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Abstract
For patients with limited-stage small-cell lung cancer (SCLC) with an incomplete response (IR) to chemotherapy and chest radiotherapy, the benefit of prophylactic cranial irradiation (PCI) is not clear in the literature.
This report was based on 289 patients treated with curative intent, 93 of whom had incomplete response (IR).
These patients benefited from PCI, with a reduced rate of and a delayed time for the development of brain
metastases, although without significant overall or cause-specific survival (CSS) benefit. PCI could be considered for both complete and incomplete responders.
Background: Previous clinical studies have generally reported that prophylactic cranial irradiation (PCI) was given to
patients with a complete response (CR) to chemotherapy and chest radiotherapy in limited-stage small-cell lung
cancer (SCLC). It is not clear if those with incomplete response (IR) would benefit from PCI. Patients and Methods:
The Saskatchewan experience from 1981 through 2007 was reviewed. Patients were treated with chest radiotherapy
and chemotherapy with or without PCI (typical doses: 2500 cGy in 10 fractions over 2 weeks, 3000 cGy in 15 fractions
over 3 weeks, or 3000 cGy in 10 fractions over 2 weeks). Results: There were 289 patients treated for curative intent,
177/289 (61.2%) of whom received PCI. For the whole group of 289 patients, PCI resulted in significant overall survival
(OS) and cause-specific survival (CSS) benefit (P ⫽ .0011 and 0.0005, respectively). The time to symptoms of first
recurrence at any site with or without PCI was significantly different: 16.9 vs. 13.2 months (P ⫽ .0006). PCI
significantly delayed the time to symptoms of first recurrence in the brain: 20.7 vs. 10.6 months (P ⬍ .0001). The first
site of metastasis was the brain for 12.5% and 45.5% patients with CR with and without PCI, respectively (P ⫽ .02)
and in 6.1% and 27.6% of patients with IR with and without PCI, respectively (P ⫽ .05). For the 93 patients with IR,
PCI did not confer OS or CSS benefit (P ⫽ .32 and 0.39, respectively). Conclusions: Patients with IR benefited from
PCI, with a reduced rate of and a delayed time for the development of brain metastases, although without significant
OS or CSS benefit. PCI could be considered for all patients with limited-stage SCLC responding to chemoradiation.
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Introduction
The brain is a common site of metastasis for small-cell lung cancer
(SCLC). Unfortunately, because of the blood-brain barrier, chemother1
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apy cannot achieve a sufficient tumoricidal dose. Some patients achieve
a complete response (CR) in the chest, only to have brain metastases
develop later. The literature shows that researchers have tested the efficacy of prophylactic cranial irradiation (PCI) in patients with limitedstage SCLC who achieved CR after combined chemotherapy and thoracic irradiation. They showed a trend toward improved survival.1-4
Rosen et al published a study in 1983 that suggested that any prolongation of survival would be restricted to patients with CR, because those
with residual extracranial cancer die of systemic metastases.1 Subsequent
to this, PCI was offered or recommended only to patients with CR in the
vast majority of clinical trials and guidelines.5-7 In the modern era, we
revisit the benefit of PCI in patients who have an incomplete response
(IR) to chemotherapy.
Limitations of past research are often due to the heterogeneous
nature of the studies: these include trials that mixed limited and
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Table 1 Overall Survival in Months for Patients With CR and IR
Variable

Median
Survival (mo)

Range (mo)

No. Alive at
1 Year

No. Alive at
2 Years

All Patients (N ⴝ 289)

19.7

4.0-248.2

225/289 (77.9%)

108/289 (37.3%)

Patients With CR (n ⴝ 185)

21.6

5.0-256.0

160/185 (86.5%)

83/185 (44.9%)

Patients With IR (n ⴝ 93)

14.3

4.0-102.6

79/93 (84.9%)

18/93 (23.7%)

Abbreviations: CR ⫽ complete response; IR ⫽ incomplete response.

After institutional review board approval, a chart review was undertaken for limited-stage SCLC in the Saskatchewan provincial database
from 1981 to 2007. We collected data on age, sex, performance status,
lactic dehydrogenase and hemoglobin levels, total number of chemotherapy cycles, radiotherapy dose for chest and PCI, timing of chest
radiotherapy and PCI, treatment interruptions, toxicities, development
of local recurrence, nodal recurrence, distant metastases in different organs, time to disease relapse, and survival status.
Patients had chest radiographs, bone scans, computed tomographic
scans, and other nuclear medicine scans if necessary for staging and
monitoring of response or recurrence during and after chemotherapy.
Patients were treated with systemic chemotherapy and chest radiotherapy. Typical dose fractionation of locoregional radiotherapy
to the chest was 4500 cGy in 25 fractions over 5 weeks, 5000 cGy in
25 fractions over 5 weeks, or 4000 cGy in 15 fractions over 3 weeks
(a commonly used Canadian regimen during the time in question).12
Typical PCI dose fractionation was 2500 cGy in 10 fractions over 2
weeks, 3000 cGy in 15 fractions over 3 weeks, or 3000 cGy in 10
fractions over 2 weeks. The decision to give PCI or not was made by
the treating oncologist after discussion with the patient and family.
For the purpose of this study, CR was defined as complete disappearance of all clinical evidence of tumor radiologically. PR was defined as
the decrease of the current sum of the products of maximum dimensions
of the measured lesions to 50% to 99% of the baseline sum. Minor
response (MR) was any decrease short of a 50% response. Hence, patients with IR could have PR or MR. Other response outcomes were
stable disease (SD), progressive disease (PD), and unknown.
The cause-specific survival (CSS) was the time interval from the date
of diagnosis to the date of death from SCLC, or the last follow-up date
for censoring purposes if the patient was alive and still being followed at
the time of analysis. The overall survival (OS) was defined as the time
from diagnosis to the date of death regardless of cause or the last follow-up date for censoring purposes if the patient was alive and still being
followed at the time of analysis. Progression-free interval (PFI) was cal-
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Patients and Methods

Figure 1 Overall Survival of the Whole Group of 289 Patients,
Divided According to Whether or Not They Received
PCI
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Figure 2 Cause-Specific Survival of the Whole Group of 289
Patients, Divided According to Whether or Not They
Received PCI

Cause-Specific Survival rate (%)

extensive stage together for analysis, patients treated with inadequate
doses of PCI, and PCI given only to patients with CR in some
studies,5-7 whereas in others PCI was given to both patients with CR
and patients with partial response (PR).8 Separate analysis of CR vs.
IR was seldom performed.9-11 Our group undertook this population-based study, which is unique to our knowledge, because it reports the patterns of recurrence in patients with CR and patients with
IR treated with and without PCI. We hope to answer the question of
whether PCI in patients with IR is worthwhile or not in the modern
era and describe the detailed outcome of patients with IR.
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culated from the date of diagnosis to the date of symptomatic progression, as we would be more interested in the quality of life of patients
rather than asymptomatic radiologic disease progression. CSS, OS, and
PFI comparisons of patients who received PCI and patients who did not
were made using the Wilcoxon test13 to detect early separations in survival. Rates of brain metastases and brain recurrences between patients
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Table 2A Overall Survival Rates With and Without PCI
Variable
All Patients (N ⴝ 289)
Patients With CR (n ⴝ 185)
Patients With IR (n ⴝ 93)

PCI Status

1-Year OS (%)

2-Year OS (%)

PCI (n ⫽ 177)

84.9

42.6

No PCI (n ⫽ 112)

65.5

29.6

PCI (n ⫽ 132)

89.6

49.5

No PCI (n ⫽ 53)

77.8

33.7

PCI (n ⫽ 42)

69.7

18.1

No PCI (n ⫽ 51)

53.6

25.6

Wilcoxon Test P
.0011

.15

.32

Abbreviations: CR ⫽ complete response; IR ⫽ incomplete response; PCI ⫽ prophylactic cranial irradiation.

Table 2B CSS Rates With and Without PCI
Variable
All Patients (N ⴝ 289)
Patients With CR (n ⴝ 185)
Patients With IR (n ⴝ 93)

PCI Status

1-Year CSS (%)

2-Year CSS (%)

PCI (n ⫽ 177)

88.6

48.0

No PCI (n ⫽ 112)

75.5

32.3

PCI (n ⫽ 132)

92.5

55.4

No PCI (n ⫽ 53)

84.8

36.8

PCI (n ⫽ 42)

73.5

21.0

No PCI (n ⫽ 51)

59.3

28.3

Wilcoxon Test P
.0005

.10

.39

Abbreviations: CR ⫽ complete response; CSS ⫽ cause-specific survival; IR ⫽ incomplete response; PCI ⫽ prophylactic cranial irradiation.

Table 3A Rates of Brain Metastases As First Recurrence With and Without PCI in Deceased Patients
Response After
Chemoradiation
CR (n ⴝ 177)
IR (n ⴝ 88)

Treatment

Brain Recurrence

No Brain Recurrence

PCI (n ⫽ 128)

6

122

No PCI (n ⫽ 49)

5

44

PCI (n ⫽ 40)

2

38

No PCI (n ⫽ 48)

8

40

Fisher Exact Test P
.18

.10

Abbreviations: CR ⫽ complete response; IR ⫽ incomplete response; PCI ⫽ prophylactic cranial irradiation.

Table 3B Overall Rates of Brain Recurrence Before Death With and Without PCI in Deceased Patients
Response After
Chemoradiation
CR (n ⴝ 177)
IR (n ⴝ 88)

Treatment

Brain Recurrence

No Brain Recurrence

2 Test P
.002

PCI (n ⫽ 128)

24

104

No PCI (n ⫽ 49)

20

29

PCI (n ⫽ 40)

11

29

No PCI (n ⫽ 48)

15

33

.70

Abbreviations: CR ⫽ complete response; IR ⫽ incomplete response; PCI ⫽ prophylactic cranial irradiation.

who received PCI and those who did not were determined using 2
tests14 or when cell sizes were small, the Fisher exact 2-tailed test.

Results
From 1981 to 2007, there were 289 patients with limited-stage
SCLC treated with curative intent in the western Canadian province
of Saskatchewan. The median age was 65 years (range, 38-86 years).
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The male-female ratio was 1.47 (178:121). Cisplatin-containing
chemotherapy was used in 67.5% (195/289) of patients. Eight patients did not have chemotherapy because of comorbidities or patient
choice. The response to chemoradiation was CR in 185 patients, PR
in 79 patients, MR in 14 patients, SD in 1 patient, PD in 3 patients,
and unknown in 7 patients. There were 177/289 (61.2%) patients
treated with PCI. Table 1 shows the OS for 185 patients with CR

Patricia Tai et al
Table 4 Progression-Free Interval With or Without PCI
Median (Range) Time to
First Symptomatic
Recurrence, Any Site

Variable

All Patients (n ⴝ 289)
Patients With CR (n ⴝ 185)
Patients With IR (n ⴝ 93)

PCI (n ⫽ 177)

16.9 (0.1-65.8)

No PCI (n ⫽ 112)

13.2 (1.6-57.9)

PCI (n ⫽ 132)

20.9 (5.4-65.8)

No PCI (n ⫽ 53)

13.1 (4.6-57.9)

PCI (n ⫽ 42)

12.2 (3.4-35.7)

No PCI (n ⫽ 51)

9.4 (1.8-37.1)

Wilcoxon
Test P

Median (Range) Time to
First Brain Metastatic
Symptoms

.0006

.12

.39

20.7 (8.4-40.7)
10.6 (1.8-24.6)
21.1 (8.4-40.7)
12.4 (4.1-21.0)
18.5 (9.5-34.5)
8.9 (1.8-14.6)

Wilcoxon
Test P
⬍ .0001
⬍ .0001
.03

Abbreviations: CR ⫽ complete response; IR ⫽ incomplete response; PCI ⫽ prophylactic cranial irradiation.

and 93 patients with IR. Figures 1 and 2 and Table 2 show that for
the whole group of 289 patients, PCI was associated with significant
OS and CSS benefit (P ⫽ .0011 and 0.0005, respectively). In the
subgroup analysis among the 185 patients with CR, PCI appeared to
confer better OS and CSS, although it was not statistically significant
(P ⫽ .15 and 0.10, respectively). For the 93 patients with IR, PCI did
not improve OS or CSS (P ⫽ .32 and 0.39, respectively). For the
subgroup of 62 patients with IR who received cisplatin chemotherapy, PCI did not improve OS or CSS (P ⫽ .84 and 0.98,
respectively).
There were 48 patients with CR in whom disease recurred after
PCI, 6 of whom had brain as the first site of recurrence, ie, 12.5% of
the first recurrence was in the brain despite PCI. For patients with
CR without PCI, 45.5% (5/11) had a first recurrence in the brain.
The difference is statistically significant (P ⫽ .02). Among patients
with IR, first recurrence in the brain was 6.1% (2/33) with PCI vs.
27.6% (8/29) without PCI (P ⫽ .051).
Table 3A shows rates of brain metastases as first recurrence,
with and without PCI, in the 274 patients who had died. There is
a trend for PCI to reduce the incidence rate of brain metastases as
the first recurrence site in patients with IR (P ⫽ .10). Table 3B
shows the incidence rates of disease recurrence in patients in
whom there was brain recurrence within their lifetimes with and
without PCI.
Table 4 shows the time to symptoms of first recurrence at any
site and in the brain, with or without PCI. For the whole group of
289 patients, the times to symptoms of first recurrence at any site,
with or without PCI were significantly different: 16.9 vs. 13.2
months (P ⫽ .0006). PCI significantly delayed the time to symptoms of first recurrence in the brain: 20.7 vs. 10.6 months (P ⬍
.0001). The time to development of the first brain recurrence was
almost twice as long for those who received PCI compared with
those who did not (P ⬍ .0001 and 0.03, respectively for patients
with CR and those with IR).

Discussion
There had been no national consensus on PCI until 2000, when
Drs Jaro Kotalik and Edward Yu wrote the practice guideline for
Ontario.15 The National Cancer Comprehesive Network guideline
recommended PCI for patients with 90% to 100% response in the
past. The most current guideline, published in 2011, recommends it
for all patients with CR and PR—ie, not stable or progressive dis-

ease.16 Our current study gives support for the use of PCI in patients
with IR. There is a trend for PCI to reduce the incidence rate of
brain metastases as the first recurrence site (P ⫽ .10). The symptom-free time for brain metastases is significantly longer after PCI
(P ⫽ .03). Brain metastases adversely affect the quality of life for
the patient, so PCI is justified even if there is no survival benefit in
patients with IR.
Our results are consistent with the literature: the reported median
survival after a CR was 18.2 months, with a median survival of 9.9
months for those showing a PR.17 In another series, the median
survival for the complete responders was 11.7 months, whereas the
partial responders survived for a median of 9.7 months.18 The
European Organisation for Treatment and Research of Cancer study
on extensive SCLC showed a benefit for PCI for patients with any
response.19 More oncologists are applying the same argument on
limited-stage disease as well.
Strengths of this study include relatively large patient numbers,
analysis of patients with CR and those with IR separately, documented times of first symptomatic recurrence, and consecutive patients from population data reflecting real-world community practice without the enrollment bias of a clinical trial. Weaknesses
include the retrospective nature of the study, possible bias with more
motivated and fit patients among the PCI group, current better imaging and treatments, and the reduced sample size when looking
within CR and IR subgroups. Therefore the study is limited to detect
differences between subgroups.
Despite the retrospective nature of this study, it is useful to
analyze the value of PCI in patients with CR and those with IR
separately. Randomized studies would not be possible in view of
the small number of cases of limited-stage SCLC. They also have
enrollment bias, with more motivated, fit patients in urban areas
joining them.
The main focus of this study is the additive value of PCI in patients
who had different degrees of response to chemoradiation because
chemotherapy by itself is not effective for preventing brain metastases
due to the blood-brain barrier. Therefore the actual chemotherapeutic agents used should not affect our result.

Conclusion
The current study shows that in the overall group of 289 patients
with limited-stage SCLC, PCI confers OS and CSS benefit (P ⫽
.0011 and 0.0005, respectively). Although PCI did not significantly
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improve survival in the IR subgroup, brain metastasis with its attendant
neurologic complications was effectively prevented or delayed.
Our finding has significant impact on daily clinical practice. First,
many questions surround the definition of IR concerning what investigations should be performed and when the response should be
measured. With modern imaging and chemotherapy, the measurement of response to chemoradiation is more sophisticated. Even with
modern imaging, response measurement is still challenging at times.
Residual radiologic abnormalities may be due to fibrosis/collapse/
consolidation rather than residual tumor. Second, measuring the
response right after chemoradiation may not allow the tumor to
shrink completely. Omitting PCI if residual disease is present can
end up causing a delay in administering PCI, allowing brain metastases to develop while waiting for CR to occur. This study provides
the justification to give PCI to patients with IR.
Because it is difficult to differentiate CR from IR accurately
despite modern imaging, and the lung primary tumor may continue to shrink after chemoradiation, PCI could be considered for
all patients with limited-stage SCLC who respond to
chemoradiation.

Clinical Practice Points
●

●

●

It is commonly believed that any potential benefit of PCI would be
restricted to patients with CR because those with residual extracranial cancer die of systemic metastases. Incomplete responders also
have a higher chance of local recurrence.
In the modern era, new findings in our current study give support
for the use of PCI in patients with IR. There is a trend for PCI to
reduce the incidence rate of brain metastases as the first recurrence
site (P ⫽ .10). The symptom-free time for brain metastases is
significantly longer after PCI (18.5 vs. 8.9 months; P ⫽ .03).
Since brain metastases adversely affect the patient’s quality of life,
PCI is justified even if there is no survival benefit for patients with
IR. Because it is difficult to differentiate CR from IR accurately
despite modern imaging, PCI could be considered for all patients
with limited-stage SCLC who respond to chemoradiation.
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