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Abstract

Background. Two methods combining survival and health-related quality of life (HRQoL) data in glioma trials to
calculate the “net clinical benefit” were evaluated: Quality-adjusted effect sizes (QASES) and joint modeling (JM).
Methods. The net clinical benefit in two trials was calculated as proof of concept for other trials. With the QASES
method, effect sizes for differences in progression-free survival (PFS) or overall survival (OS) and HRQoL between
the experimental arm and standard treatment arm were calculated, while the relative emphasis placed on survival/
HRQoL varied. JM allows simultaneous modeling of HRQoL and OS/PFS.

Results. In the EORTC 26951 trial, combined radiochemotherapy significantly prolonged OS (difference
11.7 months), but also resulted in more patients experiencing clinically relevant worsening (>10 points) in appetite
loss and nausea/vomiting shortly after treatment. Using QASES, the survival benefit of additional procarbazine,
lomustine, and vincristine (PCV) decreased from 42.3 months to 29.5 and 28.2 months when accounting for ap-
petite loss and nausea/vomiting, respectively. JM analyses resulted in a loss of the beneficial effect of additional
PCV between 13% and 24% when adjusting for different HRQoL parameters. The EORTC 22033 trial showed no
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significant PFS difference between radiotherapy or temozolomide alone (46 vs 39 months), nor clinically rel-
evant differences in HRQoL. JM analyses also showed no significant association between PFS and HRQoL
scales/items, whereas QASES showed that temozolomide alone was more favorable when considering

symptom burden (47-49 instead of 39 months).

Conclusions. Both methods resulted in different outcomes, but adjusting for the impact of treatment on
HRQol resulted in theoretically reduced survival benefits.

Key Points

e Two methods, joint modeling and quality-adjusted effect sizes are feasible to

calculate the net clinical benefit.

e Both methods showed that adjusting for the impact of treatment on health-related
quality of life resulted in theoretically reduced survival benefits.

Importance of the Study

This study used 2 distinct methods to calculate
the “net clinical benefit” in 2 glioma clinical
trials, combining survival and health-related
quality of life (HRQoL) in one outcome. Both
methods, joint modeling and quality-adjusted
effect sizes, resulted in different outcomes, but

In clinical trials including glioma patients, data on health-
related quality of life (HRQoL) are regularly collected in ad-
dition to traditional outcomes such as radiological tumor
response, overall survival (OS), and progression-free sur-
vival (PFS). Incorporation of survival and quality-of-life out-
comes into one expression seems important to properly
evaluate treatment benefits. Indeed, a certain treatment
strategy may prolong survival but may also be accom-
panied with considerable toxicity and subsequently a de-
creased level of functioning in patients. Hence, to determine
the “net clinical benefit” of a new treatment strategy, both
the quantity and quality of life should be considered.’

Until now, survival and HRQoL are often analyzed separately,
and the lack of integration between the endpoints may lead to
difficulties in interpretation of treatment benefits, particularly
when results are conflicting. There are several statistical tech-
niques available to combine survival and HRQoL outcomes
into one expression. One method is joint modeling (JM), in
which a longitudinal outcome (eg, HRQoL) and a survival out-
come can be simultaneously analyzed.This technique has pre-
viously been applied to 2 trials in which oligodendroglioma
patients were randomized to receive either radiotherapy (RT)
alone or radiotherapy plus procarbazine, lomustine, and vin-
cristine (PCV) chemotherapy.23 Both trials showed that survival
was still in favor of the combination treatment arm, even when
adjusted for the negative impact of treatment on HRQoL.23

Another method to combine survival and toxicity in-
formation into a single expression of treatment benefit is
with quality-adjusted effect sizes (QASES).* This method
weighs differences in survival with differences in tumor

are applicable to interpret HRQoL and survival
data together. In clinical trials, these methods
may facilitate interpretation on the net clinical
benefit of a treatment strategy, while in clinical
practice, they can be used to facilitate clinical
decision making.

response rate or toxicity, and one study previously applied
this method to multiple trials including newly diagnosed
glioblastoma patients®:The median PFS difference between
two treatment arms (chemoradiation plus bevacizumab vs
chemoradiation alone) decreased from 3.4 to 0.9 months in
favor of the chemoradiation alone arm when adjusting for
fatigue. Instead of toxicity, HRQoL data could also be used
with the QASES method, thereby combining survival and
HRQol data.

The aim of this study was to apply both JM and QASES
techniques to 2 different randomized controlled trials
(RCTs) including glioma patients as a proof of concept for
other trials, and evaluate differences between the methods.

Methods
Study Population

This study is part of the CODAGLIO (ie, COmbining clinical
trial DAtasets in GLIOma) project, in which a database was
created including HRQoL data of individual glioma patients
from 15 previously published phase II/lll RCTs. We calcu-
lated the net clinical benefit in 2 RCTs, EORTC 26951¢ (radi-
otherapy alone vs radiotherapy plus PCV chemotherapy in
anaplastic oligodendroglioma and oligoastrocytoma) and
220337 (radiotherapy alone vs temozolomide alone in low-
grade glioma), as a proof of concept for other trials, with 2
distinct methods.
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HRQoL

HRQoL was assessed with the EORTC QLQ-C30 version
3.0 questionnaire,® and the EORTC brain cancer-specific
QLQ-BN20.° Raw item scores were linearly transformed to
scale scores ranging from 0 to 100 following the EORTC
guidelines.'0 A clinically relevant change in HRQoL was de-
fined as >10 points on a scale, reflecting the minimum clin-
ically important difference.” Several HRQoL scales were
preselected for analyses in this study (Supplementary File
1). Patients with HRQoL scores on at least one timepoint
(baseline or follow-up) were included.

Joint modeling

Joint models allow simultaneous modeling of survival and
a longitudinal endpoint,'>'* for example, HRQoL meas-
ured over time. The joint model consists of 2 submodels:
a longitudinal submodel (M1; HRQolL) and a time-to-event
submodel (M2; survival), which are linked (joined) through
a random effect.’® For model 1 (M1), a flexible linear mixed
effects model expanding the time effect into a B-splines
basis matrix®'® was built using the longitudinal HRQoL
outcome and included the treatment arm as covariate. For
model 2 (M2), a Cox proportional hazards model was con-
structed including the time from randomization until the
date of death (ie, event), or the date of last contact (ie, cen-
sored), and also the treatment arm as covariate. Finally, the
2 submodels M1 and M2 were linked through a random
effect, resulting in the JM (ie, model 3 [M3]). In case of a
significant association between survival and each HRQoL
parameter (M1 and M2), outcomes of the JM including the
effect of treatment on HRQoL (M3) were compared with
outcomes of the Cox model (M2) including the effect of
treatment on survival only. This way, an “adjusted” sur-
vival benefit of a treatment strategy was calculated.

First, we constructed JMs separately for each HRQoL
scale. In a second step, in case HRQoL and survival were
significantly associated in the univariable models, mul-
tivariate joint models were constructed, combining all
selected HRQoL scales and survival into one model.'®
For the multivariate JM, patients with HRQoL scores
on all selected scales available at least at one time point
were included. Estimates in all models (M1-M3 and the
multivariate JM) were adjusted for relevant prognostic
sociodemographic and clinical factors including age, sex,
WHO performance status (PS), and previous surgery (bi-
opsy vs resection). Model assumptions were assessed
graphically.’ The formulas used to construct the models
(M1-M3) are described in SupplementaryTable 1.

QASES Method

A second method to combine HRQoL and survival into
one outcome is with QASES, in which effect sizes for the
treatment effect are first calculated separately for survival
(ESS) and HRQoL (ESHRQol). effect size survival (ESS)
reflects the difference in mean survival time between the
treatment arms (ie, survival time in the experimental arm
minus survival time in the standard arm) divided by the
standard deviation of the survival time in the standard arm

(SDsurvival). ESHRQoL reflects the difference in the per-
centage of patients with a clinically relevant worsening (ie,
>10 points at any timepoint during 1-year follow-up com-
pared to the baseline HRQoL score) in the score on a pre-
selected HRQoL scale between treatment arms, divided
by the standard deviation of the sample proportion in that
HRQol scale of the standard arm (SDHRQoL).

Thereafter, QASES was calculated as the survival effect
size minus the HRQoL effect size (ESS minus ESHRQol).
The resulting combined effect size can subsequently be
weighted to vary the magnitude of the impact of survival
and HRQoL. The weights for ESS (w1) and ESHRQoL (w2)
can vary from 0 to 1, where w1 + w2 = 1. A weight of w1 =1
indicates that survival is the only factor of importance, and
HRQolL has no importance. Vice versa, a weight of w2 =1
indicates that HRQoL is the only factor of importance.
Similarly, w1 = 0.5 and w2 = 0.5 reflects the situation in
which survival and HRQoL are considered equally impor-
tant (see Supplementary Table 2 for all QASES equations).
Ultimately, the combined effect size can be used to back-
calculate the difference in survival between the treatment
arms adjusted for the HRQoL effects.

All analyses were performed using IBM SPSS, version
23.0,"7 and R'® using the JM package,' and the JMbayes
package.?°

Results

Results of EORTC trial 26951 showed a significant OS ben-
efit with experimental treatment, but with significant and
clinically relevant worse appetite loss.'® For the EORTC
22033 trials, the PFS did not differ between treatment
arms, nor did HRQoL.

Below we describe the results of the EORTC trial 26951 in
full detail, to show how the 2 methods work, whereas the
results of EORTC trial 22033 are explained only shortly, to
highlight similarities and differences, but are described in
full in Supplementary File 1.

Clinical Outcomes

The EORTC 26951 trial reported that OS was significantly
longer in the RT/PCV arm (n = 182; 42.3 months) compared
to the RT alone arm (n = 184; 30.6 months); HR = 0.75, 95%
Cl: 0.60-0.95.% Of the 366 included patients, 337 (92%) had
baseline or follow-up HRQoL measures completed on at
least one time point and were included in this study.There
were no differences in clinical, sociodemographic, and mo-
lecular markers between patients with at least one HRQoL
form and all patients (Table 1).

Clinical results of EORTC study 22033 showed no sig-
nificant difference in PFS between radiotherapy only
(46 months, n = 240) versus temozolomide chemotherapy
only (39 months, n=237) 1.16, 95% Cl 0.9-1.5, P=.22).7

JM Outcomes

Results of the longitudinal sub models (M1) showed
a worsening in functioning (ie, functional scales and
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Table 1.

Characteristics All Patients (n = 366)

Baseline Characteristics of the Included Patients in EORTC Trial 26951

Patients With At Least One
HRQoL Form (n=337)

n (%)

n (%)

RT alone 184 (50)
RT/PCV chemotherapy 182 (50)
Male 210 (57)
Female 156 (43)
Age (mean, SD) 477 (11)
WHO PS 0 134 (36)
WHO PS 1 171 (47)
WHO PS 2 58 (16)
Missing 3(1)

Biopsy 52 (14)
Partial resection 182 (50)
Total resection 132 (36)
MGMT: methylated 42 (11)
MGMT: unmethylated 69 (19)
MGMT: missing 255 (70)
1p19q: codeleted 80 (22)
1p19q: nondeleted 151 (41)
1p19q: unknown 135 (37)
IDH mutant 83 (23)
IDH wildtype 98 (27)
IDH missing 185 (50)

171 (51) .37
166 (49)
192 (57) .28
145 (43)
477 (1) .M
124 (37) .57
155 (46)

55 (16)

3(1)

47 (14) .60
166 (49)
124 (37)

35(10) .46

53 (16)
249 (74)

61(18) 44
118 (35)
158 (47)

67 (20) .09

81 (24)
189 (56)

HRQoL, health-related quality of life; IDH, isocitrate dehydrogenase mutations; MGMT, 0%-methylguanine-DNA methyltransferase promotor methyla-
tion; RT, radiotherapy; WHO PS, World Health Organization Performance Status.

the global health status) over time, and an increase in
symptom burden (Table 2). Similar to the survival results
reported for the entire EORTC 26951 population,® we found
that combined RT/PCV was associated with prolonged OS
in our subgroup with HRQoL data (M2; Table 1): HR = 0.83
(95% Cl: 0.65-1.06), indicating a 17% lower risk of death for
patients treated with RT/PCV compared to RT alone.

The JMs (M3) for the different HRQoL parameters
showed a significant association (P < .0001) between
OS and all preselected HRQoL scales except for nausea/
vomiting, indicating that the risk for death was signifi-
cantly increased with worsening global health, physical
functioning, social functioning, and more fatigue, appetite
loss, communication deficits, and seizures (Table 2). For
example, a 10-point decrease in physical functioning cor-
responded to a 4% higher risk of death.

When comparing the survival models without HRQoL
data (M2) with the JMs including HRQoL (M3 for sepa-
rate HRQolL scales), we observed that the HRs for death
in the JMs including HRQoL (HRs between 0.96 and 0.98
for the functional scales and between 1.01 and 1.03 for the
symptom scales) were higher than in the survival model
without HRQoL (HR = 0.83), accounting for a difference in
HRs between 13% and 20% (Table 2). This means that, al-
though the beneficial effect of combined treatment with

RT/PCV was still present, it was smaller when accounting
for the negative impact of treatment on the patients’ func-
tioning and well-being.

Applying JM methods to EORTC trial 22033 showed no
significant association between PFS and the HRQoL scales
(SupplementaryTable 5).

Multivariate Joint Model

Results of the JM including all preselected HRQoL scales
for EORTC trial 26951 could be calculated for 270 patients
that completed all HRQoL scales on at least one time point
(Table 2). This multivariate model showed that only appe-
tite loss and seizures were significantly associated with
0OS, and accounted for a theoretical loss of the treatment
benefit of combined RT/PCV of 23% for both appetite loss
and seizures. No multivariate JM was constructed for
EORTC trial 22033 due to nonsignificant associations in the
univariable JMs.

QASES Outcomes

The difference in OS time of 11.7 months between treat-
ment arms in the EORTC 26951 trial resulted in an ESS of
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Table 2.
WHO Status, and Surgery

Model, Estimates Estimate (SE)
Univariate joint models (n=332)

M2: RT/PCV treatment (ref: RT
alone)

-0.19(0.12)

M3 joint models for selected HRQoL scales/items®®
RT/PCV treatment

Global health status —-0.02 (0.01)
Physical functioning —-0.04 (0.01)
Social functioning -0.02 (0.01)
Fatigue 0.02 (0.01)
Appetite loss 0.02 (0.01)
Communication deficit 0.01 (0.01)
Seizures 0.03(0.1)
Nausea/vomiting 0.01 (0.02)

Multivariate joint model (n = 270)

M2: RT/PCV treatment (ref: RT

alone)

M3: Multivariate joint model
RT/PCV treatment —-0.276 (0.00)
Global health status 0.002 (.00)
Social functioning -0.010 (0.00)
Fatigue -0.005 (0.00)
Appetite loss 0.031 (0.00)
Communication deficit -0.006 (0.00)
Seizures 0.026 (0.00)
Nausea/vomiting 0.006 (0.00)

Comparison of the Cox Models (M2) and Joint Models (M3) in EORTC Trial 26951: Estimates Adjusted for the Clinical Variables Sex, Age,

HR (95% ClI) PValue Difference in HR®
0.83 (0.65-1.06) 12

0.76 (0.59-0.97) .028*

0.98 (0.97-0.99) <.001%* 0.15 (15%)
0.96 (0.94-0.98) <.001** 0.13 (13%)
0.98 (0.98-0.99) <.001** 0.15 (15%)
1.02 (1.01-1.03) <.0071** 0.19 (18%)
1.02 (1.01-1.03) .0001** 0.19 (19%)
1.01 (1.00-1.02) .018* 0.18 (18%)
1.03 (1.02-1.05) <.001** 0.20 (20%)
1.01 (1.00-1.02) .76 NA

0.80 (0.62-1.03) .08

0.76 .064 NA

1.00 .86 NA

0.99 .23 NA

0.99 .58 NA

1.03 <.0001** 0.23 (23%)
0.99 1 NA

1.03 <.0001** 0.23 (23%)
0.94 .054 NA

Positive estimates indicate that scores on scales/items increase over time, meaning better scores for the functional scales and global health status
and worse scores on the symptom scales, whereas negative estimates indicate that scores on scale/items decreased over time, meaning worse
scores for the functional scales and global health status and better scores on the symptom scales.

HR, hazard ratio for the event (death); HRQoL, health-related quality of life; M2, cox model including the treatment effect; M3, joint model; SE,
standard error; NA, not applicable in case of nonsignificance; RT, radiotherapy.

aReference group: radiotherapy alone; °For the global health status, physical and social functioning: higher scores indicate better functioning. For
the symptoms fatigue, appetite loss, communication deficit, seizures and nausea/vomiting, a higher score indicates more symptoms; ¢ Difference in

the HR between the cox model (M2) and the joint models (M3).

*Statistically significant at the <.05 level; **statistically significant at the <.01 level.

0.27 (Table 3), which can be considered a small effect size.?'
For HRQol, the percentage of patients experiencing a clin-
ically relevant deterioration on a HRQoL scale ranged from
15% to 41% in the RT alone arm, and from 10% to 42% in
the RT/PCV arm (Table 3). In line with previous results,?? a
higher percentage of patients in the RT/PCV experienced
symptoms during treatment: 47% of the patients in the RT/
PCV arm experienced appetite loss versus 33% in the RT
alone arm, and 39% versus 23% of patients experienced
nausea and vomiting, respectively. Based on these per-
centages, the calculated ESHRQoL was 0.31 for appetite
loss and 0.37 for nausea and vomiting. Next, the survival
effect size was adjusted for these HRQoL effect sizes. With
equal weights for survival and HRQoL (w1 = w2 = 0.5), the
combined effect size was —0.02 for appetite loss and —0.05
for nausea/vomiting, indicating that including both HRQoL

and survival resulted in an unfavorable outcome for the RT/
PCV arm. For appetite loss, this was equivalent to a median
quality-adjusted OS for the RT/PCV arm of 29.5 months (in-
stead of 42.3 months) compared to 30.6 months in the RT
alone arm. Similarly, for nausea and vomiting, the median
quality-adjusted OS was 28.2 months. For all other HRQoL
scales, applying the same weights (w1 = w2 = 0.5), the me-
dian OS difference remained in favor of the RT/PCV arm.
Figure 1 demonstrates the range of quality-adjusted sur-
vival differences for each preselected HRQoL scale with
varying weights for survival and HRQoL.

In short, results of EORTC trial 22033 showed that
the 7 months PFS benefit in the RT alone arm was
nonsignificant. Nevertheless, a higher proportion of pa-
tients in the RT alone arm experienced worse social
functioning, and more communication deficits, visual
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Table 3. Summary of EORTC Trial 26951 Endpoints and Quality-Adjusted Effect Sizes

% of Patients Who
Experienced a
Clinically Relevant
Deterioration During

Endpoint
tween Arms

Treatment and
Follow-up?

RT/PCV  RT alone

Median OS (months) 42.3 30.6 1.7
HRQol scales/items

Physical functioning 14.3 16.3 -2
Social functioning 29.1 315 -2.4
Global health status 29.1 25.5 3.6
Fatigue 41.2 40.8 0.4
Appetite loss 473 32.62 14.7
Communication deficit 34.1 33.2 0.9
Seizures 9.9 15.2 -5.3
Nausea/vomiting 38.5 22.82 15.7

Difference in OS
and HRQolL Be-

Back Calculated
Median Differ-
ence

Total Effect
Size (w1 +
w2 = 1)

Effect Size
HRQoL
(ESHRQOL)

Adjusted
SurvivalTime
forTreat-
ment With RT
AloneP

-0.05 0.16 7.05 37.65
-0.05 0.16 6.99 3759
0.08 0.09 4.03 34.63
0.01 0.13 5.67 36.27
3l —-0.02 -1.07 29.53
0.02 0.12 5.43 36.03
-0.15 0.21 NIl 39.71
0.37 -0.05 -2.41 28.19

For appetite loss and nausea and vomiting, the back calculated median difference is negative, indicating that the mean survival difference between
the treatment arms is in favor of the standard treatment arm (RT alone), instead of the experimental treatment arm (RT+PCV).

HRQoL, health-related quality of life; 0S, overall survival; RT, radiotherapy.

aPercentage of patients with a clinically relevant deterioration in the experimental treatment arm compared to the standard treatment arm.
bMedian OS in the RT alone arm plus the back calculated median difference (eg, 30.6-1.07 for appetite loss is 29.53 months).

disorders, motor dysfunction, and drowsiness, while in the
TMZ arm, a higher proportion of patients experienced a
clinically relevant decrease in global health status and role
functioning. Including the impact of treatment on HRQoL
in the analysis resulted in a larger adjusted PFS difference
between treatment arms when adjusting for the global
health status and role functioning (37-38 months instead
of 39 months forTMZ alone compared to 46 months for RT
alone), and an opposite effect when adjusting for commu-
nication deficit, visual disorder, motor dysfunction, and
drowsiness (47-49 months instead of 39 months for TMZ
alone compared to 46 months RT alone). However, these
differences would most likely still not have resulted in a
statistically significant difference between the treatment
arms (Supplementary File 1).

Discussion

This study aimed to apply 2 methods, JM and QASES, to
combine survival and HRQoL data into one outcome to fa-
cilitate interpretation of the net clinical benefit of a treat-
ment strategy. In this study, we focused on 2 EORTC trials,
as a proof of concept for other clinical trials. The EORTC
26951 showed that patients had a significant OS benefit
(11.7 months) when treated with PCV chemotherapy in ad-
dition to RT compared to RT alone, but also a deterioration
in appetite loss. In previous reports, these outcomes were
analyzed and interpreted separately??: although combined
treatment resulted in prolonged OS, there was a transient
negative impact on HRQoL. Combining survival and longi-
tudinally collected HRQoL data into one outcome confirmed

that combined PCV/RT resulted in prolonged OS compared
to RT alone, but this benefit was less pronounced when cor-
rected for the negative impact of the treatment on HRQoL
parameters. Results of EORTC trial 22033, in which no sig-
nificant PFS benefit nor a clinically relevant impact of treat-
ment on HRQoL on group level was found, also showed that
when combining PFS and HRQoL into one outcome, the PFS
difference between the treatment arms changed. Even when
no significant and clinically relevant differences are found
between treatment arms for survival and HRQoL when ana-
lyzed independently, joint analyses could lead to a different
interpretation and subsequently different treatment deci-
sions. Although both methods showed that adjusting for the
negative impact of treatment on several HRQoL parameters
theoretically reduced the survival benefit of experimental
treatment versus standard treatment, the results were dif-
ferent. In EORTC trial 26951, one major difference is that the
JMs, irrespective of the scale assessed, resulted in a sur-
vival benefit in favor of the RT/PCV chemotherapy treatment
arm, whereas with the QASES method the survival benefit
was in favor of the RT alone arm when considering certain
scales (ie, appetite loss). This result is inherent to the sta-
tistical techniques, whereas JM uses longitudinally meas-
ured data, QASES is a cross-sectional method including the
proportion of patients with deteriorating HRQoL scores as
observed during treatment. This was also evident with the
nausea/vomiting scale of EORTC trial 26951 which was not
found to be associated with survival in the JM, while the
QASES results resulted in an unfavorable outcome for the
RT/PCV arm when including nausea and vomiting, similar to
the original trial results.

Another difference is that JM relies on statistical tech-
niques that require statistical significance, whereas QASES
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Figure 1.

Quality-adjusted survival difference with varying weights of EORTC trial 26951, weights for survival (w1) and the health-related quality

of life (HRQoL) scale/item (w2). W1 = 1 (right side of the figure), represents the hypothetical situation in which the patient considers survival as the
only criteria of importance (survival: w1 = 1, HRQoL: w2 = 0). The left side of the figure represents the hypothetical situation in which the patient
considers HRQoL as the only criteria of importance (w1 =0, w2 = 1). The vertical axis indicates the median overall survival difference, with positive
values representing a survival benefit in favor of the experimental treatment arm (RT/PCV) and the negative values indicating a survival benefit in

favor of the standard treatment arm (RT alone).

does not rely on statistical significance but rather calcu-
lated effect sizes based on proportion. In case of the EORTC
22033 trial, JMs resulted in nonsignificant associations be-
tween survival and HRQoL and thus provided no informa-
tion, whereas the net clinical benefit using QASES could be
calculated.

Which method is preferred depends on the specific re-
search question, and advantages and disadvantages of the
models should be taken into account. For JM, the longi-
tudinal and survival models where JM is based on have
important characteristics such as the possibility to adjust
for important prognostic clinical/sociodemographic fac-
tors, and the possibility to fit the model to the data over
time. Importantly, treatment may result in toxicity on both
the short and long term, and could be transient and/or per-
sistent. The longitudinal nature of JM includes all HRQoL
follow-up data available, and the interpretation of the net
clinical benefit therefore depends depending on the du-
ration of the follow-up data. Also, JM can handle missing
data, a known challenge with HRQoL data.?® Another ad-
vantage of JMs is that the results of these models can be
used for monitoring in clinical practice, as dynamic pre-
dictions of an individual patients’ survival probability can
be produced, updated with ongoing measurements of an
individual patient's HRQoL.% One disadvantage of JM may
be the complex statistical analysis, and the dependency
of the analysis on several strict model assumptions (eg,
missingness at random of longitudinal data).

An advantage of the QASES method is that it is an in-
tuitive and relatively easily applicable method, for which

only the percentage of patients with a deterioration in
a specific HRQoL scale is needed. Also, the method al-
lows to incorporate the patient’s view on the relative im-
portance ascribed to both quantity and quality of life, by
adjusting the weights assigned to survival and HRQolL,
thereby making this method meaningful for shared deci-
sion making. For example, in EORTC trial 26951, if a patient
particularly worries about nausea and vomiting caused by
a specific treatment strategy (eg, combined RT and PCV),
and less about the length of survival, RT alone may be pre-
ferred. In contrast, for another patient, these symptoms
may be of less importance while the length of survival is,
resulting in a preference for combined RT/PCV.

Our study showed that it is feasible to use both JM and
QASES in future clinical trials to interpret HRQoL and OS
data together. This facilitates interpretation on the net
clinical benefit of a treatment strategy. Combined inter-
pretation of outcomes may be particularly relevant for
personalized treatment and shared decision making, as it
allows more effective communication between patients
and physicians about the impact of a treatment strategy.
In our view, the most important difference between these
techniques is the inclusion of the number of measure-
ments. QASES uses a change in HRQoL scores between 2
different time points, for example, between baseline and
end of treatment, depending on the specific research ques-
tion. JM on the other hand, makes use of all measurements
over time (often more than 2), reflecting the complete lon-
gitudinal course of HRQoL. Future studies should inves-
tigate whether physicians find the use of these methods
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helpful in determining the net clinical treatment benefit in
clinical practice. The results of these models should then
be presented in such a way that they are easily interpret-
able for patients and physicians. One example to present
results of JMs to patients is by using dynamic predictions,
which are useful to visualize the combined impact of treat-
ment on the patients’ HRQoL and prognosis. Dynamic pre-
dictions show the patients’ survival probabilities in a graph
which is updated when new HRQoL data is available.3?*

In conclusion, JM and the QASES method can be used
to combine survival and HRQoL data into one outcome
in glioma trials, but outcomes may differ. In clinical trials,
these methods may facilitate interpretation on the net clin-
ical benefit of the treatment under investigation, while
in clinical practice they can be used to facilitate clinical
decision making, for example via a computerized deci-
sion-making application.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Advances online.
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