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Aim: To conduct a systematic literature review of real-world evidence on the burden of tyrosine kinase
inhibitor (TKI) failure in Chinese patients with chronic myeloid leukemia (CML). Methods: We identified
155 references in Chinese- and English-language journals from 2001 to 2021. Results: The age-adjusted
mortality rate in Chinese CML patients was decreasing. Imatinib treatment had a higher annual treatment
failure risk than nilotinib (0.199 vs 0.041). Patients with TKI treatment failure tended to be young (median:
38.6 years), have progressive disease (44.3%) and harbor BCR-ABL1 mutations (51.6%). The disease burden
of TKI treatment failure included reduced health outcomes and increased health resource utilization and
costs. Conclusion: CML relapse cases could continuously rise in China due to increasing TKI treatment
failure over extended survival.
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Chronic myeloid (myelogenous) leukemia (CML) is characterized by an increased, unregulated growth of myeloid
cells in the bone marrow and subsequent accumulation of such cells in the blood [1]. The discovery of the Philadelphia
chromosome, a balanced genetic translocation associated with CML, led to the development of imatinib [2], the first
generation of tyrosine kinase inhibitor (TKI) treatment, which has significantly decreased morbidity and mortality
in patients with CML [3]. However, the emergence of drug resistance, intolerance and nonadherence (i.e., treatment
failure) in long-term TKI treatment imposes a formidable challenge in managing CML [4].

First-generation (1G) TKI imatinib was recommended as standard care for patients with newly diagnosed CML
in China shortly after its 2002 approval [5]. Increasing treatment with imatinib and second-generation (2G) TKIs in
Chinese patients with CML has reduced hematopoietic stem-cell transplantation (HSCT) from 29.6% in 2007 to
8% in 2016 [6]. However, up to one-third of patients with CML develop drug resistance or intolerance to first-line
(1L) treatment with imatinib [7]. In addition, patients with the BCR-ABL1 kinase domain ‘gatekeeper’ T315I
mutation [8] are highly resistant to the three TKIs approved in China (i.e., imatinib, nilotinib, dasatinib), and
the disease management with all TKIs can be further complicated by compound mutations [9]. Although HSCT
continues to play a role in managing CML secondary to TKI treatment failure, the access to HSCT for Chinese
patients with CML is often limited by strict eligibility requirements and prohibitively high costs.

To date, no systematic literature review (SLR) has assessed the potentially wide-ranging dimensions of TKI
treatment failure among patients with CML in mainland China. Therefore the aim of the present SLR was to
evaluate real-world evidence (RWE) reflecting the disease burden and unmet medical needs of Chinese patients
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with CML that fails to respond to TKIs or is intolerant of these medications. These consequences include treatment
responses, health-related quality of life (HRQoL), health resource utilization (HRU) and costs.

Materials & methods
We consulted the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement (www.prisma-s
tatement.org/PRISMAStatement/) to design this SLR. In brief, we conducted a literature search of major English-
and Chinese-language bibliographic databases of RWE studies from published, peer-reviewed articles concerning
the disease burden and unmet medical needs of Chinese patients with CML and TKI treatment failure. Treatment
failure was in turn defined as primary and secondary drug resistance or treatment intolerance associated with TKIs
for CML since the approval of imatinib for treating CML in mainland China in 2002.

This SLR included real-world studies reporting: the epidemiology of CML; treatment failure and BCR-ABL1
mutations associated with the three approved TKIs for CML in China (imatinib, nilotinib and dasatinib); patient
characteristics; disease progression; treatment information; treatment outcomes; HRQoL; HRU; and direct medical
costs in Chinese patients with CML and TKI treatment failure.

Bibliographic databases & literature search strategies
We conducted a literature search of four major English bibliographic databases (MEDLINE, Embase, Web of
Science and the Cochrane Library) and three major local bibliographic databases in mainland China (WANFANG,
VIP and China National Knowledge Infrastructure). The publication date range was from 1 January 2001 (year
of initial approvals of imatinib) to 16 June 2021 (date of original literature searches). Literature search strategies
were developed to meet the requirements of indexed databases and searched study types, which included CML
epidemiological studies and observational studies reporting evidence related to TKI treatment failure. Search strings
used to search English bibliographic databases are listed in Supplementary Table 1.

Study eligibility
We assessed study eligibility using the population, intervention, comparator, outcome, study design criteria to
maximize the inclusion of RWE studies with evidence indicating disease burden and unmet medical needs in Chi-
nese patients with CML and TKI treatment failure. Included studies: implemented an observational study design
(i.e., retrospective, cross-sectional or prospective); reported epidemiological data on CML (e.g., age-standardized
incidence, age-standardized mortality); provided information on treatment failure and BCR-ABL1 mutation asso-
ciated with currently approved 1G and 2G TKIs in mainland China; and/or summarized patient characteristics,
disease prognosis, treatment information, treatment outcomes, HRQoL, HRU and costs for Chinese patients with
CML and TKI treatment failure.

We excluded studies that: included patients with other (non-CML) hematological malignancies or experienced
failure with treatments other than TKIs; did not involve RWE studies, including clinical trials (phase I, II, III
and/or randomized controlled trials), preclinical (in vivo or in vitro) studies, case studies, case reports, non-original
research articles (e.g., correspondence, editorials, commentaries, overviews, summaries, communications, consensus
guidelines) and reviews; and/or lacked relevant evidence to extract.

Data extraction
Two research associates (HH and LT) conducted study eligibility assessments and data extraction by reviewing the
full publications of the references meeting both the defined inclusion and exclusion criteria. Any disagreements
between the two research associates during the process of study eligibility assessment and data extraction were
resolved by consulting with the project lead (WC).

Excel-based data extraction forms were used to collect the following information from eligible articles: study de-
sign; study cohorts; epidemiological data (e.g., age-standardized incidence, age-standardized mortality); occurrence
of TKI treatment failure; reasons for TKI treatment failure; distribution of BCR-ABL1 kinase domain mutations;
patient demographic data, including distribution of disease phases (classified as chronic phase [CP], accelerated
phase [AP] and blast phase [BP]), disease prognostic risk, previous TKI treatment and comorbidities; disease
prognosis (disease progression from CP-CML to AP- or BP-CML, or overall survival [OS] in patients with AP-
or BP-CML); treatment information (treatment setting, switched TKI treatments, HSCT, treatment compliance);
treatment response outcomes including major molecular response (MMR), complete cytogenetic response (CCyR),
progression-free survival, OS, disease-free survival, treatment adverse effects and complications of HSCT; HRQoL
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(health status, measurement instrument, measurement outcomes); HRU (outpatient visits, hospital admissions,
hospital length of stay); and direct medical costs (health status, costing time periods, currency year, cost classifica-
tions). All costs were adjusted to the local currency in 2020 using the historical annual inflation rate in mainland
China.

Newcastle–Ottawa Scale (NOS) scores were used to assess the quality of the included studies (high quality: NOS
score 7–9; moderate quality: NOS score 4–6; low quality: NOS score 0–3) [10]. Publication bias of the conducted
meta-analysis was assessed by funnel plot. We did not contact corresponding authors for additional or missing
information because we seldom received a response to such requests in our previous literature review projects.

Evidence synthesis
Extracted data were synthesized using single-arm meta-analysis with a random effects model, which fully considers
the uncertainty weighted by study sample sizes, for applicable data from more than one study. If extracted data were
unsuitable for single-arm meta-analysis (e.g., owing to lack of standard deviation for continuous outcomes), the
weighted mean or median method was used for pooled estimation. Original results from a single study were reported
if evidence synthesis was not feasible. Time-to-event outcomes, including risk of TKI treatment failure, BCR-ABL1
kinase domain gene mutation and survival outcomes associated with switched TKI treatments and HSCT, were
converted to annual risk using exponential survival functions before using the single-arm meta-analysis for pooled
estimation. No sensitivity analyses were conducted in this SLR. The evidence synthesis analyses were conducted
using statistical software R (v. 4.0; www.r-project.org/).

Results
Study selection
Outcomes of the literature search process for each type of evidence (epidemiology, treatment outcomes, HRQoL
and costs) are illustrated in Figure 1. We identified the following types of studies: 204 epidemiological, 1120 with
treatment outcomes, 302 with HRQoL data and 172 with cost information. After excluding irrelevant references
by screening titles and abstracts, we identified 332 references for full publication review to determine further study
eligibility. A total of 155 references after the exclusion of duplicated references (26 English- and 129 Chinese-
language references) met the prespecified eligibility criteria and were included for data extraction and evidence
synthesis.

Epidemiology of CML
Four studies reported epidemiological outcomes of CML in mainland China [11–14]. One used the Global Burden
of Disease Study 2017 as a data source and reported age-standardized incidence and age-standardized mortality
of CML in mainland China in 1990 and 2017 [11]. The age-standardized incidences of CML for those two years
were highly comparable: 0.16 per 100,000 in 2017 versus 0.19 per 100,000 in 1990. In contrast, age-standardized
annual mortality in 2017 (0.06 per 100,000) was decreased by approximately one-half (46.2%) compared with
1990 (0.13 per 100,000).

Risk of TKI treatment failure
Pooled annual risks of treatment failure, drug resistance and drug intolerance of the three TKIs in Chinese patients
with CML are shown in Figure 2. 21 studies reported treatment failure associated with imatinib in 4094 treatment-
naive patients with CML [15–35]. The pooled annual risk of treatment failure associated with 1L imatinib was
0.199 (95% CI: 0.115–0.323), that for drug resistance was 0.097 (95% CI: 0.065–0.142) and that for treatment
intolerance was 0.023 (95% CI: 0.013–0.042). Four studies with 119 patients reported that second-line (2L)
nilotinib was associated with greater annual risks of treatment failure (0.277 vs 0.041) and drug resistance (0.198
vs 0.016) compared with 1L nilotinib [17,36–38]. The pooled annual risk of treatment intolerance associated with
use of 2L nilotinib was 0.061 (95% CI: 0.022–0.157).

Pooled annual risks of BCR-ABL1 kinase domain point mutations for the three TKIs in varied treatment settings
are illustrated in Figure 3. Five studies reported the risk of any BCR-ABL1 kinase domain gene mutation associated
with 1L imatinib (0.218; 95% CI: 0.176–0.268), nilotinib (0.187; 95% CI: 0.064–0.438), 2L dasatinib after
failing imatinib (0.083; 95% CI: 0.021–0.279) and third-line (3L) dasatinib after failing imatinib and nilotinib
(0.208; 95% CI: 0.089–0.413) [39–43]. The risk of T315I mutation was assessed in patients with CML receiving
imatinib, nilotinib or dasatinib in varied treatment settings. 2L nilotinib was associated with the greatest annual
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Epidemiological studies Observational studies for treatment outcomes Observational studies for quality of life Observational studies for costs
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Figure 1. Literature search process for real-world studies reporting evidence reflecting the disease burden of tyrosine kinase inhibitor
treatment failure in Chinese patients with chronic myeloid leukemia.
CML: Chronic myeloid leukemia.

risk of T315I mutation (0.068; 95% CI: 0.028–0.159). This evidence indicated that previously treated patients
were likely to have a higher risk of developing the T315I mutation than treatment-naive patients. According to the
included studies, drug resistance was the predominant reason for 1L imatinib treatment failure (90.8%) and 2L
nilotinib failure (85.3%) [17,18,36–38,40,42–49].

Patient characteristics & disease progression in patients with failed TKI treatment
Pooled baseline characteristics of Chinese patients with CML and TKI treatment failure are summarized in Table 1.
Patients with CML and TKI treatment failure were overall young (median: 38.6 years) and predominantly male
(64.3%; 95% CI: 62.6–66.1%) [17,19,23,36–61]. Most had CP-CML (71.2%) and prior imatinib treatment only
(60.5%). Large minorities of patients had a high prognostic risk index (44.3%) and at least one comorbidity
(37.1%), which included cardiovascular diseases and metabolic syndrome (10.3%). A total of 51.6% of patients
had any BCR-ABL1 kinase domain gene mutation. Of these, T315I was the predominant genetic variant (observed
in 10.6% of patients with TKI treatment failure).

Five studies assessed the risk of disease progression from CP to an advanced disease phase (AP or BP) in 1478
patients with CML and failed TKI treatment (pooled annual risk: 0.102; 95% CI: 0.050–0.199) [15,19,47,50,62].
The pooled median OS in 788 patients in the advanced disease phase from 23 studies was 2.5 years (95% CI:
1.9–3.2) [33,34,37,54,60,63–80].

Treatment use & outcomes in patients with TKI treatment failure
Based on data from five studies of 239 patients with CML and failed imatinib treatment, most patients’ regimens
were switched to a 2G TKI (nilotinib 61.9%; dasatinib 16.7%) [19,39,46,49,54]. Other subsequent treatments included
adding interferon to imatinib (10.0%) and increasing imatinib dosage (5.0%). HSCT was conducted in 0.8% of
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Treatment line Outcome type Treatment regimen Studies (n) Sample size
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Figure 2. Pooled annual risks of tyrosine kinase inhibitor treatment failure, drug resistance and drug intolerance associated with
imatinib, nilotinib and dasatinib in Chinese patients with chronic myeloid leukemia.
TKI: Tyrosine kinase inhibitor.
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Figure 3. Pooled annual risks of BCR-ABL1 kinase domain gene point mutations associated with imatinib, nilotinib and dasatinib in
Chinese patients with chronic myeloid leukemia.
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Table 1. Pooled characteristics of chronic myeloid leukemia patients with tyrosine kinase inhibitor treatment failure
from the included studies.
Patient characteristic Studies (n) Sample size Point estimation 95% CI

Demographics Median age 17 2649 38.6

Male proportion 20 2902 64.3% 62.6% 66.1%

Sokal score Low risk 7 174 24.1%

Intermediate risk 31.6%

High risk 44.3%

Disease phase CP 10 584 71.2%

AP 16.3%

BP 12.5%

Previous TKI treatment Imatinib 8 1615 60.5%

Nilotinib 19.0%

Dasatinib 19.0%

Imatinib and nilotinib 1.5%

ABL kinase region point
mutation

Any mutation 19 1900 51.6% 32.5% 70.3%

T315i 9 1626 10.6% 6.5% 16.9%

F359V/I 2 143 9.1% 5.4% 15.0%

Y253H 10 570 8.4% 6.4% 11.0%

E255K/V 5 1368 7.5% 4.5% 12.3%

F359V/C/I 2 941 7.4% 4.6% 11.5%

Y253F/H 2 1162 6.7% 2.6% 16.3%

Comorbidity Any comorbidity 2 1209 37.1% 26.7% 48.8%

Cardiovascular
diseases/metabolic syndrome

1 116 10.3% 6.0% 17.3%

AP: Accelerated phase; BP: Blast phase; CP: Chronic phase; TKI: Tyrosine kinase inhibitor.

patients with failed imatinib treatment. Subsequent treatments were unspecified for 6.4% of the pooled patients
from the five studies.

Pooled responses for 12-month treatments with 2L nilotinib or dasatinib after switching from 1L imatinib are
illustrated in Figure 4. Patients with advanced-phase CML tended to have lower 12-month MMR (5.6 vs 39.4%)
and CCyR (22.2 vs 51.5%) rates compared with CP-CML with 12-month nilotinib treatment after imatinib
treatment failure [54]. A similar trend toward poorer survival outcomes was observed with the use of nilotinib in
patients with advanced-phase (vs CP) CML and failed imatinib treatment (median progression-free survival: 1.7 vs
12.8 years; median OS: 3.8 vs 10.0 years) [37,43,54]. In addition, the MMR rate associated with a 12-month treatment
with 3L dasatinib (after treatment failure with imatinib and nilotinib) was approximately one-half (46.8%) of the
MMR in the 2L treatment setting (after treatment failure with imatinib: 27.3 vs 58.3%; Figure 4) [40].

Grade 3–4 adverse events reported in association with switching treatment to nilotinib were mainly hematological
and included thrombocytopenia (40.9%), anemia (24.9%) and neutropenia (17.8%) [37,38,41,42]. Pooled treatment
outcomes for allo-HSCT in patients with advanced-phase CML and failed TKI treatment also revealed poorer
survival outcomes (vs those with CP-CML and failed TKI treatment) and included a 5-year disease-free survival
rate of 24.2% (vs 61.2%), a 5-year OS rate of 36.4% (vs 75.6%) [63,69–102] and a greater risk of complications
(acute graft-versus-host disease: 50.3 vs 39.1%; chronic graft-versus-host disease: 50.0 vs 40.1%; cytomegalovirus
infection: 35.5 vs 24.1%) [63,69,75–77,80,82,84,85,87,89,91,93–98,100,102–104].

Quality of life in patients with TKI treatment failure
HRQoL findings, categorized by disease phase and measurement instrument used, are summarized in Table 2. One
study assessed the impact of TKI treatment failure on HRQoL using the European Organisation for Research and
Treatment of Cancer Core Quality of Life Questionnaire (EORTC-QLQ-C30) [105]. Compared with patients with
satisfactory TKI treatment response, TKI treatment failure was associated with a lower (worse) score for physical
functioning (80.0 vs 93.3) and social functioning (50.0 vs 83.3) and a higher (worse) score for financial difficulties
(100 vs 33.3) and fatigue (55.6 vs 11.1). Differences in these domain scores between patients with (vs without)
satisfactory treatment responses were greater than the previously reported minimum clinically important difference,
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Outcome type
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58.3% (38.3%, 75.9%)

27.3% (12.8%, 48.9%)

50 750 25

(%)

Figure 4. Reported treatment response associated with second-generation tyrosine kinase inhibitors at 12 months in Chinese patients
with chronic myeloid leukemia and tyrosine kinase inhibitor treatment failure.
AP: Accelerated phase; BP: Blast phase; CCyR: Complete cytogenetic response; CP: Chronic phase.

which was 6 for EORTC-QLQ-C30 domain scores in patients with hematological malignancies [106]. In addition,
patients with AP-CML (115.3) or BP-CML (119.3) had a lower (worse) Functional Assessment of Cancer Therapy
– Leukemia (FACT-Leu) total score than those with CP-CML (122.8) [107]. The difference in FACT-Leu total
scores between AP-CML and CP-CML was in the previously reported minimum clinically important difference
range for the FACT-Leu total score (6–12 points) [108].

HRU & medical costs associated with TKI treatment failure
Table 3 summarizes HRU data and medical costs for patients with CML and TKI treatment failure. One study
leveraged real-world data on HRU for patients with CML in several cities across China (Nanjing, Beijing, Hangzhou
and Tianjin) to estimate annual HRU by patients with CML according to disease phase [109]. On average, patients
with advanced-phase CML had more annual outpatient visits (14.8 vs 9.4) and hospitalizations (2.9 vs 0.4), as well
as longer annual hospital stay length (55.8 vs 3.0 days), than patients with CP-CML.

According to four studies reporting medical costs by disease phase for patients undergoing TKI treatment, patients
with advanced-phase CML had on average 14-times greater annual medical costs (¥120,616 vs ¥8486), which were
mainly ascribed to greater hospital costs (¥111,545 vs ¥4285), compared with patients with CP-CML [109]. 2L
nilotinib in patients with failed imatinib treatment was also associated with a nearly threefold increase of annual
nondrug cost compared with 1L nilotinib (¥109,819 vs ¥31,994) [110]. On average, HSCT cost more for patients
with advanced-phase CML and failed TKI treatment (BP-CML ¥371,183; AP-CML: ¥296,605) compared with
CP-CML and failed TKI treatment (¥220,798) [86,111].

Study quality assessment & publication bias assessment
Of the included 155 references, 151 references with full publications were assessed for their study quality. There
were 39 references (25.8%) with an NOS score of 7 or above (high quality) and 112 (74.2%) with an NOS score of
4–6 (moderate quality). None of the assessed references had an NOS score indicating low quality. The publication
bias assessment for the conducted meta-analysis observed right-skewed funnel plots for the pooled results of annual
TKI resistance rate in patients who failed with imatinib and median OS in CML-AP patients.
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Table 2. Pooled quality of life in patients with chronic myeloid leukemia by disease phase, treatment response and
measurement instruments used.
Disease phase Health status Instrument Assessment outcomes Studies (n) Sample size Point estimation 95% CI

CP Satisfactory treatment
response

EORTC QLQ-C30 Physical functioning
(median)

1 85 93.3

Social functioning
(median)

83.3

Financial difficulties
(median)

33.3

Fatigue (median) 11.1

Warning Physical functioning
(median)

16 86.7

Social functioning
(median)

58.3

Financial difficulties
(median)

66.7

Fatigue (median) 11.1

Treatment failure Physical functioning
(median)

11 80.0

Social functioning
(median)

50.0

Financial difficulties
(median)

100.0

Fatigue (median) 55.6

Unspecified FACT-Leu Total score 2 286 122.8 120.9 124.7

Physical well-being 20.1 18.2 22.0

Social well-being 21.5 21.2 21.8

Emotional well-being 17.8 17.6 18.1

Functional well-being 15.5 15.1 15.8

LEUS domain 48.5 47.9 49.1

AP Unspecified FACT-Leu Total score 1 6 115.3 84.1 146.5

Physical well-being 18.6 12.8 24.3

Social well-being 19.6 13.7 25.5

Emotional well-being 17.2 10.3 24.0

Functional well-being 17.0 9.7 24.3

LEUS domain 43.0 29.4 56.6

BP Unspecified FACT-Leu Total score 1 4 119.3 112.8 125.7

Physical well-being 19.8 17.9 21.6

Social well-being 21.0 20.1 21.9

Emotional well-being 17.0 15.6 18.4

Functional well-being 15.8 11.4 20.1

LEUS domain 45.8 38.9 52.6

AP: Accelerated phase; BP: Blast phase; CP: Chronic phase; EORTC QLQ-C30: European Organisation for Research and Treatment of Cancer Core Quality of Life Questionnaire; FACT-LEU:
Functional Assessment of Cancer Therapy – Leukemia; LEUS: Leukemia Subscale.

Discussion
To our knowledge, the present SLR is the first comprehensive evaluation of RWE related to disease burden and
unmet medical needs in Chinese patients with CML and TKI treatment failure. Encompassing 20 years of RWE
data, our literature search ensured inclusion of relevant evidence released after approval of the first TKI for CML in
China (imatinib). Although the findings of stable age-standardized incidence and sharply decreased age-standardized
mortality rates are encouraging, our SLR also adds substantial dimensions to the known burdens of TKI failure
in CML. These include: an elevated risk of developing treatment failure associated with 1L and subsequent-line
treatments; a considerable prevalence of BCR-ABL1 kinase domain mutations (especially the T315I gatekeeper);
and rapid disease progression. Patients with more advanced CML and/or those with greater numbers of TKI
treatment lines (secondary to treatment resistance and failure) experienced: compromised treatment outcomes,

628 J. Comp. Eff. Res. (2022) 11(8) future science group



Burden of tyrosine kinase inhibitor failure in Chinese chronic myeloid leukemia patients Systematic Review

Table 3. Pooled health resource utilization and medical costs in patients with chronic myeloid leukemia by disease phase,
intervention and care setting.

Outcome measurement Treatment line Disease phase Intervention Studies (n) Sample size Point
estimation

95% CI

Health
resources
utilization

Annual hospital
admission

Unspecified CP Unspecified 1 NA 0.4

AP/BP 1 NA 2.9

Annual hospital
stay length (days)

CP 1 NA 3.0

AP/BP 1 NA 55.8

Annual
outpatient visits

CP 1 NA 9.4

AP/BP 1 NA 14.8

Medical costs Annual
outpatient costs

Second-line after
imatinib
treatment failure

AP/BP Nilotinib/high-
dose
imatinib

1 NA ¥9071

CP 1 NA ¥4201

Annual hospital
costs

Second-line after
imatinib
treatment failure

AP/BP 1 NA ¥111,545

CP 1 NA ¥4285

Annual non-drug
costs

First-line CP Imatinib 1 NA ¥24,288

Dasatinib 1 NA ¥41,118

Nilotinib 1 NA ¥31,994

Second-line after
imatinib
treatment failure

CP Nilotinib 1 NA ¥109,819

HSCT costs TKI treatment
failure

AP HSCT 1 51 ¥296,605 ¥235,739 ¥357,470

BP 1 23 ¥371,183 ¥295,366 ¥446,999

CP 2 637 ¥220,798 ¥202,456 ¥239,140

Annual total
medical costs
after HSCT

NA First year after
HSCT

Post-HSCT
management

1 30 ¥71,919

Second year
after HSCT

¥32,260

Third year after
HSCT

¥16,574

Annual
outpatient costs
after HSCT

First year after
HSCT

¥13,910 ¥11,951 ¥15,869

Second year
after HSCT

¥6363 ¥5251 ¥7475

Third year after
HSCT

¥3847 ¥3106 ¥4589

Annual hospital
costs after HSCT

First year after
HSCT

¥58,008 ¥45,511 ¥70,505

Second year
after HSCT

¥25,897 ¥19,701 ¥32,092

Third year after
HSCT

¥12,726 ¥10,767 ¥14,686

AP: Accelerated phase; BP: Blast phase; CP: Chronic phase; HSCT: Hematopoietic stem-cell transplantation; NA: Not applicable; TKI: Tyrosine kinase inhibitor.

including lower molecular and cytogenetic responses and survival; marked and clinically meaningful decrements in
HRQoL; and sharply increased resource utilization and costs of care.

Like epidemiological patterns in other countries, China has had a stable age-standardized incidence and decreasing
age-standardized mortality of CML, largely reflecting the advent and era of TKI therapy. Although imatinib was
approved for the treatment of CML in 2002, Chinese patients with CML had limited access to TKIs until the recent
approval of a reimbursement schedule and substantial price decreases for imatinib via a volume-based procurement
policy [112]. Therefore a great expansion of patient access to imatinib is expected, which could further decrease
CML-related mortality in China. One study forecast that the US prevalence of CML will increase from the year
2000 to a plateau by 2050 because of TKI treatments [113]. Because China has a similar crude incidence rate of
CML to the USA (1–1.3 per 100,000) [114], the prevalence of CML in China could follow a similar trend. Future
epidemiological studies are needed to confirm the trend of CML prevalence and provide robust evidence predicting
the CML population size in China.
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CML is difficult to cure, and the present review shows that imatinib was associated with the greatest risk
of treatment failure (∼20% per year) among the three approved TKIs in China. Although patients with failed
imatinib treatment could be switched to nilotinib or dasatinib for continued treatment, the present review shows
that treatment with 2G TKIs after imatinib treatment failure was associated with even greater risks of drug
resistance and treatment intolerance. Consequently, such patients might face a greater risk of treatment failure.
Absent an effective solution for TKI treatment failure, patients with such unmet needs could outnumber patients
with controlled disease and become the main driver of CML-related burden in China.

TKI treatment failure in CML constitutes a formidable public health complication that can amplify the disease
burden in many ways. For example, the pooled median age of Chinese patients with failed TKI treatment in our
included studies (38.6 years) was approximately 10 years younger than that of patients with CML receiving imatinib
as front-line treatment in China (49 years) [115]. This finding corroborated the relationship between age and risk
of disease relapse in the ISAV study [116], which reported that patients younger than 45 years had a significantly
greater rate of CML relapse (95%) compared with those aged between 45 and 65 (42%) or older than 65 (33%).
There is no conclusive explanation for the relationship between age and disease relapse associated with imatinib;
nevertheless, findings from the ISAV study suggested that younger age in patients with TKI treatment failure could
substantially worsen the disease burden by extending disease duration. The proportion of high prognostic risk in
patients with TKI treatment failure in our review (42.5%) was also approximately three-times that in previously
untreated patients (13%) [117]. This relationship indicates that patients with failed TKI treatment had more rapid
progression to advanced disease than those with previously untreated CML, which was associated with poor survival
prognosis, decreased HRQoL and increased HRU and medical costs, based on evidence reported in the present
SLR.

According to our present findings, the real-world risk of TKI treatment failure in Chinese patients with CML was
much greater than was reported in the randomized trial setting. Our SLR showed that the pooled risk of treatment
failure associated with 1L imatinib was approximately 20% per year, which is three- to four-times greater than
those reported in the DASISION trial (4.8% per year) [118] and the IRIS trial (7.0% per year) [119]. Our review also
found that the risk of treatment failure associated with 1L nilotinib was approximately 25% of that for imatinib
but approached 30% for 2L nilotinib after failing imatinib. Given that more than 50% of patients with failed
imatinib treatment subsequently received nilotinib, Chinese populations with CML and TKI treatment failure
could be much larger than expected. Pooled evidence from the studies included in the present SLR confirmed
that drug resistance was the predominant reason for treatment failure associated with the three approved TKIs in
Chinese patients. Correlations between TKI resistance and BCR-ABL1 kinase domain gene mutations have been
well established [120]. Consequently, it was not surprising to find an elevated risk of drug resistance in our studies, in
which 51.6% of Chinese patients with failed TKI treatment had at least one BCR-ABL1 kinase domain mutation.
Of these, T315I was the most prevalent, occurring in 10.6% of patients with TKI treatment failure. In addition, the
risk of developing T315I mutations in the 2L treatment setting was nearly three-times greater than that associated
with 1L imatinib. Because the T315I mutation confers resistance against both nilotinib and dasatinib [8], these
genetic variants, as well as compound mutations (some including T315I), might contribute to a greater burden of
TKI treatment failure in the future.

Treatment outcomes, including cytogenetic and molecular responses (and survival), were worse in patients with
CML and failed TKI treatment. Nearly 80% of Chinese patients with CML were switched to a 2G TKI (mainly
nilotinib) after imatinib treatment failure. Compared with the 1-year CCyR (80.1%) and MMR (44.0%) rates
reported for 1L nilotinib in patients with CP-CML in the ENESTnd study [121], real-world treatment responses
with 12-month nilotinib in Chinese patients with failed imatinib treatment (CCyR: 51.5%; MMR: 39.4%)
were approximately 10–30% lower. Similarly, the 1-year CCyR rate with dasatinib in Chinese patients with failed
imatinib treatment (47.7%) was nearly 60% of that reported for 1L dasatinib (83.4% in the DASISION study [118]).
Treatment responses of the two TKIs were also decreased in the 3L setting and in patients with advanced-phase CML.
A similar trend was reported for poorer survival outcomes associated with nilotinib in patients with advanced-phase
CML that failed imatinib treatment.

Safety is a major potential concern when administering two 2G TKIs in patients with a history of treatment
failure. According to pooled characteristics in the present SLR, more than 30% of patients with failed TKI
treatment had at least one comorbidity, including approximately 10% with cardiovascular disease, which increases
the relative risk of recurrent (vs initial) events with nilotinib or dasatinib [122]. Given the relatively young age of the
patient population in the present SLR, safety issues might be more meaningful in more heterogeneous populations
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including older patients, who are more likely to have treatment-limiting chronic comorbidities. In addition, there is
a high incidence of serious hematological events associated with nilotinib which can be life threatening and require
hospital care [123]. Thus the two approved 2G TKIs might not completely meet the medical needs of patients with
TKI treatment failure. In the event of disease relapse after treatment with nilotinib or dasatinib, HSCT is likely
the only remaining treatment option. However, HSCT is associated with clinical issues and administrative hurdles
such as strict eligibility requirements, prohibitively high costs, considerable risk of serious complications, and low
success rate in patients with AP- or BP-CML [124].

Emerging challenges of TKI treatment failure have opened avenues for pharmacological innovation. For example,
in 2015 the US FDA approved the third-generation TKI ponatinib for patients with CML and failed TKI treatment
because of its marked antileukemic efficacy in patients with heavily pretreated CML, including those with T315I
mutations. According to the PACE trial [125], the 1-year CCyR reported for ponatinib in patients with CP-CML
that failed 2G TKIs was 46%, which was approximately 50% less in patients with AP- or BP-CML (vs CP-CML).
Compared with allogeneic HSCT, ponatinib treatment was associated with survival benefits in patients with
T315I-mutated CP-CML (4-year OS rate: 72.7 vs 55.8%) but not T315I-mutated AP-CML or BP-CML [126].
The promising effects of ponatinib have been tempered somewhat by reports of cardiotoxicity, arterial occlusive
events, heart failure, venous thromboembolism and hepatotoxicity (along with other issues such as pancreatitis),
which have resulted in black box warnings in the USA and other package labeling [127]. Ponatinib is the most
cardiotoxic of 23 TKIs, with a potential mechanism of stimulating cardiomyocyte apoptosis [128–130]. In the PACE
trial [125], 37% of patients receiving ponatinib had thrombocytopenia, 19% serious arterial and 5% venous occlusive
adverse events. Ponatinib has not been approved in mainland China. With better understanding of the impact of
patient characteristics (age, prognostic risk, comorbidity), disease molecular profiles and TKI toxicity profiles on the
risk of TKI treatment failure, tailoring TKI treatments according to these factors could be another potential solution
to control the emerging disease burden associated with TKI treatment failure in Chinese CML patients [131].

The present SLR identified important knowledge gaps that need to be bridged to better understand the disease
burden and unmet medical needs of patients with CML failing TKI treatments in China. First, there is an absence
of definitive quantitative evidence to support the premise that the prevalence of CML and TKI treatment failure
will increase in China. It is therefore difficult to estimate the size of the future population of patients with failed TKI
treatment, which subsequently complicates the decision-making process for reimbursement. Second, much of the
evidence in the present SLR was based on 1L imatinib treatment failure; therefore, disease progression, risk of gene
mutation, treatment outcomes and treatment intolerance in patients with CML that failed nilotinib and dasatinib
treatments remain unclear. On the basis of limited evidence, TKI treatment failure in the 2L and 3L settings could
inflict a heavier disease burden than 1L failure. Third, evidence reported in the present SLR should be considered
in the context of certain limitations. Some findings, such as risks of BCR-ABL1 gene mutations with the three
TKIs and treatment outcomes of the two 2G TKIs in patients with failed imatinib treatment were based on a single
study with a limited sample size. Potential selection bias and uncertainty could decrease the generalizability of this
evidence. Resistance to TKIs, as defined in this SLR, included both primary and secondary (acquired) resistance
because most studies did not classify the outcome in this manner. Consequently, the pooled annual risk of TKI
resistance could be overestimated. The included studies did not follow up with patients for sufficient durations to
record survival outcomes. The present SLR used reported short-term survival data to extrapolate median outcomes
using the exponential survival function assumption; thus these pooled survival outcomes need to be validated in
future research. In addition, future studies are needed to fill evidence gaps and improve the robustness of the
evidence for HRQoL and costs. Because Chinese publications were the main evidence source for the present SLR,
the reported evidence related to treatment outcomes could be heavily biased by study quality. Finally, the common
limitations associated with the nature of real-world studies could introduce bias in the reported evidence. These
limitations and evidence gaps reflect a need for a representative CML patient registry to collect further, longitudinal
real-world data on patients and their disease management, hence improving the validity and reliability of RWE for
CML in China. Under whatever limitations, this review has comprehensively characterized the emerging disease
burden and unmet medical needs in Chinese patients with CML and TKI treatment failure. Further, the synthesized
evidence in this review can support future health economic evaluations for the coming third-generation TKIs which
can effectively treat CML patients who failed with 1G and 2G TKIs.
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Conclusion
This SLR of RWE shows that the disease burden of TKI treatment failure in Chinese patients with CML is substantial
and poised to burgeon because of: a potentially longer disease course associated with relatively young patient age
at disease onset; a high prevalence of BCR-ABL1 kinase domain mutations, which can confer TKI resistance and
erode treatment outcomes; more rapid disease progression; limited treatment effectiveness associated with 2G
TKIs in patients with TKI treatment failure; and the impaired HRQoL and increased HRU and medical costs
associated with disease resistance and progression. New and novel, effective, well-tolerated, quality of life-enhancing
and affordable treatments targeting TKI-resistant gene mutations, such as T315I and compound mutations, are
urgently needed to address the unmet medical needs of Chinese patients with CML and TKI treatment failure.

Summary points

• Consistent with the transformational effects of tyrosine kinase inhibitors (TKIs) on the chronic myeloid leukemia
(CML) treatment landscape, CML age-standardized mortality in Chinese patients has decreased by nearly 50%
despite a stable age-standardized incidence, potentially leading to increasing numbers of cases in the future.

• Compared with their counterparts without resistance or intolerance to TKIs, those with TKI treatment failure
experience markedly reduced health-related quality of life, as well as sharp increases in health resource
utilization and costs.

• In addition to patients with more advanced CML, individuals who experience more TKI switches secondary to
BCR-ABL1 kinase domain mutations have reduced treatment responses.

• Nondrug costs were also nearly three-times higher in patients receiving second-line (vs first-line) TKI treatment.
• The gatekeeper T315I mutation, which confers resistance against first- and second-generation TKIs, was the

leading genetic variant, occurring in 10.6% of patients with BCR-ABL1 kinase domain mutations.
• Treatment with the first-generation TKI imatinib was associated with the highest risk of treatment failure (20%

per year).
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