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Risk factors for brain metastases 
after prophylactic cranial irradiation 
in small cell lung cancer
Haiyan Zeng1,2,*, Peng Xie2,3,*, Xue Meng2,3, Shuanghu Yuan2,3, Xindong Sun2,3, Wanlong Li2,3, 
Bingjie Fan2,3, Xiaolin Li2,3 & Jinming Yu2,3

Despite administration of prophylactic cranial irradiation (PCI), some small cell lung cancer (SCLC) 
patients still suffer from brain metastases (BM) with unknown risk factors. We conducted this study 
to identify patients with higher BM risk after PCI and improve their outcome. The characteristics and 
survival of all the SCLC patients underwent PCI in our institute from 2003 to 2014 were analyzed. 
Kaplan-Meier method was applied to estimate BM free survival (BMFS) and overall survival (OS). Cox 
regression analyses were performed to explore risk factors for BM. A total of 175 patients with the 
median age of 55 years (range, 29–76) were eligible, among whom 36 (20.6%) developed BM with 
median follow-up of 42 months. Both univariate and multivariate analyses showed HART and TNM 
classification (p < 0.05) were associated with BM. Two-stage system was not related with BMFS or 
OS (p > 0.05). Stage IIIB-IV and HART were independent risk factors for BM after PCI in SCLC. TNM 
classification was more valuable on prognosis than two-stage system. Further large-scale studies are 
needed to confirm our findings.

Lung cancer is still the most frequently diagnosed malignant carcinoma and the leading cause of cancer death 
worldwide1, among which about 13–20% is small cell lung cancer (SCLC)2. Although being outstanding with high 
prevalence of brain metastases (BM), great progress has been made in SCLC during the past decades. One land-
mark achievement was applying prophylactic cranial irradiation (PCI) to limited-stage disease (LD) patients with 
complete response (CR) to initial therapy3 and another famous advance was delivering PCI to extensive-stage 
disease (ED) patients with response to initial therapy4. Since PCI not only produces a reduction in BM incidence 
but also provides an improvement in survival5, published guidelines always recommend PCI for both LD and 
ED patients who have a good response to initial treatment6,7. Yet, some patients still cannot avoid developing BM 
despite they have adopted PCI4,8–10. It remains unestablished that what factors cause some patients develop BM 
after PCI. Therefore, we conducted this research to find high risks for BM after PCI in SCLC and to offer some 
bases for further reducing BM rate and improving survival.

Methods and Materials
We reviewed SCLC patients who underwent PCI in our institute from 2003 to 2014. Staging was done by bron-
choscopy with biopsy, thoracic and abdominal computerized tomography (CT) with contrast medium, cranial 
magnetic resonance imaging (MRI) or CT with contrast medium and radionuclide bone scanning, or positron 
emission tomography/computerized tomography (PET/CT). Patients were staged according to TNM classifica-
tion of the seventh edition American Joint Committee on Cancer (AJCC 7th edition)11 and two-stage system based 
on version 1. 2016 of National Comprehensive Cancer Network Guidelines for SCLC (NCCN 2016)6.

Either HART or once-daily radiotherapy (QDRT) was adopted for thoracic radiotherapy according to dif-
ferent radiotherapy departments’ preferences (in some departments, all patients received HART; while in other 
departments, all patients received QDRT). Sequential chemoradiotherapy (SCRT) was delivered after 2–4 cycles 
of etopside-platinum chemotherapy if patients could not tolerant concurrent chemoradiotherapy (CCRT). A 
second contrast-enhanced cranial imaging was performed to patients prior to PCI to exclude immediate BM12. 
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PCI to the whole brain was delivered mostly within two months after the end of chemoradiotherapy with the use 
of two opposed lateral fields to patients who have a response to initial therapy. The most commonly used sched-
ule for HART, QDRT and PCI was 45 Gy/30 f over 3 weeks, 60 Gy/30 f over 6 weeks and 25 Gy/10 f over 2 weeks, 
respectively. Response to chemoradiotherapy was assessed with Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1 criteria13.

The primary endpoint was BM-free survival (BMFS) and the secondary endpoint was overall survival (OS), 
which were defined as time from pathological diagnosis to radiology confirmed BM and death or censorship 
at December, 2015, respectively. SPSS 18.0 was used to perform statistical analyses. Survival were estimated by 
Kaplan-Meier method and compared by means of log-rank tests. Cox regression analyses were performed to 
determine risk factors for BM. All tests were 2-sided and a p value less than 0.05 was considered to be statistically 
significant.

Results
One hundred seventy-five patients underwent PCI were eligible, of whom 20 (11.4%) were with ED and 18 
(11.5%) were with stage IV (Table 1, Supplementary Table 1). Due to the small sample size (n <​ 10) of stage IA, 
IB and IIB, TNM classification was analyzed by combining stage IA-IIIA and stage IIIB-IV. Before PCI, 62% of 
patients performed contrast-enhanced cranial CT, the other 38% performed contrast-enhanced cranial MRI.

Among the 175 patients, 36 (20.6%) developed BM at a median follow-up time of 42.1 months (range, 
7.4–119.4). Fourteen (38.9%) patients were symptomatic. The 5 year BMFS and OS rate was 69% and 48%, 
respectively. Univariate analyses showed that HART (p = 0.023, HR =​ 2.171, 95% CI 1.111–4.243) and TNM 
classification (p = 0.009, HR =​ 2.525, 95% CI 1.259–5.064) were significant variables associated with BM but 
two-stage system was not (p =​ 0.273) (Table 1, Fig. 1). The TNM ×​ HART interaction was non-significant 
(p = 0.139, HR =​ 1.696, 95% CI 0.842–3.416). In the multivariate hazard model including TNM classification, 
HART (p = 0.014, HR =​ 2.748, 95%CI 1.227–6.157) was an independent high risk for BM; TNM classification 
(p = 0.073, HR =​ 2.119, 95%CI 0.932–4.821) tended to be an independent risk factor for BM (Table 1). While in 
the multivariate hazard model including two-stage system, HART (p = 0.026, HR =​ 2.448, 95% CI 1.116–5.372) 
was still an independent high risk for BM, but two-stage system (p = 0.280) was not (Table 1).

In addition, HART increased BM risk for patients with early stage SCLC no matter by stratum of TNM classi-
fication (Supplementary Table 2) or two-stage system (Supplementary Table 3) but had no significant influence on 
OS (median, 53.7 months vs. 46.9 months for HART vs. QDRT group, p =​ 0.570) (Supplementary Fig. 1). TNM 
classification was associated with OS (p =​ 0.010, HR =​ 2.002, 95% CI 1.180–3.395), but two-stage system was not 
(p =​ 0.728). Contrast-enhanced cranial CT or MRI prior to PCI was not related to either BMFS (p =​ 0.362) or OS 
(p =​ 0.239).

Discussion
As an aggressive tumor, SCLC is outstanding with high prevalence of BM. PCI is an effective management to 
decrease BM rate and improve outcome. Unfortunately, some patients still develop BM despite they have admin-
istered PCI. To identify patients who are at-risk for developing BM after PCI is beneficial to help clinicians mod-
ifying the combined modality schedule for SCLC. In this study, we noted that thoracic HART and stage IIIB-IV 
were independent risk factors.

In line with the results of ECOG 2597 study on non-small cell lung cancer (NSCLC)14, HART failed to show 
survival benefit but did demonstrate a significant trend towards an increased risk of BM after PCI compared with 
HART in our research. The North Central Cancer Treatment Group (NCCTG) initiated a phase III study involved 
in 262 LD-SCLC patients to test the question of whether HART could improve upon the outcome of QDRT15. 
They found no differences between these two regimens with respect to local-only progression rates, overall pro-
gression rates or OS. Many other studies identified no survival benefit in the HART group16–18, either. Of course, 
some studies did show different results. ECOG initiated another phase III randomized trial and showed that 
HART significantly improved the median survival with higher incidence of grade 3 esophagitis19. However, both 
cohorts received a total of 45 Gy in this trial during 1989–1992. Studies reported later have shown that higher 
doses of 60–70 Gy should be used for QDRT20,21. The relatively lower dose of 45 Gy might account for the shorter 
OS in the QDRT group.

Overall, HART did not shown an obviously significant advantage over survival. On the contrary, HART was 
associated with higher BM incidence, especially for patients with earlier stage disease, because they lived longer. 
Since the TNM-by-HART interaction was non-significant, which was also confirmed in the multivariate analyses, 
HART was an independent risk for BM after PCI in SCLC. The underlying mechanism needs further exploration. 
One possible explanation is that HART shortens the irradiation interval, increases injuries of the normal tissue, 
including vessels and spine, which consist of the blood-spinal cord barrier (BSCB). The tumor cells can infiltrate 
across the impaired BSCB easier and generate BM with cerebrospinal fluid circulation months later. The interna-
tional phase III study RTOG 0538 is ongoing and will further interpret the effects of HART in addition to PCI on 
BM and survival22.

Although it is recommended that two-stage system should be replaced by TNM classification7, the former is 
still extensively applied in clinical practice because of its simplicity. We analyzed both of them to compare their 
predictive power. Similar to previous reports, TNM classification was associated with both BMFS and OS in our 
study. But two-stage system showed insignificant association with either BMFS or OS. This’s due to the exclusion 
of most patients with ED since they were lack of PCI. Comparing these two staging schemes based on the same 
population, it’s obvious that TNM classification allowed for more precise prognostic assessments than two-stage 
system, mainly because the former integrates tumor, lymph nodes and metastases descriptors11, whereas the latter 
is primarily based on whether the tumor or nodal volume can be encompassed in a tolerable radiation plan.
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On the other hand, our result that compared to those with LD-SCLC, patients with ED-SCLC did not show 
higher BM incidence after PCI supported the conclusion of the EORTC trial conducted by Slotman et al. that PCI 
should be part of standard care for all patients with ED-SCLC who have a response to initial therapy4. But some 
concerns did exist in this trial. The cranial imaging to confirm the absence of BM was not part of the staging and 
even follow up procedures. Contrast-enhanced CT or MRI was only performed to patients developed symptoms 
of BM such as headache and vomiting. The results might be biased by the neglected patients with asymptomatic 
BM before enrollment and after treatment. In our study, only 38.9% patients were diagnosed BM with symptoms, 
the other 60.1% were revealed asymptomatic BM by cranial imaging. Hochstenbag et al. also found a 15% asymp-
tomatic BM rate detected by contrast-enhanced MRI of the brain at the initial diagnosis in patients with SCLC23. 

Total BM

BM 
rate Univariate Multivariate

3-year p p HR 95% CI

Gender

Male 129 27 27 0.760 0.688

Female 46 9 27 0.960†

Age (years)

<​60 117 24 27 0.850 0.739

≥​60 58 12 27 0.439†

Smoking history

Yes 106 12 25 0.572 0.577

No 67 22 26 0.700†

NA 2 2

TNM-classification (AJCC 7th edition)

IA-IIIA 83 13 19 0.009 0.073 2.119 0.932–4.821

IIIB-IV 74 21 41

NA‡ 18 2

Two-stage system (NCCN 2016)

LD 155 30 26 0.273

ED 20 6 35 0.280†

HART

Yes 46 15 43 0.023 0.014 2.748 1.227–6.157

No 123 20 21 0.026† 2.448† 1.116–5.372†

NA 6 1

Response

CR 65 16 29 0.842 0.409

PR/SD 98 19 27 0.433†

NA 12 1

CCRT

Yes 75 11 19 0.163 0.598

No 98 25 33 0.365†

NA 2 0

Chemotherapy cycles

≤​6 159 33 27 0.960 0.167

>​6 14 3 27 0.298†

NA 2 0

Brain imaging prior to PCI

CT 0.365 0.653

MRI 0.482†

NA

Table 1.   Patients’ clinical features and BM risk analyses. Abbreviations: BM =​ brain metastases; HR =​ hazard 
ratio; CI =​ confidence interval; NA =​ non-applicable; AJCC =​ American Joint Committee on Cancer; 
NCCN =​ National Comprehensive Cancer Network; LD =​ limited-stage disease; ED =​ extensive-stage 
disease; HART =​ hyperfractionated accelerated radiation therapy; CR =​ complete response; PR =​ partial 
response, SD =​ stable disease; CCRT =​ concurrent chemoradiotherapy; CT =​ Computerized Tomography; 
MRI =​ Magnetic Resonance Imaging. †Please read the results separately. The values with “†” represent results of 
the multivariate Cox regression analysis using two-stage system instead of TNM-classification. ‡Most patients 
were clinically staged using two-stage system and the TNM classification was retrospectively staged based on 
CT scan, which were not available for some patients so their TNM were NA.
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Manapov et al. revealed that the prevalence of asymptomatic BM immediately before PCI detected by a second 
contrast-enhanced MRI was as high as 32.5%, too12.

The phase III trial conducted by Seto et al. overcame the above shortcomings by screening patients with 
cranial MRI prior to enrollment and evaluating time to BM every 3 months by imaging10. It showed that PCI 
decreased BM risk but shortened OS for patients with ED-SCLC. Of note is that 330 patients were needed for 
this trial, which was terminated because the interim analysis including 163 patients found negative results. It’s 
unknown that whether the results would be different if a larger sample with 167 more patients being enrolled was 
analyzed.

In our study, cranial imaging with contrast medium was also part of staging before therapy. Either 
contrast-enhanced CT or MRI of the brain was repeated prior to PCI based on patients’ economic status. 
Although contrast-enhanced cranial CT has long been proved to have limited value in neurologically asymp-
tomatic patients24,25, we did not find that patients performed CT before PCI was at higher risk to develop BM 
later compared to those performed MRI. This’s mainly because contrast-enhanced CT is sensitive and accurate 
to detect most BM24. As for the left population with occult BM that could be detected by MRI but could not be 
detected by CT, the micro-metastases could be eliminated by the following PCI26.

Additionally, we found the OS rate was higher than previous reports3,9,19,27, partly because all the patients in 
our study had undergone PCI, which has a benefit in survival. This’s also in part due to the relatively better status 
in patients who are appropriate for delivering PCI. What’s more, the different definition of OS also accounts for 
the different results, since most studies defined OS from randomization while ours from pathologic diagnosis.

In conclusion, our study demonstrated that HART and stage IIIB-IV were high risks for developing BM after 
PCI in patients with SCLC. The TNM classification was a better prognostic factor for both BM and survival than 
the two-stage system. Further large-scale investigations are needed to confirm our findings.
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