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The past decade has witnessed great advances in the treatment of
chronic myeloid leukemia (CML), brought about in large part by the
development of BCR-ABL tyrosine kinase inhibitors (TKIs). Bosuti-
nib joins the armamentarium of approved TKIis for the treatment of
chronic phase (CP), accelerated phase (AP), and blast phase (BP) Phila-
delphia chromosome (Ph)-positive CML resistant to or intolerant of
prior therapy. Bosutinib has an adverse-event (AE) profile distinct
from that of other TKils. Diarrhea is the predominant toxicity associ-
ated with bosutinib treatment; other commonly reported nonhema-
tologic AEs include rash and liver enzyme elevations. Cardiac events,
fluid retention, and electrolyte abnormalities are infrequent. Optimal
response to bosutinib requires adherence, which depends, in part,
upon optimal management of associated toxicities. The oncology
clinician can facilitate this process by providing patient education,
timely patient follow-up, and close monitoring to promptly identify
and manage AEs. Thus, optimal patient management requires a thor-
ough and current understanding of toxicity profiles and AE manage-
ment paradigms. This review provides an overview of bosutinib safety
data derived from ongoing clinical trials and offers practical clinical
strategies currently used to manage toxicities associated with bo-
sutinib treatment in patients with Ph-positive CP, AP, and BP CML.
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were historically faced with a dismal prog-
nosis, the BCR-ABL tyrosine kinase inhibitor
(TKI) era, heralded by imatinib, has vastly de-
creased the numbers of patients progressing
from chronic (CP) to accelerated phase (AP) or
blast phase (BP) CML and has improved patient
survival (Agrawal, Garg, Cortes, & Quintas-
Cardama, 2010).

Despite its demonstrated efficacy, approxi-
mately 30% to 40% require additional treatment
beyond imatinib therapy (O’Brien et al., 2003;
Santos, Kantarjian, Quintas-Cardama, & Cortes,
2011). However, the success with imatinib provid-
ed a platform for the development of the second-
generation TKIs—dasatinib (Sprycel), nilotinib
(Tasigna), and bosutinib (Bosulif)—and the third-
generation TKI ponatinib (Iclusig), which collec-
tively offer the potential for improving outcomes
even further (Cortes et al., 2011, 2012b, 2012c,
2013a; Giles et al., 2013; Ibrahim et al., 2011a; Kan-
tarjian et al., 2012; Khoury et al., 2012; Larson et
al., 2012; Santos et al., 2011; Shah et al., 2010).

The second- and third-generation TKIs offer pa-
tients the potential for durable cytogenetic response
measured in terms of years as well as clinically
meaningful improvements in health-related quality
of life (HRQOL; Efficace et al., 2012; Milojkovic et al.,
2012; Trask et al., 2012). Both dasatinib and nilotinib
are approved for first-line treatment of patients with
Philadelphia chromosome-positive (Ph+) CP-CML
and for second-line disease and beyond in patients
with Ph+ leukemia with resistance to or intolerance
of prior therapy (Bristol-Myers Squibb, 2015; Novar-
tis, 2015b). Ponatinib is indicated for the treatment
of patients with CML or Ph+ acute lymphoblastic
leukemia (ALL) who have the T315I mutation or for
whom no other TKI treatment is indicated (ARTAD
Pharmaceuticals, 2015).

Despite the efficacy reported with dasatinib,
nilotinib, and ponatinib, each of these TKIs is asso-
ciated with potentially serious complications that
may preclude their use in certain patient popula-
tions (ARIAD Pharmaceuticals, 2015; Montani et
al., 2012; Quintas-Cardama et al., 2009; Sano et al.,
2012; Bristol-Myers Squibb, 2015; Novartis, 2015b).

Bosutinib is an orally active dual Src/Abl TKI
that was approved in 2012 in the United States
for the treatment of patients with Ph+ CML re-
sistant to or intolerant of prior therapy (Pfizer
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Labs, 2015). Bosutinib has demonstrated activity
as first-line therapy in patients with CP-CML and
clinical benefit as second-line therapy in patients
with CP-CML resistant to or intolerant of ima-
tinib and as third-/fourth-line therapy in patients
with CP or advanced (AP or BP) leukemia after
failure of imatinib and nilotinib and/or dasatinib
therapy (Briimmendorf et al., 2015; Cortes et al.,
2011; Cortes et al., 2012¢; Gambacorti-Passerini
et al., 2010, 2014a; Khoury et al., 2012). Bosuti-
nib has demonstrated manageable toxicities in
each of these treatment settings, with the most
common toxicity being diarrhea (Table 1; Pfizer
Labs, 2015; Gambacorti-Passerini et al., 2014b;
Kantarjian et al., 2014). Although myelosuppres-
sion is commonly observed across most TKIs, bo-
sutinib’s tolerability profile is distinct from that
of other TKIs (Table 2; Novartis, 2015a; ARIAD
Pharmaceuticals, 2015; Bristol-Myers Squibb,
2015; Novartis, 2015b).

The growing number of approved and inves-
tigational TKIs available for treating CML has
introduced new challenges for clinicians in de-
ciding which agent to use as first-line therapy
and as second-line/subsequent therapy (Table 3;
Marin, 2012). Issues of long-term TKI treatment
also represent a new frontier for CML, with treat-
ment optimization being dependent, in part, on
balancing long-term efficacy, tolerability, HRQOL,
and economic considerations (Cortes, Goldman, &
Hughes, 2012a). It has become increasingly appar-
ent that close, long-term monitoring of not only
treatment response but also toxicity and treatment
adherence are critical components of the routine
management of TKI-treated CML (Marin, 2012;
Marin et al., 2010; Wong & Mirshahidi, 2011). Ef-
fective monitoring of treatment-emergent adverse
events (TEAESs) is particularly relevant to patients
treated with oral TKIs, as these patients are com-
monly responsible for self-administering daily
treatment despite the potential for associated
overt toxicities.

In a study of patients with CML receiving
imatinib, adherence rates were significantly lower
among patients who experienced adverse events of
asthenia, muscle cramps, nausea, and joint or bone
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Common Treatment-Emergent Adverse Events in Patients Treated With Bosutinib

Phase Ill BELA study

Phase I/1l study

First-line® Second-line® Third-/fourth-linec Advanced*
(n = 248) (n = 286) (n =118) (n =166)
TEAE, % All grades Grade 3/4 All grades Grade 3/4 Allgrades Grade 3/4 All grades Grade 3/4
Common Gl TEAEs
Diarrhea 70 12 86 10 83 9 74
Vomiting 515 5 57 4 38 1 43 4
Nausea 32 1 46 1 48 1 48
Common skin TEAEs
Rash 25 2 36 9 27 5 31 4
Common hematologic
TEAEs
Thrombocytopenia 28 13 42 26 38 26 45 39
Anemia 25 9 27 n 19 7 39 25
Neutropenia 13 8 16 9 20 15 22 20
Liver transaminase
elevations
Increased ALT 55 19 22 9 15 6 10 4
Increased AST 28 8 19 4 8 5 10

Note. TEAE = treatment-emergent adverse event; Gl = gastrointestinal; ALT = alanine aminotransferase; AST = aspartate
aminotransferase. Information from Gambacorti-Passerini et al. (2014b); Kantarjian et al. (2014).
aMedian treatment duration was 30.4 months (range: < 0.1-46.8 months); time from last patient’s first dose to the data cutoff:

30 months.

"Median treatment duration was 24.8 months (range: 0.2-83.4 months); time from last patient’s first dose to the data cutoff:

> 48 months.

°Median treatment duration was 8.5 months (range: 0.2-78.1 months); time from last patient’s first dose to the data cutoff:

= 36 months.

9dMedian treatment duration was 4.0 months (range: 0.03-77.9 months); time from last patient’s first dose to the data cutoff:
= 36 months. The advanced phase population includes patients with accelerated phase chronic myelogenous leukemia
(CML; n = 78), blast phase CML (n = 64), or acute lymphoblastic leukemia (n = 24).

pain (Marin et al., 2010). Importantly, poor adher-
ence to TKI treatment has been strongly linked to
poor outcomes in patients with CML (Ibrahim et
al., 2011b; Marin et al., 2010; Noens et al., 2009).
An understanding of the divergent toxicity
profiles associated with each of the currently ap-
proved TKIs, along with knowledge of patients’
comorbidities and BCR-ABL mutational status,
is critical to tailoring a particular TKI treatment
to an individual patient (Cornelison, Jabbour, &
Welch, 2012; Ferdinand, Mitchell, Batson, & Tu-
mur, 2012; Wong & Mirshahidi, 2011). Although
the mechanistic basis for many TKI-associated
adverse events remains to be fully resolved, differ-
ences in toxicity profiles might reflect divergent
specificities of the TKIs for BCR-ABL compared
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with other physiologically important kinases, in-
cluding platelet-derived growth factor receptor
(PDGF-R) and/or the c-kit proto-oncogene (Ir-
vine & Williams, 2013; Jain et al., 2013; Puttini et
al., 2006; Remsing Rix et al., 2009). Notably, bo-
sutinib has demonstrated a lower frequency of
certain toxicities, including fluid retention and
bleeding disorders, relative to other second-gen-
eration TKIs.

These differences in toxicity profiles across
TKIs demand caution in extrapolating from ex-
perience with managing toxicities associated with
prior TKIs to guide patient management and mon-
itoring approaches when using a different TKI.
Given that oncology advanced practitioners inter-
act closely with patients, they are well positioned
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Most Frequent Nonhematologic Adverse Events? Associated With Imatinib, Dasatinib, Nilotinib,

and Ponatinib

Dasatinib AEs
(% of patients)¢

Fluid retention (38%)°
Diarrhewwa (22%)
Headache (14%)
Musculoskeletal pain (14%)
Rash (14%)

Abdominal pain (11%)
Fatigue (11%)

Nausea (10%)

Imatinib AEs
(% of patients)®

Fluid retention (62%)f
Nausea (50%)

Muscle cramps (49%)
Musculoskeletal pain (47%)
Diarrhea (45%)

Rash (40%)

Fatigue (39%)
Headache (37%)
Abdominal pain (37%)
Joint pain (31%)
Nasopharyngitis (31%)
Hemorrhage (29%)
Myalgia (24%)
Vomiting (23%)

URTI (21%)

Cough (20%)

Ponatinib AEs
(% of patients)®

Nilotinib AEs
(% of patients)¢

Rash (38%)

Headache (32%)
Nasopharyngitis (27%)
Fatigue (23%)

Nausea (22%)
Arthralgia (22%)
Pruritus (21%)
Constipation (20%)

Hypertension (68%)
Rash (54%)
Abdominal pain (49%)
Fatigue/asthenia (39%)
Headache (39%)

Dry skin (39%)
Constipation (37%)
Arthralgia (26%)
Nausea (23%)

Pyrexia (23%)

Myalgia (22%)

Note. AE = adverse event; URTI = upper respiratory tract infection. Information from Novartis (2015a); ARIAD
Pharmaceuticals (2015); Bristol-Myers Squibb (2015); Novartis (2015b).

aThis information is from the prescribing information for each product and is not based on head-to-head comparisons.
Among newly diagnosed chronic phase chronic myeloid leukemia (CP-CML) patients (AEs occurring in = 20% of

patients); follow-up/treatment duration is not reported.

cAmong newly diagnosed CP-CML patients (AEs occurring in = 10% of patients); minimum 36-month follow-up.

dAmong newly diagnosed CP-CML patients (AEs occurring in = 20% of patients); median treatment duration: 48 months.
eAmong patients with CML or Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph+ ALL) resistant/
intolerant to prior tyrosine kinase inhibitors, including patients with the BCR-ABL T315| mutation (AEs occurring in = 20%
of patients); median treatment duration: 672 days (CP-CML), 590 days (accelerated phase CML), 89 days (blast phase

CML), and 81 days (Ph+ ALL).

fMost common fluid retention event: superficial edema (60%).

9Most common fluid retention events: pleural effusion (28%) and superficial localized edema (14%).

to provide patient education to assist in prompt
identification and management of TKI-associated
adverse events.

Therefore, it is imperative that oncology ad-
vanced practitioners have a thorough and current
understanding of the differences in toxicity pro-
files across TKIs and adverse event management
strategies to facilitate treatment adherence. This
review provides an overview of the practical clini-
cal strategies currently used to manage toxicities
associated with bosutinib treatment in patients
with Ph+ CP-, AP-, or BP-CML.

The rapid and ongoing advancements in the
treatment of CML require continual update of
clinical practice guidelines, including those from
the National Comprehensive Cancer Network
(NCCN) and the European LeukemiaNet (ELN;
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Baccarani et al., 2013; NCCN, 2016). There are a
number of established and proposed recommen-
dations for defining treatment response in pa-
tients with CML.

The current practice standard is attainment
of complete cytogenetic response (CCyR), which
is considered the main objective of TKI therapy
because of the demonstrated association between
CCyR and prolonged survival (Bonifazi et al., 2001;
de Lavallade et al., 2008; Druker et al., 2006; Ibra-
him et al., 2011a; Jabbour et al., 2011; Marin, 2012).
Achieving a sustained deep molecular response
(= 4-log reduction in BCR-ABLI transcript levels)
to TKI treatment is also an important objective
given the association with treatment-free remis-
sion and the potential for obtaining prolonged
clinical outcomes (Mahon & Etienne, 2014). How-
ever, achievement of molecular response targets,
including BCR-ABLI1 transcript levels below the
limit of detection, does not necessarily correspond

Vol 7 = No 2 = Mar 2016



AULT et al.

TKI Treatment Options for First, Second, and Subsequent Lines of Treatment in Adults With

Ph+ CML
TKI, approved starting dosage
Imatinib? Nilotinib® Dasatinibc Bosutinib Ponatinib?
400 mg qd 300 mg bid 100 mg qd 500 mg qd 45 mg qd
First-line treatment \/ \ \
Resistance/intolerance to prior TKI \ \ \ Y
Presence of Bcr/Abl mutations®
T315I mutation v
V299L mutation
T315A mutation \
F317L/V/I/C V
Y253H, E255K/V, F359V/C/I V v

Note. TKI = tyrosine kinase inhibitor; Ph+ = Philadelphia chromosome-positive; CML = chronic myeloid leukemia;
gd = once daily; bid = twice daily. Information from Pfizer Labs (2015); Novartis (2015a); ARIAD Pharmaceuticals

(2015); Bristol-Myers Squibb (2015); Novartis (2015b).

3600 mg qgd in patients with accelerated phase/blast phase Ph+ CML.

400 mg bid in patients with resistant or intolerant chronic phase or accelerated phase Ph+ CML.

€140 mg qd in patients with accelerated phase/blast phase CML.

dponatinib is indicated for chronic phase/accelerated phase/blast phase CML patients who are T315I-positive or for

whom no other TKI therapy is indicated.

¢Information from National Comprehensive Cancer Network (2016).

to complete CML remission; thus, CCyR remains
the key response outcome in clinical trial and clin-
ical practice settings.

Along with response monitoring, effective
monitoring of treatment adherence is of paramount
importance in routine clinical practice (Cortes et
al., 2012a; Marin, 2012). It can be argued that the
assessment of treatment adherence is inherently
less straightforward than assessment of disease
response, and there is a paucity of guidance on
approaches to prevent and detect nonadherence.
Adherence issues may be identified through dis-
cussion of side-effect profiles, which then prompts
discussion of any missed doses due to side effects.

Molecular monitoring is also important, as
increasing BCR-ABLI transcript levels may be an
indication of nonadherence; thus, results of mo-
lecular monitoring are useful for guiding discus-
sions surrounding treatment adherence. In addi-
tion, incorporation of patient-reported outcome
(PRO) measures, which assess symptom burden
from the patient’s perspective (e.g., MD Anderson
Symptom Inventory [MDASI] instrument), might
result in more effective monitoring (Basch et al.,
2006; Williams et al., 2013).

J Adv Pract Oncol

The safety and efficacy of bosutinib were first
reported in a phase I/II trial of patients with CP-
CML receiving bosutinib as second-line therapy
after imatinib failure, with a median treatment
duration of 14.9 months (< 2-year report) and as
third/fourth-line therapy after imatinib and da-
satinib and/or nilotinib failure, with a median
treatment duration of 8.3 months (1-year report;
Cortes et al., 2011; Khoury et al., 2012).

An updated analysis of safety data from this
phase I/II trial was reported in CP-CML patients
receiving bosutinib as second-line therapy (n = 286;
4-year update), CP-CML (n = 118) patients receiving
bosutinib as third-line therapy and beyond (3-year
update), and advanced leukemia (AP, BP, and ALL;
n=166) patients resistant/intolerant to prior imatinib
or to multiple prior TKIs (3-year update; Kantarjian
et al., 2014). In the updated analysis, toxicities asso-
ciated with bosutinib treatment in all cohorts were
of mild to moderate severity, with gastrointestinal
events (particularly diarrhea), skin rash, hematolog-
ic adverse events, and liver transaminase elevations
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being the most commonly reported TEAESs across
treatment lines (Table 1; Kantarjian et al., 2014).

An update of the phase IIT Bosutinib Efficacy
and Safety in Newly Diagnosed Chronic Myeloid
Leukemia (BELA) trial compared the safety of bo-
sutinib (n = 248) and imatinib (n = 251) as first-line
therapy in CP-CML patients after > 30 months of
follow-up (Gambacorti-Passerini et al., 2014b). In
the phase III BELA study, the safety profile of bo-
sutinib was distinct from that of imatinib and gen-
erally similar to that observed with bosutinib in the
phase I/II trial (Table 1; Gambacorti-Passerini et
al., 2014b). In both studies, bosutinib was admin-
istered at a starting dose of 500 mg/day (Cortes et
al., 2011; Cortes et al., 2012¢; Gambacorti-Passerini
et al., 2014b; Kantarjian et al., 2014; Khoury et al.,
2012). Across cohorts in the second/third/fourth-
line phase I/II study of bosutinib, treatment dis-
continuations due to adverse events occurred at a
rate similar to that reported for first-line bosutinib
in the phase III BELA trial (22% vs. 25%; Gamba-
corti-Passerini et al., 2014b; Kantarjian et al., 2014).

In retrospective analyses of data from the phase
I/11 study of bosutinib, the incidence of cross-intol-
erance between bosutinib and prior imatinib ther-
apy was evaluated, with cross-intolerance defined
as the patient having an adverse event that led to
permanent treatment discontinuation of both bo-
sutinib and prior imatinib therapy (Cortes et al.,
2011; Cortes et al., 2013b). Notably, toxicities that
are commonly associated with imatinib treatment
and lead to intolerance to prior imatinib therapy
(eg, rash, edema) have not been experienced to the
same extent by patients receiving bosutinib (Table
4; Cortes et al., 2013). These findings may alleviate
concerns regarding switching from imatinib to bo-
sutinib therapy (when appropriate) and may facili-
tate long-term adherence to bosutinib.

Diarrhea

In the phase I/II trial of bosutinib as second/
third/fourth-line therapy in patients with CML or
Ph+ ALL, diarrhea was the most prominent TEAE
(any grade adverse events, 82%) across cohorts ir-
respective of disease stage or bosutinib treatment
line (Table 1; Kantarjian et al., 2014). In general,
diarrhea events were of low severity (grade 3/4
adverse events, 8% of patients), first occurred
early after treatment initiation (median [range]
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time to first event, 2.0 [1-1,330] days), and were
typically limited to 2 days/any grade event (Kan-
tarjian et al., 2014). In addition, the incidence of
diarrhea was found to decrease over time on treat-
ment (Kantarjian et al., 2014).

In keeping with the manageability of diar-
rhea adverse events in these patients, nearly all
patients with diarrhea adverse events were main-
tained on bosutinib therapy; treatment discon-
tinuation due to diarrhea occurred in only 1% of
patients, despite its high incidence (Kantarjian et
al., 2014). Diarrhea adverse events frequently im-
proved spontaneously or responded to supportive
measures, which mainly included concomitant
medication (65% of patients), with loperamide
(58%) being most commonly used (Kantarjian et
al., 2014). Patients with diarrhea adverse events
were less commonly managed using dose reduc-
tion and interruption (6% and 14%, respectively),
thus facilitating adherence with bosutinib treat-
ment (Kantarjian et al., 2014). Nearly all patients
who underwent bosutinib dose interruption for
diarrhea were successfully rechallenged with bo-
sutinib; subsequent treatment discontinuation
due to diarrhea was rare (Kantarjian et al., 2014).

Diarrhea was also the most commonly re-
ported TEAE among newly diagnosed CP CML
patients receiving bosutinib in the phase III BELA
trial (Table 1), with any grade diarrhea adverse
events occurring at a higher rate than in patients
receiving imatinib (70% vs. 26%; Gambacorti-
Passerini et al., 2014b). Whereas first events of
diarrhea tended to occur early during bosutinib
treatment (median time to onset, 3 days), the me-
dian time to first diarrhea event (any grade) was
53 days in the imatinib arm; the incidence of di-
arrhea tapered off after the first month of bosuti-
nib treatment. Dose reductions and interruptions
due to diarrhea occurred at comparable rates to
those observed in patients receiving second- or
third /fourth-line bosutinib in the phase I/II trial
but were higher in bosutinib recipients (8%; 21%)
than imatinib recipients (0%; 11%; Gambacorti-
Passerini et al., 2014b; Kantarjian et al., 2014). De-
spite its relatively high occurrence rate, no patient
discontinued treatment primarily due to diarrhea.

These findings suggest that diarrhea is gener-
ally manageable and that patients with these events
can be maintained on bosutinib treatment. In the
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Incidence of Cross-Intolerance® Between
Bosutinib and Prior Imatinib Treatment

Intolerant Cross-intolerant
Reason for to prior to bosutinib
intolerance®* imatinib, n n (%)
CP-CML
Any AE 122 20 (16)
Hematologic
Thrombocytopenia 29 7 (24)
Neutropenia 19 3 (16)
Anemia 14 0]
Bone marrow failure 7 4 (57)
Nonhematologic
Rash 18 1(6)
Edema 12 0]
Diarrhea 10 2 (20)
Fatigue 7 104)
Vomiting 5 1(20)
Myalgia 5 (0}
Advanced CML
Any AE 21 2 (10)
Thrombocytopenia 5 2 (40)

Note. AE = adverse event; CP = chronic phase; CML =
chronic myeloid leukemia. Information from Cortes et al.
(2013b).

aCross-intolerance is defined as having the same AE
leading to permanent treatment discontinuation of both
bosutinib and prior imatinib therapy.

bIndividual AEs leading to discontinuation of prior imatinib
therapy in at least five patients included.

°Intolerance is defined as permanent treatment
discontinuation due to treatment-emergent AE.
dPercentages are based on patients intolerant to prior
imatinib reporting AEs.

phase IIT BELA trial protocol, it was recommended
that antidiarrheal agents such as loperamide or di-
phenoxylate/atropine be instituted at the first sign of
diarrhea, which was found to be effective in control-
ling most cases of diarrhea (Cortes et al., 2012c¢).
Approaches for identifying and managing
bosutinib-associated diarrhea, as well as patient
education points, are included in Table 5; links to
educational resources are listed in Table 6.

Skin Rash

In the phase I/II trial of bosutinib as second/
third/fourth-line therapy, the incidence of rash ad-

J Adv Pract Oncol

verse events (any grade) was 33%, including 6% at
grade 3/4 severity; these adverse events occurred
at similar rates across cohorts irrespective of CML
phase or bosutinib treatment line (Table 1; Kan-
tarjian et al., 2014). Among patients with CP-CML
receiving second-line bosutinib after resistance/in-
tolerance to previous imatinib, rash had a delayed
onset, emerging after a median of 17.5 days, with a
cumulative median duration of 25.0 days (Cortes et
al., 2011). Across cohorts, only three patients (1%)
discontinued bosutinib due to rash adverse events,
indicating that it was generally well managed and
tolerated (Kantarjian et al.,, 2014). In the phase
I11, first-line BELA trial, the incidence of all-grade
and grade 3/4 rash was 25% and 2%, respectively,
among bosutinib-treated patients and 20% and
1%, respectively, among imatinib-treated patients
(Gambacorti-Passerini et al., 2014b).

A meta-analysis, which evaluated the inci-
dence and clinical characteristics of rash associat-
ed with dasatinib and nilotinib, indicated that rash
commonly presented as perifollicular 1-2 mm hy-
perkeratotic papules, which could appear on any
part of the body and were often accompanied by
pruritus (Drucker et al., 2013). Although the rash
is typically mild, the appearance and severity of
dermatologic toxicities associated with TKIs vary
widely from nonerythematous papules to severe
erythematous and pruritic lesions (Amitay-Laish,
Stemmer, & Lacouture, 2011).

Approaches to identifying and managing bosu-
tinib-associated skin rash are described in Table 5.
General options for managing skin rash associated
with TKIs include topical agents, immunomodu-
latory agents, systemic antibiotics for more severe
cases (to prevent secondary bacterial infection), a
short course of oral steroids, and interruption of
the TKI followed by gradual dose escalation based
on tolerability (Huang, Patel, Ahmed, Seiter, &
Liu, 2009). Early treatment with oral and/or topi-
cal steroids can often alleviate symptoms.

Hematologic Adverse Events
Myelosuppression was frequently reported
in the phase I/II trial of second/third /fourth-line
bosutinib (Table 1; Kantarjian et al., 2014). Across
cohorts, thrombocytopenia was the most common
hematologic adverse event (any grade, 42%; grade
3/4, 30%), followed by anemia (28%; 14%) and
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Practical Recommendations for Clinical Management of and Patient Education Points for Common
Bosutinib-Associated Adverse Events

Adverse event
Diarrhea

Nausea/vomiting

Rash

Thrombocytopenia
(i.e., low platelet
counts)

Nonpharmacologic management/
monitoring

Assessment

Signs of diarrhea

e Onset

e Duration

e Composition of stools

e Frequency of episodes

Diet changes

Take bosutinib with food

Bosutinib dosing modifications

Grade 3/42 (i.e., increase of = 7 stools/day
over baseline/pretreatment): withhold
bosutinib until recovery to grade <1, then
resume at 400 mg qgd

Assessment

Nausea and/or vomiting

Diet changes

e Drink fluids in small quantities
e Eat small meals

Assessment

Monitor for skin irritation or signs of rash

(red, flat blotches of varying size)

Nonpharmacologic interventions

Hypoallergenic moisturizing creams

Bosutinib dosing modifications

e Continue current dose of bosutinib,
begin topical or oral steroid treatment,
and monitor

e Reduce bosutinib dose or temporarily
discontinue bosutinib treatment if
necessary

e Resume/increase bosutinib dosing
once the rash is resolved; permanently
discontinue bosutinib if necessary

Assessment

Signs of thrombocytopenia

e Easy bruising

e Unexpected bleeding

e Blood in urine or stool

Monitoring

Perform a complete blood cell count

weekly during the first month of bosutinib

treatment, then monthly thereafter, or as
indicated clinically
Bosutinib dosing modifications

e Grade 3/4° (platelet count < 50 x 10%/L):

withhold bosutinib until platelet count
= 50 x 10%/L; resume bosutinib at same
dose if recovery within 2 wk; if > 2 wk,
upon recovery, reduce dose by 100 mg
and resume treatment

Pharmacologic
management

Early treatment with
antidiarrheal agents:
Over-the-counter and/or
prescription (discontinue
antidiarrheal
medications after
diarrhea resolution)

Use of antiemetics in
case of Gl upset

e Topical
antiseptics, topical
antibiotics, and/
or topical steroids
(hydrocortisone
cream, triamcinolone)

e Immunomodulatory
agents (e.g.,
antihistamines)

e For severe cases, use
systemic antibiotics
and/or short-term
systemic steroids
(e.g., oral prednisone)

Use of growth factors
in combination with
bosutinib is an option
for resistant cases®c

Educational points

Avoid
Lactose-containing
products, alcohol,
laxatives/stool softeners,
spicy or fatty foods, and
caffeine

Consider

Proactively starting
antidiarrhea agent at
treatment initiation and
increase fluid intake using
sports drinks to increase
sodium and potassium

Avoid

e |arge meals

e Sweet, fried, or fatty
foods

e Avoid use of PPIs, as
they may decrease
exposure to bosutinib

Avoid

e Soaking in long baths

e Hot water when
washing hands,
bathing, or showering

e Tight or abrasive
clothing

Consider
Dermatologist consult if
needed

Adyvise patient to report
symptoms to his or her
health-care provider
immediately

e |f cytopenia recurs, reduce bosutinib dose
by an additional 100 mg upon recovery
and resume treatment (doses < 300 mg/d
have not been evaluated)

& Table continued on next page
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Practical Recommendations for Clinical Management of and Patient Education Points for Common
Bosutinib-Associated Adverse Events (cont)

Pharmacologic

Adverse event Nonpharmacologic management/monitoring management Educational points
Neutropenia (i.e., low Assessment Use of growth factors Advise patient to report
neutrophil counts) Symptoms of neutropenia in combination with symptoms to his or her

e Fever bosutinib is an option health-care provider

e Signs of infection for resistant casesbc immediately

Monitoring

Perform CBC weekly during the 1st month of
bosutinib treatment, then monthly, or as indicated
clinically
Bosutinib dosing modifications
e Grade 3/42 (ANC < 1x 10%/L or platelets
< 50,000 x 108/L): withhold bosutinib until
ANC = 1x 10%/L and platelets = 50,000 x 108/L;
resume bosutinib at same dose if recovery
within 2 weeks; if > 2 weeks, upon recovery,
reduce dose by 100 mg and resume treatment
e If cytopenia recurs, reduce bosutinib dose
by an additional 100 mg upon recovery and
resume treatment (doses < 300 mg qd have
not been evaluated)

Increased ALT/AST Assessment Noned Advise the patient to
Signs of increased ALT/AST report symptoms to
e Jaundice his or her health-care
e Dark or “tea-colored” urine provider immediately
Monitoring

Perform monthly hepatic enzyme tests for the
first 3 mo of bosutinib treatment and as indicated
clinically; in pts with transaminase elevations,
perform hepatic enzyme tests more frequently
Bosutinib dosing modifications

e Liver transaminases > 5 x ULN: withhold
bosutinib until < 2.5 x ULN; resume at 400
mg QD thereafter (if recovery is > 4 weeks,
discontinue bosutinib)

e Liver transaminase elevations = 3 x ULN
concurrent with bilirubin elevations > 2 x ULN
and alkaline phosphatase < 2 x ULN (Hy’s law
case definition): discontinue bosutinib

Renal dysfunction® Assessment None Advise patients of the
Signs of renal dysfunction possibility of developing
e Changes in urinary frequency renal problems and
» Polyurea or oliguria to immediately report
Monitoring changes in urinary
Monitor renal function status at baseline and frequency, polyurea, or
during therapy, particularly for pts w/ preexisting oliguria

renal impairment or risk factors for renal
dysfunction

Bosutinib dosing recommendations

For CrCL 30 to 50 mL/min, recommended
starting dose: 400 mg/d

For CrCL < 30 mL/min, recommended starting
dose: 300 mg/d

Note. gd = once daily; PPIs = proton pump inhibitors; CBC = complete blood cell count; ANC = absolute neutrophil count;
ALT = alanine aminotransferase; AST = aspartate aminotransferase; ULN = upper limit of normal; CrCL = creatinine clearance.
Information from Pfizer Labs (2015); Huang et al. (2009); Side Effect Management Worksheet for Bosulif (2013).

3aBased on the National Cancer Institute Common Terminology Criteria for Adverse Events.

®Information from NCCN (2016).

cGrowth factors should not be used for grade 3/4 anemia because of safety concerns surrounding erythropoiesis-stimulating
agents in patients with myeloid malignancies.

dConcomitant medications with known hepatic toxicities (e.g., ibuprofen, acetaminophen) should be avoided.

eUsing Kidney Disease: Improving Global Outcomes classification by estimated glomerular filtration rate (mL/min/1.73 m2):
normal: = 90; mild: 60 to < 90; mild to moderate: 45 to < 60; moderate to severe: 30 to < 45; severe: 15 to < 30; kidney failure: < 15.
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Links to CML Resources
Resource

Pfizer’s Bosulif Patient Resource Center

National CML Society

Lymphoma & Leukemia Society

Oncology Nursing Society

Journal of Community and Supportive Oncology
American Cancer Society

National Comprehensive Cancer Network (NCCN)
Guidelines for Patients: Chronic Myelogenous Leukemia

neutropenia (19%; 14%; Kantarjian et al., 2014).
Similar rates of myelosuppression were observed
irrespective of CML phase or treatment line (Kan-
tarjian et al., 2014). Median time to first myelosup-
pression event was 22.0 days, and the median du-
ration/any grade event was 14.0 days, respectively
(Kantarjian et al., 2014).

Patients with myelosuppression were most
commonly managed by dose interruption (46%)
and dose reduction (32%), but these events infre-
quently led to treatment discontinuation (7% of
patients), emphasizing the manageability of these
adverse events and the ability to maintain treat-
ment adherence (Kantarjian et al., 2014). Among
supportive interventions, growth factor support
was used in 10%, and transfusions were used in 1%
of patients with myelosuppression (Kantarjian et
al., 2014). It should be noted that growth factors
were not used in some centers participating in the
phase I/1I1 trial.

Myelosuppressive events were also common
among patients receiving first-line bosutinib in the
phase ITI BELA trial (Table 1; Gambacorti-Passerini
et al,, 2014b). The incidence of thrombocytopenia
wassimilarbetween thebosutinib and imatinibarms
(28% [grade 3/4,13%] vs. 28% [14%]), as was the in-
cidence of anemia (25% [9%] vs. 23% [6%]), where-
as the incidence of neutropenia was lower in the
bosutinib vs the imatinib arm (13% [grade 3/4, 8%]
vs. 30% [16%)], respectively; Gambacorti-Passerini
etal., 2014b).

Approaches to identifying and managing bosu-
tinib-associated myelosuppression are described
in Table 5.

AdvancedPractitioner.com

Link

https:/www.bosulif.com/patient-support-resources

Side Effects Management Worksheet: https:/www.bosulif.
com/sites/default/themes/danland/pdf/SideEffectMgmnt_
Web.pdf

http:/www.nationalcmlsociety.org/
http:/www.lIs.org/
https:/www.ons.org/
http:/www.oncologypractice.com/jcso/
http://www.cancer.org/index

http:/www.nccn.org/patients/guidelines/cml/index.html

Liver Transaminase Elevations

Across second and third/fourth-line CP-CML
and advanced leukemia cohorts in the 4-year/3-
year update of the phase I/I1 study, alanine amino-
transferase (ALT) and aspartate aminotransferase
(AST) elevation TEAEs occurred in 17% and 14%
of patients, respectively, with grade 3/4 ALT and
AST TEAEs occurring in 7% and 3% of patients,
respectively (Kantarjian et al., 2014). The median
time to first ALT or AST event was 33.5 days, and
the median duration of an event (any grade) was
21.0 days; the incidence of ALT events decreased
over time (Kantarjian et al., 2014).

Management strategies for patients with el-
evated ALT and AST levels consisted of dose
interruption (35%), dose reduction (18%), or
concomitant medication (13%; Kantarjian et al.,
2014). Among 39 patients whose dose was inter-
rupted for ALT/AST elevations, 35 were subse-
quently rechallenged with bosutinib; 26 of those
patients (74%) were able to continue bosutinib
treatment without experiencing subsequent
ALT/AST TEAEs or without treatment discon-
tinuation due to ALT/AST TEAEs (Kantarjian et
al., 2014).

Approaches to identifying and managing bo-
sutinib-associated AST/ALT elevations are de-
scribed in Table 5.

Cardiac and Vascular Adverse Events
Although the rates of cardiac and vascular ad-
verse events in clinical trials of patients with CML
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generally have been relatively low, concerns sur-
rounding potential toxicities with CML-directed
TKI therapy have arisen. In particular, an increased
risk of life-threatening blood clots and severe nar-
rowing of blood vessels was observed with pona-
tinib treatment, which resulted in the temporary
suspension of marketing and sales of this agent in
the United States, followed by a narrowing of the
indication, addition of a boxed warning label, and
implementation of additional safety measures to
monitor patients and manage these events in 2013
(US Food and Drug Administration, 2013).

In the updated phase I/1I study, cardiac TEAE
rates across CP-CML second/third/fourth-line
and advanced leukemia cohorts were generally
low, with an all-cause cardiac TEAE incidence
of 18% overall (6% considered bosutinib-related)
based on the combined Medical Dictionary for
Regulatory Activities (MedDRA) system organ
class terms Cardiac Disorders and Investigations
(cardiac and vascular terms). Most patients (10%)
experienced a maximum grade 1/2 event, whereas
5% experienced a maximum grade 3, 2% a maxi-
mum grade 4, and 1% a maximum grade 5 event
(Kantarjian et al., 2014). Most patients who expe-
rienced a cardiac TEAE on bosutinib treatment
had prior or ongoing cardiac disorders at study
entry (Kantarjian et al., 2014). The most common
cardiac events were pericardial effusion (3%) and
atrial fibrillation, congestive cardiac failure, tachy-
cardia, and palpitations (2% each; Kantarjian et
al., 2014). Based on electrocardiogram data, grade
3 QT interval prolongation occurred in one patient
receiving bosutinib treatment, who had a grade 2
prolongation at baseline (Kantarjian et al., 2014).

Overall, patient management of cardiac ad-
verse events included concomitant medication
(40%), dose interruption (24%), and dose reduc-
tion (7%). Among the 24 patients with dose inter-
ruption, 19 (79%) were subsequently rechallenged
with bosutinib, with 4 of these rechallenged pa-
tients ultimately discontinuing bosutinib treat-
ment (Kantarjian et al., 2014). These findings
indicate that most patients who experienced car-
diac adverse events were maintained on bosutinib
treatment. Among patients receiving first-line bo-
sutinib in the phase III BELA trial, the incidence
of cardiac TEAEs (MedDRA system organ class
term: Cardiac Disorders [not including QT inter-
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val prolongation]) was similar in the bosutinib and
imatinib arms (8% vs. 6%), most commonly palpi-
tations (2% vs. 2%) and pericardial effusion 2%
vs. 0; Gambacorti-Passerini et al., 2014b).

As with cardiac events, the rate of all-cause
vascular TEAEs (MedDRA system organ class
term: Vascular Disorders) observed in the phase
I/I1 study was relatively low (13%); hypertension
was the only vascular TEAE that occurred in = 2%
of patients overall (any grade, 6%; grade 3/4, 2%;
Kantarjian et al., 2014). Only one patient in the
third-line cohort with prior nilotinib exposure
reported grade 2 peripheral arterial occlusive dis-
ease, which resolved within 10 days and was con-
sidered to be unrelated to bosutinib (Kantarjian
et al., 2014). In the first-line, phase III BELA trial,
the incidence of all-cause vascular TEAEs (Med-
DRA system organ class term: Vascular Disorders)
was similar in the bosutinib and imatinib arms
(10% vs. 8%), most commonly hypertension (6%
vs. 4%; Gambacorti-Passerini et al., 2014b).

Although an increased risk of cardiac or vas-
cular adverse events has not been identified with
bosutinib treatment, health-care providers should
be aware of the potential for cardiac and vascular
adverse events associated with any TKI treatment.
Thus, baseline cardiac assessments should be per-
formed to help determine the risk status of patients
and identify those in need of closer monitoring.

Fluid Retention

The incidence of pleural effusions with bo-
sutinib treatment was relatively low in the phase
I/11 trial in patients resistant/intolerant to prior
TKIs (10% [grade = 3, 3%]; Kantarjian et al., 2014).
Pleural effusion events were more frequent among
patients in the CP-CML third/fourth-line cohort
(15% [grade = 3, 3%]) compared with those in the
CP-CML second-line (8% [grade = 3, 2%]) and
advanced leukemia (10% [grade = 3, 4%]) cohorts
(Kantarjian et al., 2014). Median time to first pleu-
ral effusion event was 541 days, and the median
duration of an any grade event was 21 days (Kan-
tarjian et al., 2014).

Management of pleural effusions included dose
reductions (26%), dose interruptions (47%), and
concomitant medications (58%); four patients dis-
continued bosutinib due to pleural effusion (Kan-
tarjian et al., 2014). In the update of the first-line,

AdvancedPractitioner.com



BOSUTINIB IN CML

phase 11T BELA trial, pleural effusions occurred at
alow incidence in both the bosutinib (4%) and ima-
tinib (< 1%) arms, although the difference was statis-
tically significant (p =.006, not adjusted for multiple
comparisons; Gambacorti-Passerini et al., 2014b).

The current NCCN guidelines recommend the
use of diuretics and supportive care for the man-
agement of fluid retention events (ie, pulmonary
or peripheral edema, pleural or pericardial ef-
fusion; NCCN, 2016). It may also be beneficial to
monitor closely patients with lung disease while
on bosutinib treatment or other TKIs.

Electrolyte Abnormalities

In the updated report of the phase I/1I study of
second/third/fourth-line bosutinib, grade 3/4 elec-
trolyte abnormalities with an incidence exceeding
5% were hypermagnesemia (10%) and hypophos-
phatemia (8%), with the former occurring more
frequently in patients with prior TKI intolerance
vs. resistance in both the CP-CML second-line and
third /fourth-line cohorts (Kantarjian et al., 2014).
Grade 3/4 electrolyte laboratory abnormalities oc-
curring among newly diagnosed patients receiving
bosutinib in the first-line, phase IIT BELA trial in-
cluded hypophosphatemia and hypokalemia, for
which the rates were lower with bosutinib (7% and
2%, respectively) vs. imatinib (22% and 6%, respec-
tively), and hypocalcemia (bosutinib: 4%; imatinib:
2%; Gambacorti-Passerini et al., 2014b).

In patients with TKI-treated CML, it is impor-
tant to capture electrolytes as part of the routine
laboratory monitoring. In some cases, dietary sup-
plements may be necessary to maintain potassium
and magnesium levels, particularly given the asso-
ciation of these electrolytes with cardiac function.

The following case study illustrates practical
management strategies for the bosutinib-associat-
ed toxicities previously described.

A 50-year-old man was diagnosed with Ph+
CP-CML; front-line TKI therapy with imatinib at
400 mg daily was initiated. After 1 year, the patient
had not achieved a cytogenetic response and had
80% Ph+ cells (by fluorescence in situ hybridiza-
tion analysis), thrombocytosis, and neutrophilia.
The patient’s disease remained minimally respon-
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sive to a standard dose of imatinib, for which the
patient’s adherence to treatment was determined
not to be a contributing factor. Imatinib treatment
was discontinued because the patient was intoler-
ant to dose escalation, and he was subsequently
prescribed bosutinib, which was initiated at a dose
of 500 mg daily.

To facilitate adherence and encourage pro-
phylactic behavior, the patient was proactively
provided with educational information on how to
better manage his condition and expectations as
well as possibly mitigate any potential study drug-
related side effects. The patient was informed that
diarrhea was the most common side effect in pa-
tients taking bosutinib, and, if it occurred, it was
predominantly of low severity and transient, typi-
cally starting 1 to 2 days after initiation. The pa-
tient was advised to report any gastrointestinal
events to his oncology care provider immediately,
and standard-of-care interventions would be initi-
ated at the first sign of diarrhea (e.g., concurrent
antidiarrheal medication, use of sports drinks for
oral hydration, and a BRAT diet [containing ba-
nanas, rice, apple sauce, and toast]).

The provider also recommended that the pa-
tient take steps to decrease the likelihood or se-
verity of possible dermatologic side effects; they
involved protecting his skin from direct sunlight,
using sunscreen outdoors, avoiding alcohol-based
and/or scented skin products, and keeping his
skin adequately moisturized using a hypoaller-
genic emollient cream. At the outset, timely com-
munication between the provider and patient was
encouraged in relation to treatment adherence as
well as the patient’s health and well-being.

The patient reported grade 2 diarrhea 2 days
after starting bosutinib treatment. The patient also
experienced grade 1 fatigue on day 5 of bosutinib
treatment, which was associated with secondary
dehydration caused by diarrhea. Using standard
treatments, diarrhea resolved by day 28 of bosuti-
nib treatment.

In addition, 1 week after bosutinib treatment
initiation, the patient experienced grade 1 rash,
which was pruritic and located on the trunk and
neck. In addition to the nonpharmacologic man-
agement of his skin, the patient was treated with
topical hydrocortisone cream 1% four times daily,
and the rash resolved within 2 weeks.
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The patient also experienced grade 1 AST el-
evation and grade 2 vomiting intermittently dur-
ing the first year of bosutinib treatment; events of
AST elevations resolved spontaneously, whereas
vomiting events were treated with antiemetics;
neither type of event required dose interruptions
or dose reductions.

During clinic visits, adverse events and the im-
portance of adhering to daily bosutinib therapy con-
tinued to be discussed. Within 12 months, the patient
achieved a CCyR and continued receiving bosutinib
therapy without recurrence of diarrhea or rash.

The oncology care provider should be aware
of the toxicity profiles of available TKIs to manage
such toxicities effectively. The toxicity profile of
bosutinib is distinct from that of other TKIs; there-
fore, clinical experience gained with one TKI such
as imatinib should not necessarily govern manage-
ment and monitoring of adverse events in patients
treated with another TKI such as bosutinib.

Diarrhea is the predominant toxicity associ-
ated with bosutinib treatment and is generally
self-limiting, either with or without supportive
intervention (Gambacorti-Passerini et al., 2014b;
Kantarjian et al., 2014). Based on clinical experi-
ence and the results of clinical trials to date, diar-
rhea should be regarded as a manageable adverse
event, and discontinuation of bosutinib treatment
or switching to another TKI because of diarrhea is
rarely necessary.

Skin rash is not unique to bosutinib, and refer-
ral to a dermatologist may be needed for compre-
hensive care. The other adverse events described
in association with bosutinib, including hemato-
logic and nonhematologic electrolyte abnormali-
ties, liver enzyme elevations, fluid retention, and
less frequently reported cardiac events, all have
been managed in clinical trials to date.

An analysis of data from the phase I/II trial
of second/third/fourth line bosutinib in patients
with CML showed that the frequency of bosuti-
nib-associated toxicities and treatment discontin-
uations due to adverse events among patients with
CP-CML is greatest within 1 year of treatment
initiation and declines over time thereafter, indi-
cating that these patients experience an improve-

J Adv Pract Oncol

ment in tolerability during long-term bosutinib
treatment (Gambacorti-Passerini et al., 2013).

Overall, TKI-treated patients should be edu-
cated about early identification of toxicities such
as diarrhea, rash, and myelosuppression to afford
the opportunity for early intervention (Wong &
Mirshahidi, 2011). However, educational efforts
need to be supplemented with close monitoring
and follow-up, particularly in the community set-
ting, and considering the risk of nonadherence
associated with oral cancer therapy. Close com-
munication between the oncology care provider
and the patient is critical for providing educa-
tion on strategies for coping with bosutinib treat-
ment-related toxicities and for setting treatment
expectations. Points for patient education regard-
ing potential toxicities associated with bosutinib
treatment are provided in Table 5, and links to ed-
ucational resources are listed in Table 6.

In the current TKI era, the optimal treat-
ment of CML in patients who fail to respond to
a second-generation TKI is a major outstand-
ing question, with few guidelines and clinical tri-
als addressing this issue to date (Jabbour, Bixby, &
Akard, 2012; Keller & Briimmendorf, 2012). Op-
timizing strategies for the management of bosu-
tinib-associated toxicities may facilitate adher-
ence to bosutinib treatment and avoid unnecessary
treatment discontinuations or switching between
TKI treatments.
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