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Purpose The KNOG-1101 study showed improved 2-year progression-free survival (PFS) with temozolomide during and after radio-
therapy compared to radiotherapy alone for patients with anaplastic gliomas. This trial investigates the effect of concurrent and
adjuvant temozolomide on health-related quality of life (HRQoL).

Materials and Methods In this randomized, open-label, phase Il trial, 90 patients with World Health Organization grade Ill glioma
were enrolled across multiple centers in South Korea between March 2012 to February 2015 and followed up through 2017. The
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire 30 (EORTC QLQ-C30) and 20-item EORTC
QLQ-Brain Neoplasm (QLQ-BN20) were used to compare HRQoL between patients assigned to concurrent chemoradiotherapy with
temozolomide followed by 6 cycles of adjuvant temozolomide (arm A) and radiotherapy (RT) alone (arm B).

Results Of the 90 patients in the study, 84 patients (93.3%) completed the baseline HRQoL questionnaire. Emotional functioning,
fatigue, nausea and vomiting, dyspnea, constipation, appetite loss, diarrhea, seizures, itchy skin, drowsiness, hair loss, and blad-
der control were not affected by the addition of temozolomide. All other items did not differ significantly between arm A and arm B
throughout treatment. Global health status particularly stayed consistent at the end of adjuvant temozolomide (p=0.47) and at the
end of RT (p=0.33).

Conclusion The addition of concurrent and adjuvant temozolomide did not show negative influence on HRQoL with improvement of
PFS for patients with anaplastic gliomas. The absence of systematic and clinically relevant changes in HRQoL suggests that an overall
long-term net clinical benefit exists for concurrent and adjuvant temozolomide.
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Introduction

Anaplastic gliomas account for 20% of adult gliomas which
comprise the most common type of primary brain tumors
[1]. The current standard of glioma management has been to
prioritize overall and progress-free survival by focusing on
surgery followed by radiotherapy (RT) [2]. There is growing

evidence of increased survival with the advent of temozolo-
mide in combination with RT in glioblastomas [3-5]. How-
ever, the overall advantage of combined chemotherapy with
conventional cytotoxic agents for World Health Organiza-
tion (WHO) grade III gliomas remains controversial [1]. For
1p/19q-co-deleted gliomas, PCV (procarbazine, lomustine,
and vincristine) is proven to be beneficial. According to the
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CATNON interim results, adjuvant temozolomide is proven
to be associated with improved survival [6]. The point yet to
be elucidated is the efficacy of concurrent RT with temozolo-
mide for 1p/19g-non-co-deleted gliomas [1,7-9].

Molecular markers are increasingly utilized not only as
diagnostic markers but also as prognostic and predictive
factors for patient response and chemoradiosensitivity [10].
Such molecular markers in glioma management include
co-deletion of chromosome 1p/19q, methylation status of
O¢-methylguanine-DNA methyltransferase promoter, and
isocitrate dehydrogenase (IDH) mutation [3,11-13], among
which IDH mutation remains the most significant marker
of survival in WHO grade III gliomas. Another indicator of
prognosis in addition to IDH mutation, the 1p/19q chromo-
some delineates prognosis in clinically low-grade gliomas
[14]. These 1p/19q non-co-deleted gliomas may experience
worse prognosis and faster tumor growth requiring further
attention. For example, patients with 1p/19q co-deleted glio-
mas have been shown to benefit more from adjuvant PCV
compared with those with 1p/19q non-co-deleted gliomas
[15]. However, adjuvant temozolomide benefits 1p/19q non-
co-deleted gliomas [6], while early chemotherapy has been
shown to benefit anaplastic diffuse gliomas regardless of
1p/19q status [1].

As evidence grows for combined chemoradiotherapy for
gliomas with the advent of temozolomide, it is critical to
investigate the net clinical benefit of each new treatment
modality. While optimal indications, dosing protocols and
survival analysis are all needed to review and standardize
regimen of care, consideration of a patient’s overall physi-
cal, social, and psychological well-being during treatment is
imperative. Possible benefits of a new treatment, in terms of
prolonged survival, have yet to be carefully weighed against
potential negative effects of treatment on the patients’ quality
of life. Accordingly, the focus of low-grade glioma manage-
ment has been to prolong the disease-free state often in place
of improving overall health-related quality of life (HRQoL)
during the critical treatment period [16]. The risk of deteri-
oration in physical, social, and psychological well-being in
altering regimen of care can lead to decreased quality of life
for glioma patients and should be heavily considered during
treatment improvement and standardization.

The KNOG-1101 study has proven improved 2-year pro-
gression-free survival (PFS) with the addition of concurrent
and adjuvant temozolomide for patients with anaplastic
glioma. However, even with improved PFS outcomes, con-
current and adjuvant temozolomide is not wholly curative of
total disease. Any improvement in cancer progression must
be carefully weighed against the potential negative treatment
effects on the patients’ independence and quality of life. Con-
cerns regarding the influence of additional chemotherapy on

patients’ HRQoL have therefore been raised. This secondary
analysis of KNOG-1101, a randomized open-label phase II
study, evaluates the difference in HRQoL between patients
treated with RT alone versus combined RT and chemother-
apy. Herein, we report on the influence of treatment com-
bining RT with concurrent and adjuvant chemotherapy on
patients” HRQoL which was a predefined secondary objec-
tive of the randomized clinical trial.

Materials and Methods

1. Study population

Patients with newly diagnosed histologically proven
supratentorial anaplastic gliomas (WHO grade III) without
1p/19q co-deletion were eligible to participate in this study.
Inclusion criteria were as follows: diagnosis of anaplastic
gliomas according to 2007 WHO criteria, age > 18 years,
Eastern Cooperative Oncology Group performance status
of 0 or 1, stable or decreasing dose of steroids for > 5 days
prior to randomization, RPA classification of III, IV or V,
adequate hematologic, renal and hepatic function including
an absolute neutrophil count > 1,500/uL, platelet count of
> 100,000/ uL, serum creatinine level < 1.7 mg/dL, bilirubin
level < 2.0 mg/dL, and aspartate aminotransferase/alanine
aminotransferase level < 2.5xupper limit of the normal range
at each institution.

Exclusion criteria consisted of prior chemotherapy within
the last 5 years, prior RT of the head and neck area, receiv-
ing concurrent investigational agents or having received an
investigational agent within 30 days prior to randomization,
planned surgery for other diseases, history of malignancy
with the exception of cervical carcinoma in situ or basal cell
carcinoma of the skin, pregnancy or lactation, refusal to use
effective contraception, concurrent illness that would inter-
fere with the prescribed treatment and inability to undergo
gadolinium-based magnetic resonance imaging (MRI).

2. Study design and treatment

The KOREANA study was a multicenter study performed
by the Korean Neuro-Oncology Group [17]. The trial was
a randomized, open-label, phase II study created to evalu-
ate the efficacy between combination therapy with RT and
temozolomide versus RT only in Korean adult patients with
newly diagnosed supratentorial grade III gliomas without
1p/19q co-deletion. The study protocol was registered at
clinicaltrials.gov (NCT01534845).

Upon enrollment into the study, patients were diagnosed
and confirmed to have anaplastic glioma at each institution.
Tumor material was then assessed for 1p/19q co-deletion
status using fluorescent in-situ hybridization and reviewed
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Fig. 1. Recruitment and inclusion of patients in the study (CONSORT diagram). Data includes the number of patients in each category
(baseline, alive, and progression-free) who completed the HRQoL questionnaire. CCRT, concurrent chemoradiotherapy; HRQoL, health-

related quality-of-life; RT, radiotherapy; TMZ, temozolomide.

by a pathologist (C.G.Y.) [18]. After confirmation of 1p/19q
co-deletion, patients were screened for inclusion and ran-
domly assigned in equal numbers to receive either RT alone
or RT with concurrent and adjuvant temozolomide. Clinical
data were collected and validated using a web-based clinical
research management platform (Velos Inc., Fremont, CA).

All patients received fractionated focal irradiation in daily
fractions of 2 Gy given 5 days per week for 6 weeks for a total
of 60 Gy. When given concurrently with RT, temozolomide
was administered daily from the first to the last day of RT,
including on non-RT weekend days, at a dose of 75 mg/m?
for a maximum of 6 weeks. During adjuvant chemotherapy,
temozolomide administration began 4 weeks after com-
pletion of RT for a maximum of 6 cycles. Patients received
150 mg/m? temozolomide on days 1-5 of the first cycle and
200 mg/m? on days 1-5 of subsequent cycles if no or minor
toxicity was seen during the first cycle. Temozolomide was
provided to individuals free of charge by MSD Korea. Upon
disease progression, a rescue regimen was suggested for
patients with RT-only group.

Patients were followed up weekly during RT, every 2
weeks during adjuvant temozolomide treatment, and eve-
ry 3 or 4 months after completion of all treatment. Tumors
were assessed with MRI 4 weeks after the end of RT, every 3
months until the second year, and every 6 months thereafter
until disease progression. Radiographic response was com-
pared to the tumor measurement obtained at pretreatment
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baseline measurements as a reference. Response was then
categorized into four groups using new criteria proposed
by the Response Assessment in Neuro-Oncology (RANO)
working group. Patients with possible pseudo-progression
were kept on current treatment and re-evaluated 4 weeks
thereafter to clarify treatment response. Steroid dose was
reviewed at every outpatient visit. Clinical evaluation with
adverse event was scored with the National Cancer Institute
Common Toxicity Criteria for Adverse Event ver. 4.0. Euro-
pean Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire 30 (QLQ-C30) and
20-item EORTC QLQ-Brain Neoplasm (QLQ-BN20) were
used to evaluate HRQoL at baseline and during all visits
requiring an MRI scan.

3. HRQoL assessment

Evaluation of HRQoL was performed using the validated
EORTC QLQ-C30 and QLQ-BN20. Paper questionnaires
were completed at baseline and at each visit requiring an
MRI. With a baseline study prior to treatment as reference,
this study compares HRQoL after concurrent chemoradio-
therapy (CCRT) completion (arm A) versus after RT cycle 1
without chemotherapy (arm B). In addition to global health
status, five items were scored within a functional scale (physi-
cal functioning, role functioning, emotional functioning, cog-
nitive functioning, social functioning), nine items within the
symptom scale (fatigue, nausea and vomiting, pain, dysp-
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Table 1. Baseline demographic and disease characteristics

CCRT with
temozolomide
plus adjuvant

temozolomide (n=40)

Radiotherapy
alone (n=44)

p-value

Age (yr) 44.7+13.2 44.7+13.3 44.8+13.2 0.980%
Sex
Male 46 (54.8) 23 (57.5) 23 (52.3) 0.631%
Female 38 (45.2) 17 (42.5) 21 (47.7)
ECOG PS
0 34 (40.5) 12 (30.0) 22 (50.0) 0.1439
1 44 (52.4) 24 (60.0) 20 (45.5)
2 6 (7.14) 4(10.0) 2(4.5)
Extent of tumor resection
Gross total resection 37 (44.1) 17 (42.5) 20 (45.5) 0.681
Subtotal resection 17 (20.2) 9(22.5) 8(18.2)
Partial resection 14 (16.7) 5(12.5) 9 (20.5)
Biopsy only 16 (19.1) 9(22.5) 7 (15.9)
MGMT promotor methylation
Unmethylation 42 (64.6) 21 (65.6) 21 (63.6) 0.867
Methylation 23 (35.4) 11 (34.4) 12 (36.4)
Missing 19 8 1
IDH1 mutation
Wild type 44 (62.9) 22 (64.7) 22 (61.1) 0.756
Mutant 26 (37.1) 12 (35.3) 14 (38.9)
Missing 14 6 8
Follow-up duration (mo) 449 (2.8-71.1) 52.9 (3.6-69.7) 42.1 (2.8-71.1) 0.2099

Values are presented as mean+SD, number (%), or median (range). CCRT, concurrent chemoradiotherapy; ECOG PS, Eastern Cooperative
Oncology Group performance status; IDH1, isocitrate dehydrogenase 1, MGMT, O°-methylguanine-DNA methyltransferase; SD, standard

deviation. ¥Student’s t test, "Chi-square test, “Fisher exact test.

nea, insomnia, appetite loss, constipation, diarrhea, financial
difficulties), and 11 items within the brain module (future
uncertainty, visual disorder, motor dysfunction, communica-
tion deficit, headaches, seizures, drowsiness, itchy skin, hair
loss, weakness of legs, bladder control). We hypothesized
that the addition of chemotherapy would result in an equivo-
cal quality of life alongside overall improved well-being and
PFS compared to RT-only treatment.

4. Statistical methods

Baseline characteristics, details of treatments, and adverse
events were expressed as mean with standard deviation for
continuous variables and frequency with percentage for
categorical variables. The comparison between CCRT with
temozolomide and RT only groups were carried out using
Student’s t test, Pearson’s chi-square, or Fisher exact test, as
appropriate. Results were considered statistically significant
if p-value was less than 0.05. Statistical analyses were per-
formed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC).

Results

1. Study participants

Of the 147 patients screened between March 2012 and Feb-
ruary 2015, 90 patients were randomly assigned in a 1:1 ratio
to receive either CCRT plus adjuvant temozolomide (n=44)
or RT alone (n=46). A total of 84 patients (93.3%) completed
at least 1 HRQoL questionnaire at baseline: 40 (90.9%) of
those in the CCRT plus adjuvant temozolomide arm and 44
(95.7%) patients in the RT alone arm (Fig. 1). The baseline
demographics of the patients who provided HRQoL data
were comparable to those of the intent-to-treat population
and were well-balanced between treatment arms (Table 1).

2. HRQoL completion rates and baseline scores

Adherence to HRQoL assessments decreased from 93.3%
at baseline to 85.6% (77 of the 90 original treated patients)
during treatment and dropped to 61.1% (55 of the 90 original
patients) at the end of treatment (Fig. 1). Mean and median
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Fig. 2. (A) Stable health-related quality of life (European Organization for Research and Treatment of Cancer [EORTC] Functional Items)
during treatment. High score on functional scale indicates healthy level of functioning. Baseline refers to the magnetic resonance imaging
(MRI) visit before concurrent chemoradiotherapy (CCRT) or radiotherapy (RT) only begins. Temozolomide (TMZ) or after RT refers to the
MRI visit either after CCRT with temozolomide or after radiotherapy alone. End of treatment refers to the MRI visit after the 6 cycles of
adjuvant temozolomide or after 6 months since the end of radiotherapy alone. (Continued to the next page)

baseline HRQoL scores were comparable between arms for
nearly all items (S1 Table). At baseline, the CCRT group had
similar EORTC functioning scores across all scales including
physical, role, emotional, cognitive while social functioning
was 15.6% lower in the CCRT group. Symptom scales were
similar between both groups except insomnia was apparent
and financial difficulties were slightly lower in the CCRT
group prior to treatment. Within the EORTC QLQ-BN20
scores at baseline, the CCRT group had slightly higher motor
dysfunction, communication deficit, headaches relative to
the RT-only group. While the RT-only group only had greater
visual disorder scores, all other scores were similar.

3. Stable HRQoL during progression-free time

Mean changes in HRQoL over time for the global health
status and functional scale items are presented in Fig. 2A
and for the symptomatic and brain module items in Fig. 2B.
Throughout the 10-month assessment period, mean changes
from baseline were stable for all HRQoL scales (< 20-point

400 CANCER RESEARCH AND TREATMENT

change from baseline/no significant p-value difference) for
all HRQoL items in both treatment arms.

Compared with baseline, both patients in the CCRT group
and the RT-only group reported stable, unchanged scores for
global health status throughout the treatment period. Both
treatment arms also reported stable, similar scores for emo-
tional functioning, fatigue, nausea and vomiting, dyspnea,
constipation, appetite loss, diarrhea, seizures, itchy skin,
drowsiness, hair loss and bladder control. These items across
the functional, symptomatic, and brain module scale all
showed equal EORTC scores beginning from baseline and
did not change throughout the 10-month assessment period
while receiving both treatments (S2 and S3 Tables).

4. Mean changes in HRQoL from baseline

Compared with baseline, the CCRT group showed impro-
ved physical functioning, insomnia, pain, perception of
financial difficulties, and communication deficits through-
out the 10-month assessment period. In contrast, the RT-only
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Fig. 2. (Continued from the previous page) (B) Stable health-related quality of life (EORTC Symptom and Brain Module Items) during progres-
sion-free time. High score on symptomatic and brain module scale indicates problematic levels. (Continued to the next page)

group showed slightly improved role and cognitive func-
tioning while social functioning and headaches worsened
throughout the treatment period compared with baseline.
However, there were no significant differences between the
CCRT and RT-only arm overall to support concluding that
the CCRT group showed no adverse HRQoL outcomes rela-
tive to the RT-only group. Symptomatic scale items such as
motor dysfunction and weakness of legs improved for both
treatment arms compared to baseline.

Several HRQoL items such as global health status showed

a weaker score for the CCRT plus adjuvant temozolomide
arm. However, these scores initially differed before CCRT
administration and is not a reflection of the effect of adding
temozolomide to treatment.

Discussion

Anaplastic gliomas, referred to in this study as grade III
gliomas via the 2007 WHO classification, account for 20%
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of adult gliomas comprising the most common type of pri-
mary brain tumors [1]. With current management focus-
ing on maximal surgical resection followed by adjuvant RT
[2,19-21], prognosis remains poor with a median survival
range of 2-5 years [22,23]. However, growing evidence for
nitrosourea-based chemotherapy with the advent of temozo-
lomide highlights the need for investigation on the effects of
combined chemoradiotherapy on not only survival outcome
but, more importantly, quality of life during those additional
years of life [3-5,24]. The KNOG 1101 study found that temo-
zolomide addition in Korean adult patients with newly diag-
nosed WHO grade III gliomas showed an improved 2-year
PFS. Our study further found that not only did concurrent
and adjuvant temozolomide improves 2-year PFS but also
produced comparable HRQoL compared to RT only.

Our study focuses primarily on the potential effects on
quality of life by adding temozolomide to current standard
treatment of grade III gliomas. Although there is an initial
difference in global health status between patient groups, the
difference is not statistically significant and the score remains
stable throughout treatment. The score difference also existed
before administration of temozolomide began. Therefore, the
slight difference does not reflect the effect of adding temozo-
lomide on the HRQoL of patients with anaplastic gliomas.

There is initially no difference in cognitive functioning
between patient groups, but patients with RT only were
found to slightly increase in cognitive functioning. However,
the difference is not statistically significant. This difference
also may not necessarily be explained by the absence of
temozolomide but rather secondary to the decreased sample
size within the RT-only treatment arm. The response rate of
RT-only patients in the HRQoL analysis decreased from an
initial 44 patients who completed the baseline HRQoL down
to 26 patients by the end of treatment. The death of patients
throughout the 10-month assessment period decreased the
number of healthier patients with better prognosis which
may explain the difference in HRQoL scores by the end of
treatment.

Studies continue to show the efficacy of temozolomide as
shown by proven survival gain in glioblastoma as well as
glioma management [25,26]. Although former studies show
gastrointestinal and hematologic toxicity occasionally asso-
ciated with the addition of chemotherapy, the KNOG-1101
study and this secondary analysis help solidify the argument
for temozolomide with only a minimal decrease in QoL. In
our analysis of HRQoL during the early 10-month treatment
course between concurrent and adjuvant temozolomide with
RT compared to RT alone, there is overall no significant dif-
ference or change in HRQoL score across all items. Although
former studies have shown that temozolomide was occa-
sionally associated with gastrointestinal complaints such as

nausea (44%), vomiting (37%), an rarely leukopenia (1%), no
mortality was reported due to temozolomide [27].

The addition of other chemotherapeutics such as PCV
to standard RT alone for higher grade gliomas result in
improved survival. However, these chemotherapeutics were
found to be more toxic compared to the addition of temo-
zolomide as reflected in the HRQoL score comparisons in
prior studies [28]. The addition of temozolomide to standard
glioma treatment results in improved PFS as shown by the
KNOG-1101 study and without a significant negative influ-
ence on HRQoL as shown by our analysis. Thus, combined
CCRT with temozolomide is a safe and effective treatment
protocol for patients diagnosed with WHO grade III glio-
mas and should be considered in improving standard brain
tumor management for patients with anaplastic gliomas.

This study has several limitations. First, the current trial
was open-label because RT alone is considered standard
treatment and this alternative to temozolomide inclusion was
not considered ethically unacceptable exposure to patients
with glioma diagnosis which patients understood upon
acceptance into the trial. Although a “placebo effect” may
affect subjective end points like quality of life or even PFS by
influencing the frequency of imaging and its interpretation,
in the current trial a consistent benefit was observed in PFS
as assessed by blinded central radiology review. Second, 63
patients were excluded from the original 147 patients during
interim analysis due to lack of consent, refusal, disease pro-
gression among other reasons. Because of our smaller sam-
ple size due to initial recruitment and patient dropout due to
various reasons out of our control, further studies address-
ing the HRQoL of temozolomide addition may be required
in a larger patient population. Third, the failure to follow-up
throughout the treatment period due to death or progres-
sion decreased the response rate and may have skewed the
HRQOoL scores between groups by the end of treatment.
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