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Abstract 

Background:  Ripretinib is a novel switch-control kinase inhibitor that inhibits KIT and PDGFRA signaling. In the INVIC‑
TUS phase 3 trial, ripretinib increased median progression-free survival and prolonged overall survival vs. placebo 
in ≥ fourth-line advanced GIST. Here, we report prespecified analysis of quality of life (QoL) as assessed by patient-
reported outcome (PRO) measures and an exploratory analysis evaluating the impact of alopecia on QoL.

Methods:  In the INVICTUS trial (NCT03353753), QoL was assessed using the European Organisation for Research 
and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30; physical function, role function, overall 
health, and overall QoL) and the EuroQoL 5-Dimension 5-Level (EQ-5D-5 L; visual analogue scale). Analysis of covari‑
ance (ANCOVA) models compared changes in scores from baseline to treatment cycle 2, day 1 within and between 
ripretinib and placebo. Within the ripretinib arm, repeated measures models assessed the impact of alopecia on QoL.

Results:  Patients receiving ripretinib maintained QoL (as assessed by the EORTC QLQ-C30 and EQ-5D-5 L PRO meas‑
ures) from baseline to cycle 2, day 1 whereas QoL declined with placebo, resulting in clinically significant differences 
between treatments (nominal P < 0.01). The most common treatment-emergent adverse event with ripretinib was 
alopecia; however, QoL was similarly maintained out to treatment cycle 10, day 1 in patients receiving ripretinib who 
developed alopecia and those who did not.

Conclusion:  PRO assessments in the INVICTUS trial suggest that patients on ripretinib maintain their QoL out to 
C2D1, unlike patients receiving placebo. Longitudinal QoL was maintained for patients receiving ripretinib out to 
cycle 10, day 1 (approximately 8 months; past the point of median progression-free survival with ripretinib [6.3 
months]), even if the patients developed alopecia.

Trial registration:  ClinicalTrials.gov Identifier: NCT03​353753; first posted: November 27, 2017.

Keywords:  Gastrointestinal stromal tumors, Ripretinib, Patient-reported outcome measures, Quality of life, Alopecia

Introduction
Gastrointestinal stromal tumor (GIST) is the most 
common sarcoma of the gastrointestinal tract, with an 
estimated incidence of 10–15 cases per million [1, 2]. 
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Activating mutations in KIT or platelet-derived growth 
factor receptor alpha (PDGFRA) occur in approximately 
82–87% of patients with GIST [3], making these tumors 
amenable to treatment with tyrosine kinase inhibitors 
(TKIs). There are currently five approved TKIs (imatinib, 
sunitinib, regorafenib, ripretinib and avapritinib) for the 
treatment of patients with GIST.

While these TKIs have a more tolerable safety profile 
relative to traditional chemotherapy, they are associ-
ated with specific treatment-emergent adverse events 
(TEAEs) with potential quality of life (QoL) implications, 
such as various skin toxicities [4–8]. Palmar-plantar 
erythrodysesthesia syndrome (PPES), as well as stomati-
tis, are common with TKI therapy, especially with suni-
tinib and regorafenib; even Grade 2 severity of these 
common TEAEs can have significant impact on activities 
of daily living [4, 8–10]. Therefore, it is critical to evalu-
ate patient-reported outcome (PRO) measures in patients 
with GIST receiving TKI therapy. In a systematic review 
of the current literature on TKI therapy in GIST, only 
13 of 104 studies evaluated health-related QoL; com-
mon issues negatively affecting QoL were severe fatigue 
and fear of recurrence or progression of disease [11–13]. 
Most patients treated with sunitinib reported a decrease 
in health-related QoL whereas patients reported mostly 
stable QoL while receiving other TKIs [13].

Ripretinib, a novel switch-control TKI designed to 
broadly inhibit KIT and PDGFRA kinase signaling 
through a dual mechanism of action [14], is approved for 
the treatment of adult patients with advanced GIST who 
have received prior treatment with three or more TKIs, 
including imatinib, based on the results of the phase 3 
INVICTUS study (NCT03353753) [15, 16]. In INVIC-
TUS, ripretinib demonstrated a significant improvement 
in median progression-free survival (PFS), the primary 
endpoint, vs. placebo (6.3 vs. 1.0 months, respectively; 
hazard ratio [HR] = 0.15; 95% confidence interval [CI], 
0.09‒0.25; P < 0.0001), with clinically meaningful pro-
longation of median overall survival ([OS], 15.1 vs. 6.6 
months; HR = 0.36; 95% CI, 0.21–0.62) and an accept-
able safety profile. Alopecia was the most common 
drug-related TEAE reported in patients taking ripretinib 
(49%) [16].

Here, we further describe the prespecified PRO assess-
ments from patients receiving ripretinib or placebo from 
the INVICTUS trial and additional exploratory analyses 
of the impact of alopecia on self-reported functioning, 
health status, and QoL.

Materials and methods
Study design and participants
INVICTUS is an international, multicenter, rand-
omized, double-blind, placebo-controlled phase 3 trial 

in 129 patients who received at least three prior TKIs 
for advanced GIST (Fig. S1). The study design has been 
previously described [16]. Key inclusion criteria included 
age ≥ 18 years with a diagnosis of GIST with at least 
one measurable lesion according to modified Response 
Evaluation Criteria In Solid Tumors (mRECIST) version 
1.1 and prior progression on at least imatinib, sunitinib, 
and regorafenib or intolerance despite dose modifica-
tions. Patients were randomized 2:1 to receive ripretinib 
150  mg once daily (n = 85) or placebo (n = 44) until 
progressive disease (PD) or unacceptable toxicity. PD 
was determined by blinded independent central review 
using mRECIST version 1.1. Patients randomized to pla-
cebo could cross over to ripretinib 150 mg once daily at 
the time of confirmed PD and patients who progressed 
on ripretinib 150  mg once daily could dose-escalate to 
ripretinib 150 mg twice daily, continue treatment at the 
same dose, or discontinue treatment [17, 18]. Treatment 
cycles were 28 days. The protocol for the INVICTUS 
study is published online [19]. This analysis only includes 
PRO assessments from patients conducted during the 
placebo-controlled, double-blind portion of the trial 
(data cutoff: May 31, 2019).

PRO assessments
PRO assessments consisted of the European Organisa-
tion for Research and Treatment of Cancer Quality of 
Life Questionnaire (EORTC QLQ-C30) and the Euro-
QoL 5-Dimension 5-Level (EQ-5D-5  L). These were 
completed using an electronic PRO (ePRO) system 
before dosing on days 1 (baseline) and 15 of cycle 1, day 
1 of subsequent cycles, and within 7 days of the last dose 
(end-of-treatment visit).

The EQ-5D-5  L [20] and EORTC QLQ-C30 [21] are 
both validated, standardized, patient-completed ques-
tionnaires used extensively in cancer clinical stud-
ies, for which validated translations were provided for 
sites in non-English-speaking countries (Table  1). The 
EQ-5D-5  L was developed by the EuroQoL group to 
provide a measure of patient utility for clinical and eco-
nomic appraisals [20] and includes the EQ-5D-5 L vis-
ual analogue scale (VAS). Patients used the EQ-5D-5 L 
VAS to rate their health on that specific day on a ver-
tical scale. The EORTC QLQ-C30, developed to assess 
health-related QoL in patients with cancer, is com-
posed of multi-item and single-item scales, includ-
ing functioning scales (physical functioning and role 
functioning), and a global health status/QoL scale 
[21]. The physical functioning and role functioning 
scales are two of the PROs identified by the US Food 
and Drug Administration as existing tools that meas-
ure core PROs that are clinically relevant and impor-
tant to patients [22]. The functioning scales asked the 
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patients to rate their experiences for seven items dur-
ing the previous week on a four-point scale. Two items 
comprising the global health status scale also evalu-
ated the patient’s experience over the past week. The 
two functional scales (EORTC QLQ-C30 physical and 
role function) and the self-reported health status (EQ-
5D-5 L VAS) were prespecified because they illuminate 
critical aspects of the patient experience not covered 
otherwise. The additional function and symptom scales 
of the EORTC QLQ-C30 were not prespecified analy-
ses to avoid alpha-split issues. Additional data from 
the PRO questionnaires (including symptom items) are 
presented in the Supplementary information (Tables S1 
and S2). In scoring the EORTC QLQ-C30, the overall 
health and QoL scales may be combined into a single 
score [23]. However, since the scales measure funda-
mentally different aspects of the patient experience, 
one could improve while the other deteriorates. Thus, 
reporting the average of the two scores would be prob-
lematic and is not done in the prespecified analysis.

Changes from baseline in PRO measures were 
assessed using minimal clinically important differ-
ence (MCID) as identified in a review of MCID values 
for GI-related cancers [24]. For the EQ-5D-5  L VAS, 
MCID ranged from 7–8 points for anchor-based esti-
mates and 9–11 points for distribution-based estimates 
from a retrospective analysis of patients with various 
types of cancers [25]. For the EORTC QLQ-C30 func-
tioning scales and health-related QoL, there have been 
no empirically drawn MCIDs for GI-related cancers; 
however, an analysis encompassing several different 

conditions found that the MCID was approximately 0.5 
times the standard deviation of the baseline value [26].

Safety assessments
TEAEs were monitored throughout the study from 
informed consent to safety follow-up, occurring 30 days 
after the last dose, with their severity rated by investiga-
tors using the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (NCI-CTCAE) 
version 4.03 [16]. Time to first appearance and time to 
worst grade of the TEAE were recorded.

Statistical analyses
The EORTC QLQ-C30 was summarized by scale. In the 
scales used in the current manuscript, a higher score 
reflects better functioning or perceptions of overall 
health/QoL. The scoring for this questionnaire was done 
in two steps, with initial calculation of the average of the 
items that contribute to the scale. This was used as the 
raw score for the scale, to which a linear transformation 
was applied to standardize it, so that scores ranged from 
0 to 100. The EQ-5D-5  L VAS was summarized using 
continuous descriptive statistics.

Statistical comparisons between treatment arms were 
carried out on cycle 2, day 1 (C2D1; prespecified end-
point) for two functioning scales and the EQ-5D-5  L 
VAS. The number of patients in the placebo arm was 
low after this point due to attrition. The PRO-evaluable 
population includes patients with available baseline 
and C2D1 assessments; patients who did not have both 
a baseline and a C2D1 value were dropped from the 

Table 1  Patient-reported outcome assessments

EORTC QLQ-C30 European Organisation for the Research and Treatment of Cancer Quality of Life Questionnaire, EQ-5D-5 L EuroQoL 5-Dimension 5-Level, VAS Visual 
analogue scale
a Questions C29 and C30 were additional analyses; the three other analyses were prespecified

Patient-reported outcomes Description

EQ-5D-5 L [20]
 Visual analogue scale • Records self-rated health on a vertical VAS

• “We would like to know how good or bad your health is TODAY”
• Ranges from 0 (worst imaginable state of health) to 100 (best imaginable state of health)

EORTC QLQ-C30 [21]
 Physical function • Five questions evaluating strength, endurance, and daily physical functioning

• Four-point rating scale ranging from “1-not at all” to “4-very much”
• Responses were rolled up to a score ranging from 0 to 100 in which a larger value is better, per the EORTC 
manual [23]

 Role function • Two questions evaluating limitations during everyday activities
• Four-point rating scale ranging from “1-not at all” to “4-very much”
• Responses were rolled up to a score ranging from 0 to 100 in which a larger value is better, per the EORTC 
manual [23]

 Overall health (question C29)a • One question asking patients to rate their overall health during the past week on a scale of 1 (very poor) 
to 7 (excellent)

 Overall quality of life (question C30)a • One question asking patients to rate their overall quality of life during the past week on a scale of 1 (very 
poor) to 7 (excellent)
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analysis and no imputation of missing values was done. 
For selected domains from the EORTC QLQ-C30 (physi-
cal function, role function, overall health, overall QoL), 
analysis of covariance (ANCOVA) models were built for 
change from baseline to C2D1, with the stratification 
factors as factors. Fixed effects were treatment, Eastern 
Cooperative Oncology Group (ECOG) score at baseline, 
and the number of prior anticancer treatments. For the 
EQ-5D-5  L VAS, a t-test was performed between the 
ripretinib and placebo group for their change from base-
line to C2D1 scores.

In exploratory analyses, generalized estimating equa-
tion models were created to compare patients with and 
without alopecia. Models were built for each of the five 
PROs for ripretinib patients using repeated measures 

models across visits. For patients with alopecia, cycles 1 
and 2 were excluded to account for the median time of 
alopecia onset. Covariates were sex, alopecia (yes/no), 
and ECOG score at baseline. When there was no end 
date available for the TEAE, the event was coded con-
servatively as having extended to the last visit of the dou-
ble-blind period. Due to the placement of PROs in the 
hierarchy of testing, all P-values reported in this article 
are nominal.

Results
Patient population
Of 84 patients who received ripretinib during the double-
blind period, the PRO-evaluable population included 
73 patients with an available baseline assessment and 

Fig. 1  Number of patients with PRO assessment over time. At C1D1, 73 patients were evaluable in the ripretinib arm, and 42 patients were 
evaluable in the placebo arm. C, cycle; D, day; PRO, patient-reported outcome

Fig. 2  Change from baseline to cycle 2, day 1 in EQ-5D-5 L VAS and EORTC QLQ-C30 measures. Mean change from baseline to C2D1 in the 
EQ-5D-5 L VAS (A), EORTC QLQ-C30 physical function (A), EORTC QLQ-C30 role function (A), EORTC QLQ-C30 overall health (B), and EORTC QLQ-C30 
quality of life (B). P-values are nominal, and no statistical significance is being claimed. The Physical and Role Function questions were rolled up to a 
score out of 100; questions C29 and C30 are based on 7-point scales. C2D1, cycle 2, day 1; EORTC QLQ-C30, European Organisation for the Research 
and Treatment of Cancer Quality of Life Questionnaire; EQ-5D-5 L, EuroQoL 5-Dimension 5-Level; VAS, visual analogue scale
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71 patients with an available C2D1 assessment. Of the 
43 patients who received placebo during the double-
blind period, the PRO-evaluable population included 42 
patients with an available baseline assessment and 32 
patients with an available C2D1 assessment (Fig. 1). The 
declining number of patients with PRO data over time 
reflects the number of patients who remained progres-
sion-free as previously reported [16].

Changes in EQ‑5D‑5 L VAS and EORTC QLQ‑C30 
PRO measures
Changes from baseline to C2D1 in EQ-5D-5  L VAS 
and EORTC QLQ-C30 PRO measures are presented 
in Fig.  2. Patients receiving ripretinib maintained their 
daily self-reported health on the EQ-5D-5 L VAS, while 

placebo treatment was associated with a decline (nomi-
nal P = 0.004 for the difference between arms). Patients 
receiving ripretinib reported stable physical and role 
functioning relative to baseline, and the same meas-
ures deteriorated in patients receiving placebo (nominal 
P = 0.004 and nominal P = 0.001, respectively). Patients 
also maintained stable perceptions of their overall health 
and QoL compared with the placebo arm (both nomi-
nal P = 0.001). All differences between treatment arms 
exceeded the MCID. Scores at baseline and C2D1 for 
all items that were not part of the prespecified analysis 
are presented in the Supplementary information (Tables 
S1 and S2). Longitudinal changes in PRO scores from 
baseline in the ripretinib arm (Fig. 3) show that patients 
receiving ripretinib reported stable role and physical 

Fig. 3  Longitudinal changes from baseline in EORTC QLQ-C30 measures and EQ-5D-5 L VAS in the ripretinib arm. Longitudinal change from 
baseline in EORTC QLQ-C30 physical function (A), role function (B), overall health (C), overall quality of life (D), and EQ-5D-5 L VAS (E). EORTC 
QLQ-C30, European Organisation for the Research and Treatment of Cancer Quality of Life Questionnaire; EQ-5D-5 L, EuroQoL 5-Dimension 5-Level; 
QD, once daily; SD, standard deviation; VAS, visual analogue scale
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function, health status, and health QoL out to cycle 10, 
day 1 (approximately 8 months), which exceeds the pre-
viously reported median progression-free survival (6.3 
months) [16].

Safety
TEAEs (all causality) reported in > 20% of patients receiv-
ing ripretinib are summarized in Table 2 (data cut: May 
31, 2019); the most common TEAE in the ripretinib arm 
was alopecia (n = 44, 52%). The incidence of alopecia was 
57% in females and 43% in males. NCI-CTCAE grading 
for alopecia consists of two severity options: Grade 1 
(< 50% hair loss) or Grade 2 (≥ 50% hair loss). The major-
ity (34/44; 77%) of patients receiving ripretinib who 
developed alopecia had a severity of Grade 1 (data not 
shown).

Emergence of alopecia and the association with QoL
In patients receiving ripretinib, the median times to first 
appearance and to worst grade alopecia were 1.9 and 
2.1 months, respectively. Repeated measures analysis 
(Table 3) showed that overall health and physical and role 
function were similarly maintained in patients receiving 
ripretinib with and without alopecia over time. A trend 
toward better self-reported overall QoL was observed 
for patients who experienced alopecia (compared with 
no alopecia; nominal P = 0.03); however, the difference 
did not exceed the threshold for meaningful change. 
Longitudinal graphs from cycle 1, day 1 out to cycle 
10, day 1 demonstrate that responses for overall health, 
physical and role functioning, and overall QoL (average 
mean change from baseline) are generally maintained for 

patients receiving ripretinib who developed alopecia and 
those who did not (Fig. 4).

Discussion
In the INVICTUS phase 3 study, ripretinib demonstrated 
a statistically and clinically significant improvement in 
PFS and a clinically meaningful OS benefit compared 
with placebo that has led to the approval of ripretinib in 
the US, Canada, Australia, Hong Kong, China, Taiwan, 
Switzerland, the UK, and the EU [16, 27–34]. Here, we 
show that all five key PRO measures were maintained 
out to C2D1 in patients with advanced GIST receiving 
ripretinib compared with declining measures reported 
with placebo. The differences between the two arms in 
physical function, role function, health, and QoL as rated 
by patients receiving ripretinib and those receiving pla-
cebo were clinically significant using a previously defined 
MCID [24], and the P-values were significant. Patients 
receiving ripretinib had consistently stable self-reported 
functioning, health status, and QoL. Also, the longitudi-
nal measures suggest these patients were able to maintain 
QoL, while these same measures declined sharply with 
placebo after just 1 month.

The importance of evaluating PROs reflective of QoL 
and function during oncology trials has been increas-
ingly recognized over the past two decades. Whereas 
TEAEs are determined per investigator assessment, PRO 
assessments capture the perspectives of patients and 

Table 2  TEAEs in > 20% of patients receiving ripretiniba

N/A Not applicable, PPES Palmar-plantar erythrodysesthesia syndrome, 
TEAE Treatment-emergent adverse event
a Includes all TEAEs regardless of drug relatedness
b The highest severity classification for PPES is Grade 3

Preferred term, n 
(%)

Ripretinib
(n = 85)

Placebo
(n = 43)

All grades Grade 3–4 All grades Grade 3–4

Alopecia 44 (52) N/A 2 (4.7) N/A

Fatigue 36 (42) 3 (3.5) 10 (23) 1 (2.3)

Nausea 33 (39) 3 (3.5) 5 (12) 0

Abdominal pain 31 (37) 6 (7.1) 13 (30) 2 (4.7)

Constipation 29 (34) 1 (1.2) 8 (19) 0

Myalgia 27 (32) 1 (1.2) 5 (12) 0

Diarrhea 24 (28) 1 (1.2) 6 (14) 1 (2.3)

Decreased appetite 23 (27) 1 (1.2) 9 (21) 1 (2.3)

PPESb 18 (21) 0 0 0

Vomiting 18 (21) 3 (3.5) 3 (7.0) 0

Table 3  General estimating equation analysis summary of the 
association between alopecia and the 5 PRO measures in patients 
taking ripretinib

ECOG Eastern Cooperative Oncology Group, EORTC QLQ-C30 European 
Organisation for the Research and Treatment of Cancer Quality of Life 
Questionnaire, EQ-5D-5 L EuroQoL 5-Dimension 5-Level, PRO Patient-reported 
outcome, VAS Visual analogue scale
a Indicates the impact on PRO score in patients receiving ripretinib with alopecia 
vs. patients receiving ripretinib without alopecia, while keeping other variables 
constant (i.e., gender and ECOG status)
b All P-values reported are nominal

Mean estimatea Confidence 
interval

P-valueb

Alopecia
 EORTC QLQ-C30

  Overall health 0.17 (− 0.10, 0.44) 0.22

  Overall quality 
of life

0.35 (0.03, 0.67) 0.03

  Physical func‑
tion

3.17 (− 0.29, 6.64) 0.07

  Role function 4.50 (− 2.87, 11.87) 0.23

 EQ-5D-5 L

  VAS 3.01 (− 0.64, 6.67) 0.11
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can provide insight into the clinical relevance of inves-
tigator-determined TEAEs and other AEs that may go 
undetected during traditional TEAE monitoring. Nota-
bly, most of the pivotal trials of imatinib, sunitinib, or 
regorafenib for the treatment of advanced GIST did not 
report PROs [35–38]. PRO data are limited for imatinib 
despite its approval in GIST in 2002, but results derived 
from phase 3 trials support relatively stable QoL over the 
course of treatment [39, 40]. In the phase 3 registration 
trial of regorafenib, PROs were assessed via the EQ-5D 3 
Level (EQ-5D-3 L) as an exploratory endpoint and pub-
lished separately [41]. However, the intent of that analy-
sis was to estimate the health status of patients who were 

progression-free relative to clinically progressing patients 
to inform economic models. The study compared base-
line and first post-progression scores for both treat-
ment arms combined without providing any insight into 
changes in EQ-5D-3 L scores with regorafenib relative to 
placebo or the impact of TEAEs on QoL.

Ripretinib was generally well tolerated in the primary 
analysis and only 4 patients (4.7%) discontinued study 
treatment due to a treatment-related TEAE [16]. How-
ever, in the INVICTUS study, about 50% of the ripretinib 
recipients developed some level of alopecia, making it the 
most common TEAE [16]. Our analyses showed a median 
time to onset of about 2 months for first detection and 

Fig. 4  Longitudinal changes from baseline in PRO measures in patients with or without alopecia who received ripretinib. EORTC QLQ-C30 physical 
function (A), EORTC QLQ-C30 role function (B), EORTC QLQ-C30 overall health (C), EORTC QLQ-C30 quality of life (D), and EQ-5D-5 L VAS (E). EORTC 
QLQ-C30, European Organisation for the Research and Treatment of Cancer Quality of Life Questionnaire; EQ-5D-5 L, EuroQoL 5-Dimension 5-Level; 
SD, standard deviation; VAS, visual analogue scale



Page 8 of 10Schöffski et al. BMC Cancer         (2022) 22:1302 

worst grade occurrences of alopecia. When stratified by 
alopecia, patient-reported function, overall health, and 
overall QoL were generally stable; because patients had 
already progressed on other therapies and were at risk of 
fatal progression, perhaps alopecia was not as important 
to these patients. The impact of hair loss on QoL may 
depend on many factors, including the proportion of hair 
lost, the amount of hair the patient had prior to starting 
treatment, sex, social status, and employment status [42–
44]. It is possible that alopecia is not permanent in these 
patients, but further analysis is necessary.

A limitation of this study was that responses on PRO 
assessments were not collected from all patients. How-
ever, the response rate of approximately 80% in this 
study is relatively high. Additionally, because these 
were secondary outcomes, the study arms were not 
specifically powered for statistical analysis. The number 
of patients in the placebo group declined quickly due to 
disease progression, making it difficult to make inter-
group comparisons beyond cycle 2. Additional research 
in real-world patients would be helpful in further estab-
lishing the association of alopecia and other symptoms 
with QoL.

Conclusion
In conclusion, PRO assessments in the INVICTUS trial 
demonstrate that patients with advanced GIST on fourth-
line or greater therapy maintain QoL and function while 
receiving ripretinib out to C2D1 compared with patients 
receiving placebo. Similarly, patients receiving ripretinib 
were not negatively impacted by alopecia as related to 
longitudinal QoL and function.
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