
7787

Abstract. –  Philadelphia (Ph*)/BCR-ABL1-pos-
itive chronic myeloid leukemia (CML) is a neo-
plastic hematologic disorder, which is a func-
tionally curable chronic disease via using ty-
rosine kinase inhibitor (TKI) drugs. The life ex-
pectancy for the vast majority of chronic phase-
CML patients is “normal”, thanks to the unique 
effectiveness of the ABL-targeted TKIs of CML. 
The patients with CML receiving TKI could be 
expected to have a survival and ‘quality of life’ of 
the age- and sex-matched healthy people. Sev-
eral TKI pathways may be selected for the first 
line CML treatment, including first-generation 
original/generic imatinib or second-generation 
TKIs, such as bosutinib, nilotinib, and dasatinib. 
Individual characteristics of the CML patients, 
TKI drug compliance, lifestyle preferences, co-
morbidities, distinct toxicity profile of the TKI 
drug, and physician-clinical center experience 
are among the critical factors to be taken into 
account while deciding on the proper first line 
TKI in the newly diagnosed CML patients. Iden-
tifying CML patients at a higher risk for the dis-
ease progression or TKI resistance is essential 
and could influence the choice of primary TKI. 
The optimized integrations of the best available 
evidence, individual patient characteristics, and 
physician clinical experience are required in or-
der to select best TKI for the CML management. 
Pathobiological basis depending upon the pro-
spective in vivo research data is also crucial 
during the follow-up as well.
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Introduction

Philadelphia (Ph*)/BCR-ABL1-positive chron-
ic myeloid leukemia (CML) is a clonal hematolog-
ical neoplastic condition, a functionally curable 
chronic disease treated by tyrosine kinase inhib-

itor (TKI) drug administration1. CML accounts 
for about 15% of newly diagnosed adult cases 
of leukemia and 1-2 cases per 100,000 people2. 
Among the characteristics of the individual CML 
patient, disease comorbidities, molecular BCR-
ABL1 profile, TKI drug compliance, lifestyle 
preferences and TKI drug off-target risk profile 
should be determined. Currently, persistent oral 
administration of a TKI drug is the initial treat-
ment for CML3. 

The aim of the TKI therapy is to provide a life 
expectancy of normal duration to CML patients, 
compatible with their age and gender, as well as 
to provide a normal quality-of-life1. Research ev-
idence TKI-class drugs include randomized clin-
ical trials depicting essential data on the safety, 
efficacy, tolerability, toxicity, efficiency, possible 
long-term side effects and pharmaco-economical 
aspects of the drugs. The critical decision making 
for selecting TKI of the CML patient should be 
performed via the optimization of TKI availabil-
ity, TKI reimbursability, TKI drug experience, 
therapeutic adherence, and molecular monitor-
ization facilities for every single CML patient1. 
Moreover, the effectiveness of TKI treatment, 
TKI side effects, off-target drug complications, 
disease and drug-related long-term morbidities 
should be considered on patient basis within CML 
management. 

Clinical response, the depth of the molecular 
response and the effect of TKI on the disease are 
the follow-up parameters, which shall be consid-
ered during long-term CML therapy. Most pa-
tients need life-long oral TKI drug maintenance 
therapy. On the other hand, the progression to ac-
celerated phase/ blast crisis still occur in 5% to 
7% of patients and remains a horrible challenge4. 
The aim of this review is to outline individual tai-
lored TKI treatment of CML based on the best 
available evidence.
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Materials and Methods

Up to June 2021, literature searches were per-
formed using the internet search engines MED-
LINE and EMBASE: (i) chronic myeloid leu-
kemia; (ii) tyrosine kinase inhibitor; imatinib, 
dasatinib, nilotinib, ponatinib, bosutinib, rad-
otinib. Only articles written in English and re-
search conducted on people were included in the 
search. All abstracts were scanned. The studies 
that were found to be methodologically weak with 
restricted applicability and/or deficient presenta-
tion of the findings were excluded. Articles in 
full text were evaluated for eligibility and quality. 
The qualitative synthesis comprised the following 
studies (Figure 1).

Current Best Available Data

Current Efficacy Data of TKIs in CML
The first-line standard treatment of CML is ad-

ministration of a TKI-class drug. Currently, there 
are imatinib, dasatinib, nilotinib and bosutinib 
for the first-line therapy, officially approved by 
the FDA and EMA4. Imatinib is successful in all 
stages of CML disease4. For most CML patients 

treated in the chronic phase (CP), treatment with 
imatinib resulted in a normal life expectancy6-8. 

Imatinib had a greatest impact on the CML 
treatment, allowing a large percentage of patients 
to achieve a deep molecular response on long-
term medication9. Clinical trial evidence with sec-
ond-generation TKIs shows that they have greater 
response rates than imatinib, with deeper and ear-
lier responses. By 5 years, 42% of patients who 
got first-line dasatinib vs. 33 percent of patients 
who received imatinib in the DASISION study 
reached MR4,5,10. In an ENESTnd trial comparing 
first-line nilotinib with imatinib, 55% of patients 
who got nilotinib by 6 years reached MR4,5, com-
pared to 45% of those who received imatinib11.

Second generation TKIs (2G-TKI) mainly 
consisted of dasatinib, nilotinib and bosutinib. 
2G-TKIs were developed following the recognition 
of imatinib failure, intolerance, and ABL kinase 
domain (KD) resistance mutations that occur in 
4.6% of chronic phase CML patients12,13. Five- and 
ten-year data of the randomized trials demonstrate 
that survival with 2G-TKI first-line is quite simi-
lar to imatinib10,11,14. 2G-TKI and ponatinib are ef-
fective against most KD resistance mutations, but 
with the advent of additional chromosomal abnor-
malities, other precipitating triggers, such as clonal 
evolution, may fail4. Radotinib is another 2G-TKI 

Figure 1. PRISMA flow diagram for the CML literature search focusing on TKI selection5.
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that has been approved first-line in South Korea al-
though it has not been reviewed by the FDA or the 
EMA. Radotinib is somewhat similar to nilotinib 
in structure and has about the same activity pro-
file15. In the absence of BCR-ABL1 KD-mutations 
for second-line therapy, there is no recommenda-
tion for any specific 2G-TKI. 

All second-line TKIs are effective for dis-
ease-control but there are no ‘head-to-head’ stud-
ies comparing TKIs with each other. Second-line 
TKI selection criteria are almost entirely related 
to the individual patient characteristics as dis-
cussed in this review15. The concise summary de-
picting TKI (tyrosine kinase inhibitor) essentials 
in CML is shown in Table I.

Current Safety Data of TKIs in CML
The goal of the CML treatment with TKIs fo-

cuses on the effectiveness, particularly molecular 
response and clinical outcome without disease pro-
gression. On the other hand, TKI adverse events 
(AEs) are often reported as infrequent, small, 
tolerable, and manageable in numerous studies. 
Nowadays, the safety of TKI drugs is becoming 
increasingly important as treatment is life-long and 
multiple TKIs are commercially available18. Most 
patients receiving TKIs generally have early, often 
mild to moderate AEs that spontaneously resolve 
or are easily controlled by simple means. Reduc-
tion of treatment or short-term interruption can 
only be preferred if other methods are not available 
to achieve optimum control of AE.

Special attention should be paid to the comor-
bidities and drug-drug interactions. Safety issues 
unrelated to the TKIs may be unavoidable during 
such a life-long treatment18. Imatinib generics 
began to be utilized in CML patients, just after 
Novartis’ Gleevec patent expired. Safety and ef-
ficacy should always be considered in the treat-
ment with TKI in all CML patients within every 
step of clinical management. Several groups have 
reported the efficacy and safety of generic imati-
nib compared to the branded one. The response, 
survival rates and safety profiles in the patients 
treated with imatinib generics were quite similar 
to those treated with the branded imatinib2. 

Dose titration of TKI is as important as the TKI 
drug choice. In a randomized study19 on dasatinib, 
100 mg of dasatinib daily was noted to be as ef-
fective as 140 mg daily, with a better safety profile 
for pleuropulmonary complications. Cortes et al10 
demonstrated that bosutinib exhibited an accept-
able safety profile for pulmonary and cardiovascu-
lar comorbidities. In patients with chronic phase 
imatinib-resistant or imatinib-intolerant CML, bo-
sutinib is an efficient and tolerable alternative to 
TKI10. It is already reported that bosutinib, which 
may usually have gastrointestinal (GI) toxicity, is 
available first-line with a safety profile different 
from other 2GTKIs. Ponatinib is the only TKI with 
activity against the T315I mutant, but it is not used 
in the first line due to the potential serious vascular 
thrombotic complications, such as stroke and acute 
coronary syndrome15. 

Table I. The concise summary depicting TKI (tyrosine kinase inhibitor) essentials in CML.

Imatinib   In the IRIS trial, imatinib, a first-generation TKI, was compared to a combination of recombinant 
interferon alpha (IFN) and low-dose cytarabine and demonstrated greater rates of cytogenetic and 
molecular responses16. Imatinib was quickly adopted as the first-line therapy for CML. The standard dose 
of imatinib is 400mg once daily. 

Dasatinib  Dasatinib is a 2GTKI that is more powerful than imatinib and works against numerous BCR-ABL1 
mutations that are resistant to imatinib15. Dasatinib is authorized for chronic phase CML at a dosage of 
100 mg once day, and for advanced phase CML at a dose of 70 mg twice daily. Because dasatinib causes 
pleuro-pulmonary toxicity, respiratory failure and prior or concurrent pleuro-pulmonary or pericardial 
illnesses are severe contraindications to using it as first-line therapy15.

Nilotinib   Several imatinib-resistant BCR-ABL1 mutations are inhibited by nilotinib, a 2GTKI that is more powerful 
than imatinib15. Nilotinib is prescribed at a dosage of 300 mg twice day in first-line therapy and 400 mg 
twice daily beyond that. The use of nilotinib as first-line therapy is strongly discouraged if you have a 
history of coronary heart disease, cerebrovascular accidents, or peripheral arterio-occlusive disease15.

Bosutinib   The third 2GTKI that is more powerful than imatinib is bosutinib. Several BCR-ABL1 mutants are likewise 
inhibited by it. The first-line dosage is 400 mg once day, while the second-line dose is 500 mg once daily. 
Approximately 30% of individuals have transitory diarrhea, which can be a bothersome side effect15.

Radotinib  Radotinib is physically similar to nilotinib, and it has almost comparable efficacy against BCR-ABL1 
mutations. Radotinib is a fourth 2GTKI that has not been approved by the FDA or the EMA15.

Ponatinib  Ponatinib is a powerful third-generation TKI that outperforms all previous TKIs. Ponatinib is a drug that 
has been authorized for patients with the BCR-ABL1T315I mutation and CML who have failed two or 
more TKIs17. 
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Current Tolerability/Toxicity Data 
of TKIs in CML

While more than one TKI is currently available 
to treat CML, each of them has a different toxicity 
profile that should be considered when deciding 
on the individual tailored treatment. Most of the 
TKIs are generally well tolerated by the receiving 
CML patients under adequate clinical follow-up 
and supportive care. Since most of the patients 
take TKIs for a long time or indefinitely, observ-
ing the quality of life and improving chronic low-
grade side effects are essential15. When a TKI is 
not tolerated, replacing it with another TKI can 
improve tolerability, but sometimes potentially 
more serious toxicity could be traced20. 

Imatinib has been shown to be effective at all 
clinic-biological stages of CML. The treatment 
with imatinib has resulted in a normal life ex-
pectancy in most patients treated in the chronic 
phase6-8. Clinical studies18,21,22 with long-term fol-
low-up have disclosed no serious toxicity after 
more than 20 years of human use. For the CML 
patients at high risk of developing pleural effusion, 
one of the TKIs other than dasatinib should be 
chosen2. Pulmonary arterial hypertension (PAH) 
is a rare but important complication of dasatinib23. 
Dasatinib also inhibits platelet function and may 
increase the risk of hemorrhagic complications in 
patients taking concomitant anticoagulants24. Ni-
lotinib should be prescribed with caution in pa-
tients with diabetes or a history of pancreatitis2. 
Vasospastic and vaso-occlusive vascular events, 
such as ischemic heart disease, ischemic cerebro-
vascular events, and occlusive peripheral artery 
disease have been correlated with nilotinib11. 

Bosutinib has gastrointestinal, hepatic and 
renal side effects. Among the patients with such 
GI comorbidities, bosutinib should be avoided or 
used with caution25. Imatinib rarely causes un-
comfortable side effects, such as mild to moder-
ate weight gain, fatigue, peripheral and periorbit-
al edema, bone and muscle aches, and nausea2. 
Patients under the age of 50 are expected to live 
for more than 30 years. The age of the patient also 
plays an important role in the treatment decision.

Current Pharmaco-Economical 
Data of TKIs in CML

CML studies include randomized clinical trials 
showing data on the safety, efficacy, tolerability, 
toxicity, possible long-term side effects, efficien-
cy, and pharmaco-economics of TKIs. Low-risk or 
intermediate-risk disease patients are predicted to 
have an adequate response to imatinib, dasatinib, 

nilotinib, or bosutinib. TKI treatment economical 
toxicity and cost-effectiveness in the CML patients 
have become important issues for patients and 
social security associations. Since CML patients 
would use TKI for a long time, perhaps for life-
long with an age- and sex-matched normal dura-
tion of life, the cost is an important variable while 
deciding on the primary TKI and switching to the 
alternative TKI within clinical backgrounds. In or-
der to increase the rate of sustained deep molecular 
remission and to increase the rate of treatment-free 
remission, several studies26-29 have examined the 
cost effectiveness of frontline treatments. As a 
result, generic imatinib is the cost-effective first-
line treatment strategy for almost all chronic phase 
CML patients21. Until second generation TKI lose 
patent protection, cost effectiveness will maintain 
to be a significant matter in deciding first-line TKI 
because 80% of patients will never obtain a treat-
ment free remission (TFR)15. 

Individual Patient Characteristics 
Subject to the Tailored TKI Treatment

CML Disease Risk 
Sokal, Euro/Hasford, EUTOS or EUTOS long-

term survival (ELTS) scoring systems are used to 
determine the risk of CML disease1. Optimum re-
sponses to imatinib, dasatinib, nilotinib or bosutinib 
are expected in CML patients with low-risk or inter-
mediate-risk disease2. To choose a second generation 
TKI as first-line therapy for the patients with inter-
mediate or high-risk disease based on Sokal or Has-
ford scores has been proven to be more beneficial30-32. 
Patients with higher risk disease have a lower chance 
to reach major molecular response and, particularly, 
higher risk of disease transformation to AP-CML or 
BP-CML2. Another preferred risk score for CML 
is the ELTS score, which has a higher accuracy in 
predicting death from CML than the Sokal score33. 
The key difference lies in the negative prognostic 
value of age, because TKI-treated patients (based on 
ELTS) have less effect than traditional chemothera-
py-treated patients (based on Sokal). The Sokal score 
is more likely to allocate older patients than ELTS to 
intermediate and high-risk groups from the point of 
clinical prognostication21.

Patient Age
In the Western countries, CML is diagnosed at 

an average age of 56 to 57 years34,35. Patients over 
the age of 70 make up more than 20% of CML 
patients. In the developing countries with a young 
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population, the median age is less than 50 years36. 
The annual incidence per 100,000 population var-
ies by age and ranges from 1 to 2 depending on 
the age of the populations4. The age of the CML 
patient plays an important role in the key treat-
ment decision. Patients under the age of 50 are 
expected to live more than about 30 years2. Thus, 
inducing a permanent complete molecular remis-
sion could potentially result in the discontinuation 
of TKI therapy. Second generation TKIs provide 
a significantly higher rate of complete molecular 
remission in comparison to imatinib. In elderly 
patients, where discontinuation of therapy is less 
important, the problem of possible discontinua-
tion of care plays a less important position2.

Patient Comorbidities 
When selecting TKI for a patient with CML, 

comorbidities should be considered because there 
are certain contraindications for the use of a par-
ticular first-line TKI37. Previous or concomitant 
arteriovascular disease is highly contraindicated 
in the treatment of first-line nilotinib and sec-
ond-line or third-line ponatinib38-41. For certain 
clinical states, no strong contraindications have 
been reported for imatinib or bosutinib. Howev-
er, imatinib should be discontinued in the patients 
with severe renal impairment. 

Pleural effusion is classically associated with 
dasatinib with a rate of 16-20% in different series. 
The Risk factors for developing pleural effusion 
with dasatinib include advanced age of the patient, 
twice daily 140 mg dosing, previous or concom-
itant heart/lung disease or autoimmune diseases, 
hypertension, hypercholesterolemia, and advanced 
phase CML42. Respiratory failure and prior or con-
comitant pleuro-pulmonary disorders in primary 
care are strong contraindications of dasatinib21.

CML Disease Molecular Profile 
Disease characteristics of a given CML pa-

tient include disease risk, comorbidities, molec-
ular BCR-ABL1 profile, TKI drug compliance, 
lifestyle preferences, and drug off-target risk 
profile1. The diagnosis of CML must be proven 
by demonstrating the molecular abnormality of 
the BCR-ABL1 fusion1. The existence of t(9;22) 
(q34.1;q11.2) or BCR-ABL1 abnormality could 
be demonstrated by karyotype analysis, FISH, 
or PCR based methods. The real-time PCR tech-
nique is the most accurate and sensitive process. 
The method of IS-PCR is important and should 
be preferred for routine follow-up, particularly in 
assessing the level of molecular response to the 

treatment of TKI43. Previous research has revealed 
that p210 BCR-ABL is necessary for the uncon-
trolled proliferation and reduced apoptosis, both 
of which are the hallmarks of neoplastic CML 
cells44,45. BCR-ABL is a non-receptor tyrosine ki-
nase that has the capacity to over-activate several 
cell survival pathways, including the AKT and 
JAK/STAT pathways46. There is evidence that the 
MYC pathway regulates the transcription of the 
BCR-ABL gene47. According to studies, the MYC 
oncogene is elevated in CML, which might cause 
to the disease’s heightened aggressiveness and 
lack of responsiveness to therapy48.

In the patients with CML, multiplex-PCR en-
ables for the fast, specific, and simultaneous iden-
tification of the most common BCR-ABL variant 
transcripts. Likewise, b2a2 transcripts were more 
common than b3a2 transcripts49. Additionally, a 
CML phenomenon has been described with re-
gard to the disease progression and treatment re-
sistance related to the sFRP4 methylation50. 

Disease pathobiology can be complicated 
by cryptic, mutable variants of the Philadelphia 
chromosome and additional cytogenetic anom-
alies. For the diagnosis and follow-up of CML 
patients, Interphase fluorescent in situ hybridiza-
tion (FISH), chromosome band analysis and PCR 
should be evaluated together51.

 
Patient Compliance/Lifestyle

Individual characteristics of the CML patients, 
drug compliance and preferences, comorbidities, 
different toxicity profile of the drug, and physi-
cian-clinical center experience are among the fac-
tors to be taken into account when deciding on first 
line TKI in the newly diagnosed patients3. TKI 
doses (imatinib 300 vs. 400 vs. 600 mg; dasatinib 
50 vs. 100 vs. 140 mg; nilotinib 600 vs. 800 mg; 
ponatinib 15 mg vs. 30 mg; bosutinib 300 mg vs 
500 mg) should be adopted to the BCR-ABL1 levels 
and lifestyle that CML patients can tolerate side ef-
fects1. The resistance to imatinib and 2-GTKI may 
occur in first line treatment. In some of the CML 
patients, the TKI response failure may be associat-
ed with poor or intermittent adherence to the given 
therapy. Suspected incompliant CML patients shall 
be closely evaluated for the TKI drug adherence 
into the recommended dosage and schedule15.

TKI Drug off-Target Risk Profile
With the production of TKIs that strongly inter-

fered with the interaction between the BCR-ABL1 
onco-protein and adenosine triphosphate, the 
CML therapeutic landscape changed drastically, 
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preventing the malignant clone’s cellular prolifer-
ation. This quite “targeted” treatment strategy al-
tered the natural history of CML, improving the 
10-year survival rate from nearly 20% to 80%-
90%2,9,52. The drug off-target complications, such 
as lung toxicity, cardiovascular toxicity, metabolic 
syndrome, bone toxicity, arterial occlusive events, 
pancreas/GI/ hepatic toxicity are well-described 
clinical limitations of the given TKI. Therefore, 
the dose of TKI (imatinib 400 vs. 600 mg; dasati-
nib 100 vs. 140 mg; nilotinib 600 vs. 800 mg) must 
also be tailored based on the tolerability and organ 
functions of the individual patient3.

Advanced Phase CML Disease (AP/BC)
The chronic phase is usually the the initial phase 

of the CML disease. In two phases, disease pro-
gression is defined as the accelerated phase (AP) 
and blastic crises (BC). AP illness is characterized 
by blasts in the bone marrow or peripheral blood 
of 10%-19%. More than 20% of blasts in either the 
blood or in the bone marrow or at extra-medullary 
sites are the criterion for transformed BC. When 
diagnosed with CML, a bone marrow aspiration is 
required for morphological/cytogenetics analyses 
since the ratio of blastic cells, basophils, myelodys-
plasia, fibrosis and karyotype are all necessary to 
distinguish CP from advanced disease (AP/BC)21. 
In the advanced stages, especially in the BC, CML 
continues to be a clinic-biological problem. More-
over, multi-TKI resistance, BCR-ABL1 kinase 
domain mutation, or the emergence of additional 
chromosome abnormalities in Ph + cells warrant 
attention to the disease progression53-55.

Pregnancy in CML
All TKIs are teratogenic and should not be 

used during pregnancy56. For women, the man-
agement of CML during pregnancy should be in-
dividualized. TKI treatment should be discontin-
ued in the first trimester as soon as pregnancy is 
detected. Whether the pregnancy is continued, or 
treatment interrupted should be evaluated com-
prehensively21. Deep molecular remission, such as 
at least one-year of MR4.5 with TFR, is an ideal 
state for the female CML patients asking a baby 
without the risk of CML disease progression. In-
terruption of TKI treatment for the initiation of 
pregnancy process in a CML patient shall only 
be performed in tertiary CML research centers. 
Since TKI is secreted at low levels in breast milk, 
its use during breast-feeding is contraindicated57. 
It was observed that sperm quality and morpholo-
gy did not change after treatment with TKI58.

Allografting in CML
Despite the superiority of TKI drug therapy, 

allogeneic hematopoietic stem cell transplanta-
tion (Allo-SCT) continues to be included in the 
management of CML, particularly for the patients 
with resistant to multiple TKIs59,60. Transplanta-
tion should be seriously considered in the patients 
resistant to at least two 2G-TKIs. Those patients 
are unlikely to experience a sustained response to 
an alternative TKI and should be evaluated early 
for Allo-SCT61. The patient who progresses to AP/
BC under TKI treatment is a strong candidate for 
emergency transplant. Conversion to CP should 
be attempted in the patients presenting with BC 
since returning to the CP increases the chances of 
allograft success59. Transplantation in BC without 
remission is a high-risk method and not advised21.

Clinical Experiences of TKI 
Drugs in CML 

TKI Drug Availability/Reimbursability 
Clinical and physician experience for CML 

includes TKI availability, TKI reimbursability, 
drug experience, drug adherence, and BCR-ABL1 
monitorization facilities. Generic imatinib has 
become a cost-effective initial treatment for CP 
and is available globally21,29. A generic medication 
is an appropriate alternative to a branded product 
if it meets the national consistency, bioavailability 
and efficacy requirements of a country involved. 
Recently, there has been an increased focus on 
the improving the ‘quality-of-life’ and avoiding 
long-term organ toxicities, and in particular on 
developing strategies to maximize the likelihood 
of stopping TKI therapy resulting in TFR. How-
ever, in countries with limited resources, due to 
the availability of more effective drugs and limit-
ed CML monitoring parameters, the goal of treat-
ment is to continue to survive36.

TKI Drug Clinical Experiences
Clinical experience includes TKI availability, 

TKI reimbursability, drug experience, adherence, 
and monitorization facilities. The critical decision 
regarding the management of CML patients should 
be made by optimizing these variables for each 
individual patient. Jain et al62 examined patients 
with CP CML’s long-term responses and outcomes 
and reported a comparison of four widely used 
TKI modalities. In this clinical experience, treat-
ment with 800 mg imatinib or second generation 
TKIs dasatinib or nilotinib resulted in superior and 
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deeper responses than the standard dose imatinib 
maintained after 5 years of follow-up62.

Physician Adherence to TKI Drugs
When deciding on first-line TKI for newly di-

agnosed CP-CML patients, the physician-clinical 
center experience is important as well as patient 
characteristics. Physician must consider TKI 
availability, TKI reimbursable, drug experience, 
adherence, monitorization facility when starting 
the treatment1. Physicians should be especially 
alert about the side effects of TKIs, and patients 
should be evaluated in this respect.

TKI Drug Monitorization Preferences
Blood cell counts and differential cell counts 

are required at least every 2 weeks until a com-
plete hematological response is achieved. QPCR 
on blood cells expressed as BCR-ABL1% ac-
cording to IS should be performed at least ev-
ery 3 months even after MMR is obtained. The 
molecular response must be closely monitored to 
assess the suitability for discontinuation of ther-
apy at follow-up21. Cytogenetics by chromosome 
banding analysis of bone marrow cell metaphases 
may be useful but not sensitive enough to track 
response alone. However, cytogenetics should be 
performed to detect atypical translocations, rare 
or atypical BCR-ABL1 transcripts that cannot be 
measured by qPCR, treatment failure / resistance 
to rule out additional chromosomal abnormalities, 
and progression to AP or BP. FISH follow-up may 
be required in patients with atypical transcripts21.

Harmonization of Best Available 
Evidence, Individual Patient 
Characteristics and Physician 

Experiences for Selecting Best TKI
for CML Management

A Typical Real-Life CML Patient 
A 59-year-old male patient who was diagnosed 

with high Sokal risk CP CML, had a history of 
8.5 pack years of smoking, obesity and hyper-
tension treated with lisinopril. There was no di-
agnosis of diabetes, but high blood glucose was 
detected during his visits. His total cholesterol 
level was detected 232 mg/l. The goal of this pa-
tient is to determine the best option for TKI and 
to manage comorbidities. The development of ar-
terio-occlusive events is probably the greatest risk 
for this patient. Compared to imatinib, the risk of 
cardiovascular events is significantly greater with 

2G-TKIs (dasatinib and nilotinib). It was possi-
ble to treat patients with high-risk arterio-occlu-
sive events (AOEs) preferentially with imatinib. 
However, with the risk and goals of the patient, 
this recommendation should be decided. Patients 
with higher Sokal risk scores are poorly respon-
sive to imatinib, so 2GTKI, possibly bosutinib, 
may be preferable in this case63. There was a 27% 
risk of developing AOEs in patients with a histo-
ry of hypertension and a 12% risk of developing 
AOEs in patients without hypertension who used 
ponatinib. Since the patient had hyperglycemia 
and hypercholesterolemia, nilotinib did not seem 
to be very appropriate. Grade 3-4 hyperglycemia 
occurred in 7% of the patients treated with nilo-
tinib, while 0.4% of those treated with imatinib 
experienced hyperglycemia38. This patient has an 
elevated level of cholesterol. Imatinib can cure 
patients’ lipid profiles, but nilotinib may worsen 
the lipid profile after treatment begins64. Since 
hypertension may increase the risk of developing 
pleural effusion, this patient may also increase 
the risk of developing pleural effusion with da-
satinib65. Studies66,67 have shown that imatinib, 
dasatinib and nilotinib are safe for patients with 
moderate renal dysfunction (or liver dysfunction) 
when administered at standard doses. The harmo-
nization of the best available evidence for CML 
management is depicted in Figure 2.

Conclusions 

Life expectancy for the vast majority of chron-
ic phase-CML patients is “normal”, thanks to the 
unique effectiveness of the ABL-targeted TKIs of 
CML. The patients with CML receiving TKI could 
be expected to have a survival and ‘quality of life’ 
of the age- and sex-matched healthy people. Nu-
merous options are available for first-generation 
treatment selection, including first-generation 
imatinib and second-generation TKIs, bosu-
tinib, dasatinib, and nilotinib. Identifying CML 
patients at higher risk for disease progression or 
resistance is important and influences the choice 
of primary TKI. To select the best TKI for CML 
management, it is necessary to harmonize the best 
available evidence, individual patient character-
istics and physician experience. Gene expression 
profile, CML-leukemic stem cell, next-generation 
genomics, genetic polymorphisms, multi-drug 
resistance genes and existing BCR-ABL kinase 
domain mutations are the key subjects of novel 
studies in the field of CML68. Future perspectives 
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for the CML treatment will focus on the potential 
molecular treatment of CML-leukemic stem cell 
with the aim of achieving a durable non-detect-
able BCR-ABL1 transcripts and maintaining per-
sistence after TKI therapy cessation. The preva-
lence of CML patients will continue to increase 
every year. Therefore, it is important to contin-
ue research to develop treatment options that 
increase durable CMR rates, if possible, TFR. 
Those aims could be achieved potent TKIs sole-
ly or in combination with other existing non-TKI 
drugs (Bcl-2 inhibitors, PEG-interferon alpha-2, 
omasetaxine, decitabine) or novel therapies, such 
as asciminib, which is the first-in-class STAMP 
(Specifically Targeting the ABL Myristoyl Pock-
et) inhibitor under intensive research2.
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