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Prophylactic cranial irradiation (PCI) reduces the risk of cranial metastasis in small cell lung can-
cer (SCLC), but the magnitude and value of this reduction, the risks of radiation morbidity and
whether PCI influences survival are unclear. We conducted a randomised trial in patients with lim-
ited-stage SCLC who had had a complete response to induction therapy. Initially, patients were ran-
domised equally to (1) PCI 36 Gy in 18 daily fractions, (2) PCI 24 Gy in 12 fractions and (3) no PCI;
subsequently, to increase the rate of accrual, randomisation was to clinicians’ choice of PCI regi-
men versus no PCI (at a 3:2 ratio). The endpoints were appearance of brain metastases, survival,
cognitive function, and quality of life (QoL). Three hundred and fourteen patients (194 PCI, 120 No
PCI) were randomised. In the revised design, the most commonly used PCI regimens were 30 Gy in
10 fractions and 8 Gy in a single dose. With PCI, there was a large and highly significant reduction
in brain metastases (HR = 0.44, 95% CI 0.29-0.67), a significant advantage in brain-metastasis-free
survival (HR = 0.75, 95% CI 0.58-0.96) and a non-significant overall survival advantage (HR = 0.86,
95% CI 0.66-1.12). In both groups, there was impairment of cognitive function and QoL before PCI
and additional impairment at 6 months and 1 year, but no consistent difference between the two
groups and thus no evidence over 1 year of major impairment attributable to PCI. PCI can safely
reduce the risk of brain metastases. Further research is needed to define optimal dose and fraction-
ation and to clarify the effect on survival. Patients with SCLC achieving a complete response to in-
duction therapy should be offered PCI. © 1997 Elsevier Science Ltd.
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INTRODUCTION lung cancer (SCLC) rises to approximately 50% by 2 years

AT THE time this trial was planned, in 1987, it was already [1-3]. Nine randomised trials, subsequently reviewed by
clear that the cumulative risk of cranial relapse of small cell Gregor [4], comparing prophylactic cranial irradiation
(PCI) versus no PCI, suggested that PCI in modest doses

Correspondence to D.J. Girling, signiﬁ‘cantly reduced t.he risk of cran.ial relapse.. There was
Received 6 Sep. 1996; revised 17 Feb. 1997; accepted 11 Mar. 1o evidence that PCI influenced survival; but with numbers
1997. of patients ranging from 29 to 271, none of the trials was
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large enough to detect a modest but clinically worthwhile
survival improvement. They also varied greatly in patient
eligibility criteria, and only one assessed PCI following com-
plete response to induction treatment, when PCI would be
expected to have the greatest effect [5]. These findings,
together with concerns about the possible long-term toxicity
of PCI, such as ataxia, seizures and deficits in cognitive
function, including dementia [6-8], led to uncertainty about
the clinical usefulness of PCI.

The historical reports of serious central nervous system
morbidity were in patients treated with aggressive regimens
of chemotherapy and radiotherapy, often given concurrently,
and receiving prolonged chemotherapy after PCI with drugs
having recognised central nervous toxicity. The possibility
of preventing some cerebral relapse, with its poor response
to treatment and its detrimental effects on quality of life
(QoL) [3, 9], together with the suggestion that late neuro-
logical damage can occur in SCLC patients without PCI
and can be minimised by careful attention to the schedule
and timing of PCI, led us to design the present prospective
multicentre randomised trial in patients with limited stage
SCLC at presentation, achieving a complete response to in-
duction therapy. The PCI timing and schedule were chosen
with great care to minimise the potential for late central ner-
vous morbidity. The main aim was to test the effects of PCI
in different dosages on cranial relapse and survival; an im-
portant secondary aim was to assess patients’ cognitive func-
tion and QoL.

PATIENTS AND METHODS

Summary of iminal trial design and subsequent revision

The trial opened in October 1987 with a three-way ran-
domisation comparing (1) PCI with 36 Gy in 18 daily frac-
tions, (2) PCI with 24 Gy in 12 daily fractions and (3) no
PCI, with a planned intake of 150 patients per group (total
450). Four years later, only 100 patients had been entered
from 9 centres. This poor accrual was mainly due to some
radiotherapists not wishing to use the prescriptive PCI regi-
mens. The trial was therefore redesigned and relaunched in
November 1991 with the arms reduced to two: PCI versus
no PCI, the choice from a recommended list of PCI regi-
mens being left to the local radiotherapist. Centres were
allowed to choose whether to study survival and cranial
relapse alone or, in addition, cognitive function and QoL,
using standard instruments. The randomisation ratio was
changed to 3 PCI to 2 no PCI, to permit some comparison
(although not randomised) between the PCI regimens; and
the planned total intake was reduced to 300 patients. A
further 6 centres from the U.K. and 10 from the EORTC
started entering patients. The rate of intake rose from 2 to
4.5 patients per month.

Eligibility

Patients were eligible if they had had histologically con-
firmed SCLC of limited extent at presentation, and a com-
plete response [10] to induction therapy, which was to have
been completed no more than 8 weeks before randomis-
ation. Local ethics committee approval and individual
patient consent were required.

Trearment allocation
Patients were randomly allocated by the MRC Cancer
Trials Office using a minimisation procedure, stratifying for
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patient’s age and clinician. PCI (if allocated) had to start a
minimum of 4 and a maximum of 8 weeks after completion
of induction chemotherapy. It was delivered using megavol-
tage x-rays or cobalt gamma rays, with or without a custo-
mised shell, using opposed lateral fields with the inferior
border on a line from the supra-orbital ridge to the external
auditory meatus. Check films were required to ensure that
the whole cranium and base of the skull were included in
both fields. The dose was prescribed to the mid plane separ-
ation. PC] was not given concomitantly with chemotherapy
but could be given at the same time as thoracic radiotherapy
if response was already complete.

During the initial intake (1987-1991), patients were allo-
cated to one of the following three groups.

PCI36. PCI 36 Gy in 18 daily fractions, 5 days per week.

PCI24. PCI 24 Gy in 12 daily fractions, 5 days per week.

Ne PCIL No PCI.

During the subsequent intake, they were allocated to one
of two groups.

PCI. The choice of radiotherapy schedule was left to the
local radiotherapist but the total dose was not to exceed 40
Gy in 2 Gy fractions. The following schedules, given in
equal fractions daily except at weekends, were rec-
ommended: 20 Gy in 5 fractions, 24 Gy in 8 fractions, 30
Gy in 10 fractions and 36 Gy in 18 fractions.

No PCI. No PCIL

Assessments and reports

Patients were assessed at randomisation, at 6 and 12
months from randomisation, and then annually until death.
The information collected included details of previous treat-
ment and investigations (including brain CT scan), details
of PCI schedule, evidence of brain metastases and date and
cause of death.

Assessment of cognitive function and QoL

The redesigned trial included formal psychometric evalu-
ation which centres were instructed to perform blind with
respect to PCI status. The National Adult Reading Test
(NART) [11, 12] was administered at randomisation, to
provide an estimate of intellectual ability. The Paced
Auditory Serial Addition Task (PASAT) [13], the Rey
Osterrieth Complex Figure Test (CFT) [14] and the
Auditory Verbal Learning Test (AVLT) [15] were adminis-
tered at each assessment. Impairment was defined: (a) in
the PASAT as fewer than 21 correct answers in adding
pairs of consecutive numbers in a total of 60 integers
between 1 and 9 read at a fixed speed; (b) in the CFT as a
memory score of less than half the copy score; (¢) in the
AVLT learning component as a failure to recall 5 or more
new items during five readings of a list of 15 objects; and
(d) in the AVLT retention component as forgetting 4 or
more items from the original list after a separate unrelated
list had been read out. Thus, assessments were made of
auditory mental tracking (PASAT), perceptual organisation
and visual memory (CFT) and memory span and verbal
learning (AVLT). QoL (physical and psychological symp-
toms and activities of daily living) and anxiety and de-
pression were assessed at each assessment using the
Rotterdam Symptom Checklist (RSCL) [16] and the
Hospital Anxiety and Depression Scale (HADS) [17].
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Statistical methods

The planned intake of 300 patients was chosen to enable
an increase in the 2-year survival rate from 5% to 15% to
be detected with 5% significance and 90% power. The
Kaplan—Meier estimate was used to calculate brain metasta-
sis rates, patients without metastases being censored at the
time they were last seen alive or at date of death. Survival
was calculated from the date of randomisation until death,
survivors being censored at the date they were last known to
be alive. The Kaplan—Meier estimate was used to calculate
survival curves and the Mantel-Cox version of the log-rank
test to make treatment comparisons. Associated confidence
intervals (ClIs) were calculated for the corresponding hazard
ratios (HRs). The trial data were managed using the
COMPACT program [18].

RESULTS

Patients in the trial

Between October 1987 and April 1995, 314 patients were
randomised from 18 centres in the U.K. and 10 in conti-
nental Europe: 194 to PCI and 120 to No PCI. The charac-
teristics of the patients at randomisation are shown in
Table 1. A variety of chemotherapy regimens was used; the
commonest, in order of frequency, were doxorubicin, cyclo-
phosphamide and etoposide (ACE); ifosfamide, cisplatin
and etoposide (ICE); carboplatin and etoposide; ACE plus
methotrexate; ACE plus vincristine, and ICE plus vincris-
tine.

PCI received

A variety of PCI regimens was used (Table 2). In the in-
itial intake, 32 patients were randomised to PCI36 and 32
to PCI24. In the subsequent intake, the most frequent regi-
men was 30 Gy in 10 fractions (61 patients), followed by 8
Gy in a single dose (25 patients).

Appearance of brain metastases

Kaplan—Meier estimates of the percentages of patients
with brain metastases are shown in Figure 1. There was a
large and highly significant difference in favour of the PCI
group (HR =0.44, 95% CI 0.29-0.67, P=0.00004). The
percentages were 30% in the PCI group and 54% in the No
PCI group ar 2 years and 38% and 54% at 3 years. The in-
itial randomised three-arm comparison (Figure 2) showed
little if any difference between the PCI24 and the No PCI
groups (HR =0.71, 95% CI 0.36—1.43), but a highly sig-

Table 1. Characteristics of the 314 patients at randomisation

PCI No PCI Total
Characteristic (n=194) (n=120) (n=314)
Sex
Male 125 (64%) 74 (62%) 199 (63%)
Female 69 (36%) 46 (38%) 115 (37%)
Age (years)
Median 60 61 60
Range 37-79 28-76 28-79
Thoracic radiotherapy
given 164 (85%) 99 (83%) 263 (84%)
CT brain scan
performed 33 (17%) 16 (13%) 49 (16%)

A. Gregor er al.

Table 2. PCI received

PCI received Gy/fractions Patients
Randomised to 36/18 32
36/18 27
24/12 1
40/15 1
none 3
Randomised to 24/12 32
24/12 31
24/10 1
PCI regimen chosen by clinician 130
8/1 25
20/5 7
24/8 1
24/12 2
25/10 2
26/13 1
30/8 1
30/10 61
30/12 9
30/15 13
30/20 1
36/18 2
none 5

nificant difference between the PCI36 and the No PCI
groups (HR =0.16, 95% CI 0.07-0.36, P = 0.0007).

Survival from randomisation

Of the 314 patients, 231 have died and the remaining 83
have been followed up for a median of 18 months. The sur-
vival comparison by treatment group is shown in Figure 3.
The advantage to PCI is not statistically significant
(HR =0.86, 95% CI 0.66—1.12, P=0.25). Median survival
was 305 days in the PCI group and 300 in the No PCI
group; the estimated survival rates were 44% and 39% at 1
year, 25% and 19% at 2 years and 21% and 11% at 3
years, respectively.

Brain-metastasis-free survival

There was a statistically significant advantage to PCI in
brain-metastasis-free survival (HR =0.75, 95% CI 0.58-
0.96, P=0.02).

Results of cognitive function and QoL tests

In all, 136 patients (84 PCI, 52 No PCI) were included
in the optional assessments of cognitive function and QoL.
Data were received for 125 (92%) at baseline, 59 (56%) of
106 assessable at 6 months, 32 (63%) of 54 at 1 year and 9
(45%) of 20 at 2 years. 7 patients still alive have yet to
reach the time for assessment at 1 year, and 21 at 2 years.

Cognitive function assessments were made at baseline on
76 PCI and 49 No PCI patients. Of these, 18 (24%) PCI
and 12 (24%) No PCI had impairment on PASAT, 32
(42%) and 20 (41%) on CFT, 29 (38%) and 15 (31%) on
AVLT learning and 18 (24%) and 13 (27%) on AVLT
retention. Thus, the proportions of patients showing impair-
ment in each test were substantial but similar in the two
groups.

For each test, patients without impairment at baseline
who became impaired are shown in Table 3. All the tests
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Figure 1. Percentage of patients with brain metastases from the date of randomisation.

showed some evidence of new impairment at 6 months and
at one year, but there was no evidence of sustained deterio-
ration with time and no notable difference between the PCI
and No PCI groups and thus, no evidence of major impair-
ment attributable to PCI at these relatively early time
points.

On the RSCL assessments, the most common symptoms
reported by patients at baseline were, in order of decreasing
frequency, tiredness, loss of hair, lack of energy, anxious
feelings, worrying, shortness of breath, irritability and
cough. Loss of hair was moderate or severe in almost all the
patients with this symptom, and tiredness and lack of energy
in approximately half, but the other symptoms were mild in
the vast majority of patients. The symptoms showing great-
est deterioration from baseline to 6 months are shown in
Table 4. For all of the six commonest symptoms, deterio-
ration was worse in the No PCI than in the PCI group.

On the RSCL, the vast majority (93%) of patients
reported normal or near normal (grade 0 or 1) activities of
daily living at baseline, 6 months and 1 year. On the
HADS, 13 (23%) of the 56 patients assessed had borderline
anxiety and 5 (9%) clinically significant anxiety at 6 months
and 4 (13% of 31) and 4 (13%), respectively at 1 year. The
corresponding figures for depression were 6 (11%) border-
line and 4 (7%) clinically significant at 6 months and 2

(6%) and 1 (3%) at 1 year. There were no differences
between the PCI and No PCI groups.

DISCUSSION

This trial has confirmed that PCI, given at the end of in-
duction therapy, substantially reduced the likelihood of cra-
nial relapse of small cell lung cancer. This finding supports
the previously reported trials [4, 19, 20]. The estuimated risk
was reduced from 54% to 30% at 2 years after randomis-
ation and from 54% to 38% at 3 years, a substantial gain in
a situation with devastating consequences for patients.
There was also a statistically significant improvement in
brain-metastasis-free  survival in the PCI group.
Nevertheless, PCI fails to eliminate the risk of brain metas-
tases completely and ongoing follow-up is necessary to
establish the ultimate rates.

The first part of the present trial included a randomised
comparison of the two PCI dosages, 36 Gy and 24 Gy
given in 2 Gy fractions. The higher dose was more effective
in reducing the risk of brain metastasis. This demonstration
of dose response for PCI is the first such evidence and is
important in view of previous recommendations for low PCI
dose as a means of reducing toxicity [20]. The trial reported
by Arriagada and his colleagues using a 24 Gy schedule had
a cranial relapse rate of 40% at 2 years [20]. This schedule
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Figure 2. Percentage of patients with brain metastases from the date of randomisation in the initial three-arm comparison.

was delivered in 8 fractions rather than the 12 that we used,
achieving a higher biological dose. Further trials are there-
fore needed to determine if increased doses of PCI can
reduce brain metastasis further without increasing the risk
of long-term neurological toxicity.

There was a suggestion of improved survival in the PCI
group, but the difference was not statistically significant. No
individual randomised trial has conclusively shown a survi-
val benefit for PCI. However, none of these trials was large
enough to provide sufficient power to detect small differ-
ences. It has been suggested that patients have the best pro-
spect of long-term survival and new metastases are less
likely to occur if any residual disease is minimal at the time
PCI is given [20, 21]. Because individual trials will have
small numbers of long-term survivors, this question is now
being addressed by a meta-analysis conducted jointly by the
Institut Gustave Roussy and the Meta-analysis Group of the
MRC Cancer Trials Office, using updated individual patient
data [22]. If a survival advantage is confirmed, it will be
interesting to determine whether it is most evident in com-
plete responders. To date, we have identified only seven rel-
evant randomised trials restricted to complete responders,
and of these, only four, including the present trial, have
been published [19, 20, 23].

The present trial differs from all the others in its prospec-
tive neuropsychometric assessment of toxicity. In the revised
version of the protocol, centres were given the option of
comparing not only survival and cranial relapse rates but
also cognitive function and QoL using standard instru-
ments. Participation in this part of the trial was a major
undertaking; assessors in each centre had to be trained to
apply the tests reliably and each assessment took approxi-
mately 40 min to complete. Unsurprisingly, not all centres
were able to collaborate in this aspect of the trial and, in
those centres that did participate, the levels of compliance
in providing the data, although high at baseline, were less so
subsequently.

Much concern has been expressed, mainly in the United
States, about the possible long-term damaging effects that
PCI can have on the central nervous system. These include
ataxia, seizures and dementia [6—-8, 23-27]. However, much
of this evidence has come from non-randomised compari-
sons, retrospective surveys or recall assessments limited to
small numbers of long-term survivors. There is evidence
that the risks are highest when chemotherapy (especially
with neurotoxic drugs such as nitrosoureas) is given simul-
taneously with PCI (especially with large fraction sizes) [7].
In contrast, a review of 65 European long-term survivors
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Figure 3. Percentage of patients surviving from the date of randomisation.

suggested that in patients given PCI after completion of
chemotherapy, the impact of neuropsychometric deficits on
QoL is minor [28]. Our findings, based on thorough, sys-
tematic and prospective assessments of cognitive function,
are therefore of considerable interest. An important obser-
vation was that, even in this group of complete responders
to induction therapy, who are likely to be among the fittest
of patients with SCLC, there were substantial levels of
impairment at randomisation, before PCI had been given.
With the PCI regimens studied, given after induction
therapy had been completed, there was additional impair-
ment at 6 months and 1 year, but no evidence of any con-

sistent difference between patients given or not given PCI
and thus no evidence of any major impairment attributable
to PCI. Deterioration in general symptoms was reported by
patients more frequently in the No PCI than in the PCI
group, a finding that we hope other research workers will
address.

In conclusion, we would recommend that PCI be offered
to all patients with limited SCLC in complete response to
their induction treatment. By this means, the devastating
effects of brain metastases and the costs of treating them,
will be avoided in a substantial proportion of patients, with-
out clinically significant risks of central nervous system radi-

Table 3. Occurrence of cognitive function impairment in patients without impairment at baseline

Impairment at

6 months 1 year
Cognitive function test PCI (%) No PCI (%) PCI (%) No PCI (%)
PASAT 5/26 (19) 3/21 (14) 5/16 (31) 2/12 (17)
CFT 4/18 (22) 1/19 (5) 2/13 (15) 2/12 (17)
AVLT learning 7/23 (30) 5/17 (29) 9/13 (69) 4/10 (40)
AVLT retention 4/26 (15) 3/17 (18) 0/16 (0) 3/8 (38)
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Table 4. Symptoms reported absent or mild ar baseline that were
moderate or severe at 6 months

Symptom PCI (%) No PCI (%)
Tiredness 4/17 (24) 4/7 (57)
Lack of energy 3/17 (18) 4/11 (36)
Irritability 3/21 (14) 5/14 (36)
Decreased sexual interest 2/11 (18) 3/11 (27)
Shortness of breath 4/21 (19) 3/11 (27)
Cough 3/20 (15) 3/13 (23)

ation damage. PCI is simple and cheap to give. It can be
given concurrently with thoracic radiotherapy, which, fol-
lowing a recent meta-analysis, is recommended for all
patients with limited SCLC [29]. We are currently planning
a new randomised trial comparing different PCI dosage
schedules.
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