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   Despite the dra matic improve ments in out comes for the major ity of chronic mye loid leu ke mia (CML) patients over 
the past 2 decades, a sim i lar improve ment has not been observed in the more advanced stages of the dis ease. Blast 
phase CML (BP - CML), although infre quent, remains poorly under stood and inad e quately treated. Consequently, the 
key ini tial goal of ther apy in a newly diag nosed patient with chronic phase CML con tin ues to be pre ven tion of dis ease 
pro gres sion. Advances in geno mic inves ti ga tion in CML, spe cifi   cally related to BP - CML, clearly dem on strate we have 
only scratched the sur face in our under stand ing of the dis ease biol ogy, a pre req ui site to devis ing more targeted and 
effec tive ther a peu tic approaches to pre ven tion and treat ment. Importantly, the intro duc tion of the con cept of  “ CML -
 like ”  acute lym pho blas tic leu ke mia (ALL) has the poten tial to sim plify the dif fer en ti a tion between BCR::ABL1 - pos i tive 
ALL from de novo lym phoid BP - CML, opti miz ing mon i tor ing and ther a peu tics. The devel op ment of novel treat ment 
strat e gies such as the MATCHPOINT approach for BP - CML, uti liz ing com bi na tion che mo ther apy with fl udarabine, cytar-
abine, and idarubicin in addi tion to dose - mod i fi ed ponatinib, may also be an impor tant step in improv ing treat ment 
out comes. However, iden ti fy ing patients who are high risk of trans for ma tion remains a chal lenge, and the recent 2022 
updates to the inter na tional guide lines may add fur ther con fu sion to this area. Further work is required to clar ify the 
iden ti fi  ca tion and treat ment strat egy for the patients who require a more aggres sive approach than stan dard chronic 
phase CML man age ment.  

   LEARNING OBJEC TIVES 
    •  Understand the impli ca tions of the revised defi   ni tions of CML phases with regards to iden ti fy ing patients of 

highest poten tial for trans for ma tion 
   •  Understand the recent devel op ments in dis ease biol ogy and ther a peu tics in blast phase chronic mye loid 

leu ke mia  

  CLINICAL CASE 1 
  A 26 - year - old man was diag nosed with chronic mye loid 
leu ke mia (CML) in the chronic phase (CP) fol low ing pre-
sen ta tion with a marked leu ko cy to sis (white blood cell 
count, 360    ×    10 9  / L), mod er ate ane mia, and nor mal plate let 
count. He was clas si fi ed as high risk by the ELTS score and 
was com menced on 100    mg / d dasatinib. While he dem-
on strated an early hema to logic response to dasatinib and 
rapid fall in  BCR::ABL1  val ues to below 10 % , by 2 months, 
there was emer gence of cir cu lat ing lym pho blasts, and 
bone mar row biopsy spec i men con fi rmed pro gres sion to 
lym phoid blast phase (BP).  

 Introduction 
 While the intro duc tion of tyro sine kinase inhib i tors (TKIs) 
rev o lu tion ized the land scape of ther a peu tic options in 
chronic mye loid leu ke mia (CML), enabling most patients 
to reach opti mal molec u lar tar gets and out comes, there 
remains a sub set of patients who either pres ent in or prog-
ress to more advanced stages of the dis ease. Even upfront 
ther apy with potent sec ond - gen er a tion TKIs (2G - TKIs) does 
not com pletely negate the risk of pro gres sion to either 
accel er ated phase (AP) or blast phase (BP) CML as dem on-
strated in long - term fol low - up data from the key front line 
TKI stud ies ( Table 1 ), although that risk has been mark edly 
reduced com pared to front line imatinib - treated patients. 
Reversion to chronic phase CML (CP - CML) remains  crit i cal, 
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Table 1. Incidence of pro gres sion to accel er ated and/or blast phase in the major front line TKI stud ies in chronic phase CML

Clinical trial (fol low-up in years)
Frontline TKI (dose)

Imatinib Nilotinib Dasatinib Bosutinib

IRIS42 (10 years) 7% (400  mg)

TOPS43 (42 months) 4.5% (400  mg)/2.5% (800  mg)

CML-IV44 (10 years) 6% (400  mg)/5% (800  mg)

TIDEL-II45 (40 months) 3.5% (600  mg)

ENESTnd46 (10 years) 8.5% (400  mg) 4% (300  mg BD)/2% (400  mg BD)

ENESTfirst (24 months) 0.6% (300  mg BD)

DASISION47 (5 years) 7% (400  mg) 5% (100  mg)

BFORE48 (5 years) 3% (400  mg) 2% (400  mg)

BD, twice daily.

but long-term cure with TKI alone has rarely been achieved,1 
neces si tat ing early inter ven tion with an allo ge neic stem cell 
trans plant where pos si ble for those diag nosed with BP-CML who 
can achieve a sec ond CP-CML.

The dif fi cul ties in iden ti fy ing and man ag ing patients with 
dis ease that does not exem plify the clas sic CP-CML that most 
cli ni cians are famil iar with will be discussed in this chap ter. The 
chal lenges asso ci ated with the recent updates in inter na tional 
guide lines will also be explored. Understanding the dis ease biol-
ogy of pro gres sion and/or BP-CML is imper a tive and dif fer en ti-
at ing de novo BP-CML from Philadelphia chro mo some–pos i tive 
(Ph+) acute leu ke mia is increas ingly vital to ensure appro pri ate 
inter pre ta tion of results and opti mal ther a peu tic deci sions. Fur-
thermore, the path way to pro gres sion is not well under stood 
with the patho gno monic BCR::ABL1 fusion alone likely insuf-
fi cient to drive pro gres sion to BP-CML with stud ies exam in-
ing geno mic pro files in BP-CML uncovering addi tional genetic 
abnor mal i ties in almost all  cases.2 Exploring the impact of next-
gen er a tion sequenc ing (NGS) in this con text is highly rel e vant. 
Finally, appre ci at ing the emerg ing devel op ments in BP-CML 
ther a peu tics and the inte gra tion of these find ings into the cur-
rent treat ment spec trum is nec es sary. Clinical cases will be used 
to illus trate key points raised in this chap ter.

Reviewing the def  ni tions
Defining the stages of CML has become more com pli cated with 
recent updates to the var i ous clas si fi ca tion sys tems, with the 
World Health Organization (WHO) abolishing AP-CML alto gether 
(Table 2).3 Patient stag ing may be altered, which may in turn 
impact ther a peu tic deci sions, depending on which guide line is 
being applied. The reduced inci dence of pro gres sion to AP in 
addi tion to most de novo AP patients hav ing sim i lar responses 
to patients with CP-CML with TKI ther apy formed the basis of the 
jus ti fi ca tion for this major alter ation to the WHO posi tion,3 with 
the over all con sen sus being that the triphasic nat u ral course 
of CML has become less rel e vant in the TKI era. However, the 
removal of AP as a cat e gory implies that there is no inter me di ary 
phase where patients may be at higher risk of trans for ma tion, 
which as many cli ni cians will appre ci ate is a fal lacy.

Surprisingly, the cyto ge netic pro file is not taken into account 
at any point with the updated WHO guide lines.3 Almost all  
of the other guide lines incor po rate addi tional cyto ge netic  

abnor mal i ties (ACAs) as a key defi  ni tion of AP-CML with minor 
dif fer ences such as inclu sion of 3q26.2 rearrangements and com-
plex cyto ge net ics in the pre vi ous iter a tions of the WHO.4-6 The 
orig i nal ACAs are defined as tri somy 8, addi tional Ph trans lo ca-
tion, iso chro mo some 17q, and tri somy 19. Additional high-risk 
cyto ge netic lesions, includ ing tri somy 21, 3q26.2, mono somy 
7/7q-, 11q23, and a com plex kar yo type, together with the orig-
i nal ACAs were iden ti fied as con fer ring an infe rior over all sur-
vival (OS) and a higher pro pen sity to be pres ent at BP-CML.7 
In fact, when these events were observed in con junc tion with 
lower blast counts (defined as 1%-15%), it also heralded dis ease 
pro gres sion and infe rior OS.7 Cytogenetic inter ro ga tion of the 
SPIRIT2 cohort, which com pared upfront dasatinib to imatinib in 
newly diag nosed patients with CP-CML, revealed that the pres-
ence of ACAs did not cor re late with either the Sokal or ELTS but 
was inde pen dently pre dic tive of pro gres sion-free sur vival (PFS).8 
While the PFS was dom i nated by non-CML deaths with out evi-
dence of pro gres sion and so per haps masks the true impact of 
ACAs (orig i nal and mod i fied), the free dom from pro gres sion 
anal y sis clearly dem on strated that the pres ence of any one of 
these lesions con ferred an infe rior free dom from pro gres sion 
com pared to the absence of ACAs (76% vs 98%, P < .001) detected 
at diag no sis.8 Data from a ret ro spec tive anal y sis of patients with 
CML treated at the MD Anderson Cancer Center also con firmed 
an infe rior OS and molec u lar responses, espe cially in asso ci a tion 
with selected ACAs, includ ing i(17), mono somy 7/7q-, and 3q26.2 
rearrangements.9 Specific eval u a tion for the 3q26.2 abnor mal i-
ties that con tain the EVI1 locus, which when observed in acute 
mye loid leu ke mia char ac ter izes a highly aggres sive course with 
poor prog no sis, sim i larly high lights a sub set of patients with CML 
who have a very poor OS.10 Emergence of 3q26.2 abnor mal i ties 
in either CP or AP-CML had a high rate of trans for ma tion to BP, 
with the median time to pro gres sion approx i mat ing 3 months, 
while also draw ing atten tion to a group of patients with a sub-
stan dard response to TKI ther apy.10 A smaller French study eval-
u at ing 42 patients with AP-CML also con firmed the pres ence of 
ACAs predicted for a higher rate of fail ure and infe rior PFS, espe-
cially if the hema to logic fea tures of AP-CML were evi dent.11

Perhaps instead of abolishing AP-CML alto gether, it may have 
been pru dent to sim ply tighten the defi  ni tion surrounding AP-
CML as some of these higher-risk patients are not rec og nized 
within the cur rent WHO guide lines.3 The International Consensus 
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Table 2. Classifcation sys tems used in chronic mye loid leu ke mia, includ ing recent updated guide line rec om men da tions

Euro pean LeukemiaNet6,49 WHO 20165 ICC 20224 WHO 20223

Accelerated phase PB or BM blasts 15%-29% PB or BM blasts 10%-19% BM or PB blasts  
10%-19%

PB blasts + promyelocytes ≥30%

PB baso phils ≥20% PB baso phils ≥20% Peripheral blood  
baso phils ≥20%

Platelets ≤100 × 109/L  
(unre lated to ther apy)

Platelets ≤100 × 109/L (unre lated 
to ther apy) or >1000 × 109/L  
(unre spon sive to ther apy)

Splenomegaly (unre spon sive to 
ther apy)

Cytogenetic evo lu tion  
on treat ment

ACA in Ph+ cells at diag no sis, 
includ ing major route,  
com plex kar yo type, or 3q26.2 
abnor mal i ties, at diag no sis
Cytogenetic evo lu tion on  
treat ment

ACA in Ph+ cells

Consider:
ACAs in Ph+ cells
Resistance to 2 TKIs
Detection of a BCR::ABL1  
kinase domain muta tion

Provisional:
Failure to achieve CHR to first TKI
Any indi ca tion of resis tance to 2 
sequen tial TKIs
Occurrence of >2 muta tions on 
BCR::ABL1 dur ing TKI

Blast phase PB or BM blasts ≥30% PB or BM blasts ≥20% BM or PB blasts ≥20% BM or PB blasts ≥20%

Extramedullary blast  
pro lif er a tion

Extramedullary blast pro lif er a tion Myeloid sar coma Myeloid sar coma

Presence of  
mor pho log i cally  
appar ent lym pho blasts 
(>5%) war rants  
con sid er ation of  
lym phoid BP-CML

Presence of increased 
lym pho blasts in PB 
or BM

ACA, addi tional clonal cyto ge netic abnor mal i ties; BM, bone mar row; CHR, com plete hema to logic remis sion; PB, periph eral blood.

Classification (ICC), also updated in 2022, has sim pli fied the def-
i ni tion of AP-CML to only take into account 3 var i ables—blasts, 
baso phil count, and the pres ence of ACAs in Ph+ cells.4 The var i-
ables that were con sid ered “softer” defin ers of AP such as plate-
let count and spleno meg aly response are not even con sid ered 
by the ICC, and it may be rea son able to now omit these in the 
con text of stron ger evi dence addressing the other param e ters. 
Irrespective of the defi  ni tion used, AP-CML can be treated as 
high-risk CP-CML with TKI monotherapy. However, we do rec om-
mend close scru tiny of response in patients with AP-CML since 
TKI monotherapy may be inad e quate in select patients, such as 
those with 3q26.2 rearrangements.10 Allogeneic stem cell trans-
plant (Table 3) or enroll ment in clin i cal tri als inves ti gat ing agents 
that can tar get EVI1, such as BET or PARP inhib i tors, should be 
con sid ered.

While the clas si fi ca tion of AP-CML is hotly debated between 
the 2 recent updates to the ICC and the WHO, BP-CML remains 
rel a tively unchanged, although the defi  ni tion now encompasses 
lym pho blasts in the periph eral blood/bone mar row as a BP-
defin ing cri te ria in both guide lines. The ICC goes a step fur ther, 
includ ing a ≥5% cut off for cir cu lat ing lym pho blasts (Table 2).3,4 
The data supporting this change are lim ited and largely restricted 
to ret ro spec tive case series and are some what conflicting, with 

some reports not  able to dem on strate a link between pro gres-
sion to lym phoid BP-CML,12 whereas oth ers indi cate a high pro-
pen sity for early pro gres sion.13-16 This may be linked to increas ing 
reli ance on sen si tive flow cytom e try and improved dis crim i na-
tion between lym pho blasts and hematogones but also defin ing 
a blast thresh old below which pro gres sion to lym phoid BP is less 
likely. Our sug ges tion would be to per form flow cytom e try at 
diag no sis to ensure patients with excess lym pho blasts are iden-
ti fied to enable appro pri ate treat ment to be promptly ini ti ated. 
However, this may not be a cost-effec tive screen ing tool for 
most insti tu tions glob ally as an inter nal audit (unpub lished data) 
has dem on strated that diag nos tic flow cytom e try only altered 
the treating approach in <1% of newly diagnosed CML.

CLINICAL CASE 2
A 58-year-old man pres ents to a periph eral cen ter with 7% lym-
pho blasts in the periph eral blood with asso ci ated leu ko cy to-
sis with neutrophilia. BCR::ABL1 pos i tiv ity was con firmed, but 
bone mar row biopsy a few days later dem on strated CP-CML 
with no excess of blasts. The periph eral blood blast pop u la tion 
also spon ta ne ously cleared. Cytogenetics revealed a dele tion 
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of 13q, encompassing RB1, in addi tion to the stan dard Ph+ chro-
mo some. NGS con firmed the pres ence of a low-level RUNX1 
non sense muta tion in addi tion to the BCR::ABL1 trans lo ca tion. 
He was treated as CP-CML and com menced 100  mg/d dasati-
nib. While he dem on strated a com plete hema to logic response 
and an ini tial sig nifi  cant decline in BCR::ABL1 within the first 
few months, there was rapid pro gres sion to lym phoid BP at  
6 months with emer gence of an F317L muta tion. Lymphoblasts 
car ried the same phe no type as observed at pre sen ta tion. 
Cytogenetic anal y sis revealed clonal evo lu tion, includ ing for-
ma tion of dicen tric chro mo somes 7 and 12, par tial loss of 7p, 
and an iso chro mo some deriv a tive 9. He was referred for an allo-
ge neic stem cell trans plant workup and com menced on com bi-
na tion che mo ther apy with hyperCVAD in addi tion to 30  mg/d 
ponatinib, enter ing a sec ond CP. He under went a reduced 
inten sity con di tion ing allo ge neic trans plant but relapsed within  
5 months, neces si tat ing treat ment with blinatumomab. Unfor-
tunately, despite achiev ing a mor pho logic remis sion with blina-
tumomab, he succumbed to sep tic shock 2 months fol low ing 
treat ment com ple tion.

Discussion points
1. Consider the need for flow cytom e try at diag no sis
We rec om mend flow cytom e try to be performed at diag no sis 
to enable accu rate enu mer a tion of the blast per cent age but also 
con fir ma tion of the phe no type of iden ti fied blasts. The pres ence 
of lym pho blasts should prompt con cern that this patient is of 
high risk of pro gres sion lym phoid BP-CML, neces si tat ing more 
fre quent mon i tor ing, includ ing repeat bone mar row biop sies as 
well as a donor search for con sid er ation of an allo ge neic stem 
cell trans plant, espe cially in light of the recent WHO and ICC 
updates. Persistence of lym pho blasts should be treated as for 
lym phoid BP.

2. What is the opti mal cen tral ner vous sys tem pro phy laxis  
in this sce nario?
While this was not spe cifi  cally addressed in the case vignette, 
the issue of cen tral ner vous sys tem (CNS) pro phy laxis is highly 
rel e vant. The CNS and tes tes remain a sanc tu ary site from con-
ven tional che mo ther apy, and CNS relapses, while rare, do occur. 
Whichever che mo ther apy pro to col is used, CNS-pen e trat ing 
drugs (such as higher-dose cytarabine and meth o trex ate) need 

to be included in the reg i men. CNS sam pling and imag ing are 
also key to exclude cur rent involve ment, and reg u lar intra the-
cal che mo ther apy should also be con sid ered. In the event of 
CNS dis ease, reg u lar intra the cal che mo ther apy admin is tra tion 
is recommended. TKI selec tion is also vital in this set ting as not 
all  agents can cross the blood-brain bar rier. Imatinib is not pre-
ferred for this rea son, but both dasatinib and ponatinib can pen-
e trate the blood-brain bar rier, resulting in ther a peu tic lev els in 
the cere bro spi nal fluid in murine mod els.17,18 Furthermore, in the 
set ting of pedi at ric Ph+ acute lym pho blas tic leu ke mia (ALL), the 
inci dence of CNS relapse fol low ing inten sive che mo ther apy was 
less in the dasatinib arm com pared with the imatinib cohort.19 
Therefore, to max i mize CNS pro phy laxis, either dasatinib or 
ponatinib would be the pre ferred TKI in con junc tion with CNS-
pen e trat ing che mo ther apy.

3. Is myeloablative (or reduced inten sity) con di tion ing pre ferred  
for an allo ge neic stem cell trans plant in BP-CML?
Reduced inten sity con di tion ing is becom ing an accept able 
option for older patients who are unable to tol er ate the inten sity 
of myeloablative conditioning (MAC) with sim i lar OS between 
the 2 reg i mens.20 This is largely due to the improved relapse- 
free sur vival with myeloablative con di tion ing bal anc ing out 
with the lower nonrelapse mor tal ity but higher relapse rate 
asso ci ated with reduced inten sity con di tion ing.20,21 These 
data are mostly in the set ting of CP-CML, with patients with 
BP-CML being spe cifi  cally avoided in these stud ies. Alterna-
tive donors were also gen er ally excluded from these stud ies. 
Therefore, in the set ting of BP-CML, we rec om mend myeloab-
lative con di tion ing, if pos si ble, due to the lower risk of relapse. 
In this sce nario, due to age and comorbidities, reduced inten-
sity con di tion ing was selected.

Differentiating lym phoid blast phase CML from Ph+ ALL
The pos si bil ity that some patients diag nosed with Ph+ ALL 
actu ally had de novo lym phoid BP and vice versa has been 
an ongo ing issue that, until recently, could only be the sub-
ject of con jec ture. In the era of min i mal resid ual dis ease (MRD) 
mon i tor ing, some advance ment in this area has been pos si ble. 
Parallel MRD mon i tor ing with immu no glob u lin/T-cell recep-
tor (Ig/TCR) gene rearrangements and with IKZF1 dele tion 

Table 3. Recommendations regard ing which patients should be con sid ered for allo ge neic stem cell trans plan ta tion

High-risk fea tures indi cat ing the need to ini ti ate a donor search for trans plant-eli gi ble patients

The pres ence of spe cific cyto ge netic abnor mal i ties at diag no sis or acqui si tion while on ther apy, includ ing
• Isochromosome 17q
• 3q26.2
• Monosomy 7/7q-
• Complex kar yo type

Failure to achieve any cyto ge netic or molec u lar response to 2G-TKI after a min i mum of 3 months of ther apy

Recurrent grade IV cytopenias despite TKI dose inter rup tions, dose mod i fi ca tions, and cyto kine sup port, espe cially within the first 3 months  
of ther apy, lead ing to EMR fail ure or ELN-defined treat ment fail ure

Recurrent grade 4 tox ic ity pre vent ing con sis tent TKI dose inten sity, resulting in EMR fail ure or ELN-defined treat ment fail ure on 2 or more lines  
of TKI ther apy

Compound kinase domain muta tions involv ing T315I

Lymphoblasts >5% at diag no sis

ELN, European LeukemiaNet; EMR, early molecular response.
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quan ti fi ca tion in a pop u la tion of pedi at ric Ph+ ALL had excel-
lent con cor dance.22 However, in a pro por tion of patients, DNA-
based mon i tor ing of the unique BCR::ABL1 geno mic breakpoint 
revealed con sis tently higher lev els of BCR::ABL1 fusion com-
pared to Ig/TCR and/or IKZF1 dele tion MRD quan ti fi ca tion.22 
Subsequent cell sorting of diag nos tic mate rial from patients 
with dis cor dant MRD results con firmed the pres ence of the 
BCR::ABL1 fusion in other hema to poi etic cells, such as T lym-
pho cytes, and other mye loid cells, confirming the involve ment 
of a Ph+ plu rip o tent hema to poi etic pro gen i tor sim i lar to CML 
(Figure 1).22

Whether these patients, referred to as hav ing CML-like ALL, 
fol low a dis tinct dis ease tra jec tory was explored in a larger 
cohort of 147 pedi at ric patients with Ph+ ALL.23 Patients were 
defined as hav ing CML-like dis ease (n  =  48) if ≥1 MRD time 
point had >1 log dis cor dance between BCR::ABL1 and Ig/TCR- 
mea sured MRD.23 There was no sig nifi  cant dif fer ence in the 
5-year sur vival param e ters, spe cifi  cally event-free sur vival 
and OS, between patients with CML-like ALL and typ i cal Ph+ 
ALL. However, the level of MRD in patients with typ i cal Ph+ 
ALL appeared to cor re late with event-free sur vival and OS, 
with higher lev els of MRD (≥10–3) indi cat ing mark edly infe rior 
out comes.23 In com par i son, the MRD level was less concern-
ing and not infor ma tive for ther apy adjust ment in CML-like 
dis ease.23 Hyperleukocytosis at diag no sis remains a poor 
prog nos tic fea ture in typ i cal Ph+ ALL, whereas there was no 

asso ci a tion with out come in CML-like ALL.23 Further inves ti ga-
tion is required to val i date these find ings on a larger scale, but 
given the trend to alter ther apy in ALL based on ris ing MRD, 
there is clearly a sub set of patients with CML-like dis ease in 
whom a ris ing level of BCR::ABL1 may not have the same omi-
nous impli ca tions.

Investigating advanced CML—the role of NGS
At the time of BP-CML, stan dard inves ti ga tion to iden tify why 
these spe cific patients progressed involves cyto ge netic anal-
y sis and inves ti ga tion for kinase domain muta tions, which 
remain the best under stood mech a nism of resis tance. How-
ever, cyto ge netic anal y sis does not often reveal kar yo typic 
abnor mal i ties in addi tion to the stan dard Ph trans lo ca tion 
while kinase domain muta tions are only iden ti fied in ~50% of 
patients.24 Targeting the BCR::ABL1 kinase domain via NGS has 
improved sen si tiv ity and there fore detec tion of kinase domain 
muta tions, observed in almost 80% of AP/BP-CML enrolled in 
the Next-in-CML study,25 but not all  patients are found to har-
bor these muta tions.

With increas ing avail abil ity of NGS, our appre ci a tion of the 
con tri bu tion of addi tional geno mic defects in BP-CML has rap-
idly expanded. While early inves ti ga tion focused on sin gle 
gene stud ies, more recent eval u a tion includes unbi ased inter-
ro ga tion of the whole exome or transcriptome.26,27 All patients 
at pro gres sion to BP-CML har bor addi tional genetic abnor mal-

Figure 1. Schematic illustration of key differences between “typical ALL” and “CML-like” disease. Adapted from Zuna et al. with 
permission.23



464 | Hematology 2023 | ASH Education Program

i ties, either involv ing can cer gene var i ants or rearrangements 
involv ing the Ph chro mo some, although the Ph-asso ci ated 
rearrangements are pres ent from diag no sis as opposed to 
being acquired at  pro gres sion.26-28 Genomic anal y sis to date 
sug gests that there are only a rel a tively small num ber of clin-
i cally rel e vant genes recur rently mutated in CML, enabling 
targeted cap ture of select can di date genes.2,29,30 Genes recur-
rently mutated in AP/BP-CML are RUNX1, IKZF1, and ASXL1 in 
descending order, but oth ers have been described (Figure 2).2  
Even when kinase domain muta tions are iden ti fied, a high 
pro por tion of these cases is found to have co-occur ring addi-
tional genetic abnor mal i ties.2 What is also clear is that the 
muta tional sub types observed in BP-CML are not lim ited to 
single nucleotide variants and small inser tions and dele tions 
but also involve larger gene deletions, aber rant splic ing, and 
fusions.27,31 Furthermore, the pres ence of addi tional genetic 
abnor mal i ties at diag no sis of CP-CML was more fre quent in 
patients who progressed to BP-CML com pared to those with 
opti mal out comes.26 Interestingly, the pres ence of geno mic 
abnor mal i ties at diag no sis of CP-CML also predicted for infe-
rior sur vival and molec u lar response in patients treated with 
imatinib,32 suggesting that geno mic inves ti ga tion at diag no sis 
of CP-CML has the poten tial to iden tify higher-risk patients, 
includ ing those who with a high risk of progressing to BP-
CML. However, recent interim data sug gest that more potent 
2G-TKIs can per haps ame lio rate the adverse impact of addi-
tional genetic abnor mal i ties, although not com pletely negate 
their effect.33 This adds weight for the inclu sion of NGS to the 

Figure 2. Frequency of mutated cancer genes at diagnosis and AP/BP. The data from 15 studies of patients at diagnosis and  
20 studies at AP/BP are reported where cancer genes were mutated in more than 1 patient at diagnosis and/or BP. Only genes listed 
in the COSMIC Cancer Gene Census are included. Adapted from Branford et al. with permission.2

rep er toire of tests that could be performed at diag no sis in 
order to enable opti mal TKI selec tion.

CLINICAL CASE 1 (continued)
While the bone mar row biopsy spec i men con firmed the pres-
ence of CD19+ CD20+ CD34+ lym pho blasts, fluo res cence in situ 
hybrid iza tion con firmed the loss of 17p and TP53, and kinase 
domain muta tion screen ing dem on strated emer gence of T315I 
muta tions. He was treated with hyperCVAD che mo ther apy in 
com bi na tion with ponatinib 45  mg/d and was  able to enter a 
sec ond CP prior to pro ceed ing to an unre lated donor trans plant 
with MAC. Two years post-allograft, he remains in remis sion with 
100% chi me rism and unde tect able BCR::ABL1 tran scripts. He has 
not been  able to com mence post- transplant TKI main te nance 
due to var i ous cytopenias. Interestingly, ret ro spec tive NGS 
inves ti ga tion dem on strated expan sion of a low-level IKZF1 dele-
tion at pro gres sion that was detect able at diag no sis (Figure 3).

Discussion points
1. What is the opti mal dose of ponatinib in this sit u a tion?
The MATCHPOINT study suggested that 30  mg/d ponatinib 
was the opti mal dose in con junc tion with che mo ther apy to 
min i mize asso ci ated tox ic ity based on the EffTox model. How-
ever, in this set ting, the pres ence of the T315I muta tion dic tated 
the use of the higher ponatinib dose to max i mize a response 
and enhance the pros pects of achiev ing a sec ond CP.
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2. Would iden ti f ca tion of the IKZF1 dele tion at diag no sis  
trig ger any alter ation to the approach?
This patient was deemed high ELTS risk at diag no sis and so a 
2G-TKI was selected for front line ther apy. While detec tion of a 
low-level IKZF1 dele tion would not nec es sar ily alter the ini tial 
man age ment of this patient at diag no sis beyond ensur ing appro-
pri ate TKI selec tion (such as a 2G-TKI as opposed to front line 
imatinib) and maintaining TKI inten sity, the pres ence of the IKZF1 
clone, often seen in BP-CML (Figure 2), may have indi cated the 
poten tial for pro gres sion to BP-CML despite the early response 
to TKI. It may have been pru dent to per form early tis sue typ ing, 
although there is no defin i tive evi dence to sup port this.

3. Is there ben e ft to TKI main te nance after allo graft?
TKI admin is tra tion after allo graft has been dem on strated to be 
ben e fi cial in Ph+ ALL, improv ing leu ke mia-free sur vival,34 but sim-
i lar util ity in CML is less evi dent. A recent Center for International 
Blood and Marrow Transplant Research study ana lyzed clin i cal 
out comes for 390 CML trans plants, with 89 patients receiv ing 
TKI main te nance after allo graft.35 A range of TKIs were used post-
transplant, includ ing imatinib, nilotinib, and dasatinib. Outcome 
mea sures did not sig nifi  cantly dif fer between those who received 
main te nance com pared with those who did not. For patients 
who had evaluable data fol low ing day +100, the 5-year OS was 
61% respec tively in the main te nance TKI group vs 57% if patients 
did not receive TKI posttransplant (P  =  .61).35 Likewise, the 5-year  
leu ke mia-free sur vival did not dif fer between the 2 groups either.35 
This study car ries inher ent bias, as only patients who sur vived 
to day +100 were evaluable, and early relapses would not have 
been cap tured by the land mark anal y sis in addi tion to higher-risk 
indi vid u als being selected for main te nance treat ment. Further-
more, while this study did not dem on strate a ben e fit for main te-
nance TKI after allo graft, spe cific addi tional con sid er ations may 
influ ence this deci sion. The selec tion of con di tion ing reg i men 
may be a fac tor as while there is no dif fer ence in OS between 
a MAC com pared to a RIC pro to col, there is a higher poten tial 
for early relapse with RIC.20 Measurable BCR::ABL1 and/or his-
tory of BP-CML prior to trans plant can sup port TKI main te nance, 
whereas the pres ence of posttransplant com pli ca tions, such as 
poor engraft ment, infec tion, and graft-ver sus-host dis ease, may 
cur tail the poten tial for TKI ini ti a tion alto gether.

Novel ther a peu tic strat e gies in BP-CML
The pri mary goal of ther apy in BP-CML, irrespective of whether the 
dis ease has progressed from CP or pres ents in de novo BP-CML, 
is to return to CP-CML once more and pro ceed to an allo ge neic 
trans plant if patients are eli gi ble. However, there is no con sis tent 
strat egy recommended to achieve this. The low fre quency of de 
novo BP-CML but also transformed dis ease con trib utes to the dif-
fi culty of devel op ing high-powered clin i cal tri als to inves ti gate 
ther a peu tic options in BP-CML. TKI alone is gen er ally inad e quate 
to revert BP-CML to CP36 as only 31% of patients achieve a major 
hema to logic response even with ponatinib monotherapy.37 Multi-
agent che mo ther apy in con junc tion with TKI is required if patients 
can tol er ate ther apy inten sity to max i mize enter ing a sec ond CP.38 
The che mo ther apy reg i men is gen er ally dic tated by the blast lin-
e age, with more mye loid-directed com bi na tions being used in 
mye loid BP-CML, whereas lym phoid BP-CML is gen er ally treated 
with ALL-directed reg i mens, such as hyperCVAD. The choice and 

dose of TKI are not always clear, but com bi na tion ther apy using 
more potent TKIs does cor re late with improved out comes, includ-
ing relapse-free sur vival.38 Consequently, a more effi ca cious and 
uni form treat ment model is required.

CLINICAL CASE 3
A 70-year-old woman pres ents with marked leu ko cy to sis (white 
blood cell count, 213 × 109/L) with cir cu lat ing mye lo blasts of 
5%. There was asso ci ated spleno meg aly, with the splenic edge 
extending 10 cm below the cos tal mar gin. The bone mar row 
biopsy spec i men con firmed 10% mye lo blasts and a stan dard 
Ph-chro mo some alone. She was diag nosed with CP-CML and 
com menced on nilotinib 300  mg twice daily on a clin i cal trial. 
She devel oped marked pan cy to pe nia (hemo glo bin <70  g/L, 
neu tro phil count <0.2 × 109/L, and plate lets <20 × 109/L) with 
nilotinib, and despite dose reduc tion and treat ment inter rup-
tion, this failed to resolve. She was with drawn from the study 
and switched to imatinib with recur rence of pan cy to pe nia, 
neces si tat ing long treat ment inter rup tions. Transitioning to 
50  mg/d dasatinib had the same out come, and her BCR::ABL1 
slowly increased in the pres ence of per sis tent pan cy to pe nia. 
She was transitioned to the phase 1 asciminib study where 
treat ment inten sity was maintained with aggres sive trans fu-
sion sup port. However, fol low ing 6 months of asciminib with 
dose inter rup tion and mod i fi ca tion for pan cy to pe nia, she pro-
gressed to mye loid BP with acqui si tion of tri somy 8 on cyto ge-
netic anal y sis. By this stage, she was 72 years old and not fit for 
inten sive che mo ther apy, nor was she an allo ge neic stem cell 
trans plant can di date. Ponatinib 45  mg/d was com menced, and 
to main tain treat ment inten sity, she was once more supported 
aggres sively with trans fu sions. She was  able to enter a sec ond 
CP within 6 months, achiev ing a com plete cyto ge netic remis-
sion for the first time and maintained a good response on pona-
tinib monotherapy for a fur ther 3 years before progressing to 
a sec ond mye loid BP, succumbing to her dis ease shortly after.

Discussion points
1. Maintaining TKI inten sity in patients with marked  
pan cy to pe nia
While this patient was high risk by ELTS score, treat ment inten-
sity could not be maintained due to the asso ci ated marked 
cytopenia. This would have con trib uted to the risk of pro gres-
sion. Patients with high-risk dis ease and cytopenia would ide-
ally be con sid ered for an allo ge neic stem cell trans plant at an 
early stage (Table 3) if fit ness was ade quate. However, this 
patient was not a trans plant can di date, and so when pro gres-
sion to mye loid BP occurred, the pref er ence was to main tain 
ponatinib dose inten sity to max i mize a response.

2. Role of trans fu sions and cyto kines to enable dose inten sity 
to be maintained
Maintaining dose inten sity is vital to max i mize response and 
min i mize trans for ma tion poten tial. Managing grade 3 cytope-
nias may neces si tate plate let and red cell trans fu sion sup port 
to per mit ade quate TKI inten sity as opposed to dose inter rup-
tions. Judicious use of granulocyte-colony stimulating factor 
to man age neutropenia is also recommended. Early cytope-
nias are often sec ond ary to erad i ca tion of the CML clones that 
are pri mar ily respon si ble for most hema to poi e sis in the bone  
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mar row, and not maintaining treat ment inten sity will essen tially 
leave the CML inad e quately treated. The ben e fits of maintaining 
treat ment inten sity need to be bal anced with the com pet ing 
risks of bleed ing and infec tion. While this is largely an evi dence-
free zone, we used this strat egy to man age this patient’s BP and 
max i mize ponatinib dos ing.

MATCHPOINT
While ponatinib is cer tainly an attrac tive choice of TKI for use 
in BP-CML given potency and abil ity to over come a num ber 
of highly resis tant kinase domain muta tions, opti mal dos ing 
and the ideal che mo ther apy reg i men to be com bined with 
ponatinib needs clar ity. The com bi na tion of ponatinib in addi-
tion to fludarabine, cytarabine, idarubicin che mo ther apy was 
inves ti gated in a phase 1/2 study that recruited across the 
United Kingdom. Recruited patients (n  =  17) had mye loid, 
lym phoid, or mixed-lin e age BP-CML and had a com bi na tion 
of de novo and progressed dis ease with a median age of 33 
years (range, 16-64 years).39 The aim of the study was to iden-
tify the opti mal dose of ponatinib in com bi na tion with con-
ven tional che mo ther apy and cap i tal ized on an EffTox design, 
which is a Bayes ian adap tive dose-find ing sched ule that rig-
or ously inves ti gates both effi cacy and tox ic ity.40 The opti mal 
dose of ponatinib was iden ti fied to be 30  mg/d, and of the 
16 patients evaluable for the pri mary out come, 69% (n  =  11) 
entered a sec ond CP-CML fol low ing 1 cycle of treat ment, 
includ ing 5 patients achiev ing a BCR::ABL1 ≤0.1%IS.39 Dose-
lim it ing tox ic ity was observed in 4 patients, includ ing 1 epi-
sode of ful mi nant car dio my op a thy and another with cere bral 
vein sinus throm bo sis. Twelve patients were  able to pro ceed 
to an allo ge neic stem cell trans plant with a median fol low-
up of 41 months. All 5 patients not transplanted died within 7 
months of study entry, which included 3 of the 4 patients with 
dose-lim it ing tox ic ity.39 Five of the transplanted patients also 
died, 2 from dis ease relapse and the remain der sec ond ary to 
trans plant-related com pli ca tions.39 While fur ther inves ti ga tion 
is required, this study dem on strates that the MATCHPOINT 
approach of com bin ing 30  mg/d ponatinib with FLAG-Ida 
che mo ther apy is a fea si ble strat egy to sal vage patients in BP-
CML in order to bridge to an allo ge neic stem cell trans plant. 
However, the long-term OS remains <50% despite this intense 
treat ment strat egy.

Dasatinib and decitabine
Another recent study exam ined the com bi na tion of dasatinib 
and decitabine in advanced phase CML. Using a 3 + 3 design, 
doses of either 10 or 20  mg/m2 decitabine for 10 days with either 
100 or 140  mg dasatinib daily were inves ti gated.41 Thirty patients 
(includ ing 19 in BP-CML, 7 AP-CML, and 4 Ph+ AML) were enrolled 
with a median age of 51 years (range, 18-89 years).41 Dose- 
lim it ing tox ic ity was observed in only 2 patients, but this was 
only with the higher dasatinib dose of 140  mg, one with grade 3 
car diac fail ure and another with a car diac arrest fol low ing a myo-
car dial infarc tion. Twenty-seven patients com pleted the min i-
mum 2 cycles for response eval u a tion, and 19 patients achieved 
a hema to logic response, whereas no response was observed in 
patients with Ph+ AML.41 A com plete cyto ge netic response and 
major molec u lar response were observed in 10 and 9 patients, 
respec tively. Median OS was 13.8 months, with a supe rior sur vival 

among patients who achieved a hema to logic response com-
pared to non re spond ers (median not reached vs 4.65 months, 
respec tively; P < .001).41 However, 6 of the 19 respond ers relapsed 
at a median of 1.4 months, includ ing 5 patients with BP-CML 
who all  succumbed to their dis ease.41 Eight patients were suc-
cess fully bridged to an allo graft, and while <50% of respond ers 
proceeded to a trans plant, there was a trend to improved OS if 
an allo graft was performed. These pre lim i nary data dem on strate 
that dasatinib com bined with decitabine can be a safe and fea si-
ble option in advanced CML, even in older patients who may not 
be  able to tol er ate inten sive che mo ther apy.

Future direc tions
CML that pres ents or advances beyond the chronic phase 
remains the big gest chal lenge for CML cli ni cians, and frus trat-
ingly, very lim ited prog ress has been made in this set ting. Unfor-
tunately, very few clin i cal tri als have been conducted to pro vide 
some level of con sen sus about the best approach. Ongoing 
geno mic inves ti ga tion in CML in all  phases will con tinue to 
improve our under stand ing of the biol ogy of BP-CML, hope-
fully even tu ally iden ti fy ing a genetic sig na ture for patients that 
is suf fi ciently high risk for pro gres sion to jus tify test ing novel 
approaches designed to mod ify that risk. While more data are 
required, the pre lim i nary find ings from the stud ies inves ti gat-
ing novel approaches will hope fully stim u late fur ther inno va tive 
tri als in the set ting of blast phase aiming to make mean ing ful 
prog ress in improv ing out comes in this chal leng ing set ting.
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