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Abstract

Purpose: To report longitudinal quality-of-life (QoL) outcomes in patients with poor prognosis high-grade
glioma (HGG) treated with palliative hypofractionated radiotherapy (RT).

Methods: Patients with poor-prognosis HGG based on age and performance status were accrued on a
prospective study of short course palliative hypofractionated RT delivering 35Gy in 10 fractions over 2
weeks after written informed consent. European Organization for Research and Treatment of Cancer
(EORTC) QoL core questionnaire (QLQ-C30) and brain cancer module (BN20) were used in English or
validated Indian vernacular languages (Hindi and Marathi) for QoL assessment at baseline (pre-RT),
conclusion of RT, 1-month post-RT and subsequently at 3-monthly intervals until disease
progression/death. Summary QoL scores were compared longitudinally over time by related samples
Friedman's two-way test.

Results: Forty-nine (89%) of 55 patients completed the planned course of hypofractionated RT.
Longitudinal QoL data was available in 42 (86%) patients that constitutes the present study cohort.
Median age of included patients comprising mainly of glioblastoma (81%) was 57 years with median
baseline Karnofsky score of 60. Baseline QoL scores of included patients were significantly worse for
several domains compared to historical institutional cohort of HGG patients treated previously with
conventionally fractionated RT indicating negative selection bias. QoL scores remained stable for most
domains after palliative hypofractionated RT with statistically significant improvements in fatigue
(p=0.032), dyspnea (p=0.042) and motor dysfunction (p=0.036) over time.

Conclusion: Short-course palliative hypofractionated RT in patients with poor-prognosis HGG is
associated with stable and/or improved QoL scores in several domains making it a viable resource-
sparing regimen.

Introduction

Diffuse high-grade glioma (HGG) defined histologically as World Health Organization (WHO) grade Il and
IV gliomas [1] are the most frequent malignant primary brain tumors in adults [2] comprising 70% of all
glial neoplasms. The contemporary standard of care for adult diffuse HGG is maximal safe resection
followed by post-operative focal conformal radiotherapy (RT) plus chemotherapy [3,4]. However, despite
aggressive multi-modality treatment, prognosis for most HGG patients particularly the elderly with
glioblastoma (GBM) and/or those with suboptimal performance status remains dismal with median
survival ranging between 6-9 months [5,6]. Age and performance status have consistently been
demonstrated to impact upon outcomes in HGG/GBM and are included in all prognostic scoring systems
[7-10]. A better understanding of molecular biology of adult diffuse glioma has led to refinements in
classification and prognostication [11-13] in the modern era. In patients with brain tumors, functional
neurological status can be more reliably assessed by combining a general performance score such as
Karnofsky performance status (KPS) [14] with a neurological scale such as neurological performance
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status (NPS) [15]. Performance status is closely related and reflective of health-related quality-of-life
(Qol) in patients with HGG [16]. We have previously proposed a pragmatic system [9] for classifying
adults with diffuse HGG into favourable versus poor prognostic categories based on a combination of
age and performance status. All adults (=18 years) with newly-diagnosed biopsy-proven HGG in poor
performance status (KPS <40 and NPS =3) were deemed to have poor prognosis. Older adults (>50
years but <65 years) were considered as having poor prognosis, if their performance status was poor to
suboptimal (KPS <60 and/or NPS =2). The elderly cohort (>65 years) was assigned poor prognosis even
if they had up to fair performance status (KPS <80 and/or NPS =1), excluding only those with no deficits
(KPS =90 and/or NPS=0) from this definition.

Adult patients with poor prognosis HGG have a unique clinical course which differs considerably from
other advanced cancers in the form of early cognitive and functional decline, rapid neurologic
deterioration posing end-of-life issues from the time of initial diagnosis, all of which can have
disproportionately negative impact upon QoL [17]. Optimal management of this subset remains
controversial and continues to evolve rapidly [9,18,19]. The goal of treatment is to prolong survival and
preserve/improve QoL. There exists level 1 evidence [20] supporting the use of RT compared to best
supportive care alone in newly-diagnosed elderly GBM. Oncological non-inferiority of hypofractionated RT
(delivered over 1-3 weeks) compared to conventionally fractionated RT (treating over 5-7 weeks) in elderly
GBM is also well established [21-23]. The addition of temozolomide (TMZ) chemotherapy to moderately
hypofractionated RT further improves survival outcomes [24]. However, morbidity of aggressive multi-
modality therapy and its potential detrimental impact upon QoL needs to be carefully considered in
patients with limited life-expectancy. There had been a paucity of prospective QoL data in patients with
HGG [25,26], possibly due to therapeutic nihilism further confounded by challenges associated with
evaluating QoL in this subset due to the impact of tumor and treatment on patients’ mental and
neurological status. However, QoL reflecting the patients’ own perspective - an important patient reported
outcome measure (PROM) is now being increasingly considered for therapeutic decision-making in HGG
[26,27]. We had previously reported a resource-sparing palliative hypofractionated RT regimen (35Gy in 7
fractions, 5Gy/fraction, delivered once weekly over 6 weeks) in adults with poor prognosis HGG [28].
Although, median survival of patients completing planned RT regimen was acceptable (7.4 months), the
compliance to 6-weeks of therapy was poor (only 44%) with patients dropping out after every weekly
fraction. Furthermore, longitudinal QoL data in patients with poor prognosis HGG is generally lacking. We
therefore designed a prospective phase Il study using continuous short-course hypofractionated RT (35Gy
in 10 fractions over 2 weeks) to assess the compliance and efficacy of such regimen in patients with poor
prognosis HGG and its longitudinal impact on health-related QoL. Herein, we report QoL outcomes from
this single-institution cohort.

Materials And Methods

Patient selection: Patients with biopsy-proven poor prognosis HGG based on our previously proposed
system [9] attending the outpatient clinic of an academic neuro-oncology unit of a tertiary-care

comprehensive cancer center were screened for accrual on a prospective phase Il study of short course
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palliative hypofractionated RT (online supplementary file S1). Patients satisfying the eligibility criteria
were treated with 35Gy in 10 fractions (3.5Gy/fraction, once daily, 5 fractions per week delivered in 2
weeks) on a 6MV linear accelerator using focal conformal techniques after written informed consent. Oral
TMZ was not given concurrently during RT. However, patients with stable and/or improving performance
status at first response assessment 1-month after palliative RT were started on oral adjuvant TMZ
chemotherapy (150-200mg/m? for 5 days D1-D5) cycled at 4-weekly intervals for 6-12 cycles with dose
modifications as appropriate.

QoL assessments: The European Organization for Research and Treatment of Cancer (EORTC) QoL core
questionnaire (QLQ-C30 version 3) and brain cancer module (BN20) were used for QoL assessments
[29,30] either in English or validated Indian vernacular languages (Hindi and Marathi) as appropriate. QoL
was assessed longitudinally during, initially at baseline (pre-RT), at RT conclusion, at first response
assessment (1-month post-RT) subsequently periodically on follow-up at 3-monthly intervals till clinico-
radiological progression/death. Patients were encouraged to complete the questionnaires by themselves
(self-administered) with occasional assistance from caregivers in case of neurological deficits or
illiteracy. Scoring of QoL was done as per the standard recommendations outlined in EORTC scoring
manual. Higher score in functional domains and lower scores in symptom domains suggest better QoL.
For statistical analysis, all raw scores from single item and/or multi-item scales of the questionnaires
were linearly transformed to a score ranging from 0 to 100. Change in scores of =10 points on any given
scale are interpreted as being clinically meaningful, while =20 points change represents large effects.

Statistical analyses: Summary scores for QLQ-C30 and BN20 were calculated from raw scores as per
EORTC scoring manual, ranging from 0 to 100 with 0 being the lowest score and 100 highest possible
score. Shapiro-Wilks normality test was used to assess the normality of data, with data being considered
skewed if p<0.05. For non-normally distributed data, related samples two-way Friedman test, the non-
parametric equivalent of repeated measures analysis of variance was used to analyze differences in
paired summary scores at any time-point compared to baseline. We first compared baseline QoL scores
of the present study cohort for various domains with the baseline scores of corresponding domains from
a historical institutional cohort [31] of 110 HGG patients treated previously with conventionally
fractionated RT using the two-sample independent ‘t’ test. We then analyzed summary QoL scores from
the present study cohort longitudinally over time, at baseline (prior to RT), at conclusion of RT, at 15
response assessment (1-month post-RT) and periodically on follow-up using the Friedman'’s test. Any p-
value <0.05 was considered as statistically significant. Survival outcomes included progression-free
survival (PFS) and overall survival (0S). PFS was calculated from date of surgery till documented clinico-
radiological progression while OS was calculated from diagnosis till death or last follow-up. All time-to-
event analyses were done using the Kaplan-Meier method and reported as 1-year estimates with 95%
confidence interval (Cl). All analyses were performed using Statistical Package for the Social Sciences
(SPSS) version 25.0 (IBM Corp, Armonk, NY, USA) and R™ Version 4.03 (R Corporation, Vienna). The
study was reviewed and approved by our Institutional Ethics Committee (IEC) that functions in
accordance with the Declaration of Helsinki and is registered with the Clinical Trials Registry of India
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(CTRI/2012/11/003141). All participants provided written informed consent for participation in the study.
No funding support was involved in the conduct, analysis, or reporting of the study.

Results

Between 2012 and 2016, we accrued 55 patients with newly-diagnosed biopsy-proven poor-prognosis
HGG on our prospective phase Il study of short course palliative hypofractionated RT after written
informed consent. Forty nine of 55 (89%) patients completed the planned course of palliative
hypofractionated RT as per protocol. Longitudinal QoL data was available in 42 of 49 (86%) patients that
constitutes the present study cohort. Baseline patient and disease characteristics are summarized in
Table 1. Median age of included patients comprising mainly of glioblastoma (81%) was 57 years with
inter-quartile range (IQR) of 50-66 years and median baseline KPS of 60 (IQR=50-60). All patients were
treated with anti-epileptic drugs for seizure prophylaxis as per our institutional policy. Dexamethasone
was not used electively during RT, but, administered for clinico-radiological features of raised intracranial
pressure, worsening neuro-deficits, and/or radiological evidence of moderate to severe edema (on recent
post-operative/RT planning imaging). Following palliative hypofractionated RT, 28 (66.7%) patients were
started on oral adjuvant TMZ, of which 13 (31%) patients completed 6 or more cycles.

QoL outcomes: A total of 146 completed QoL assessments were available from 42 patients in the present
study cohort. QoL assessments at baseline and at conclusion of RT were available for all 42 included
patients; 25 patients also completed third QoL assessment at first post-treatment evaluation (1-month)
after RT. Subsequently however, significant attrition was noted over time with decreasing number of
patients completing QoL assessments at 3-month (n=11) and 6-month (n=8) follow-up due to disease
progression and/or death limiting the longitudinal QoL analysis to first 3 time-points (up to 1-month post
RT) only. The mean baseline (pre-RT) QoL scores of the present study cohort (N=42) treated with
palliative hypofractionated RT were significantly worse for global health status (p=0.029), physical
functioning (p=0.025), communication deficit (p=0.007), dyspnea (p=0.004) and itchy skin (p<0.001)
compared to corresponding baseline scores of our historical institutional HGG cohort (N=110) treated
previously with conventionally fractionated RT (Figure 1) indicating negative selection bias in the present
cohort. Domain-wise results of the QLQ-C30 functional scores over time are summarized graphically in
Figure 2. Clinically meaningful improvements (=10-point change) although not statistically significant
were noted for most QLQ-C30 functional domains such as physical functioning, role functioning,
emotional functioning, cognitive functioning, and global health status, excepting social functioning which
remained stable at 1-month post-RT compared to baseline. The evolution of QLQ-C30 symptom scores
over time is presented graphically in Figure 3. Both clinically and statistically significant improvement
was noted at 1-month post-RT compared to baseline in fatigue (p=0.032) and dyspnoea (p=0.042).
Clinically meaningful improvement, though not statistically significant was also seen for insomnia, while
other QLQ-C30 symptoms such as nausea/vomiting, loss of appetite, constipation, diarrhea, and financial
difficulty remained stable over time. Symptom scores from BN20 are illustrated graphically in Figure 4.
Clinically and statistically significant improvement was seen in motor dysfunction (p=0.036), while other

BN20 symptoms such as future uncertainty, visual disorder, communication deficit, headache, seizure,
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drowsiness, hair loss, itchy skin, weakness of limbs, and bladder control remained largely stable over
time. Global health status of the present study cohort is demonstrated by swimmers-lane plot (Figure 5),
a graphical representation of the longitudinal trajectory of individual patient over respective follow-up
time.

Survival outcomes: By the time of this analysis, all 42 patients had succumbed to disease progression. At
a median follow-up of 8 months (IQR=3.5-11.5 months) for the present study cohort, Kaplan-Meier
estimates of 1-year PFS and OS were 33.3% (95%Cl: 21.7-51.1%) and 38.1% (95%Cl: 25.9-56%)
respectively yielding a median PFS of 8.4 months (95%Cl: 6.5-13.2 months) and OS of 10.5 months
(95%Cl: 7.6-13.8 months) respectively (online supplementary file S2).

Discussion

Survival outcomes in patients with poor prognosis HGG (elderly and/or in suboptimal performance
status) remains dismal with a median OS between 6-9 months despite aggressive multi-modality therapy
[5,6]. Optimal management of this cohort lacks consensus and is dictated largely by
personal/institutional biases and patient/care-giver preferences despite availability of evidence from
various randomized controlled trials (RCTs) particularly in the elderly GBM population [20-24]. A
systematic review and network meta-analysis demonstrated moderately hypofractionated RT (delivered
over 3 weeks) with concurrent and adjuvant TMZ to be the most optimal and preferred regimen in elderly
patients with newly-diagnosed GBM [32]. This was also corroborated by a recent Cochrane review [33]
providing high-quality evidence that combined chemoradiotherapy prolongs survival in elderly people
with GBM who are self-caring compared to RT or TMZ monotherapy.

Our prospective study assessing QoL outcomes in high-grade glioma patients treated with palliative
hypofractionated RT demonstrates lower QoL scores at baseline (pre-RT) in several domains compared to
a historical cohort of HGG patients treated previously with conventionally fractionated RT indicating
negative selection bias. The lower baseline QoL scores in the present cohort possibly reflect more
aggressive disease biology with resultant higher symptom burden and suboptimal performance status
which dictated the choice of palliative fractionation. However, it was reassuring to note that such
palliative hypofractionated RT was not associated with detrimental impact upon QoL in the short-term
with most patients achieving stable/improved scores in most domains at 1-3 months after completion of
planned RT.

Patients with HGG experience highly intrusive symptoms, cognitive and functional decline, and emotional
and existential distress throughout their disease trajectory [34]. Caregiver burden is also substantial with
limited evidence to guide palliative management. QoL in patients with HGG is already impaired at
diagnosis when compared to the general population; however, both anti-glioma treatment and disease
progression can cause further deterioration. Maintenance of QoL in HGG remains an important endpoint,
particularly in patients with poor prognosis and limited life expectancy. However, reliable serial and
longitudinal measurement of QoL in this subset is difficult and challenging due to various factors
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including high dropout rates and/or inability to complete complex forms repeatedly. Palliative cranial
irradiation can preserve and/or improve QoL by achieving tumor regression and providing growth arrest
of rapidly growing brain tumor with resultant symptomatic relief; however, it might also lead to
deterioration in QoL due to RT-induced acute toxicity such as nausea/vomiting, anorexia, fatigue,
somnolence, dermatitis, and alopecia which are mostly self-limiting and reversible. Treatment-related
changes (enhancement, necrosis, edema) in and around the tumor-bed occurring either during RT or more
commonly 1-3 months later can cause significant neurologic worsening with profound negative impact
upon QoL necessitating aggressive supportive therapy. Neurocognitive dysfunction following partial brain
irradiation also leads to impairment in health-related QoL; however, it is generally a late effect of RT and
manifests in a small subset of poor-prognosis HGG patients typically surviving beyond 9-12 months.

The concepts of ‘deterioration-free survival’ and ‘time-to-deterioration’ are now being used as endpoints
for measuring change in QoL as a time-to-event outcome [35]. Deterioration-free survival is defined as the
time interval from diagnosis to deterioration in QoL either due to disease progression or death, whereas
the time-to-deterioration excludes progressive disease as an event, better reflecting the possible impact of
adverse effects of anti-glioma therapies on various domains of QoL [35]. The CODAGLIO (COmbining
clinical trial DAtasets in GLIOma) project that captures QoL data of individual glioma patients assessed
using QLQ-C30 and BN20 from previously published randomized controlled trials is the largest database
interrogating the evolution of QoL throughout the disease trajectory. Recent analysis [35] from the
CODAGLIO dataset involving 5539 patients (64% with GBM) reported 7.6 months as the median time
from randomization to disease progression. Between 9-29% of patients deteriorated before disease
progression on the evaluated QoL scales. When considering all scales simultaneously, 47% of patients
deteriorated on 1 or more scale prior to progression. Median deterioration-free survival period ranged
between 3.8-5.4 months while median time-to-deterioration varied from 8.2-11.9 months. Linear mixed
model analysis demonstrated that poor performance status was the only factor independently associated
with clinically relevant QoL deterioration while allocated treatment was not associated with QoL
deterioration in the progression-free period [35]. Disease progression had the largest share as event in
deterioration-free survival analysis (49-82%) compared with QoL deterioration in the absence of disease
progression (9-25%) or death (8-35%) reaffirming the notion that recurrent/progressive disease remains
the strongest driver of QoL decline in patients with HGG which accelerates substantially at relapse.

Strengths and limitations: The present analysis is one amongst the few prospective studies evaluating
QoL longitudinally in poor-prognosis HGG patients treated with palliative hypofractionated RT. Patients
were selected based on pre-specified eligibility criteria and treated uniformly with focal conformal RT
techniques. Only patients with complete QoL data were analyzed without the need for missing data
imputation. However, despite the above strengths, several limitations remain. There was significant
patient attrition over time precluding assessment of the impact of palliative hypofractionated RT on QoL
in the medium to long-term (3-6 months and beyond). None of the patients in our study received TMZ
concurrently during short-course RT and only patients with stable/improved performance status after RT
received adjuvant TMZ; this would be considered as sub-optimal therapy given that combined modality
chemoradiotherapy (RT plus concurrent and adjuvant TMZ) is considered the current standard of care for

Page 7/17



this subset. Our analysis of QoL was restricted to patients who completed their planned course of RT; it is
possible that patients who were unable to comply with their planned treatment had worse QoL scores
(both at baseline and during therapy) which is not reflecting in the present dataset. Although not used
prophylactically, most patients received corticosteroids based on clinical/neurological status either during
RT or subsequently on follow-up which might have contributed to symptomatic improvement reflecting in
stable/improved QoL scores. The QoL forms were largely self-administered in our study; however,
occasionally such forms might have been filled by care-givers raising some concerns regarding the
veracity of assessment. We did not assess the QoL after documented clinico-radiological progression
potentially introducing bias and confounding the interpretation of results. Finally, ours was a single-arm
study with lack of appropriate controls for comparison.

Conclusion

Short-course palliative hypofractionated RT in patients with poor-prognosis HGG does not impair QoL in
the short-term; but is rather associated with stable and/or improved QoL scores in several
domains/symptom scales making it a viable resource-sparing alternative regimen.
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Table

Table 1: Baseline patient and disease characteristics of the study cohort (N=42)
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Characteristics

Gender

Age distribution (at diagnosis)

Karnofsky Performance Status

Histological grade

Anatomic location of tumor

Recursive Partitioning Analysis (RPA) class

Male
Female
36-45 years
46-55 years
56-65 years
66-75 years
76-85 years
40-50

60-70

80-90

Grade lll
Grade IV
Frontal
Parietal
Temporal
Occipital
Thalamic
RPA class IV
RPA class V
RPA class VI

Number of patients (%)

25 (59.5%)
17 (40.5%)
7 (16.7%)
12 (28.6%)
13 (31.0%)
9 (21.3%)
1(2.4%)
20 (47.6%)
18 (42.9%)
4 (9.5%)

8 (19.0%)
34 (81.0%)
12 (28.6%)
12 (28.6%)
16 (38.0%)
1(2.4%)
1(2.4%)
12 (28.6%)
20 (47.6%)
10 (23.8%)

Supplementary File S1

Supplementary File S1 is not available with this version.

File S1: Clinical study protocol
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Baseline Mean Scores
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Figure 1

Mean baseline quality-of-life (QoL) scores of patients with poor prognosis high grade glioma (HGG)
treated with palliative hypofractionated radiotherapy (present study cohort) compared to patients treated
previously with normofractionated radiotherapy (historical HGG cohort). Higher scores in functional
domains and lower scores in symptom scales denote better QoL. Note worse QoL at baseline in the
present study cohort compared to historical HGG cohort reflecting higher symptom burden and
suboptimal performance status dictating the choice of palliative fractionation
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FUNCTIONAL DOMAINS EORTC QLQ - C30
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Figure 2

Mean scores of various functional domains of quality-of life questionnaire (QLQ-C30) assessed at
baseline, conclusion of palliative hypofractionated external beam radiotherapy (EBRT), and subsequently
longitudinally on follow-up at 1, 3, and 6-months after EBRT. Note stable and/or clinically improved
scores in physical functioning (PF), role functioning (RF), emotional functioning (EF), cognitive
functioning (CF), social functioning (SF) and global health status (GHS) over time
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SYMPTOM SCALES EORTC QLQ-C20
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Figure 3

Mean symptom scores of quality-of life questionnaire (QLQ-C30) assessed at baseline, conclusion of
palliative hypofractionated external beam radiotherapy (EBRT), and subsequently longitudinally on
follow-up at 1, 3, and 6-months after EBRT. Note statistically significant improvement in scores for fatigue
(FA) and dyspnoea (DY), while scores for nausea/vomiting (NV), pain (PA), insomnia (SL), appetite (AP),
constipation (CO), diarrhoea (DI) and financial difficulty (FI) remained largely stable
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SYMPTOM SCALES OF EORTC BN20
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Figure 4

Mean symptom scores of brain cancer module (BN20) assessed at baseline, conclusion of palliative
hypofractionated external beam radiotherapy (EBRT), and subsequently longitudinally on follow-up at 1,
3, and 6-months after EBRT. Note statistically significant improvement in scores for motor dysfunction
(MD), while scores for future uncertainty (FU), visual disorder (VD), communication deficit (CD), headache
(HE), seizure (SE), drowsiness (DR), hair loss (HL), itchy skin (IS), weakness of limbs (WL) and bladder
control (BC) remained largely stable over time
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Figure 5
Swimmers-lane plot representing longitudinal quality-of life (QoL) trajectory of individual patients in the

present study cohort for global health status. The graph is a bar diagram showing the length of follow-up
for each patient with indicators of disease progression (triangle) and death (circle)
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