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Background: Prophylactic cranial irradiation (PCI) can reduce the risk of brain metastases (BM) and improve overall survival (OS)
in patients with limited-stage small cell lung cancer (LS-SCLC) after partial or complete response to primary therapy. However, some
SCLC patients still develop BM after PCI. This study aimed to evaluate the risk factors of BM in patients with LS-SCLC after PCI and
identify characteristics of patients who may not benefit from PCI.
Methods and Materials: We identified 550 patients with LS-SCLC who received chemoradiotherapy at Zhejiang Cancer Hospital
between 2002 and 2017. All patients received PCI. Kaplan–Meier analyses and Cox regression analyses were used to identify factors
affecting OS and brain metastasis-free survival (BMFS).
Results: For this patient population, the median survival time was 27.9 months, and the 5-year OS rate was 31%. The median survival time
was 24.9 months (95% CI: 22.6–27.2 months), and 30.2 months (95% CI: 24.2–36.3 months) in patients with or without BM (P = 0.000). The
overall BM rate was 15.6% (86/550). The frequency of BM in patients with pathologic stages I, II, and III were 9.3% (4/43), 13.4% (7/52), and
16.5% (75/455). The patients with tumors ≥5 cm had an increased risk of BM (HR: 1.781, 95% CI: 1.044–3.039, P = 0.034) but not death
(HR: 1.126, 95% CI: 0.925–1.663, P = 0.182). The median survival time among patients <60 years was significantly longer than patients ≥60
years (34.9 months vs 24.6 months, P = 0.001); however, the difference in the BM risk between the two groups was not statistically significant.
Conclusion: PCI remains the standard of care for LS-SCLC patients who achieve complete or partial response after completion of
chemoradiotherapy. However, patients with tumors ≥5 cm may have a higher risk of developing BM after PCI.
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Introduction
Small cell lung cancer (SCLC) is a neuroendocrine tumor, which is well known for its early development of
widespread metastases and rapid doubling time, and accounts for 13–19% of all lung cancers.1,2 Brain is
a common site of metastasis in patients with SCLC, and recently, the proportion of patients with brain metastases
(BM) is increasing. Due to increased control of locoregional disease and distant metastases, BM are one of the
main factors responsible for serious impairment of quality of life, and shortened survival. Prophylactic cranial
irradiation (PCI) has been proposed in SCLC to suppress the risk of BM and improve survival, and eventually
quality of life. PCI can reduce BM and improve overall survival (OS) in patients with limited-stage SCLC
(LS-SCLC) after complete response to primary therapy.3 However, some patients still suffer from BM after PCI
with unknown risk factors. Our study aimed to assess the factors affecting the risk of BM in patients with LS-
SCLC after PCI and identify characteristics of patients who may not benefit from PCI.
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Methods and Materials
Patient Selection and Data Collection
We identified 550 patients with LS-SCLC who had received definitive chemoradiotherapy at Zhejiang Cancer Hospital
from 2002 through 2017. The information of patient’s diagnoses, demographics, treatment, and treatment response was
extracted from medical records. Primary tumor size was measured on diagnostic images at the time of initial treatment, as
the largest dimension of the primary parenchymal tumor. TNM staging was defined according to the current American
Joint Committee on Cancer (AJCC) criteria, 7th edition. The patients’ characteristics are shown in Table 1.

Treatment Characteristics
All patients had received definitive chemoradiotherapy and PCI. 40% of patients received concurrent chemotherapywith thoracic
radiation. Radiotherapy typically consisted of 45 Gy in 30 fractions delivered twice daily or 54–70 Gy in 27–30 fractions
delivered once daily. Patients who received surgery as part of treatment were excluded from this analysis. Chemotherapy
consisted of 4–6 cycles of etoposide and cisplatin (EP) or etoposide and carboplatin (EC). The chemotherapy cycles for
concurrent chemotherapy and induction chemotherapy were 2–3 and 1–3 cycles, respectively. PCI was administered to patients
who achieved complete or partial remission of tumor. All patients received brain MRI/CT examination to exclude BM before
PCI. Initiated 4–6 weeks after completion of primary chemoradiotherapy, patients received PCI of a total dose of 25 Gy over 2
weeks.

Statistical Analysis
Statistical analyses were carried out with SPSS 22.0 software. OS was calculated from the time of first treatment to the date of
death or censored at the date of last follow-up. BMFS was calculated from the time of first treatment to the date of brain

Table 1 Characteristics of Patients (n = 550)

Characteristics No. of Patients (%)

Age (year)

<60 218 (39.6%)

≥60 332 (60.4%)

Sex

Male 447 (81.3%)

Female 103 (18.7%)

Pathologic N stage

N0 72 (13.1%)

N1 51 (9.3%)

N2 266 (48.3)

N3 161 (29.3)

Pathologic stage

I 43 (7.8%)

II 52 (9.5%)

III 455 (82.7%)

Primary tumor size

<5 cm 293 (53.3%)

≥5 cm 257 (46.7%)

Brain metastases

Yes 86 (15.6%)

No 464 (84.4%)

Response to ChT

CR 104 (18.8%)

PR 446 (81.2%)

XRT fractionation

Once Daily 209 (38.0%)

Twice Daily 341 (62.0%)

Abbreviation: ChT, chemotherapy.
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metastasis. The variables considered were age (<60 years or ≥60 years), sex (male or female), pathologic stage (I, II or III),
Primary Tumor Size (<5 cm or ≥5 cm), brain metastases (yes or no), response to chemotherapy (ChT) (complete response (CR)
or partial response (PR)), XRT fractionation (once daily or twice daily). Kaplan–Meier method was applied to estimate survival
rates. Cox proportional hazards regression analyses were used to identify factors potentially associated with OS and BMFS. Log
rank test was used to compare the survival curves, and P <0.05 was considered to indicate statistically significant differences.

Results
Patient Characteristics
A total of 550 LS-SCLC patients who received chemoradiotherapy and PCI were included in this analysis. The median age of all
patients was 56 years (range 22–80 years), and 332 (60.4%) were ≥60 years old when treatment was started. At the time of
treatment initiation, 257 (46.7%) had primary intrathoracic disease that was ≥5 cm in diameter. Patient characteristics are
summarized in Table 1.

Survival
For the whole population, the median survival time was 27.9 months, the 5-year OS rate was 31%. Univariate analysis
revealed that brain metastases, pathology stage, age, and XRT fractionation were significantly correlated with survival

Table 2 Univariate Analyses of Factors Associated with Brain Metastasis Free Survival (BMFS) and Overall Survival (OS) in Patients
with Limited-Stage Small Cell Lung Cancer (LS-SCLC) After Prophylactic Cranial Irradiation (PCI)

Factors BMFS OS

5-Year-BMFS (%) x2 P 5-Year-OS (%) x2 P

Age (years)
<60 78.1 0.628 0.428 34.1 11.182 0.001
≥60 76.3 25.3

Sex
Male 78.1 0.926 0.336 31.3 0.155 0.694

Female 84.2 30.7

Pathologic N stage
N0 83.8 1.601 0.659 47.5 9.437 0.024
N1 78.7 36.7
N2 74.2 29.4

N3 72.1 29.6

Pathologic stage
I 89.7 6.314 0.043 68.7 24.296 0.000
II 88.6 48.9

III 74.1 24.7
Primary tumor size
<5 cm 81.3 5.231 0.022 31.4 0.580 0.446

≥5 cm 71.6 28.6
Brain metastases
Yes / 8.9 15.536 0.000
No / 36.1
Response to ChT
CR 75.8 0.236 0.627 35.1 0.211 0.646

PR 78.2 30.2
XRT fractionation
Once Daily 76.2 0.171 0.679 21.6 6.152 0.013
Twice Daily 76.8 34.8

Abbreviations: ChT, chemotherapy; PCI, prophylactic cranial irradiation; HR, hazard ratio; CI, confidence interval; OS, overall survival; BMFS, brain metastasis free survival;
CI, confidence interval.
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rate (Table 2). In a comparison of patients with BM and those without BM, the 5-year survival rate were 8.9% and
36.1%, the median survival was 24.9 months (95% CI: 22.6–27.2 months) in the brain metastasis group, and 30.2 months
(95% CI: 24.2–36.3 months) in the non-brain metastases group, respectively, (P = 0.000; Figure 1). The 5-year survival
rates for patients with pathology stage I, II, and III were 68.7%, 48.9%, and 24.7% (P = 0.000), respectively. Among
patients <60 years, the median survival time were significantly higher than patients ≥60 years (34.9 months vs 24.6
months, P = 0.001; Figure 2). Twice daily XRT fractionation offered a better 5-year OS in contrast to once daily (34.8%
vs 21.6%, P = 0.013).

15.6% (86/550) of the entire patient population had evidence of metastases to brain. The frequency of BM in
patients with pathologic stages I, II, and III were 9.3% (4/43), 13.4% (7/52), and 16.5% (75/455), P = 0.043. Univariate
analysis revealed that primary tumor size ≥5 cm was associated with poor 5 year BMFS (71.6% vs 81.3%, P = 0.022;
Figure 3).

On multivariate analyses (Table 3), pathologic stages (HR: 1.733, 95% CI: 1.064–2.823, P = 0.027) were independent
risk factors for both BMFS and OS. Tumor larger than 5 cm was an independent risk factor for BM (HR: 1.781, 95% CI:
1.044–3.039, P = 0.034), but not death (HR: 1.126, 95% CI: 0.925–1.663, P = 0.182).

Discussion
Lung cancer is the main cause of mortality from cancer worldwide.4,5 SCLC is a neuroendocrine tumor which is well
known for its rapid doubling time and potential for widespread metastases.6,7 In two prior meta-analyses, PCI was
associated with both reduced risk of BM and improved OS in patients with CR after definitive chemoradiotherapy.
Overall, the effectiveness and outcomes of PCI with regard to BMFS and OS for patients in our analysis were similar to
previous studies.3,8,9 The results of our study showed that risk of developing BM was significantly increased when the
primary tumor was large (≥5 cm) at diagnosis. This outcome is consistent with prior research reporting correlation
between higher pathologic tumor stage, which depends on locoregional spread and tumor size, and increased risk of
developing BM. The rate of BM was 6.25% among patients with TNM pathologic stage I disease, 28.2% of stage II

Figure 1 Comparison of overall survival (OS) of patients with limited-stage small cell lung cancer (LS-SCLC) between brain metastases group and no-brain metastases
group.
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disease, and 29.1% of stage III disease.10 Other studies have reported similar findings, with <10% of pathologic stage
I tumors with subsequent BM compared with 13.4% of pathologic stage II tumors, and 16.5% of pathologic stage III
tumors.11–15

Figure 2 Comparison of overall survival (OS) of patients with limited-stage small cell lung cancer (LS-SCLC) between <60 years group and ≥60 years group.

Figure 3 Comparison of brain metastasis-free survival (BMFS) of patients with limited-stage small cell lung cancer (LS-SCLC) between tumor size ≥5 cm group and <5 cm
group.
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In those studies, tumor size could be measured directly after resection, in contrast to our study, which did not include
patients with resected tumors; however, tumor size was measured on diagnostic CT scans. Tumor size at the time of
treatment initiation was not associated with poor OS in our study, however, our findings, along with prior research,
suggest that large tumor size may indicate a more aggressive phenotype with increased risk of metastases, especially to
the brain metastases. Univariate analysis revealed that primary tumor size ≥5 cm was associated with poor 5-year BMFS
in our study, pathologic stages (71.6% vs 81.3%, P = 0.022) were independent risk factors for both BMFS and OS, and
that is why TNM staging is more widely used to help guide clinical decisions.16

The treatment of elderly patients can often be challenging, because they typically present with additional medical
issues, which can complicate therapy. In our study, the median age of all patients was 56 years, and 60.4% were ≥60
years old when treatment was initiated. The median survival time among patients <60 years were significantly longer
than patients ≥60 years (34.9 months vs 24.6 months, P = 0.001). Another study further emphasized that PCI did not
confer a benefit in both OS and BMFS among patients ≥70 years old with large (≥5 cm) primary tumors, and age ≥70
years was an independent risk factor for increased overall mortality in their analysis. Besides, KPS score <80 also
predicted poor outcome.17 This is not surprising, because older patients often have co-morbid conditions or poor
performance status. In addition, elderly patients are also more susceptible to PCI-induced neurotoxicity than younger

Table 3 Multivariate Analyses of Factors Associated with Brain Metastasis Free Survival (BMFS) and Overall Survival (OS) in Patients
with Limited-Stage Small Cell Lung Cancer (LS-SCLC) After Prophylactic Cranial Irradiation (PCI)

Factors BMFS OS

HR 95% CI P HR 95% CI P

Age (years)
<60

≥60 1.021 [0.594–1.757] 0.940 1.167 [0.995–1.214] 0.074

Sex
Male

Female 1.801 [0.769–4.217] 0.175 1.066 [0.948–1.170] 0.118

Pathologic N stage
N0

N1

N2
N3 1.141 [0.873–1.305] 0.751 1.187 [0.993–1.371] 0.061

Pathologic stage
I
II

III 1.733 [1.064–2.823] 0.027 2.072 [1.607–2.671] 0.000
Primary tumor size
<5 cm

≥5 cm 1.781 [1.044–3.039] 0.034 1.126 [0.925–1.663] 0.182

Brain metastases
Yes

No — — — 1.795 [1.304–2.472] 0.000
Response to ChT
CR

PR 0.617 [0.349–1.091] 0.097 1.108 [0.788–1.557] 0.555
XRT fractionation
Once Daily

Twice Daily 0.692 [0.410–1.166]] 0.617 0.829 [0.631–1.087] 0.175

Abbreviations: ChT, Response to chemotherapy; PCI, prophylactic cranial irradiation; HR, hazard ratio; CI, confidence interval; OS, overall survival; BMFS, brain metastasis
free survival; CI, confidence interval.
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patients; indeed, increasing age was the most important predictor of chronic neurotoxicity (P = 0.005).18,19 However, the
difference of the BM risk was not statistically significant with age in our study. Thoracic twice-daily radiotherapy is one
of the standards of care for SCLC; a study showed that patients with SCLC who received thoracic twice-daily radio-
therapy appeared to have a higher risk of BM rate than those who received once-daily (26.0% vs 16.9%; HR, 1.55, 95%
CI: 1.06–2.26, P = 0.03),20 but our study had a different result, as the difference in the BM risk was not statistically
significant with the two groups in the outcome.

The role of PCI in reducing the risk of developing BM has been extensively studied in patients with limited-stage
SCLC that responds completely to definitive chemoradiotherapy, and PCI remains the standard therapy after complete
response to chemoradiotherapy for limited-stage SCLC.3 Nevertheless, 15.6% of patients still had brain metastases after
PCI in our study. Can all patients benefit from PCI after definitive chemoradiotherapy for LS-SCLC?

Conclusion
In conclusion, the results of our retrospective study of a large number of patients with limited-stage SCLC treated at
a single institution suggest that patients with large tumors may not benefit from PCI, even after a complete response to
definitive chemoradiotherapy. Further work to identify characteristics of patients with LS-SCLC who may not benefit
from PCI is warranted. However, it is difficult to judge the curative effect and prompt the prognosis early by traditional
imaging techniques such as CT and MRI. Therefore, to explore molecular markers which can give early prediction of
brain metastasis and evaluation of efficacy of PCI is the direction of future research.
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