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Health related quality of life (HRQOL) measures have become increasingly important

in the management of glioma patients in both research and clinical practice settings.

Functional impairment is common in low-grade and high-grade glioma patients as the

disease has both oncological and neurological manifestations. Natural disease history

as well as medical or surgical treatment can negatively influence HRQOL. There are

no universal standards for HRQOL assessment in glioma patients. In this study, we

examine patient perspectives on functional outcome domains and report the prevalence

of impairments rates using the National Institutes of Health (NIH) Patient Reported

Outcomes Measurement Information System (PROMIS) and Neuro-QOL item banks

as measures of HRQOL. Retrospective analysis of a prospectively collected dataset

involving 79 glioma patients reveals that quality of life concerns are the most important

consideration behind making decisions about treatment in 80.7% of patients. The

prevalence of functional impairment by PROMIS and NEURO-QOL assessment is high,

ranging from 28.6% in the physical function domain to 43.9% in the cognitive function

domain. Pain and anxiety related to physical decline is higher in LGG patients compared

to HGG patients. Aphasia severity also impacts HRQOL. The results of this study suggest

that the PROMIS and NEURO-QOL assessments may be important HRQOL metrics for

future use in larger clinical research and clinical trial settings.
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INTRODUCTION

Gliomas are the most frequent primary brain tumor in
adults (1). There are currently more than 700,000 people
living with a primary central nervous system tumor in
the United States. Despite relatively low incidence, gliomas
result in a disproportionate share of cancer morbidity and
mortality. Brain tumors account for the highest number of
years of life lost when compared to non-CNS cancers (2).
Despite treatment with maximal safe surgical resection with or
without adjuvant chemoradiation, overall survival has remained
largely unchanged. Survival is approximately 14 months for
glioblastoma and 6 to 15 years for those with WHO II and III
glioma (LGG) depending on the genetic profile of the tumor.

Health-related quality of life (HRQOL) metrics have become

increasingly important in brain tumor research alongside
standard patient outcome measures such as progression-free and
overall survival. There are several validated HRQOL assessments
used in clinical practice and clinical trials research. Continued

efforts to develop and implement HRQOL measurements
are needed as research study and clinical endpoints. The
relationship between HRQOL and survival in adult glioma is
poorly understood. The World Health Organizations’ (WHO)

International Classification of Functioning Disability and Health
(WHO 2010) defines HRQOL based on the following functional
domains: physical, social, emotional well-being, and relational
(3–5). In the glioma patient population, both disease progression
and treatment related effects have been shown to negatively
impact HRQOL (6–9).

While HRQOL metrics continue to become incorporated
in clinical practice and clinical trials research, there is no
consensus regarding assessment measures. The objective of this
study was to evaluate patient perspectives on functional domain
affecting health related quality of life. We then applied the
National Institutes of Health (NIH) Patient Reported Outcomes
Measurement Information System (PROMIS) and Quality of
Life in Neurological Disorders (Neuro-QOL) instruments as
subjective HRQOL patient-reported outcome (PRO) measures
in an adult low- and high-grade glioma patient population.
Although there are some overlapping domains, PROMIS was
developed for use across the general population with multiple
chronic health conditions, whereas Neuro-QoL was focused on
developing measures that represent HRQOL domains that are
specific to neurological disorders (specifically stroke, Parkinson’s
disease, multiple sclerosis, child and adult epilepsy, amyotrophic
lateral sclerosis, and muscular dystrophy). Therefore, the
calibration samples and content, while often overlapping, are
different for each tool. These tools, PROMIS and Neuro-QoL,
may be useful in assessing patient HRQOL and may be an
important component of a multidisciplinary treatment approach
for glioma patients. Many HRQOL factors may be common
to patients with any cancer diagnosis (e.g., pain, emotional
distress, sleep disturbance, etc.) and adequately assessed with
PROMIS measures; yet, some domains of HRQOL are likely to
be uniquely impacted by neurological changes associated with
glioma, including cognitive and behavioral functioning in daily
life, and may therefore be better captured by Neuro-QOL. To the

authors’ knowledge this is the first study employing the use of
PROMIS and Neuro-QOL prospectively in a cohort of adult low
and high-grade gliomas.

METHODS

The study design involved retrospective analysis of a
prospectively collected HRQOL single institution data registry.
Participants were recruited at the time of an initial clinic visit
following the diagnosis of a presumed glioma. Patients remained
enrolled in the study after histopathologic confirmation of
a new WHO grade I–IV glioma. Exclusion criteria included
age <18 and language and/or neurocognitive dysfunction
limiting patient ability to complete PROMIS and Neuro-QOL
questionnaires. Aphasia was assessed by the Boston Diagnostic
Aphasia Examination (BDAE).

All patients were administered the Montreal Cognitive
Assessment (MoCA), a screening instrument developed to
estimate global cognitive ability in the service of detecting mild
cognitive impairment and dementia (10). Several studies have
demonstrated its utility in brain tumor populations, wherein it
has been shown to have superior sensitivity compared to other
screening instruments (11), is correlated with quality of life
measures (12), and predicts median overall survival (13).

To examine patient preferences on functional domains and
HRQOL, structured interviews were conducted focusing on
how patients frame functional and cognitive domains with
their disease experiences based on methodology established
by Mortensen and Jakobsen (14, 15). Analysis of these semi-
structured interviews was used to identify those functional
domains considered important to individual glioma patients,
which were then developed into a study questionnaire using a
Likert scale to identify each domain as extremely important,
important, neutral, somewhat important, or not at all important.

Study participants completed PROMIS version 1.0 and
Neuro-QOL version 1.1 as HRQOL measures. Examined
HRQOL functional domains included Neuro-QOL cognition,
PROMIS physical functioning, and PROMIS ability to participate
in social roles and activities; impairment domains include
PROMIS pain, sleep, fatigue, depression, anxiety, and Neuro-
QOL emotional/behavioral dyscontrol. PROMIS Physical
Function assesses self-reported (not actual) ability to perform
with one’s lower extremities (e.g., walking), upper extremities
(e.g., dexterity), back, and neck, and to engage in instrumental
activities of daily living (16). PROMIS Anxiety assesses anxiety
symptoms, including hyperarousal and fear (17, 18). PROMIS
Depression measures feelings of worthlessness and sadness
among other symptoms of depression. PROMIS Fatigue
measures the intensity and impact of fatigue on quality of life
(17, 18). PROMIS Sleep disturbances measures perceived quality,
adequacy, and satisfaction with sleep as well as difficulties falling
asleep and staying asleep (19, 20). PROMIS Ability to participate
in social roles and activities measures one’s reported ability to
participate and be involved in social roles and activities (17, 18).
PROMIS Pain interferences assesses the impact of pain on
physical, emotional, and recreational activities (17, 18). PROMIS
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Pain intensity instrument assesses how much a patient hurts.
The pain intensity short form is global (i.e. not site specific)
and universal rather than disease specific (16). Neuro-QoL
Cognitive function measures perceived executive functioning
and memory difficulties (20, 21). Neuro-QOL Emotional and
behavioral dyscontrol assesses emotionality and impulsivity
(20, 21) Normalized mean t-scores for each domain were
standardized to 50. For functional domains, higher scores
indicate less distress (score >50 more desirable); for impairment
domains, higher scores indicate more distress, higher scores
indicate more distress (score <50 more desirable). Analyses were
conducted using SAS 9.4 statistical software. Independent t-tests
were conducted to assess differences between LGG (WHO grades
I-II) and HGG (WHO grades III-IV) groups. Prevalence of
impairment was assessed in the study population where patients
who scored >1 standard deviation beyond the normative mean
was considered impaired.

Language assessments were performed by a certified Speech
pathologist using the Boston Diagnostic Aphasia Examination
Severity rating (BDAE) (22, 23). All assessments were performed
in a noise controlled clinical examination room according to
standard protocol. BDAE aphasia severity scores reflect the
ability to communicate wants, needs, ideas with or without
help from listener. BDAE severity scores ranging from 1 to 2
were considered severe aphasia (1 = severe, 2 = moderately-
severe). Scores 3–5 were categorized as mild-moderate aphasia
(3 = moderate, 4 = mild, 5 = trace) (22). Study inclusion
required BDAE aphasia severity score ≥1 (22, 23).

Univariate analyses were conducted to assess differences
betweenHGG and LGG for each of the PROMIS andNeuro-QOL
measures. Partial eta-squared (η2) effect sizes were examined
to determine the proportion of variance in HRQOL that was
accounted for by tumor-grade (small = 0.01, moderate = 0.09,
and large = 0.25) (24). An independent t-test was performed
to compare PROMIS and Neuro-QOL scores among patients
according to language dysfunction categorized as mild aphasia
(BDAE 3-5) vs. severe aphasia (BDAE 1–2).

RESULTS

Seventy-nine patients were eligible for inclusion. Of the 79
patients, 58 had HGG and 21 had LGG. Average patient age
was 52 years (SD = 15.6). Global cognitive status was not
different between LGG andHGG patient cohorts by theMontreal
Cognitive Assessment (MOCA) (meanHGG= 21.8, LGG= 24.8;
P = 0.114). Additional population characteristics are found
in Table 1.

Patient Perspectives on Functional
Domains of Importance
Study subjects were surveyed about the importance of quality
of life concerns vs. survival on medical decision making at
the time of diagnosis. Among LGG patients, 81.3% indicated
treatment strategies based on quality of life concerns, while
78.6% of HGG patients were concerned primarily with quality
of life (P = 0.69) (Table 2). The functional domains of greatest

concern and importance were language, motor, and memory.
There were no differences between LGG and HGG patients in
these domains; however, HGG patients placed higher importance
on creativity/problem-solving and art domains compared to LGG
patients (P = 0.009).

HRQOL Functional and Impairment
Domains Using PROMIS and Neuro-QOL
Prevalence of impairment for the HGG cohort was elevated for
PROMIS physical functioning (46.6%), NEURO-QOL cognitive
dysfunction (43.9%), PROMIS ability to participate in social roles
and activities (28.6%), and PROMIS anxiety (27.6%) (Figure 1).
Clinical impairment rates for the LGG cohort were elevated
for PROMIS pain interferences (38.1%), PROMIS physical
functioning (28.6%), PROMIS sleep disturbance (28.6%), and
NEURO-QOL cognition (23.8%). There were no significant
differences between PROMIS and Neuro-QOL PRO scores
between HGG and LGG groups, with the following exceptions:
PROMIS pain intensity, in which patients with LGG experienced
greater pain-related intensity relative to patients with HGG
(t-score: HGG 1.76 ± 2, LGG 3.29 ± 3; P = 0.01) and
greater distress from declining physical function among patients
with HGG (t-score: HGG 41.83 ± 12.59, LGG 47.74 ± 12.16;
P = 0.05) (Table 3).

Aphasia Severity Impacts HRQOL
Functional Domain
In a subgroup of 26 patients with dominant hemisphere gliomas
within the perisylvian frontal, parietal, and temporal lobes, 7
had a BDAE aphasia severity score of 1–2 (severe) and 19
had a BDAE score of 3–5 (mild). The mean BDAE severity
scores for both HGG and LGG cohorts were 3 ± 1 and 5 ±

0.5, respectively (P = 0.004). Aphasia severity had a moderate
association with greater distress on PROMIS measures of anxiety
(r = −0.51; P = 0.0074) and NEURO-QOL cognition (r = 0.55;
P = 0.0033) (Table 4).

DISCUSSION

HRQOL measurements have become an increasingly important
measure in the care of glioma patients. There is a need for reliable
patient quality of life assessment measures which are easy to use
and clinically relevant for both patients and clinicians. Assessing
HRQOL PRO measures in glioma patients can be a challenge
because of self-reporting difficulties in this population due to
functional and cognitive impairments (25). The PROMIS survey
was developed to measure PRO measures for patients with a
variety of chronic diseases. PROMIS as a subjective assessment
tool for glioma patients has been validated and compared to
the more commonly used European Organization for Research
and Treatment of Cancer (EORTC-30) and Caregiver Quality
of Life Cancer (CQOLC) scales (26). To our knowledge, only
one pilot study in a small cohort of 10 patients has described
the use of PROMIS as a HRQOL assessment tool in adult high-
grade glioma patients (26). Here we are the first to compare
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TABLE 1 | Patient demographics and clinical characteristics.

Variable High-grade

glioma

(n = 58)

Low-grade

glioma

(n = 21)

All (N = 79) p-value

Mean age, years (SD) 55.2 (15.0) 42.7 (13.6) 51.9 (15.6) 0.01

Mean body mass index (SD) 28.5 (5.8) 30.3 (5) 29.0 (5.6) 0.25

Gender (%) 0.06

Female 24 (41.4) 5 (23.8) 29 (36.7)

Male 34 (58.6) 16 (76.2) 50 (63.3)

Education (%) 0.56

Completed college 48 (82.8) 15 (71.4) 63 (79.7)

Did not complete college 10 (17.2) 6 (28.6) 16 (20.3)

Employment at time of diagnosis (%) 0.31

Employed 27 (46.6) 12 (57.1) 40 (50.6)

Unemployed 31 (53.4) 9 (42.9) 39 (49.4)

Handedness (%) 0.35

Right-handed 51 (87.9) 21 (100.0) 72 (91.1)

Left-handed 6 (10.3) 0 (0.0) 6 (7.6)

Both 1 (1.7) 0 (0.0) 1 (1.3)

Smoking status (%) 0.34

Smoker 4 (6.9) 3 (14.3) 7 (8.9)

Non-smoker 54 (93.1) 18 (85.7) 72 (91.1)

Major presenting symptom (%) 0.60

Cognitive dysfunction 14 (24.1) 4 (19.0) 18 (22.8)

Headaches 4 (6.9) 2 (9.5) 6 (7.6)

Incidental 3 (5.2) 4 (19.0) 7 (8.9)

Aphasia 10 (17.2) 2 (9.5) 12 (15.2)

Weakness 8 (13.8) 2 (9.5) 10 (12.7)

Seizure 19 (32.8) 7 (33.3) 26 (32.9)

Tumor location (%) 0.22

Frontal 19 (32.8) 5 (23.8) 28 (35.4)

Parietal 14 (24.1) 2 (9.5) 16 (20.3)

Temporal 13 (22.4) 4 (19.0) 17 (21.5)

Occipital 2 (3.4) 1 (4.8) 3 (3.8)

Insular 6 (10.3) 4 (19.0) 10 (12.7)

Other (thalamus, brainstem, cerebellum) 4 (6.9) 5 (23.8) 9 (11.4)

Tumor side (%) 0.37

Left 29 (50.0) 9 (42.9) 38 (48.1)

Midline 5 (8.6) 2 (9.5) 7 (8.9)

Right 24 (41.4) 10 (47.6) 34 (43.0)

Bold values mean significant p value (<0.05).

HRQOL using PROMIS and Neuro-QOL between adult LGG
and HGG patients.

Perhaps unsurprisingly, 79.3% of all patients reported that
they value quality of life over survival at the point of diagnosis.
After cross sectional analysis of PROMIS andNEURO-QOL data,
we found that LGG patients experienced more pain intensity
and greater distress from declining physical function when
compared with HGG patients. The biologic and psychological
correlates to explain these differences are unclear; however,
this information carries significance when caring for patients
and determining clinical trial efficacy. Cognitive dysfunction
is more commonly found in HGG patients; therefore distress

measures in PRO domain such as pain intensity might be
reported at different rates in LGG and HGG patients. We also
found a high rate of impairment in the PROMIS functional
domains assessed in our study population, again indicating
that patient functional wellness should be carefully considered
in an individualized treatment approach. Future studies may
compare these prevalences to other cancer patient populations.
Our results also demonstrate that aphasia severity is associated
with increased anxiety and cognitive distress. We find a higher
prevalence of severe aphasia in HGG patients relative to LGG,
which may be due to selection bias due to small sample size or
differences in intrinsic tumor biology.
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Glioma patients suffer from a wide range of possible
neurological and functional limitations which influences quality
of life and survival. Aphasia and cognitive disorders are more
prevalent in patients with WHO III and IV tumors. Cognitive
dysfunction, as determined by global cognitive task performance,
occurs in 35.9% of HGG patients and 23.7% of patients
experience aphasia throughout their disease trajectory (27).
It is therefore of little surprise that our Neuro-QoL analysis
determined that 43.9% of HGG patients experience distress from
impairment of cognitive function (Figure 1). Similar results are
seen for distress from physical function in HGG patients. Despite
the absence of identifiable oncological differences between our
LGG and HGG cohorts, pain intensity scores were higher in
LGG patients (Figure 1). This could be caused at least in part
by the increased rate of cognitive dysfunction resulting in under
reporting of pain in HGG patients. These differences bring
to light important considerations when interpreting PRO in
the adult glioma population. Looking beyond survival, when
designing clinical trials, is critical given the extensive burden
of symptoms experienced by glioma patients. Furthermore, it
cannot be assumed that LGG and HGG patients experience the
same symptoms and distress profile.

Patient reported outcome (PRO) measures are used in
clinical practice as a mechanism to understand the natural
history of disease or as a health measure of clinical change.
There are few publications focused on thresholds constituting
meaningful clinical change. Clinical judgment must be applied
for the interpretation of clinically meaningful PRO. Defining the
magnitude of change that is clinically important is necessary
and there’s a growing body of evidence for this important
area of study. There are several terms for clinically relevant
HRQOL change, including, minimally important difference
(MID). “True” differences do not exist in HRQOL assessments
and the magnitude of a score is an estimate which must be
interpreted with clinical judgment (28). There is no empirical
literature on which to base MID estimate; therefore, many use
a half standard deviation (5 points on a T score metric). However
clinical significance has been illustrated at a lower threshold
(28, 29). MID for the adult glioma population are currently
unavailable and a topic of future study. For example, patients with
advanced stage cancer illustrate fatigue PROMIS MID of 3.0–
5.0, pain interference MID of 4.0–6.0, and physical functionMID
of 4.0–6.0 (29). It is important to note that MID estimates vary
based on cross sectional and longitudinal analysis. Furthermore,
these assessments of clinical significance are averages across
subjects; therefore, individual patients may require more or
less to be clinically meaningful. The objective of this study
was to evaluate adult glioma patient perspectives on functional
domain affecting health related quality of life and apply cross
sectional analysis of the PROMIS andNeuro-QOL instruments as
subjective PRO measures in an adult low and high-grade glioma
patient population. MID estimates were beyond the scope of this
initial study which was focused on characterization of disease.
Moving forward we hope to define MID and clinical relevance
in the adult glioma population.

Other study limitations include the single institution small
sample size which prohibited stratification of patients by
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FIGURE 1 | (A) PROMIS and Neuro-QoL domains were measured for low- and high-grade glioma patients. (B) Impairment rates were determined based on patients

who scored >1 standard deviation beyond the normative mean.

TABLE 3 | Comparison of HRQOL scores for low- and high-grade glioma groups.

Variable High-grade

glioma (n = 58)

Low-grade

glioma (n = 21)

η
2 F-value P-value

Mean SD Mean SD

Physical function 41.8 12.6 47.7 12.2 0.05 3.75 0.05

Anxiety 54.3 10.4 51.5 8.8 0.01 1.21 0.28

Depression 49.1 10.0 47.2 11.4 0.01 0.55 0.46

Fatigue 51.3 10.6 50.2 10.2 0.00 0.17 0.68

Sleep disturbances 52.01 9.2 53.2 9.0 0.00 0.23 0.64

Ability to participate in social roles and activities 47.2 11.4 50.7 10.4 0.02 1.44 0.23

Pain interferences 49.3 9.8 52.8 10.4 0.02 1.83 0.18

Pain intensity 1.8 2.0 3.3 3.0 0.08 6.72 0.01

Cognitive function 44.0 11.6 47.9 9.3 0.02 1.86 0.18

Emotional and behavioral dyscontrol 46.7 9.9 46.9 12.8 0.00 0.01 0.94

SD, standard deviation. Bold values mean significant p value (<0.05).

additional potential confounders including tumor location,
volume, or burden of disease at the time of assessment. Given
our small sample size, within the LGG cohort we do not see
the expected distribution across male and female patients. This
difference does not reach statistical difference; however, it’s not in
line with expected results for the general population (30). Gender
differences may contribute to variations in health outcomes.
These differences in PRO have been reported primarily with

pain and pain related disorders; however, it is certainly possible
that gender differences impact this dataset focused on adult
glioma patients (31). Furthermore, pain intensity interpretation
is limited given that PROMIS is specifically focused on global
pain making the distinction between headaches and neuropathy
impossible. It is well known that both patient perspectives and
HRQOL PRO measures vary with time (32). For this reason, our
current analysis focused solely on HRQOL at the time of initial
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TABLE 4 | Pearson correlation coefficients comparing the impact of aphasia on

health-related quality of life functional and impairment domains.

Aphasia

Physical function 0.09

Anxiety −0.51

Depression −0.31

Fatigue −0.20

Sleep disturbances −0.09

Ability to participate in social roles and activities 0.00

Pain interferences −0.03

Pain intensity −0.08

Cognition 0.55

Emotional and behavioral dyscontrol −0.27

Bold values mean significant p value (<0.05).

diagnosis with the goal of longitudinal analysis throughout the
course of disease to better understand how responses change with
time. This and other limitations will be mitigated by increasing
the sample size in future studies. Additionally, while subjective
patient PRO measures are valuable, it should be noted that they
are excellent HRQOL measures of distress but not dysfunction
(25). Objective measures of function should also be incorporated
into patient assessment.

CONCLUSIONS

HRQOL measurements have become increasingly important in
glioma research and clinical practice. There has been limited
and slow progress in developing effective treatments for glioma

patients. The natural history of the disease in addition to
treatment related side-effects can also negatively impact patient
function andHRQOL. Treatment of glioma patients should focus
on both prolonging life in addition to maintaining quality of life.
The PROMIS and NEURO-QOL are two measures, which are
valuable for quantifying patient reported HRQOL. The current
study will hopefully lead to the use of these tools in more robust
clinical research and practice settings.
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