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Abstract

Background: The objective of this study was to assess patient‐reported outcomes

(PROs), including health‐related quality of life (HRQoL) and anxiety and depression
symptoms, and to identify associated variables in patients with tyrosine kinase in-

hibitor (TKI)‐resistant chronic myeloid leukemia (CML) in chronic‐phase (CP) or

accelerated‐phase (AP) who were receiving olverembatinib.

Methods: Patients in multicenter studies were invited to complete the European

Organization for Research and Treatment of Cancer Quality‐of‐Life Core 30

Questionnaire, the Self‐Rating Anxiety Scale, and the Self‐Rating Depression Scale

at baseline and regularly during olverembatinib therapy. The time trends in PROs

were estimated with a linear model using a generalized estimating equation based

on an independent working correlation matrix. A generalized estimating equation

model was used to assess the variables associated with PROs.
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Results: In total, 146 patients with CML‐CP or CML‐AP were included in this study.

Scores on seven items from the European Organization for Research and Treatment

of Cancer Quality‐of‐Life Core 30 Questionnaire, including global health, physical

functioning, emotional functioning, fatigue, dyspnea, diarrhea, and financial diffi-

culties, improved significantly over time during olverembatinib therapy. In multi-

variate analysis, age younger than 40 years was significantly associated with greater

improvement in social functioning (p = .033), and CML‐CP (vs. CML‐AP) was
associated with greater improvements in dyspnea (p = .031) and diarrhea (p = .031)

over time. Scores on the Self‐Rating Anxiety Scale and the Self‐Rating Depression
Scale decreased significantly over time during olverembatinib treatment (p < .001).

Conclusions: The authors concluded that HRQoL significantly improved over time

during olverembatinib therapy in heavily treated patients with TKI‐resistant CML,

especially among those who were younger and those who had CML‐CP. Anxiety
symptoms also significantly decreased over time.
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chronic myeloid leukemia, health‐related quality of life (HRQoL), olverembatinib, Self‐Rating
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INTRODUCTION

The introduction of tyrosine kinase inhibitors (TKIs), including third‐
generation (3G) TKIs, has improved the outcomes of patients with

chronic myeloid leukemia (CML).1–8 Information on patient‐reported
outcomes (PROs), including health‐related quality of life (HRQoL)

and symptom profiles, is necessary to improve overall treatment

outcomes of TKI therapy.9–15 Several studies on HRQoL have

focused on patients who had CML treated with imatinib, second‐
generation TKIs, and asciminib.9–15 Despite studies on the efficacy

and safety of 3G TKIs,6–8,16 data on PROs in patients receiving 3G

TKIs are rare. Olverembatinib is a novel, small‐molecule, orally
administered, 3G BCR::ABL1 inhibitor that is effective in TKI‐resistant
patients who have Philadelphia chromosome (Ph)‐positive CML or

acute lymphoblastic leukemia.6,17 The objective of the current study

was to assess HRQoL profiles and the prevalence of self‐reported
symptoms of anxiety and depression and to identify variables asso-

ciated with these symptoms in heavily treated patients with TKI‐
resistant, chronic‐phase (CP) or accelerated‐phase (AP) CML (CML‐
CP or CML‐AP) who were receiving olverembatinib.

MATERIALS AND METHODS

Study design and population

This multicenter study included individuals who experienced resis-

tance to previous imatinib and/or second‐generation TKI therapies

and switched to olverembatinib (in phase 1 since October 2016

[Chinese Clinical Trial Registry (www.chictr.org.cn) identifier,

ChiCTR1900027568] and in phase 2 since May 2019 [ClinicalTrials.

gov identifier NCT03883100]). Patients were invited to participate in

the PRO study. All participants were aged 18 years or older, had a

diagnosis of Ph‐positive and/or BCR::ABL1‐positive CML‐CP or CML‐
AP according to European LeukemiaNet (ELN) criteria, and had an

Eastern Cooperative Oncology Group score <2.18–21 The patients'

HRQoL scores were assessed using the Chinese version of the Eu-

ropean Organization for Research and Treatment of Cancer (EORTC)

Quality‐of‐Life Core 30 Questionnaire (QLQ‐C30) before the initia-

tion of olverembatinib therapy and at various visit time points (3, 6,

12, 24, and 36 months) during olverembatinib treatment.22–24 The

participants from Peking University People's Hospital also completed

anxiety and depression symptom scales: the Self‐Rating Anxiety Scale
(SAS) and the Self‐Rating Depression Scale (SDS).25,26 Patients who

discontinued participation in the study were deemed ineligible for

subsequent assessments. In the event of any progression within this

period, the protocol required that patients complete a PRO assess-

ment as close as possible to the time of disease progression, after

which they would be excluded from further assessments.

Clinical and laboratory data, treatment responses, and patient

outcomes were obtained from medical records. The study adhered

strictly to the principles of the Declaration of Helsinki and received

approval from the Ethics Committee. Informed consent was obtained

from all participants.

Assessment of efficacy

Diseasephase, treatment responsedefinitions, and assessment criteria

were based on the ELN‐recommended assessment.18–21 Hematologic,
cytogenetic, and molecular analyses were performed as described

previously.6 A complete hematologic response, a major cytogenetic

response, a complete cytogenetic response, and a major molecular

response (MMR) were defined according to ELN criteria.18–21
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Assessment of safety

Adverse events (AEs) were assessed continuously and were graded

according to the National Cancer Institute Common Terminology

Criteria for Adverse Events, version 5.0.18. Complete blood counts

with differential, serum chemistry, and physical examinations were

performed before the study, weekly during months 1 and 2, on

alternate weeks in months 3 and 4, and monthly thereafter.

Assessment of HRQoL

HRQoL was assessed by the well validated Chinese version of the

cancer‐specific EORTC QLQ‐C30, which was validated in China,20,21

before and at 3, 6, 12, 24, and 36 months of olverembatinib therapy

until disease progression to AP or BP.

The EORTC QLQ‐C30, which is one of the most commonly used
measures to assess HRQoL in patients with cancer,24 contains a total

of 30 items that can be grouped into 15 domains: five functional

domains (physical, role, cognitive, and emotional and social func-

tioning), three symptomatic domains (fatigue, pain, and nausea and

vomiting), one general health status/quality‐of‐life domain, and six

single domains (dyspnea, insomnia, loss of appetite, constipation,

diarrhea, and financial difficulties). The scores of the items included in

each domain are summed and divided by the number of items

included to obtain the total score of the domain (raw score, RS:

RS = [Q1 þ Q2 þ … Qn]/n). To make the scores of each domain

comparable to each other, a linear transformation was further per-

formed using the polarization method to convert the RS into a

standardized score (SS) with values ranging from 0 to 100. The

following formulas were used: functional domain, SS = [1 − (RS − 1)/

R] � 100; symptom domain and general health status domain,

SS = [(RS − 1)/R] � 100. Higher scores in the functional domain and

the general health status domain indicate better functional status

and HRQoL, whereas higher scores in the symptom domain indicate

more symptoms or problems (poorer HRQoL).

Assessment of anxiety and depression symptoms

Anxiety and depression symptoms were assessed using the SAS and

theSDS, respectively,which arewidely used, user‐friendly instruments
for self‐assessment by patients.25,26 Moreover, the Chinese adapta-

tions of these scales have been validated in epidemiologic surveys.27,28

Both of these scales are 20‐item self‐report assessment instruments,
with the total scores derived from the summation of the scores of the

20 items. The standard score is obtained by multiplying the total score

by a factor of 1.25. For anxiety and depression symptoms, the

respective standard cutoff scores are 50 and 53. Following the

guidelines set forth by the China Mental Health Center, for this study,

we used specific ranges for the standard SAS scores, namely, 25–49

(normal), 50–59 (mild anxiety), 60–69 (moderate anxiety), and 70

(severe anxiety). Similarly, the standard SDS scores were categorized

into ranges of 25–52 (normal), 53–62 (mild depression), 63–72 (mod-

erate depression), and 73 (severe depression).

Statistical analysis

Continuous variables are described using medians (ranges) and

means � standard deviations, and categorical variables are described

using counts (percentages). The Pearson χ2 test (for categorical

variables) and the Mann‒Whitney U test (for continuous variables)

were used to measure between‐group differences in variables.

Univariate and multivariate general linear models were used to

assess the impact of baseline variables on each of the scale scores

(QLQ‐C30 score, SAS standard score, and SDS standard score). The

time trends of the PROs were estimated with a linear model using a

generalized estimating equation (GEE) based on the independent

working correlation matrix. The GEE model was also used to assess

the impact of achieving an MMR (yes vs. no; time‐dependent vari-
able) and other baseline variables on longitudinal quality of life. The

QLQ‐C30 score, the SAS standard score, and the SDS standard score
were regressed on MMR achievement (yes vs. no; time‐varying co-

variate), age, sex, CML phase, interval from diagnosis to olver-

embatinib therapy, and treatment duration. The interactions of these

covariates were also included in the model to evaluate whether

HRQoL changed over time in a different manner. We used the

GENMOD procedure in SAS version 9.4 (SAS Institute Inc.) to fit the

GEEs. Two‐sided p values < .05 were considered to indicate statis-

tical significance. All analyses and plots in this study were performed

using SPSS version 22.0 (IBM Corporation), SAS version 9.4, and

GraphPad Prism version 9.0 (GraphPad Software Inc.).

RESULTS

Patient characteristics

In total, 146 patients with CML‐CP (n = 114) or CML‐AP (n = 32)

were included in this study. The median age was 42 years (range, 20–

74 years). Ninety‐four patients (64%) were male. The median interval
from CML diagnosis to olverembatinib initiation was 5.5 years (range,

0.4–23 years). Sanger sequencing at baseline revealed that 19 pa-

tients (13%) harbored no BCR::ABL1 mutations, 92 (63%) harbored a

single T315I mutation, 22 (15%) harbored a T315I mutation and

other mutations, and 13 (9%) harbored non‐T315Imutations. In total,
102 patients with CML‐CP (n = 85) or CML‐AP (n = 17) completed

the SAS and SDS questionnaires (Table 1).

Response

During the 3‐year follow‐up, 104 of 110 patients (95%) with an

assessable hematologic response achieved a complete hematologic

response. Of the 142 patients who were evaluated for a cytogenetic
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response, 108 (76%) achieved a major cytogenetic response, and 97

(68%) achieved a complete cytogenetic response. Among all patients,

87 (60%) achieved an MMR, 33 (23%) achieved a molecular response

of a 4.5‐log transcript reduction on the international scale, 16 pro-

gressed to the advanced phase, and 25 died from disease progression

(n = 16) or other comorbidities (n = 9).

Safety

All 146 patients experienced at least one treatment‐related AE, of

which 120 (82%) were grade 3/4. One hundred twenty‐four patients
(85%) experienced hematologic AEs. The most frequent hematologic

AE was thrombocytopenia (76%), of which 58% were grade 3/4,

followed by anemia (58%), of which 21% were grade 3/4. Most severe

AEs resolved after temporary treatment suspension or dose reduc-

tion (see Table S2).

Health‐related quality of life

At baseline

The three most severe symptom burdens (mean � standard deviation

score) reported by patients before olverembatinib therapy were

financial difficulties (67 � 35), fatigue (28 � 23), and insomnia

(21 � 28). The remaining 12 domains were assessed in terms of

physical functioning (85 � 15), role functioning (84 � 26), emotional

functioning (79 � 20), cognitive functioning (81 � 20), social func-

tioning (73 � 25), global health/quality of life (69 � 23), nausea and

vomiting (8 � 15), diarrhea (14 � 24), pain (16 � 19), constipation

(15 � 24), loss of appetite (16 � 23), and dyspnea (18 � 22; Figure 1).

To identify variables associated with HRQoL at baseline, the

demographic characteristics (sex, age), disease phase, interval from

CML diagnosis to olverembatinib initiation, and BCR::ABL1 mutation

status of patients were analyzed. In multivariate analyses, an interval

TAB L E 1 Patient characteristics.

Characteristic HRQoL, No. (%) SAS/SDS, No. (%)

No. of patients 146 (100.0) 102 (100.0)

Age: Median [range], years 42 [20–74] 40 (20–64)

Men 94 (64.4) 66 (64.7)

Time from diagnosis to olverembatinib treatment: Median [range], years 5.5 [0.4–23.2] 5.9 [0.4–15.2]

Prior TKI

Imatinib 19 (13.0) 15 (14.7)

Imatinib/dasatinib 54 (37.0) 32 (31.4)

Imatinib/nilotinib 25 (17.1) 18 (17.6)

Imatinib/dasatinib/nilotinib 36 (24.7) 28 (27.5)

Nilotinib 6 (4.1) 5 (4.9)

Dasatinib 2 (1.4) 0

Dasatinib/nilotinib 4 (2.7) 4 (3.9)

No. of lines of prior TKI therapy

1 27 (18.5) 20 (19.6)

2 83 (56.8) 54 (52.9)

≥3 36 (24.7) 28 (27.5)

BCR::ABL1 mutation status by Sanger sequencing

No mutation 19 (13.0) 19 (18.6)

T315I single mutation 92 (63.0) 55 (53.9)

T315I and other mutations 22 (15.1) 15 (14.7)

Other mutations 13 (8.9) 13 (12.7)

CML stage

CML‐CP 114 (78.1) 85 (83.3)

CML‐AP 32 (21.9) 17 (16.7)

Abbreviations: CML, chronic myeloid leukemia; CML‐AP, chronic myeloid leukemia in accelerated phase; CML‐CP, chronic myeloid leukemia in chronic
phase; HRQoL, health‐related quality of life; TKI, tyrosine kinase inhibitor.
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from CML diagnosis to olverembatinib initiation ≥5 years (vs. <5
years) was significantly associated with poor cognitive functioning

(p = .014). Lack of a BCR::ABL1 mutation (vs. T315I with or without

other mutations) was significantly associated with poor cognitive

functioning (p = .014), poor emotional functioning (p = .030), and

severe constipation (p = .021).

During olverembatinib therapy

In total, 129 (88%), 118 (81%), 119 (82%), 96 (66%), and 102 (69%)

patients completed the questionnaire at 3 months, 6 months, 12

months, 24 months, and 36 months, respectively (see Table S1). The

three most severe symptom burdens (mean � standard deviation

score) reported by the patients after 36 months of olverembatinib

therapy were financial difficulties (50 � 37), constipation (25 � 28),

and fatigue (22 � 20; Figure 1).

The dynamic HRQoL profile during olverembatinib therapy was

estimated with a linear model using a GEE based on the independent

working correlation matrix. The scores for seven scale items,

including the global health (p = .003), physical functioning (p = .022),

and emotional functioning (p = .001) items, significantly improved

over time, which indicated better functional status; the scores for the

symptom scale items, including fatigue (p < .001), dyspnea (p = .037),

diarrhea (p < .001), and financial difficulties (p < .001), decreased

significantly, which indicated fewer symptoms or problems (Figure 2).

To identify variables associated with the changes in HRQoL

during olverembatinib therapy, a linear model using the GEE, which

included patients' demographic characteristics (sex and age [younger

than 40 years vs. 40 years and older]), disease phase (CML‐CP vs.

CML‐AP), interval from diagnosis to olverembatinib initiation (<5
years vs. ≥5 years) at baseline, and treatment response (MMR

achievement, yes vs. no) at each visit during treatment, was used in

multivariate analyses. MMR achievement (yes vs. no) was a time‐
dependent variable that represented the MMR status before each

assessment. The interactions of age, sex, CML phase, and interval

from diagnosis to olverembatinib initiation with treatment duration

(visit * age, visit * sex, visit * CML phase, visit * interval from diagnosis

to olverembatinib initiation) were also included in the model to

assess whether HRQoL changed over time.

In multivariate analyses, age younger than 40 years was associ-

ated with greater improvement in social functioning (p = .033), and

CML‐CP (vs. CML‐AP) was associated with greater improvement in

dyspnea (p = .031) and diarrhea (p = .031) over time as the number of

cycles of olverembatinib therapy increased. In addition, in multivar-

iate analyses, an interval from CML diagnosis to olverembatinib

initiation <5 years (vs. ≥5 years) was associated with better physical

functioning (p = .023), social functioning (p = .029), cognitive

F I GUR E 1 Changes in patient‐reported outcomes over time (baseline and 36 months; *p < .05). SAS indicates the Self‐Rating Anxiety
Scale; SDS, Self‐Rating Depression Scale.
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F I GUR E 2 (A–O) Changes in health‐related quality of life at each visit.

functioning (p = .004), and fatigue (p = .020); CML‐CP (vs. CML‐AP)
was associated with better emotional functioning (p = .026), insomnia

(p = .007), and diarrhea (p = .004); achieving an MMR was associated

with less nausea and vomiting (p = .024); and male sex was associated

with better global health (p = .036). However, these covariates were

not associated with improvements in HRQoL over time as the num-

ber of treatment cycles increased.

In addition, we performed separate analyses on patients in CML‐
CP and CML‐AP. Among the patients in CML‐CP, the results were

the same as in the previous analysis of all patients: physical func-

tioning (p = .004), emotional functioning (p < .001), global health

(p = .010), fatigue (p < .001), dyspnea (p = .004), diarrhea (p < .001),

and financial difficulties (p < .001) improved during olverembatinib

treatment. For the patients in CML‐AP, no items improved, whereas
cognitive functioning (p = .018) and constipation (p = .016) worsened

during olverembatinib treatment (Figure 2).

Regardless of whether the patients completed the 36‐month
questionnaire survey, the results were the same as in the previous

analysis of all patients: physical functioning (p = .007), emotional

functioning (p < .001), global health (p = .006), fatigue (p < .001),

dyspnea (p = .015), diarrhea (p < .001), and financial difficulties

(p < .001) improved during olverembatinib treatment. In those who

discontinued participation before completion of the study, nausea

and vomiting (p = .015) improved during treatment, whereas con-

stipation (p = .005) worsened during treatment.

Symptoms of anxiety and depression

At baseline

The SAS standard score of the 102 patients who completed the

questionnaires before olverembatinib therapy was 43 � 7 points.

According to the guidelines set forth by the China Mental Health

Center, 83 patients (82%) had no anxiety symptoms, and 18 patients

(18%) and one patient (1%) experienced mild and moderate anxiety

symptoms, respectively. The standard SDS score was 49 � 12 points.

Fifty‐six patients (55%) had no depression symptoms; and 35 (34%),

nine (9%), and two (2%) patients experienced mild, moderate, and

severe depression symptoms, respectively.

Univariate and multivariate general linear models were used to

identify variables associated with SAS and SDS scores at baseline. In

the multivariate analysis, an age younger than 40 years (vs. 40 years

and older; p = .006) and an interval from CML diagnosis to olver-

embatinib initiation <5 years (vs. ≥5 years; p = .023) were signifi-

cantly associated with a lower SDS standard score. No variable

affecting the SAS standard score at baseline was identified.

During olverembatinib therapy

At 36 months after the initiation of olverembatinib therapy, the SAS

and SDS standard scores of the patients were 36 � 7 and 46 � 13

points, respectively. Seventy‐eight (95%) and 48 (59%) patients were
free of anxiety symptoms and depression symptoms, respectively.

Four patients (5%) had mild anxiety symptoms, 24 (29%) had mild

depression symptoms, 10 (12%) had moderate depression symptoms,

and two (2%) had severe depression symptoms.

Linear model analyses using the GEE based on the independent

working correlation matrix revealed that the standard SAS score

(p < .001) and the standard SDS score (p = .047) decreased signifi-

cantly over time during olverembatinib therapy (Figure 3).

To identify variables associated with changes in the SAS and SDS

scores from baseline during olverembatinib therapy, the GEE, which

included demographic characteristics (sex and age [younger than 40

years vs. 40 years and older]), disease phase (CML‐CP vs. CML‐AP),
interval from diagnosis to olverembatinib initiation (<5 years vs. ≥5
years), and treatment response (achieving an MMR, yes vs. no) at

each visit during treatment were used. In the multivariate analysis, an

age younger than 40 years (p = .014) and an interval from CML
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diagnosis to olverembatinib initiation <5 years (vs. ≥5 years;

p = .047) were significantly associated with a lower SDS standard

score during olverembatinib therapy, but these covariates were not

correlated with improvements over time. No variable was associated

with a change in the standard SAS score.

The standard SAS scores decreased significantly over time during

olverembatinib therapy both in patients with CML‐CP and in those

with CML‐AP (both p values < .001); however, the standard SDS

score decreased significantly over time only in the CML‐CP group

(p = .021), but not in the CML‐AP group (p = .702; Figure 3).

Regardless of whether patients completed the 36‐month ques-

tionnaire survey, the standard SAS scores decreased significantly over

time during olverembatinib therapy (both p values < .001). In multi-

variate analysis of the patients who completed the 36‐month ques-

tionnaire survey, age younger than 40 years (vs. 40 years and older;

p= .017) was significantly associated with a lower standard SDS score.

DISCUSSION

In this study, we focused on HRQoL, anxiety symptoms, and

depression symptoms and analyzed the variables associated with

these symptoms in patients with TKI‐resistant CML who were

receiving olverembatinib. During 3 years of olverembatinib therapy,

HRQoL and anxiety symptoms significantly improved in patients who

had CML‐CP. Anxiety symptoms significantly decreased over time in
both patients with CML‐CP and those with CML‐AP, including those
who did and did not complete the 36‐month questionnaire survey.

Improvements in the HRQoL were associated with being in the

CP stage of CML at baseline (vs. the AP stage), young age, harboring

a T315I‐based BCR::ABL1 mutation, and having better emotional

functioning at baseline. These associations may be attributed to pa-

tients being aware of the specific efficacy of olverembatinib in

overcoming the T315I mutation. These findings were specific to

olverembatinib therapy.

Previous studies have indicated a correlation between higher

costs and poor HRQoL.29–32 In this study, we observed that financial

difficulties were the most serious burden reported by patients before

and during the study. Since 2018, imatinib, nilotinib, and dasatinib

have been partially reimbursed by medical insurance across China,

and all patients involved in this study had been heavily treated, with a

median interval from diagnosis to olverembatinib initiation of 5

years. Long‐term therapy and related costs, including frequent hos-

pital visits for follow‐up care and a decrease in job opportunities and
abilities because of illness, may result in a financial burden for some

patients; although clinical trials provide free medication and testing,

F I GUR E 3 Changes in Self‐Rating Anxiety Scale (SAS) and Self‐Rating Depression Scale (SDS) scores over time at each visit for the total
population (A, B), for AP and CP patients (C, D) separately. AP indicates accelerated phase; CP, chronic phase.
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economic difficulties persist. Therefore, financial difficulties, one of

the most common and severe symptom burdens before and during

the study, are understandable.

Consistent with previous studies,29,30,33,34 fatigue was a promi-

nent symptom at baseline; a longer TKI therapy duration was associ-

ated with more severe depression symptoms at baseline, and male sex

was associated with improved global health during olverembatinib

therapy. Patients in a later line settingwhowere treatedwith asciminib

in the ASCEMBL trial (ClinicalTrials.gov identifier NCT03106779) also

presented with fatigue as the most common symptom at baseline,

which improved during treatment, with no deterioration in CML‐
specific symptoms or HRQoL in these patients.14

An age younger than 40 years was associated with greater

improvement in social functioning during olverembatinib therapy,

which indicated that young patients who benefited from the treat-

ment were investing more in social activities. In addition, younger age

was associated with lower standard SDS scores at baseline, which

decreased over time, and this is also consistent with the findings of a

previous study indicating that younger patients have better mental

health.15

This study has several limitations. First, the study had a relatively

small sample size. Second, not all patients in the clinical trials

completed the questionnaires to assess anxiety and depression

symptoms. Third, the patients were from clinical trials, and further

studies are needed to determine the applicability of these conclu-

sions in real‐world scenarios. Our patients were younger, and the

structure of the health care system in China differed significantly

from that in developed countries. Further investigation is needed to

determine the applicability of our health care model to countries that

have different health care systems.

We concluded that HRQoL significantly improved over time

during olverembatinib therapy in heavily treated patients with TKI‐
resistant CML‐CP. Younger age and being in the CP stage of CML

rather than the AP stage were associated with improved HRQoL.

Anxiety symptoms significantly decreased over time among patients

with CML‐CP and those with CML‐AP, regardless of whether they
completed the 36‐month questionnaire survey.
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