
Zhang et al. BMC Cancer 2014, 14:793
http://www.biomedcentral.com/1471-2407/14/793
RESEARCH ARTICLE Open Access
Prophylactic cranial irradiation for patients with
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literature with meta-analysis
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Abstract

Background: Small cell lung cancer (SCLC) accounts for about 13% of all lung cancer cases. Small cell lung cancer
(SCLC) accounts for about 13% of all lung cancer cases. The purpose of the present article is to assess the role of
prophylactic cranial irradiation (PCI) in small cell lung cancer (SCLC) by performing a systematic review of the
randomized trials published in the literature.

Methods: Randomized controlled trials were identified that compared brain metastases incidence and overall
survival between PCI and No PCI in patients with SCLC. Search strategies were limited to the English language and
to articles published since 1997, and included: databases searched from 1997 to March 2013 –CINAHL, Embase,
Medline, Web of Science, and CENTRAL. Methodological quality was assessed with the Jadad scale. The main end
points were brain metastasis and survival.

Results: The review identified 5 trials, although few were of high quality. Two trials reported the one-year incidence
of brain metastasis. PCI reduced the incidence of brain metastasis in one year, with a pooled relative risk of 0.45
(95% CI, 0.35 to 0.58; P < 0.00001). Four trials described the one year survival rate. The combined result revealed a
significant (P = 0.01) survival benefit in the group assigned to PCI as compared with the control group, with a
pooled relative risk of 0.87 (95% CI, 0.79 to 0.97). Three trials reported the three-year survival rate. The combined
result revealed a great significant (P < 0.00001) survival benefit in the PCI group as compared with the No PCI
group, with a pooled relative risk of 0.87 (95% CI, 0.83 to 0.91). the Five-year survival rate was compared in four trials
Compared with the No PCI group, the PCI group had a significant (P < 0.00001) survival benefit with a pooled
relative risk of 0.92 (95% CI, 0.88 to 0.95).

Conclusions: The present systematic review indicates that PCI decreases brain metastases incidence and that PCI
improves survival in SCLC patients. Prophylactic cranial irradiation should be part of standard care for all patients
with small-cell lung cancer who have a response to initial chemotherapy, and it should be part of the standard
treatment in future studies involving these patients.
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Background
Small cell lung cancer (SCLC) accounts for about 13% of
all lung cancer cases [1]. SCLC is characterized by rapid
doubling time, early dissemination and high sensitivity
to chemotherapy and radiotherapy [2-4]. Chemotherapy
has improved short-term survival, but long-term survival
remains disappointing. The 2-year survival rate among
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patients with extensive small-cell lung cancer was 1.5%
in 1973 and 4.6% in 2000 [1]. SCLC has a propensity to
metastasize to the brain. About 10% of the patients ini-
tially present with brain metastases. The two-year cumu-
lative risk rises to ≥50% [5] and brain metastases are
found in up to 65% of patients at autopsy [6]. The me-
dian survival time after brain metastases diagnosis is 4 to
5 months. Because the blood–brain barrier has been con-
sidered to protect the central nervous system (CNS) from
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most cytotoxic agents and as SCLC is very radiosensitive,
the role of PCI has been studied in several trials [7].
PCI was first tested for patients with SCLC in the

1970s following the recognition that the blood–brain
barrier appeared to restrict the penetration of most che-
motherapeutics into the brain leaving it as a sanctuary
site for relapse [8]. The first trial about PCI demon-
strated substantial reductions in brain metastases [9].
The results of the randomized trials show that PCI re-
duces the frequency of brain metastases although sur-
vival is not consistently improved. Some data suggest
that the gain in survival is restricted to patients in
complete remission (CR). A published meta-analysis [9]
of PCI for SCLC in patients with CR after chemotherapy
has analyzed the data of 7 randomized studies (including
one abstract and one unpublished study) concerning a
total of 987 patients (526 treated with PCI and 461 con-
trols). The relative risk (RR) of death in the treatment
group as compared to the control group was 0.84 (95%
confidence interval CI: 0.73 to 0.97; p = 0.01). PCI de-
creased also the cumulative incidence of brain metasta-
ses (RR: 0.46; CI 95%: 0.38-0.57; p < 0.001).The results of
these trials consistently revealed a significant decrease in
the incidence of brain metastasis [10,11]. The purpose of
the present article is to assess the role of PCI in SCLC
by performing a systematic review of the randomized tri-
als published in the literature.
Methods
Trials selection
Studies eligible for inclusion were randomized controlled
clinical trials fully published in journals and those identi-
fied from other sources (abstracts and proceedings of
relevant meetings) for which full details are available
from investigators from 1997 to March 2013. Patients of
any age had randomly assigned to receive PCI or not.
We searched CINAHL (from 1981), Embase (from 1980),

Medline (from 1966), Web of Science (from 1966), and
CENTRAL (from 1977) to present, using search strat-
egies developed with the support of an information
Table 1 Characteristics of the six trials included in the meta-a

Author Year Age (Years)

PCI No PCI

Gregor [11] 1997 60 (37–79) 61 (28–76)

Laplanche [13] 1998 58 57

Cao KJ [14] 2005 54.69 ± 7.56 55.63 ± 7.29

Slotman [15] 2007 63 (37–75) 63 (39–75)

Schild [8] 2012 63 (34–79) 63 (37–80)
specialist that included exploded MeSH terms. Please
see the Additional file 1.
Two independent reviewers read titles, abstracts, and

full text papers and applied the inclusion criteria. Two
reviewers independently extracted data from included
full text papers. In case of incomplete or unclear data on
study design and clinical outcome, authors were con-
tacted. Discrepancies were resolved by a third referee.

Methodological assessment
Methodological quality of randomised controlled trials
was assessed in accordance with a well-established, vali-
dated scale developed by Jadad and colleagues [12]. A
Jadad score was calculated using 4 elements of consider-
ation. 1) Was the randomization scheme described and
appropriate? 2) Was the method of double-blinding ap-
propriate? 3) Was the method of Concealment of alloca-
tion appropriate? 4) Was there a description of dropouts
and withdrawals? The possible range of scores was from
0 (weakest) to 7 (strongest). Any study with a Jadad score
below 3 was considered to be of poor quality.
Four authors independently evaluated the quality of

the trials. Using a standardized protocol and reporting
form, they extracted data on the subjects’ characteristics
at baseline and data on the clinical outcomes. Any dis-
agreement was resolved through group discussion.

Statistical analysis
Statistical analysis was performed using the Review
Manager 5.2. Relative risk (RR) and 95% confidence in-
tervals (95% CI) were used as summary statistics. The
pooled relative risk was calculated by using a fixed-effect
model with the Mante-Haenszel method and the
Breslow-Day test was used to examine the statistical evi-
dence of heterogeneity across the studies (p < 0.1). The
Der Simonian and Laird random effect model was add-
itionally applied to calculate pooled relative risk in case
of significant heterogeneity across studies.
Sensitivity analyses were performed to assess the ef-

fects of selected measures of study quality. The influence
of each study was estimated by deleting each in turn
nalysis

Median
follow-up (month)

Total dose/No. of
fraction (Dose/Fraction)

No. of
patients

18 36 Gy/18 (2 Gy) 314

24 Gy/12 (2 Gy)

- 24-30 Gy/8-10 211

60 36-40 Gy/18-20 51

9 20-30 Gy/5-12 286

72 30 Gy/15 (2 Gy) 739

25 Gy/10 (2.5 Gy)



Table 2 Jadad quality scores of the six trials included in the meta-analysis

Randomization Concealment of allocation Double blinding Withdrawals and dropouts Total

Gregor 1997 [11] 1 1 0 0 2

Laplanche 1998 [13] 1 1 0 1 3

Cao KJ 2005 [14] 1 1 0 0 2

Slotman 2007 [15] 1 1 0 1 3

Schild 2012 [8] 1 1 0 0 2
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from the analysis and noting the degree to which the ef-
fect size and significance of the treatment effect changed.
This analysis was performed for each study outcome. We
considered a study influential if the exclusion of it chan-
ged our conclusion or the effect estimate by at least 20%.

Results
A total of 5 randomised trials published between 1997 and
2012 were found to be eligible for this review. This study
includes two of the studies included on the Auperin meta-
analysis (Gregor et al., Laplanche et al.) [9]. In addition, this
meta-analysis also includes 3 newer studies that have been
published well after the Auperin meta-analysis. Their main
characteristics are summarized in Table 1. The total num-
ber of eligible patients included was 1601; the number of
patients by study ranged from 51 to 739 patients. The time
of median follow-up ranged from 9 to 72 months.

Methodological quality of included studies
Initial agreement among reviewers on the overall methodo-
logical quality was 90%, and after the consensus meeting, no
disagreement persisted. The results of the methodological
quality assessment are presented in Table 2. All the studies
were considered to be of low quality by scoring 2 or 3.

Brain metastasis
Three trials reported the one-year incidence of brain
metastasis. But we included two eligible trials. If Cao
KJ’s study was included, the heterogeneity would exist
among the trials. So we excluded it. As shown in the
Study or Subgroup

Gregor 1997

Slotman 2007

Total (95% CI)

Total events

Heterogeneity: Chi² = 1.86, df = 1 (P = 0.17); I² = 46%

Test for overall effect: Z = 5.98 (P < 0.00001)

Events

46

21

67

Total

194

143

337

Events

54

58

112

Total

120

143

263

Weigh

53.5%

46.5%

100.0%

PCI No PCI

Figure 1 Relative-risk plots for brain metastasis of 1 year.
Figure 1, PCI reduced the incidence of brain metastasis
in one year, with a pooled relative risk of 0.45 (95% CI,
0.35 to 0.58; P < 0.00001).

Overall survival
One year survival rate were described in four trials
between the PCI group and the No PCI group. We
combined the result by using a fixed-effect model with
the Mante-Haenszel method. The combined result
showed that the heterogeneity existed among the trials
(Figure 2). So we excluded two trials [8,14]. The com-
bined result revealed a significant (P = 0.01) survival
benefit in the group assigned to PCI as compared with
the control group, with a pooled relative risk of 0.87
(95% CI, 0.79 to 0.97) (Figure 3).
Three trials with a total of 1104 patients reported the

three-year survival rate. As depicted in Figure 4, the com-
bined result revealed a great significant (P < 0.00001)
survival benefit in the PCI group as compared with
the No PCI group, with a pooled relative risk of 0.87
(95% CI, 0.83 to 0.91). As shown in Figure 5, the five-
year survival rate was compared in four trials with a
total of 1151 patients. Compared with the No PCI
group, the PCI group had a significant (P < 0.00001)
survival benefit with a pooled relative risk of 0.92 (95% CI,
0.88 to 0.95).

Discussion
Our meta-analysis, by pooling five randomized studies
that assessed PCI in 1941 patients with small-cell lung
t M-H, Fixed, 95% CI

0.53 [0.38, 0.73]

0.36 [0.23, 0.56]

0.45 [0.35, 0.58]

Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.2 0.5 1 2 5

Favours [PCI] Favours [No PCI]



Study or Subgroup

Cao KJ 2005

Gregor 1997

Schild 2012

Slotman 2007

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.03; Chi² = 12.91, df = 3 (P = 0.005); I² = 77%

Test for overall effect: Z = 2.44 (P = 0.01)

Events

4

109

202

104

419

Total

26

194

459

143

822

Events

7

73

190

124

394

Total

25

120

280

143

568

Weight

3.0%

28.9%

33.6%

34.5%

100.0%

M-H, Random, 95% CI

0.55 [0.18, 1.65]

0.92 [0.76, 1.12]

0.65 [0.57, 0.74]

0.84 [0.74, 0.94]

0.78 [0.64, 0.95]

PCI No PCI Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.2 0.5 1 2 5

Favours [PCI] Favours [No PCI]

Figure 2 Relative-risk plots for death of 1 year in patients with SCLC.
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cancer, revealed a positive effect of PCI. As shown by
the meta-analysis, irradiation not only significantly re-
duced the risk of brain metastasis, as previously revealed
in individual trials, but also improved overall survival.
These results confirm that PCI prevents and does not
simply delay the emergence of brain metastases.
Brain metastasis is one of the most important causes

of treatment failure in patients with SCLC. Most brain
metastases occur within 2 years of diagnosis [16-22].
And median time to relapse in the brain is about 5.7 to
11.7 months [17-21]. Among the patients who survived
for more than 2 years, about 50 percent of patients had
brain metastasis [23]. With longer survival, brain metas-
tases are being observed more often. PCI is effective in
reducing the incidence of brain metastasis of SCLC. Sev-
eral randomized studies showed that PCI reduced the
rate of brain metastases in the patients with SCLC who
achieved CR [10,24,25].Our meta-analysis also revealed
that PCI reduced the incidence of brain metastasis
within one year, with a pooled relative risk of 0.45 (95% CI,
0.35 to 0.58; P < 0.00001). Combining with previous stud-
ies, we concluded that PCI reduced the incidence of brain
Study or Subgroup

Gregor 1997

Slotman 2007

Total (95% CI)

Total events

Heterogeneity: Chi² = 0.79, df = 1 (P = 0.37); I² = 0%

Test for overall effect: Z = 2.47 (P = 0.01)

Events

109

104

213

Total

194

143

337

Events

73

124

197

Total

120

143

263

Weigh

42.1

57.9

100.0

Experimental Control

Figure 3 Adjusted relative-risk plots for death of 1 year.
metastases. Thus, patients with SCLC should be treated
with PCI to reduce the incidence of brain metastasis.
In addition to thoracic radiotherapy, PCI has been

shown to improve survival in SCLC patients. More re-
cently, Patel et al. provided supporting data that PCI was
associated with better survival of LSCLC patients [26].
This large retrospective analysis included 7995 patients
with limited staged-SCLC. The 5-year survival was 11%
without PCI versus 19% with PCI (P < 0.001). PCI also
improves survival rate for the majority of extensive
staged-SCLC patients. Slotman et al. conducted a ran-
domized trial of PCI in extensive staged-SCLC patients
who had had any degree of response to chemotherapy
[15]. Patients were randomly assigned to undergo PCI or
the control group. The cumulative risk of brain metasta-
ses within 1 year was 14.6% in the PCI group and 40.4%
in the control group (HR, 0.27; P < 0.001). PCI was asso-
ciated with an increase in median survival from 5.4 to
6.7 months after randomization. The 1-year survival rate
was doubled at 27.1% in the PCI group and 13.3% in
the control group (P = 0.003). Auperin et al. published
a meta-analysis which included data from seven
t

%

%

%

M-H, Fixed, 95% CI

0.92 [0.76, 1.12]

0.84 [0.74, 0.94]

0.87 [0.79, 0.97]

Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.5 0.7 1 1.5 2

Favours [PCI] Favours [No PCI]



Study or Subgroup

CAO Ka-jia 2005

Gregor 1997

Schild 2012

Total (95% CI)

Total events

Heterogeneity: Chi² = 0.40, df = 2 (P = 0.82); I² = 0%

Test for overall effect: Z = 5.84 (P < 0.00001)

Events

15

153

376

544

Total

26

194

459

679

Events

17

106

266

389

Total

25

120

280

425

Weight

3.6%

27.4%

69.0%

100.0%

M-H, Fixed, 95% CI

0.85 [0.55, 1.30]

0.89 [0.81, 0.98]

0.86 [0.82, 0.91]

0.87 [0.83, 0.91]

PCI No PCI Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.5 0.7 1 1.5 2

Favours [PCI] Favours [No PCI]

Figure 4 Relative-risk plots for death of 3 year.
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randomized prospective studies which compared PCI with
no PCI after a CR was achieved [9]. The 3-year survival rate
was 5.4% better for those who received PCI at 20.7% com-
pared with 15.3% for those who did not receive PCI (P =
0.01). While a 5.4% improvement in survival appears small,
this reflects a 35% increase in 3-year survival and is clinic-
ally meaningful. According to our meta-analysis, the com-
bined result for one-year survival rate revealed a significant
(P = 0.02) survival benefit in the group assigned to PCI as
compared with the control group, with a pooled relative
risk of 0.87 (95% CI, 0.79 to 0.97) (Figure 3). For the three-
year survival rate, the pooled relative risk was 0.87 (95% CI,
0.83 to 0.91). And the pooled relative risk was 0.92 (95% CI,
0.88 to 0.95) for five-year survival rate. The findings from
the present analysis provide further support to the result
that survival was significantly better for patients with SCLC
who received PCI compared with No PCI.
There are some toxic events after the long-PCI. The

most common acute toxic events were fatigue (30% of
patients in the standard-dose group versus 34% in the
higher dose group), nausea or vomiting (23% versus
Study or Subgroup

CAO Ka-jia 2005

Gregor 1997

Laplanche 1998

Schild 2012

Total (95% CI)

Total events

Heterogeneity: Chi² = 0.51, df = 3 (P = 0.92); I² = 0%

Test for overall effect: Z = 4.49 (P < 0.00001)

Events

17

154

80

409

660

Total

26

194

100

459

779

Events

19

106

94

272

491

Total

25

120

111

280

536

Weigh

3.4%

22.7%

15.4%

58.5%

100.0%

PCI No PCI

Figure 5 Relative-risk plots for death of 5 year.
28%), and headache (24% versus 28%) [27]. Neurologic
abnormalities seemed to be very common in long-term
survivors with SCLC and may be more prominent in pa-
tients having received high-doses chemotherapy or treated
with large brain radiotherapy fractions. In the 1980s, sev-
eral nonrandomized studies found neuropsychological im-
pairment and abnormalities on CT scans of the brain that
were potentially related to PCI [28-32], and a recent study
of patients treated by PCI and concomitant chemotherapy
suggested that this combination had a negative effect on
cognitive function, which was assessed at the end of treat-
ment [33]. In this systematic review, we did not discuss
the toxicities of long-term PCI. The problem of neuro-
psychological toxicity remains unclear, leading to contro-
versy about the indications of PCI in SCLC. So further
studies about neuropsychological toxicity of the long-term
PCI need studied by the researchers in the future.

Conclusions
The present systematic review indicates that PCI de-
creases brain metastases incidence and that PCI improves
t M-H, Fixed, 95% CI

0.86 [0.60, 1.23]

0.90 [0.82, 0.99]

0.94 [0.83, 1.07]

0.92 [0.88, 0.95]

0.92 [0.88, 0.95]

Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.5 0.7 1 1.5 2

Favours [PCI] Favours [No PCI]
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survival in SCLC patients. Prophylactic cranial irradiation
should be part of standard care for all patients with small-
cell lung cancer who have a response to initial chemother-
apy, and it should be part of the standard treatment in
future studies involving these patients.

Additional file

Additional file 1: PRISMA–Flow Diagram. It’s a PRISMA flow diagram
278 for this study.
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