkpoint inhibitors.29

Thoracic radiation therapy has been studied extensively

in ES-SCLC. For example, a phase 3 randomized, con-

trolled clinical trial demonstrated that in ES-SCLC, the

addition of chest irradiation to effective chemotherapy

improved 2-year OS from 3% to 13% and decreased

Figure 3 Local recurrence-free survival comparison of elderly ES-SCLC patients

with TRT or noTRT after PSM.
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intrathoracic recurrence by 50%.8,9 However, in many

clinical studies, TRT was used as palliative care in elderly

patients to relieve symptoms of local or distant metastasis

sites, rather than the initial clinical recommendation as

a combination therapy regimen. This treatment bias in

the elderly may be due to high complication rates, low

Table 4 Univariate and Multivariate Prognostic Analysis of Elderly ES-SCLC Patients After PSM

Characteristics Univariate Analysis (OS) Multivariate Analysis (OS)

Median 2-Year P value RR value 95% CI P value

(Months) (%)

Age: 0.945

<75 10.4 5.3

≥75 7.9 7.1

Sex: 0.520

Male 10.4 8.4

Female 10.2 0

KPS score: 0.142

<80 5.8 0

≥80 10.4 7.8

Weight loss: 0.128

Yes 8.4 0

No 10.4 8.4

Smoking index: 0.898

<400 10.2 7.7

≥400 10.3 7.3

Metastatic sites: 0.297

Brain 12.3 5.6

Others 10.2 7.1

Numbers of metastases: 0.000 6.026 2.877–12.622 0.000

0–1 14.7 23.8

≥2 7.9 0

Chemotherapy regimens 0.502

EP 9.0 5.0

EC 10.7 9.0

Numbers of chemotherapy cycles: 0.014 0.226 0.115–0.446 0.000

1–3 4.4 0

≥4 11.0 9.4

Chemotherapy efficacy: 0.000 0.431 0.256–0.767 0.002

Effective 14.0 15.2

Ineffective 7.9 2.1

Receipt of TRT 0.000 0.483 0.297–0.783 0.003

Yes 13.2 11.4

No 7.5 0

Time between chemotherapy start and TRT end 0.050 1.007 0.948–1.069 0.824

<4.7 months 14.3 0

≥4.7 months 13.6 27.2

Abbreviations: ES-SCLC, extensive-stage small cell lung cancer; PSM, propensity score matching; OS, overall survival; KPS, Karnofsky Performance Status; TRT, thoracic

radiotherapy.
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bone marrow reserve capacity, and pressure to maximize

survival time from clinicians and families.30 Our findings

showing that TRT can extend survival of elderly ES-SCLC

patients are consistent with the findings of a prior study of

118 elderly patients with metastatic ES-SCLC wherein the

median OS times with or without TRTwere 17 months and

11.7 months (P = 0.014), the median PFS times were 9.9

months and 6.5 months (P = 0.004), and the 2-year OS

rates were 38.1% and 14.9%, respectively.31 However,

whether the efficacy of induction chemotherapy affects

the prognosis of elderly ES-SCLC patients receiving

TRT is still not known. In addition, elderly patients show

great physiological heterogeneity. In the current study, we

accounted for the general health and clinical factors of

patients by propensity score matching, thereby minimizing

the therapeutic influence of confounding factors.

Our research provides evidence suggesting that patients

over 65 years with ES-SCLC may benefit from TRT. In

patients who received TRT, the 2-year OS rate increased

from 5.7% to 14.2%, the intrathoracic recurrence rate

decreased by 48.2%, and the incidence of adverse reactions

was unaffected by TRT. Though the prognosis of patients

with effective induction chemotherapy was better than in

those with inefficient chemotherapy [2-year OS rates of

22.3% and 0%, respectively (P < 0.001)], the addition of

TRT significantly improved the OS, PFS and LRFS of

patients with effective chemotherapy. What’s more, patients

received TRT more than or equal to 50 Gy had a similar

survival outcome than those who did not [2-year OS rates of

16.7% and 5.7%, respectively (P = 0.282)]. Therefore, for

patients over 65 with ES-SCLC who respond to induction

chemotherapy, it may be necessary to deliver TRT as an

initial combination therapy regimen. For patients with inef-

fective induction chemotherapy, although PFS and LRFS

increased after TRT, OS was not affected by TRT treatment

statistically. This non-effect may be due to the robust inva-

siveness of partial tumor cells and the small number of

enrolled patients in our study.

In summary, though chemotherapy is still the leading

treatment for ES-SCLC, chest irradiation may improve treat-

ment efficiency and survival time of patients over 65 years of

age significantly. Our findings suggest that, regardless of the

efficacy of induced chemotherapy, the addition of TRT may

improve ES-SCLC patients’ outcomes. Furthermore, our

findings suggest that TRT can reduce local recurrence and

improve the quality of life in elderly patients.

This study had three noteworthy limitations: (1) Propensity

score matching and multivariate prognostic analysis cannot

completely avoid retrospective selection bias (e.g., patients’

cardiopulmonary function, etc.); (2) our small sample sizemay

not fully represent all elderly ES-SCLC patients; and (3) other

chronic diseases may affect patient survival. Optimal radio-

therapy fields and doses for elderly patients with metastatic

ES-SCLC have yet to be established. Large prospective stu-

dies with uniform chemotherapy and radiotherapy schemes

will be needed to better understand treatment in this

population.

Table 5 The Comparison of Survival in Different Induction Chemotherapy Efficacy Groups of Elderly ES-SCLC Patients After PSM

Characteristics Ineffective Group (n=47) Effective Group (n=33)

TRT noTRT P value TRT noTRT P value

(n=20) (n=27) (n=20) (n=13)

Overall survival:

Median(months) 10.3 7.3 0.068 16.2 8.4 0.003

1-year (%) 0 0 75 30.8

2-year (%) 0 0 20 0

Progression-free survival:

Median(months) 8.1 3.6 0.001 10.5 6.3 0.001

1-year (%) 0 0 45 0

2-year (%) 0 0 15 0

Local recurrence-free survival:

Median(months) 8.5 4.8 0.003 12.2 6.3 0.000

1-year (%) 0 0 50.3 0

2-year (%) 0 0 11.2 0

Abbreviations: ES-SCLC, extensive-stage small cell lung cancer; PSM, propensity score matching; TRT, thoracic radiotherapy; noTRT, no thoracic radiotherapy.
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Conclusion
The addition of chest irradiation for ES-SCLC patients

over 65 years of age could significantly improve the treat-

ment efficiency and the survival period of patients regard-

less of the effect of induced chemotherapy.

Abbreviations
TRT, thoracic radiotherapy; ES-SCLC, extensive-stage

small cell lung cancer; noTRT, no thoracic radiotherapy;

OS, overall survival; PFS, progression-free survival;

LRFS, local recurrence-free survival; SCLC, small cell

lung cancer; CT, computed tomography; PET-CT, positron

emission computed tomography; MRI, magnetic resonance

imaging; KPS, Karnofsky Performance Status; PSM: pro-

pensity score matching.
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