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Abstract

Objectives—To examine the efficacy of prophylactic cranial irradiation (PCI) in elderly patients
with small cell lung cancer (SCLC) (=70 years of age) from a pooled analysis of four prospective
trials.

Materials & Methods—One hundred fifty-five patients with SCLC (limited stage, LSCLC, and
extensive stage, ESCLC) participated in four phase Il or Il trials. Ninety-one patients received
PCI (30Gy/15 or 25Gy/10) and 64 patients did not receive PCI. Survival was compared in a
landmark analysis that included only patients who had stable disease or better in response to
primary therapy.

Results—Patients who received PCI had better survival than patients who did not receive PCI
(median survival 12.0 months vs. 7.6 months, 3-year overall survival 13.2% vs. 3.1%, HR=0.53
[95% CI 0.36-0.78], p= 0.001). On multivariate analysis of the entire cohort, the only factor that
remained significant for survival was stage (ESCLC vs. LSCLC, p=0.0072). In contrast, the
multivariate analysis of patients who had ESCLC revealed that PCI was the sole factor associated
with a survival advantage (HR=0.47 [95% CI 0.24-0.93], 5=0.03). Grade 3 or higher adverse
events (AEs) were significantly greater in patients who received PCI (71.4% vs. 47.5%,
p=0.0031), with non-neuro and non-heme being the specific AE categories most strongly
correlated with PCI delivery.

Conclusions—PCI was associated with a significant improvement in survival for our entire
elderly SCLC patient cohort on univariate analysis. Multivariate analysis suggested that the
survival advantage remained significant in patients with ESCLC. PCI was also associated with a
modest increase in grade 3 or higher AEs.

Keywords
Prophylactic cranial irradiation; PCI; small cell lung cancer

Introduction

Prophylactic cranial irradiation (PCI) is standard therapy in the management of patients with
limited stage small cell lung cancer (LSCLC) or extensive stage small cell lung cancer
(ESCLC) who have experienced any degree of favorable response to initial therapy.(1-7) In
spite of the proven survival benefit, many eligible patients with SCLC do not receive PCI
due to patient or physician concerns regarding neurotoxicity. In clinical practice, the
dilemma of whether to administer this life-prolonging therapy is most controversial in older
individuals. Lung cancer is a disease which is prevalent in the elderly, with a median age at
diagnosis of approximately 70 years. Unfortunately, most of the trials that have led to the
adoption of PCI enrolled relatively few elderly patients. The risk benefit analyses for these
patients is particularly challenging as the survival benefit for PCI was seen at 1 year
following PCI for LSCLC(2), although much sooner in ESCLC.(4) Previously, we analyzed
the effect of PCI in a large cohort of patients with both LSCLC and ESCLC, confirming the
benefit in both patient populations.(3) The purpose of this study was to specifically examine
the results of PCI in patients with SCLC (both LSCLC and ESCLC) who are elderly (=70y)
in order to evaluate whether the survival benefit from PClI is also present in older patients.
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Materials & Methods

The patient population included patients 70 years of age or older with LSCLC or ESCLC
who participated in four prospective phase Il or I1l North Central Cancer Treatment Group
trials (86—20-51, 89-20-51, 89-20-52, 95-20-53). Patients with stable disease or better
following chemotherapy +/- thoracic radiotherapy (TRT) were included. Response
assessment was based on history and physical examination, chest radiographs (86-20-51 and
89-20-51) and computed tomography (CT) scans (89-20-52 and 95-20-52). All patients had
ECOG performance scores ranging from 0 to 2. Regarding the delivery of PCI, study
guidelines differed slightly. In 86-20-51, ESCLC patients were to receive TRT and PCI
(30Gy/15) if they had a complete response outside of the chest. All patients with LSCLC
were to receive TRT and PCI (30Gy/15) if they had stable disease or a better response to the
initial therapy (chemotherapy). Trial 89-20-51 and trial 89-20-52 included only patients with
ESCLC or LSCLC, respectively, who were to receive PCI (30Gy/15) if a complete response
after initial therapy was achieved. Trial 95-20-53 included only patients with LSCLC who
were to receive PCI after any response to initial therapy. Only 95-20-53 utilized the most
common current PCI regimen (25 Gy/10), which was administered after initial
chemotherapy but before TRT. All trials specified brain imaging (contrast-enhanced CT or
MRI) at the time of initial staging as well as prior to the delivery of PCI in order to exclude
patients with metastatic disease already present in the brain. Patients had follow-up
performed as dictated by the trial in which they were enrolled. Institutional Review Boards
at the study sites had approved these trials and all participants provided written informed
consent. See Table 1 for further information regarding the details of the four individual
trials.

Statistical Methods

Baseline patient and disease characteristics between the PCI and no-PCI groups were
compared utilizing the chi-square test for categorical data and the Wilcoxon rank sum test
for continuous data. Survival was compared using a landmark analysis that included only
patients who had stable disease (SD) or better. Overall survival (OS) from the landmark time
was assessed for the PCI and no-PCI groups, where the landmark time was the point in time
at which the patients could have started PCI per their particular treatment protocol. The
Kaplan-Meier method was used to compare the survival distributions for the two groups.
The Cox proportional hazards model was utilized for both the univariate and multivariate
analyses. The multivariate models were developed by including PCI (vs. no-PCl) and all the
clinically relevant factors that were collected across all trials. These included age, gender,
ECOG PS, and stage. We also further adjusted for complete response to chemotherapy to
take into account the association between receipt of PCI and response to chemotherapy.
Score and likelihood ratio Pvalues were reported for the univariate and multivariate models,
respectively, after stratifying by study, which takes into account key differences between the
trials. The Wald test was used to examine the significance of parameters with more than two
categories. Hazard ratios (HRs) and their associated 95% confidence intervals (Cls) were
calculated for univariate and multivariate results. Chi-square or Fisher’s exact tests were
used to compare the adverse event rates between PCI and no-PCI groups, focusing on the
grade 3 or higher adverse events. In addition, univariate logistic regression models were also

J Geriatr Oncol. Author manuscript; available in PMC 2017 December 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rule et al.

Results

Page 4

used to assess the relationship between PCI (vs. no-PCI) and grade 3 or worse adverse
events, after stratifying by study. All tests were two-sided, with Pvalues <0.05 indicating
statistical significance.

One hundred and fifty-five patients 70 years or older with LSCLC or ESCLC were identified
as the study population. Of the 155 patients, 84 had LSCLC and 71 had ESCLC. The median
follow-up for surviving patients was 100 months (range 61-139 months). Table 2 lists
relevant patient characteristics in patients receiving PCI versus no-PCI. For the entire patient
population, 91 (59%) patients received PCI and 64 (41%) did not receive PCI. Of the 84
patients with LSCLC, 64 (76%) received PCI and 20 (24%) did not receive PCI. This was a
higher proportion than was seen in the 71 patients with ESCLC, where only 27 (38%)
received PCI and 44 (62%) did not receive PCI. Patients receiving PCI were more likely to
have an ECOG performance status of 0 and were also less likely to have an ECOG
performance status of 2 than patients who did not receive PCI (p=0.0235). Patients with
LSCLC were more likely to undergo PCI compared to ESCLC patients (p<0.0001). In
addition, we looked at the association of PCI with chemotherapy response and found that
patients who received PCI were more likely to have had a complete response (CR) to
chemotherapy. Specifically, 57% of the patients who received PCI had a CR vs. 23% in the
no-PCI group (p < 0.0001). This was driven by the extensive-stage patients, where 67% of
the patients who received PCI had a CR vs. only 16% in the no-PCI group (p < 0.0001). No
significant difference was observed in the limited-stage patients (PCI CR rate: 53% vs. no-
PCI CR rate: 40%; 0.3055). As such, in the multivariate landmark analyses models for OS,
we further adjusted for response to chemotherapy (CR vs. no CR). Age and gender factors
did not result in any apparent differences between the groups on analysis.

Regarding adverse events (AEs) for the entire patient population, grade 3 or higher overall
toxicity was significantly greater in patients who received PCI (71.4% vs. 47.5%, p=0.0031,
p (stratified by study)=0.0589). For the entire patient population, non-neuro and non-heme
were the specific AE categories of grade 3 or higher toxicity that were significantly greater
in patients who received PCI (68.1% vs. 47.5%, p=0.0116, p [stratified by stud])=0.1409 and
70.3% vs 40.7%, p=0.0003, p [stratified by study]=0.0192), where the non-heme AE
differences remained significant even after running a univariate logistic model that stratified
by study (p=0.0192). Individual toxicities separate from the larger toxicity groupings were
not significantly correlated with PCI delivery except in LSCLC patients, where alopecia was
noted to be significantly correlated with PCI delivery (40.6% vs. 10.5%, p=0.0148).
However, this relationship was no longer significant after stratifying by study (p=0.6049).
Long-term neurocognitive and quality of life data were not collected and thus could not be
analyzed.

For the entire patient population, elderly patients who received PCI had better survival than
patients who did not receive PCI (median survival [MS] 12.0 months vs. 7.6 months, 3-year
OS 13.2% vs. 3.1%, HR = 0.53 [95% CI 0.36-0.78], univariate p=0.001, see Figure 1). On
multivariate analysis, the only parameter that remained significant for overall survival in the
entire population was stage (ESCLC vs. LSCLC, see Table 3). Interestingly, in the LSCLC
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cohort, there was no significant difference in OS between PCI and no-PClI patients (median
survival 12.2 months vs. 16.0 months, 3-year OS 17.2% vs. 10.0%, HR = 0.91 [95% ClI
0.49-1.68], p=0.7630, see Figure 2, Table 4). For the ESCLC cohort, PCI patients had
significantly better survival than patients who did not receive PCI (median survival 10.8
months vs. 7.1 months, 3-year OS 3.7% vs. 0%, HR = 0.46 [95% CI 0.27-0.77], p=0.003,
see Figure 3). When analyzed separately, the multivariate analysis for the ESCLC cohort
revealed the only parameter that remained significant for OS was the delivery of PCI (HR =
0.47 [95% CI 0.24-0.93], p=0.03, see Table 5).

Discussion

Our analysis demonstrates that the OS benefit of PCI in this particular cohort of trials
extends to patients with ESCLC who are 70 years and older. This is in agreement with the
findings of a randomized trial examining the effect of PCI in patients with ESCLC who had
any response to systemic therapy.(4) Patients receiving PCI had a significantly improved OS
rate at 1-year compared to patients who did not receive PCI (27.1% vs. 13.3%, p=0.003).
The MS, after randomization, was 6.7 months in those who received PCI compared to 5.4
months in those who did not. This trial allowed enrollment of patients up to 75 years of age.
The median age in the PCI arm was 62 years, with a range of 37 to 75 years, indicating that
elderly patients were indeed enrolled. However, it is not clear exactly how many patients 70
years and older were enrolled, as a subset analysis of this population has not been reported.
These results are similar to the present analysis which revealed patients with ESCLC had a
MS of 10.8 months (with PCI) vs. 7.1 months (without PCI) (p=0.003).

A meta-analysis published by Auperin et al. in 1999 compared PCI with no-PCl in patients
who had achieved a CR to initial therapy.(2) There was a statistically significant 5.4%
improvement in 3-year OS in the PCI group. The analysis did include a small number of
patients with ESCLC as well as a small number of patients 65 years of age and older, but did
not specifically comment on the efficacy in PCI in the cohort of patients with a combination
of both of those characteristics. Subgroup analyses found no overt evidence that any
particular subgroup of patients (beyond those defined according to sex and the interval
between induction therapy and randomization) benefited to a greater or lesser degree from
PCI. The findings from the present study do correlate well with this meta-analysis.

In contrast, a recently reported randomized phase I11 trial from Japan raised the specter of a
potential detrimental effect on OS of PCI in ESCLC. While obviously concerning, it has

been reported in abstract form only. Thus, further comments and analysis regarding elderly
patients (and other patient groups) must await scrutiny of the peer-reviewed manuscript.(8)

While our particular cohort of older patients with LSCLC did not appear to benefit from
PCI, the benefit of PCI in older patients with LSCLC is supported by the results of two
SEER analyses.(5, 7) In the first of these analyses, a group of 7995 patients with LSCLC
diagnosed between 1988 and 1997 was identified. From that group, 670 patients were noted
to have had PCI as part of their initial therapeutic course. Overall and cause-specific survival
at 2, 5, and 10-years was significantly improved in patients who received PCI versus those
who did not receive PCI. Multiple age group cohorts were analyzed (age <60, 60-66, 67-72,
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and =73), with all age groups noted to benefit from PCI. The 5-year OS for the 67-72 years
cohort was 16% in the PCI group and 10% in the no-PCI group (p=0.0005). The 5-year OS
for the =73 years cohort was 10% in the PCI group and 5% in the no-PCI group (p<0.0001).
(5) In the second analysis of patients with LSCLC >70 years (with a median age of 75) PCI
was associated with improved survival (33% vs 23%, p=0.028). Furthermore, multivariate
analysis demonstrated that PCI remained an independent factor associated with OS (HR,
0.72; 95% Cl, 0.54-0.97 [p=0.032]) for those >75 years, but not in those >80 years.(7) It is
not clear why a benefit from PCI was not seen in our cohort of patients with LSCLC, though
it is possible that the limited patient numbers reduced the power to detect statistically
significant differences between cohorts. However, it appears clear from the much larger
SEER studies that elderly patients with LSCLC have the same survival benefit
(approximately 5% at 5 years) as do other patients with SCLC.(5, 7)

While the data collected for these trials was prospectively gathered, this sub-analysis was
retrospective in nature. Potential biases were mitigated with multivariate analyses and
adjustment for other prognostic factors. Another limitation of our data is the lack of
neurocognitive and quality of life outcome data. In the past, PCI often included large daily
doses (3Gy or greater) and was sometimes delivered concurrently with chemotherapy. Both
of these practices were fraught with an increased risk of potentially serious long-term
neurologic sequelae.(9-16) Modern PCI doses have decreased significantly and the delivery
of concurrent PCI and chemotherapy is not advocated.

Regarding the specifics of PCI dosing, Le Pechoux et al. reported the results of an
international randomized phase 111 trial (PCI 99-01, EORTC 22003-08004, Radiation
Therapy Oncology Group 0212, and IFCT 99-01) comparing modern standard dose PCI
(25Gy in 10 daily fractions) with higher dose PCI (36Gy in 18 daily fractions or 36Gy in 24
fractions, delivering 1.5Gy twice daily). No benefit was seen with the higher PCI dose
regimens, with 25Gy in 10 daily fractions remaining the standard PCI dose.(17) In fact, the
lower dose group was associated with an increase in 2-year OS (p=0.05). Enrolled patients
had baseline and follow-up neuropsychological testing in an effort to track
neuropsychological deterioration. In that trial, patients older than 60 years were more likely
to experience trial-defined chronic neurotoxicity (CN) at 12 months after PCI than patients
younger than 60 years (83% vs. 56%, p=0.009). It should be noted that the number of
patients available for analysis at that time point was quite small. Specific data for the
patients 70 years or older (24 patients out of the total trial population of 720 patients) were
not published. Trial-defined CN was also significantly more frequent in patients on the
higher dose PCI arms compared to the standard dose PCI arm (89% for 1.5Gy x 24, 85% for
1.8Gy x 20, 60% for 2.5Gy x 10, p=0.02).(18)

Given the uncertainties and potential for neurotoxicity of PCI in the elderly patient
population, future studies would ideally be performed to better delineate how it can be
effectively administered with less risk. In the current research funding environment, it is
highly unlikely that robust prospective data regarding the efficacy and toxicity of PCI
specifically in elderly SCLC patients will ever be available. Thus, providers and patients will
be left with data in the form of retrospective/subgroup analyses and meta-analyses. Potential
insight, however flawed, can potentially be gained by examining data from patients with
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brain metastases treated with whole brain radiotherapy (WBRT). A recently published phase
I11 trial (RTOG 0614) explored the utility of memantine in patients receiving WBRT for
brain metastases. Patients receiving memantine had a significantly longer time to cognitive
decline, with a probability of trial-defined cognitive function failure at 24 weeks of 54% vs.
65% on the placebo arm (HR 0.78, p=0.01). Patients on the memantine arm had superior
results in executive function at 8 (p=0.008) and 16 weeks (p=0.0041) as well as processing
speed (p=0.0137) and delayed recognition (p=0.0149) at 24 weeks. The primary endpoint of
the trial, delayed recall at 24 weeks, demonstrated a trend in favor of the memantine arm but
was not statistically significant (p=0.059). This was thought to be related to significant
patient loss.(19) Memantine was well tolerated, with a toxicity profile similar to placebo,
making it a potentially attractive agent to consider in patients undergoing PCI.

Modern radiotherapeutic techniques may also provide an avenue for enhancing the
therapeutic ratio in PCI patients. Hippocampal sparing WBRT was recently demonstrated to
significantly reduce the rate of cognitive decline in patients with brain metastases enrolled
on the RTOG 0933 trial.(20) This is leading to a phase Il trial in patients with brain
metastases and has spurred interest in utilizing hippocampal sparing techniques in PCI
patients.

Conclusion

The survival rates of patients with SCLC are quite modest and PCI has been proven to
enhance OS.(2, 4, 5, 7) The data presented support the role of PCI in elderly patients with
SCLC as it was associated with a significant survival advantage. Many oncologists hesitate
to recommend PCI, especially to elderly patients, due to concerns regarding toxicity.
However, failure to administer PCI appears to jeopardize the survival of all patients with
SCLC who respond to initial therapy, including the elderly.
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This pooled analysis examines the role of prophylactic cranial irradiation in the elderly

patient population.
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Survival in Patients with Limited Stage Small Cell Lung Cancer
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Table 1
Study Characteristics

Protocol 86-20-51 89-20-51 89-20-52 95-20-53

N (stable or better included in 83 33 30 9

landmark analysis)

Stage LSCLC: 45 (54.2%) ESCLC LSCLC LSCLC
ESCLC: 38 (45.8%)

Best Response CR 35 (42.2%) CR 12 (36.4%) CR 21 (70.0%) CR1(11.1%)
PR 17 (20.5%) PR 7 (21.2%) PR 4 (13.3%) PR 4 (44.4%)
REGR 27 (32.5%) REGR 12 (36.4%) REGR 4 (13.3%) REGR 3 (33.3%)
SD 4 (4.8%) SD 2 (6.1%) SD 1 (3.3%) SD 1 (11.1%)

Median subsequent survival 9.6 (7.7-12.0) 8.0 (6.9-11.7) 10.2 (6.6-18.4) 18.2 (1.5-27.2)

(95% confidence interval)

Egelquency (%) that received 59 (71.1%) 9 (27.3%) 15 (50.0%) 8 (88.9%)

PCI Dose 30 Gy/15 30 Gy/15 30 Gy/15 25 Gy/10

Frequency (%) that received 62 (74.7%) 13 (39.4%) 25 (83.3%) 2 (22.2%)

TRT

Date Opened March 1987 August 1990 September 1990 October 1996

Date Closed August 1990 July 1993 November 1996 March 1999

Phase 11 11 11 1l

Performance Status (PS) 0-2 0-2 0-2 0-1

Agents?

A:B:C:D: etoposide +
cisplatin + CAV + TRT +
PCI (if CR outside of chest
for ESCLC; if stable or
better response for
LSCLC) + recombinant
gamma interferon or
observation (for CR pts

only)

A: etoposide + cisplatin
+ Megace + TRT + PCI
(for CR pts only)
B: etoposide + cisplatin
+ placebo + TRT + PCI
(for CR pts only)

A: etoposide + cisplatin
+ standard TRT +
etoposide + cisplatin +
PCI (for CR pts only)
B: etoposide + cisplatin
+ AHSCTRT +
etoposide + cisplatin +
PCI (for CR pts only)

A: etoposide +
cisplatin + PCI (if
regression or better on
chest X-ray) +
AHSCTRT +
etoposide + cisplatin

a_.. . . . . . .
Patients with central nervous system only progression, typically allowed whole brain radiation therapy across all studies.

CAV = cyclophosphamide, doxorubicin, vincristine; AHSCTRT, accelerated hyperfractionated split-course thoracic radiotherapy; CR, complete
response; ESCLC, extensive small-cell lung cancer; LSCLC, limited small-cell lung cancer; Megace, megestrol acetate; mos, months; PCI,
prophylactic cranial irradiation; PR, partial response; pts, patients; SD, stable disease; TRT, thoracic radiation therapy.
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Table 2

Comparison of PCI (prophylactic cranial irradiation) versus No PCI Across All Patients

NoPCI(N=64) PCI(N=91) Total(N=155) p yq1ueC

Age 0.29084
Mean (standard deviation)  73.1 (2.6) 72.6 (2.3) 72.8 (2.4)
Median 73.0 72.0 72.0
Range (70.0-80.0) (70.0-79.0) (70.0-80.0)

Sex 0.5038
Female 24 (37.5%) 39 (42.9%) 63 (40.6%)
Male 40 (62.5%) 52 (57.1%) 92 (59.4%)

Performance Status 0.02350
0 15 (23.4%) 34(37.4%) 49 (31.6%)
1 31 (48.4%) 46 (505%) 77 (49.7%)
2 18 (28.1%) 11(12.1%) 29 (18.7%)

Extent of Disease <0.00019

Limited 20 (31.3%) 64 (70.3%) 84 (54.2%)
Extensive (0 or 1 metsite) 23 (35.9%) 18 (19.8%) 41 (26.5%)
Extensive (2+ mets sites) 21 (32.8%) 9 (9.9%) 30 (19.4%)

aWiIcoxon rank sum test
b .
Chi-square test

[ .
Significant values are in bold
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Multivariate Analysis of Survival (N = 155) Parameter

Table 3

Hazard Ratio (95% Confidence Interval)

P value?C

PCI (versus no PCI)
Age (1-year increase)
Male (versus female)
Performance Score
PS 1 (versus PS 0)
PS 2 (versus PS 0)

Stage

0.743 (0.48-1.15)
1.016 (0.95-1.09)
1.080 (0.75-1.56)

0.844 (0.58-1.23)

1.014 (0.59-1.74)

ESCLC (0 or 1 metastatic site) versus LSCLC ~ 2.141 (1.25-3.68)

ESCLC (>1 metastatic site) versus LSCLC 2.608 (1.38-4.93)

Response: CR (versus no CR)

0.716 (0.49-1.05)

0.1872
0.6745
0.6802
0.5808

0.38170

0.9606%
0.0072

000592

0.00319
0.0836

aLikeIihood ratio P value from a Cox model, stratified by study.

bWaId P values.

[ .
Significant values are in bold
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CR, complete response; ESCLC, extensive small-cell lung cancer; LSCLC, limited small-cell lung cancer; PCI, prophylactic cranial irradiation.
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Multivariate Analysis of Survival in Limited Stage Patients (N = 84)

Table 4

Parameter Hazard Ratio (95% Confidence Interval)  p \51ye@C

PCI (versus no PCI) 1.136 (0.58-2.21)
Age (1-year increase)  1.095 (0.99-1.21)
Male (versus female)  0.898 (0.54-1.49)
Performance Score
PS 1 (versus PS0)  0.833 (0.52-1.34)
PS 2 (versus PS0)  1.575 (0.62-4.03)

CR (versus no CR) 0.829 (0.51-1.35)

0.7055
0.0753
0.6786
0.3845

0.44795

0.34320
0.4539

aLikeIihood ratio P value from a Cox model, stratified by study.
bWaId P values.

[ .
Significant values are in bold
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CR, complete response; ESCLC, extensive small-cell lung cancer; LSCLC, limited small-cell lung cancer; PCI, prophylactic cranial irradiation.
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Multivariate Analysis of Survival in Extensive Stage Patients (N = 71)

Table 5

Parameter Hazard Ratio (95% Confidence Interval)  p \5)ye@C
PCI (versus no PCI) 0.471 (0.24-0.93) 0.0300
Age (1-year increase) 0.912 (0.82-1.02) 0.1007
Male (versus female) 1.478 (0.84-2.61) 0.1752
Performance Score 0.8472

PS 1 (versus PS 0) 0.909 (0.46-1.79) 0.78370

PS 2 (versus PS 0) 1.078 (0.49-2.38) 0.85250
Stage 0.3757

(>1 metastatic site) versus (0 or 1 metastatic site)  1.268 (0.75-2.14) 0.37449
Response: CR (versus no CR) 0.698 (0.34-1.44) 0.3241

aLikeIihood ratio P value from a Cox model, stratified by study.

bWaId P values.

[ .
Significant values are in bold
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CR, complete response; ESCLC, extensive small-cell lung cancer; LSCLC, limited small-cell lung cancer; PCI, prophylactic cranial irradiation.
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