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CML: SUCCESS BREEDS MORE SUCCESS

     Lifelong TKI ther apy: how to man age 
car dio vas cu lar and other risks 
     Michael J.   Mauro  
   Myeloproliferative Neoplasms Program, Leukemia Service, Memorial Sloan Kettering Cancer Center, New York, NY 

   Beginning with imatinib and now span ning 6 oral, highly active, and mostly safe agents, the devel op ment of spe cifi c tar-
geted ther apy for patients with chronic mye loid leu ke mia (CML) has cre ated a new world fea tur ing chronic main te nance 
che mo ther apy for all  treated as such, treat ment - free remis sion, and func tional cure after prolonged deep remis sion in a 
sub set. As a result comes a nec es sary shift in focus from acute to chronic tox ic ity, increas ing atten tion to patient comor-
bidities, and crit i cal think ing around spe cifi c adverse events such as met a bolic, car dio vas cu lar, and car dio pul mo nary 
effects, which vary from agent to agent. This review aims to pull together the state of the art of man ag ing the  “ C ”  in 
CML — a  chronic  mye lo pro lif er a tive neo plasm treated at pres ent over many years with oral    BCR - ABL  - targeted agents in a 
pop u la tion whose over all health can be com plex and poten tially affected by dis ease and ther apy — and deter mine how 
we can bet ter man age   a highly treat able and increas ingly cur able can cer.  

 Introduction 
 As has been stated often, the treat ment of chronic mye-
loid leu ke mia (CML) was and remains rev o lu tion ized, with 
lower - risk small - mol e cule - spe cif c targeted ther apy with 
oral ABL tyro sine kinase inhib i tors (TKIs) as the over whelm-
ing main stay approach. Palliative cytoreductive agents 
(hydroxy urea, busul fan) are rarely used except for ini tial 
tem po ri za tion of blood counts; inter feron - based ther apy 
remains active in other mye lo pro lif er a tive neo plasms but 
is only used rarely and in spe cial cir cum stances in which 
TKI tox ic ity may be pro hib i tive (includ ing preg nancy). 
Through advances in con di tion ing, graft - ver sus - host pre-
ven tion, posttransplant TKI inte gra tion, and alter na tive 
donor sources, allo ge neic stem cell trans plant con tin ues to 
be opti mized, yet its use greatly dimin ished. 1  Allografting 
was pre vi ously viewed as the only  “ cure ”  for CML. Pres-
ently, patients treated with TKI ther apy may avail them-
selves of the pos si bil ity of a  “ func tional cure ”  — suf f  cient 
treat ment with TKI ther apy into a sustained deep remis sion 
followed by care fully observed TKI ces sa tion — treat ment -
 free remis sion (TFR). Long - term results from the ear li est 
study of TFR dem on strate, impor tantly, that dura ble remis-
sion with out TKI ther apy can be sustained for many years, 
retreatment for failed TFR attempts is effec tive, and late 

events are rare to absent. 2  The dura tion of treat ment and 
dura tion of deep remis sion remain strong pre dic tors of TFR 
suc cess, 3  while fac tors such as min i mal resid ual dis ease 
sta bil ity, 4  immune fac tors, 5  and mye loid muta tions beyond 
BCR - ABL1  con tinue to be inves ti gated as to their role. 6  

 Increasingly, the num ber of patients poten tially eli gi-
ble or who have engaged in ces sa tion of TKI ther apy (TFR) 
grows. A num ber of unmet needs remain for the opti mal 
treat ment of CML, rang ing from max i miz ing ini tial response 
while min i miz ing tox ic ity and pro gres sion risk, to safer 
and more eff  cient sal vage approaches for heavily treated 
multi - TKI resis tant or multi - TKI resis tant / intol er ant or even 
multi - TKI intol er ant sce nar ios, to advanced phase or trans-
formed dis ease; added to this list now is improv ing the 
out comes of TFR — namely, by increas ing the frac tion of 
suc cess ful ces sa tion. Many, or per haps most, view the cur-
rent goal of ther apy to be suc cess ful treat ment ces sa tion 
sub se quent to sustained deep remis sion — what has been 
termed as a func tional cure. While this path is stream lined 
and being made pos si ble for a higher frac tion of patients, 
assum ing the poten tial for life long TKI ther apy remains a 
prag matic approach and per haps the best way to bal ance 
the risks and ben e f ts of treat ment strat e gies for those liv-
ing with CML. 

 LEARNING OBJECTIVES
    •    Understand the risks of a CML diagnosis and the importance of comorbidity assessment, especially cardiovascular 
  •    Understand the specif c risks of CML tyrosine kinase inhibitors (approved and forthcoming) and how to screen for 

and mitigate adverse events  
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Survival in CML
The long-term fol low-up of the piv otal trial in CML, the IRIS 
(International Randomized Study of Interferon and STI571) trial, 
dem on strated the vastly improved out look for patients treated 
with TKI ther apy com pared to the prior stan dard, inter feron-
based ther apy,7 heralding the “TKI era.” A com pre hen sive anal-
y sis of out comes of cur rent CML patients’ sur vival rel a tive to 
age-matched peers, irrespective of decade of age, con cluded 
no sig nif  cant dif fer ence—lead ing to the wel come con clu sion of 
a “nor mal life span” in the TKI era.8 While the inci dence of CML 
remains steady—Euro pean CML reg is try data cite an annual 
inci dence rate of 0.7 to 1.0/100 000, a median age at diag no-
sis of 57 to 60 years, and a male/female ratio of 1.2 to 1.7—the 
prev a lence of CML steadily increases world wide due to mark-
edly improved sur vival.9 Estimates in the US pro ject increase 
from a pre–TKI era prev a lence of roughly 25 000 indi vid u als 
liv ing with CML to 200 000 plus such indi vid u als over the next 
3 decades. Such remark able suc cess focuses atten tion on many 
fronts, includ ing global dis par ity, addressed by groups such as 
the International CML Foundation, regard ing edu ca tion and 
treat ment, and the Max Foundation, regard ing patient advo-
cacy and med i ca tion access; cost of ther apy, given the mul-
ti plier effect of patient and patient-years on TKI ther apy; and 
last and per haps most impor tantly, increased atten tion to the 
qual ity of life and long-term out come of CML “sur vi vors.”

New fron tier: CML sur vi vor ship
A nat u ral exten sion of highly effec tive ther apy, the high frac tion 
of patients ush ered into deep and sta ble remis sions, and the 
prom ise of a grow ing poten tial frac tion of patients deemed func-
tion ally cured begs the ques tion of “CML sur vi vor ship.” Distinct 
from the past in which CML sur vi vors would be a mix of those fol-
lowed after allografting in the pro to typ i cal posttransplant sur vi-
vor ship clinic and a rare long-term responder to inter feron-based 
ther apy, the pres ent era calls for the orga nized care of those 
suc cess fully treated with TKIs, whether in TFR or not. Organized 
care of the leu ke mia itself, of course, remains high pri or ity; for 
those remaining on TKI ther apy, reg u lar blood-based mon i tor ing 
with highly sen si tive quan ti ta tive poly mer ase chain reac tion for 
the BCR-ABL1 fusion con tin ues indef  nitely per cur rent rec om-
men da tions.10 For those patients who have under gone suc cess ful 
TFR, guid ance regard ing opti mal ini tial mon i tor ing con tin ues to 
be scru ti nized; sub se quent ques tions will include the more dif f-
cult ques tion of taper ing of long-term mon i tor ing after suc cess-
ful TFR.11 Patients with CML thus con tinue to have long-stand ing 
rela tion ships with their CML phy si cians, and the devel op ment of 
a tai lored approach to the “life long” TKI algo rithm, to tackle the 
“end” of CML treat ment for those in TFR, and to delin eate what 
comes next from the per spec tive of rel e vant fol low-up and risk 
man age ment is a next step ripe for devel op ment.

CLINICAL CASE
A 55-year-old woman is referred in (via telehealth) for a recent 
diag no sis of CML. Records indi cate lower-risk dis ease by the 
Sokal and EUTOS Long Term Survival score, as her white blood 
cell count is 32 000 with nor mal hemo glo bin and plate lets, no 
cir cu lat ing blasts, and a mod est left-shifted dif fer en tial with 
3% each baso phils and eosin o phils. She has no spleno meg aly, 

and bone mar row stud ies sup port chronic-phase dis ease mor-
pho log i cally, with cyto ge net ics reveal ing 100% sole Philadel-
phia chro mo some trans lo ca tion in 20 meta phases and base line 
BCR-ABL tran scripts of the e14a2 var i ant of p210 fusion mea sur-
ing 90% on the International Scale. She wishes to hear from you 
on risks of dis ease and med i ca tion choices and under stands 
that treat ment “may not need to be for ever.”

Risks at pre sen ta tion with a diag no sis of CML
The diag no sis of CML encompasses a num ber of signs and symp-
toms, includ ing fatigue, weight loss, loss of energy, decreased 
exer cise tol er ance, low-grade fevers, sweats resulting from hyper-
me tab o lism, bone pain, and early sati ety resulting from encroach-
ment by an enlarged spleen on the stom ach, as well as left upper 
quad rant full ness and pain. Infarction of the spleen can be observed, 
espe cially with marked enlarge ment. Blood count changes include 
leu ko cy to sis and var i able plate let count ele va tion or, with advanc-
ing-phase dis ease, reduc tion; ane mia is gen er ally pro por tional to 
dis ease bur den. Bleeding, pete chiae, and ecchy mo ses are more 
likely with advanced dis ease and throm bo cy to pe nia.

The pre sen ta tion of CML with marked thrombocytosis (plate-
lets >1 mil lion) may occur, and vas cu lar injury and throm botic 
events appear more com mon in such cases, as well as a female 
pre dom i nance and youn ger age.12 In chil dren, throm bo sis may be 
less likely, but as is seen in other mye lo pro lif er a tive neo plasms, 
acquired von Willebrand syn drome and mild clin i cal bleed ing 
may develop due to the bind ing of von Willebrand fac tor multi-
mers, espe cially large multimers, to plate lets.13 Not sur pris ingly, 
a grow ing num ber of case reports are emerg ing iden ti fy ing the 
coex is tence of mye lo pro lif er a tive “driver” muta tions, such as 
JAK2 v617F and calreticulin along with BCR-ABL fusion, as deep 
sequenc ing becomes more uti lized, suggesting that bet ter char-
ac ter iza tion of mye loid muta tions in CML may be of clin i cal use.

Often iso lated to set tings where pre sen ta tion and diag no sis 
may be delayed, com pli ca tions related to leukostasis in tar get 
organs at risk for vas cu lar injury include priapism and ret i nop a-
thy. Leukapheresis can be used for clin i cal signs of injury due to 
leukostasis and remains a ther a peu tic “bridg ing” strat egy dur ing 
CML and preg nancy, when cytoreductive ther apy and defn i tive 
ther apy with TKIs may pose exces sive fetal risk.14

Risks asso ci ated with the first-line TKIs imatinib, nilotinib, 
dasatinib, and bosutinib
The ini tial treat ment of CML increas ingly is the direct use of 
TKI ther apy in order to promptly induce hema to logic con trol/ 
com plete hema to logic response; cytoreduction with hydroxy-
urea prior to TKI start, if used, may aug ment the myelosuppres-
sion observed with sub se quent TKI ther apy. Myelosuppression 
remains a ubiq ui tous ini tial effect com men su rate with TKI start 
and is some what var i able among the avail  able ABL kinase inhib i-
tors; in com par a tive tri als of frst-line ther apy with imatinib, nilo-
tinib, dasatinib, and bosutinib, dasatinib was asso ci ated with the 
greatest rates of grade 3 or 4 neutropenia and throm bo cy to pe-
nia. Myelosuppression may be best viewed as a mix of dis ease 
and ther apy-related effects given its (early) kinet ics and pro-
pen sity to resolve; a sub set of patients, often with higher-risk 
fea tures, may face severe and per sis tent myelosuppression pre-
clud ing TKI deliv ery and response to ther apy, pos ing a spe cifc 
intol er ance and chal lenge.
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Other adverse events com mon to the entire class of ABL 
inhib i tors used at diag no sis are gen er ally revers ible and pose lit-
tle known long-term risk. Examples of such lab o ra tory fnd ings 
include trans am i nase ele va tion, lipase ele va tion (more often bio-
chem i cal and lower with pan creas inflam ma tion or pan cre a ti-
tis), hyperbilirubinemia (observed more with nilotinib and often 
unmasking Gilbert’s syn drome), and oth ers.15 Adverse events more 
closely linked to imatinib include edema (periorbital and periph-
eral), mus cle cramps, mus cu lo skel e tal pain, and diar rhea; those 
more closely linked to nilotinib include rash, pru ri tus, head ache, 
nasopharyngitis, constipation, abdom i nal pain, vomiting, pyrexia, 
upper uri nary tract infec tion, back pain, cough, and asthe nia; 
those more closely related to dasatinib include, as pre vi ously 
men tioned, myelosuppression as well as fluid reten tion, includ ing 
pleu ral and peri car dial effu sions and head ache; and those more 
closely related to bosutinib include diar rhea and increases in ala-
nine and aspar tate ami no trans fer ase. Common, more fre quent 
adverse events across TKIs include fatigue myal gias and gas tro-
in tes ti nal symp toms such as nau sea and vomiting. Given a broad 
inves ti ga tion into the opti mal ther a peu tic dose, imatinib plasma 
trough lev els were noted to cor re late with eff cacy and the cor-
rec tion of sub op ti mal response16; how ever, drug lev els did not cor-
re late with adverse events. Longer fol low-up of imatinib-treated 
patients in the land mark IRIS trial con cluded that adverse events 
were not typ i cally observed after the frst year of ther apy.7

Particular aware ness and pre pared ness are warranted for 
adverse events of spe cifc inter est (asso ci ated with greater mor-
bid ity and poten tial long-term impact) for TKIs used at diag no sis. 
Imatinib is asso ci ated with hypophosphatemia; fur ther inves ti-
ga tion dem on strated a poten tial link to altered bone min er al i-
za tion.17 Renal injury, manifesting as a decline of the glo mer u lar 
fl tra tion rate, was noted with imatinib ther apy, with reduc tions 
steadily over 4 years’ time before pla teau and iso lated to those 
with no chronic kid ney dis ease prior18; in a sep a rate study, nearly 
iden ti cal changes were observed for bosutinib ther apy.19 Inter-
estingly, TKI dose did not cor re late with injury and revers ibil ity 
was appar ent. Nilotinib is asso ci ated with impaired fasting glu-
cose lev els,20 whereas imatinib has been suggested to improve 
them21; this effect with nilotinib is reported to be revers ible, to 
be linked to increased body mass index, and not to trig ger type 
2 dia be tes.22 Lipid pro fles may show sim i lar changes, with ima-
tinib improv ing lev els and nilotinib, as early as 3 months into 
treat ment, trig ger ing increases in cho les terol (both low-den sity 
and high-den sity lipo pro teins and in turn total cho les terol); any 
effect of dasatinib appears more mod est.23-25

In con trast to imatinib, vas cu lar adverse events have been 
asso ci ated with newer-gen er a tion TKIs, most prom i nently with 
the later-line ther apy agent ponatinib as well as with the sec ond-
gen er a tion TKIs dasatinib and nilotinib,26,27 while min i mal asso ci-
a tion has been observed with bosutinib.28 Long-term fol low-up 
of the ENESTnd trial com pared nilotinib at var ied doses vs imati-
nib for newly diag nosed CML. At the 10-year median fol low-up, 
rates were 16.5% for nilotinib at 300 mg twice daily and 23.5% for 
400 mg twice daily vs 3.6% for imatinib, includ ing in Framingham 
car dio vas cu lar-assessed low-risk patients.29 Mechanisms remain 
under inves ti ga tion; pos tu lated causes include endo the lial cell 
effects,30 proinflammatory and pro-oxi da tive stress fac tors,31 
and lipid, coag u la tion, and plate let effects (some par a dox i cal),32 
among oth ers. Sequencing stud ies have suggested dif fer en tial 
expres sion pat terns in tar get tis sues (such as endo the lial cells),33 

and the spec ter of clonal hema to poi e sis has been rightly raised 
as a poten tial con trib ut ing fac tor in throm botic events in CML.34 
Of note, the pres ence and poten tial impact of other mye loid 
muta tions aside from BCR-ABL1 fusion on sev eral fronts, includ-
ing pri mary response, the abil ity to achieve suc cess ful TFR in oth-
er wise “eli gi ble” cases, and adverse events, espe cially vas cu lar, 
are just begin ning to be unveiled as broader, deeper sequenc ing 
is performed in CML.6

Pulmonary com pli ca tions of TKI ther apy are also of spe cifc 
inter est, warranting aware ness, early inter ven tion, and con sid er-
ation of spe cifc sur veil lance. Most nota bly, pleu ral and peri car dial 
fluid accu mu la tion as well as pul mo nary arte rial hyper ten sion have 
been observed, most often with dasatinib ther apy. Initial anal y sis 
suggested that car diac dis ease and sys temic arte rial hyper ten sion 
were predisposing fac tors to develop pleu ral effu sions on dasat-
inib35; a larger meta-anal y sis with lon ger fol low-up suggested, in 
mul ti var i ate anal y sis, that age was an inde pen dent pre dic tor.36 
Distinct from many other effects asso ci ated with TKIs, the risk 
of devel op ing pleu ral effu sions may be spread over many years’ 
time or the entirety of treat ment; a 7-year fol low-up of sec ond-line 
dasatinib noted a cumu la tive inci dence of 28% to 35% (depending 
on TKI dose) and a 5% inci dence of new events in year 7.37 The 
DASISION study of front line dasatinib noted a steady 8% per year 
inci dence and a cumu la tive inci dence of 38% at 5 years and also 
cited age as a pre dic tor.38 Both dose and sched ule influ enced the 
like li hood of pleu ral effu sions in sec ond-line stud ies, con trib ut ing 
to the change to opti mized once-daily reduced dos ing of dasatinib 
in CML. Continued inquiry into opti miz ing the risk/ben e ft bal ance 
with dasatinib is evidenced by a com pel ling sin gle-cen ter, sin gle-
arm study of 50 mg dos ing for newly diag nosed chronic-phase CML 
in which pleu ral effu sions were observed in only 6% of patients 
after a median fol low-up of 24 months.39

Specifc man age ment rec om men da tions in the case of dasat-
inib pleu ral effu sions have been devel oped40; how ever, the exact 
mech a nisms of action and the best mit i ga tion strat egy remain 
elu sive. Given its pro fle beyond ABL kinase inhi bi tion, as an 
inhib i tor of the SRC fam ily of kinases and lym pho cyte-spe cifc 
pro tein kinase, a related phe nom e non observed with dasati-
nib ther apy includes periph eral blood lym pho cy to sis,41 with a 
large gran u lar lym pho cyte mor phol ogy that is directly cor rel-
a tive to dasatinib dos ing.42 While poten tially asso ci ated with 
other inflam ma tory phe nom ena, includ ing coli tis and fol lic u lar 
hyper pla sia/lymph node enlarge ment,43 periph eral blood lym-
pho cy to sis is observed in approx i ma tely one-third of treated 
patients and is asso ci ated with higher response rates, lon ger 
response dura tions, and increased over all sur vival, support-
ing a poten tial immu no mod u la tory role.44 Additionally, pul mo-
nary arte rial hyper ten sion has been observed, thank fully rarely 
(<1%).45 It is most often asso ci ated with dasatinib (and occurs 
less often but has been noted with bosutinib and ponatinib) yet 
con founded by how infre quently right heart cath e ter i za tion is 
performed to inves ti gate symp toms prop erly. Carefully vet ted 
cases (diag nosed with right heart cath e ter i za tion) warranted TKI 
dis con tin u a tion, and while the major ity were revers ible, approx i-
ma tely one-third of cases dem on strated per sis tence,46 val i dat ing 
the need for closer atten tion to this TKI risk.

Risks asso ci ated with ponatinib
Considered inde pen dently given its more dis tinct risk pro fle, 
ponatinib offers an excel lent abil ity to sal vage poor response in 
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chronic-phase CML, shows eff cacy in the face of select resis-
tance (ABL kinase domain muta tion thre o nine for iso leu cine at 
posi tion 315-T315I), and has a prob a bly often mis un der stood 
adverse event pro fle. Ponatinib expe ri ence in a phase 1 study 
noted prominent adverse effects, includ ing rash and acnei-
form der ma ti tis, arthral gias/fatigue, and a clear risk of pan creas 
inflam ma tion greater than other TKIs with lipase ele va tion, hyper-
triglyceridemia, and pan cre a ti tis at equally ele vated rates47; a 
sig nal of vas cu lar tox ic ity had not yet emerged. Commensurate 
with pub li ca tion of the PACE trial in late 2013,48 the US Food and 
Drug Administration (FDA) requested and the man u fac turer (at 
that time, Ariad Pharmaceuticals) agreed to sus pend the mar-
ket ing of ponatinib. Data from PACE showed “sig nif  cant anti leu-
ke mic activ ity across categories of dis ease stage and muta tion 
sta tus” but reported that seri ous arte rial throm botic events 
(includ ing cere bro vas cu lar, car dio vas cu lar, and periph eral vas cu-
lar events) were ris ing, ini tially num ber ing 8.9% (2.9% treat ment 
related) dur ing the study and then going up to 11.8%. The inci-
dence of all  arte rial throm botic events, seri ous or not, was 17.1%. 
While the rate was not increas ing over time, the accu mu la tion 
with addi tional fol low-up (>24 mo) led to the mar ket ing sus pen-
sion and halt ing of ponatinib front line stud ies. As men tioned rel-
a tive to the sec ond-gen er a tion TKIs nilotinib and bosutinib, the 
mech a nisms and basis for such events remain unclear, with sev-
eral hypoth e ses. A focus on ponatinib in par tic u lar is ongo ing 
and includes such con cepts as a throm botic throm bo cy to pe nic 
pur pura-like microangiopathic mech a nism.49

Based on addi tional data from the phase 1 study and the afore-
men tioned emerg ing data, the label for ponatinib then included 
a vas cu lar adverse event (arte rial and venous) rate of 27% and 
a fairly nar row indi ca tion (T315I muta tion-bear ing patients and 
those in whom “no other TKI is indi cated”), and a risk eval u a tion 
and mit i ga tion strat egy was requested. In con trast, ponatinib 
retained Euro pean Medicines Agency mar ket ing autho ri za tion 
as well as its indi ca tion for patients car ry ing the T315I muta tion 
and those resis tant or intol er ant to dasatinib or nilotinib and for 
whom imatinib was not clin i cally appro pri ate and con cluded 
a some what lower vas cu lar event rate. Data and fur ther guid-
ance for the opti mal use of ponatinib have con tin ued to evolve; 
as such the 2020 updated guide lines issued by the Euro pean 
LeukemiaNet rec om mend ponatinib in patients with resis tance 
to a sec ond-gen er a tion TKI (dasatinib, nilotinib, and bosutinib), 
even with out spe cifc muta tions, unless its use is pre cluded by 
the pres ence of car dio vas cu lar risk fac tors.50 Very recent data 
from the dose-fnd ing OPTIC study,51 enroll ing patients with CML 
resis tant/intol er ant to ≥2 TKIs or car ry ing the T315I muta tion to 
receive 45, 30, or 15 mg ini tially followed by 15 mg main te nance 
upon achiev ing ≤1% BCR-ABL lev els, sug gest an opti mal ben e ft/ 
risk pro fle for the 45 mg starting dose.

What lies at the heart of the mat ter—no pun intended—
regard ing the true risk of vas cu lar adverse events is per haps how 
they are quan ti fed and attrib uted. A recent study deployed an 
inde pen dent end point adju di ca tion com mit tee (EAC) includ-
ing car di  ol ogy, hema tol ogy, and neu rol ogy input to reexamine 
the vas cu lar adverse events from the PACE study of ponatinib. 
It noted that while AOEs iden ti fed by the Medical Dictionary 
for Regulatory Activities pre ferred terms num bered 25%, the 
blinded EAC, using Amer i can College of Cardiology/Amer i can 
Heart Association def  ni tions, noted 17%.52 Serious AOEs by the 
Medical Dictionary for Regulatory Activities terms num bered 

20%, while the EAC ver i fed 16%. With these data and a sup-
ple men tal new drug appli ca tion, the FDA approved an updated 
indi ca tion for ponatinib in the US—namely, patients with resis-
tance or intol er ance to at least 2 prior kinase inhib i tors.

On the hori zon: asciminib
Asciminib is a novel ABL kinase inhib i tor, a so-called STAMP (spe-
cif  cally targeting the ABL myristoyl pocket) inhib i tor. Function-
ing as an allo ste ric inhib i tor of the deregulated BCR-ABL kinase 
by targeting the myristoyl pocket in con trast to the active 
site (aden o sine tri phos phate-bind ing) mech a nism of all  other 
licensed ABL kinase inhib i tors, asciminib holds the prom ise of 
dis tinct sin gle-agent activ ity in Philadelphia-pos i tive leu ke mias 
as well as the poten tial for ratio nal com bi na tion ther apy (aden-
o sine tri phos phate-bind ing + myristoyl-bind ing ABL inhib i tor 
ther apy). Initial phase 1 study reports in mainly chronic-phase 
patients with multi-TKI resis tance/intol er ance indi cated con-
vinc ing eff cacy and min i mal resis tance via novel muta tions.53 
A sub se quent ran dom ized study of asciminib in com par i son to 
bosutinib for chronic-phase CML patients with 2 prior ther a-
pies and no resis tance muta tions to bosutinib or T315I muta tion 
con frmed asciminib’s supe ri or ity regard ing major molec u-
lar response at 6 months, the pri mary end point of the study, 
as well as other end points, includ ing com plete cyto ge netic 
response.54 Given its nov elty as a STAMP inhib i tor, its potency 
and spec i fc ity for the myristoyl pocket of ABL1, and its broad 
inac tiv ity against other kinases, includ ing SRC kinase,55 the tox-
ic ity pro fle of asciminib to date has also been prom is ing. The 
phase 1 study lim it ing tox ic ity was lim ited to lipase ele va tion 
with a sin gle case of pan cre a ti tis, arthral gia/myal gia, abdom-
i nal pain, and bron cho spasm and a sin gle case of acute cor-
o nary syn drome; lipase ele va tion/pan cre a ti tis remains a class 
effect prominent with nilotinib and ponatinib and now asso ci-
ated with asciminib. In the phase 3 ASCEMBL study com par ing 
asciminib to bosutinib, mark edly lower-gas tro in tes ti nal adverse 
events were observed with asciminib com pared to bosutinib, as 
one might expect; how ever, as with all  TKIs, closer atten tion is 
often paid to vas cu lar adverse events, and 2 deaths occurred in 
the asciminib arm fall ing into this cat e gory (ische mic stroke and 
arte rial embolism per the report). Dissecting out any asso ci a-
tion and risk will take more time, and rec og ni tion of the heavily 
pretreated nature of the patient pop u la tion in the ASCEMBL trial 
is warranted. At the pres ent time, asciminib appears to have  
a nar row spec trum of tox ic ity, and no con clu sive evi dence of a 
vas cu lar/car dio vas cu lar sig nal exists as of yet, nota bly after a 
very long-last ing (>7 years) phase 1 study. It offers great prom-
ise in resis tant/intol er ant patients, will inspire ongo ing explo ra-
tion into com bi na tion approaches, and rep re sents a sig nif  cant 
advance ment in the feld.

CLINICAL CASE (Con tin ued)
After thor ough dis cus sion about risk strat i f ca tion and the rel-
a tive mer its and risks of avail  able TKI ther a pies spe cifc to her 
case, you fnd your self not ing the safety and likely suc cess 
of imatinib-based ther apy contrasted with the poten tial for 
improved early and deep response with any of the sec ond- 
gen er a tion TKI options and presenting either option as rea son able. 
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You pro ceed to take a more detailed back ground med i cal his-
tory and fnd her to be free of any active car dio vas cu lar or met-
a bolic dis or ders such as heart dis ease, hyper ten sion, dia be tes, 
renal dis ease, hyper lip id emia, or other chronic con di tions. Her 
weight is near ideal, and she does not smoke; how ever, she 
can not offer a fam ily his tory as she was adopted as an infant. 
When asked about recent screen ing for the above con di tions, 
she can not recall her last pri mary care appoint ment as she is 
“very healthy and has not needed to go to the doc tor, espe-
cially dur ing the pan demic” and has never seen a car di  ol o gist 
or had any car dio vas cu lar stud ies.

Assessing comorbidity in the CML patient pop u la tion
Simply stated, to man age the car dio vas cu lar and other risks in 
patients with CML, one must embrace the “whole patient”—the 
full health his tory, active and qui es cent comorbid con di tions, 
vulnerabilities as best one can judge—plac ing gen eral med i cal 
con sid er ations in clear focus in antic i pa tion of leu ke mia care. The 
aver age age at CML diag no sis varies widely across the globe,56 
rang ing from medi ans in the 40s in Asia and Africa, to the 60s in 
North America, and to >70 in the Oceanic region (Australia, etc). 
The local/regional spe cif cs of poten tial clin i cal chal lenges vary 
and may not be well char ac ter ized—eg, in a large ter tiary refer-
ral cen ter in Soweto, Johannesburg, South Africa, 7% of all  CML 
patients carry a diag no sis of both HIV and CML.57 Access to ther apy 
is not equi ta ble glob ally; orga ni za tions such as the non proft MAX 
Foundation (www  .themaxfoundation  .org) have partnered with key 
spon sors to facil i tate low- or no-cost TKI ther apy for CML and other 
dis eases, account ing for >10 mil lion doses of ther apy over a recent 
span of 3 years. Underserved regions may have lim ited access to 
pro vid ers and risk assess ment, adding to the chal lenge.

In more eco nom i cally favor able set tings, data sug gest that 
comorbidities are com mon in patients with CML and may influ-
ence treat ment choice and out come. A large US series of >2000 
CML patients and data from the EUTOS (Euro pean Treatment 
and Outcome Study for CML) study with nearly 3000 cases 
found that comorbidities were pres ent in >50% of CML cases, 
and car dio vas cu lar-related comorbidities such as hyper ten sion 
and dia be tes were pres ent in approx i ma tely 40% of cases.58,59 
The large obser va tional SIMPLICITY study reported that the 
pri mary basis for TKI choice (US/EU data set) was for “per-
ceived eff cacy” in >50%, while only approx i ma tely 9% pri mar-
ily regarded comorbidities.60 Widely used treat ment guide lines 
such as the Euro pean LeukemiaNet have begun to incor po-
rate a broader con sid er ation of comorbidities into the ini tial 
screen ing (inclu sion of lipid pro fle, dia be tes screen ing, etc) 
and com ment on patient selec tion based on comorbid risks 
and adverse event pro fles of the var i ous TKIs.50 The US National 
Comprehensive Cancer Network,10 while clearly stat ing TKI tox-
icities and man age ment, has yet to sig nif  cantly incor po rate 
comorbidity assess ment or related risk strat i f ca tion.

Several stud ies have clearly driven home the cen tral ity of 
comorbidities in CML out comes. The Charlson Comorbidity Index, 
which incor po rates age along with key con di tions—includ ing 
myo car dial infarc tion, con ges tive heart fail ure, periph eral vas cu-
lar dis ease, cere bro vas cu lar acci dent or tran sient ische mic attack, 
demen tia, chronic obstruc tive pul mo nary dis ease, con nec tive 
tis sue dis ease, pep tic ulcer dis ease, liver dis ease, dia be tes melli-
tus, hemi ple gia, chronic kid ney dis ease, can cer (blood and solid 

tumor), and AIDS—was exam ined in the set ting of imatinib-based 
ther apy in the Ger man CML IV study and in the broader set ting 
of imatinib, nilotinib, and dasatinib.61,62 Both stud ies found that 
the Charlson Comorbidity Index was con sis tently the stron gest 
pre dic tor of sur vival in CML, includ ing age-inde pen dent anal y sis, 
and in fact did not affect TKI treat ment suc cess, lead ing to the 
con clu sion that sur vival of patients with CML is deter mined more 
by comorbidities than by CML itself.

The who, what, and when of risk assess ment  
and mit i ga tion for the patient with CML
One of my most mem o ra ble quotes from med i cal school, from 
a cherished leu ke mia attend ing, was sim ple and pow er ful: “You 
can’t be a good hema tol o gist/oncol o gist unless you are a good 
inter nist first.” A leu ke mia diag no sis, even one with such hope, 
mul ti plic ity of effec tive options, and guid ance based on response 
mile stones as CML has, often leaves other health issues and fol low- 
up in a blur as leu ke mia care comes into focus. Leukemia care 
engulfs the pres ent, with fre quent blood work and check ups; given 
the inten sity and nuances of care, oth ers feel it best to step aside 
and stay at a dis tance for fear of neg a tively affect ing can cer treat-
ment suc cess. Rather than a point of sep a ra tion, in CML, the time 
of diag no sis and there af ter need to be the oppo site—a point of 
alli ance between leu ke mia spe cial ists, pri mary care/inter nal med-
i cine, and oth ers as needed, par tic u larly in car dio vas cu lar med i-
cine. Continued fol low-up with pri mary care/inter nal med i cine is 
essen tial for patients with CML. With high rates of remis sion and 
data supporting a nor mal life expec tancy, every thing stays on the 
table. Age-appro pri ate “other” can cer screen ings should pro ceed, 
as well as man age ment of the fre quently observed and poten tially 
exac er bated comorbidities of hyper gly ce mia/dia be tes, hyper lip-
id emia, and hyper ten sion and frst and fore most, screen ing for and 
man age ment of car dio vas cu lar dis ease. Open dia logue, divi sion 
of labor, and free com mu ni ca tion regard ing treat ment plans and 
inter ven tions must be established early after diag no sis to pre vent 
missed oppor tu nity. Seemingly minor things, such as pre scrip tion 
of acid sup pres sion med i ca tion such as pro ton pump inhib i tors, 
may severely impair TKI expo sure and response.63

The sub spe cialty feld of “cardio-oncol ogy”—car di  ol o gists 
who focus on can cer dis ease and ther apy com pli ca tions—has 
been a boon to hema tol ogy/oncol ogy pro vid ers man ag ing CML 
as the tri fecta of (1) remark ably lon ger sur vival/nor mal life span 
expec ta tions with the devel op ment of TKIs, (2) the breadth of 
TKI choices, includ ing more potent BCR-ABL1 inhib i tors, and, 
unfor tu nately, (3) the rec og ni tion that vas cu lar/car dio vas cu lar 
AEs may be among the most impactful risks hin der ing the over-
all suc cess of CML ther apy. Having car di  ol ogy pres ent as part 
of the CML edu ca tion ses sion at the 2017 Amer i can Society of 
Hematology meet ing dem on strated the need for closer alli ance, 
col lab o ra tion, and coman age ment.64 Provisional guide lines have 
been published in reviews over the last sev eral years focused 
on man ag ing car dio vas cu lar adverse events in CML,65-67 focused 
spe cif  cally on ponatinib and nilotinib,68-70 as well as posi tion 
papers suggesting CML clin i cal trial adverse event reporting 
should align with car dio vas cu lar med i cine def  ni tions.71

So, who? Practically speak ing, inven tory of comorbid con di-
tions and vet ting of nec es sary inter ven tions, and spe cifc inven-
tory of car dio vas cu lar risk, is pru dent for all  patients. How? 
Several val i dated tools are read ily avail  able to assess car dio-
vas cu lar risk and sub se quent event (for exam ple, 10 year) risk, 
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includ ing the Framingham “hard” (non di a betic, no prior clau-
di ca tion/cor o nary heart dis ease) risk score stem ming from the 
long-run ning Framingham heart study.72,73 The Euro pean Society 
of Cardiology devel oped and val i dated the SCORE (Systematic 
Coronary Risk Evaluation) Risk Charts for use as a car dio vas cu-
lar dis ease risk assess ment model for patients in Europe. It is 
divided into higher- and lower-risk countries and can be cali-
brated for spe cifc countries’ mor tal ity data.74 The SCORE charts 
were exam ined in the set ting of nilotinib ther apy by sev eral 
CML groups, includ ing France and Italy,75,76 dem on strat ing that 
base line assess ment via SCORE could be a valid tool to iden-
tify patients at high risk of ath ero scle rotic events dur ing nilo-
tinib treat ment. Long-term data emerg ing from the ENESTnd 
study of front line nilotinib, using Framingham risk assess ment, 
cau tioned that in addi tion to higher cumu la tive rates of car-
dio vas cu lar events reported with nilotinib (300 mg twice daily, 
16.5%; 400 mg twice daily, 23.5%) vs imatinib (3.6%), said events 
were pos si ble in Framingham low-risk patients.29 Other region- 
spe cifc risk assess ment tools can and should be incor po rated 
into prac tice with CML patients; in the United Kingdom, the 
QRISK score also cal cu lates the 10-year risk of car dio vas cu lar 
or cere bro vas cu lar events spe cifc to the UK pop u la tion and 
incor po rates postal codes in addi tion to an increas ing num ber 
of clin i cal pre dic tors.77

The “when” of car dio vas cu lar risk assess ment—fre quency or 
peri od ic ity of key inter ven tions at a gen eral level at least and ide-
ally patient or patient/TKI risk level—and likely the more pre cise 
details of which diag nos tic tools, poten tial bio mark ers, etc, are 
most infor ma tive con tinue to be inves ti gated. A unique pro spec-
tive study in the US of car dio vas cu lar and met a bolic param e ters 
at diag no sis of CML and sub se quently through treat ment, agnos-
tic to TKI choice, has reported high rates of base line risk and con-
tin ues to gather data on changes with time on treat ment.78 At 
pres ent, the use of pro vi sional cardio-oncol ogy-derived guide-
lines and leu ke mia con sor tium-based guide lines,64,79,80,81 driven 
by patient comorbidity and TKI choice, adds sim ple and lower 
cost empiric mon i tor ing based on known risks and thee best-
avail  able diag nos tics/pre dic tors of preexisting or accel er at ing 
vas cu lar dis ease. At the most basic level, broad use of a sim ple 
ABCDE approach—(a)wareness, (a)nkle-bra chial index test ing, 
(a)spirin ther apy, (b)lood pres sure con trol, (c)igarette ces sa tion, 
and (c)holesterol low er ing—will raise aware ness and at a min i-
mum facil i tate stan dard of care inter ven tion for comorbid fnd-
ings in CML patients.

CLINICAL CASE (Con tin ued)
While fnal iz ing the last hema to logic assess ments and confrm-
ing her genetic results and pathol ogy, you offer the patient 
a con sul ta tion in your cen ter’s pri mary care clinic, which she 
eagerly pur sues as she is wor ried about her gen eral health 
given the CML diag no sis. The result of your TKI choice dis cus-
sion led you to rec om mend a sec ond-gen er a tion TKI, and in 
dis cus sion with the pri mary care team, a screen ing eval u a tion 
with the cen ter’s car di  ol ogy group is sched uled. She under-
goes basic met a bolic and func tional imag ing and is found to 
have a low risk of events in the next 10 years. Cardiovascular 
mon i tor ing is pre scribed by the car di  ol o gist to con tinue in the 

pri mary care and hema tol ogy clin ics with basic blood pres sure 
and met a bolic dis ease screen ing, with a return to car di  ol ogy if 
symp toms or evi dence of vas cu lar dis ease devel ops.

Cardiovascular risk man age ment and pre ven tion:  
too much, too lit tle?
It is inar gu able that inter ven tion for comorbidities, such as 
aspi rin or lipid-low er ing ther apy as pri mary or sec ond ary pre-
ven tion in patients with iden ti fed indi ca tions based on car dio-
vas cu lar guide lines, is essen tial. Intervention based on risk of 
com pli ca tions dur ing TKI ther apy, based solely on the TKI risk, 
is much less clear of a ben e ft/risk and ide ally should be stud ied 
in con trolled tri als. Given the size needed for such tri als done 
in the non-CML set ting, frm evi dence-based data for pre emp-
tive inter ven tion may be elu sive. Smaller directed stud ies have 
looked at pre ven ta tive inter ven tions; an Ital ian study exam in-
ing ponatinib-treated patients (n = 85), strat i fed based on the 
Euro pean Society of Cardiology SCORE charts as was done for 
nilotinib, included a pri mary pre ven tion strat egy using 100 mg 
of aspi rin daily in a sub set (n = 19); no sig nif  cant dif fer ences 
were noted, but trends toward decreased AOEs and improved 
sur vival were reported.82 Drug-drug inter ac tions and other 
adverse event risks from adding pre ven ta tive ther apy are not 
to be overlooked. While we may feel com pelled to inter vene 
with pre ven tion for all  patients treated with higher-risk TKIs, risk 
strat i f ca tion may help jus tify inter ven tion in larger num bers of 
cases, but an “only where indi cated” approach may be more 
pru dent.

Is TKI ther apy life long, and could bet ter ther apy help  
mit i gate risk?
We are at a cross roads in the treat ment of CML, hav ing frst 
rev o lu tion ized the prin ci pal approach with the devel op ment of 
TKIs and now mov ing away from a “trans plant when pos si ble” 
approach and expec ta tions of dimin ished sur vival in oth ers to 
a par a digm of “trans plant only when abso lutely needed” and 
near-nor mal or nor mal life expec tancy for most. Targeted ther-
apy in CML has fos tered a new modus ope randi of chronic main-
te nance che mo ther apy—new in can cer for the most part—thus 
rais ing rea son able fears of mor bid ity from con tin ual, poten tially 
life long che mo ther apy. Twenty years after imatinib’s record-
break ing fast approval by the FDA, we take solace in the rel a tive 
safety of TKIs, led by imatinib, followed by more hes i tant con-
f dence in the long-term safety of our more potent and sub se-
quently devel oped agents. The advent of TFR as an option for 
CML has brought the next cross road: Can we make CML ther-
apy as lim ited as pos si ble, and func tion ally cure the can cer, in 
more/many/all  patients?

TFR stud ies have expanded greatly, and data from tri als 
performed after pri mary or sec ond ary treat ment with sec ond- 
gen er a tion TKIs are avail  able. Trials with nilotinib and dasatinib 
as sec ond-line ther apy after imatinib resis tance or intol er ance, 
or as a means to opti mize deep remis sion, have proven that TFR 
is both fea si ble and sim i larly suc cess ful to a more uncom pli-
cated TFR after pri mary imatinib or sec ond-gen er a tion TKIs.83,84 
While over all rates of TFR suc cess may not be higher in stud ies 
with sec ond-gen er a tion TKIs used as front line ther apy,84,85 the 
rapid ity of deep remis sion may afford more rapid eli gi bil ity to 
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con sider TFR and thus reduce treat ment dura tion/expo sure and 
the poten tial like li hood of toxicities. If TFR were more per va sive 
and suc cess ful and achiev able on a more global level, this would 
change the per spec tive on tox ic ity for cer tain as short-term and 
life long risk are strik ingly dif fer ent. The next steps in long-term 
tox ic ity assess ment should incor po rate crit i cal think ing into 
the rel a tive ben e fts of more potent ther a pies and strat e gies 
cou pled with the ben e fts of lim it ing dura tion of treat ment for 
patients with CML.

CLINICAL CASE (Con tin ued)
Your patient proceeded to ther apy with a sec ond-gen er a tion 
TKI and achieved rapid and deep response. Major molec u lar 
response occurred within 6 months, and deep remis sion (>MR 
4, <0.01% IS BCR-ABL) was pres ent from 9 months through a 
total 3 years of treat ment. She con tin ued with her new pri-
mary phy si cian and did not develop any major com pli ca tions. 
She was delighted with her response and eager to pur sue TFR 
shortly after her 3 years in remis sion and 2 ¼ years in deep 
molec u lar remis sion. She remains off treat ment in suc cess ful 
TFR and is eter nally grate ful for you man ag ing her CML so well 
and ensur ing she had excel lent pri mary care and an intro duc-
tion to car di  ol ogy care.

Key points
• At diag no sis/ini tial pre sen ta tion of CML, appraisal of the pa-

tient’s full comorbidity pro fle is vitally impor tant and affects 
sur vival more than the CML.

• CML risk strat i f ca tion (Sokal, EUTOS Long Term Survival, etc) 
affects TKI response and the suc cess of poten tial TFR out-
come and may assist with TKI choice.

• Cardiovascular risk assess ment (Framingham, SCORE, oth ers) 
at diag no sis can also assist with TKI choice and can clar ify the 
need and mer its of any pre ven ta tive inter ven tions.

• TKI choice dic tates gen eral (class) and drug-spe cifc base-
line and lon gi tu di nal mon i tor ing for adverse events; TKIs with 
more sig nif  cant car dio vas cu lar risk war rant reg u lar car dio-
vas cu lar mon i tor ing.

• Partnership and coor di na tion with pri mary care/gen eral inter-
nal med i cine and sub spe cialty med i cine, espe cially car di  ol ogy/ 
cardio-oncol ogy, serves CML patients best to iden tify and 
man age adverse events and con tinue age-appro pri ate health 
and other can cer screen ings.

• TFR as a goal of ther apy, by lim it ing TKI dura tion, may sig nif -
cantly mod ify TKI ther apy risk, but life long ther apy remains a 
nec es sary par a digm and mindset in man ag ing the increas ing 
num ber of patients sur viv ing CML.
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