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a b s t r a c t

Throughout the entire world, prophylactic cranial irradiation (PCI) is the standard care for patients with
small cell lung cancer (SCLC) in whom a favorable therapeutic effect is achieved after front-line treat-
ment, regardless of whether the disease is in the limited stage or extensive stage. In the EORTC study,
PCI was shown to confer a survival benefit for patients with extensive-stage small cell lung cancer (ES-
SCLC) who experienced any positive response after initial chemotherapy. However, the Japan study failed
to confirm a survival benefit. As a result, the guidelines in Japan recommend that PCI should not be car-
ried out in cases of ES-SCLC. Complete response (CR) subset analysis in the Japan study suggested that PCI
did not provide a survival benefit for patients with ES-SCLC.
PCI with a risk of adverse events has poor significance, even if the patients show CR to chemotherapy.

� 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology xxx (2018) xxx–xxx

Small cell lung cancer (SCLC) is classified as either limited
disease (LS-SCLC) or extensive disease (ES-SCLC). The standard
therapy for LS-SCLC is concurrent chemoradiotherapy. Prophylactic
cranial irradiation (PCI) is strongly recommended for those who
achieve complete response (CR) or good partial response (PR) with
initial therapy. On the other hand, the standard therapy for
ES-SCLC is chemotherapy only. After PCI was shown to confer a
survival benefit for patients with ES-SCLC who experienced any
positive response after initial chemotherapy in the EORTC study,
PCI became the standard care throughout the world for patients
with SCLC in whom a favorable therapeutic effect is achieved after
first-line chemotherapy, regardless of whether the disease is in the
limited stage or extensive stage. However, the Japan study failed to
confirm a survival benefit. This review article compares two stud-
ies conducted on patients with ES-SCLC, and particularly examines
the significance of PCI in ES-SCLC cases that showed CR to first-line
chemotherapy.

History of PCI

PCI has been carried out since the 1970s to prevent brain and
central nervous system metastases, which are less likely to be

effectively cured by systemic chemotherapy alone because of the
presence of the blood–brain barrier [1]. Seven randomized con-
trolled trials that examined the efficacy of PCI were conducted
between 1977 and 1995 [2–6]. Auperin et al. carried out a meta-
analysis using the individual data of 987 patients who showed
CR to chemotherapy in these trials [7]. Carrying out PCI allowed
for a significant decrease in the cumulative incidence of brain
metastasis with a hazard ratio of 0.46 (95% confidence interval:
0.38–0.57, p < 0.001), as well as a decrease in the cumulative inci-
dence of brain metastasis at 3 years after allocation, namely from
58.6% (non-PCI group) to 33.3% (PCI group). In addition, the overall
survival (OS) in the PCI group also showed a hazard ratio of 0.84
(95% confidence interval: 0.73–0.97, p = 0.01) and significantly
improved in comparison to that found in the non-PCI group—the
three-year survival rate reportedly increased from 15.3% (non-PCI
group) to 20.7% (PCI group). Findings from subgroup analyses have
reportedly shown that regardless of age, general physical
condition, disease stage before treatment, or type of treatment,
the survival rate was better in the PCI group; however, patients
with ES-SCLC accounted for only 14% (140 cases) with a hazard
ratio of 0.77 (95% confidence interval: 0.54–1.11); thus, the find-
ings lacked power to demonstrate the usefulness of PCI. In addi-
tion, the definition of CR was sometimes based on evaluations
using chest radiographs only or evaluations using chest CT/head
CT. This differs from the present routine medical care in which
head MRI and PET are currently performed. On the basis of the
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background described above, PCI was indicated not only in patients
with CR but also in those with good partial response (PR).

Meert et al. also reported the results of a systematic review of
12 randomized controlled trials conducted between 1997 and
1998 that examined the outcomes in cases of use or non-use of
PCI. Five of these studies allowed for examining the usefulness of
PCI in patients who showed CR after chemotherapy [2,3,5,6,8,9];
the hazard ratio for developing a brain tumor was 0.49 (95% confi-
dence interval: 0.39–0.62) and the hazard ratio of OS was 0.82 (95%
confidence interval: 0.71–0.96). Therefore, similarly to Auperin
et al., they concluded that in cases with LS-SCLC as well as at all
stages of SCLC, PCI reduced the development of metastatic brain
tumors and prolonged the OS in patients showing CR to first-line
therapy. However, among these studies, only two excluded meta-
static brain tumors on the basis of brain CT performed before
PCI, and none of the studies used brain MRI findings as a criterion
for exclusion of metastatic brain tumors.

Later, the use of PCI in patients with ES-SCLC was examined,
and reports have shown that in patients who showed positive
responses (CR, PR, stable disease) to first-line chemotherapy, PCI
had a suppression effect on symptomatic brain metastases as well
as a survival-prolonging effect. Slotman et al. carried out a prospec-
tive comparative study in which 283 patients with ES-SCLC who
showed any positive response to first-line treatment were allo-
cated to a PCI group and a non-PCI group (EORTC study) [10].
The time period until the occurrence of symptomatic brain metas-
tases was considered as the primary endpoint. The cumulative
incidence of symptomatic brain metastases was significantly lower
in the PCI group, with a hazard ratio of 0.27 (95% confidence inter-
val: 0.16–0.44, p < 0.001), and the one-year cumulative rate of
brain metastasis was successfully reduced from 40.4% (non-PCI
group) to 14.6% (PCI group). The median disease-free survival
(DFS) was also prolonged from 12.0 weeks (non-PCI group) to
14.7 weeks (PCI group), and the hazard ratio was 0.76 (95% confi-
dence interval: 0.59–0.96, p = 0.02), showing significantly favor-
able results in the PCI group. The percentage of cases with the
brain as the site of first recurrence was 9.1% in the PCI group and
35% in the non-PCI group. The median OS was prolonged from
5.4 months (non-PCI group) to 6.7 months (PCI group); the hazard
ratio was 0.68 (95% confidence interval: 0.52–0.88, p = 0.003),
which was significantly better in the PCI group; and the one-year
survival rate also increased from 13.3% (non-PCI group) to 27.1%
(PCI group).

A phase III study for further validation was carried out in Japan:
the primary endpoint was the OS while the secondary endpoints
were time to brain metastasis, progression-free survival (PFS),
and safety [11]. A total of 330 cases were planned to enroll in
the study, but the results of an interim analysis denied the
superiority of the treatment effect in the PCI group over that in
the non-PCI group; therefore, the study was considered invalid
and was discontinued. A total of 224 cases were enrolled: the med-
ian OS was 13.7 months in the non-PCI group and 11.6 months in
the PCI group, and the hazard ratio was 1.27 (95% confidence inter-
val: 0.96–1.68, p = 0.094), which showed no significant difference,
whereas in the non-PCI group, favorable results were found: the
one-year cumulative rate of brain metastasis was 59.0% in the
non-PCI group and 32.9% in the PCI group, showing a significant
decrease in the PCI group. The median PFS was 2.4 months in the
non-PCI group and 2.3 months in the PCI group, and the hazard
ratio was 0.98 (95% confidence interval: 0.75–1.29, p = 0.75), show-
ing that there was no difference. Grade 3–4 anorexia and malaise
occurred more frequently in the PCI group.

In the phase III study of PCI compared with observation in
patients with locally advanced non-small cell lung cancer, there

were no significant differences in global cognitive function or
QOL after PCI, but there was a significant decline in memory at 1
year [12].

Differences between the EORTC study and Japan study

In the EORTC study, the protocol specified that screening of
brain metastases through CT or MRI had to be carried out only
when there were findings suspected of brain metastasis. As a
result, confirmation of the absence of brain metastasis through
MRI (or CT) was not performed before chemotherapy or before
PCI; and after protocol treatment, tests aimed at detecting brain
metastases were not performed until the presence of symptoms
suspected of brain metastasis was confirmed. In addition, the radi-
ation therapy schedule could be selected from the following: 20
Gy/5 fractions or 8 fractions, 24 Gy/12 fractions, 25 Gy/10 frac-
tions, 30 Gy/10 fractions or 12 fractions. Also, in some cases,
non-platinum based chemotherapies were used for induction
chemotherapy [10].

In the Japan study, patients with MRI findings confirming the
absence of brain metastasis were randomly assigned to the PCI
group and the non-PCI group. PCI was carried out on all patients
with a radiation dose of 25 Gy/10 fractions, and detection of brain
metastases was carried out through evaluations using MRI once
every 3 months. As a post-treatment, radiation therapy against
newly developing brain metastases was performed on 83% of
patients in the non-PCI group and 46% of patients in the PCI group.
Patients who underwent second-line, third-line and fourth-line
chemotherapy accounted for 83%, 61%, and 36% of the non-PCI
group, respectively, and 88%, 50%, and 26% of the PCI group, respec-
tively, showing that third and fourth-line chemotherapy were per-
formed more frequently in the non-PCI group [11].

Impact on the results due to differences between the two
studies

Significance of the screening of metastatic brain tumors using head
MRI before PCI

In a previous report published by Manapov et al., 40 patients
with LS-SCLC who achieved CR to concurrent chemoradiotherapy
and were indicated for PCI were subjected to contrast-enhanced
head MRI before receiving PCI, and the findings revealed asymp-
tomatic brain metastases in 13 cases (32.5%) [13]. In the EORTC
study, MRI was not carried out before PCI, therefore it could not
be ruled out that patients with asymptomatic brain metastasis
may have been included among the participants, and that the
study results may have been influenced by the treatment effect
in patients with asymptomatic brain metastasis.

Significance of detection during the asymptomatic phase and
diagnostic imaging tests after protocol treatment

In the EORTC study, screening of brain metastases was not per-
formed until there were symptoms leading to suspicion of brain
metastasis; meanwhile, in the Japan study, screening of brain
metastases was performed once every 3 months. The time until
progression (DFS and PFS) was roughly the same in both studies,
and the duration of survival after progression was involved in
the differences in the survival period. Reports on the EORTC study
did not indicate any data on the treatment received after exacerba-
tion, but the duration of survival after progression was estimated
on the basis of the median values of DFS and OS, and was shorter
than that found in the Japan study. In addition, findings from the
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