JOURNAL OF

ONCOLOGY

PHARMACY
Practice Issues PRACTICE

J Oncol Pharm Practice
2024, Vol. 30(2) 385-396

Evaluation of real-world versus clinical trial o7 o 200

. o o o o @@
outcomes of tyrosine kinase inhibitor i
therapy for chronic myeloid leukemia DO 10.11771078155225121769%

journals.sagepub.com/home/opp

S Sage

James B Collins', Benyam Muluneh'? ) and Sarah Profitt?

Abstract

Tyrosine kinase inhibitors (TKIs) are the mainstay of treatment for chronic myeloid leukemia (CML). Patients enrolled in
clinical trials investigating the safety and efficacy of TKls in CML are generally younger, have fewer comorbidities, and are
monitored differently than patients treated in the real world. This narrative literature review summarizes efficacy out-
comes (complete cytogenetic response, major molecular response, and disease progression) and safety outcomes
(duration of TKI therapy, TKI discontinuation rates, dosage changes, and frequently reported adverse events) from land-
mark clinical trials as well as real-world studies. Patients with CML treated with TKls in a real-world setting may achieve
different rates of specific response milestones than those treated on clinical trials. While real-world studies reported simi-
lar overall incidences of adverse events as clinical trials, real-world patients with CML were more likely to discontinue
TKIs due to adverse events.
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Introduction within 12 months on first-line TKI therapy is an established
predictor of long-term survival.> While many landmark
clinical trials used conventional bone marrow cytogenetics
as the method of monitoring response, quantitative RT-PCR
(qPCR) performed on peripheral blood has become the
most commonly utilized method of evaluating response to
TKIs in CML. Major molecular response (MMR), or a
3-log reduction in detectable BCR-ABL mRNA assessed
by qPCR, is associated with a decreased risk of disease pro-
gression and a higher likelihood of achieving deep molecu-
lar response allowing for consideration of discontinuation
of TKI therapy and pursuit of treatment-free remission.’
First-line BCR-ABL TKIs have proven to be highly
effective therapies, all associated with 5-year overall sur-
vival (OS) rates greater than 90%.*® However, much of

Chronic myeloid leukemia (CML) is a pluripotent hemato-
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known as the Philadelphia chromosome. Translocation pro-
duces the BCR-ABLI fusion gene that encodes a constitu-
tively active tyrosine kinase, leading to uncontrolled cell
proliferation and resistance to apoptotic signaling.! Since
the initial development of a BCR-ABL tyrosine kinase
inhibitor (TKI), TKIs have remained the mainstay of treat-
ment for CML.
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the data currently available are derived from clinical trials,
where patient populations and safety and efficacy monitor-
ing are tightly controlled. These studies are not completely
representative of the real-world CML population, enrolling
patients with a median age of 10 years younger than
patients treated in the real world and often excluding
patients with significant comorbidities and higher ECOG
scores.” As many as 60% of real-world patients with
CML are estimated to be excluded from enrollment in land-
mark clinical trials, suggesting that a large percentage of
real-world patients are not represented in these studies.®
Additionally, pursuant to the 21st Century Cures Act, the
United States Food and Drug Administration (FDA) has
developed a program framework to incorporate real-world
evidence in regulatory decision making.” As real-world
data becomes more prevalent, the need to bridge the gap
between clinical trial data and real-world data in CML
becomes increasingly valuable.

This narrative review provides a comprehensive
summary of efficacy and safety outcomes associated with
TKIs for treatment of CML for patients treated on landmark
clinical trials as well as those treated in real-world settings.

Materials and methods

Study design

This review included published full-text data of observa-
tional as well as landmark randomized phase II and III
studies of patients receiving both first and subsequent-line
TKI therapy for CML. Efficacy outcomes evaluated in
this study included CCyR, MMR, and rate of disease pro-
gression. Safety outcomes evaluated included the average
duration of TKI therapy, rate of TKI discontinuation, TKI
dose adjustments, and reported adverse events.

Search methods

A search of PubMed and Embase was performed with the
following Boolean queries:

1. Tyrosine kinase inhibitor AND real world AND chronic
myeloid leukemia

2. (Imatinib OR nilotinib OR dasatinib OR bosutinib OR
ponatinib) AND real world AND chronic myeloid leukemia

The titles and abstracts of each study were manually
screened. Inclusion criteria were as follows: retrospective
study design, real-world patient population, assessment of
efficacy or safety of any TKI FDA approved for treatment
of CML, published at the time of data collection (August
31st, 2021). All other clinical trials or studies reporting
any exclusion criteria were not included. Landmark phase
II and III studies for each TKI were also assessed in this

review. Reference lists were also investigated for additional
studies.

Statistical methods

Included studies were categorized into two groups based on
their focus on TKI efficacy or safety. Descriptive statistics
were used to characterize the patient population, efficacy
outcomes, and safety outcomes of each study.

Results

Efficacy

A total of five studies met inclusion criteria and evaluated
the efficacy of TKIs in real-world patients, two of which
evaluated first-line TKI therapies and three of which
evaluated second- or subsequent-line TKIs.'>'* Seven
landmark phase II or III clinical trials (three of first-line
therapy and four of second-line therapy) were analyzed
for efficacy outcomes.*®'>"'® Demographic and baseline
characteristics from each study of first-line TKI treatment
of CML are summarized in Table 1. Complete efficacy
data for each study of first-line TKI therapy are reported
in Table 2.

Imatinib was consistently the most prescribed first-line
TKI in real-world studies (75-90% of patients).”'*'" In
one real-world study investigating patients treated with first-
line imatinib, 7% of patients experienced disease progression
to accelerated or blast phase CML at 3 years.'® CCyR and
MMR rates associated with first-line imatinib were not
reported in this real-world study. In the landmark phase III
clinical trial (IRIS), 69% of patients achieved CCyR at 12
months and 3% of patients experienced disease progression
after 5 years and 7% after 10 years of follow-up.* MMR
was not reported in the IRIS study. However, long-term
follow up of the phase IIl ENESTnd study comparing front-
line imatinib to nilotinib reported that 27% of patients receiv-
ing imatinib achieved MMR at 12 months.’

Nilotinib was the second most commonly reported TKI
used in the frontline setting in included real-world
studies.'®!" In patients treated first-line with nilotinib in
the real world, 70% achieved MMR at 12 months compared
to 55% of patients treated on the ENESTnd clinical trial
with long-term follow-up.>'' Patients in this real-world
study who were older than 65 years underwent a pre-
emptive dose reduction to prevent adverse events.
Limited data was available regarding 12-month CCyR
rates for first-line nilotinib in the real world and thus
could not be compared to available clinical trial data.
There is currently insufficient real-world efficacy data for
first-line dasatinib and bosutinib.

There are several studies investigating the efficacy of
second- and subsequent-line TKI therapy in real-world
patients with CML. Demographic data from each of these
studies are summarized in Table 3. Complete efficacy
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Table |I. Baseline data from first-line TKI studies.

Baseline data from first-line studies

Hochhaus
Druker et al.* etal® Cortes et al.®
Geelen et al.'® (Real-world) ~ Tokuhira et al.'' (Real-world) (IRIS) (ENESTnd) (DASISION)
CML therapy Imatinib Nilotinib/ Nilotinib Nilotinib Imatinib Nilotinib Dasatinib
Dasatinib
N 295 65/22 48 22 553 282 259
Age, years 58 57 48.5 (19-85) 60.5 (19-85) 50 (18-70) 47 (18-85) 46 (18-84)
Median (IQR: 42-69) (IQR: 45-68)
(range)
% Male 57% 59% 63% 55% 61% 56% 56%
Study location Netherlands Japan Multinational ~ Multinational Multinational
Sokal score NR
% Low 26% 18% 43% 36% 52.5% 37%
% Intermediate 44% 47% 27% 55% 29% 36%
% High 30% 34% 21% 9% 18.5% 28%
ECOG No exclusion No exclusion  No exclusion No exclusion <2 <2 <2
inclusion
% Chronic 100% 100% 100% 100% 100% 100% 100%
phase
Starting dose 400 mg daily ~ N: 300 mg 300 mg BID <300 mg BID 400 mg daily 300 mg BID 100 mg daily
BID
D: 100 mg
daily
Mean total - - 566 mg 428 mg 382 mg - 99 mg
daily dose (300-800) (150-800) (117-732) (21-139)
(mg/d)*

*The mean total dose of TKI taken over the course of the day at study conclusion to account for both dose decreases and increases throughout therapy.

data for each study of second- or subsequent-line TKI
therapy are reported in Table 4.

Nilotinib is commonly used as second-line therapy after
patients develop resistance or intolerances to first-line treat-
ment. In one real-world study investigating Taiwanese
patients treated with second-line nilotinib, 60.8% of patients
achieved CCyR at 12 months and 39.7% of patients achieved
MMR at 12 months.'? While this study was labeled as a non-
interventional, prospective study, participants were still
chosen intentionally based on inclusion criteria, so it may
not be fully representative of a real-world population.
Alternatively, in a phase II clinical trial setting, 33% of
patients treated with nilotinib following imatinib resistance
or intolerance achieved CCyR at 12 months and 32% of
patients achieved MMR at 12 months.'®*°

While bosutinib is an approved first-line therapy for
CML, the only available real-world study examines the
medication as a fourth-line agent after resistance or intoler-
ance to imatinib, nilotinib, and dasatinib therapy. For patients
who had already achieved CCyR prior to starting bosutinib,
94% maintained CCyR for the duration of therapy and 42%
achieved MMR at any point during therapy over a median
follow-up time of 14.3 months. For patients who had not
achieved CCyR on prior therapy, 25% were able to

achieve CCyR and 14% were able to achieve MMR at any
point during treatment. Rates of 12-month CCyR and
MMR were not reported in this study.'? There are no cur-
rently published clinical trials evaluating bosutinib in
solely the fourth-line setting, however in a phase I/II study
evaluating bosutinib in the third- or fourth-line setting,
21% of patients achieved CCyR at 12 months. Rates of
MMR were not reported in this clinical trial."”

Ponatinib is only FDA approved for chronic-phase
(CP) CML with resistance or intolerance to at least two
prior TKIs or for T315I mutation-positive CML. The
only available real-world study examines ponatinib as a
third- or fourth-line agent. Of patients with CP-CML,
69.6% achieved CCyR and 58.7% achieved MMR at
any point while on ponatinib. Rates of CCyR or MMR
at 12 months were not reported in this study.'* There
are no currently published clinical trials evaluating pona-
tinib in the third- or fourth-line setting. However, the
phase II PACE trial evaluated ponatinib for patients
with resistance or intolerance to a second-generation
TKI. Of the patients with CP-CML, 54% achieved
CCyR and 40% achieved MMR at any point while on
ponatinib. Rates of CCyR or MMR at 12 months were
not reported in this study.'®
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Table 2. Efficacy outcomes of first-line TKI studies.

Efficacy of first-line treatment of CML

CCyR at 12
months

MMR at 12
months

Disease
progression

CML therapy N

Geelen et al.'” Imatinib 295
(real-world) Nilotinib or Dasatinib Nilotinib: 65
Dasatinib: 22

Tokuhira et al."' Nilotinib (300 mg BID) 48

(real-world) Nilotinib (< 300 mg BID) 22

Druker et al.* (IRIS) Imatinib (400 mg daily) 553

Hochhaus et al.’ Nilotinib (300 mg BID) 282

(ENESTnd) Imatinib (400 mg daily) 283

Cortes et al.® Dasatinib (100 mg daily) 259

(DASISION)
Imatinib (400 mg daily) 260

69% (382/553)

80%° (226/282)
65%° (184/283)
77%C (199/259)

66%° (172/260)

65% (31/48)
82% (18/22)

55%"° (155/282)
27%° (76/283)
46%° (119/259)

28%° (73/260)

3 years: 7%
3 years: 1%

0% (0/48)
0% (0/22)

| year: 2%
5 years: 3%
10 years: 7%
5 years: 4%
5 years: 7%
| year: 4%
5 years: 5%
| year: 5%

5 years: 7%

?Geelen et al. found significantly higher rates of CCyR and MMR at |2 months when treated with a second generation TKI than with imatinib 400 mg daily

(p-value not available).

®Hochhaus et al. found significantly higher rates of CCyR and MMR at |12 months with nilotinib 300 mg BID than with imatinib 400 mg daily (p <0.001).
“Cortes et al. found significantly higher rates of CCyR and MMR at 12 months with dasatinib 100 mg daily than with imatinib 400 mg daily (p <0.001).

Safety

A total of seven studies met inclusion criteria and evaluated
the safety of TKIs in real-world patients.”-'%-!!-13.19-21.22
Five landmark phase II or III clinical trials were analyzed
for safety outcomes.* !>

Changes and discontinuations of TKI therapy were the
most commonly reported measures of safety and tolerability
in real-world studies. TKI discontinuation rates and change
of TKI reported in real-world studies and clinical trials are
shown in Table 5. Based on limited available data and lack
of clear reasons for discontinuation in many studies, a com-
bined endpoint of discontinuation of therapy or change in
TKI was assessed. Discontinuation rates and dose adjust-
ments reported in real-world and clinical trials were
further compared in Figure 1. There are currently no avail-
able real-world discontinuation data for ponatinib.

While imatinib is the most prescribed first-line TKI, it is
also associated with a relatively high rate of discontinuation
and transition to second-line therapy. In two real-world
studies investigating first-line imatinib, 46% of patients
required a switch in TKI therapy for any reason within
the first 3 years, and 51.8% within the first 3.5 years.'®*
In another real-world population-based study of first-line
TKI therapy, significantly more patients receiving imatinib
discontinued treatment due to resistance or treatment failure
than those receiving a second generation TKI (21% vs 13%,
p=0.046).'° For comparison, in the phase III trial IRIS,
31% of patients required a switch in TKI therapy for any
reason within the first 5 years.* While the rate of discontinu-
ation of imatinib due to resistance or treatment failure was

higher in the real world than that reported in the IRIS study,
rate of discontinuation of second generation TKIs in the real
world were consistent with clinical trial data from
ENESTnd and DASISION.

In real-world population-based studies of second gener-
ation TKIs used for first-line therapy, between 48% and
80% of patients were reported to remain on initial therapy,
with median follow-up times ranging from 1.5 years to 3.5
yeears.l()'ll’lg’21’22 Nilotinib, dasatinib, and bosutinib were
associated with real-world discontinuation rates of 20%,
37%, and 36%, respectively, at their recommended starting
doses.' 132! Across all studies, the most common reason
for a switch in TKI therapy was intolerance followed by treat-
ment failure. Clinical trial data reported 5-year discontinu-
ation rates for any reason of 39%, 39%, and 71% for these
second generation TKIs respectively, with median follow-up
times ranging from 4 to 5 years.”®!” Real-world studies
reported higher rates of TKI dose adjustments than clinical
trial data for imatinib, dasatinib, and bosutinib as demon-
strated in Figure 1.

Reported adverse events in real-world studies as well as
clinical trials are listed in Table 6. Many real-world adverse
events were consistent with clinical trial data for all five
TKIs, with a few exceptions. In real-world studies of imati-
nib and nilotinib, fewer gastrointestinal adverse events such
as diarrhea, abdominal pain, nausea, and vomiting were
reported than in clinical trials. Regarding hematologic toxi-
cities, neutropenia was rarely reported in real-world studies.

There were several notable medication-specific differ-
ences in reported adverse events. Imatinib was more com-
monly associated with osteoarticular pain in the real
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Table 4. Efficacy outcomes of second- and subsequent-line TKI studies.

Efficacy of second line or later treatment of CML

CCyRat 12 MMRat 12 Disease
CML therapy N months months progression
Kuo et al.'? (real-world) Second-line Nilotinib 85 60.8% 39.7% 2 years: 9%
Giles et al.'®, Kantarjian Second-line Nilotinib 321 33% (67/ 32% 2 years: 3%
et al.”° (clinical trial) 202) (43/134)
Shah et al.'® (clinical trial) Dasatinib 167 41% - -
(69/167)
Garcia-Gutierrez et al.'"? Fourth-line Bosutinib and 33 94%* (31/33) 42%" (21/33) 14 months: 0%
(real-world) CCyR achieved at baseline
Fourth-line Bosutinib and 29 25%* (7/28)  14%* (4/28) 14 months: 3%
CCyR not achieved at baseline
Total population regardless of 62 61% (38/62) 40% (25/62) 14 months: 1%
CCyR
Cortes et al.'” (clinical trial) Third or Fourth-line Bosutinib 119 21% (13/61) - 4 years: 4%
Chan et al.'* (real-world) Third or Fourth-line Ponatinib ~ CML-CP: 51 69.6% 58.7%* -
(32/46) (27/46)
CML-AP: 9 37.5% (3/8) 0% (0/8) -
CML-BP: 18  69%" (11/16) 62.5%" -
(1o/16)
Cortes et al.'® (clinical trial) Second-line ponatinib CML-CP: 270 54%* 40%* 5 years: 3%
(144/270) (108/270)
CML-AP: 85  31%" (26/85) 22%* (18/83) -
CML-BP: 62 18%* (11/62)  13%* (8/62) -

CP: chronic phase, AP: accelerated phase, BP: blast phase.

#CCyR and MMR achieved at any point during therapy as |12-month CCyR and MMR were not reported.

world (67% of patients) compared to 47% reported inci-
dence in clinical trials. However, patients receiving imati-
nib in the real world reported less edema, fatigue, weight
changes, and hemorrhage than patients enrolled in clinical
trials.*”'° In real-world studies, between 31% and 70%
of patients experienced an adverse event while receiving
nilotinib. However, adverse events improved when dose
adjustments were made, with only 27% of patients experi-
encing recurrence of the adverse event after dose adjust-
ment.'' Notable reported adverse events by real-world
patients receiving nilotinib include pleural effusion
(5-12.5%) and heart failure (3—12.5%) which were reported
more commonly in real-world studies than in clinical trials
(1.8% and 0%, respectively).>”'* 12

Similar to imatinib and nilotinib, differences in AEs
between clinical trials and real-world studies were observed
with dasatinib. Approximately 55% of real-world patients
reported experiencing an adverse event while receiving
dasatinib. Pleural effusion occurred in 13.8-25% of patients
in real-world studies, compared to 12% in clinical trials.
Pleural effusions were the predominant cause of dasatinib
therapy cessation and were more commonly associated
with older age and higher dasatinib doses.'®?' Pulmonary
hypertension is another significant adverse event reported;
however, this was found to be reversible with discontinu-
ation of treatment.”’ Interestingly, for bosutinib, adverse

events were reported at a lower rate in the real-world
setting, leading to a much lower discontinuation rate than
in clinical trials.'>'” However, comparison of adverse
events associated with bosutinib is somewhat limited due
to available real-world data.

Discussion

There have been several published reviews summarizing
clinical trial safety and efficacy data for TKIs in the treat-
ment of CML. However, patients included in clinical
trials are closely monitored and may not fully represent
patients who are treated in the real-world setting. To the
authors’ knowledge, this is the first comprehensive narra-
tive literature review evaluating reported safety and efficacy
outcomes of TKI therapy in both real-world studies and
landmark clinical trials.

Differences between real-world and clinical trial
patient populations are evident in demographic data
and baseline characteristics. The median age of patients
in most real-world studies was approximately 10 years
older than patients included in landmark clinical trials.
However, in some efficacy studies, especially those per-
formed in Asian countries, the median age of patients in
real-world studies was 10—15 years younger than patients
included in landmark clinical trials.'>'* Of note, the
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Table 5. Safety outcomes of TKI studies.

Rate of discontinuation or change in TKI therapy in real-world and clinical trials

Reasons for discontinuation®

Composite TKI Treatment
discontinuation or failure/
Follow-up N switch in TKI therapy, Intolerance  Resistance Death
CML therapy  duration (start) n (%) n (%) n (%) n (%)
Geelen et al.'® Imatinib 3 years 295 135 (46) 62 (21) 62 (21)° N/A
(real-world)
Machado-alba et al.”>  Imatinib 3.5 years 164 85 (51.8) N/A N/A N/A
(real-world)
Bettiol et al.” Imatinib 6 years 73 28 (38) 27% 8 (I NA
(real-world)
Druker et al.* (IRIS)  Imatinib 5 years 553 171 31) 27 (5) 59 (1) 10 (2)
400 mg
daily
Tokuhira et al."' Nilotinib 3.5 years 48 10 (20) 8 (I11.4) 2 (3) N/A
(real-world) 300 mg BID
Nilotinib 2.4 years 22 6 (27)
<300 mg
BID
Bettiol et al.” Nilotinib 6 years 8 0 - - -
(real-world)
Geelen et al.'” Nilotinib or 3 years 87 33 (38) 21 (24) 11(13)* N/A
(real-world) Dasatinib
Machado-alba et al.”>  Nilotinib or 3.5 years 47 12 (25.5) N/A N/A N/A
(real-world) Dasatinib
Rashid et al.'’ Imatinib, 2 years 216 112 (52) 64 (30) I (5) N/A
(real-world) Nilotinib,
or
Dasatinib
Hochhaus et al.’ Nilotinib 5 years 282 110 (39) 34 (12) 34 (12) 6(2)
(ENESTnd) 300 mg BID
Nilotinib 28| 105 (37) 56 (20) 13 (5) I (<I)
400 mg BID
Fox et al.”! Dasatinib 1.5 years 212 79 (37) 51 (24) 17 (8) 94
(real-world)
Cortes et al.® Dasatinib 5 years 259 100 (39) 54 (21) 28 (I1) N/A
(DASISION) 100 mg
daily
Shah et al.'® (CT) Dasatinib 7 years 167 104 (62) 25 (15) 22 (13) 52
100 mg (31
daily
Garcia-Gutierrez Bosutinib 9 months 6l 22 (36) 10 (16) 6 (10) (1)
etal.”’ (real-world) 500 mg
daily
Cortes et al.'’ (CT) Bosutinib 4 years 19 85 (71) 33 (28) 35(29) N/A
500 mg
daily

?Reasons for discontinuation are reported as a percentage of the total population in the study.
PGeelen et al. found significantly lower resistance to second generation TKls than imatinib.

median age of patients in all real-world studies and clin- did not contain ECOG exclusion criteria, while clinical
ical trials included in this review was younger than the trials generally excluded patients with an ECOG score
median age at diagnosis for CML in the US (64 >3, representing a trial population with superior func-
years).! Additionally, the majority of real-world studies tional status.
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Imatinib
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20% 38%
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Figure 1. Real-world (RW) versus clinical trial (CT) data: TKI discontinuation, dose reduction, or dose escalation for first-line TKls.

(a) imatinib, (b) nilotinib, (c) dasatinib, and (d) bosutinib.
“NR”: data not reported.

Efficacy outcomes including rates of CCyR and MMR
varied between real-world studies and clinical trials.
Formal statistical analyses could not be performed due to
the limited number of available real-world studies evaluating
each TKI. However, numerical differences in the rates of
12-month CCyR and MMR between real-world and clinical
trial patients warrant future investigation.

Clinical trials have shown that TKI therapy is generally
well tolerated by patient populations who are most often
younger, healthier, and with few comorbidities; however,
there are many medication-specific adverse events associated
with TKIs used in the treatment of CML. Previously reported
comparative safety data revealed a relatively high 1-year risk
of safety events associated with TKIs: imatinib, 37%; dasati-
nib, 44%; and nilotinib, 40%. Higher safety risks were
observed among patients receiving dasatinib (RR 1.17;
95% CI 1.06 to 1.30) and nilotinib (RR 1.07; 95% CI 0.93
to 1.23) compared with those receiving imatinib.>> Many
adverse events reported in clinical trials were also reported

in the real-word setting; however, reported incidences were
variable. Notably, for dasatinib, pleural effusions were
reported at a higher rate in the real-world setting than in clin-
ical trials. However, rash and diarrhea were less frequently
reported across all agents, potentially demonstrating
improved supportive care management of these specific
adverse events in the real-world or post-marketing settings.
Despite similar overall incidences of TKl-related adverse
events between real-world patients with CML and clinical
trial patients, TKI discontinuation rates due to adverse
events were higher in real-world studies. These findings
suggest either a lower threshold to discontinue or a higher
severity of adverse events exist for TKI discontinuation
due to intolerance in the real-world setting. Additionally,
higher discontinuation rates in the real-world setting high-
light an opportunity for more prompt recognition and opti-
mized management of TKI-related adverse events.

For all TKIs, dose reductions were shown to decrease the
occurrence of adverse events.'” Real-world patients
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receiving nilotinib were still able to achieve major response
milestones while receiving a reduced dose, with 82% of
patients achieving MMR at 12 months while on reduced
doses of nilotinib compared to 65% of patients on the
recommended starting dose (p =0.17). The median age of
patients receiving a reduced dose of nilotinib was 12
years older than those receiving the recommended starting
dose, suggesting that older patients may benefit from
either empiric or reactive dose reductions.'' The correlation
of reduced doses of TKI and decreased incidence of adverse
events amongst real-world studies provides encouraging
data that TKI dose adjustments due to adverse events may
improve tolerability and maintain TKI dose intensity
without compromising efficacy.

Safety is an important consideration of CML therapy.
Medication-specific toxicity profiles as well as a patient’s
age, comorbidities, and concomitant medications play a
large role in determining the appropriate first-line TKI for
each patient.® As the duration of TKI therapy may be indef-
inite for many patients with CML, minimizing adverse
events and maintaining quality of life is essential.
Published reviews comparing TKIs based on patient-
reported health-related quality of life (HRQoL) outcomes
revealed that initiation of TKI therapy improved HRQoL,
but there was no observed difference in HRQoL improve-
ments between any of the first-line TKIs.>*** A change to
second-line TKI therapy was associated with an improve-
ment in patient HRQoL, especially in those who discontin-
ued first-line TKI therapy due to adverse events. However,
TKI treatment discontinuation altogether was not associated
with any HRQoL improvements.”> These data further
emphasize the need for diligent monitoring for
TKI-related adverse events, appropriate supportive care
management, and individualized therapy plans for patients
with CML treated with TKIs.

This narrative review has several limitations. Adherence
is a critical determinant of efficacy outcomes in CML but
could not be analyzed between real-world studies and land-
mark clinical trials. Adherence is known to be lower in real-
world patient populations, but proactive monitoring and
management of TKI-related adverse events may mitigate
toxicity-related non-adherence.?® The financial burden of
TKIs has also been associated as a barrier to timely
initiation and ongoing maintenance of therapy in CML.
All studies analyzed in this review were inclusive of
patients who had already overcome cost barriers to initiate
therapy. Most real-world studies were performed in coun-
tries other than the US, where affordability of TKIs may
differ due to government-subsidized programs. In the US,
the high cost of targeted anti-cancer agents remains a
major barrier to cancer care, potentially leading to subopti-
mal outcomes in the real-world setting.>’*° Another limi-
tation of this review is the inclusion of only clinical
studies. Claims-based and other registry studies may
yield additional valuable data regarding TKI safety and

effectiveness in real-world patients. Notably, the novel
kinase inhibitor asciminib was FDA approved in 2021
for treatment of adult patients with CML after prior treat-
ment with two or more TKIs and for adult patients with
chronic phase CML and T3151 mutation. While real-
world studies investigating the efficacy and safety of asci-
minib are emerging, no published studies met inclusion cri-
teria for this review based on time of publication. Lastly,
follow-up intervals at which efficacy outcomes were mea-
sured varied between many real-world studies and clinical
trials, limiting the ability to truly compare the incidence of
disease progression associated with each TKI.

Conclusions

This comprehensive narrative literature review summarizes
and describes the reported safety and efficacy of TKI
therapy in real-world patients with CML as well as those
treated on clinical trials. These findings suggest that patients
in real-world settings achieve different rates of specific
response milestones including CCyR and MMR than
patients treated on clinical trials, although the impact on
survival outcomes was not compared. Similar overall inci-
dences of adverse events were reported in real-world
studies as in clinical trials. However, real-world patients
with CML were more likely to discontinue TKIs due to
adverse events than patients enrolled in landmark clinical
trials, highlighting an opportunity for more prompt recogni-
tion and optimized management of TKI-related adverse
events in the real-world setting.
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