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We performed a literature review with respect to factors in-
fluencing health-related qualityof life (QOL) in adults with
primary brain tumors. A comprehensive, peer-reviewed
literature search was performed including studies exam-
ining QOL in adults with high-grade gliomas and low-
grade gliomas and in routine neuro-oncology practice.
The interpretation and implication of QOL domain
scores may be different in high-grade, low-grade, and
benign brain tumors. Several patient-related, treat-
ment-related, and sociocultural factors influence QOL
scores. Pretreatment baseline QOL domain scores have
been shown to be a predictive parameter for survival
function. Implementation of QOL scores in routine clin-
ical practice is underused. QOL is an important outcome
measure in the treatment of patients with brain tumors
and should be incorporated as a surrogate end point
along with traditional end points, such as disease-free
and overall survival in most current trials.
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Background

P
rimary brain tumors comprise 2% of all malignan-
cies in the adult patient population.1 Over the past
few years, improvements in treatment approaches

have included refinements in surgical resection, radiation
therapy delivery methods, and newer systemic agents for
these tumors. There have also been tremendous advanc-
es in the understanding of the molecular biology of these
tumors, aiding the exploration of several new potential
therapeutic avenues.2 Such advancements have im-
proved survival function in both benign and malignant
brain tumors. Unfortunately, even with modern treat-
ment modalities, long-term outcomes in high-grade
gliomas and other such tumors remain disappointingly

low, with diffuse low-grade glioma transforming to
high-grade in a median duration of 5–7 years.3,4

In benign tumors, neurological and neurocognitive
function preservation is the prime concern of
treatment. Therefore, preservation of normal daily activ-
ities and neurological function is being increasingly
taken into consideration in the present day neuro-
oncology practice, and quality of life (QOL) is consid-
ered an important end point.5 Prospective studies
evaluating the impact of disease progression and treat-
ment on QOL domain parameters have shown disease
progression to have detrimental impact on QOL
domain scores.6,7

A meta-analysis of 30 prospective clinical trials
(n ¼ 10,108) from different primary tumor sites con-
firmed that pretreatment (baseline) QOL parameter
scores, such as physical functioning, pain, appetite
loss, and World Health Organization performance
status, have prognostic significance on survival function.
Age, sex, socio-demographic parameters, and distant
metastasis have also been shown to influence QOL
score.8

Treatment with aggressive surgery, radiation therapy,
and chemotherapy schedules in advanced and metastatic
disease impair QOL domain scores.6–8 There is a need
for caution regarding some of the potentially aggressive
treatments, which may improve the clinically meaningful
survival function, but may significantly impair QOL func-
tion. On the other hand, prospective clinical trials in other
cancer sites have proven that early supportive care and
preservation of QOL eventually improves survival func-
tion.9 Similarly, many other prospective studies suggest
that pretreatment baseline QOL domain scores are also
predictive of survival function.10

QOL Evaluation Tools

There are various QOL and neurocognitive function as-
sessment tools being used in clinical trials and clinical
practice.5,11–19 Functional evaluations are broad, either
with objective assessment (eg, clinical examination by
physician or nurse) or subjective assessment through
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questionnaire-based evaluation of well-being and QOL.
Commonly used objective evaluation tools are
Karnofsky performance score (KPS), neurological perfor-
mance score (NPS), Barthel’s activity of daily living, and
others. Objective questionnaire-based QOL evaluation
tools are mainly European Organization for Research
and Treatment of Cancer (EORTC) Core Quality of
Life Questionnaire (QLQ-C30), brain-specific module
(BN-20), and Functional Assessment of Cancer Therapy
(FACT) cancer-specific scales.12–19 Neurocognitive func-
tion is assessed using a various battery of tests.16 The ex-
tensive MD Anderson Symptom Inventory-Brain Tumor
Module (MDASI-BT) has 22 symptom items that mea-
sures affective, cognitive, focal neurologic deficit, consti-
tutional, generalized symptom, and gastrointestinal-
related factor. In the MDASI-BT, data collection tools
included a patient-completed demographic data sheet,
an investigator-completed clinician checklist, and a core
inventory with 18 neurological symptoms.15 In the
RTOG 0525 phase-III randomized study (n ¼ 833), a
dose-dense temozolomide (TMZ) regimen after concom-
itant chemo-radiation therapy in gliobloastoma was eval-
uated with survival function and QOL.20

Factors Influencing QOL Score

QOL scores depend on various patient-, tumor-, and
treatment-related factors.11,12,20–32 There may be differ-
ential importance of various factors influencing QOL
scores in high-grade gliomas (HGGs) and low-grade
gliomas (LGGs). In both in HGGs and LGGs, the
tumor appears to be one of the major factors influencing
cognitive function and QOL domain scores.4,21,22,33,34

Patients with controlled disease have the most preserved
QOL domain scores, whereas there are impairments on
progression.4,22 Other tumor-related factors influencing
QOL scores are tumor site, laterality, size, hypothalamic
involvement, hormonal deficiencies, and epilepsy.23–29

Anticonvulsants, corticosteroids, new neurological
deficit, higher dose of radiation therapy, and chemother-
apy all have detrimental effects on QOL scores.29–32

Complete surgical resection, radiation therapy in
HGGs, or low dose per fraction radiation therapy in
LGGs with loco-regional control will improve or main-
tain QOL domain scores.4,22,23,28 Different socioeco-
nomic and cultural factors also play a role in QOL
domain scores.11

QOL Issues in HGGs

Patients with HGGs often present with convulsion disor-
ders, headache, and neurological deficit.18 These symp-
toms lead to definite impairment of functional abilities
and QOL. Impairment of cognitive function domains
in HGG depends on tumor size and location of the
tumor.21,23–26,33,34 Surgical excision of the tumors
reduces the mass effect, mainly improving motor func-
tion and related QOL domains. On the other hand,

injury due to aggressive surgical intervention may also
induce further neurological deficit and, thus, impair
QOL and survival.32 In a non-randomized prospective
study, safe surgical resection improved neurological
function and QOL domain scores.35 It seems that safe
surgical resection with no additional neurological
deficit after surgery leads to optimal survival function
improvement and preservation of QOL.

In HGG, postoperative radiotherapy (RT) has been
shown to improve survival.4,22 Median survival even
after treatment is relatively short (12–17 months), and
therefore, preservation of neurological function and
QOL is an important end point. RT may decrease
QOL scores in patients with adverse effects, such as
hair loss, fatigue, somnolence, and cognitive problems.33

Early QOL studies (n ¼ 525) in both newly diagnosed
and recurrent HGG showed that patients with HGGs
have impairment in QOL domains, particularly in
fatigue, uncertainty about the future, motor difficulties,
drowsiness, communication difficulties, and headache.33

Patients with controlled disease had better QOL domain
scores than did those with residual/recurrent disease.33

Patients with recurrent disease had poorer QOL scores,
compared with patients with newly diagnosed
HGGs.21,33,34 There was no significant difference in
QOL domain scores in patients with anaplastic astrocy-
tomas and those with GBMs.33 Corticosteroid and anti-
convulsant treatments have been shown to have a
detrimental effect in few of the QOL domain scores
(fatigue, somnolence) and may reduce neurocognitive
function.33

Prospective, multi-centric randomized studies estab-
lished the role of concomitant chemotherapy with
TMZ and RT in newly diagnosed GBMs.3 Patients
with GBM (n ¼ 583) treated with TMZ+RT had statis-
tically significant improvement in survival function
(2 months overall survival benefit with RT + TMZ;
P ¼ .001).3 Long-term follow-up in the same study con-
firmed the superiority of TMZ+RT as the new standard
of care in newly diagnosed GBMs.36 Although there was
evidence of improvement with TMZ + RT in GBMs, the
main apprehension was with regard to QOL and toxicity
profile with TMZ when prescribed along with RT. TMZ
is known to have mainly hematological (thrombocytope-
nia) and gastrointestinal (nausea) toxicities.37 Prospective
QOL study in the same cohort of patients established that
there was no significant detrimental effect of TMZ along
with RT.21 The RT + TMZ arm had poorer nausea and
vomiting scores after RT completion, although there
was no statistically significant difference compared with
the RT alone arm.21 There was improvement in global
QOL score after RT + TMZ that was maintained until
there was clinical or radiological progression. The
TMZ + RT arm had worse social functioning score
(P ¼ .0052).21

Dose escalation study with conformal irradiation
(dose levels, 66, 72, 78, and 84 Gy) were evaluated pro-
spectively, and QOL was assessed with the Spitzer
Quality of Life Index (RTOG 93–03).38 Patients with
tumor control had shown preservation of QOL
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scores.38 Dose escalation was not shown to be a signifi-
cant detrimental factor for QOL.38 However, there is a
need for a larger study to evaluate the impact of dose es-
calation on QOL. Dose escalation with brachytherapy in
HGGs has been shown to have a detrimental impact on
both survival function and QOL.32

In HGGs, tumor is an important factor influencing
neurocognitive function and QOL.21,34 Disease recur-
rence/progression is associated with impairment of
QOL domain scores.34 Treatment modalities in recur-
rent HGGs also influence QOL scores. Treatment with
TMZ had no significant negative effect on QOL in pa-
tients with recurrent GBM.39 Responders to TMZ had
improvement in QOL domain scores (global, motor dys-
function, emotional function, drowsiness, future uncer-
tainty, and communication deficit) until clinical or
radiological disease progression.39

Although TMZ and RT in GBM have not been shown
to have any significant detrimental effect on QOL
scores,21 combined procarbazine, CCNU (lomustine),
and vincristine (PCV) chemotherapy after RT in patients
with anaplastic oligodendroglioma (n ¼ 368; EORTC
26951) did show a negative impact on early QOL
domain scores (nausea/vomiting, appetite loss, and
drowsiness).30,40 In longer follow-up, however, there
was a significant difference between RT alone and
RT+PCV.40 In anaplastic oligodendrogliomas (RTOG
94–02), there was no progression-free survival benefit
with PCV and no impact on QOL.41 Dose escalation
study in GBM with carmustine chemotherapy (RTOG
98–03) showed progressive deterioration of QOL func-
tion.42 Few studies with small numbers of patients
showed no QOL benefit with carmustine-
impregnated wafers in recurrent/progressive HGGs.43

Early studies with bevacizumab (a humanized monoclo-
nal antibody that binds and inhibits the activity of
VEGF) showed promising results in recurrent/refractory
HGGs in terms of neurocognitive function preserva-
tion.44 A randomized phase II study comparing bevaci-
zumab alone or in combination with irinotecan
(n ¼ 167) in patients with recurrent/refractory GBM
showed 75% reduction of corticosteroid dose at 6
months after treatment follow-up.45 It seems that the
steroid-sparing effect of bevacizumab improves neuro-
logical symptoms and may have a positive impact on
QOL in recurrent/refractory HGGs. Long-term survi-
vors with HGGs show improvement in QOL domain
scores and may match healthy individuals.45 A review
of 300 patients with GBM treated with re-irradiation
yielded 6-month PFS of 28%–39%; 1-year overall sur-
vival of 18%–48% and clinical improvements (QOL
score) were observed in 24%–45%. Patients with KPS
,70 had higher risk of early progression and lesser
benefit from re-irradiation.46

The recently concluded RTOG-0525 study compared
dose-dense TMZ to standard adjuvant TMZ in a large
patient population (n ¼ 833) and extensively evaluated
QOL endpoints in addition to survival. QOL was
overall worse in patients receiving a dose-dense TMZ
schedule. Of interest, several QOL domains emerged

as strong predictors of overall survival. These included
baseline physical functioning (0.988; 95% confidence
interval [CI], 0.977–0.999; P ¼ .029), baseline delayed
recognition (0.874; 95% CI, 0.771–0.991; P ¼ .036),
cognitive function decline (MDASI-BT; 1.82; 95% CI,
1.14–2.89; P ¼ .012), cognitive function decline
(QLQ-BN20; 1.95; 95% CI, 1.23–3.09; P ¼ .004),
deterioration of motor function (1.59; 95% CI, 1.02–
2.47; P ¼ .041), and deterioration of delayed recogni-
tion (1.90; 95% CI; 1.14–3.15; P ¼ .013). The investi-
gators have demonstrated that changes in QOL can
act as useful markers of response and/or progression.
In addition, encouragingly, collecting detailed QOL
data are feasible in a large clinical trial setting.20 This
may well act as a benchmark for future clinical trials.

QOL Issues in LGGs

LGGs include diffuse fibrillary astrocytoma, oligo-
dendroglioma, and mixed oligo-astrocytomas, and
median PFS after diagnosis is 5–7 years; 5- and 10-year
PFS rates are 50% and 12%, respectively.4 In LGG,
tumor is the most important factor influencing the QOL
and neurocognitive function score.4,22 LGGs are treated
with total or near-total surgical resection. Patients with
LGG treated with gross surgical excision have been
shown to have improved QOL domain scores.4 In LGG,
after safe surgical excision with no additional neurologi-
cal deficit, peri-operative injuries do not impair QOL
domain scores.4 Patients with biopsy only had poorer
QOL scores.4,22 It appears that patients with deep
seated/eloquent area LGGs are treated with biopsy
only, and impaired QOL function may be mostly attribut-
able to the location of tumor rather than surgery
type.4,11,22 Prospective evaluation of LGGs (n ¼ 101)
with pre- and postoperative QOL evaluation and long-
term evaluation (.10 years) suggests that there is short-
term impairment of cognitive and QOL domain functions
after surgery.47 However, after safe surgical resection,
QOL is maintained in long-term follow up.47 Location
of the tumor has shown to influence QOL score.24

Patients with dominant hemisphere tumor had more dis-
ability in cognitive function scores.24 Patients treated with
anti-epileptics had poor attention and execution func-
tion.26 Right hemisphere lesions cause poor perception
and psychomotor speed function.24 Left hemisphere
lesions are associated with poor attention and execution
function.24

Two important studies have evaluated the RT dose-
response relationship in LGGs.23,48 There was a
plateau in the dose-response curve after RT dose of
45 Gy (in 1.8–2 Gy/fraction). The EORTC 22845
study addressed the role of RT (early vs late) in LGGs
in multi-centric, prospective, randomized setting.23

The recent update with longer follow-up (follow-up
range, 2–22 years; median, 9.3 years) of this random-
ized study with a large cohort of patients (n ¼ 311)
showed PFS benefit in the early RT arm and no diffe-
rence in overall survival.4 Thus, young patients with
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seizures and near complete surgical excision are consid-
ered for late RT at progression. On the other hand, pa-
tients with higher probability of local recurrence
(according to Pignatti’s criteria) were considered for
early RT.49 Early RT in patients with LGG with high-
risk of recurrence delays disease progression and, thus,
may also preserve cognitive function. Unfortunately, in
this randomized study, QOL assessment was not includ-
ed; thus, the impact of early or late RT on QOL param-
eters was not evaluated.

A prospective study of 195 LGGs at Maastricht
University with long-term follow up (median follow-up,
12 years) assessed the QOL parameters with RT in
LGGs.50,51 Patients with LGGs had poorer cognitive
function scores, compared with healthy matched indi-
viduals and patients with Non-Hodgkin Lymphoma/
Chronic lymphocytic leukemia.50 It suggests that
tumor impairs cognitive function and QOL. First assess-
ment at 6 years after RT did not show any significant dif-
ference in cognitive function domains between the early
RT and the no (delayed) RT arms.50 However, at second
assessment after 12 years, significant worsening of
cognitive domains, such as executive functioning
(P ¼ .03), information processing speed (P ¼ .05), and
attention domain (P ¼ .003), were seen in the early RT
arm.51 Higher dose per fraction (.2 Gy) may have
accelerated detrimental impact on cognitive functions.51

This study showed that even conventional RT (1.8–2 Gy
per fraction) can cause additional late delayed cognitive
function impairment, especially in the attention domain.
Chemotherapy also has shown to impair cognitive func-
tion (“chemobrain”).29 A prospective study of TMZ in
LGGs showed preserved QOL scores in patients with con-
trolled/stable disease.31

QOL Issues in Benign Tumors

Benign brain tumors/lesions (eg, craniopharyngiomas,
pituitary tumor) do not progress to higher grade and
usually have long survival.52–56 Reduction of mass
effect with surgical intervention, prevention of progres-
sion, and preservation of neurological function are the
main goals of treatment. Unfortunately, there are only
few prospective cognitive function and QOL studies in
adult patients with these rare benign conditions. In cra-
niopharyngiomas and pituitary tumors, hydrocephalus,
growth hormone (GH) deficiency, and hypothalamic in-
volvement have been shown to impair cognitive func-
tion.52–56 The transsphenoidal approach has been
shown to preserve QOL domains in pituitary tumors.55

Patients with acromegaly with controlled disease have
preserved QOL scores compared to patients with uncon-
trolled disease.56 GH deficiency has a detrimental impact
on QOL.54 Patients with craniopharyngiomas have im-
paired cognitive function scores, compared with healthy
individuals.52 It seems that conventional postoperative
RT has no detrimental effect on patients with pituitary
tumors or craniopharyngiomas.52,53

QOL Studies in Routine Clinical Practice

The majority of data on QOL in brain tumors are from
western populations in which the socioeconomic and
cultural backgrounds are different from those in Asian
populations.11,21,22,33,34 Interpretation and implication
of QOL domain scores may be different in clinical
trials with well-informed patients and comprehensive
consent forms than in routine clinical practices in
which patients are less informed about the outcome of
the treatment.11 Socio-cultural factors may interfere
with dissemination of appropriate information regard-
ing the disease and prognosis.11 There are publications
on QOL in routine clinical practice from neuro-
oncology centers in Asian countries, such as China,
Taiwan, and India. There are QOL studies from both
clinical trials and routine clinical practice from devel-
oped countries.57–60

A QOL study from Brazil (n ¼ 30) with FACT Br and
SF36 questionnaires showed the feasibility of QOL
studies in routine clinical practice.18 Tsay et al. from
Taiwan evaluated the impact of pre-surgery distress
and anxiety in benign primary brain tumors (n ¼ 58)
in routine clinical practice and its impact on QOL.58

There was impairment of QOL scores with severe dis-
tress and anxiety. A QOL evaluation from China using
the EORTC- QLQ C30 questionnaire showed emotional
impairment in 84.8%, social and cognitive impairment
in 75%, physical impairment in 70.7% and role impair-
ment in 50% of patients with gliomas (n ¼ 92).57

Factors, such as age, KPS, WHO grade, and tumor recur-
rence, significantly affected QOL scores. Ruge et al.
(n ¼ 33) performed a short-term (median follow-up,
18 months) QOL evaluation with SF-36 in LGGs
treated in routine clinical practice.61 Chaichana et al.
showed that, in HGGs (n ¼ 544), preoperative KPS
score ≥90, preoperative seizures, gross-total resection,
TMZ, new postoperative motor deficit, older age, and
tumor recurrence influences functional status and QOL
in routine clinical practice.62 A Canadian study
(n ¼ 130) suggested that older age has a detrimental
effect on QOL scores.63 Computer-based QOL monitor-
ing (EORTC C30 and BN20) has also been shown to be
feasible in routine clinical practice.64 Patients with
GBM (n ¼ 50) in routine practice with poor distress
and anxiety scores had poorer QOL questionnaire com-
pliance.60 Patients with HGG (n ¼ 648) with better
seizure control had better preservation of QOL
scores.60 A retrospective series of 91 patients with me-
ningioma treated in Germany confirmed the negative
impact of age on cognitive function.59

Our earlier published study showed that patients with
brain tumors treated in routine clinical practice in devel-
oping countries have a different patient demographic
profile, compared with patients from developed coun-
tries.65 In developing countries, HGGs occur 1 decade
earlier than in developed countries, and the proportion
of patients with benign tumors was relatively lower in
developing country data. It seems that these variations
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in patient demographic profile may be related to differ-
ential life expectancy in different countries. QOL in
routine clinical practice (n ¼ 243) described the diffe-
rence in baseline future uncertainty scores in patients
from developed countries with that in patients from de-
veloping countries.11 Tumor type (HGG and LGG) and
neurological function status (KPS and NPS) influenced
baseline QOL domain scores. On the other hand, eco-
nomic and literacy status did not have a significant influ-
ence on QOL scores. In the same cohort of patients,
follow-up evaluation showed .20-point improvements
in scores in seizure control, motor dysfunction (34%),
pain (30%), insomnia (28%), headaches (26%), and
communication deficit (22%). In LGGs, significant
(.20 point) improvement was seen in seizure (33%),
social function (30%), and headache (30%) domains,
whereas there was some deterioration was in appetite
loss (39%) and fatigue (24%) domains. During post-
treatment follow-up, patients from high economic
strata had more preserved global QOL function than
did those form middle or low economic strata. Patients
with complete or near-total excision of tumor had pre-
served QOL scores and patients who underwent only
biopsy had poor pretreatment QOL scores. This
suggests that site of the disease (surgically unapproach-
able region or deep-seated tumor) and type of tumor ad-
versely influences the QOL score rather than surgical
intervention itself. On the contrary, this may be a
result of reduction of effect of tumor (mass effect/hydro-
cephalus) after radical surgery. Although there were dif-
ferences in few QOL domains, in overall review, there
was no significant difference between QOL data ob-
tained from developing countries and those from devel-
oped countries.

QOL Evaluation Concerns and Issues

Evaluation, interpretation, and collection of QOL data
are the most contentious issues and are now seriously
evaluated.66–68 A major problem of the questionnaire
method of QOL measurement is the internal consisten-
cy.66 There are debates regarding the change in QOL
domain scores, which may have a clinically meaningful
impact of follow-up evaluation. A small change in
QOL scores from baseline may have statistical signifi-
cance; however, if the change in score is small, there
may not be any clinically meaningful change in patient
perception. It seems that clinically relevant QOL
domain score change depends on different domains
and may also be influenced by socio-economic and cul-
tural factors.66 Recent studies suggest that minimum
clinically important difference (MCID) in BN 20
domain scores for improvement or deterioration in phys-
ical domain is 9, role function 12, cognitive functioning
8, global health status 4, fatigue 9, and motor

dysfunction 5. In mini-mental state examination,
MCID ranges from 5 to 14.66

Subjective questionnaire-based QOL evaluation has
few other concerns, such as questionnaire filling and
missing data. Caregivers commonly fill out question-
naires on behalf of patients with HGGs and severe neu-
rological deficits.67 There are differences in concordance
between the patient and caregiver scores, and these
factors dilute subjective assessment scales. Prospective
study regarding concordance suggested that, in .50%
of questions, there was some degree of disagreement
between the patients and their caregivers. The most
common disagreements were in the domains of emotions
and household needs.68

Concerns regarding the effects of missing pattern of
patient in subsequent follow-up have been the topic of
discussion for the past 2 decades.69 Initially, the missing
pattern was thought to be a random phenomenon and,
thus, may not influence the QOL scores in subsequent
follow-up. Of interest, patients who had missed baseline
QOL evaluation because of some administrative error
also had lower QOL scores. Quality of QOL data may
be improved by minimizing administrative error, collec-
tion of consecutive patient data, and reducing dropout
rates in subsequent follow-up.69 Implications of QOL
domain score may be different in patients from
developed or developing countries with vast contrast
in social support system and cultural influence.
Questionnaire in regional language is critical for appro-
priate QOL evaluation.

In summary, QOL is an important end point in
modern day clinical practice. In neuro-oncology, there
are several patient-related, treatment-related, and socio-
cultural factors that influence the QOL scores and their
interpretation. There are no apparent differences in
QOL domain score interpretation in clinical trial or
routine clinical practice. There are differences in few
QOL domains in patients from developing and devel-
oped countries, particularly in future uncertainty
related domains. There is a need to incorporate QOL
study in most clinical trials with modern aggressive
treatment modalities.

Search Parameters

Our PubMed search was done with (“brain tumour”[All
Fields] OR “brain neoplasms”[MeSH Terms] OR
(“brain”[All Fields] AND “neoplasms”[All Fields]) OR
“brain neoplasms”[All Fields] OR (“brain”[All Fields]
AND “tumor”[All Fields]) OR “brain tumor”[All
Fields]) AND (“quality of life”[MeSH Terms] OR
(“quality”[All Fields] AND “life”[All Fields]) OR
“quality of life”[All Fields]) AND (“adult”[MeSH
Terms] OR “adult”[All Fields]).
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