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Summary
Background Recognising the importance of clinical outcomes assessments (COAs), the Response Assessment in
Neuro-Oncology-Patient Reported Outcome (RANO-PRO) Working Group recommended inclusion of core
symptoms and functions in clinical care or research for malignant glioma patients. This study evaluated the
association of the recommended symptoms (pain, perceived cognition, seizures, aphasia, symptomatic adverse
events) and functions (weakness, walking, work, usual activities) with disease progression in these patients.

Methods In this retrospective cohort study, patients with malignant glioma were included from the US National
Cancer Institute Neuro-Oncology Branch Natural History Study (NOB–NHS) which follows primary central nervous
system tumour patients aged 18 years and older throughout their disease trajectory. The M.D. Anderson Symptom
Inventory-Brain Tumor (MDASI-BT), EQ-5D-3L, Karnofsky Performance Status (KPS), and Neurologic Function
scores (NFS) were evaluated in relation to disease progression by chi-square tests, independent- and paired-
samples t-tests, adjusted for multiple comparisons at first assessment and over time to a second assessment.
Radiographic disease progression was determined on the interpretation of the imaging study by a radiologist and
neuro-oncologist using standard criteria as part of clinical trial participation or routine standard of care. The
priority constructs were evaluated to provide initial evidence of their relevance, relationship to disease status over
time, and sensitivity to change in a diverse group of patients with malignant glioma.

Findings Seven hundred and sixty-five patients had enrolled into the NOB–NHS between September 1, 2016 and
January 31, 2020. Three hundred and thirty-six patients had a diagnosis of a malignant glioma (anaplastic
astrocytoma, anaplastic oligodendroglioma, glioblastoma, and gliosarcoma) and were included in the current
study. The sample was 64% male (n = 215), 36% female (n = 121), median age of 52 years (IQR = 18.75), 82%
White (n = 276), and 65% had tumour recurrence (n = 219). One hundred and fifty-four (46%) had radiographic
disease progression. Difficulty remembering, fatigue, and weakness were worse in the group whose imaging was
interpreted as radiographic disease progression versus stable disease, as well as the functions of walking, work,
activity, and self-care (1.1 < difference < 1.8). Patients with disease progression were four times more likely to
have a poor KPS (≤80) and worse NFS. Among patients with disease progression at a second assessment
(n = 112), all symptoms, except seizures, worsened between first assessment and disease progression and up to
22% of patients (n = 25) reported worsening mobility, self-care, and usual activity; 46% (n = 51) and 35% (n = 30)
had worsened KPS and NFS, respectively. On average, 4 symptoms or functions (SD = 3) were reported as
moderate-to-severe and 30% (n = 33) and 23% (n = 26) had a change to moderate-to-severe fatigue and walking,
respectively, at time of disease progression. Over 7% of patients with worsening (n = 7 of 100) reported every
symptom and function as having changed the most severely including seizures with fatigue and activity reported
as the top symptom and function, respectively.
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Interpretation The identified core symptoms and functions worsened at the time of progression, supporting the
relevance and sensitivity of the priority constructs identified by the RANO-PRO Working Group for clinical care and
clinical trials for malignant glioma patients.

Funding The Natural History Study is supported by Intramural Project 1ZIABC011786-03.

Copyright Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Research in context

Evidence before this study
From past research, no single symptom has emerged that
encompasses how a patient feels and functions. Core sets
of symptoms have been proposed both for use in general
oncology and in neuro-oncology, specifically. The
Response Assessment in Neuro-Oncology-Patient Reported
Outcome (RANO-PRO) Working Group and subsequent
Fast Track group published recommended priority
constructs for standardized use in clinical trials.
However, evidence of real-life application of the
priority constructs is limited. Authors searched
prominent neuro-oncology journals, such as Lancet
Oncology, Neuro Oncology, Neuro Oncology Practice,
and Journal of Neuro-Oncology, for studies that described
1) clinical outcome assessments, in particular patient-
reported outcomes (PROs), 2) their use in clinical trials,
3) suggested guidelines from agencies and consortiums,
and 4) core symptom sets. Search terms included:
patient-reported outcomes, MDASI-BT, RANO, clinical
outcomes assessments, net clinical benefit. Our search
was between February and December of 2021. We

expected the studies to be of good quality due to
their publication in journals with relevance in the
neuro-oncology field and high impact scores.
However, we recognized the sphere of PRO research
is small.

Added value of this study
The current study evaluated a set of priority
constructs that are recommended for inclusion in
clinical trials by a multidisciplinary team of subject
matter experts. It provides evidence that existing
validated clinical outcomes assessments can be used
in a standardized manner to detect changes in
disease status.

Implications of all the available evidence
Clinical outcome assessments can be used in clinical
trials and clinical care of patients with central nervous
system tumors. Together, research studies have
shown them to be valid and reliable, feasible in
collecting, sensitive to disease status, and additive to
the determination of an intervention’s effectiveness.
Introduction
Patients with a primary brain tumour (PBT), either due
to the disease, its treatment, or a combination of both,
are highly symptomatic and exhibit multifocal neuro-
logical dysfunction, throughout the disease trajectory,
across ages, in all tumour grades, and in the context of
clinical trials.1 Historically, evaluation of symptoms and
functions were often excluded from clinical trials or
were included as optional secondary objectives, thereby
limiting the knowledge gained regarding treatment
efficacy.2

In the last decade,1,3,4 the neuro-oncology community
has increasingly recognised the need for clinical out-
comes assessments (COAs), “an outcome that describes
or reflects how an individual feels, functions, or sur-
vives”5 in both clinical care and research, noting that
survival data is not enough to gauge the “net clinical
benefit” of a tumour-directed therapy.2 PBT patients
pose a unique challenge in that their disease outcomes
are measured using standard oncology metrics, such as
tumour measurements, progression-free survival, and
overall survival. However, their neurologic functioning
is also considered when determining disease status.6,7

Therefore, incorporation of COAs into neuro-oncology
clinical trials provide an additional metric of the treat-
ment’s effectiveness for neuro-oncology patients.
Numerous guidelines now exist for minimum standards
of measurement, analysis, and reporting, particularly for
patient-reported outcomes.8–11 Currently in the U.S.,
objective trial evidence should be accompanied by evi-
dence of improvement in symptoms and functions if
regulatory approval of treatment regimens is being
sought.12 As such, the research and discussion regarding
COA inclusion has now moved from general guidelines
to specific constructs.

There are four types of COAs: 1) patient-reported
outcomes (PROs), 2) clinician-reported outcomes
(ClinROs), 3) observer-reported outcomes (ObsROs),
and 4) performance outcomes (PerfROs).13 Recognising
the wide variety each type represents, the Response
www.thelancet.com Vol 55 January, 2023
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Assessment in Neuro-Oncology-Patient Reported Out-
comes (RANO-PRO) Working Group narrowed their
focus to PROs beginning in 2015.2 By 2018, represen-
tatives from the U.S. Food and Drug Administration
(FDA), RANO, European Medical Agency, and U.S.
National Cancer Institute (NCI) recommended a list of
possible symptom and functional constructs for stand-
ardised use in clinical trials to limit patient burden and
improve compliance.14 In 2020, the Fast Track COA
Group, comprised of members similar to the RANO-
PRO Working Group, further refined these recom-
mendations and published a core set of five priority
symptom constructs and two priority functional con-
structs for evaluation in clinical trials and clinical care
through a variety of validated COAs.15

The five priority symptom constructs are 1) pain, 2)
difficulty communicating (the ability to express or un-
derstand speech), 3) perceived cognition (including ex-
ecutive function, memory, or concentration), 4) seizures
(severity and frequency), and 5) symptomatic adverse
events (or treatment-specific symptoms chosen among
expected adverse events of the treatment being evalu-
ated). The two priority functional constructs are 1)
physical functioning (ability to do activities that require
physical effort, and includes weakness and walking),
and 2) role functioning (ability to do work or participate
in social activities).

In this study, the seven priority constructs were
evaluated in a large cohort to provide initial evidence of
their relevance, relationship to disease status over time,
and sensitivity to change in a diverse group of patients
with malignant glioma.
Methods
Study design and participants
The study cohort was sampled from the NCI Neuro-
Oncology Branch Natural History Study (NOB–NHS,
NCT02851706), a US National Institutes of Health
Institutional Review Board-approved study that follows
patients with central nervous system tumours
throughout their disease trajectory. All patients aged 18
years or older with a primary central nervous system
tumour who undergo clinical evaluation at the US Na-
tional Institutes of Health Neuro-Oncology clinic are
eligible for the NOB–NHS after giving written informed
consent, regardless of disease status or geography.
Clinical status, treatment information, and PROs are
routinely collected at every clinical evaluation. A subset
of patients was identified for the current analysis based
on the following criteria: 1) a diagnosis of malignant
glioma (defined as anaplastic astrocytoma, anaplastic
oligodendroglioma, glioblastoma, gliosarcoma); and 2)
available PROs and ClinROs corresponding to an im-
aging visit. Diagnosis of a malignant glioma was based
on the diagnostic criteria at the time of the patient’s
initial diagnosis, which pre-date the current 2021 World
www.thelancet.com Vol 55 January, 2023
Health Organization classification. The current report
adheres to the STROBE reporting guidelines for obser-
vational studies.
Procedures
PROs were completed prior to the participant’s visit
with their healthcare team and before magnetic reso-
nance imaging findings were discussed with the patient.
ClinROs were determined by the clinician at the time of
clinical evaluation. All assessments were collected from
September 21, 2016 to January 31, 2020 via an electronic
data capture system.

To evaluate the difference in symptom severity in
terms of disease progression, patients were categorised
as having stable disease or radiographic disease pro-
gression based on the interpretation of their imaging
study by their radiologist and neuro-oncologist using
standard criteria as part of their clinical trial partici-
pation or routine standard of care. For patients who
had disease progression, their earliest assessment
where imaging study showed radiographic disease
progression was used. For patients who did not have
radiographic disease progression, the latest assessment
was used.

To evaluate change associated with disease progres-
sion, a set of two PROs and ClinROs consisting of the
patient’s first assessment on study entry and the earliest
subsequent assessment where imaging study showed
disease progression were compared. For patients who
did not have subsequent disease progression, the latest
assessment was used.

The largest magnitude of worsening was found for
each patient. The symptoms and/or functions corre-
sponding to the most severe worsening was tallied and
percentages were reported.

Patient-reported outcomes (PROs)
The FAST Track COA Group reviewed PROs commonly
used in neuro-oncology as part of their work to identify
the priority constructs and listed recommended PROs
based on their validity and availability, rather than rec-
ommending a specific PRO. The MD Anderson Symp-
tom Inventory-Brain Tumor Module (MDASI-BT) and
the EQ-5D-3L were administered as part of the NOB–
NHS and are listed as recommended PROs. There-
fore, items were selected from these two PROs based on
their correspondence with the priority constructs
(Supplementary Table S1).

The MDASI-BT is a reliable, validated self-report
measure of symptom burden and symptom in-
terference within the past 24 h.16 It consists of 22
symptom items rated 0 (Not present) to 10 (As bad as
you can imagine) and six interference items rated 0 (Did
not interfere) to 10 (Interfered completely). The MDASI-
BT items used to correspond to the priority constructs
were pain (symptom: pain), difficulty remembering
3
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(symptom: perceived cognition), difficulty concentrating
(symptom: perceived cognition), seizures (symptom:
seizures), difficulty understanding (symptom: difficulty
communicating), difficulty speaking (symptom: diffi-
culty communicating), fatigue (symptom: symptomatic
adverse event), weakness on one side of body (function:
physical), interference with walking (function: physical),
interference with work, including around household
(function: role), and interference with general activity
(function: role). Since the present study does not eval-
uate a specific treatment, fatigue (MDASI-BT: fatigue)
was chosen as a symptomatic adverse event due to its
high prevalence among PBT patients on various treat-
ments. Symptoms rated five or higher are considered
moderate-to-severe (pain, difficulty remembering, diffi-
culty concentrating, seizures, difficulty understanding,
difficulty speaking, fatigue, weakness on one side of
body).17,18 Shi et al.19 demonstrated a mean of two or
greater on the interference subscales can be considered
moderate-to-severe. This cut-off of two or greater on the
interference items was used to evaluate severity (inter-
ference with walking, interference with work, interfer-
ence with general activity). A decrease or increase of
one-point was used to categorise change in MDASI-BT
items.

The EQ-5D-3L is a validated self-report of general
health status.20 It assesses five dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. Patients choose a level for each dimension
that reflects their “own health state today”. The possible
levels represent “no problems”, “some problems” and
“extreme problems”. An EQ-5D-3L index score of the
health state is calculated using a scoring algorithm
based on U.S. population-based preference weights,21

and ranges from −0.11 to 1.0 based on the US popula-
tion. A score of 1.0 describes health as perfect, a score of
0.0 describes health as death-like and negative scores
describe health as worse than death. The EQ-5D-3L di-
mensions used to correspond to the RANO-PRO
Working Group standardised priority constructs were
mobility (function: physical), self-care (function: role),
usual activities (function: role), and pain/discomfort
(symptom: pain). A decrease or increase of one level was
used to categorise change in EQ-5D-3L dimensions.

Clinician reported outcomes (ClinROs)
Two ClinROs are collected through the NOB–NHS: the
Karnofsky Performance Status and the Neurologic
Function score. The Karnofsky Performance Status
(KPS)22 provides a standard way to measure a cancer
patient’s ability to perform usual tasks. It is a measure of
functional impairment with 11 categories ranging from
“Dead” (0) to “Normal; no complaints; no evidence of
disease” (100). Based on previous work,1,23 KPS was
dichotomized as good (≥90) and poor (≤80). Changes in
KPS were categorised as no change, improved (up at
least one status), or worsened (down at least one status).
The Neurologic Function Score (NFS)24 provides a
grading of neurologic function and is another measure
of functional impairment with five categories ranging
from “No neurologic symptoms; fully active at home/
work without assistance” (0) to “Severe neurologic
symptoms; totally inactive requiring complete assis-
tance; unable to work” (4). Changes in NFS were cat-
egorised as no change, improved (down at least one
status), or worsened (up at least one status).
Statistical analysis
Cases with missing ClinROs were considered missing at
random (physicians not documenting their assessment
as part of their routine progress note and not related to
disease status) and excluded from their respective uni-
variate analysis. The difference in symptom and function
severity between disease states was evaluated via inde-
pendent samples t-tests. Associations among severity
levels and disease states were evaluated via chi-square
tests. To evaluate change associated with disease pro-
gression, the change in severity was calculated between
the two assessments. Each change was categorised as no
change, improved, or worsened as described above.
Paired-samples t-tests also were used to evaluate the
mean difference in symptom and function severity be-
tween the two assessments. Changes in proportions were
evaluated with McNemar tests.25 Effect sizes (Hedge’s g,
Glass’ Δ, odds ratios (OR) or Cramer’s V) and 95%
confidence intervals (CI) for mean differences are re-
ported. Since more than one symptom or function was
evaluated, Holm-Bonferroni’s adjustment for multiple
comparison was applied. Distributional assumptions
were checked to evaluate the appropriateness of the
parametric tests. On review and using the smaller sam-
ple of patients with disease progression, with a sample of
112, we have 88% power to detect an effect size differ-
ence of 0.3 between two assessment timepoints via
paired-sample test at 5% significance level. All analyses
were conducted via IBM SPSS Statistics Version 26.26
Role of the funding source
The Natural History Study is supported by Intramural
Project 1ZIABC011786-03 (Principal Investigator: T.S.
Armstrong) and hence the funder of the study had no
role in study design, data collection, data analysis, data
interpretation, or writing of the report. Authors E.V.,
T.R.M., and T.S.A. had access to the dataset and had
final responsibility for the decision to submit for
publication.
Results
Patient sample
Seven hundred and sixty-five patients had enrolled into
the NOB–NHS between September 1, 2016 and January
www.thelancet.com Vol 55 January, 2023
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31, 2020. Three hundred thirty-six patients met the
criteria for inclusion in the current study (Table 1). The
majority of patients were White (n = 276, 82%), males
(n = 215, 64%) with a median age of 52 years
(IQR = 18.75). Glioblastoma was the most common
diagnosis (n = 214, 64%). Thirty-six percent were under-
going treatment at time of assessment (n = 122) and 65%
had a prior recurrence (n = 219). The median time from
diagnosis to assessment was 24 months (IQR = 78.5).
Between group differences in symptom and
function severity
Patient-reported MDASI-BT
For 154 patients (46%), their imaging study at first
assessment was interpreted as radiographic disease pro-
gression. Patients whose imaging showed disease pro-
gression reported worse pain (xdifference = 0.8, 95% CI
[0.2, 1.4], Hedge’s g = 0.31, p = 0.0054), difficulty
remembering (xdifference = 1.1, 95% CI [0.4, 1.7], Hedge’s
g = 0.35, p = 0.0016), difficulty speaking (xdifference = 0.8,
95% CI [0.2, 1.4], Hedge’s g = 0.28, p = 0.012), difficulty
understanding (xdifference = 1.1, 95% CI [0.5, 1.7], Hed-
ge’s g = 0.40, p < 0.0004), and fatigue (xdifference = 1.3,
Sex Female

Male

Race/Ethnicity Asian

Black/African American

Native Hawaiian/Pacific

White

Other race

Missing race

Hispanic ethnicity

Current diagnosis Anaplastic astrocytoma

Anaplastic oligodendrog

Glioblastoma

Gliosarcoma

Prior progression Yes

No

Treatment phase Active treatment

Surveillance

KPS 100

90

80

70

60

50

40

With a second assessment Yes, with disease progr

Yes, with stable disease

No

Abbreviation: KPS = Karnofsky performance status.

Table 1: Patient characteristics, N = 336.

www.thelancet.com Vol 55 January, 2023
95% CI [0.6, 1.9], Hedge’s g = 0.42, p = 0.0002) compared
to patients whose imaging showed stable disease. Pa-
tients whose imaging showed disease progression also
reported worse weakness on one side of body
(xdifference = 1.6, 95% CI [0.8, 2.4], Hedge’s g = 0.47,
p < 0.0001), interference with walking (xdifference = 1.8,
95% CI [1.1, 2.5], Hedge’s g = 0.54, p < 0.0001), inter-
ference with work (xdifference = 1.7, 95% CI [1.0, 2.5],
Hedge’s g = 0.50, p < 0.0001), and interference in general
activity (xdifference = 1.7, 95% CI [1.0, 2.4], Hedge’s
g = 0.52, p < 0.0001) (Fig. 1).

Compared to patients with stable disease, patients
with disease progression were more likely to have
moderate-to-severe difficulty remembering [n = 61
(40%) v n = 43 (24%), X2 (1) = 9.8, p = 0.0018], difficulty
understanding [n = 43 (28%) v n = 27 (15%), X2 (1) = 8.5,
p = 0.0035], fatigue [n = 81 (53%) v n = 66 (37%), X2

(1) = 8.8, p = 0.0030], weakness on one side of body
[n = 57 (37%) v n = 34 (19%), X2 (1) = 14.0, p < 0.0001],
interference with walking [n = 99 (64%) v n = 61 (34%),
X2 (1) = 31.2, p < 0.0001], interference with work
[n = 110 (71%) v n = 82 (46%), X2 (1) = 23.2, p < 0.0001],
and general activity [n = 110 (71%) v n = 83 (46%), X2

(1) = 22.3, p < 0.0001 (Supplementary Fig. S1).
n %

121 36

215 64

19 6

22 7

Islander 1 1

276 82

3 1

15 5

27 8

66 20

lioma 44 13

214 64

12 4

219 65

117 35

122 36

214 64

59 18

110 33

70 21

39 12

33 10

17 5

5 2

ession 112 33

145 43

79 24

5
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p<0.0001* p<0.0001*
p<0.0001* p<0.0001*

Fig. 1: MD Anderson Symptom Inventory-Brain Tumor symptom and function ratings by disease status. Patients with disease progression
on imaging rated symptoms and functions more severely compared to patients with stable disease in all symptoms and functions except
difficulty concentrating and seizures.
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Patient-reported EQ-5D-3L
On the EQ-5D-3L, more patients with disease progres-
sion reported some problems walking (n = 84, 55%)
than patients with stable disease (n = 56, 31%, Cramer’s
V = 0.30); some problems washing or dressing (n = 55,
36%) than stable disease (n = 33, 18%, Cramer’s
V = 0.26); and inability to perform usual activities
(n = 32, 21%) than stable disease (n = 14, 8%, Cramer’s
V = 0.24). Thirty-eight percent of patients with disease
progression (n = 59) reported moderate or extreme
pain/discomfort compared to 28% of patients with sta-
ble disease (n = 51, p = 0.13) (Table 2). Thirty-four
percent of patients with stable disease (n = 61) re-
ported no problems in any dimension (11111 health
state) compared to 14% of patients with disease pro-
gression (n = 22). Patients with disease progression also
perceived their own health to be worse compared to
patients with stable disease, as evidenced by their EQ-
5D-3L index score (xprogression = 0.70 vs xstable = 0.81,
95% CI [0.07, 0.16], Hedges’ g = 0.53, p < 0.0001).

Clinician-reported KPS and NFS
Clinicians reported KPS scores of 40–100 and NFS of
0–4 (Table 2). Patients with disease progression were
four times more likely to have a poor KPS than patients
with stable disease [n = 103 (68%) v n = 61 (34%),
OR = 4.1]. A smaller proportion of patients with disease
progression had a NFS = 0 (n = 21, 15%) compared to
patients with stable disease (n = 76, 45%) and no
patients with stable disease had a NFS = 4 (Cramer’s
V = 0.36).
Within group change in symptom and function
severity
Patient-reported: MDASI-BT
One hundred and twelve patients had a second assess-
ment that corresponded to an imaging study interpreted
as radiographic disease progression, a median of four
months (IQR = 6.75) from first assessment. From time
of first assessment to time of disease progression,
symptom severity worsened in pain (xdifference = 0.8,
95% CI [0.3, 1.2], Glass’ Δ = 0.38, p = 0.0013), difficulty
remembering (xdifference = 1.0, 95% CI [0.4, 1.6], Glass’
Δ = 0.35, p = 0.0017), difficulty concentrating
(xdifference = 0.8, 95% CI [0.3, 1.3], Glass’ Δ = 0.31,
p = 0.0030), difficulty speaking (xdifference = 0.7, 95% CI
[0.2, 1.3], Glass’ Δ = 0.27, p = 0.0074), difficulty under-
standing (xdifference = 0.8, 95% CI [0.2, 1.3], Glass’
Δ = 0.34, p = 0.0057), and fatigue (xdifference = 1.0, 95%
CI [0.3, 1.7], Glass’ Δ = 0.36, p = 0.0037). Seizure
severity was similar between the two timepoints. Func-
tion severity also worsened among patients with disease
progression for weakness on one side of body
(xdifference = 0.8, 95% CI [0.2, 1.4], Glass’ Δ = 0.28,
p = 0.0054), interference with walking (xdifference = 1.3,
95% CI [0.7, 1.9], Glass’ Δ = 0.49, p < 0.0001), inter-
ference with activity (xdifference = 1.0, 95% CI [0.4, 1.7],
www.thelancet.com Vol 55 January, 2023
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Measure Severity level Stable disease Disease progression

n % n %

EQ-5D-3L n 182 ⋅⋅ 154 ⋅⋅
Mobility No problems walking 124 68 60 39

Some problems walking 56 31 84 55

Confined to bed 2 1 10 6

Self-care No problems in self-care 143 79 84 55

Some problems in self-care 33 18 55 36

Unable to self-care 6 10 15 10

Usual activities No problems with usual activities 104 57 55 36

Some problems with usual activities 64 35 67 44

Unable to perform usual activities 14 8 32 21

Pain/Discomfort None 131 72 95 62

Moderate 47 26 54 35

Extreme 4 2 5 3

KPS n 181 ⋅⋅ 152 ⋅⋅
100 50 28 9 6

90 70 39 40 26

80 30 17 40 26

70 18 10 21 14

60 8 4 25 16

50 5 3 12 8

40 0 0 5 3

NFS n 170 ⋅⋅ 143 ⋅⋅
0 76 45 21 15

1 56 33 56 39

2 18 11 25 18

3 20 12 34 24

4 0 0 7 5

Abbreviations: KPS = Karnofsky performance status; NFS = Neurologic function score.

Table 2: EQ-5D-3L dimension, Karnofsky Performance Status, and Neurologic Function Score severity levels by disease status.
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Glass’ Δ = 0.36, p = 0.0027), and interference with work
(xdifference = 1.1, 95% CI [0.4, 1.8], Glass’ Δ = 0.37,
p = 0.0016) (Fig. 2). Patients reported, on average, four
(SD = 3) symptoms and functions as moderate-to-severe
at time of disease progression and 26% of patients
(n = 29) reported six or more of the 11 items as
moderate-severe (data not shown). There was a change
in proportions of moderate-to-severe fatigue and inter-
ference with walking at time of disease progression
(Supplementary Table S2). Thirty percent of patients
(n = 33) reported none-to-mild fatigue at the first
assessment then moderate-to-severe fatigue at time of
disease progression (p = 0.0045). Twenty-three percent
(n = 26) reported none-to-mild interference with walking
at the first assessment then moderate-severe interfer-
ence with walking at time of disease progression
(p = 0.0013).

When viewed as strictly improvement or worsening,
irrespective of magnitude, at least 30% of patients (at
least n = 35) reported worsening in every symptom and
function, except seizures. More than 50% reported
worsening at the time of disease progression in fatigue
(n = 59, 53%), interference with general activity (n = 59,
53%), and interference with work (n = 56, 50%). For
www.thelancet.com Vol 55 January, 2023
most symptoms, the magnitude of worsening was
greater than the magnitude of no change or improve-
ment (Table 3).

Patient-reported: EQ-5D-3L
Patients with disease progression had worsening
mobility (n = 25, 22%), self-care (n = 23, 21%), and usual
activities (n = 25, 22%). Pain/Discomfort also worsened
among 16% of patients with disease progression
(n = 18) (Table 3). Patients’ perception of their own
health worsened at time of disease progression
(xdifference = −0.06, 95% CI [−0.10, −0.02], Glass’
Δ = 0.43, p = 0.0024).

Clinician-reported: KPS and NFS
Among patients with disease progression, 46% (n = 51)
had a worsened KPS and 35% (n = 30) had a worsened
NFS, compared to 23% (n = 32) and 20% (n = 23) of
patients with stable disease, respectively (Table 3).
Symptom with most worsening
One hundred patients had worsening symptoms and
functions at time of disease progression. Each of the
7
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Fig. 2: Change in MD Anderson Symptom Inventory-Brain Tumor symptom and function ratings from first assessment to disease
progression. Patients with disease progression showed worsening pain, difficulty remembering, difficulty concentrating, difficulty under-
standing, difficulty speaking, fatigue, walking, work, and activity from first assessment (T1) to time of disease progression (T2).
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priority symptom and function was reported by at least
7% (at least n = 7) as having worsened the most. When
considering magnitude, fatigue was the symptom most
frequently reported as having worsened the most with
19% (n = 19), followed by difficulty remembering with
17% (n = 17). Among functions, interference with
general activity was most frequently reported as having
worsened the most (19%, n = 19) followed by interfer-
ence with walking (18%, n = 18) (Supplementary
Fig. S2).
Discussion
While efficient for evaluation in a clinical trial, past and
present studies have not identified a single symptom or
construct that adequately reflects the symptom burden a
patient experiences while on a clinical trial or receiving
standard treatment. Reeve et al.4 identified 12 symptoms
that occur most frequently among oncology patients.
Armstrong et al. 1 further confirmed the presence of a
core set of symptoms reported by PBT patients, where
patients reported, on average, three moderate-severe
symptoms simultaneously. The RANO-PRO Working
Group broadened the idea to priority constructs that can
encompass several symptoms and functions through
available COAs. The present study provided initial
support for the priority constructs in terms of their
relevance, relationship with disease status and
treatment, sensitivity to change over time, and evalua-
tion via COAs.

The priority constructs were shown to be related to
the disease and/or treatment, as measured by disease
progression. Symptoms and functions among patients
with disease progression were more severe compared to
patients with stable disease, particularly in the functions
of walking, work, and usual activities. Interference with
work, activities, and walking has been shown to be
predictive of disease progression in PBT patients.23 Both
clinicians and patients themselves perceived the pa-
tient’s functional and health status as worse, as reflected
in the lower proportion of patients with a 11111 health
state on the EQ-5D-3L (no problems in any dimension)
and in the worsened KPS and NFS.

Changes in priority constructs was evident over time.
Symptoms and functions, related to both disease and
treatment, worsened to time of disease progression. The
change is observed in symptoms related to the tumour,
such as weakness, and symptoms related to the treat-
ment, such as fatigue. Study patients reported all
possible directions of change, yet only patients with
radiographic disease progression reported significant
worsening, with the magnitude of worsening greater
than that of stability or improvement (a median of three
points worse, data not shown). Also, when compared to
patients with stable disease at the second assessment
(n = 145), only difficulty understanding worsened over
www.thelancet.com Vol 55 January, 2023
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No change Improvement Worsening

n (%) n (%) n (%)

MDASI-BT, n = 112 Pain 54 (48) 20 (18) 38 (34)

Difficulty remembering 29 (26) 29 (26) 54 (48)

Difficulty concentrating 43 (38) 23 (21) 46 (41)

Seizures 84 (75) 14 (13) 14 (13)

Difficulty understanding 43 (38) 24 (21) 45 (40)

Difficulty speaking 44 (39) 23 (21) 45 (40)

Fatigue 15 (13) 38 (34) 59 (53)

Weakness on one side of body 60 (54) 17 (15) 35 (31)

Interference with walking 38 (34) 20 (18) 54 (48)

Interference with work 30 (27) 26 (23) 56 (50)

Interference with general activity 25 (22) 28 (25) 59 (53)

EQ-5D-3L, n = 112 Mobility 82 (73) 5 (5) 25 (22)

Self-care 87 (78) 2 (2) 23 (21)

Usual activities 75 (67) 12 (11) 25 (22)

Pain/Discomfort 77 (69) 17 (15) 18 (16)

KPS, n = 111 48 (43) 12 (11) 51 (46)

NFS, n = 87 50 (58) 7 (8) 30 (35)

Abbreviations: KPS = Karnofsky performance status; MDASI-BT = MD Anderson symptom inventory brain tumor module; NFS = Neurologic function score. Change based
on: MDASI-BT, 1 point change; EQ-5D-3L, 1-level change; KPS, 1-status change; NFS, 1-status change.

Table 3: Percentage of patients with worsening and improvement in symptoms and functions at second assessment by patient report and clinician
report.
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time and less than 16% (less than n = 23) reported
worsening mobility, self-care, usual activities, or pain/
discomfort (Supplementary Table S3).

The priority constructs were demonstrated to be
relevant to patients in that they were reported as
important by the patient. Patients were reporting each
symptom as worsening the most for them individually.
There was no single predominate symptom among all
study patients based on their reporting. The priority
constructs also were consistent with the top priorities of
brain tumour patients and caregivers, as reported in a
2014 survey from the National Brain Tumor Society.27

Patients reported retaining brain functioning and abil-
ity to walk and perform basic physical tasks as most
important. Our results mirror these findings and show
that patients recognise and report changes in their
cognition and physical abilities.

Previous discussions have considered the distinction
between statistical significance and clinical relevance.2

The minimally important difference (MID) for the
MDASI-BT is estimated at one point on a 0–10 scale and
for the EQ-5D-3L Index score at 0.06 on a −0.33 to 1.0
scale.28,29 Using these MIDs, difficulty remembering,
difficulty understanding, fatigue, weakness on one side
of body, interference with walking, interference with
work, interference with general activity, and the pa-
tient’s perception of their health (EQ-3D-3L Index score)
met the criteria for clinical relevance as well as statistical
significance.

Regardless of COA, the pattern of clinical worsening
associated with radiographic disease progression was
www.thelancet.com Vol 55 January, 2023
consistent. Symptoms and functions were reported as
more severe among patients with disease progression
using PROs and a concomitant functional decline was
noted using ClinROs by clinicians. The implications for
patient care cannot be overstated. Recognition of core
symptoms that worsen with disease progression is
useful in planning patient and caregiver education for
monitoring and reporting and in planning symptom
management approaches. Exploring changes in symp-
toms prior to imaging studies is also necessary to
establish and evaluate a standardised assessment and its
ability to recognise clinical and radiographic disease
progression.

While the Fast Track COA Group’s recommended
list of priority constructs included 11 items, the MDASI-
BT measures an additional 17 symptoms and functions.
A preliminary look at these non-priority items revealed
that feeling drowsy, interference with enjoyment of life,
and interference with mood were also significantly
worse among patients with disease progression
compared to stable disease (Supplementary Table S4).
Feeling distressed, feeling drowsy, numbness/tingling
in arms or legs, and interference with enjoyment of life
also worsened over time to disease progression
(Supplementary Table S5). Feeling drowsy may be
offered as a symptomatic adverse event if it is a common
or expected event of the treatment regimen. Enjoyment
of life can be placed under role functioning as it can
describe leisure or social activities in general. Mood
changes, which could include feeling distressed, was
recommended by the RANO-PRO Working Group but
9
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was later decided to be a confounding construct and was
therefore not included in the Fast Track COA Group’s
final recommended list.

While the recommended guidelines are for both
clinical research and clinical care, there are limitations
to the present study that influence its current general-
isability to clinical trials. There is variability in the
treatments received by the study’s patient sample, with
not all having participated in a clinical trial. Cumulative
effect of prior treatments can impact both disease status
and symptom reports. Further work will consider how
number and type of prior treatments can influence the
observed relationship. The sample also includes patients
across the disease phases. Future work will focus on the
use of the prior constructs in clinical trial populations
specifically. With that goal in mind, the current statis-
tical analysis has been proposed for future use by the
FDA’s Oncology Center of Excellence. Another limita-
tion of this study is that we chose to focus on evaluating
the relationship of priority constructs with disease pro-
gression. Future work could include examining the
relationship of priority constructs with progression free
survival or overall survival that is currently beyond the
scope of the present paper.

In summary, this is the first study to evaluate the
clinical impact of the RANO-PRO Working Group’s
recommended priority constructs in a large cohort of
patients with malignant glioma. A pattern of worsening
symptoms and functions was observed using patient-
reported outcomes and clinician-reported outcomes
among patients with disease progression, including over
time. The present study provides initial evidence to the
relevance, sensitivity, feasibility, and relationship to
disease of the seven recommended priority constructs
for use in clinical research and clinical care for primary
brain tumour patients.
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