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   Tyrosine kinase inhib i tors (TKIs) rev o lu tion ized the treat ment of chronic mye loid leu ke mia (CML). With TKI ther apy, the 
per cent age of patients who prog ress to accel er ated phase (AP) or blast phase (BP) CML has decreased from more than 
20 %  to 1 %  to 1.5 %  per year. Although AP -  and BP - CML occur in a minor ity of patients, out comes in these patients are 
sig nifi   cantly worse com pared with chronic phase CML, with decreased response rates and dura tion of response to TKI. 
Despite this, TKIs have improved out comes in advanced phase CML, par tic u larly in de novo AP patients, but are often 
inad e quate for last ing remis sions. The goal of ini tial ther apy in advanced CML is a return to a chronic phase followed by 
con sid er ation for bone mar row trans plan ta tion. The addi tion of induc tion che mo ther apy with TKI is often nec es sary for 
achieve ment of a sec ond chronic phase. Given the small pop u la tion of patients with advanced CML, devel op ment of 
novel treat ment strat e gies and inves ti ga tional agents is chal leng ing, although clin i cal trial par tic i pa tion is encour aged 
in AP and BP patients, when ever pos si ble. We review the over all man age ment approach to advanced CML, includ ing TKI 
selec tion, com bi na tion ther apy, con sid er ation of trans plant, and novel agents.  

   LEARNING OBJECTIVES 
   •    Understand the treat ment approach to accel er ated and blast phase CML in de novo dis ease and occur ring in 

patients with under ly ing CP  CML 
  •    Understand response rates and out comes in patients with advanced CML treated with TKI, TKI and che mo ther apy, 

and hema to poi etic stem cell trans plan ta tion  

  CLINICAL CASE 
  NM is a 54  year  old woman diag nosed with chronic mye
loid leu ke mia (CML) in chronic phase (CP), after present
ing with a white blood cell (WBC) count of 270    ×    10 9  / L, 
hemo glo bin of 7.5   g / dL, and plate lets of 100    ×    10 9  / L. She 
was ini ti ated on imatinib, which she took irreg u larly and 
even tu ally discontinued. She established care with a new 
phy si cian and resumed imatinib when she was found to 
have a WBC count of 68    ×    10 9  / L, hemo glo bin of 10.4   g / dL, 
and plate lets of 129    ×    10 9  / L. After ini tial response, periph
eral blood poly mer ase chain reac tion for BCR  ABL rose 
to 35 %  after 6 months. A bone mar row biopsy spec i men 
dem on strated CP  CML, and she was switched to dasat
inib 100   mg daily. After 7 months of treat ment on dasati
nib, BCR  ABL rose from less than 1 %  to 8.013 % . A repeat 
bone mar row biopsy spec i men did not show increased 

blasts, but  M351T  and  T3151  muta tions and  KMT2A  par
tial dupli ca tion were iden ti fi ed. She was started on pona
tinib 45   mg daily. Four months after ponatinib ini ti a tion, 
poly mer ase chain reac tion for BCR  ABL rose to more than 
50 % , and bone mar row biopsy spec i men showed 25 %  
mye lo blasts along with ris ing periph eral WBC count. She 
was trans ferred to our hos pi tal and received cytarabine 
200   mg / m 2  intra ve nously daily for 7 days and idarubicin 
12   mg / m 2  for 3 days. Ponatinib was resumed at the end 
of induc tion. She went into a sec ond CP and under went 
haploidentical stem cell trans plant with posttransplant 
cyclo phos pha mide. She received fl udarabine, mel pha lan, 
and total body irra di a tion for con di tion ing. She remains 
in com plete molec u lar remis sion 9 months after trans
plant and has discontinued tyro sine kinase inhib i tor (TKI) 
ther apy.  
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Introduction
Chronic mye loid leu ke mia is a mye lo pro lif er a tive neo plasm 
char ac ter ized by the Philadelphia chro mo some (Ph) that affects 
1 to 2 per 100 000 new patients per year and com prises 15% of 
leu ke mias in adults.1 The dis ease is driven by a recip ro cal trans
lo ca tion of chro mo somes 9 and 22, which results in the BCR
ABL fusion pro tein and dysregulated tyro sine kinase activ ity. 
Patients most com monly pres ent in CP, but with out treat ment, 
CPCML will prog ress to accel er ated phase (APCML) and blast 
cri sis (BPCML) within 3 to 5 years. Tyrosine kinase inhib i tors 
rev o lu tion ized the care of CML with the approval of imatinib, 
the only firstgen er a tion TKI. Three sec ondgen er a tion TKIs, da
satinib, nilotinib, and bosutinib, are also avail  able for front line 
use. Progression to advanced CML is due to con tin ued BCR
ABL activ ity, which results in not only con tin ued pro lif er a tion of 
leu ke mic cells but fur ther genetic insta bil ity and DNA dam age. 
This invari ably leads to clonal evo lu tion and muta tions both in
side and out side the BCRABL kinase domain, as well as addi
tional chro mo somal abnor mal i ties (ACAs). This review focuses 
on treat ment con sid er ations for patients who have or prog ress 
to AP and BPCML, includ ing TKI selec tion, con sid er ation, and 
tim ing of hema to poi etic stem cell trans plan ta tion (HSCT), and 
emerg ing ther a pies.

Definition and epi de mi  ol ogy of advanced phase CML
The over all inci dence of AP and BPCML at diag no sis is 3.5% 
and 2.2%,2 respec tively, and with the intro duc tion of TKIs, the 
num ber has decreased sig nifi  cantly. Longterm fol lowup of the 
International Randomized Study of Interferon and STI571 trial 
dem on strated 6.9% cumu la tive pro gres sion to AP or BPCML 
after 10 years.3 This num ber is lower in recent longterm stud
ies, likely due to improve ments in the man age ment of patients 
with CPCML with an inad e quate response.4 A lower inci dence of 

trans for ma tion is asso ci ated with ini tial treat ment with sec ond
gen er a tion TKIs com pared with imatinib.4

Complicating the epi de mi  ol ogy and treat ment of advanced 
phase CML are the dif fer ent clas si fi ca tion sys tems used to define 
AP and BPCML (Table 1), which include the International Blood 
and Marrow Transplant Registry (IBMTR),5 M. D. Anderson Can
cer Center (MDACC),6 Euro pean LeukemiaNet,7 and World Health 
Organization (WHO) cri te ria.8 One major dif fer ence between clas
si fi ca tion sys tems is the thresh old blast per cent age used to dis tin
guish CP, AP, and BPCML, with the WHO defin ing BP as a blast 
per cent age of more than 20% and all  other clas si fi ca tion sys tems 
using a thresh old of more than 30%. Of note, the acqui si tion of 
majorroute ACAs on treat ment is con sid ered a hall mark of APCML, 
and the WHO also con sid ers the pres ence of majorroute ACAs at 
diag no sis as diag nos tic for APCML.8 The WHO has also recently 
included pro vi sional cri te ria based on ini tial response to TKIs (Table 
1), which will require fur ther val i da tion in pro spec tive tri als.8

The vary ing clas si fi ca tion sys tems and their defi  ni tions of 
advanced CML must be kept in mind when interpreting and apply
ing trial results to indi vid ual patients. The MDACC and IBMTR cri
te ria are more fre quently used as eli gi bil ity cri te ria in clin i cal tri als, 
and National Comprehensive Cancer Network (NCCN) guide lines 
dis fa vor use of the WHO clas si fi ca tion sys tem for this rea son.9 
Overall, the lack of uni for mity seen in these major clas si fi ca tion 
sys tems empha sizes a clin i cal spec trum within each phase of the 
dis ease. Recommendations for treat ment in AP or BPCML are 
there fore rarely onesizefitsall .

Treatment of AP-CML
The ini tial goal of ther apy in advanced phase CML is to revert to a 
CP or a remis sion prior to HSCT. The hema to logic and com plete 
cyto ge netic responses (CCyRs) to the var i ous TKIs in advanced 
CML are sum ma rized in Table 2.

Table 1. Major clas si fi ca tion sys tems used in chronic mye loid leu ke mia

MDACC IBMTR Euro pean LeukemiaNet WHO

Accelerated phase

 PB blasts 15%29% PB or BM blasts 10%29% PB or BM blasts 15%29% PB or BM blasts 10%19%

 PB blasts + promyelocytes ≥30% BP blasts + promyelocytes >20% PB blasts + promyelocytes ≥30%

 PB baso phils ≥20% PB baso phils ≥20% PB baso phils ≥20% PB baso phils ≥20%

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

 Splenomegaly (unre spon sive to 
ther apy)

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

Anemia Hb <8 g/dL (unre spon sive 
to ther apy)

Splenomegaly (unre spon sive to 
ther apy)

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

Cytogenetic evo lu tion on treat
ment

Cytogenetic evo lu tion on  
treat ment

ACA/Ph+ 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
Provisional: fail ure to achieve CHR to 

first TKI; any indi ca tion of resis tance 
to 2 sequen tial TKIs; occur rence of 
>2 muta tions on BCR-ABL dur ing TKI

Blast phase

 PB or BM blasts ≥30%
 Extramedullary blast pro lif er a tion

PB or BM blasts ≥20%
Extramedullary blast pro lif er a tion

BM, bone mar row; Hb, hemo glo bin; PB, periph eral blood.
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In patients presenting with de novo APCML, responses to 
TKIs are robust. Imatinib results in CCyRs of 60% to 80% and 
major molec u lar responses (MMRs) of 40% to 60%,11,12 and these 
responses are fur ther improved in de novo AP patients whose 
only hall mark of AP is the pres ence of ACAs. Secondgen er a tion 
TKIs have greater potency and BCRABL selec tiv ity com pared 
with imatinib. CCyRs and MMRs were 90% and 76% with nilotinib 
and dasatinib, respec tively, in newly diag nosed AP patients.11 
Most patients were diag nosed with AP based on iso lated clonal 
evo lu tion or baso philia, again dem on strat ing how het ero ge ne
ity in clas si fi ca tion sys tems makes inter pre ta tion of responses 
with dif fer ent inter ven tions chal leng ing. Consistent with NCCN 
guide lines, we approach ini tial man age ment of patients with de 
novo APCML sim i larly to patients with CPCML, espe cially if they 
have lowrisk Sokal scores or iso lated ACA/Ph+ abnor mal i ties 
as their only AP fea ture.9 Of note, cer tain ACA abnor mal i ties are 
higher risk than oth ers, which may affect treat ment deci sions 
(Table 3). Milestones are not well defined in APCML, but mon
i tor ing of BCRABL is recommended at 3month inter vals, as 
in CP. Failure to achieve mile stones as used in CPCML should 
prompt con sid er ation change in ther apy and HSCT.

Prognosis, how ever, is worse in AP patients who prog ress from 
CP while on treat ment. For these patients, CCyRs and com plete 

Table 2. Summary of hema to logic and cyto ge netic responses to TKI in advanced phase CML*

CHR CCyR MMR OS

AP BP AP BP AP AP BP

Imatinib 70% > 90% 11%35% 16%60% 0%10% 19%63% 50%60% at 5 years 7-10 months†

Nilotinib (de novo) >90% — 80%90% — 70% 90% at 3 years

Nilotinib (progressed) 22%46% 21%42%‡ 0%21% 14%38%§ 10% 60%70% at 2 years 32% at 2 years

Dasatinib (de novo) >90% — 80%90% — 70% 90% at 3 years

Dasatinib (progressed) 45%52% 28%61%‡ 18%33% 27%35%§ 10% 60%70% at 2 years 30% at 2 years

Bosutinib (progressed) 57%‡ 28%‡ 40%§ 50%§ 11% 60% at 4 years 17% at 4 years

Ponatinib (progressed) 55%‡ 32%‡ 24% 18%§ 34% 84% at 1 year 29% at 1 year

*Adapted from Bonifacio et al.10
†Median OS.
‡Hematologic response.
§Major cyto ge netic response.

Table 3. Prognostic risk fac tors in advanced phase CML

Characteristic Poor risk fac tors

Clinical13,14 Blast % (most impor tant prog nos tic indi ca tor, 
greater impact in AP com pared with BP)

Older age
Anemia
Thrombocytopenia
Basophil %
Prior TKI
Myeloid immunophenotype

Chromosomal13,15-17 +8, +Ph, i(17q), +17, +19, +21, 3q26.2, 11q23, −7/7q, 
com plex, del17p, hyperdiploidy, chro mo some 15 
abnor mal i ties

Molecular15,18 TP53
ASXL1
Acquisition of new muta tions dur ing TKI treat ment 

(ABL1 kinase muta tions, TP53, KMT2D, TET2)

hema to logic remis sion (CHR) rates are 10% to 20% and 20% to 
30% for nilotinib,19 30% and 50% for dasatinib,20 and 40% and 57% 
for bosutinib.21 Ponatinib is a thirdgen er a tion BCRABL inhib i tor 
that over comes many muta tions that con fer resis tance to ear
liergen er a tion TKIs, includ ing the gate keeper T315I muta tion. The 
Ponatinib Ph+ ALL and CML Evaluation trial enrolled 267 heavily pre
treated patients with CML, includ ing 83 patients in AP.22 Ponatinib 
resulted in CCyR and CHR rates of 24% and 55% in AP patients, 
respec tively, with median dura tion of response last ing 12.9 
months.23 However, arte rial and venous throm bo sis were fre quent 
adverse events (AEs), lead ing to dis con tin u a tion for severe AEs in 
11% of patients. The over all cumu la tive inci dence of AEs was 25% 
in the 5year fol lowup, includ ing 21% seri ous AEs.23 The  Ponatinib 
in Participants with Resistant Chronic Phase Chronic Myeloid Leu
kemia to Characterize the Efficacy and Safety of a Range of Doses 
(OPTIC) trial eval u ated lower starting doses of ponatinib and de
esca lated doses once BCRABL lev els reached 1%, and lon gerterm 
fol lowup of this cohort may sup port alter nate dos ing of ponatinib 
to improve tol er a bil ity and effi cacy.24 Omecataxine is a pro tein syn
the sis inhib i tor with approval by the US Food and Drug Administra
tion (FDA) for APCML resis tant or intol er ant to TKIs, includ ing the 
T315I muta tion. In a phase 2 trial of heavily pretreated patients with 
CML, among the 51 AP patients, 29% achieved CHR and 4% CCyR.25 
These responses are less than that seen with ponatinib but can be 
con sid ered in this patient pop u la tion with few remaining options.

Ultimately, selec tion of a TKI is affected by patient comorbid
ity, costs, prior treat ment, and BCRABL muta tional sta tus. Better 
defi  ni tions of APCML are needed with more refined risk strat i fi ca
tion and treat ment indi ca tions, as cer tain patients with de novo 
APCML behave sim i lar to those with CPCML. Table 3 sum ma rizes 
clin i cal, chro mo somal, and molec u lar risk fac tors that, if pres ent in 
AP patients, may war rant more aggres sive approaches. Patients 
with APCML with excess blasts often need treat ment such as BP
CML. Given the higher response rates, latergen er a tion TKIs are 
pre ferred over imatinib for de novo AP, and a switch in TKI is war
ranted for patients progressing from CP; if appli ca ble, selec tion 
should be made based on ABL1 kinase domain muta tions. Pona
tinib is the only FDAapproved TKI with activ ity against the T315I 
muta tion, although it car ries a risk of vas cu lar occlu sive events. 
Although our patient did not dem on strate overt signs of APCML, 
pro gres sion on imatinib and then dasatinib is concerning. Given 
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the pres ence of the T315I muta tion while tak ing dasatinib, she 
was switched to ponatinib for fur ther man age ment.

Treatment of BP-CML
Chemotherapy in addi tion to a TKI is gen er ally recommended in 
patients with BPCML, with the type of induc tion che mo ther apy 
guided by the mye loid or lym phoid lin e age of the blasts. Induc
tion che mo ther apy is recommended in con junc tion with TKI as re
sponse rates asso ci ated with TKI treat ments alone are inad e quate. 
Response to sin gleagent imatinib is sig nifi  cantly lower in BPCML, 
with CCyRs occur ring in approx i ma tely 10% of patients and median 
over all sur vival (OS) around 7 to 10 months.26 Responses are slightly 
improved with sec ond gen er a tion TKIs.27,28 In the Ponatinib Ph+ ALL 
and CML Evaluation trial, ponatinib dem on strated an 18% CCyR in 
62 patients with BPCML and a median dura tion of response of 6 
months.22 Of note, nilotinib is not FDA approved for BPCML.

Multiple che mo ther apy reg i mens have been explored in com bi
na tion with TKIs in small, ret ro spec tive stud ies.13 Cytarabinebased 
reg i mens, includ ing 7day con tin u ous infu sion of cytarabine 
200 mg/m2 and dau no ru bi cin 60 mg/m2 on days 1 to 3 (7 + 3)29 
and fludarabine, cytarabine, granulocyte col onystim u lat ing fac
tor, and idarubicin, are com monly used for CML in mye loid blast 
cri sis.30 Hyperfractionated cyclo phos pha mide, vin cris tine, doxo
ru bi cin, and dexa meth a sone in com bi na tion with dasatinib has 
dem on strated effi cacy in lym phoid blast cri sis.31 Cytogenetic 
responses of approx i ma tely 30% are seen with mye loid induc
tion reg i mens in com bi na tion with imatinib.29 A ret ro spec tive 
anal y sis of 477 patients with BPCML treated with che mo ther apy, 
TKI and che mo ther apy, or nonTKIbased ther apy dem on strated 
that patients treated with TKI in com bi na tion with che mo ther apy 
had supe rior sur vival com pared with TKI alone or nonTKIbased 
ther apy (5year OS, 30% vs 14% vs 9%).13 Although the num bers 

were too small to make a defin i tive com par i son, dasatinib led to 
improved out comes com pared with imatinib. Rates of CCyR and 
MMR were also sig nifi  cantly higher with TKI and che mo ther apy 
com bi na tion.13 However, intense ther apy may not be fea si ble in 
all  patients. TKIs with hypomethylating agents have dem on strated 
some effi cacy and OS ben e fit.32,33

Overall, BPCML is a rare entity, and defin ing uni fied treat ment 
guide lines is chal leng ing. However, patients with high blast bur
den almost always need treat ment with stan dard che mo ther apy 
in addi tion to TKIs. For the rare patient with de novo blast cri sis, 
some experts con sider use of TKI alone with close mon i tor ing, 
although there are lit tle data to guide this approach.10 Patients 
who are unfit for che mo ther apy and with lower blast bur den may 
also be can di dates for TKI alone with close mon i tor ing. In the 
case of our patient, she was treated with stan dard 7 + 3 induc tion 
che mo ther apy and ponatinib given the T315I muta tion. We also 
use higher doses of TKI for BPCML com pared with CPCML, con
sis tent with FDA label ing indi ca tions.

HSCT in advanced CML
HSCT is an impor tant man age ment tool in advanced CML given 
poorer responses and inad e quate response dura bil ity to ini tial 
ther apy.34 For BPCML espe cially, most longterm sur vi vors are 
trans plant recip i ents. Recent anal y sis dem on strates 5year OS 
rates of more than 90% for patients under go ing trans plan ta tion 
in CP.35 This decreases to 60% in patients who undergo trans
plan ta tion in AP/BP.35 Patients who have trans plan ta tion after 
achieve ment of a sec ond CP do sig nifi  cantly worse com pared 
with patients who undergo trans plan ta tion in their first CP. The 
choice of myeloablative vs reducedinten sity con di tion ing is un
clear, although the lat ter may be a rea son able alter na tive as it 
offers sim i lar sur vival rates at the cost of ear lier posttransplant 

Table 4. Novel ther a pies in advanced CML under inves ti ga tion

Drug class Clinical tri als N Response

Asciminib (BCRABL TKI) Hughes et al41 (phase 1—asciminib in CP/AP CML after TKI fail ure)
NCT02081378 (phase 1—asciminib ± TKI in CP/AP/BP CML after TKI 

fail ure)
NCT03595917 (phase 1—asciminib + dasatinib + pred ni sone in Ph+ 

ALL/CML lym phoid BP)

N = 9 (AP) CHR 8/9 (AP)
MMR 1/9 (AP)

HQP1351(BCRABL TKI) Jiang et al43 (phase 2—HQP1351 in T315Imutated CP/AP CML) N = 23 (AP) MHR 78% (AP)
MCyR 52% (AP)

K0706 (BCRABL TKI) NCT02629692 (phase 1/2—K0706 in AP/CP/BP CML after TKI fail ure)

PF114 (BCRABL TKI) Turkina et al44 (phase 1—PF114 CP/AP CML after TKI fail ure or T315I) N = 51 (CP/AP) MHR 42% (CP/AP)
MCyR 29% (CP/AP)

PHA739358 (aurora kinase inhib i tor) Borthakur et al45 (phase 1—PHA739358 in AP/BP CML) N = 29 (AP/BP) HR 14% (AP/BP)

SCH 6636 (farnesyl trans fer ase inhib i tor) Cortes et al46 (phase 1—SCH 6636 CP/AP/BP CML after imatinib 
fail ure)

N = 15 (AP/BP) CHR 14% (AP/BP)

Venetoclax (BCL2 inhib i tor) Maiti et al42 (ret ro spec tive—venetoclax + TKI) N = 9 (BP) ORR 75% (BP)

BP1001 (lipo so mal Grb2 anti sense  
oli go nu cle o tide)

Ohanian et al47 (phase 1/1b—BP1001 ± lowdose cytarabine in 
advanced mye loid malig nan cies)

N = 5 (BP) ORR 1/5 (BP)

Nivolumab (anti-PD1) NCT02011945 (phase 1b—nivolumab + dasatinib in CP/AP CML)

Inotuzumab (antiCD22) Jain et al48 (phase 1/2—inotuzumab+bosutinib in Ph+ ALL/CML lym
phoid BP)

N = 2 (BP) ORR 1/2 (BP)

BCL2, Bcell lym phoma 2; HR, hema to logic response; MCyR, major cyto ge netic response; MHR, major hema to logic response; ORR, over all  
response rate.
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relapse.36 Overall 5year OS rates were 53% in both myeloabla
tive and reducedinten sity con di tion ing groups.

For AP patients, how ever, tim ing of trans plant can be dif fi
cult. Certain de novo AP patients have out comes sim i lar to CP
CML, with 1 study suggesting that trans plant can be deferred 
in AP patients who lack highrisk char ac ter is tics, includ ing total 
CML dis ease dura tion more than 12 months, hemo glo bin less 
than 10 g/dL, and periph eral blood blasts more than 5%.37 For 
most de novo AP patients, treat ment with TKI alone is likely suf
fi cient, with sub se quent trans plan ta tion deci sions based on the 
patients’ response to ther apy. However, HSCT is recommended 
in all  eli gi ble patients who have progressed to AP from CP and all  
BP patients, includ ing those presenting with de novo dis ease.9

Once a patient has under gone HSCT, the use and dura tion of 
TKI main te nance after trans plan ta tion are unknown. In Ph+ acute 
lym pho blas tic leu ke mia, main te nance TKI improves leu ke mia
free sur vival, relapse, and OS.38 Smaller pro spec tive stud ies have 
dem on strated safety of main te nance TKI with lower rates of 

relapse in CML.39 However, a recent IBMTR anal y sis of main te
nance TKI after trans plant for CML showed no ben e fit at 100 days 
in terms of OS, leu ke miafree sur vival, relapse rates, trans plant
related mor tal ity, and chronic graftver sushost dis ease.40 NCCN 
guide lines rec om mend 12 months of main te nance TKI, although 
data guid ing this rec om men da tion are unclear.9 Minimal resid ual 
dis ease mon i tor ing is an essen tial tool to deter mine dura tion and 
need for TKI main te nance, although firm guide lines in this area 
are needed. Our patient was offered trans plant after reverting to 
CP with ponatinib and induc tion che mo ther apy. She discontin
ued ponatinib at 6 months given its side effect pro file and lack of 
resid ual dis ease on fol lowup.

Novel ther a peu tics for advanced CML
Despite dra matic improve ments in out comes for patients with 
CPCML, patients with AP and BPCML have sig nifi  cantly worse 
prog no sis, and thus new ther a peu tic approaches are needed. 
Table 4 sum ma rizes novel ther a peu tics cur rently under inves ti ga

Figure 1. Algorithm for treatment of (A) de novo or (B) progressed advanced phase CML.
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tion. Asciminib, an allo ste ric inhib i tor that binds to the myristoyl 
site of the BCRABL tyro sine kinase, has dem on strated effi cacy 
in heavily pretreated patients with CML.41 In 9 patients with AP
CML, 8 had a CHR, and 1 of 9 had an MMR. As asciminib tar gets a 
dis tinct bind ing site com pared with other TKIs, its devel op ment 
and recent approval open the pos si bil ity for future TKITKI drug 
com bi na tions, which are being eval u ated in phase 1 and 2 tri als 
(NCT03595917; NCT03578367). Other novel smallmol e cule inhib
i tors, includ ing newergen er a tion TKI inhib i tors, are also under 
eval u a tion (Table 4). Venetoclax, a selec tive Bcell lym phoma 2 
inhib i tor, has shown syn er gism with TKIs in elim i nat ing leu ke mic 
stem cells in advanced CML, with encour ag ing response rates 
for venetoclax and TKI com bi na tions in ret ro spec tive stud ies for 
CML in mye loid BP.42 Given dys func tion in immune sur veil lance 
within CML, immune ther a pies could poten tially be lev er aged in 
advanced phase CML, par tic u larly in TKIresis tant patients. Over
all, treat ment of advanced phase CML remains a chal lenge, and 
pre ven tion of dis ease pro gres sion is the most par a mount strat
egy. Clinical trial par tic i pa tion is encour aged for all  patients who 
develop or have advanced phase CML.

Conclusions
TKI ther apy rev o lu tion ized the care of patients with CML. Al
though the inci dence of AP and BPCML has declined, prog no sis 
is sig nifi  cantly worse, and TKI ther apy is not as effec tive. In addi
tion to small num bers and lim ited evi dence to guide treat ment, 
it is impor tant to rec og nize that there is het ero ge ne ity in the 
defi  ni tions of AP and BP, com pli cat ing treat ment deci sions. Our 
gen eral approach to patients with advanced CML is sum ma rized 
in Figure 1. Given lim ited options in advanced CML, pre ven tion of 
pro gres sion with strict adher ence to evi dencebased treat ment 
guide lines for CPCML remains the best strat egy; how ever, novel 
ther a peu tics and treat ment strat e gies are being explored for the 
small group of patients who do trans form.
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