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Abstract
PURPOSE—Radiation Therapy Oncology Group 9402 compared PCV chemotherapy plus
radiation therapy (PCV+RT) versus RT alone for anaplastic oligodendroglioma. Here we report 1)
longitudinal changes in cognition and quality of life, 2) effects of patient factors and treatments on
cognition, quality of life and survival, and 3) prognostic implications of cognition and quality of life.
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METHODS and MATERIALS—Cognition was assessed by Mini Mental Status Examination
(MMSE) and quality of life by Brain-Quality of Life (B-QOL). Scores were analyzed for survivors
and within five years of death. Shared parameter models evaluated MMSE/B-QOL with survival.

RESULTS—For survivors, MMSE and B-QOL scores were similar longitudinally and between
treatments. For those who died, MMSE scores remained stable initially, while B-QOL slowly
declined; both declined rapidly in the last year of life and similarly between arms. In the aggregate,
scores decreased over time (P=0.0413 for MMSE; P=0.0016 for B-QOL) and were superior with age
< 50 years (P<0.001 for MMSE; P=0.0554 for B-QOL) and KPS 80–100 (P<0.001). Younger age
and higher KPS were associated with longer survival. After adjusting for patient factors and drop-
out, survival was longer after PCV+RT (HR=0.66, 95% CI=0.49–0.9, P=0.0084; HR=0.74, 95%
CI=0.54–1.01, P=0.0592) in models with MMSE and B-QOL. In addition, there were no differences
in MMSE and B-QOL scores between arms (P=0.4752 and P=0.2767, respectively); higher scores
predicted longer survival.

CONCLUSIONS—MMSE and B-QOL scores held steady in the upper range in both arms for
survivors. Younger, fitter patients had better MMSE and B-QOL and longer survival.
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INTRODUCTION
Anaplastic oligodendrogliomas (AO) respond to radiation therapy (RT) and also respond to
procarbazine, lomustine and vincristine (PCV) chemotherapy (1). The RTOG designed a phase
III study (9402) to test whether adding PCV to RT prolonged life in patients with newly
diagnosed AO compared to RT alone. At first reporting, PCV+RT yielded longer progression-
free survival times, a benefit associated with increased toxicity, and patients whose tumors
lacked chromosomal arms 1p and 19q lived longer, irrespective of treatment (2). In 9402, all
patients participated in a cognitive function and quality of life evaluation, completing
questionnaires at baseline and subsequently, to compare clinician-administered cognitive
function and patient-reported quality of life scores after PCV+RT versus RT alone. This report
analyzes within-subject longitudinal changes of cognitive function and quality of life,
characterizes the effects of patient specific factors on cognitive function, quality of life and
survival and explores the prognostic implications of cognitive function and quality of life.

METHODS AND MATERIALS
Study participants

Eligibility criteria for RTOG 9402, characteristics of participants and early survival results
have been published (2). Eligible patients were 18 years of age or older with newly diagnosed
AO. Randomization to either four cycles of PCV (at intensified dosing) followed by RT
(experimental arm) or RT alone (control arm) occurred within eight weeks of diagnosis. RT
consisted of localized treatment fields (tumor + edema + 1–2 cm margin) to a dose of 59.4 Gy.
Patients were stratified by age < 50 versus ≥ 50 years, Karnofsky Performance Score (KPS)
60–70 versus ≥ 80 and degree of anaplasia (moderate versus high) and were required to begin
treatment within one week of randomization. The study was designed to accrue 146 patients
per arm giving 80% power to detect a 50% increase in median survival from 3.8 years in the
control arm to 5.7 [hazard ratio (HR) for death = 0.67); type I error, 0.05]. The study was
approved by Institutional Review Boards and participants consented.
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Cognitive function and quality of life assessment
Cognition was assessed using the Mini Mental Status Examination (MMSE) (3). The MMSE
is a 30-point test for dementia; scores <27 are considered abnormal. Quality of life was assessed
using the B-QOL (4–6). B-QOL measures global quality of life and emotional well-being. Each
subscale contains questions, scored 1 to 4. Results are summed to yield minimum and
maximum scores of 50 and 200, respectively; scores are standardized to a 100-point scale (7).
MMSE and B-QOL questionnaires were given to assess the effects of treatment and disease
on cognition and quality of life. Assessments were made at baseline, 9 and 12 months in the
PCV + RT arm and baseline, 3, 6, 9 and 12 months in the RT alone arm; thereafter, patients in
both arms were assessed every 4 months in year 2, every 6 months in years 3–5, then annually.
The MMSE form was completed by the nurse, research associate, or physician; the B-QOL
questionnaire was completed by the patient. If assistance was required to complete the B-QOL,
the reason for assistance and the name of the assistant were recorded.

Statistical Methods
A meaningful effect size for change in cognition and quality of life is debated, without universal
standardization. Cohen defined a 0.8 standard deviation (SD) as a “large” effect size and 0.5
SD as a “medium” effect (8,9), the latter clinically meaningful by consensus. For this analysis,
we had 99% power to detect a 0.5 SD effect size between PCV+RT and RT alone for the
longitudinal assessment of MMSE and B-QOL score at the 0.05 level (two-sided); there was
adequate power to detect differences due to treatment, allowing for drop-out and missing
evaluations. All patients with baseline scores were included. Endpoints for cognition and
quality of life were MMSE and B-QOL scores, respectively. For overall survival (OS), an event
was death from any cause. The significance threshold was a P value of < 0.05. All analyses
were performed using SAS version 9 (SAS Institute Inc, Cary, NC).

Patient features at baseline by treatment arm and patterns of completion of MMSE and B-QOL
assessments were compared using chi-square tests. Analyses of cognitive function and quality
of life were performed by assessment pattern on survivors and within five years of death.
MMSE and B-QOL scores were compared over time; effects of patient factors and treatment
on MMSE, B-QOL and survival were analyzed; and survival was assessed in relation to MMSE
and B-QOL. Because assessments were often truncated due to early death or other reasons, it
was necessary to consider the confounding effects of missing MMSE and B-QOL data. An
analysis only of survivors would give an incomplete picture of cognitive function and quality
of life among 9402 participants by failing to consider missing data from dying patients who
might have had lower scores. These concerns were addressed by joint modeling of longitudinal
MMSE and B-QOL measures and survival through shared parameter models (10–13). Joint
modeling allowed for simultaneous consideration of the distributions of longitudinal
assessments and survival and the relationship of assessments to survival. The method is well
suited to estimations and comparisons of trends over time while adjusting for possible
informative censoring due to patient drop out. A random-effects model for repeated
assessments of MMSE and B-QOL was specified together with a Weibull model for survival.

We examined whether treatment, age, KPS, degree of anaplasia, type of surgery (resection
vs. other), number of lesions (unifocal vs. multifocal) and 1p/19q co-deletion status predicted
MMSE and B-QOL scores, risk of death, or both, whether patients with co-deleted tumors had
higher MMSE and B-QOL scores, or whether MMSE and B-QOL scores changed over time
by co-deletion status.

Wang et al. Page 3

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RESULTS
RTOG 9402 completed accrual in 2002. Seventy-six institutions and 299 patients participated.
Ten patients were judged ineligible, five in each arm. The remaining 289 patients are the subject
of this report which is based on data assembled for a survival analysis that took place in
February 2008, when the median follow-up for surviving patients was 6.9 years, and 64% had
died (14). Only patients with a baseline evaluation were included in this study; baseline MMSE
and B-QOL data were missing for 17 of 289 (6%) and 22 of 289 (8%) cases, respectively.
MMSE/B-QOL assessments were grouped at yearly intervals after randomization to maximize
follow-up data. For MMSE: 29 patients (10%) had all evaluations; 24 (8%) had baseline,
follow-up (some) and 5-year assessments; 107 (37%) missed the 5-year evaluation due to death;
and 112 (39%) missed assessments for unspecified reasons. The completion rate (including
those missing some evaluations) and drop out rates from death or other reasons were 18%,
37% and 39%, respectively. A similar pattern was seen for B-QOL (table 1). There was no
difference in the distributions of MMSE or B-QOL assessment patterns by treatment arm.

MMSE outcomes
The mean MMSE scores over time by treatment are shown in figure 1A for surviving patients;
scores ranged from 28–29, suggesting relatively normal cognition. Those in the PCV+RT arm
had increasing MMSE scores beginning two years after starting treatment, while after RT alone,
scores were constant over time. Mean scores by pattern of assessment are shown in figure 1B,
1C. For both arms, those who dropped out due to death had the lowest scores. In the PCV+RT
arm, those who completed assessments had slightly higher scores than those who dropped out
for unspecified reasons, whereas in the RT alone arm, scores overlapped between survivors
and those who survived but dropped out. Because a longitudinal analysis of cognition that
captures available data will be distorted by the early loss of those with lower scores who died
and had incomplete evaluations, mean MMSE scores in the five years prior to death were
analyzed (figure 1D). One hundred seventy nine deceased patients completed at least one
MMSE assessment. Scores were in the normal range until their last year of life and were similar
in both arms in the five years prior to death.

The results of joint modeling of MMSE and survival are shown in table 2. Age, type of surgery,
KPS, degree of anaplasia, number of lesions, co-deletion status and treatment were analyzed
in relation to MMSE and risk of death. All variables were significant in the model for survival;
however, only KPS (P<0.001) and age (P<0.001) were significant in the model for MMSE in
addition to the assessment time after diagnosis (P=0.0413). For cognition, positive estimates
(second column in table 2) imply that scores were higher for patients with these features
compared to counterparts. For survival, positive estimates (second column in table 2) imply
that patients with these features had a lower risk of death. Hazard ratios (15) and 95%
confidence intervals are also shown. Joint modeling results demonstrated that patients < age
50 or those with KPS 80–100 were more likely to have higher MMSE scores; moreover, lower
age and higher KPS were significantly associated with increased survival. Patients with
unifocal, resected, less anaplastic, co-deleted tumors, treated with PCV+RT (HR=0.66, 95%
CI =0.49–0.9, P=0.0084) had a lower risk of death, but their MMSE scores did not differ from
the RT group (P=0.4752). The negative value of estimate for assessment time was significant
(P=0.0413) indicating that MMSE scores decreased over time. The joint modeling results also
show that factors causing higher MMSE scores decrease the risk of death (P=0.0015).

Age and KPS predicted MMSE scores over time in the joint model of cognition and survival.
Scores were high in patients with excellent function and did not differ over time by treatment.
In the small group with poor function, scores were lower (28 patients with KPS 60–70 in both
treatment arms at baseline). Those < age 50 had higher MMSE scores compared to older
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patients. Average MMSE scores did not differ over time after stratification for treatment and
co-deletion status.

B-QOL outcomes
The mean B-QOL scores over time by treatment for survivors are depicted in figure 2A. Patients
in both treatment arms had similar scores at baseline that changed little over time. B-QOL
scores by pattern of assessment are shown in figure 2B, 2C. In both arms, those who dropped
out due to death had the lowest scores; mean scores among those who completed assessments
and those who dropped out for unspecified reasons were similar between treatments and over
time. Analysis of quality of life incorporating available data from survivors will be distorted
by the early loss of patients with lower scores who died and had incomplete assessments. Scores
in the five years before death are shown in figure 2D. One hundred seventy seven patients who
died completed at least one assessment; baseline scores were higher in the RT alone arm but
declined equally in both arms prior to death.

Joint modeling of B-QOL and survival is summarized in table 3. Age, type of surgery, KPS,
degree of anaplasia, number of lesions, and co-deletion status were significant in the joint
model with survival. The p values for treatment (0.0592) did not reach the pre-specified
significance level. KPS (P<0.001) was significant in the model for B-QOL in addition to the
assessment time after diagnosis (P=0.0016). The p values for age (0.0554) did not reach the
pre-specified significance level. Patients < age 50 or with KPS 80–100 were more likely to
have higher quality of life than older or poorer function patients; younger age and higher KPS
were associated with lower risk of death. Those with unifocal, resected, less anaplastic, co-
deleted tumors, treated with PCV+RT (HR=0.74, 95%CI =0.54–1.01, P=0.0592) tended to
have a lower risk of death, but their scores did not differ from RT alone patients (P=0.2767).
The negative value of the estimate for assessment time was significant indicating that B-QOL
decreased over time. Those latent factors contributed to higher quality of life also decreased
the risk of death (P=0.0004).

Age and KPS predicted B-QOL scores in joint modeling of quality of life and survival. Scores
were higher in patients with excellent function and did not differ over time by treatment. In
the small group with poor function, scores were lower (20 patients with KPS 60–70 in both
treatment arms at baseline). Those < age 50 had higher B-QOL scores compared to older
patients. Average B-QOL scores did not differ over time after stratification for treatment and
co-deletion status.

DISCUSSION
Cognitive function and quality of life are significant issues in brain tumor care (16). At first
reporting of RTOG 9402, when the minimum follow-up of survivors was three years, the
median survival time was 4.8 years and the median survival of co-deleted cases had not been
reached (2). Further, progression-free survival was prolonged by PCV + RT, a benefit that was
restricted to the co-deleted subset. In a subsequent analysis, when the minimum follow-up for
survivors was 6.9 years, the adjusted overall survival was prolonged by PCV + RT (HR=0.66,
95% CI= 0.46–0.95, p=0.02) (14) and the median survival for co-deleted cases was 8.7 years.
Longer follow-up is needed to ascertain whether this emerging survival difference favoring
PCV+RT reflects better control of co-deleted cases or other factors (14). In the meantime, other
study outcomes are gaining importance. Given the large number of long term survivors in 9402,
cognitive function and quality of life, both longitudinally and between treatment arms, will be
results of interest. Long survival after effective treatment is less meaningful if intellect and
well being are not preserved. Data on these outcomes are also needed.
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Because RTOG 9402 was a prospective trial with central pathology review and rigorous follow-
up, we were able to analyze cognition and quality of life in relation to patient factors, tumor
histology and survival. Because it was also a randomized trial with tissue collection, we were
able to compare cognitive function and well-being after different treatments and study
relationships between co-deletion status, initial therapy and survival simultaneously in a joint
statistical model.

Among survivors, many of whom had co-deleted tumors, MMSE scores remained constant in
the high normal range. There was no difference in scores between survivors treated with PCV
+RT or RT. Interestingly, MMSE scores trended upwards over five years of follow-up for the
PCV+RT group. Patients who dropped out due to death had lower baseline scores which
remained lower during follow-up in both arms. Those who dropped out for other reasons had
lower baseline scores than survivors, but over time in both arms, their scores more closely
matched survivors than non-survivors. Similarly, B-QOL scores remained constant in the mid
upper range over time for survivors and there was no difference between the treatment arms.
Survivors and those who dropped out due to death had similar baseline B-QOL scores whereas
the scores of those who died declined steadily in both treatment groups. Scores of those who
dropped out for other reasons were similar to those of surviving patients and between treatment
arms. These results are encouraging: MMSE and B-QOL scores were favorable and did not
decline over time among long survivors. Further, patients who were treated aggressively with
PCV+RT did not experience greater difficulties with cognition or quality of life than those
treated with RT. Lack of decline in cognition and well being in the setting of long follow-up
is remarkable given that large volumes of brain were irradiated to higher doses.

Among patients who died within five years of diagnosis, MMSE scores were normal and
unchanged until one year prior to death and then deteriorated rapidly. There was no difference
between the PCV+RT and RT alone groups. B-QOL scores, on the other hand, slowly declined
from baseline, and like MMSE scores, declined rapidly in the last year of life. At baseline, B-
QOL scores were somewhat lower in the PCV + RT group, but within five years of death, there
was no difference in the rate of decline between treatment groups. Tumors with intact 1p or
19q alleles were over-represented among those who died within five years of diagnosis. Quality
of life deteriorated relentlessly when the tumor was poorly responsive or unusually aggressive.
The rapid decline in MMSE and B-QOL in the last year of life is consistent with the experience
of those who care for brain tumor patients.

Using all cognitive function, quality of life and survival data, and without regard for survival
or death within 5 years, there was no significant difference between PCV+RT and RT alone
in either MMSE or B-QOL scores. In the aggregate, after adjusting for treatment and patient
characteristics and after controlling for all missing MMSE and B-QOL assessments, cognitive
function and quality of life decrease over time. Our analysis revealed that cognition and quality
of life were superior in younger patients and those with good performance; age and KPS
significantly predicted risk of death. Patients with unifocal, removable, less anaplastic, co-
deleted tumors had a lower risk of death and there was a trend to longer survival after PCV
+RT. Higher MMSE and B-QOL scores also predicted a lower risk of death. For co-deleted
cases, MMSE and B-QOL scores were similar between treatment arms; there was no difference
in cognition or quality of life by genotype. Lack of the co-deletion was associated with poor
survival, but had no effect on cognition or quality of life.

One weakness of this study is the MMSE which may not capture aspects of cognitive decline
that are subtle and important (17,18). The test was developed as a screening tool for dementia
(19–21); its sensitivity and specificity in other spheres have not been examined thoroughly
(22). Therefore, although our study suggests that cognition is well-maintained in this patient
group, subtle deterioration in memory, personality, or intelligence could not be assessed by
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this simple cognitive measurement tool. Indeed, most trials are abandoning the MMSE in favor
of more refined assessment tools (18,23–27). The RTOG now uses extended battery tools to
assess cognitive decline. However, several studies have found an association between baseline
MMSE score and survival, implying that MMSE, however crude, captures important
prognostic information (28–31). Our results are encouraging in three respects: cognition among
the more intensively treated PCV+RT group was indistinguishable from the RT group; there
was no difference in quality of life between the groups, as measured by the B-QOL, a respected
measure; and both MMSE and B-QOL scores were stable over time in surviving patients. Like
Brown et al (32), we find that tumor growth is the main cause of decline in brain tumor patients.
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Figure 1.
Figure 1A. Average MMSE Score over Time by Treatment
Figure 1B, 1C. Average MMSE Score over Time by Treatment and Pattern of Assessment
Figure 1D. Average MMSE Score over Time before Death
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Figure 2.
Figure 2A. Average B-QOL Score over Time by Treatment
Figure 2B, 2C. Average B-QOL Score over Time by Treatment and Pattern of Assessment
Figure 2D. Average B-QOL Score over Time before Death
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Table 2

Joint Modeling of MMSE Score and Survival Time

Covariate Estimate Standard Error p-value

MMSE Score

 Assessment time (Time) −0.0132 0.0064 0.0413

 Treatment arms (RX) (PCV+RT) 0.2398 0.3354 0.4752

 Interaction between treatment and time 0.0120 0.0090 0.1832

 KPS (80–100) 2.7240 0.5412 <.0001

 Age (<50) 1.4106 0.3479 <.0001

 Anaplastic features (2–3) 0.2981 0.3146 0.3441

 Surgery (Resection) 0.5322 0.4999 0.2879

 Multifocal (No) 0.2094 0.5909 0.7233

 1p/19q deletion (Both deleted) 0.1785 0.3209 0.5786

Hazard Ratio (95% CI)

Survival Time

 Treatment arm (PCV+RT) 0.3556 0.1339 0.0084 0.66 (0.49,0.90)

 KPS (80–100) 0.5613 0.1990 0.0051 0.52 (0.33,0.82)

 Age (<50) 0.4642 0.1498 0.0021 0.58 (0.41,0.82)

 Anaplastic features (2–3) 0.4825 0.1369 0.0005 0.57 (0.42,0.78)

 Surgery (Resection) 0.4572 0.2010 0.0237 0.59 (0.37,0.93)

 Multifocal (No) 1.0238 0.2167 <.0001 0.30 (0.18,0.50)

 1p/19q deletion (Both deleted) 0.7370 0.1358 <.0001 0.42 (0.31,0.58)
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Table 3

Joint Modeling of B-QOL Score and Survival Time

Covariate Estimate Standard Error p-value

B-QOL Score

 Assessment time (Time) −0.1044 0.0326 0.0016

 Treatment arms (RX) (PCV+RT) −2.1620 1.9833 0.2767

 Interaction between treatment and time 0.0737 0.0476 0.1230

 KPS (80–100) 16.4225 3.4976 <.0001

 Age (<50) 4.0584 2.1083 0.0554

 Anaplastic features (2–3) 3.3424 1.8908 0.0783

 Surgery (Resection) −1.9490 3.1640 0.5385

 Multifocal (No) 5.4738 3.6006 0.1297

 1p/19q deletion (Both deleted) −0.0202 1.9379 0.9917

Hazard Ratio (95% CI)

Survival Time

 Treatment arms (PCV+RT) 0.2622 0.1383 0.0592 0.74(0.54,1.01)

 KPS (80–100) 0.5017 0.2223 0.0249 0.56 (0.33,0.93)

 Age (<50) 0.4591 0.1550 0.0034 0.58 (0.41,0.83)

 Anaplastic features (2–3) 0.4587 0.1436 0.0016 0.58 (0.42,0.81)

 Surgery (Resection) 0.4862 0.2278 0.0338 0.57 (0.34,0.95)

 Multifocal (No) 0.9889 0.2388 <.0001 0.31 (0.18,0.54)

 1p/19q deletion (Both deleted) 0.7820 0.1430 <.0001 0.40 (0.29,0.56)

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2011 July 1.


