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The purpose of this study was to describe the quality
of life (QOL) of low-grade glioma (LGG) patients at
baseline prior to chemotherapy and through 12 cycles of
temozolomide (TMZ) chemotherapy. Patients with his-
tologically confirmed LGG with only prior surgery were
given TMZ for 12 cycles. QOL assessments by the Func-
tional Assessment of Cancer Therapy-Brain (FACT-Br)
were obtained at baseline prior to chemotherapy and at
2-month intervals while receiving TMZ. Patients with
LGG at baseline prior to chemotherapy had higher
reported social well-being scores (mean difference = 5.0;
p < 0.01) but had lower reported emotional well-being
scores (mean difference = 2.2; p < 0.01) compared to a
normal population. Compared to patients with left hemi-
sphere tumors, patients with right hemisphere tumors
reported higher physical well-being scores (p = 0.01):
44% could not drive, 26% did not feel independent, and
26% were afraid of having a seizure. Difficulty with
work was noted in 24%. Mean change scores at each
chemotherapy cycle compared to baseline for all QOL
subscales showed either no significant change or were
significantly positive (p < 0.01). Patients with LGG on
TMZ at baseline prior to chemotherapy reported QOL
comparable to a normal population with the exception
of social and emotional well-being, and those with right
hemisphere tumors reported higher physical well-being
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scores compared to those with left hemisphere tumors.
While remaining on therapy, LGG patients were able to
maintain their QOL in all realms. LGG patients’ QOL
may be further improved by addressing their emotional
well-being and their loss of independence in terms of
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prise a variety of histopathologic subtypes arising

from the glial matter surrounding neurons in the
brain. The clinical course of these tumors varies widely
among patients. Although median survival time is 4.1
years, patients may survive from less than a year to 20 or
more years after initial diagnosis.! Survival is often lim-
ited by recurrence and progression of LGG to high-grade
gliomas. Factors influencing survival in these patients
include histologic subtype, age, extent of surgical resec-
tion, and 1p/19q status.?~*

There is no consensus on the optimal management
of patients with residual LGG following surgical resec-
tion.> Often conformal external beam radiation therapy
is used to treat residual disease; however, LGGs are often
diffuse in nature, and the treatment fields for radiation
therapy can be large. The potential complications of
radiation therapy correlate to the neuro-anatomic loca-
tion involved and include possible cognitive decline, sei-
zures, endocrinopathies, necrosis, vasculopathies, and

l ow-grade gliomas (LGG) are tumors that com-

Copyright 2009 by the Society for Neuro-Oncology



Liu et al.: Quality of life in glioma patients receiving TMZ

secondary malignancies such as meningiomas, gliomas,
and sarcomas.

Given the potential for long-term survival of patients
with LGG and the potential morbidity associated with
radiation therapy, alternative treatment approaches are
being evaluated.® In particular, the role of chemotherapy
as up-front postsurgical treatment of LGG continues
to be evaluated.®=® A single-institution phase II study
at the University of California, San Francisco (BTRC
9902) was therefore initiated to assess the response rate
of temozolomide (TMZ) chemotherapy in patients with
LGG who have residual disease but have not yet received
radiation therapy. In this study, LGG patients are pro-
spectively evaluated clinically and radiographically every
2 months while on TMZ therapy. Accrual began in Feb-
ruary 2000 with a goal to enroll 120 patients. Analysis
of the main findings of this trial will await completion
of patient accrual.

While awaiting the final results of the trial, adequate
data have been captured on baseline and longitudinal
quality of life (QOL) for interim analysis. Information
on QOL is critical in this population because there have
been few investigations of the multidimensional aspect
of QOL in LGG patients receiving chemotherapy. Most
published QOL studies on LGG have focused on cogni-
tive changes in patients that have received radiation ther-
apy.”~13 The QOL assessments in this study prospectively
capture QOL data longitudinally. In addition, because
patients who received prior radiation therapy were
excluded, this study assesses QOL of patients under-
going chemotherapy without the potential confounding
side effects of radiation therapy. Therefore, this is the
first study in the literature to prospectively describe the
multidimensional longitudinal QOL of LGG patients
over 1 year of TMZ chemotherapy.

The objective of the current study was to assess base-
line and longitudinal changes in multiple dimensions of
QOL in LGG patients who are receiving TMZ as part
of the above-mentioned clinical trial. The information
obtained from the analysis will reveal areas for further
study and identify future interventions aimed at improv-
ing QOL. It will also provide a historical control to com-
pare the impact of other therapeutic interventions such
as radiotherapy.

The multidimensional aspect of QOL was measured in
this study through the Functional Assessment of Cancer
Therapy—Brain (FACT-Br)."* FACT-Br is a well-validated
instrument that provides a comprehensive assessment of
four major QOL domains: physical well-being, social/
family well-being, emotional well-being, and functional
well-being, as well as a set of QOL indicators specific
to brain tumor patients. These domains are generally
accepted as the major domains that contribute to over-
all QOL. The questions have demonstrated reliability,
validity, and sensitivity to change.!’

With prospective evaluation of FACT-Br, we can
investigate the baseline values of each individual QOL
domain as well as the effects of changes in these areas
over time in LGG patients. In this report, we present
an interim analysis of the QOL data as measured by
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FACT-Br for all patients enrolled from the beginning of
the BTRC 9902 study in February 2000 through July
2007.

Materials and Methods

Patient Characteristics

Patients with histologically proven supratentorial LGG
(oligodendroglioma, astrocytoma, and oligoastrocy-
toma) enrolled at the University of California, San Fran-
cisco from February 2000 to July 2007 and treated with
TMZ between 14 days and 4 months of surgical resec-
tion or biopsy were included. Patients must have had no
previous treatment for their tumor other than surgery
and must have evaluable disease. Patients could have mul-
tiple surgeries as long as pathology from the most recent
surgery within 4 months of enrollment continued to show
LGG. Patients must have been 18 years of age or older
with KPS =60. Patients must have signed an institution-
ally approved Committee on Human Research consent
form.

Study Design

Patients received TMZ orally at a starting dose of 200
mg/m?/day for 5§ consecutive days of a 28-day cycle.
Patients continued to receive treatment with TMZ until
unacceptable toxicity and/or disease progression for at
least 12 cycles. Dose reductions for both hematologic
toxicities and nonhematologic toxicities were allowed.
Responses, overall survival, and progression were
recorded. Other chemotherapy, radiation, or biologic
therapy was not allowed while the patient was on study.
No other investigational drugs were allowed during the
study, but prophylactic antiemetics could be administered
at the discretion of the treating physician.

Response was measured by MRI, and clinical sta-
tus was determined after every two cycles of TMZ
chemotherapy. Comparisons of objective assessments,
excluding progressive disease, were based on changes in
tumor size on the MRI scan compared to the baseline
scan. A resection was considered subtotal if between
5% and 95% of tumor tissue was removed. A resection
was considered a biopsy if less than 5% of tumor tissue
was removed. Determination of progressive disease was
based on Macdonald criteria.'

QOL Evaluation

FACT-Br version 3.0 was administered at enrollment
prior to chemotherapy and at each subsequent clinic
visit. Clinic visits were timed after the completion of
every two cycles of TMZ chemotherapy. Caregivers
were instructed not to complete the questionnaires for
patients.

FACT-Br version 3.0 contains 54 questions divided
into five major realms of QOL.!” The realms are physi-
cal, social, emotional, functional, and brain tumor-
specific well-being. A few questions address patients’



relationship with their doctor and are not part of these
subscales and are not typically included in statistical
analysis. Questions are based on a Likert scale 0-4, with
0 being described as “not at all,” 1 as “a little bit,” 2 as
“somewhat,” 3 as “quite a bit,” and 4 as “very much.”
Patients were described as having difficulty with an item
if they reported “quite a bit” or “very much” in posi-
tively phrased questions or “not at all” or “a little bit”
in negatively phrased questions. A subscale score was
created by adding up scores from individual questions
within the subscale. The inverse of scores was used for
questions worded with negative phrasing. Higher scores
represent better QOL in each of the subscales. Question-
naires are written at the fourth-grade reading level and
are specifically formatted for ease of self-administration.
Time to completion is estimated at 5-10 min.

Statistical Analysis for Baseline Data

Descriptive analysis of QOL at time of enrollment as
measured by FACT-Br was performed. Differences
among subgroups at baseline with respect to each patient
characteristic variable were assessed for all self-reported
QOL subscales using the Kruskal-Wallis test. The Ken-
dall rank correlation coefficient (tau) was used to exam-
ine the correlation between age and each subscale. No
adjustment for multiple comparisons was made due to
the exploratory nature of these analyses; in all cases,
p values <0.01 were considered statistically significant.
Significance of this study population compared to other
populations was calculated using a two-sample #-test.
Adjustment for multiple comparisons was made by
choosing p values of <0.01 to indicate significance.

Comparison populations included a normal popu-
lation, a mixed cancer population, and a mixed brain
tumor population. Comparisons between versions of
FACT are considered acceptable given the lack of sub-
stantial changes between versions.

Statistical Analysis for Longitudinal Data

Descriptive analysis of the change in QOL over 12 cycles,
as measured by FACT-Br every two cycles, was per-
formed. Box plots were constructed for each FACT-Br
subscale by cycle. Two methods for analyzing mean
change in QOL were utilized. First, the significance
of changes in scores for each QOL realm at evaluation
time points compared to baseline was examined using
a paired t-test. Adjustment for multiple comparisons
was made by choosing p values of <0.01 to indicate
significance.

To directly explore the individual time trajectories
in change of QOL, we also employed hierarchical lin-
ear models to assess the change in each FACT-Br realm
over cycles of chemotherapy while adjusting for baseline
covariates including gender, age, extent of resection,
hemisphere, and histology subtype. Hierarchical linear
models enable one to study changes within individual
patients over time by taking into proper account the
correlation arising from repeated measurements in each
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of the individuals. A random intercept model was fitted
to the longitudinal QOL data. Dummy variables were
created for each post-baseline cycle to allow for non-
linear changes in QOL. Normal errors were assumed
for the outcomes with symmetric distributions. The
estimation of parameters was based on the maximum
likelihood method. The analysis was conducted with the
Ime4 package in R version 2.6.1 (open-source software,
WWW.r-project.org).

We also looked at the longitudinal pattern in QOL
by examining the frequency of clinically significant
changes. The minimally important difference (MID)
was defined as the smallest score difference that is clini-
cally significant and therefore likely to be meaningful to
both patients and clinicians. The MID has been reported
for both individual patients and patient groups and for
single and multiple time points.!®* The MIDs for scores
of subscales have been identified using both anchor and
distribution-based methods.!” They are 2-3 points for
each of the subscales. The MIDs for the brain subscale
are 5-7 points.!

Missing Data

Missing data within a questionnaire were handled
according to previous validation measures of FACT-Br.!”
The prorating of subscale scores was considered accept-
able as long as more than 50% of the items were
answered. The total score was considered appropriate
as long as the overall item response rate was greater than
80%. Due to a clerical error, one question under the
social well-being subscale was not included in the major-
ity of the questionnaires. Therefore, the social well-being
subscale was rescaled to account for this error.

A chart review was performed to identify reasons why
patients went off treatment; therefore, by study protocol,
patients were not required to fill out questionnaires at
subsequent evaluations. Reasons included tumor pro-
gression, intolerable side effects of chemotherapy, devel-
opment of other cancer or other medical issues, clinical
deterioration without progression, and personal reasons.
Patients still receiving active therapy and had not yet
filled out questionnaires were noted.

Results

Baseline Data

Sixty-six patients were enrolled between February 2000
and July 2007. One patient was not included, as central
review of pathology did not confirm LGG. Patient char-
acteristics at enrollment are shown in Table 1. Of 65
patients evaluated, 60% were male, with a median age
of 40 years (range, 20-72) and a median KPS score of
90; 83.8% of patients underwent subtotal resection,
with the remainder undergoing biopsy; 60% of tumors
were located in the left hemisphere.

There were no differences at baseline in any Func-
tional Assessment of Cancer Therapy—General (FACT-G)
or brain tumor-specific subscale between female and
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Table 1. Patient characteristics at enroliment

Characteristic Number
Gender
Male 39 (60.0%)
Female 26 (40.0%)

Median age at diagnosis
Median KPS at diagnosis
Seizures prior to diagnosis

40 (range, 20-72)

90 (range, 80-100)

30 (48.0%)

Tumor type
Astrocytoma
Oligodendroglioma

26 (40.0%)
21 (32.3%)
Oligoastrocytoma 16 (24.6%)

Tumor location

Frontal 27 (41.5%)
Temporal 11 (16.9%)
Parietal 3(4.6%)
Insular 2(3.1%)
Occipital 1(1.5%)
Multiple lobes 18 (27.7%)
Other 3 (4.6%)
Tumor hemisphere
Left 39 (60.0%)
Right 23 (35.4%)
Both 3 (4.6%)
Degree of surgery
Biopsy 17 (26.2%)

Subtotal resection 48 (73.8%)

Table 2. Baseline subscale scores and comparisons to other populations

Our Population

Normal Population®’

male patients, between patients who underwent biopsy
and those who underwent subtotal resection, and among
patients with different histology subtypes (astrocytoma
vs. oligodendroglioma vs. oligoastrocytoma). No statis-
tically significant correlation was found between age and
any baseline QOL subscale. Patients with lesions located
in the left hemisphere tended to report worse physical
well-being scores (p = 0.01), whereas a significant asso-
ciation was not found in social, emotional, functional,
brain tumor—specific subscales, or total FACT scores
(p = 0.62,0.03,0.24, 0.14, and 0.03, respectively).

Baseline scores for FACT-Br version 3.0, in com-
parison to other populations, are detailed in Table 2.
The mean FACT-G score (summation of all subscales
except the brain tumor-specific subscale) was 83 (range,
38-106). The mean brain tumor-specific subscale score
was 56.9 with a range from 20 to 76. In comparison to a
normal population,'” the LGG patient population studied
had statistically significant higher reported social well-
being scores (mean difference = 5.0, p < 0.01) but sta-
tistically significant lower reported emotional well-being
scores (mean difference = 2.2, p < 0.01). The difference
in social well-being scores between the LGG population
studied and the standard population was above the mini-
mally important difference of 2-3 points.

In comparison to a mixed cancer population,'” the LGG
population studied had higher reported physical (mean
difference = 2.5, p < 0.01), social (mean difference = 2.2,
p < 0.01), and emotional well-being scores (mean differ-
ence = 2.9, p < 0.01). Compared to a mixed brain tumor
population,'* this patient population had higher reported
social (mean difference = 2.4, p < 0.01) and emotional
well-being scores (mean difference = 1.8, p = 0.01).

The specific areas that more than 20% of patients
reported difficulty with at baseline are presented in Table

Original FACT-Br
Sample (Mixed
Brain Tumors)

Mixed Cancer
Population®

at Baseline (n = 1,075) (n = 545) (n=101)
Mean Range SD n Mean SD p Value Mean SD pValue Mean SD p Value
Physical WB 23.0 5-28 54 61 227 53 0.69 205 55 <0.01 223 51 037
Social WB 241 9-28 43 62 191 6.8 <0.01 219 4.8 <0.01 21.7 5.5 <0.01
Relationship with MD 68 2-8 1.4 61 6.85 1.51 0.76 696 1.66 0.48
Emotional WB 17.7  7-24 39 62 19.9 4.8 <0.01 14.8 3.9 <0.01 16.0 4.4 0.01
Functional WB 182 6-28 6.0 62 185 6.8 0.76 18.0 6.1 0.76 199 64 0.09
FACT-G total score 83 38-106 14.0 61
Other WB (brain tumor
specific) 56.9 20-76 12.0 62

Abbreviations: FACT-Br, Functional Assessment of Cancer Therapy-Brain; SD, standard deviation; WB, well-being; FACT-G, Functional Assessment of Cancer Therapy-General.
Significance of our population compared to other populations was calculated using a two-sample t-test. Adjustment for multiple comparisons was made by choosing p-values of
<0.01 to indicate significance. Boldfaced p-values indicate that the mean of the underlying population is statistically different from the LGG population.

2Normal population includes mean age of 45.9 years (range, 18-91); 49.4% male and 50.6% female.

®Mixed cancer population included 39% breast, 15% lung, 12% colorectal, 8% leukemia/lymphoma, 8% head and neck, 6% prostate, 2% ovarian, and 10% other/unknown

cancers. CNS metastasis excluded.

Original FACT-Br sample population characteristics: mean age of 41.2 years, 56% male and 44% female, 27 (27%) glioblastoma multiforme, 47 (47%) grade Ill gliomas, 13
(13%) meningiomas, 7 (7%) mixed gliomas, and 7 (7%) other; 94% had surgery, and 86% had additional treatment (radiation therapy, chemotherapy, or both).

62 NEURO-ONCOLOGY - FEBRUARY 2009



Table 3. Patient reported difficulties at baseline?
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Subscale Question Percentage (%) with Difficulty
Brain specific | get frustrated that | cannot do things | used to. 22

I am bothered by the drop in my contribution to the family. 23

| have been afraid of having a seizure (convulsion). 26

| don't feel independent. 26

I am not able to drive a vehicle. 44
Functional realm I am not enjoying the things I usually do for fun. 21

My work is not fulfilling. 23

| am not able to work. 24

At least 85% of patients responded to each question. Questions with positive phrasing were reworded negatively. The questions listed represent those that =20% of patients
reported some difficulty. Difficulty was defined as the two worst scores for negatively phrased questions and the two best scores for the positively phrased questions.

3;44% of patients noted being able to drive “not at all.”
Other difficulties noted in greater than 20% of patients
included loss of independence and being unable to con-
tribute to the family. Over 20% of patients reported dif-
ficulty with being able to work or find work fulfilling
or to enjoy the things they usually do for fun. Although
less frequent, patients reported difficulty with emotional
symptoms (18% feeling sad, and 16% feeling nervous)
and physical/functional symptoms (18% with lack of
energy, and 15% sleeping poorly).

Longitudinal Data

Table 4 shows the compliance of patients who remained
on study at each evaluation. Baseline compliance was
95%. When accounting for patients that went off study

Table 4. Compliance® rate per cycle

and those that had not yet reached the scheduled cycle,
compliance ranged from 71% to 85%. Six patients pro-
gressed while on therapy, and six patients went off study
secondary to intolerable side effects.

Figure 1 shows box plots of the change score at each
chemotherapy cycle compared to baseline for five realms
of QOL as well as the FACT-G total scores. A p value
of <0.01 was used as the criterion for declaring statisti-
cal significance to adjust for multiple comparisons. No
significant change in reported physical or social realm
scores was noted over the course of 12 cycles of therapy
compared to baseline. Mean score changes were signif-
icantly positive at every time point for the functional
realm; at cycle 12 for the emotional well-being realm; at
cycles 8, 10, and 12 for the brain tumor—specific realm;
and at cycle 10 for the overall FACT-G total well-being.

Number of Number of Number of

Time Patients on Questionnaires Missing

Point Study Filled Out Questionnaires Compliance (%) Reasons Off Study

Baseline 65 62 3 95

Cycle 2 60 51 9 85 2 progressed
1 off for bladder cancer
1 off for unrelated medical issues
1 did not reach cycle

Cycle 4 56 45 11 80 1 progressed
2 intolerable side effects
1 did not reach cycle

Cycle 6 51 41 10 80 2 progressed
2 intolerable side effects
1 did not reach cycle

Cycle 8 48 39 9 81 1 clinical worsening without progression
2 did not reach cycle

Cycle 10 45 32 13 71 1 progressed
2 intolerable side effects

Cycle 12 42 32 10 74 1 personal reasons

1 geographic limitation
1 did not reach cycle

aCompliance was obtained by accounting for those that were not required to fill out questionnaires for the following reasons: tumor progression, intolerable side effects,

development of other cancer or other medical issues, clinical deterioration without progression, personal reasons, and patient still actively receiving therapy. Geographic limitation

was considered as failure to comply because the protocol still required questionnaire completion in that one case.
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Fig. 1. Box plots of the change score at each chemotherapy cycle compared to baseline for five realms of quality of life and Functional
Assessment of Cancer Therapy—General (FACT-G). Abbreviation: WB, well-being. Asterisks indicate cycles for which p-values based on the
paired t-test are statistically significant (p<0.01). Note: The values within the box represent the lower quartile (Q1), median, and the upper
quartile (Q3) of the distribution. The horizontal bars at the two ends are the smallest and largest non-outlier observations. The circles beyond
the horizontal bars represent outlying cases, defined as 1.5 times the interquartile range (Q3-Q1), below Q1 or above Q3.

Results from hierarchical modeling are consistent
with those based on descriptive analyses. In particular,
adjusting for age, gender, extent of resection, hemisphere,
and histology subtype, the hierarchical model including
the cycle effect was found to be statistically significant
compared with the model without cycle effect in predict-
ing emotional well-being, functional well-being, brain
tumor-specific well-being, and the total FACT-G score
(likelihood ratio test; p values 0.008, <0.0001, 0.002,
and 0.03, respectively). The coefficients with respect to
the cycle effect in these models are all positive in magni-
tude, indicating an overall positive change over baseline
in these self-reported FACT-Br subscales. No significant
time trend was found in the physical and social realms
(p = 0.82 and 0.83, respectively).

Table 5 shows the percentage of patients who
reported improved or declined ratings of QOL beyond
the minimally important difference at each time point
relative to their own baseline. To be conservative, we
used a minimally important difference of three points
as the threshold for improvement or deterioration in
the physical, social, emotional, and functional realms.
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A difference of seven points was used as the threshold
for the brain tumor—specific subscale. Overall, there was
a consistent pattern of change in self-reported QOL as
demonstrated in the above descriptive and hierarchical
modeling analyses. Particularly, over 30% of patients
reported improved emotional well-being over baseline
at cycles 4, 8, and 12. This positive trend was observed
at all cycles for the functional subscale. For the brain
tumor—specific subscale, over 30% of patients reported
improvement over baseline beyond seven points at the
last three cycles. The percentages of patients reporting
decline in all subscales were substantially lower, provid-
ing little evidence of self-reported deterioration in QOL
during the course of the treatment.

Discussion

Baseline QOL

Due to the long accrual period anticipated for BTRC
9902, we report interim QOL results of patients enrolled
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Table 5. Proportion of patients demonstrating minimally important difference (MID) of improvement or decline in QOL relative to baseline

Percentage (%) with Improvement from Baseline >MID?

Percentage (%) with Decline from Baseline >MID

P S E F Brain P S E F Brain
Cycle 2 19 19 26 36 26 13 25 9 11 15
Cycle 4 15 14 31 36 26 17 19 10 6 7
Cycle 6 14 21 21 45 26 22 24 1 5 5
Cycle 8 8 19 39 42 31 17 17 6 8 8
Cycle 10 14 30 20 40 50 17 17 10 7 13
Cycle 12 14 10 38 48 31 25 14 3 10 3

Abbreviations: P, physical; S, social; E, emotional; F, functional. Boldfaced values indicate that the percentage of patients who reported improved well-being (over baseline) at

that particular cycle exceeds 30%.

2MID used for physical, social, emotional, and functional was 3. MID used for brain tumor-specific subscale was 7.

in the clinical trial through July 2007. Sixty-five patients
were included in the analysis. Overall patient charac-
teristics show that they were representative of LGG
populations seen in other large studies of patients
without prior radiotherapy.?~22 One major difference
is that patients in this study did not receive gross total
resection because the study only enrolled patients with
evaluable disease. Therefore, assuming that gross total
resection improves QOL compared to biopsy or subto-
tal resection,?? this patient population at baseline may
actually have had a worse QOL than standard LGG
populations.

The finding that patients with right-hemisphere
tumors report higher QOL scores in the physical realm
is interesting and deserves further study. It may be that
right hemisphere lesions spare the dominant side, allow-
ing patients to have better QOL. In prior studies, tumor
location and laterality have been shown to correlate with
specific symptoms. For example, depression may arise
from left-brain injury,?* 2 and anxious states may arise
from right-brain injury.?*-*” As patients with tumors in
the left hemisphere may have greater problems with com-
munication?»2% and with concentration,?=3! the reliabil-
ity of conclusions about laterality based on self-reported
symptoms and QOL is sometimes in question.

In examining subscale scores, the reported physical
and functional well-being scores of this population were
comparable to those reported by a normal population.
The high median KPS of 90 at baseline supports the
finding that this patient population as a whole does not
have significant physical and functional limitations.

In comparison to a normal population, LGG patients
had a statistically significant increase in reported social
well-being scores, and the mean difference was far
beyond the minimally important difference. There are
several possible explanations for this finding. The patient
population enrolling in our clinical trial could have been
highly selected, as the study institution is a tertiary care
center for brain tumor patients. However, examination
of baseline characteristics compared to other LGG trials
would suggest that our population is at least comparable
to previously studied LGG patients. Another explana-
tion is that people with cancer may receive better social
support from friends and family than a normal popula-
tion. The statistically higher reported social well-being
of a mixed cancer population and a mixed brain tumor

population compared to a normal population supports
this concept. Finally, patients’ perception of their social
well-being may change once they are diagnosed with a
life-threatening illness. This change in perception may
explain the disconnect found in some studies between
self-reported symptoms and objective measures of those
symptoms.23-30:32

The LGG population studied also had lower reported
emotional well-being scores compared to a normal pop-
ulation. The clinical significance of this change is just
within the range of the minimally important difference.
The reason for the lower emotional well-being scores
compared to a normal population may be related to the
diagnosis of cancer, which has been shown to lead to
emotional distress.?* Indeed, both a mixed cancer popu-
lation and a mixed brain tumor population had lower
reported emotional well-being scores compared to the
normal population.

While a subscale score is useful in broadly compar-
ing populations, these scores do not help delineate the
specific issues within the QOL realm that may be affect-
ing patients. Table 3 describes each of the questions in
the brain tumor—specific subscales. There are four main
findings to note. First, a significant minority of patients
reported “quite a bit” and “very much” for emotional
symptoms such as feeling sad or nervous, which likely
corresponds to the decreased emotional well-being scores
reported. Second, with the exception of not being able
to operate a motor vehicle and working, the majority
of patients did not report significant difficulties in any
brain tumor—specific areas of QOL. Third, the loss of
independence, especially in terms of operating a motor
vehicle, and the feeling that patients can no longer con-
tribute to the family are themes represented in a substan-
tial minority of patients. Finally, a substantial minority
of patients are afraid of having seizures. Therefore, by
supporting patients’ emotional needs and independence
and by providing improved monitoring and care for sei-
zures, we may be able to improve QOL for a broad range
of LGG patients.

There are several limitations to our comparison of
baseline data. The mixed cancer population included
a very heterogeneous group of tumors at all stages of
treatment. The mixed brain tumor population was also
heterogeneous and included mostly malignant gliomas
and a minority of other gliomas and meningiomas.
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Finally, there was limited demographic information in
comparison groups to be able to determine if differences
in comparisons were due to other patient characteristics.
Missing data was not a significant issue with baseline
data, as compliance with baseline questionnaires was
high (95%).

Longitudinal QOL

Availability of data for analysis declined after the initial
time point, although through a chart review we were able
to identify reasons for the missing data in cases where
patients went off the study protocol and were no longer
required to fill out questionnaires. Although the chart
review did not identify the reason for not completing
questionnaires in the remainder of the cases, discussion
with staff providing the questionnaires revealed that the
likely primary reason for not providing questionnaires
was related to administrative failure. Of the patients
who remained on study, the overall compliance rate was
between 71% and 85%.

There was no significant change in physical or social
realm scores compared to baseline over the course
of 12 cycles of therapy. It should be noted, however,
that patients already had a high mean score for social
well-being, with a mean baseline score of 24 out of a
total possible subscale score of 28. Therefore, the scale
would not be able to detect a further increase in social
well-being. There were mean positive changes in the
other realms compared to baseline. These change scores
approached the minimally important difference for
each of these three realms. The significance of these
changes was further confirmed by hierarchical linear
modeling.

Based on these analyses, it may be tempting to assume
that patients’ QOL is improving over time in terms
of emotional, functional, and brain tumor-specific
well-being. However, there are several alternative expla-
nations for our findings. First, patients who progressed
and those who had intolerable side effects were not
included in the analysis because they were no longer
required to fill out questionnaires. In addition, despite
overall adequate compliance, the sickest patients may
have been too ill to fill out follow-up questionnaires.
Finally, patients’ perception of their own QOL may rise
over time, even when objective measures do not indicate
such a change.

An additional limitation of the longitudinal QOL
data collected is that although compliance rates were rel-
atively high, missing data over time were not accounted
for in a systematic way prior to the beginning of the
study. A chart review allowed us to identify reasons for
a portion of the missing data. In addition, administrative
failure likely contributed to the majority of the remain-
ing missing data points. Administrative failure has been
reported as the major reason for decreased compliance
in another QOL study in brain tumor patients that spe-
cifically addressed this issue.>* We cannot rule out the
possibility that there may be other reasons why patients
did not fill out questionnaires. Better accounting of this
missing data will help improve the statistical validity of
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conclusions on future longitudinally collected data. In
addition, measurement of QOL for those patients who
stop protocol therapy due to intolerance or progression
is an important goal in future studies, because those
patients are the ones whose QOL is likely to be most
severely impacted.

The duration of data collection could also have been
longer. Measurement of nonprogressing LGG patients’
QOL over approximately 1 year does not describe the
long-term survivorship of patients who live for many
years. Unfortunately, the completion of active protocol
therapy made it difficult to collect meaningful data after
the 12-cycle time point.

Despite these limitations, we at least did not see a
decline in QOL measures over time when compared
to baseline. The maintenance of a median KPS of 90
over time supports the high functional status of those
who were able to continue TMZ therapy. Furthermore,
multiple analyses including production of box plots and
hierarchical modeling showed consistent results, adding
strength to our findings.

Future Directions

There are many potential directions for future research.
In particular, longer-term QOL outcomes in LGG
patients need to be established. Identification of risk
factors leading to symptoms and interventions that can
improve QOL need to be better studied. Ultimately, the
establishment of rigorous historical QOL data in brain
tumor patients will allow future investigators to truly
assess the impact of other interventions such as radio-
therapy. The addition of QOL information to therapeu-
tics will in turn help patients and physicians make truly
informed decisions about therapy.

One area that deserves further study is the complex
interactions between environment, treatments, tumor
characteristics, and the social and emotional context
in which patients experience symptoms. A more com-
prehensive way of studying QOL may be needed as tra-
ditional QOL measures have typically only accounted
for subjective patient-reported symptoms. Such a model
would incorporate the traditional patient-reported
realms of QOL as well as objective measures that con-
tribute to a patient’s perception of QOL. By develop-
ing and validating such models in future studies, we
may begin to understand the complex interactions that
explain a patient’s perception of their overall QOL.

Conclusions

To our knowledge, this is the first article that has pro-
spectively described the QOL of LGG patients on che-
motherapy, without prior radiotherapy. The QOL of
these LGG patients at baseline was comparable to a
normal population, with the exception of social and
emotional well-being. Patients with right hemisphere
tumors reported better QOL scores in the physical
realm compared to those with left hemisphere tumors.
On evaluating individual questions at baseline, patients’



lower emotional well-being scores compared to a nor-
mal population were reflected by feelings of sadness and
nervousness. A substantial minority of patients were
also concerned about loss of independence and seizures.
In addition, patients reported difficulty contributing
to the family and working. Few patients had difficulty
with energy or sleep, and very few patients had diffi-
culty with nausea or pain. These findings suggest that
future studies should examine risk factors and potential
interventions to address loss of independence, inability
to drive, fear of seizures, and contribution to family and
work.

Finally, this study demonstrates that self-reported
QOL measured by FACT-Br did not show deterioration
over time among LGG patients receiving TMZ as up-
front therapy after resection. This finding will provide
valuable information for future research aimed at com-
paring QOL of patients who receive RT after resection.
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