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Patients with primary brain tumors such as malignant gliomas are highly symptomatic, often from the time of diagnosis. Signs
and symptoms (signs/symptoms) can cause functional limitations that often worsen over the disease trajectory and may impact
patient quality of life. It is recognized that standard measurements of tumor response do not adequately measure this impact or
the impact that a therapy may have to mitigate these signs/symptoms and potentially have clinical benefit. Identifying a core set
of signs/symptoms and functional limitations is important for understanding their clinical impact and is the first step to including
clinical outcomes assessment in primary brain tumor clinical trials.
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Primary brain tumors (PBTs), including malignant gliomas, are
often associated with significant morbidity, and most are incur-
able. Neurologic signs and symptoms (signs/symptoms), such
as headaches, seizures, neurocognitive dysfunction, and
motor deficit, often lead to diagnosis and impact patients
from the time of diagnosis. These signs/symptoms cause func-
tional limitations and later in the disease trajectory may herald
tumor recurrence. Similar to other solid tumors, treatment can
also result in signs/symptoms that may compound tumor-
associated signs/symptoms, further impacting patient function
and quality of life (QOL).

There is increasing recognition that clinical studies evaluat-
ing tumor response and using only measurements of tumor
size based on imaging or metrics (eg, overall survival [OS] or
progression-free survival [PFS]) are inadequate in malignant gli-
oma patients.1 In addition, patients not only want to live lon-
ger, they want to live comfortably and function normally for as
long as they can. Unfortunately, too often clinical trials do not
sufficiently include rigorous clinical outcomes assessments
(COAs) as endpoints.

To help invigorate brain tumor drug development that aims
to develop and approve drugs to both extend life and improve
or maintain function, we need to advance the addition of a pri-
ority first-set of nonradiographic patient-centered endpoints

that have clear value to patients and caregivers as well as spon-
sors, regulators, and researchers. In an effort to improve under-
standing of the clinical impact of malignant glioma, the FDA/
Jumpstarting Brain Tumor Drug Development Coalition (JSBTDDC)
COA workshop was held in the fall of 2014, with the primary
goal of creating a consensus for a brain-tumor clinical out-
comes priority list to be included in clinical trials. This paper
outlines the work of Panel 1, in which the practical objective
was to provide a review of the literature describing the signs/
symptoms and functional limitations in the primary brain
tumor patient population in order to (i) identify important signs/
symptoms and functional limitations as a first step in develop-
ment of endpoints, (ii) measure clinically meaningful benefit,
and (iii) create a core priority list for inclusion in clinical trials seek-
ing OS and/or PFS as the primary endpoint. This panel was com-
prised of experts in neuro-oncology in the areas of patient care
and treatment, patient-reported and neurocognitive outcomes,
industry, and a representative from the patient community.

Background
Malignant gliomas are relatively uncommon, occurring in
,30 000 people per year in the United States and representing
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2% of all cancers.2 Despite advances over the last several de-
cades in therapeutic techniques and availability, survival re-
mains poor; overall life expectancy is ,2 years for patients
diagnosed with glioblastoma (GBM), and the 5-year survival
rate is ,20%.3 Although there are other cancers with similarly
poor outcomes (eg, pancreatic cancer and small cell lung can-
cer), there is often a sense of treatment futility in patients with
malignant gliomas that can influence perception of the risks
versus the benefits of treatment. This sense of futility may be
enhanced by the impact the disease can have from the time
of diagnosis. Studies have shown that 80%–90% of patients
with high-grade gliomas had symptoms beginning from the
time of diagnosis that prevented their return to work.4 – 6 This
is less common for patients with lower-grade tumors, where re-
ports suggest that 40% of patients do not return to the work
force.7 In addition, many patients report spending a significant
portion of their lives feeling ill and being unable to perform their
usual activities.8,9

Integration of state-of-the-art treatment does improve OS
in malignant glioma;10 however, this improvement is often
measured in months. For example, concurrent temozolomide
and radiotherapy followed by adjuvant temozolomide has
been established as the current standard of care for newly di-
agnosed GBM, based on an improved OS of 2.5 months com-
pared with radiotherapy alone (median survival: 12.1 vs 14.6
mo).11 The improvement in survival at a population level may
not be consistent in all, with a recent study indicating that el-
derly patients may be undertreated and not have the same sur-
vival benefit,10 and neither may those treated outside of an
academic center.12

In addition to assessment of survival, imaging response has
been a traditional endpoint for evaluating treatment effect;
however, measurement of disease on MRI has multiple limita-
tions. Differences in technique, variable interpretation, and the
effects of therapy on imaging characteristics have all emerged
as barriers to consistent measurement of progression and re-
sponse.13 Targeted agents, particularly those that are cytostat-
ic and do not necessarily result in tumor shrinkage, complicate
the evaluation of disease response and control. Historically,
clinical trials of new anticancer agents have used survival and
objective response rate as measures of clinical benefit. Other
endpoints capturing treatment effect on patients’ signs/symp-
toms, and functioning have not been routinely or adequately
assessed as potential indicators of clinical benefits, as demon-
strated by a recent review indicating the paucity of studies ex-
ploring the burden of treatment on patients’ abilities and
deficits over time.14 These factors combined make evaluating
efficacy challenging and result in debate about the accuracy
and meaning of clinical trial outcomes.

Signs and Symptoms in Patients with
Malignant Gliomas
People diagnosed with malignant gliomas experience a high
symptom burden “typically characterized by an uncertain prog-
nosis, rapid decline of physical function, and behavioral and
neurocognitive changes that parallel tumor progression”
(p1).15 Recently published studies have reported that patients
with malignant gliomas have a unique illness trajectory, with

rapid shifts in status16 that change over time.5,16 A systematic
review of 25 studies exploring the impact of the diagnosis of
primary gliomas documentss that patients often suffer from
severe physical and neurological dysfunction throughout their
illness that may reduce their ability to perform usual activities
and meet occupational, financial, social, and family obliga-
tions.15 Others have found that the patients’ symptoms and
functional impairment led to changes in relationships and
roles within the family, increased burden on relatives, and a
sense of social isolation.14

Neurofunctional Anatomy and Malignant Gliomas

The most common locations for primary gliomas in adults are
the frontal (23%) and temporal (17%) lobes, although tumors
do not often respect anatomic boundaries and can involve
multiple lobes. The majority of tumors occur in the cerebral
hemispheres and recur and progress locally, within a few cen-
timeters of the original tumor location. Knowledge of these
mechanisms and underlying neuroanatomy are often used
clinically to anticipate these recognized symptoms of focal ver-
sus generalized effects in evaluating patient and disease
status.

Because of their location, malignant gliomas are often as-
sociated with neurologic and neurocognitive symptoms. Our
brains are organized into dynamically changing, flexible
modules of brain regions that are connected both structurally
and functionally. Tumor association with specific signs/symp-
toms is based on established neuroanatomy and physiology
as well as global brain connectivity. Malignant gliomas arise
from the constitutive cellular elements of the brain and, un-
like systemic tumors, tend to be unifocal and rarely metasta-
size outside the central nervous system. As a result,
neurologic symptoms are determined by lesion size and loca-
tion within the brain to a certain extent, whereas widespread
loss of connectivity is reported to be associated with neuro-
cognitive dysfunction.17 Although more basic brain functions
like sensation and motor functioning have a more topograph-
ical predictability with the brain, studies using magnetoen-
cephalography have shown that a localized lesion can give
rise to widespread loss of connectivity in cerebral networks
(including the apparently healthy contralateral hemisphere)
on MRI imaging.

Malignant gliomas are thought to cause neurologic symp-
toms by multiple mechanisms that all can give rise to brain net-
work changes in distinct ways including (i) invasion of brain
parenchyma, (ii) brain compression, (iii) cerebrospinal fluid
(CSF) obstruction (hydrocephalus), and (iv) herniation.4 Inva-
sion and compression cause signs/symptoms referable to a
particular region of the brain (ie, signs referable to a particular
region of the brain) as shown in the Fig. 1 These include signs/
symptoms such as changes in vision, motor and sensory func-
tion, balance, seizures, speech, concentration, neurocognitive
functioning, and personality based on lesion location. Obstruc-
tion of CSF flow and herniation cause symptoms related to in-
creased intracranial pressure (eg, headache, nausea, vomiting,
altered neurocognitive functioning, and reduced level of con-
sciousness). As stated earlier, neurocognitive functioning is rep-
resented in widespread cerebral networks but can also be
related to brain regions to a certain extent.18
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Identifying Signs and Symptoms

The individual patient experiences symptoms as deficits charac-
terized by their frequency and severity but also as a self-shaped
perception influenced by interaction among demographic, indi-
vidual, and disease characteristics.1 For example, a recent
study exploring predictors of distress and poorer QOL in high-
grade glioma patients during treatment indicated that loss of
employment and the resulting financial impact, poorer func-
tional status, and lower education predicted higher distress
and poorer QOL.19 These factors can impact an individual’s per-
ception and response to symptoms that occur and support the
dynamic and interconnectedness of symptoms and their asso-
ciated impact on daily life.

Several groups have worked to identify symptoms relevant
to the diagnosis and management of patients with malignant
gliomas including exploration of the content validity of instru-
ments designed to allow patient self-report of symptoms. Two
of these instruments, the EORTC QLQ-BN20 and the FACT-Br,
were designed to measure the broader construct of QOL; how-
ever, signs/symptoms are also subsumed and measured. The
third instrument, the MD Anderson Symptom Inventory-Brain
Tumor (MDASI-BT), was designed to measure symptom burden
and the interference of symptoms in daily life.

The development of the EORTC QLQ-BN20 included inter-
views with patients and caregivers as well as expert health
care professionals, with a list of more than 80 issues reviewed

(and redundant items removed); a final total of 28 items were
found to be most relevant and were included in the final
scale.20 The development of the FACT-Br was outlined by Weitz-
ner21 and also included interviews with 17 sets of patients and
caregivers and review by expert clinicians. During the develop-
ment of the MDASI-BT, Armstrong et al22,23 identified domains
of symptoms that occur in primary brain tumor patients and in-
cluded those that represent increased intracranial pressure,
focal neurologic signs/symptoms, and those related to therapy.
Items identified by review of the literature were then reviewed
by an expert panel that included clinicians, patients, and care-
givers. Content validity index (CVI) scores were calculated and
used for further evaluation and validation of items. Dr. Lai et al
recently refined symptoms included in the FACT-BR; they used a
symptom index developed by identifying priority symptoms for
a panel of 50 patients enrolled through NCCN-designated can-
cer centers. The patients reported symptoms that were impor-
tant, resulting in a symptom index.24 In the development of all
of these measures, exploration of the prevalence, severity, and
association with other measures (eg, disease and performance
status) were evaluated, lending further support for these signs/
symptoms for this population.25 Tables 1 and 2 provide a sum-
mary of symptoms and functional limitations and include all 3
groups. In addition, the occurrence of these symptoms and
their importance was rated by participants in the JSBTDDC sur-
vey of brain tumor patients. The final signs/symptoms identified

Fig. 1. Signs referable to a particular region of the brain. Reprinted with permission from www.cern-foundation.org.
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by these groups and further instrument validation work (provid-
ed in Tables 1 and 2), lend additional support that these signs/
symptoms are relevant to the malignant glioma population.

Context of Signs and Symptoms in Malignant Gliomas

Symptoms at Diagnosis in Patients with Malignant
Gliomas

Patients with malignant gliomas typically present with either an
acute neurologic event or a more protracted course of worsen-
ing symptoms. The literature describing signs/symptoms of pri-
mary brain tumors at the time of diagnosis is primarily limited

to retrospective data. Three seminal papers26 – 28 (containing
clinical information from as early as 1924) have been used his-
torically to define the overall incidence of symptoms in the ma-
lignant glioma population.4 The antiquity of the data is
important because all studies are commonly cited as referenc-
es, even in contemporary reports. Thereby, several reports on
this subject include antiquated information derived from data
captured in the era before modern imaging with CT and MRI,
which have allowed earlier diagnosis of brain tumors.

Several of the more recent reports of symptoms in patients
with brain tumors have similar limitations and focus on solitary
symptoms or limited histologic subtype. Krouwer et al pub-
lished a retrospective review of presenting symptoms in 52

Table 1. Common signs and symptoms

EORTC QLQ C30 BN20 MDASI-BT NCCN/FACT-BR NBTS Survey Symptoms
Lead to Diagnosis

NBTS Survey Symptoms
Want to See Treatment
Impact

SYMPTOMS Rank Order (%) 0-5 Scale of Importance

Headache/pain X X X X 1 (57%) X (4.14)
Short-term memory X X X 4 (25%) X (4.33)
Expressive aphasia/speech X (2 items) X X (2 items) 3 (26%) X (3.9)
Receptive aphasia x x 8 (9%)
Concentration X X X 4 (25%) X (4.33)
Drowsiness x x
Hemiparesis/hemiplegia X X X X 7 (13%) X (4.12)
Change in body sensation x 6 (14%)
Vision x (3 items) x
Seizures X X X (2 items) 2 (40%) X (4.16)
Walking x (2 items) x 5 (23%) X (4.63)
Coordination/ataxia X (2 items) x 5 (23%)
Incontinence x

Table 2. Common functional domains and psychiatric symptoms

EORTC QLQ
C30

BN20 MDASI-BT NCCN/
FACT-BR

NBTS Survey Symptoms
Leading to Diagnosis

NBTS Survey Symptoms Want
to See Treatment Impact

FUNCTION X X X X (4.26)*
Basic tasks/dressing, bathing, caring

for self
X X (4.63)

Working x x
Family life x x x
Enjoyment x x
Mood/P\personality change x x 3 (26%) X (4.33)
Distress x
Irritability/tension x x
Worry/anxiety x x
Sadness/depression x x
Fear
Uncertainty x
Frustration x
Hopelessness x
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patients with oligoastrocytomas. In their small sample, sei-
zures were the most common (71%) sympton, with most
other symptoms occurring in ,20% of patients.29 Yeh et al re-
ported that the most common presenting symptoms in GBM
were headache (69%) and weakness (55%), with all other
symptoms occurring in ,25% of patients.30 An additional
study reported the occurrence of multiple deficits in persons
with PBT and other secondary brain tumors.30 Another paper
reported that 75% of patients with primary and secondary
brain tumors had ≥3 concurrent neurologic deficits, and 40%
had ≥5 deficits, thus supporting the need to assess multiple
symptoms in the PBT population.31 Commonly reported symp-
toms in this study include weakness, sensory and visual chang-
es, and problems with speech.

The Glioma Outcome Study included 565 malignant glioma
patients and reported that the most common symptoms at
presentation were headaches (56%), memory loss (36%), neu-
rocognitive changes (34%), motor issues (34%), language dis-
turbances (33%), seizures (31%), and personality changes
(23%). Predictably, a statistically significant difference in
presenting symptoms, which was dependent on lesion lo-
cation in the dominant hemisphere (DH) or nondominant
hemisphere (NDH), was described. Language deficit was
higher in the DH group (59.7% compared with 7.9% in the
NDH group, P ¼ .0001), whereas motor deficits were seen
more commonly in the NDH group (42.1% compared with
28.8% in the DH group, P¼ .02). Other less localized symp-
toms at presentation occurred equally in the DH and the
NDH groups, including headache (56.1% and 54.7%, respec-
tively) and altered level of consciousness (17.3% and 15.8%,
respectively).32,33

More recently, Collins et al34 conducted a retrospective re-
view of data from 2003–2009 and reported presenting symp-
toms for those patients with malignant glioma stratified by
those living less than or more than 120 days. Out of 2011 pa-
tients evaluated, 46% were admitted through the ER at the
time of diagnosis, with 48% arriving by ambulance. These
figures highlight the acuity of presenting symptoms in this
patient population. For those patients living longer than 120
days (n ¼ 678), the most common presenting symptoms
were paresis/weakness (15%), speech/communication or
swallowing difficulties (14%), seizures (14%), and neurocog-
nitive/behavioral difficulties (12%). Nearly two-thirds of pa-
tients who died during the initial diagnostic admission had
≥2 symptoms at diagnosis, the most common being neuro-
cognitive or behavioral difficulties (41%), paresis (35%), in-
continence (33%), speech communication and swallowing
difficulties (32%), and seizures (21%). For those who survived
this initial hospitalization but died during first 120 days, pare-
sis (20%), neurocognitive or behavioral difficulties (19%),
speech, communication or swallowing difficulties (17%), sei-
zures (13%), and incontinence (12%) were the most prevalent
symptoms.

Additional data come from an effort to further refine symp-
toms reported by patients with malignant gliomas during the
modern era; the JSBTDDC conducted an online survey asking
patients to report symptoms at presentation, symptoms most
important to respondents, and symptoms they would like treat-
ment to improve. Full details related to this survey are provided
in the Panel 4 paper in this same supplement. Respondents to

the JSBTDDC survey indicated that the 5 most common symp-
toms at presentation for high-grade astrocytomas were head-
ache (57%), seizures (40%), changes in speech, vision, or
hearing (25%), changes in mood or personality (25%), prob-
lems with memory or ability to concentrate (25%), and prob-
lems with balance or walking (24%).

In contrast to symptom reports, Tucha et al35 conducted
neurocognitive testing at the time of diagnosis and before neu-
rosurgical resection of tumor on 161 consecutively admitted
adults with tumor of the frontal or temporal region. Upon neu-
rological examination of this sample, personality changes were
apparent in 13%, slight to moderate hemiparesis/paresis was
elicited in 12%, sensory disturbance was detected in 1%, visual
impairments were found in 8%, and 52% exhibited no abnor-
malities on neurologic exam. However, based on the results ob-
tained from standardized neuropsychological testing, 91% of
patients displayed impairment of neurocognitive function; for
71% of patients impairment was evident in ≥3 areas, and for
27% of patients impairment was evident in ≥8 areas. Impair-
ment was most common in the domains of executive function
(78%) and memory (64%).

In summary, symptoms at diagnosis include those related
to increased intracranial pressure and focal deficits based on le-
sion location. The most common symptoms reported in the lit-
erature and by patient survey include headache, seizures,
problems with walking or strength, problems with memory or
ability to concentrate, difficulty with speech, and changes in
personality. In addition, objective neurocognitive testing sup-
ports a high incidence of impaired executive function and
memory.

Trajectory of Signs/Symptoms

Signs/symptoms occurring at the time of diagnosis can im-
prove, worsen, or be fixed over time and may be related to
disease progression, other neurologic events (seizures, infec-
tion, stroke), concomitant medications, or comorbidities. As
symptoms evolve, patients with malignant gliomas and
their caregivers often make adjustments to their lives to ac-
commodate functional limitations. These include physical al-
terations to the home, introducing regular exercise to their
lives, and using complementary therapies, all which may
modify the impact of symptoms on the patient’s functional
status.36

Studies exploring the trajectory and severity of symptoms
are limited. Molassiotis, Wilson, Brunton et al37 reported symp-
toms in patients with primary gliomas longitudinally over the
first year after diagnosis. Ongoing issues included fatigue,
memory problems, and lack of independence, specifically in-
ability to drive due to seizures or other deficits. Tiredness/fa-
tigue was a reoccurring theme and was reported as the most
severe of multiple symptoms in almost all participants. Fatigue
was also reported to become more debilitating over time and
was the only symptom that negatively affected their QOL and
overall well-being. In another study, Sundararajan et al report-
ed that in longer-term survivors (.120 days), symptoms accu-
mulated over time with 18% of patients having ≥2 symptoms
at diagnosis, 26% at 120 days to death, and 32% at the time of
death admission. Taphoorn et al applied the EORTC QLQ-BN20
to data from 841 patients from 2 completed phase 3 studies to
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measure symptoms at baseline and post radiation. They deter-
mined that seizures had the lowest mean score with ,15% pa-
tients reporting them at any time point (which may be a
consequence of asking about occurrence in the last week); fu-
ture uncertainty had the highest score, and most symptoms
were stable over the reporting period.38

In summary, the trajectory of symptoms over time is vari-
able, with intercurrent illness, concomitant medications, and
disease progression impacting both the number and severity
of symptoms. Patients commonly report fatigue, which may
compound other symptoms. There is evidence for an increased
number of symptoms and worsening severity occurring over
the course of the disease.

Impact of Therapy

During treatment, patients experience symptoms that can be
associated with disease, therapy, or both. Therapy includes
treatment designed to control tumor growth, reduce brain
edema, or prevent seizures and thus improve neurological func-
tioning. In most cases, maximal safe resection is performed at
the time of initial surgery. Recent surgical advances (eg, func-
tional preoperative and intraoperative mapping and monitoring
of motor and sensory function, language, visual fields, visuo-
spatial orientation, calculation, and reading abilities) are postu-
lated to improve safety and efficacy of surgical resection and
thus improve symptomatic outcomes post surgery.39,40

After surgery, most patients are treated with radiation, che-
motherapy, or both. Sutton et al, using a phenomenological ap-
proach, described treatment impact on QOL for patients with
brain tumors on a research trial involving new anticancer
agents.41 This study identified the theme of a complex symp-
tom profile; with many of the patients experiencing symptoms
attributable to either the drug or the cancer itself, thus making
it difficult to isolate the cause. This suggests that perspective,
cancer, and treatment are inextricably linked from the patient’s
perspective. A wide variety of symptoms were described includ-
ing deficits related to fatigue, mobility, and the consequent re-
duction in independence.

Both the short-term and long-term impact of chemother-
apy on symptoms has not been fully elucidated. A recent re-
port exploring the impact of PCV in low-grade glioma patients
reported no impact on cognition using the MMSE up to 5 years
post treatment.42 In patients with GBM, overall symptom
severity and symptom interference with activity are worse in
those who receive dose-intense temozolomide compared
with standard dose.43 In a separate study, bevacizumab was
associated with worse neurocognitive function by objective
testing and patient report, as well as worse overall symptoms
burden and both treatment and generalized symptoms using
the MDASI-BT. In addition, patients reported greater impact
on the interference of symptoms with both activity and
mood over time.44,3 Interestingly, a recent small pilot study
in patients with high-grade gliomas demonstrated that pro-
longed treatment with bevacizumab is associated with brain
atrophy in the contralateral hemisphere,45 while a mouse
study suggested that bevacizumab may mitigate the develop-
ment of radiation necrosis.46 At recurrence, the use of bevaci-
zumab was associated with stability or improvement of
function in those without progression.47

The use of corticosteroids to reduce morbidity and mortality
by controlling peritumoral edema is well established.48,49 How-
ever, their use may be associated with significant adverse ef-
fects, thus indicating the importance of reducing use as a
measure of clinical benefit.50 In clinical practice, corticosteroids
are used primarily as adjuncts to tumor surgery, radiation, and
chemotherapy, contributing to both radiologic and sympto-
matic response. The magnitude and duration of their contribu-
tion is thought to be variable depending on the context of
use.50 Although corticosteroid use is common, there are limited
studies on the frequency and severity of their side effects in this
patient population. Two retrospective studies reported that
approximately half of the patients had at least one steroid tox-
icity, and nearly 20% required hospitalization due to complica-
tions.51 Another study emphasized the importance of the
starting dose at initiation of therapy, with doses ,16 mg/day
being associated with a 65% incidence of a single toxicity,
and higher doses having an almost 91% incidence of at
least one toxicity.52 Interindividual differences in toxicity oc-
cur, and a study of primary brain tumor patients reported
that one-third of patients experienced toxicity within the
first 3 weeks of treatment.51 More recently, Armstrong et al53

reported that 35% of patients reported increased appetite, dif-
ficulty with sleep, and difficulty with standing associated with
corticosteroid dose, whereas other symptoms were not associ-
ated with the dose of corticosteroids prescribed. This suggests
that dose and duration alone can’t predict which patients will
develop toxicity.50

In summary, treatment-associated symptoms and disease-
related symptoms are inextricably linked. Corticosteroids may
mitigate symptoms but are also variably associated with side
effects that may be independent of dose and duration.

Symptoms, Imaging, and Survival Endpoints

Signs/Symptoms at Recurrence

It is recognized that symptoms often worsen or new symptoms
develop as brain tumors progress. A study of patients with ma-
lignant glioma demonstrated that progressive deterioration in
information-processing capacity, psychomotor speed, and at-
tentional function may precede progression of disease on
MRI.54 In these patients, tests of memory and fine motor coor-
dination were the most sensitive to decline. In another study,
overall symptom burden and interference with activities such
as working and ability to walk or initiate activities were self-
reported (using the MDASI-BT) as significantly worse in those
patients with progression on MRI.55

Signs/Symptoms and Survival Endpoints

A meta-analysis of studies completed by the EORTC in a variety
of cancers, including brain tumors, suggests that self-reported
symptoms and neurocognitive deficits identified by neurocog-
nitive testing are predictive of OS.56 Additional data from 2 re-
cently completed phase 3 studies conducted by the RTOG
support this finding.3,43 In RTOG 0525, baseline (post surgery
but prior to starting other treatment) neurocognitive function
tests and self-report of physical functioning were associated
with OS and PFS. After concurrent chemoradiotherapy, deterio-
ration of self-reported neurocognitive function and motor
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dysfunction and objective testing of recall and visuospatial pro-
cessing speed were associated with shorter OS time.43 In addi-
tion, a recent analysis showed no association with QOL using
the FACT-G or FACT-Br with survival, but did find that self-report
of fatigue was a strong predictor of survival and provided incre-
mental prognostic value to traditional markers of prognosis in
recurrent high-grade glioma.57

In summary, signs/symptoms including objective neurocog-
nitive functioning and self-report of neurologic deficits, interfer-
ence with functional status (difficulty walking, working, and
starting and completing tasks), and fatigue appear to be corre-
lated with both disease progression on imaging and survival
endpoints.

Concurrent and Specific Symptoms

Concurrent Symptoms

As noted in the section describing symptoms at diagnosis, pa-
tients often do not experience symptoms in isolation, and mul-
tiple concurrent symptoms can influence the experience of any
one symptom. Data from 617 patients asked to report (using
the MDASI-BT) symptoms and interference of symptoms were
reviewed to assess symptom prevalence, severity, and occur-
rence as they relate to disease status and tumor grade.53 The
results indicated that .50% of patients had at least 10 symp-
toms, and .40% had at least 3 moderate-severe symptoms.
However, the data indicated variability in the reported symp-
toms, with most symptoms being reported as moderate-severe
by ,20% of the sample. The most severe symptoms reported
were fatigue, drowsiness, difficulty remembering, difficulty with
sleep, and distress. For those with GBM, weakness on one side
of the body and difficulty speaking were also counted as severe.
Patients with newly diagnosed malignant gliomas described
problems with concentration and irritability as moderate-
severe. Functional interference of concurrent symptoms with
daily activities, including working, walking, and ability to per-
form activities, were also reported by 25% of patients with ma-
lignant glioma.

Psychiatric Symptoms

Neurobehavioral symptoms, including changes in personality
and behavior, mood issues (eg, depression, anger, and anxiety),
hallucinations, and psychosis are reported to occur throughout
the trajectory of illness.58 There are conflicting data on the
prevalence of depression among patients with malignant glio-
ma. Several recent reports indicated that these patients have
symptoms indicative of depression with varying prevalence,
whereas other studies describe a relatively low prevalence.
While data derived from formal psychiatric interviews (using
DSM-IV criteria) indicated the prevalence of depression to be
15%–28%, estimates from patients’ self-reporting were higher
at 35%–93%.59 – 62 Mood and behavioral changes can be global
in nature but can also be correlated with brain anatomy.
Depression is associated with left-sided63 and frontal tumors,64

obsession with left anterior tumors,61,65 and anger and indiffer-
ence with temporal lobe lesions.66 Resection of tumors does
not appear to improve depressive symptoms, and data from
the largest study to date described these symptoms as actually
increasing after surgery.60

It is more difficult to estimate the incidence of changes in
personality or behavior because most studies include case re-
ports or qualitative studies.67 Symptoms that have been re-
ported include changes in behavior, anger, indifference, or
loss of emotional control.66,68 – 71 Some quantitative studies
have indicated that patients with frontal tumors are more like-
ly to have these symptoms, although they are also reported in
patients with lesions outside of the frontal region. It is also re-
ported that patients may have limited awareness of personal-
ity changes, thus making self-report difficult. Finally, although
the exact incidence is not known, hallucinations and psychosis
may also occur; patients with temporal lobe lesions or tempo-
ral lobe seizures are more at risk, as are patients on
corticosteroids.72,73

Neurocognitive Function

Neurocognitive deficits are commonly observed in GBM pa-
tients during every stage of their disease and remain or wors-
en in the course of the disease.74,75 In addition, a recent study
indicated that 38% of those with grade IV tumors may lack
the mental capacity to give informed consent; this may be
underestimated by clinicians.76 Preoperative deficits in ≥1
neurocognitive domain such as language, memory, and exec-
utive functions have been reported in �80% of patients based
on individual tests and 24% – 38% if based on domains of
function.77 Subjectively, glioma patients often complain
about word-finding problems, short-term memory deficits,
or completing complex, multistep tasks. Patients with grade
III and grade IV tumors appear to have similar neurocognitive
deficits; Kayl and Meyers reported no difference in domain scores
between these patients after controlling for tumor volume.78

Recent studies have demonstrated comprehensive neurocogni-
tive assessment and reported that left-sided tumors affected
attentional and executive functioning, verbal fluency, and ver-
bal learning,63,79,80 thus supporting the link between left hemi-
sphere tumors and impaired verbal functioning as previously
described.81,82

Tumor treatment and concomitant medications may also
impact cognition. Resective tumor surgery may aggravate or in-
duce neurological compromise and/or neurocognitive deficits,
which usually resolve within 3 months following surgery.83

Studies do report that use of corticosteroids is associated
with better recognition memory and that some antiepileptics
reduce working memory capacity, while it may improve with
others.63,84 Other treatment can also impact neurocognitive
function, with reports indicating that radiation therapy and
chemotherapy are all also associated with alterations in neuro-
cognitive functioning.85

Subclinical neurocognitive impairment can have a large im-
pact on the daily life of patients and often precedes reductions
in their QOL.86,87 Reduced neurocognitive function in malignant
gliomas has been associated with reduced independence
and difficulty maintaining roles in the home and work
environments.88

Fatigue

Fatigue is one of the most common and most severe symptoms
in patients with solid tumors, including those with malignant
gliomas.89,90 Cross-sectional studies have indicated that
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40%–70% of PBT patients have fatigue throughout the illness
trajectory,62,91 – 93 and fatigue has been reported as frequent
(48%) and significant at post surgery baseline prior to the ad-
ministration of anticancer therapy.94 Fatigue has also been re-
ported to be the most troublesome symptom to patients,95

with a high percentage of patients reporting “very low” energy
levels92 or rating fatigue as moderate to severe on Likert
scales.93

Fatigue is a prominent symptom when QOL data are collect-
ed as part of randomized controlled treatment trials.96 – 99 Two
studies investigated fatigue in relation to cranial irradia-
tion.92,100 One study reported somnolence syndrome in 16 of
19 patients after treatment and recorded increased fatigue at
diagnosis that increased significantly after radiotherapy and
correlated negatively with QOL.100 Another study reinforced
the impression that fatigue is common and correlates nega-
tively with QOL and depressive symptoms.59

Seizures

The reported incidence of seizures in patients with GBM is be-
tween 30% and 62%, with two-thirds occurring at presentation
and one-third during the course of the disease,101 – 103 although
a recent report indicated a higher incidence during the
follow-up period (48%).104 Seizures are most commonly asso-
ciated with tumors of the frontal, temporal, and parietal
lobes.105 Focal seizures can occur in 38% of patients with
GBM, with 40% of patients having focal onset seizures with sec-
ondary generalization.101 It is estimated that nearly a quarter
of patients have both partial and generalized seizures, and sta-
tus epilepticus may occur in .10% of patients.101 Following ini-
tial tumor resection, three-quarters of those with GBM are
seizure-free during the first year of follow-up,101,106 while
�15% of patients continue to have seizures despite different
therapeutic regimens.101,107

Fig. 2. Panel 1 assertions related to the use of clinical outcomes
assessments in patients with malignant gliomas.

Fig. 3. Panel 1 preliminary list of priority signs and symptoms.
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Seizure recurrence following a period of longstanding
postoperative seizure control or worsening of seizure control
is associated with tumor progression following first-line treat-
ment.106 Interestingly, both administration of radiation and
chemotherapy with either PCV or temozolomide have been
reported to be associated with seizure reduction in low-grade
gliomas.108,109 Prolonged seizure control is associated with
improved functional status.102

Conclusions
As indicated in the review above, patients with malignant glio-
ma often suffer from multiple symptoms and have a variable
course over time. These symptoms can be impacted by the dis-
ease and by concomitant therapy and medications and can
have a significant impact on patient cognitive and physical
functioning. Panel 1 assertions resulting from this review are
listed in Fig. 2. Both objective neurocognitive testing and self-
report of symptoms and functional limitations have been
shown to be associated with tumor progress and survival end-
points. Based on the review of the literature and considering
the input from the complete survey and the panel, assertions
related to the collection of data in clinical studies were identi-
fied (Fig. 2) and a preliminary list of priority signs/symptoms
(Fig. 3) was also outlined for discussion at the FDA/JSBTDDC
COA workshop. This list was further refined and evaluation of
assessment measures to address these priority areas that
could be added to treatment studies as a measure of clinical
benefit were reviewed. The Panel 4 paper in this supplement
provides a finalized list resulting from this meeting and the
next steps in terms of evaluating signs/symptoms for inclusion
in clinical trials.
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