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ABSTRACT: Chronic myeloid leukemia (CML), a myeloproliferative neoplasm, ac-
counts for approximately 15% of newly diagnosed cases of leukemia in adults.
With the advent of tyrosine kinase inhibitors, patients with CML have a life expec-
tancy close to that of the general population. Clinicians face several challenges—
selecting initial therapy, monitoring for treatment resistance and failure, deter-
mining when to switch therapy—while caring for patients with CML. TKIs are first-
line therapy for newly diagnosed Philadelphia chromosome positive chronic
phase CML. Second-generation TKIs (bosutinib, dasatinib, and nilotinib) provide a
deeper and faster response but have no impact on survival compared to imatinib,
a first-generation TKI. The gate keeper mutation T315I in the BCR-ABL1 gene can
create resistance to all first- and second-generation TKIs. Ponatinib and asciminib
are the only approved TKIs with activity against the T315I mutation. Patient edu-
cation and drug monitoring are the most profound opportunities for pharmacists.
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Chronic Myeloid Leukemia:
Stepping Up to New Generations of Drugs

INTRODUCTION
In the mid-1990s Mel Mann, a 37-year-old U.S Army major received some terrible
news.1 Just diagnosed with a terminal form of leukemia—chronic myeloid leuke-
mia (CML)—his doctor informed him he had three years to live. Being a Black
man, his chances of a bone marrow transplant—the only possible cure at the
time— were slim. Very few Black Americans registered in the marrow registry.2

By 1998, Mel Mann had exhausted all available experimental drugs and was
growing frail and fatigued by the day. In the summer of 1998, he enrolled in a
phase 1 clinical trial. He received STI-571, an experimental drug. Nine months lat-
er he ran the 26.2-mile marathon in Alaska, and few months after that cycled 111
miles in Tucson, Arizona. Today, Mel Mann is the longest surviving patient on STI-
571— now known as imatinib (Gleevec®).
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Imatinib would change oncology’s course, opening an entire new
field of precision medicine. In the March 2017 New England Jour-
nal of Medicine, an editorial called imatinib “the drug that
changed everything.”3

CML, a myeloproliferative neoplasm, accounts for approximately
15% of newly diagnosed cases of leukemia in adults.4 More than
90% of patients with CML have the Philadelphia (Ph) chromo-
some and its oncogenic product, BCR-ABL1. In 2022, about 8860
new CML cases will be diagnosed in the United States (U.S.), and
roughly 1220 patients will die from the disease.5 The introduc-
tion of tyrosine kinase inhibitors (TKIs) that target the BCR-ABL1
oncoprotein has dramatically improved patient survival. Median
survival in patients with CML improved from three to six years
before the imatinib era to a 10-year overall survival in 83.3% in
imatinib-treated patients.4 Patients with CML now achieve
lifespans close to normal life expectancies. Complications of CML
include hepatomegaly and or splenomegaly, worsening anemia,
bleeding or clotting complications from changes in platelets, re-
current infections, bone pain, and fever. Splenomegaly is the
most common physical sign in about 20% to 40% of patients.5

BCR-ABL Oncoprotein
Ph chromosome, named after the city where it was described, is
generated during reciprocal translocation between chromosome
9, where the ABL1 gene is located, and chromosome 22, where
the breakpoint cluster gene (BCR) is located.6 This results in the
formation of the fusion gene BCR-ABL1. BCR-ABL1 generation
causes constitutive tyrosine kinase activation leading to contin-
ued cell proliferation, cell survival, inhibition of apoptosis (pro-
grammed cell death), and activation of transcription factors.
Several downstream signaling pathways are activated:
JAK2/STAT, PI3K-AKT-mTOR, MAPK/ERK, TRAIL-induced apopto-
sis, and C/EBP-mediated differentiation. Oncologists employ cy-
togenetic testing or a reverse transcriptase PCR test to detect the
Ph chromosome.

CML Staging
CML is characterized by uncontrolled growth of myeloid cells at
different maturation stages and affects peripheral blood and
bone marrow. Oncologists classify CML as chronic, accelerated,
or blast phase based on the number of blasts (immature blood
cells) present in the blood or bone marrow. The initial phase of
CML is chronic, with the accelerated or blast phases indicating
disease progression. Without medical intervention in the chronic
phase, patients progress to acute fatal leukemia within four to six
years.7 At diagnosis, 90% to 95% of patients are in the chronic
phase. In the U.S., about 50% of patients diagnosed with CML are
asymptomatic. Most patients will evolve into the accelerated
phase before the blast phase, but about 20% of patients will de-
velop sudden blast crisis without accelerated signs.5

Patients in the chronic phase usually have less than 5% blasts in
the bone marrow, are asymptomatic or have mild symptoms,
and respond to TKI therapy.8

Patients in the accelerated phase may exhibit one or more of the
following5:

● Persistent or increasing high white blood cell count
(greater than 10 x 109/L) unresponsive to therapy

● At least 20% basophils in blood
● Blasts 10% to 19% in blood or bone marrow
● Thrombocytopenia/platelet counts lower than 100 x

109/L
● Thrombocytosis/platelet counts higher than 1000 x

109/L, unresponsive to therapy
● Additional chromosomal abnormalities in the Ph+ cells

at diagnosis or new clonal chromosomal abnormality in
Ph+ cells during therapy

● Persistent or increasing splenomegaly unresponsive to
therapy

● Patients may present with worsening anemia, splenom-
egaly, and organ infiltration

Patients in the blast phase have at least 20% blasts in the periph-
eral blood and/or bone marrow or extramedullary (outside the
bone marrow) blast proliferation.8 Extramedullary disease prolif-
eration occurs when blast cells infiltrate from the bone marrow
into the lymph node, skin, spleen, bone or central nervous sys-
tem and form tumors. Patients may present with worsening con-
stitutional symptoms, bleeding, fever, and infections.5

Response Type in CML
According to the National Cancer Institute, surrogate end points
are biomarkers that substitute for clinical end points. In CML,
surrogate end points include hematologic, cytogenetic, and mo-
lecular response measures that may correlate with a clinical end-
point or outcome.9 In patients with CML, complete hematologic
response is typically the first surrogate end point reached. Cyto-
genetic response measures the decline in disease burden by ana-
lyzing the bone marrow Ph+ metaphase chromosome
(chromosomes are analyzed in the metaphase as they are easy to
visualize then). Oncologists monitor reductions in the number of
clonal leukemic cells with real-time quantitative PCR based mo-
lecular analysis. Table 1 (next page) describes hematologic, cyto-
genetic, and molecular response monitoring that are key
strategies for managing patients with CML.

Surrogate end points may translate to the following clinical
outcomes5:

● Early molecular response (BCR-ABL at or below 10% at
six months) with complete cytogenetic response 12
months later translates to significantly improved patient
survival.

● Major molecular response (BCR-ABL at or below 0.1%)
translates to modest improvement in event-free surviv-
al, possible longer duration of complete cytogenetic re-
sponse, however major molecular response does not
translate to survival benefit.

● Deep molecular response translates to a possibility of
therapy discontinuation (discussed in detail below).



UCONN You Asked for It Continuing Education            August 2022                           Page 3

TYROSINE KINASE INHIBITORS IN CML
TKIs are targeted therapies that inhibit the action of tyrosine ki-
nase— an enzyme implicated in cell signaling, proliferation, dif-
ferentiation, and programmed cell death. In CML, TKIs target the
BCR-ABL1 oncoprotein which causes uncontrolled cell growth.

Clinical Considerations for First-line Therapy in
Chronic Phase CML
The key goal in chronic phase CML is to achieve clinical remis-
sion, maintain long-term disease control, and avoid disease pro-
gression to accelerated and blast phases while limiting treatment
related adverse effects.11 For patients who achieve sustained
deep molecular remission, discontinuation of therapy with treat-
ment-free remission is a long-term goal.

Currently, four TKIs are Food and Drug Administration (FDA)-ap-
proved for chronic phase CML frontline therapy: bosutinib, dasa-
tinib, imatinib, and nilotinib (see Figure 1). Prescribers select a
BCR-ABL1 TKI for initial treatment of chronic phase CML based
on the CML risk score.11 Providers use a validated CML scoring
system—Sokal, Euro, or EUTOS (European Treatment and Out-
come Study) long-term survival score (ELTS) scoring systems—to
stratify patients into low, intermediate, and high risk.

● The Sokal risk calculation uses age, spleen size, platelet
count, and percentage of myeloblasts in the peripheral
blood.

● The Euro risk calculation uses age, spleen size, platelet
count, and percentage of blasts, eosinophils, and baso-
phils in the peripheral blood. See how to do the calcula-
tion here:
https://www.leukemia-
net.org/content/leukemias/cml/euro__and_sokal_score
/index_eng.html

The ELTS score employs age, spleen size below costal margin,
blasts in peripheral blood, and platelet count. Clinicians evaluate
other variables as well at diagnosis prior to any CML therapy. The
online calculator can be found here: https://www.leukemia-
net.org/content/leukemias/cml/elts_score/index_eng.html

Table 1. CML Response Type10

Response Type Features Test used to measure response
Hematologic
Complete hematologic response (CHR)

WBC <10 x 109/L, basophils < 5%, platelet
count <450 x 109/L, absence of myelo-
cytes, promyelocytes, myeloblasts in dif-
ferential, spleen nonpalpable

CBC with differential

Cytogenetic
Complete cytogenetic response No Ph+ chromosome detected Bone marrow cytogenetics looks at pres-

ence of Ph+ chromosome in a bone mar-
row sample
FISH analysis uses fluorescent dye-labeled
probes to light up the BCR-ABL1 sequence

Partial cytogenetic response 1 % to 35 % cells have Ph+ chromosome
Minor cytogenetic response > 35 % to 65 % cells have Ph+ chromo-

some
Major cytogenetic response 0 % to 35 % of cells have Ph+ chromosome
Molecular
Complete molecular response (CMR) No BCR-ABL1 gene detected Quantitative PCR measures the BCR-ABL1

RNA transcriptsMajor molecular response (MMR At least a 3- log reduction in BCR-ABL1 lev-
els or BCR-ABL1 ≤ 0.1%

Early molecular response (EMR) BCR-ABL1 ≤ 10% at 3 and 6 months
Deep molecular response (DMR) MR4.0: BCR-ABL1 ≤ 0.01% or MR4.5: BCR-

ABL1 ≤0.0032%

PAUSE AND PONDER: Can you list  all of the
currently available TKI inhibitors and sort them by
Generation?  Why does the generation matter?
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Disease progression is more likely in patients in the intermedi-
ate- and high-risk strata. Providers must consider cost, availabili-
ty, adverse effect profile, drug interactions, comorbid illness, and
patient preference in choosing an initial TKI.11 Researchers have
reported a faster molecular response and higher rate of major
molecular response (BCR-ABL1 at or below 0.1%), and deep mo-
lecular response (BCR-ABL1 at or below 0.0032%) among pa-
tients treated with a second-generation TKI across all risk
scores.5 In some patients, this may facilitate subsequent therapy
discontinuation. Hence, second-generation TKIs may be an op-
tion for younger patients, especially women for fertility
purposes.5

Treatment Response
At baseline, all patients with CML undergo a bone marrow exam-
ination to assess the percentage of blasts and basophils.5 Experts
prefer the quantitative PCR (qPCR) test to monitor response to

TKI therapy, and monitor patients every three months, including
those meeting response milestones at three, six, and 12 months
(See Table 2, next page). Patients achieving complete cytogenet-
ic response are monitored every three months for two years, and
every three to six months thereafter. All FDA-approved TKIs are
oral, but despite the convenience of oral therapy, about one-
third of patients are nonadherent. Adherence is associated with
better clinical outcomes and prognosis. Patients achieving com-
plete cytogenetic response within 12 months after first-line TKI
therapy have better long-term survival.

FRONTLINE TREATMENT OPTIONS
The frontline treatment options for patients with chronic phase
CML are first- or second-generation TKIs. Oncologists choose be-
tween them based on individual patient characteristics such as
age, disease state, and comorbidities.
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First-Generation TKI
The FDA approved imatinib, the only first-generation TKI, for the
treatment of newly diagnosed adult patients with Ph+ CML in the
chronic phase and for Ph+ CML in blast crisis, accelerated phase,
or in chronic phase after failure of interferon-alpha therapy.12 In
the pediatric population, imatinib is approved for newly diag-
nosed Ph+ CML in chronic phase or disease resistant to interfer-
on therapy. Imatinib inhibits the BCR-ABL1 tyrosine kinase by
competitively inhibiting the ATP-binding site, resulting in protein
phosphorylation inhibition in the downstream signal transduc-
tion pathway inducing apoptosis in BCR-ABL1 positive cell lines.

The recommended dose for adult patients is 400 mg/day in the
chronic phase, and 600 mg/day in the accelerated or blast
crisis.12 Patients in the accelerated or blast crisis may receive 800
mg/day (400 mg twice daily) if they have no severe adverse reac-
tions. The recommended dose for children with newly diagnosed
Ph+ CML is 340 mg/m2/day (not to exceed 600 mg).12

Imatinib can cause edema/weight gain, fatigue, peripheral and
periorbital edema, bone and muscle aches, and nausea.5 With
long term therapy, up to 10% of patients experience creatinine
elevations. Rare neurologic complications of worsening of Parkin-
sonism, and dementia-like findings have also been reported.

In 2002, a group of French physicians reported an intriguing side
effect among patients treated with imatinib—changes in hair re-
pigmentation. Patients who had grey hair before treatment had

progressive repigmentation (head and body) after imatinib treat-
ment initiation.13 Investigators have also reported blue grey skin
discoloration among patients treated with imatinib.14 One pro-
posed mechanism is along with inhibiting tyrosine kinase activity,
imatinib also inhibits c-KIT, a protein expressed in melanocytes,
and skin basal cells.

Patients treated with imatinib are slower to achieve cytogenetic
and molecular response than those treated with second-genera-
tion TKIs, but long-term outcomes are comparable.5 High-dose
imatinib (800 mg) and imatinib-based combinations (with inter-
feron) should not be used as frontline therapy for Ph + chronic
phase CML. Patients in a high-dose study group achieved faster
complete cytogenetic and major molecular response compared
to the standard dose group, but the rates were not significantly
different at 12 months.5

Dose Reduction for Hematologic Adverse Effects. For patients at
starting dose of 400 mg/day for chronic phase CML, if the ANC is

less than 1.0 x 109/L and/or platelets are less than 50 x 109/L12

● Stop imatinib until ANC reaches at least 1.5 x 109/L and

platelets reach at least 75 x 109/L
● Resume treatment at original starting dose of 400 mg
● If recurrence occurs, stop imatinib and resume at re-

duced dose of 300 mg

Table 2. TKI Treatment Response Milestones10

Disease Status BCR-ABL1 Clinical Action Warranted NCCN Recommendation

3 months 6 months 12 months
TKI-sensitive dis-
ease

<  0.1% □   Monitor response and AE □  Continue same TKI at treatment
goal

< 10% > 0.1% to
1%

□  If treatment goal is long term
survival: > 0.1-1% is optimal
□  If treatment goal is treatment
free remission: ≤ 0.1% is optimal

□  At treatment goal: continue
same TKI
□   Treatment free remission is the
goal: shared decision making with
patient

Possible TKI re-
sistance > 10%

> 1% to
10%

□  Assess patient adherence and
drug interaction
□  Consider mutational analysis
□  Bone marrow cytogenetic analy-
sis to assess for major cytogenetic
response at 3 months or complete
cytogenetic response at 12 months

□  Switch to alternate TKI or
continue with same TKI (other than
imatinib) or increase imatinib dose
to 800 mg maximum dose and
□  Consider evaluation for allogenic
HCT

TKI-resistant dis-
ease > 10%

□  Assess patient adherence and
drug interactions
□  Consider mutational analysis

□  Switch to alternate TKI
□  Evaluate for allogenic HCT

ABBREVIATIONS: AE = adverse effects; HCT = hematopoietic cell transplant; TKI = tyrosine kinase inhibitor
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For patients in the accelerated and blast phase with starting dose

of 600 mg/day, if ANC is less than 0.5 x 109/L and/or platelets are

less than 10 x 109/L12

● Check if cytopenia is disease related
● If not, reduce imatinib dose to 400 mg
● If cytopenia persists for two weeks, reduce dose to 300

mg
● If cytopenia persists for four weeks, and is unrelated to

leukemia stop imatinib until ANC reaches at least 1 x 109

/L and platelets reach at least 20 x 109 /L and then re-
sume treatment at 300 mg

Second-Generation TKIs
Patients may develop imatinib resistance by developing muta-
tions in the BCR-ABL1 gene. Second-generation BCR-ABL TKIs (ni-
lotinib, dasatinib, and bosutinib) have inhibitory activity against
the majority of imatinib-resistant mutations.

Nilotinib
Nilotinib is approved for treatment of chronic phase Ph+ CML in
adult patients resistant to or intolerant to prior therapy that in-
cluded imatinib.15 The initial dose is 300 mg twice daily approxi-
mately 12 hours apart without food. Patients should not
consume food at least for two hours before the dose and for 1
hour after. Nilotinib’s labeling carries a boxed warning for QT
prolongation and sudden death. Patients initiating nilotinib
should have an ECG at baseline, seven days after initiation, peri-
odically thereafter, and following dose adjustments. Nilotinib is
contraindicated in patients with hypokalemia, hypomagnesemia,
or long QT syndrome. Prescribers should correct the patient’s hy-
pokalemia and hypomagnesemia before treatment starts and
measure electrolytes periodically during treatment.15

Prescribers should avoid nilotinib or use it cautiously in patients
with diabetes or history of pancreatitis since it is associated with
hyperglycemia.5 Due to the risk of arterial occlusive events, pa-
tients with coronary, cerebrovascular, or peripheral artery dis-
ease should limit or avoid nilotinib. Imatinib and bosutinib
(discussed below) are safer options in patients with a significant
past history of arterial occlusive events.5

In its phase 3 trial, nilotinib-treated patients responded earlier,
better and were less likely to progress to accelerated or blast
phases than imatinib-treated patients.16 At five-year follow-up,
54% patients on the nilotinib 300 mg dosing twice daily achieved
a molecular response of 4.5 (BCR-ABL ≤0.0032%) compared to
31% of patients in the imatinib 400 mg once daily dosing arm.

Dose reduction for hematologic adverse effects.15 For patients at
starting dose of 300 mg twice daily for chronic phase or acceler-
ated CML

  If the ANC is less than 1.0 x 109 /L and/or platelet count
is less than 50 x 109 /L, stop nilotinib and monitor blood
counts

  If ANC exceeds 1.0 x 109 /L and platelet count exceeds
50 x 109 /L, resume at prior dose within two weeks

  If blood counts do not recover for at least two weeks,
reduce dose to 400 mg once daily

Dose adjustments for QT prolongation. If patient’s ECG shows
QTc exceeds 480 msec

● Stop nilotinib, check serum potassium and magnesium,
and if below lower limit of normal correct to within nor-
mal limits. Review concomitant medications.

● Resume within two weeks if QTc return is less than 450
msec, and to within 20 msec of baseline

● If QTc is between 450 and 480 msec after two weeks,
reduce dose to 400 mg once daily

● Discontinue nilotinib if following dose reduction to 400
mg once daily, QTc returns to exceeding 480 msec

Dose reduction for non-hematologic abnormalities. For elevated
serum lipase or amylase at Grade 3 or worse, or bilirubin or he-
patic transaminases at or above Grade 3

�� Withhold nilotinib, and monitor serum lipase
or amylase, bilirubin or hepatic transaminases

�� Resume treatment at 400 mg once daily once
lab abnormalities return to Grade 1or lower

Dasatinib
Dasatinib is approved for newly diagnosed adults with Ph+ CML
in chronic phase, and for adults with chronic, accelerated, myelo-
id, or lymphoid blast phase Ph+ CML with resistance or intoler-
ance to prior therapy including imatinib.17

The recommended dose of dasatinib for chronic phase CML is
100 mg once daily and for accelerated or blast phase CML, the
dose is 140 mg once daily.17 In clinical trials, treatment with dasa-
tinib was associated with severe myelosuppression and severe
bleeding-related events from thrombocytopenia. Investigators
reported CNS and gastrointestinal (GI) symptoms as well as other
cases of severe hemorrhage in patients. Prescribers should use
dasatinib with caution in patients on concomitant platelet inhibi-
tors or anticoagulants. In clinical trials, pleural effusions were al-
so more common in the dasatinib groups. In patients with
histories of lung disease (e.g., chronic obstructive pulmonary dis-
ease), cardiac disease (e.g., congestive heart failure), or uncon-
trolled hypertension, prescribers should avoid dasatinib.
Prescribers should consider an alternative TKI for patients with
preexisting pulmonary arterial hypertension, since it is a rare
complication with dasatinib treatment.17

PAUSE and PONDER: What are the most common reasons
for patients to need dose reductions?
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In early clinical trials, many patients experienced adverse effects
at the 100 mg daily dose, resulting in discontinuation of the
drug.5 Subsequent studies with dasatinib 50 mg daily and dasat-
inib taken five days/week have shown good remission rates with
minimal toxicity. Researchers recently reported dasatinib at 20
mg daily is safe for patients older than 70 with medical comor-
bidities. Patients achieved molecular remissions with a lower in-
cidence of adverse events compared to the higher dose (100 mg
daily dose).18

Dose reduction for hematologic adverse effects.15 For patients
taking 100 mg once daily for chronic phase, if the ANC is less
than 0.5 x 109 /L and/or platelet count is less than 50 x 109 /L

● Stop dasatinib until ANC is at least 1 x 109 /L and/or
platelet counts are at least 50 x 109/L

● Resume treatment at original dose if blood counts re-
cover within seven days

● If platelets are less than 25 x 109 /L or ANC is less than
0.5 x 109 /L for more than seven days, follow step 1. Re-
sume dasatinib at a reduced dose of 80 mg once daily
for the second episode. If a third episode occurs, for
newly diagnosed patients, further reduce dose to 50 mg
once daily; for patients resistant or intolerant to prior
therapy including imatinib, discontinue dasatinib.

Bosutinib
Bosutinib is approved for newly diagnosed chronic phase Ph+
CML and chronic, accelerated or blast phase CML with resistance
or intolerance to prior therapy.19 The recommended dose for
newly diagnosed CML patients is 400 mg orally once daily with
food. For patients with chronic, accelerated, or blast phase Ph+
CML with resistance or intolerance to prior therapy, the recom-
mended dose is 500 mg orally once daily with food. If patients do
not reach a complete hematologic, cytogenetic, or molecular re-
sponse and have no adverse effects graded at grade 3 or higher,
providers can increase dose to a maximum of 600 mg once daily.
Prescribers should monitor patients for GI toxicity (nausea, vom-
iting, diarrhea, and abdominal pain). Patients with inflammatory
bowel disease or renal dysfunction should avoid bosutinib.19

Pharmacists should counsel patients to start bosutinib at 100 mg
daily for 1 week, followed by 100 mg dose escalation every seven
days until a dose of 400 mg daily is reached to avoid diarrhea.5

Dose reduction for non-hematologic adverse effects.19 For ele-
vated liver transaminases greater than five times the upper limit
of normal (ULN), hold bosutinib until recovery to at or less than
2.5 times the ULN and resume at 400 mg once daily thereafter. If
recovery takes longer than four weeks, discontinue bosutinib.

For grade 3-4 diarrhea, withhold bosutinib until recovery to
grade 1 or lower. Resume bosutinib at 400 mg once daily

Dose reduction for hematologic adverse effects. For patients at
starting dose of 400 mg once daily for chronic phase, if the ANC
is less than 1 x 109 /L and/or platelet count is less than 50 x 109 /L

● Withhold bosutinib until ANC is at least 1 x 109 /L and/or
platelet count is at least 50 x 109 /L

● Resume treatment at same dose if recovery occurs with-
in two weeks.

● If blood counts remain low for more than two weeks,
upon recovery reduce bosutinib dose by 100 mg

● Upon recurring cytopenia, reduce dose by an additional
100 mg upon recovery and resume treatment

TKI RESISTANCE
Since imatinib’s introduction, CML’s therapeutic landscape has
changed vastly. Patients with CML are developing more drug re-
sistance due to widespread use of TKIs. About 25% of patients
with CML will switch TKIs at least once in their lifetime owing to
drug resistance or intolerance.20 TKI resistance in patients may
be primary or secondary. Primary resistance is the failure to
achieve time-dependent endpoints of complete hematologic re-
sponse, complete cytogenetic response, and major molecular re-
sponse on TKI treatment initiation. Secondary or acquired
resistance is the loss of response following an initial response.
Oncologists classify TKI resistance in CML as BCR-ABL1 indepen-
dent or dependent mechanisms. Patients with primary resistance
are more likely to have a BCR-ABL1 independent mechanism,
while patients with secondary resistance usually have a BCR-
ABL1 dependent mechanism.20

In patients exhibiting secondary resistance, the most effective
approach is to use an alternate TKI.20 Healthcare providers must
always assess for adherence and drug interactions before switch-
ing therapy. Point mutations in the kinase domain of the BCR-
ABL1 are the most common mechanism of secondary resistance.
Second-generation TKIs overcome most of the mutations that

©Can Stock Photo/sabelskaya
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confer resistance to imatinib. However, a gatekeeper mutation
T315I (isoleucine replaces threonine in position 315 of BCR-ABL1)
is resistant to all currently available TKIs except ponatinib and
asciminib. Between 4% and 20% of patients who are resistant to
TKI exhibit this gatekeeper mutation.20

In a systematic review of patients with CML with resistance or
intolerance to second-generation TKIs, treatment with a differ-
ent second-generation TKI in the third-line setting was associated
with a lower response rate when compared to the third-genera-
tion TKI ponatinib.21

THIRD-GENERATION TKIs
Some patients will become resistant to a second-generation TKI
due to development of T315I gatekeeper mutation. Currently,
two third-generation TKIs—ponatinib and asciminib— are ap-
proved for patients exhibiting this mutation.

Ponatinib
Ponatinib is 500 times more potent than imatinib at
inhibiting the BCR-ABL1.22 Ponatinib is not indicated
for patients with newly diagnosed chronic phase CML.
The FDA approved it for the treatment of three condi-
tions:

�� Chronic phase CML with resistance or intoler-
ance to at least two prior TKIs

�� Accelerated phase or blast phase CML for
which no other kinase inhibitors are indicated

�� T315I-positive CML in chronic, accelerated, or
blast phase

The recommended starting dose is 45 mg orally once daily with
reduction to 15 mg upon achievement of BCR-ABL1 lower than
1%. If patients do not achieve hematologic response by three
months, providers must discontinue the medication.22

The FDA approved ponatinib based on the phase 2 PACE trial
(N=449), which evaluated ponatinib’s efficacy and safety in Ph +
acute lymphoblastic leukemia and CML patients (N = 270).23 Pa-
tients were eligible for the trial if they had resistance or intoler-
ance to dasatinib or nilotinib or had CML with T315I mutation.
Trial participants received ponatinib 45 mg once daily and were
stratified by mutation status and disease phase. Among the 267
patients with CML in the chronic phase, 56% achieved major cy-
togenetic response by 12 months, which included 70% (45/64) of
patients with a T315I mutation. At 5-year follow up, 82% of re-
sponders maintained the major cytogenetic response with the
estimated overall survival rate of 73%.23

In 2013, the manufacturer temporarily withdrew ponatinib from
the market following high frequency of severe vascular events.24

One year later, the manufacturer reintroduced the drug with
specific dose-reduction recommendations. Ponatinib carries a
boxed warning for arterial occlusive events, venous thromboem-
bolic events, heart failure, and hepatotoxicity. Pharmacists
should counsel patients on the signs and symptoms of blood
clots, heart failure, cardiac arrhythmia, hepatotoxicity, hyperten-
sion, pancreatitis, and ocular toxicity.22

Providers must discontinue ponatinib in patients with the follow-
ing adverse effects22:

● Grade 3 or 4 cardiovascular or cerebrovascular events
● Grade 4 venous thromboembolism
● Grade 4 heart failure
● AST or ALT at least three times the ULN with bilirubin

exceeding two times the ULN and alkaline phosphatase
less than two times the ULN

● Symptomatic pancreatitis, and serum lipase exceeding
five times the ULN

Dose reduction for myelosuppression.22 For patients with ANC
less than 1 x 109/L or platelets less than 50 x 109/L, withhold
ponatinib until ANC resolves to 1.5 x 1 x 109/L and platelets at
least 75 x 109/L, then resume at thesame dose. Upon recurrence,
withhold ponatinib until resolution and resume at next lower
dose

Recommended dose reduction for adverse reactions.22 Should
adverse events occur, ponatinib’s labeling recommends a first
dose reduction to 30 mg orally once daily; a second dose reduc-
tion to 15 mg orally once daily; a third dose reduction to 10 mg
orally once daily; and discontinuing the drug if patients are un-
able to tolerate 10 mg once daily.

Asciminib
In 2021, the FDA approved asciminib for the treatment of pa-
tients with Ph+ CML in chronic phase previously treated with two
or more TKIs, and Ph+ CML with T315I mutation.25 Asciminib has
a unique mechanism of action—it binds to the myristoyl site
rather than the ATP binding site of the kinase domain like other
TKIs.26 Binding to the myristoyl site locks the BCR-ABL1 protein in
the inactive conformation and prevents downstream signal
transduction events. Asciminib targets both wild type (the ver-
sion that predominates in natural or normal populations) and
mutant BCR-ABL1 including the T315I mutant. The labeling rec-
ommends 80 mg orally once daily or 40 mg twice daily for Ph+
CML in chronic phases, and for Ph+ CML with T315I mutation,
200 mg orally twice daily. Pharmacists should counsel patients to
avoid food for at least two hours before and one hour after tak-
ing asciminib.26

The multi-center open label CABL001X2101 study evaluated as-
ciminib’s efficacy in patients with Ph+ CML with T315I

PAUSE AND PONDER: What are the advantages
of the third generation TKIs, and how would you
explain them to a patient?
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mutation.27 A total of 52 patients (31 patients had prior pona-
tinib exposure, of whom 15 had ponatinib resistance) with T315I
mutation received asciminib at 200 mg orally twice daily. At
week 24, 57.1% of ponatinib naïve patients and 28.6% ponatinib
pretreated patients achieved major molecular response. The es-
timated cumulative major molecular response rate at week 60
increased to 66% and 32% respectively in ponatinib naïve and
pretreated patients respectively.

Recommended dose reduction for asciminib.26 For patients with
chronic phase CML previously treated with at least two TKIs, the
first dose reduction is to 40 mg once daily or 20 mg twice daily. If
patients are unable to tolerate 40 mg once daily or 20 mg twice
daily, discontinue medication

For patients with chronic phase CML with T315I mutation, the
first dose reduction is to 160 mg twice daily. If patients are un-
able to tolerate 160 mg twice daily, discontinue medication.

Dose reduction for myelosuppression. For patients with ANC less
than 1.0 x 109 /L and/or platelets less than 50 x 109 /L, withhold
asciminib until ANC is at least 1 x 109 /L and/or platelets are at
least 50 x 109 /L. If blood counts recover within two weeks, re-
sume asciminib at the starting dose. If blood counts take more
than two weeks to recover, reduce the asciminib dose.
Currently, no randomized head-to-head trials compare ponatinib
with asciminib in patients with CML.5

Table 3. The CML Development Pipeline28

Agent and Clinical Trial Phase TKI? Mechanism of Action Proposed Indication
ELVN-001 in Phase 1 No Phosphotransferase inhibitor;

oral
CML with or without T315I mutations in pa-
tients who are relapsed, refractory or intolerant
to TKIs

Flumatinib in Phase 3 Yes BCR-ABL1 TKI; oral Newly diagnosed CML

IkT-001Pro in preclinical Yes Prodrug formulation of imatinib;
route currently N/A

Stable phase CML

KDS-1001 in Phase 1 No Natural killer cell replacement;
IV

CML with persistent or recurrent molecular re-
sidual disease after one year of TKI therapy

KRT-232 in Phase 1b/2 No MDM2 (murine double minute
2) inhibitor, leading to p53 me-
diated transcription inhibition;
oral

Relapsed or refractory Ph+ CML in chronic
phase

Lonafarnib in Phase 1 No Aurora kinase inhibitor; oral Chronic phase CML or accelerated CML after
failure of imatinib

Motixafortide in Phase 2 No CXCR4 receptor antagonist; sub-
cutaneous

Olverembatinib, approved in China Yes Third-generation BCR-ABL1 TKI;
oral

TKI-resistant CML or accelerated phase CML
with T315I mutation

Radotinib in Phase 3/2 Yes BCR-ABL1 TKI; oral Newly diagnosed CML, or accelerated CML with
resistance or intolerance to imatinib

Tipifarnib in Phase 1 No Aurora kinase inhibitor; oral Chronic phase CML after failure of imatinib

Vodobatinib in Phase 1/2 Yes BCR-ABL1 TKI; oral CML patients ≥ 3 agents

CML AGENTS IN THE PIPELINE
Table 3 summarizes the many entities that are in the pipeline
and have potential to treat CML.

TREATMENT FREE REMISSION
In CML, treatment free remission refers to patients having a sta-
ble deep molecular response without ongoing TKI treatment.10

With CML patients approaching a life expectancy that of the gen-
eral population, the focus has shifted to quality of life and cost
savings. According to the National Comprehensive Cancer Net-
work (NCCN) guidelines, certain patients may discontinue TKI10:

● Patients in chronic phase CML with no prior history of
accelerated or blast phase

● Patients who have taken approved TKI therapy for at
least three years, with deep molecular response (BCR-
ABL1 at or below 0.01%) for at least two years as docu-
mented on at least four tests performed at least three
months apart

Upon TKI discontinuation, healthcare providers must continue to
monitor patients closely with monthly molecular monitoring for
the first six months, followed by bimonthly tests during months
seven through 12, then quarterly for patients who remain in ma-
jor molecular response.10 If patients exhibit a loss of major mo-
lecular response, they must resume TKI within four weeks with
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monthly molecular monitoring until a major molecular response
is re-established. These patients must undergo molecular moni-
toring every three months indefinitely. If patients do not achieve
major molecular response within three months of TKI resump-
tion, healthcare providers must check for kinase domain
mutations.10

Clinical studies have only studied the feasibility of treatment free
remission following discontinuation of dasatinib, imatinib, and
nilotinib.10 However, the NCCN guidelines do indicate it would be
reasonable to extrapolate the results irrespective of the TKI in
patients who have achieved and maintained deep molecular re-
sponse for at least two years.10

THE PHARMACY TEAM’S RESPONSIBILITIES
All TKIs are metabolized by the cytochrome P450 system. These
drugs have significant potential for drug-drug interactions with
some drug interactions causing toxicity or affecting therapeutic
response.

Asciminib26

With this TKI, pharmacists should screen for strong CYP3A4 inhib-
itors, CYP3A4 substrates, CYP2C9 substrates, and P-glycoprotein
(P-gp) substrates.

● Monitor closely for adverse effects with strong CYP3A4
inhibitors with asciminib 200 mg twice daily.

● Avoid use of asciminib 200 mg twice daily with CYP3A4
substrates.

● Avoid concomitant asciminib at all doses with CYP2C9
substrates. If asciminib use is unavoidable, reduce the
CYP2C9 substrate dose and limit the asciminib to 80 mg
daily.

● Consider alternative therapy with non-CYP2C9 substrate
with 200 mg asciminib twice daily dose.

● Closely monitor for adverse reactions during concomi-
tant P-gp substrates and asciminib at all recommended
doses

Bosutinib19

Avoid concurrent use of bosutinib with strong or moderate
CYP3A inhibitors and inducers

Dasatinib17

Dasatinib is a CYP3A4 substrate and may interact with CYP3A4
inhibitors or inducers.

Imatinib12

CYP3A4 inducers may decrease imatinib levels, and conversely,
CYP3A4 inhibitors may increase imatinib levels. Imatinib inhibits
CYP3A4 and may increase the Cmax and AUC of other drugs. Pa-
tients who require anticoagulation should receive low-molecular
weight or standard heparin (not warfarin). Co-administration

with acetaminophen may increase the systemic exposure of ac-
etaminophen.

Nilotinib15

CYP3A4 inhibitors and inducers may affect nilotinib’s serum con-
centration. Nilotinib inhibits CYP3A4, CYP2C8, CYP2C9, and
CYP2D6. It may also induce CYP2B6, CYP2C8 and CYP2C9. There-
fore, nilotinib may alter other drugs’ serum concentrations.

Ponatinib22

Avoid concurrent use or reduce the ponatinib dose if strong
CYP3A inhibitors cannot be avoided; avoid concurrent use with
strong CYP3A inducers.

Table 4 (next page) lists common medications that may alter the
TKI’s therapeutic effect. Many of these are over the counter, so
pharmacy technicians can alert the pharmacist if patients who
take TKIs purchase these products so they can explore appropri-
ate alternatives.

All TKIs for CML are associated with increased bleeding, but the
risk is more pronounced with dasatinib than other TKIs. Pona-
tinib has an associated incidence of heart failure and QT interval
shortening. Pharmacists should check to ensure patients taking
ponatinib are being monitored for cardiac function. They should
also check to ensure potassium and magnesium levels are ac-
ceptable before initiating the BCR-ABL1 TKIs.

Patients experiencing fluid retention may take diuretics to re-
duce edema and the clinical team should monitor their symp-
toms closely.

PAUSE AND PONDER: Which OTC drugs might be
a problem for patients who take TKIs? How might you
remember to screen for those drugs? What alternatives
would patients be able to use?

©Can Stock Photo/sabelskaya
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Table 4. TKI Drug Interactions with Common Drugs and Supplements10

Drug Class Effect
Proton pump inhibitors Decreased exposure of bosutinib, dasatinib, nilotinib, ponatinib

No major interaction with imatinib
H2 receptor antagonist Avoid H2RAs with bosutinib, dasatinib, nilotinib.

If absolutely necessary consider once-daily H2RA ≥2 hours after bosutinib or dasatinib, or ≥2 hours
after or ≥10 hours before taking nilotinib
No major interaction with imatinib and ponatinib

Antacids Decreased exposure of bosutinib, dasatinib, nilotinib, and ponatinib.
For above TKIs, may use antacids at least 2 hours before or at least 2 hours after taking TKIs
No major interaction with imatinib

Antidepressants
● Fluoxetine
● Bupropion
● Citalopram

Minor increase in exposure of bosutinib, dasatinib, imatinib, and ponatinib. Monitor QTc for these
TKIs.

Avoid with nilotinib due to QTc prolongation risk
Cardiovascular medications

● Amiodarone
● Diltiazem
● Verapamil

Bosutinib, dasatinib, imatinib, ponatinib: Increase in exposure and arrhythmia risk. Strongly consid-
er alternative cardiac medication or TKI dose adjustment

Avoid nilotinib

Anti-infectives
● Oral azole antifun-

gals (fluconazole,
voriconazole)

● Clarithromycin
● Telithromycin
● Ritonavir

Increase in exposure of all TKIs. Strongly consider alternative anti-infective or TKI dose adjustment

Fluoroquinolones (levofloxa-
cin, ciprofloxacin)

QTc monitoring for bosutinib, dasatinib
Use nilotinib with caution
No major interactions with imatinib and ponatinib

Herbal supplements
● Curcumin

Increase in exposure of all TKIs, discontinue supplement

Herbal supplements
● St John’s Wort

Avoid use with all TKIs decrease in TKI exposure

Pulmonary considerations. Dasatinib carries a risk for pleural ef-
fusions and pulmonary hypertension. In patients with a history of
lung disease or with risk of developing pleural effusions, the
guidelines prefer bosutinib, imatinib, or nilotinib. If patients de-
velop a cough, shortness of breath, or chest pain during dasatinib
therapy, the team should order a chest X-ray. Pharmacy techni-
cians are ideally positioned to recognize these symptoms and
alert the pharmacist for patients on a BCR-ABL1 TKI.

Patients may take diuretics or short course of steroids for man-
agement of pleural effusions. Providers may also dose reduce
and/or interrupt treatment to manage pleural effusions.

Metabolic considerations. Nilotinib increases serum lipids and
glucose. If patients need a statin medication, prescribers should
select one not metabolized by the CYP450 3A4 (pravastatin and
rosuvastatin) to avoid drug interactions with nilotinib. In patients
with a history of diabetes or history of pancreatitis, bosutinib,
dasatinib, or imatinib may be used.

GI considerations. Prescribers should use dasatinib with caution
in patients with ulcerative colitis, or GI ulcers due to risk of hem-
orrhage. Refer to Table 4 for potential interactions with com-
monly used PPIs, antacids, and H2RAs.

Advising patients to take the medication with or without food
and/or water in accordance with each drug’s labeling helps avoid
GI effects. Patients may take antinausea, antidiarrheal, or antie-
metic medications for symptom relief.

Hepatic and renal considerations. Consider dasatinib for patients
with liver disease, as hepatotoxicity is least pronounced with da-
satinib. Ponatinib has the highest risk for developing high-grade
transaminase elevations. For patients with renal impairment, as-
ciminib, dasatinib and nilotinib require no dose adjustment, but
imatinib and bosutinib may require dose reductions. Drugs that
alter liver metabolism by cytochrome P450 enzymes and acet-
aminophen should be used with caution or avoided entirely—



prompt treatment with glucocorticoids in severe cases of hepa-
totoxicity assists in hepatic recovery.

For elevated liver enzymes, providers must check liver function
regularly and may consider dose reduction and/or interruption.

Myelosuppression. Myelosuppression is common with all TKIs
usually in the first few weeks to months of therapy. Providers
must routinely monitor blood chemistry and may consider ad-
ministration of growth factors as required. Pharmacy technicians
with access to the electronic health record can remind patients
about their routine blood test schedule.

Dermatologic effects. Rash is common with all TKIs. Most cases
are dose-related and self-limiting. Patients may use topical or
systemic steroids or antihistamines or reduce dose and/or inter-
rupt treatment to manage dermatologic effects. Pharmacy tech-
nicians are often the first point of patient contact at the
pharmacy. They should refer patients who are on BCR-ABL1 TKIs
seeking advice on OTC medications to the pharmacist.

Pregnancy considerations. Female patients must stop TKI therapy
prior to conception and during pregnancy. Patients must be in

sustained MMR for at least two years before attempting to con-
ceive. Interferon alfa-2a or peginterferon alfa-2a is an option for
patients presenting with CML during pregnancy. Patients may
restart TKI therapy after delivery. Pharmacists must counsel pa-
tients not to breastfeed as TKIs pass into breast milk.

CONCLUSION
Patients with CML have lifespans approaching the general popu-
lation with treatment. They have multiple options of first-, sec-
ond-, and third-generation TKIs— imatinib, dasatinib, nilotinib,
ponatinib, bosutinib, and asciminib. Providers must choose the
appropriate treatment based on patient and disease characteris-
tics. Pharmacists must be aware of the BCR-ABL1 TKIs side effect
profile as adverse effects negatively impact the patient’s quality
of life leading to non-adherence. Patients with T315I mutation,
who have failed first- and second-generation TKIs now have two
options — ponatinib, and asciminib. Asciminib has a unique
mechanism of targeting the ABL myristoyl pocket. Although the
treatment landscape of CML has changed vastly in the last few
years, nonadherence is still an issue among patients. Pharmacists
and pharmacy technicians must emphasize the importance of
100% adherence for optimal patient outcomes.

Figure 2 summarizes points to remember.

Best
❶Be COMMUNITY CHAMPIONS. September is Leukemia
Awareness Month–offer information and counseling to all leu-
kemia patients and their caregivers, and educate your cowork-
ers
❷Monitor for possible resistance by asking patients about
symptoms and when they last had blood work drawn
❸Remember that new treatments are being developed, and
support patients who ask about clinical trials

Better
❶ Assure patients that this genetic abnormality cannot be
passed to children.
❷ Monitor for common adverse events and discuss manage-
ment strategies with patients
❸ Remind patients to select OTCs carefully and take a few
minutes to check if each OTC product can be taken with the pa-
tient’s specific TKI

Good
❶Learn the lingo!  CML is caused by the fu-
sion of two genes: BCR and ABL1.
❷ Tag medication profiles for patients who
have CML so you will remember to screen
❸ Know the basics of CML and remember
that it’s often a chronic disease

Figure 2. Sorting Through the Generations of TKIs

© Can Stock Photo/ymgerman
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