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Abstract
Purpose of Review The marked improvement in clinical outcomes for patients with chronic myeloid leukaemia (CML) can be
solely attributed to the introduction of targeted therapies against the fusion oncoprotein, BCR-ABL1. However, patient responses,
although generally positive, remain heterogenous. Careful drug selection, ensuring the optimal TKI, is chosen for each patient
and involves a complex decision process which incorporates consideration of numerous factors.
Recent Findings For some patients, with disease characteristics that indicate adverse intrinsic disease biology, more potent BCR-
ABL1 inhibition is often appropriate, whereas other patients with major co-morbidities will benefit from a less aggressive
approach to avoid life-shortening toxicities. For the vast majority of patients, the long-term goal of therapy will be the achieve-
ment of a deep molecular response and subsequent treatment-free remission and this consideration will play a large part in the
drug selection process.
Summary We explore early management of CML, from the first presentation through to frontline therapy selection.

Keywords TKI . Deepmolecular responses . Drug toxicity . Treatment-free remission

Introduction

Since the introduction of imatinib, the first targeted BCR-
ABL1 inhibitor, newer, more potent tyrosine kinase inhibitors
(TKIs) have been vital additions to the therapeutic landscape
of chronic phase chronic myeloid leukaemia (CP-CML) man-
agement. TKIs bind to the fusion chimeric protein, BCR-
ABL1, via the ATP-binding site, inhibiting kinase activity
and thus leukaemogenesis, through reduction in proliferation,

regulation of differentiation, and restoration of the impaired
apoptotic pathway [1]. However, despite the excellent treat-
ment options available to newly diagnosed CML patients,
optimal TKI selection is not straightforward despite the well-
established benefits and risks associated with each individual
drug. Upfront treatment selection, assuming availability of
imatinib, nilotinib, dasatinib and bosutinib, should ideally en-
tail consideration of multiple clinical and laboratory factors.
While the primary purpose of CML therapy is to prevent dis-
ease progression, we recommend early determination of the
long-term goals of therapy, specifically what priority should
be given to achieving deep molecular response (DMR) as a
platform for the eventual achievement of treatment-free remis-
sion, as it will influence TKI selection. The dramatically im-
proved survival [2] now observed in CP-CML signifies that
newly diagnosed patients may be required to endure decades
of TKI therapy, mandating optimal upfront drug selection to
maximize molecular response and safety outcomes.

First Presentation

The diagnosis of CML is frequently incidental, with a large
proportion of patients identified with asymptomatic
leucocytosis on routine investigation. The recommended
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baseline investigations are listed in Table 1 [6]. Peripheral
blood demonstrates an abundance of mature granulocytes, es-
pecially in CP, with a myelocyte peak [7]. Eosinophilia and
basophilia are common, while dysplastic features are
infreqeunt [7]. Thrombocytosis may be the sole haematolog-
ical abnormality in rare cases, and CML should be considered
as a differential diagnosis to patients with unexplained persis-
tent thrombocytosis, especially in the setting of JAK2, MPL,
and CALR negativity. Active questioning and assessment for
features of leukostasis, especially when white cell counts ex-
ceed 100 × 109/L, should be conducted. Evidence of hyper-
viscosity affecting pulmonary (dyspnoea), neurological (head-
ache, tinnitus and visual changes) and vascular (including pri-
apism and cardiac ischaemia) systems necessitates urgent
cytoreduction via hydroxyurea and/or leukopheresis [6, 8].
Physical examination should focus on evaluation for spleno-
megaly and documentation of the actual length palpable be-
low the costal margin (important for prognostic scoring
models), exclusion of extramedullary leukaemia and sites of
leukostasis involvement including fundoscopic evaluation for
retinal haemorrhage. While the diagnosis of CML can be con-
firmed via peripheral blood cytogenetic analysis or BCR-
ABL1 quantitative PCR, we recommend performing a

diagnostic bone marrow biopsy to confirm the disease stage
as per either the ELN or WHO criteria [3••, 9]. Differentiating
between CP, accounting for 90–95% of new diagnoses [7],
and the more aggressive accelerated phase (AP) and blast
crisis (BC) CML is imperative to ensure appropriate manage-
ment is instituted. The significance of marrow fibrosis, al-
though previously considered to be a predictor of therapy
failure, is unclear [10, 11]. Potential transplant candidates di-
agnosed with more aggressive disease (AP/BC CML) need to
be tissue typed with early consideration of an allograft [4••],
although more recent data suggests that not all AP patients
necessarily have the same adverse outcomes [12]. Patients
with cytogenetic abnormalities as the sole criterion for AP
classification can have a more favourable prognosis with
TKI therapy than patients categorised as AP due to other fea-
tures [12].

Fertility and Family Planning

Fertility and family planning discussions need to occur in
female patients with child-bearing potential prior to the com-
mencement of any TKI. Despite the limited data in this setting,
TKI exposure during pregnancy is associated with increased
rates of miscarriage and foetal malformations [13–15]. We
recommend interruption of TKI therapy prior to conception
and alternative methods for disease control utilized throughout
the pregnancy in female CML patients [16]. The impact of
TKIs on male fertility is less clear with conflicting reports
on the effect on spermatogenesis and male sex hormones,
although the frequency of foetal malformations and stillbirths
appears to be no higher than for healthy contemporaries [15,
17]. The general consensus is that TKI therapy does not need
to be discontinued in male patients prior to conception [4••].
Referral to fertility specialists may be warranted prior to TKI
commencement for patients wishing to explore potential op-
tions for fertility preservation.

Current First-Line Therapeutic Landscape

Prior to exploring the various factors important in deciding the
optimal TKI for newly diagnosed CML patients, a review of
the available first-line options is essential with important mo-
lecular and survival measures documented in Table 2.

Imatinib

Imatinib, the first-generation TKI, revolutionized CML
management with its introduction. With almost two de-
cades of therapeutic availability, imatinib is the TKI that
clinicians have had the longest familiarity with—through
the first in-human clinical trials to the current local drug
access programs specific to each country. Long-term

Table 1 Baseline evaluation recommended in a newly diagnosed CML
patient [3••, 4••, 5••]

History

- Comorbidity assessment

Physical examination

- Spleen size—measured, not estimated
- Evaluation for extramedullary leukaemia
- Evaluation for leukostasis (including fundoscopy)
- Vascular assessments including blood pressure and peripheral pulses

Peripheral blood investigations

- Full blood count
- Biochemistry including urate, renal and liver function
- Fasting lipid studies
- Fasting glucose ± HbA1c
- Lipase/amylase
- Thyroid function tests
- Vitamin D
- Parathyroid hormone
- Hepatitis B serology
- BCR-ABL1 qPCR

Bone marrow biopsy

- Blast count evaluation
- Cytogenetic analysis: standard karyotyping or fluorescence in situ

hybridization (FISH)

Other investigations

- Chest X-ray
- ECG
- Tissue typing (if an allogeneic transplant is anticipated or patient is

diagnosed in accelerated or blast crisis)
Optional
- Ankle brachial index
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safety and toxicity data from the earliest clinical trials are
readily available with published molecular and response
measurements. Moreover, with the addition of generic i-
matinib to the pharmaceutical market in recent years, the
declining costs of treatment to the patient and governmen-
tal bodies have also improved accessibility.

While imatinib maintains the safest toxicity profile of all
TKIs, it is also the least tolerated, with toxicities often impacting
on quality of life (QOL) measures [23]. Gastrointestinal events,
especially diarrhoea, were reported in almost 30% of patients in
the International Randomized study of Interferon and STI571

(IRIS) study, although only 2% were reported to be grade 3–4
severity [24]. Fatigue and muscle cramps have been consistently
reported as the main culprits negatively impacting QOL [23–25].
Concerns regarding long-term cardiotoxicity have proved to be
largely unfoundedwith the incidence of grade 3–4 cardiac events
in the 10-year follow-up of IRIS only being 7.1% [18].
Reductions in bone mineral density have also been reported in
a small population of patients, indicating the importance of close
monitoring of bone health [26]. Long-term imatinib therapy is
also associated with a reduction in glomerular filtration rate and
slight increase in the frequency of chronic renal failure, indicating

Table 2 Molecular responses based upon first line TKI studies

IRIS[18] CML IV[19•] ENESTnd[20•] DASISION[21•] BFORE[22•]

Cytarabine/
IFN

IM 400
mg

IM 400
mg

IM 800
mg

NIL
300 mg
twice daily

NIL
400 mg
twice daily

IM 400
mg

DAS 100
mg

IM 400
mg

BOS 400
mg

IM 400
mg

MMR

- 1 year 27.7% 36.7% 55.6% 55% 51% 27% 46% 28% 47.2% 36.9%

- 2 year 71% 67% 44% 64% 46%

- 3 year 80.6% 83.2% 73% 70% 53% 67% 55%

- 4 year 42.5% 76% 73% 56% 73% 60%

- 5 year 50.3% 86.3% 86.8% 77% 77% 60% 76% 64%

- 10
year

34.4% 92.2% 89.1%

MR4.5

- 1 year 0.7% 4.8% 9.2% 11% 7% 1% 5% 3% 8.1% 3.3%

- 2 year 25% 19% 9% 19% 8%

- 3 year 34.6% 43.1% 32% 28% 15% 24% 13%

- 4 year 9.0% 40% 37% 23% 34% 23%

- 5 year 23.0% 49.4% 58.4% 54% 52% 31% 42% 33%

- 10
year

23.3% 7.2% 70.6%

EFS

- 1 year 96.3% 93.6%

- 5 year 95% 96.9% 92.6%

- 10
year

56.6% 79.6%

PFS

- 5 year 96.5% 98.3% 94.7% 85% 86%

- 10
year

83% 77%

OS

- 5 year 93.7% 96.2% 91.7% 91% 90%

- 10
year

78.8% 83.3% 83.3% 79%

Progression to AP/BC

- 1 year 1.6% 2.5%

- 5 year 3.7% 2.2% 7.9% 4.6% 7.3%

- 10
year

6.9%

IFN: Interferon; IM: Imatinib; NIL: Nilotinib; DAS: Dasatinib; BOS: Bosutinib; MMR: Major molecular response; EFS: Event-free survival; PFS:
Progression-free survival; OS: Overall survival; AP: Accelerated phase; BC: Blast crisis.
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the importance of regular assessment of renal function [27, 28].
Apprehension regarding second malignancy risk with imatinib
treatment has not materialized as although 11.3% of the imatinib
cohort in IRIS [18] developed a second cancer, this may be
attributed to the slightly increased malignancy risk associated
with CML as opposed to a specific TKI [29, 30].

The pivotal IRIS trial demonstrated the dramatic survival
benefit associated with targeted BCR-ABL1 inhibition by ima-
tinib, later corroborated by the German CML-IV study [18,
19•]. Disease progression was also less likely with imatinib
when compared to the control arm of interferon alpha and
cytarabine, predominantly occurring early in therapy [24].
The 10-year rates of major molecular response (MMR, equat-
ing to a BCR-ABL1 ≤ 0.1% IS) and MR4.5 (equating to a
BCR-ABL1 ≤ 0.0032% IS) were 93.1% and 63.2%, respec-
tively [18]. However, kinase domain mutations develop in
almost 20% of patients, a higher frequency compared to treat-
ment with second-generation TKIs [19•, 20•, 21•].
Additionally almost 30% of imatinib-treated patients will re-
quire a TKI switch due to intolerance or resistance, highlight-
ing the need for early optimal treatment selection [18, 19•].

The optimal dose of imatinib has been a contentious issue.
The German CML-IV study had five treatment arms, two of
which were 400 mg and 800 mg of imatinib [19•]. While the
10-year OS and molecular measurements were largely similar
between the two groups, the 800-mg cohort achieved MMR
and MR4 (equating to a BCR-ABL1 ≤ 0.01% IS) more rapidly
[19•]. Higher rates of MMR at 12 and 24 months of TKI
therapy were demonstrated by the Australian group in patients
maintaining 600 mg of imatinib compared to those tolerating
< 600mg daily [31]. In contrast, data from the Tyrosine kinase
inhibitor OPtimization and Selectivity (TOPS) trial did not
reveal a significant difference in MMR achievement between
a daily dose of 400 mg compared to 800 mg of imatinib.
Furthermore, higher doses of imatinib have a clear association
with an increased incidence of adverse events [25, 32•], espe-
cially those impacting quality of life such as gastrointestinal
toxicities [23]. Due to the difficulties in maintaining higher
doses of imatinib secondary to toxicities together with the lack
of proven survival benefit [19•], 400 mg daily of imatinib has
become the accepted standard dose [4••].

Nilotinib

Nilotinib, a second-generation TKI, has significantly higher
affinity for binding to the kinase domain of BCR-ABL1 com-
pared to imatinib, leading to increased potency [33]. Although
nilotinib, like other second- and third-generation TKIs, can
rescue some patients with imatinib-resistant disease, this falls
out of the purview of this review and will be explored else-
where [34–37].

The Evaluating Nilotinib Efficacy and Safety in clinical
Trials–Newly Diagnosed (ENESTnd) study, the head-to-

head comparison of imatinib 400 mg daily to nilotinib in new-
ly diagnosed CP-CML patients, recently published a 5-year
update [20•]. Early molecular response (BCR-ABL1 ≤ 10% IS
at 3 months), a predictor of molecular milestone achievement,
was significantly higher with either nilotinib dose [20•]. By 5
years, MMR achievement was 77% with 300 mg twice daily
of nilotinib compared with 60% of imatinib-treated patients
[20•]. Similarly, 54% of nilotinib-treated patients achieved
MR4.5 compared to only 31% of imatinib patients [20•].
Additionally, not only was molecular milestone achievement
higher with nilotinib, they were reached more rapidly with
early divergence of the cumulative incidence curves [20•].
Transformation risk and BCR-ABL1 kinase domain mutation
development is also significantly lower with nilotinib [20•].
Despite the dramatic molecular benefit observed with
nilotinib, the study failed to prove a survival benefit compared
to imatinib, perhaps due to the added toxicity burden of
nilotinib [20•].

Despite nilotinib being relatively well tolerated, it is asso-
ciated with serious toxicities which patients need to be aware
of prior to frontline selection. A concerning signal for cardio-
vascular toxicity, including ischaemic heart disease, cerebro-
vascular events and peripheral arterial disease, emerged on the
nilotinib studies. The risk was relative to dose, as 400 mg
twice daily of nilotinib (13.4%) had almost double the inci-
dence of events compared with 300 mg twice daily (7.5%) by
5 years [20•]. Only 2.1% of imatinib-treated patients devel-
oped similar toxicity [20•]. High Framingham scores at study
entry, primarily due to pre-existing risk factors (such as
smoking, hypercholesterolemia and hypertension), had a
strong association with cardiovascular events, whereas pa-
tients deemed low risk had a similar rate of events compared
to low-risk patients receiving imatinib [20•]. Other grade 3–4
toxicities observed with both nilotinib doses include hyperten-
sion (8.3–10.4%), hypercholesterolemia (26.7–27.6%) and
grade 3–4 elevated glucose (6.9–7.2%), requiring regular
monitoring to minimize additional cardiovascular events
[20•]. QT prolongation and pancreatitis have also been ob-
served with nilotinib. There is no discernible difference in
the incidence of second malignancies between nilotinib and
imatinib [20•].

Together with the increased toxicity burden associated with
the higher dose and in conjunction with the minimal differ-
ences in molecular responses observed in the randomised
study, 300 mg twice daily of nilotinib is the recommended
dose in first-line therapy [4••]. The dosing schedule is twice
daily with recommended administration in a fasting state [4••]
which can lead to compliance difficulties, emphasizing the
importance of adequate patient education prior to drug com-
mencement. The schedule of drug administration may also
influence TKI selection for patients in certain settings, such
as shift workers who may struggle complying with the strict
twice daily regime of nilotinib therapy.
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Dasatinib

Dasatinib, providing dual tyrosine kinase inhibition against
both SRC and ABL, has similar responses and outcomes to
nilotinib with clear superiority in efficacy compared to ima-
tinib. The landmark trial proving efficacy in upfront treatment
was the DASatinib vs. Imatinib Study In Treatment-Naïve
CML patients (DASISION), comparing 100 mg dasatinib to
400mg imatinib. By the end of the 5-year follow-up, dasatinib
demonstrated higher rates of achievement of molecular targets
including MMR (76% vs. 64%) and MR4.5 (42% vs. 33%)
compared to imatinib [21•]. Fewer patients progressed to AP/
BC with dasatinib (4.6%) compared to imatinib (7.3%) [21•].
However, like ENESTnd with nilotinib, there was no associ-
ated survival benefit observed with dasatinib [21•].

Haematological toxicity is frequently observed with
dasatinib, occasionally necessitating treatment interruption.
There is a minor risk of bleeding secondary to platelet dys-
function which patients need to be aware of [38].
Cardiovascular events in DASISION were only slightly in-
creased compared with imatinib therapy by 5 years, although
more recent data suggests the risk may be similar to nilotinib
[21•, 39, 40]. Pulmonary toxicities are the hallmark of
dasatinib therapy, manifesting as pleural effusions or the more
serious complication of pulmonary hypertension. Up to 28%
of patients developed a pleural effusion by 5 years of dasatinib
exposure, the incidence linearly increasing with each year of
therapy [21•]. The risk appears to be relative to age with 60%
of patients ≥ 65 developing an event [21•]. Additionally, ele-
vated dasatinib levels (≥ 3 nmol/L) are associated with an
increased risk of effusion development [41]. In comparison,
pulmonary hypertension is infrequent, occurring in less than
5% of patients. If detected, however, dasatinib should be
ceased [21•]. The pulmonary hypertension generally resolves
with drug discontinuation, but one third of patients showed
evidence of persistence [42, 43]. Although the standard dose
of dasatinib is 100 mg daily, lower doses of dasatinib have
been associated with good clinical response. Clinical trials
investigating dasatinib dose adjustment according to therapeu-
tic drug monitoring are underway to evaluate the balance be-
tween molecular response and drug toxicity [41, 44].

Bosutinib

Restricted availability of bosutinib has limited familiarization
compared to the other first-line TKIs but like dasatinib, it is a
potent dual SRC and ABL kinase inhibitor [22•]. The recently
published BFORE study, comparing 400 mg daily of
bosutinib to 400 mg daily of imatinib, revealed similar effica-
cy to the other second-generation agents [22•]. Although long-
term experience with bosutinib is still accruing, progression to
AP/BC is less frequent compared to imatinib [22•, 45].
Molecular milestone achievement by 12 months is

comparable to the other second-generation TKIs [22•]. The
toxicities frequently observed with both nilotinib and
dasatinib, including cardiovascular and pulmonary events,
are also less prominent with bosutinib therapy [22•].
Gastrointestinal toxicities, specifically diarrhoea, are more
characteristic with grade ≥ 3 diarrhoea developing in almost
8% of patients treated with 400 mg daily of bosutinib in
BFORE, frequently resulting in drug interruption [22•].

What Is Old Is Now New—the Reintroduction
of Interferon to CML Therapy

Attempts to further improve the molecular responses observed
with TKIs have led to a resurgence of interest in interferon, the
historical preferred treatment of CML. Combining pegylated
interferon with TKI therapy is the focus of a number of ongo-
ing clinical trials. Superior rates of MMR achievement were
observed with the addition of pegylated interferon Alfa-2a to
imatinib [46]. Preliminary data from combining nilotinib with
pegylated interferon is indicative of comparable, if not supe-
rior, molecular responses to nilotinib monotherapy [47–49].
Similar early results are reported from dasatinib studies [50].
While the toxicity profile of combination therapy appears to
be relatively manageable, the data requires maturation and
longer-term follow-up is needed before pegylated interferon
can be incorporated into standard practice [46–50].

First-Line Therapy Selection

Goals of Therapy

As the OS of patients diagnosed with CML approaches the
general population, CML patients may anticipate decades of
TKI exposure for disease control with concurrent accumula-
tion of TKI-associated toxicities. However, select patients are
also able to achieve treatment-free remission (TFR) after
achievement of a durable DMR. On average, 50–60% of eli-
gible patients attempting TKI discontinuation successfully
achieve TFR [51–60]. Although second-generation TKIs have
not been proven to increase TFR success to date, earlier
achievement of DMR with these agents allows for earlier
TFR attempts, potentially greatly shortening the duration of
TKI exposure and thus limiting toxicities. Consequently, strat-
egies to maximize early achievement of DMR, definition de-
pendent on institution (MR4 or MR4.5), in addition to maxi-
mizing stability of depth of response should be at the forefront
of consideration. For females of child-bearing age, timely
achievement of stable DMR will allow for TKI discontinua-
tion either as a TFR attempt or temporary interruption, en-
abling conception and pregnancy and minimizing the need
for CML-specific management [16].
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Patient Comorbidities

While the effectiveness of TKIs in treatment of CML is indis-
putable, appropriate treatment selection is warranted to achieve
the right balance between toxicity and molecular response.
TKIs are generally well tolerated, but as described earlier, each
drug has a relatively unique toxicity profile requiring consid-
eration of suitability for each patient prior to selection. While
patient comorbidities do not affect achievement of molecular
responses or risk of progression, higher scores on the
Charleston comorbidity index correlated with inferior OS,
even with exclusion of the age-dependent factors [61].

The risk of vascular events is a major concern and should
be a key factor when considering optimal therapy for each
patient. Epidemiological data has demonstrated that the inci-
dence ofmajor arterial events (per 100/patient-years) was low-
est with imatinib (0.1), incidence increasing with the more
potent agents—bosutinib (0.4)—dasatinib (1.1) and nilotinib
(2.8) [62]. The risk of peripheral arterial occlusions remains
highest for nilotinib compared with the other first-line agents
[62]. Similarly, nilotinib had an increased rate of ischaemic
heart disease with at 1.4/100 patient-years with fewer events
observed with the other TKIs (dasatinib 0.6, bosutinib 0.3,
imatinib 0.1) [62]. However, other studies suggest that the
cardiovascular risk associated with nilotinib and dasatinib is
actually similar [39, 40]. Cerebrovascular events were only
observed in 0.5% of patients treated with first-line agents
[62]. Moreover, upfront use of second-generation TKIs is as-
sociated with less cardiovascular risk compared with utility
second-line or beyond, perhaps due to shorter treatment dura-
tion or due to inherent bias regarding therapy selection [63].

Cardiovascular risk should be evaluated at diagnosis with
initiation of appropriate therapies to minimize CV risk [64•].
Risk models such as the Framingham and the systemic coro-
nary risk evaluation (SCORE) have been utilised to predict
patient risk of developing cardiovascular toxicity, higher
scores correlating with higher risk of cardiovascular events
[20•, 65]. Hypertension should be controlled according to lo-
cal guidelines, and appropriate diabetes therapy should be
applied, while hyperlipidemia should be treated with statin
therapy where indicated. Statins least likely to interfere with
TKI metabolism by CYP3A4 (i.e. rosuvastatin and pravastat-
in) are preferred [66]. Evidence for primary prophylaxis with
aspirin is inconclusive [63] and may actually be detrimental in
patients treated with dasatinib due to the slight increase in
intrinsic bleeding risk [38, 66]. A harmonious balance be-
tween treatment goals, disease risk and cardiovascular risk
should be sought. For example, a second-generation TKI
would be preferred in patients with low cardiovascular but
high CML risk. If TFR is a goal of therapy, then a second-
generation TKI may be preferred for early achievement of
DMR. If cardiovascular risk is deemed to be high, then
avoiding nilotinib and possibly dasatinib would be prudent.

Guideline-driven monitoring of cardiovascular risk is recom-
mended for all patients [64•], while appropriate lifestyle
changes (such as smoking cessation and establishment of a
healthy weight) are strongly advised.

Pleural effusions are a major complication associated with
dasatinib, advanced age being the only consistent risk factor
associated with development [67]. Preliminary data suggests
that elevated dasatinib levels are linked with an increased risk
of effusion development with a clinical trial in accrual, inves-
tigating dasatinib dose adjustment secondary to therapeutic
drug monitoring and incidence of pleural effusions [41, 44].
In the interim, careful patient selection prior to dasatinib com-
mencement is advised. Given the risk of pulmonary hyperten-
sion with dasatinib, patients with pre-existing pulmonary hy-
pertension should be considered for an alternate TKI [68].
Due to concomitant platelet dysfunction, dasatinib should be
prescribed with caution in patients on anticoagulants due to
the risk of haemorrhagic complications [69].

Hepatitis B reactivation has been reported secondary to
TKI therapy leading to the recommendation for serological
screening prior to TKI commencement [70].

Disease Risk Scores

Risk stratification in CML incorporates simple disease param-
eters to calculate the risk of CML-related death, OS or cyto-
genetic response utilizing models including the Sokal,
Hasford, EUTOS or ELTS [71–74]. Although the Sokal and
the Hasford scores were developed in the pre-TKI era, they
remain predictive of molecular response [18, 20•, 22•, 75].
High Sokal scores is associated with poorer 10-year OS rates
(68.6%) compared to intermediate (80.3%) or low scores
(89.9%) [18]. High Sokal risk patients also have inferior
achievement of MMR and stable MR4.5 [76, 77]. Treatment
with second-generation TKIs improved molecular responses
regardless of risk score compared with imatinib but failed to
completely nullify the adverse effect of a high-risk Sokal or
Hasford score [20•, 21, 22•]. These results are indicative that
more potent BCR-ABL1 inhibition via second-generation
TKIs, while not able to eliminate the adverse prognostic im-
plications of high Sokal or Hasford-risk, still provides signif-
icant benefit compared to imatinib therapy. Arguably, their
greatest benefit is seen in the high-risk categories.

The EUTOS score, developed and validated in an imatinib-
treated cohort, is felt to be a simpler and more refined prog-
nostic model, having removed factors in the prior risk calcu-
lators that fail to predict imatinib response [73]. Like the Sokal
and Hasford scores, high-risk calculation as per the EUTOS
score predicted for inferior MR4 achievement compared to a
low-score despite first-line nilotinib therapy [78]. This led to
the development of the ELTS score, using the same variables
as the Sokal score with different weighting, to improve long-
term survival prediction, specifically for CML-related death
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[74]. Recently, a comparative analysis has shown that the
Sokal score overestimates the number of high-risk patients
compared to the ELTS leading to inaccuracy in long-term
survival prediction [79•, 80]. However, only the Sokal and
Hasford scores are incorporated into the current NCCN guide-
lines although the EUTOS score is included in the 2013 ELN
recommendations [3••, 4••]. Regardless of which score is uti-
lized, all of these scoring systems will provide risk discrimi-
nation and improved TKI selection can then follow although
the ELTS score is probably more accurate in the TKI era.

Cytogenetic Abnormalities

Additional chromosomal abnormalities (ACAs) in the Ph+
clone at diagnosis are present in about 5% of patients with
increasing incidence in the more aggressive phases of disease
[81–83]. Identification of major route ACAs (defined as a
second Ph+, trisomy 8, isochromosome 17q or trisomy 19)
heralds an inferior survival rate while foreshadowing progres-
sion to AP/BC [81]. Recognition of major route ACAs from
the German CML IV and Italian studies indicated slower
MMR achievement with inferior OS and PFS, despite upfront
imatinib therapy [81, 82]. However, more recent data suggests
that ACAs, irrespective of major route abnormalities, do not
predict for inferior molecular or survival outcomes, although
these findingsmay be confounded by treatment with a second-
generation TKI [84]. ACAs remain an indicator of poor prog-
nosis in AP/BC CML [83, 84]. To date, there is no clarity as to

whether a second-generation TKI is truly beneficial in this
scenario although it remains our standard practice.

Transcript Type

The most common transcripts identified in patients are the
e13a2 (b2a2) or e14a2 (b3a2); any other transcripts, termed
‘atypical’, are infrequently observed (less than 2% of cases)
[85]. Early studies demonstrated that the e14a2 transcript was
associated with better cytogenetic responses [86]. This data was
corroborated by other studies while also demonstrating more
rapid achievement of MMR and DMR with either the e14a2 or
both transcripts compared with e13a2 alone in additional to
improved OS and PFS [85, 87]. In contrast, German data dem-
onstrated that while inferior cumulative molecular responses
are associated with e13a2 transcripts, there was no significant
impact on OS [88]. While the impact of transcript type on
survival is uncertain, more recent data has emerged suggesting
that patients with the e13a2 transcript who achieve a deep mo-
lecular response and attempt to achieve TFR are less likely to
enter a successful TFR [89, 90]. At this stage, the impact of the
transcript type on response and outcome is not sufficiently clar-
ified to be included in frontline treatment consideration.

The First Conversation

Initiating a dialogue with patients is mandatory to ensure that
they are aware of all the available options, the potential

Fig. 1 Decision tree for TKI
selection. + high score on risk
model (Sokal, Hasford, EUTOS,
ELTS) and/or and additional
cytogenetic abnormality. ^
Suggest avoid nilotinib in patients
with high cardiac risk scores by
Framingham or SCORE models
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advantages of second-generation TKIs in terms of response,
but also understand the common toxicities associated with
each drug to inform drug selection (Fig. 1). Issues that need
to be addressed in younger patients include fertility and family
planning. In all patients, but particularly in older patients,
comorbidities must be identified and considered, because they
will often lead to the physician and patient favouring one TKI
above others. The importance of drug adherence as well as
compliance with monitoring requirements must be clearly
outlined. The goals of therapy should be introduced including
the longer-term goals of deep molecular response and TFR.
The potential to eventually stop therapy rather than commit to
lifelong therapy is very attractive for many patients and will
likely influence frontline therapy selection.

TKI Adherence

Good TKI adherence is vital to achieve molecular milestones
[91], and as such, clinicians should ensure that patients are
appropriately educated regarding the importance of drug ad-
herence. Suboptimal responses are often associated with poor
compliance with the prescribed TKI [91, 92]. Addressing pa-
tient concerns regarding dosing schedules, drug toxicity and
concomitant medications may assist with improving compli-
ance [93]. Strategies to improve inadvertent non-compliance
should be encouraged including electronic reminders, mobile
phone applications or dose administration aids [94]. Tackling
deliberate drug non-adherence requires directed discussion for
potential factors influencing non-compliance while reinforc-
ing the hazards of poor disease control [94].

Conclusion

The goals of therapy have shifted from a sole focus on pre-
vention of disease progression to toxicity minimization and
achieving a deep molecular response as a platform for future
attempts at drug discontinuation. We have presented an over-
view of the various first-line TKI options with disease char-
acteristics and considerations that we anticipate will inform
drug selection in the haematology clinic. Early discussion of
goals of therapy will enable TKI selection to encompass long-
term plans, while the focus for some patients will remain on
disease control and toxicity prevention. Individualizing CML
therapy by tailoring TKI selection to each patient’s comorbid-
ities, disease biology and expectations will ideally maximize
outcomes, walking the fine line between optimal molecular
response and minimal toxicity.
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