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I N TRODUC TION

Chronic myeloid leukaemia (CML) is a relatively rare form 
of myeloproliferative neoplasm, with an incidence of 0.7–
1.0/100 000.1 CML has the hallmark genetic lesion the 
Philadelphia (Ph) chromosome, a reciprocal translocation 

between the long arms of chromosomes 9 and 22, with 
the resultant shortened chromosome 22 being the afore-
mentioned Ph chromosome, producing the oncogenic fusion 
protein BCR-ABL1, a constitutively active tyrosine kinase.2

CML is a triphasic disorder. The majority of patients pres-
ent in chronic phase (CP), associated with a raised white cell 
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Summary
Despite the success of BCR-ABL-specific tyrosine kinase inhibitors (TKIs) such as 
imatinib in chronic phase (CP) chronic myeloid leukaemia (CML), patients with 
blast phase (BP)-CML continue to have a dismal outcome with median survival of 
less than one year from diagnosis. Thus BP-CML remains a critical unmet clinical 
need in the management of CML. Our understanding of the biology of BP-CML 
continues to grow; genomic instability leads to acquisition of mutations which drive 
leukaemic progenitor cells to develop self-renewal properties, resulting in differen-
tiation block and a poor-prognosis acute leukaemia which may be myeloid, lymphoid 
or bi-phenotypic. Similar advances in therapy are urgently needed to improve pa-
tient outcomes; however, this is challenging given the rarity and heterogeneity of 
BP-CML, leading to difficulty in designing and recruiting to prospective clinical 
trials. This review will explore the treatment of BP-CML, evaluating the data for 
TKI therapy alone, combinations with intensive chemotherapy, the role of allogeneic 
haemopoietic stem cell transplantation, the use of novel agents and clinical trials, 
as well as discussing the most appropriate methods for diagnosing BP and assessing 
response to therapy, and factors predicting outcome.
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count, splenomegaly and, occasionally, symptoms of hyper-
viscosity. However, according to the EUTOS population-
based registry, 4%–5% of patients present in accelerated 
phase (AP)3; a transitional stage of disease associated with 
further genetic mutations, an increase in blasts and primi-
tive cells, cytopenias and, often, treatment resistance. A fur-
ther 1%–2% present in blast phase (BP; sometimes referred 
to as ‘blast crisis’) CML, a poor-prognosis acute leukaemia, 
which may be myeloid, lymphoid or mixed phenotype.4 In 
addition to presenting with de novo BP-CML, patients may 
progress on therapy. With the introduction of BCR-ABL1-
specific tyrosine kinase inhibitors (TKIs), the rate of pro-
gression to AP or BP has fallen from 5%–20% to 1%–5% 
annually, with the greatest risk of progression during the 
first year following diagnosis.5 While TKIs provide excellent 
outcomes for patients with CP-CML, with the majority of 
CP patients expected to have a normal life expectancy,6 re-
sponses to TKIs in BP are infrequent and of short duration, 
with most patients dying from refractory disease within a 
year of developing BP-CML.5 Therefore BP-CML continues 
to be a critical area of clinical need where new approaches to 
improve patient outcomes are urgently required.

DI AGNOSIS OF BL AST PH ASE 
CHRON IC M Y E LOID L EU K A E M I A

The World Health Organisation (WHO) and European 
LeukemiaNet (ELN) differ on the diagnostic criteria for BP-
CML, with the WHO citing 20% or more blasts and the ELN 
30% or more blasts in the peripheral blood or bone marrow.7,8 
A study by Cortes et al.9 evaluated outcomes for BP-CML 
patients according to both WHO and ELN criteria. Overall 
survival (OS) was significantly better in patients with 20%–
29% blasts as compared to those with blasts at 30% or more 

with three-year OS of 42% versus 10%, respectively. Within 
the recent MATCHPOINT clinical trial for UK patients with 
BP-CML, the ELN definition of 30% or more blasts was used 
as an entry criterion.10 Extramedullary blast proliferation is 
also diagnostic of BP-CML, regardless of disease phase in 
the bone marrow.7,8

Where a diagnosis of BP-CML is suspected, a bone mar-
row aspirate should be performed to evaluate morphology, 
immunophenotyping to confirm if myeloid, lymphoid or 
mixed phenotype, and full karyotype to identify any addi-
tional cytogenetic abnormalities (ACAs).11 The ACAs which 
may be diagnostic of AP-CML, e.g. extra Ph chromosome, 
isochromosome 17q, trisomy 8 or 19, may also be present at 
diagnosis of de novo BP-CML or following progression from 
CP- or AP-CML.12 Where the aspirate is a dry tap, a trephine 
should be performed, and where possible a portion of this 
sent for karyotyping. A BCR-ABL1 kinase domain mutation 
should be performed at diagnosis of de novo BP or on pro-
gression to AP- or BP-CML.11,13 Next-generation sequencing 
(NGS) panel assessment to identify commonly mutated lym-
phoid or myeloid genes may also be considered, but remains 
an experimental approach in CML.

M ECH A N ISMS U N DER LY I NG 
PROGR E SSION TO BP- CM L

The molecular mechanisms underlying progression to BP-
CML are not fully understood, and are likely multifacto-
rial (Figure  1). While CP-CML results from acquisition of 
BCR-ABL1 in a primitive haemopoietic stem cell, in BP, 
progenitor cells acquire self-renewal potential and undergo 
differentiation arrest.14 Progenitors in BP-CML have more 
stem cell-like properties,15 with upregulation of β-catenin 
and C-MYC activity,16,17 and vulnerability to oxidative DNA 

F I G U R E  1   Clonal evolution in CML. The schematic diagram proposes a model for clonal evolution in CML. Acquisition of BCR-ABL1 within 
a stem/progenitor cell results in an increase in ROS, genomic instability and epigenetic reprogramming with convergence on PRC1 and PRC2 
complexes.21–23 AP-CML may develop when additional mutations, e.g. T315I, occur and treatment resistance ensues. Further progression to BP occurs 
when leukaemic progenitor cells acquire self-renewal potential, which is combined with worsening genomic instability leading to acquisition of further 
genetic abnormalities, e.g. TP53 mutation, trisomy 8 and differentiation block. AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; 
CP, chronic phase; ROS, reactive oxygen species; TKI, tyrosine kinase inhibitor.
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damage leading to genomic instability and a high mutation 
burden,18,19 including acquisition of ACAs and molecular 
lesions, e.g. mutation of TP53 which occurs in up to 20% 
of BP-CML cases.20 A detailed review of the biology and 
mechanisms of progression to BP-CML is beyond the scope 
of this review. This topic has been reviewed elsewhere.21,22 
Very recently, epigenetic reprogramming via the polycomb 
repressive complex (PRC) complex has been identified as im-
portant for progression to BP-CML.23

PROGNOSTIC R ISK FAC TOR S I N  
BP- CM L

Several clinical, cytogenetic and molecular features have 
been identified as having prognostic importance in BP-
CML. Recent studies by Jain et al., and Lauseker et al., 
undertaken in the TKI era, have identified clinical fea-
tures associated with either poorer OS or increased risk of 
treatment failure.24,25 These include older age (>58 years), 
thrombocytopenia, anaemia, high LDH, prior TKI therapy, 
progression from CP or AP, and myeloid immunopheno-
type. Interestingly, in the study by Lauseker et al.25 the 
EUTOS Long Term Survival (ELTS) score, developed for 
CP-CML, defined two prognostic groups in BP-CML. The 
probability of two-year OS for patients with a high-risk 
ELTS score was 0.4 (95% confidence interval 0.29–0.56) ver-
sus 0.69 (95% confidence interval 0.49–0.96) for non-high-
risk patients.

The German CML IV study demonstrated that the pres-
ence of major route ACAs, defined as a second Ph chro-
mosome, trisomy 8 or 19 and isochromosome (17q), were 
associated with progression to advanced-phase CML.26 
More recently, Chen et al.27 also identified 3q26.2 rearrange-
ment as a high-risk genetic lesion in TKI-treated patients 
which correlated with the presence of ABL1 mutations (as-
sociated with BCR-ABL1 kinase domain mutations). This 
is confirmed by Gong et al.28 who demonstrated that TKI 
therapy substantially reduces the risk of progression to BP in 
low-risk, but not high-risk ACAs, namely 3q26.2 rearrange-
ment, 7(del7q), isochromosome (17q) and high-risk complex 
karyotype. The German CML Study Group has also recently 
shown that the presence of high-risk ACAs in patients with 
low blast percentages are an early marker of CML progres-
sion and predict poor OS.29

Using whole-exome and RNA sequencing, Branford 
et al.30 showed that all patients in their cohort (n = 39) had 
mutated cancer genes at progression to BP-CML with pa-
tients having up to five genetic lesions at diagnosis of BP. A 
very recent comprehensive genetic analysis has shown that 
specific genetic lesions are better predictors of survival in 
BP, compared to clinical parameters.31 They demonstrate in 
a large patient cohort, with 52 matched CP and BP samples, 
that the number of mutations acquired during progression 
correlated with the time to progression, and inversely cor-
related with exposure to TKI therapy during CP. This sug-
gests that accumulation of mutations is suppressed by TKI 

therapy, which may also prevent progression to BP in some 
patients. Driver mutations implicated in other myeloid ma-
lignancies, e.g. RUNX1, ABL1, TP53, ASXL1, BCOR/BCORL1 
and WT1, were found in BP-CML. Interestingly, ASXL1 
was already present in CP, and, in 14 of 15 patients with an 
ASXL1 mutation, other mutations, e.g. TP53 or RUNX1 de-
veloped during progression to BP. They also demonstrated 
that specific copy number abnormalities (CNAs) and genetic 
lesions were enriched in myeloid BP; these were trisomies 21, 
8 and 9, ASXL1 and TP53 mutations. CDKN2A/B, IKZF1 de-
letion, −7/del(7p) and −9/del(9p) were enriched in lymphoid 
BP. RUNX1 and extra Ph chromosome were seen in both 
lymphoid and myeloid BP.

ABL1 mutations occurred almost exclusively in patients 
who had previously received TKIs, and were the most fre-
quent mutation type.30,31 In the study by Ochi et al.,31 all 
BP-CML patients with an ABL1 mutation, had additional 
cytogenetic or molecular lesions. The study by Branford 
et al.30 demonstrated that only 2/19 patients had an ABL1 
mutation as the only genetic lesion, and that ABL1 mutations 
were more common with progression to lymphoid BP (16/20 
patients) versus myeloid BP (3/19 patients), and in lym-
phoid BP, were frequently associated with IKZF1 mutation. 
Mutations of TP53, BCOR and RUNX1 were less frequent in 
TKI-treated patients. Independent risk factors predicting OS 
in patients treated with TKI-based therapy were ASXL1 mu-
tations, complex CNAs, isochomosome (17q), and trisomy 
21.31

TR E ATM E N T OF BP- CM L

When deciding on appropriate therapy for BP-CML, many 
factors need to be considered which will affect the choice 
of therapy. Principal among these are (1): is BP a de novo 
presentation or a progression on TKI or other therapy? (2) Is 
BP myeloid, lymphoid or mixed phenotype? (3) What prior 
TKIs (if any) has the patient been exposed to? (4) Is the pa-
tient known to have a BCR-ABL1 kinase domain mutation? 
(5) Is the patient fit for intensive chemotherapy and is con-
sideration of allogeneic haemopoietic stem cell transplanta-
tion (alloHSCT) for post-remission consolidation therapy 
appropriate?

In the pre-TKI era, patients were treated with chemother-
apy protocols designed for acute leukaemias, with acute my-
eloid leukaemia (AML)-type intensive induction approaches 
for myeloid BP,32 and vincristine and prednisolone-based 
multidrug approaches used for lymphoid BP.33 The out-
comes for intensive chemotherapy approaches alone in 
BP-CML were inferior to responses in de novo acute leu-
kaemias. Responses tended to be of short duration, with 
patients relapsing within a few months in the absence of 
alloHSCT consolidation. The introduction of TKIs changed 
the treatment landscape for patients with BP-CML, and en-
abled some older, frailer patients to obtain remissions (albeit 
of short duration) when used as single agents. However, all 
patients considered appropriate and with a suitable donor, 
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should proceed to alloHSCT on achievement of a second CP 
(CP2), as this remains the therapeutic option with the high-
est likelihood of long-term remission or cure.11,34

MON ITOR I NG R E SPONSE TO 
TH ER A PY A N D A PPROPR I ATE 
TR E ATM E N T E N D -POI N TS I N  
BP- CM L

Appropriate investigations for monitoring response to ther-
apy in BP-CML are shown in Table 1. Historically, the initial 
therapeutic goal in BP-CML was to return patients to a CP2, 
as the outcome of alloHSCT is better if patients are trans-
planted in CP2 compared to active BP disease.4

Studies in CP-CML have shown that responses deeper 
than complete cytogenetic response (CCyR; defined as the 
absence of the Ph chromosome evaluated in at least 20 cells 
in metaphase in a bone marrow aspirate) confer no addi-
tional survival benefit.35 The situation in BP-CML is very 
different. Five-year OS for BP-CML patients achieving CCyR 
is an abysmal 12.2%.36 This is only modestly improved in 
BP patients achieving major molecular remission (MMR; 
defined as a BCR-ABL1:control gene ratio of ≤0.1% on the 
International Scale) at 34.4%. In BP-CML, optimal responses 
are seen in patients with molecularly undetectable leukae-
mia (MUL; with specification of the number of control gene 
transcripts),11 with a five-year OS of 71.8%.36 Of note, in this 

study, 80/92 (87%) of patients achieving MUL had received 
an alloHSCT. The remaining 12 patients achieved MUL fol-
lowing a combination of TKI and chemotherapy. Median 
OS for patients achieving MUL was 132.2 months, and this 
should be considered the treatment goal for optimal long-
term survival in BP-CML.

SI NGL E -AGE N T TK I TH ER A PY

In BP-CML, responses to single-agent TKIs are seen, but are 
not maintained. The choice of TKI is dependent on whether 
or not the presentation is of de novo BP, or progression on 
a TKI; if progression, then knowledge of prior TKI use, re-
sponses and presence of BCR-ABL1 mutations is critical. 
There are no randomised controlled trials of TKI therapy 
in BP-CML. However, there are multiple single-arm studies 
with imatinib in de novo BP-CML,37–42 dasatinib and nilo-
tinib in imatinib failure,43–47 and bosutinib and ponatinib 
following resistance or intolerance to two or more TKIs.48,49 
Nilotinib is not licensed for BP-CML. There are limited data 
for front-line use of second-generation TKIs in de novo BP-
CML. There are no data for asciminib in BP-CML. Response 
rates are shown in Table 2, and the available data for all ap-
proved TKIs are considered below. However, these responses 
are not durable, with a median response duration of less 
than 12 months for all TKIs.

Imatinib

The recommended dose of imatinib in BP-CML is 800 mg 
once daily; however many patients will be intolerant of this 
dose, and 400 or 600 mg once daily may be more achiev-
able. Clinical trials in BP-CML, with no prior exposure to 
TKIs, have investigated doses ranging from 300 to 1000 mg 
daily. Whilst the majority of patients achieved some form of 
haematological response, complete haematological response 
(CHR; defined as normal full blood count and blood film 
as well as no splenomegaly on examination) was much less 
common, occurring in 10.5%–33% of patients in early tri-
als of imatinib (Table 2). CCyR was also rare, occurring in 
0%–18.7% of patients. Survival was short, with median OS 
ranging from 6.5–10 months. Not all patients had de novo 
CML in these early imatinib trials, with some having pre-
viously received alloHSCT in an earlier phase of disease. 
Only a minority of patients subsequently proceeded to al-
loHSCT. Molecular responses were not reported in these 
early imatinib trials.

Dasatinib

The recommended dose of dasatinib in BP-CML is 140 mg 
once daily. This dosing schedule has a better safety profile 
than 70 mg twice daily.46 Clinical trials of dasatinib in BP-
CML have been performed in patients resistant or intolerant 

T A B L E  1   Suggested investigations at diagnosis of BP-CML and to 
monitor response to therapy

Diagnosis On therapy

Full blood count, blood film and  
200-cell differential

X X

Immunophenotyping by multi-
parameter flow cytometry

X Xa

Cytogenetics for full karyotype X Xa

BCR-ABL qRT-PCRIS X Xb

BCR-ABL kinase domain mutation 
testing by NGS

X Xc

NGS myeloid/lymphoid panel 
assessment

X

Tissue typing of patient, siblings and 
VUD search if transplant being 
considered

X

Lumbar puncture and CSF cytology 
in lymphoid and mixed 
phenotype BP

X Xd

Abbreviations: CSF, cerebrospinal f luid; IS, International Scale; MMR, major 
molecular remission; NGS, next generation sequencing; VUD, volunteer unrelated 
donor.
aBone marrow assessment three-monthly until achievement of MMR and then as 
clinically indicated.
bThree-monthly indefinitely. More frequent monitoring may be required if 
concerned about relapse of losing molecular response.
cThree-monthly until achievement of MMR and then if loss of response.
dTo correspond with intrathecal therapy and as clinically indicated.
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to imatinib.43,46,47 There are no prospective clinical trials, 
and limited data on the front-line use of dasatinib in de novo 
BP-CML. The START-B (myeloid BP) and START-L (lym-
phoid BP) trials reported high rates of BCR-ABL1 kinase do-
main mutations, with 42% and 65% of patients, respectively, 
having these mutations detected by Sanger sequencing.43 
CHR rates varied widely between the studies from 17.4% to 
70.0% (Table 2).43,46,47 A minority of patients achieved CCyR 
(17.5%–36.8%). There was a trend towards higher CCyR 
rates in lymphoid compared to myeloid BP (30.0%–36.8% 
vs. 17.5%–26.1%, respectively). Median OS was short, rang-
ing from 7.7–11.4 months. As with imatinib, only a minority 
of patients proceeded to alloHSCT, and previous alloHSCT 
was associated with a poorer outcome.43 Cytopenias were al-
most universal in BP-CML patients treated with dasatinib, 
and there was an increased risk of pleural effusion compared 
with CP-CML,46 in part related to the higher dose (140 mg in 
BP vs. 100 mg in CP). There is some evidence that dasatinib 
crosses the blood–brain barrier which makes it a more at-
tractive option for patients with lymphoid BP or evidence of 
central nervous system (CNS) disease.50

Nilotinib

Nilotinib is not licensed in BP-CML. Clinical trials of nilo-
tinib in BP-CML were conducted in patients resistant or 
intolerant to imatinib,44,45,51 with the most commonly as-
sessed dose being 400 mg twice daily. There are no prospec-
tive clinical trials on the front-line use of nilotinib in de 
novo BP-CML. As with dasatinib, a high rate of BCR-ABL1 

kinase domain mutations was reported, with 44% of resist-
ant patients and 10% of intolerant patients having these 
mutations detected by Sanger sequencing.44 CHR rates 
were low, ranging from 6.1%–24%, with no clear difference 
between lymphoid and myeloid phenotype (Table 2).44,45,51 
CCyR was achieved in 6.1%–32% of patients, with a trend 
towards higher CCyR rates in lymphoid compared to mye-
loid BP (26%–32% vs. 8.3%–30%, respectively),44,51 however, 
where OS was evaluated, this did not translate into a sur-
vival advantage in lymphoid BP, with OS being 10.1 months 
compared with 7.9 months for myeloid and lymphoid BP, 
respectively.44 Only a minority of patients proceeded to 
alloSCT. Grade 3/4 cytopenias were very common in BP-
CML patients treated with nilotinib, and the most common 
non-haematological adverse events were hyperbilirubinae-
mia, elevation of transaminases, lipase elevation, rash and 
nausea.44,51

Bosutinib

The recommended dose of bosutinib in BP-CML is 500 mg 
once daily. Available data for bosutinib in BP-CML is from 
the Phase 1/2 Study 200 in patients resistant or intolerant to 
imatinib (second line; n = 36) and dasatinib and/or nilotinib 
(third or higher line; n = 28).49 Of the 64 patients recruited, 
23 had myeloid, 10 lymphoid and 31 unspecified BP-CML. 
53% of recruited patients had at least one, and 11% has two or 
more BCR-ABL1 kinase domain mutations. Baseline T315I 
mutations were present in 16% of patients. The CHR rates 
for bosutinib were 27% and 4% and CCyR rates 37% and 17% 

T A B L E  2   Outcomes to single agent TKIs in BP CML

TKI Prior TKI (yes/no) Reference(s) No. of patients CHR (%) CCyR (%) alloHSCT (%) Median OS (mo)

Imatinib No 37 mBP = 38
lBP = 20

10.5
20

7.9
10

4.5
N/A

N/A
N/A

No 40,41 229 (mBP) 15.3 7.4 5 6.9

No 38 75 21.3 18.7 9.3 6.5

No 42 30 33 0 N/A OS 36% at 1 year

No 39 92 26.1 9.8 9.8 7.0

Dasatinib Yes 47 mBP = 23
lBP/Ph+ALL = 10

34.8
70

26.1
30

N/A
10

N/A
N/A

Yes 43,46 mBP = 149
lBP = 61

17.4
18.0

17.5
36.8

6.0
9.8

7.7–7.9
9.0–11.4

Nilotinib Yes 45 33 6.1 6.1 N/A N/A

Yes 44 mBP = 105
lBP = 31

24
21

30
32

11
6

10.1
7.9

Yes 51 mBP = 133
lBP = 50

6.8
14.0

8.3
26.0

N/A
N/A

OS 63% at 18 months 
for mBP/lBP

Bosutinib Yes 49 Second line = 36
≥Third line = 28

27
4

37
17

N/A
N/A

11.2
8.9

Ponatinib Yes 48,52 62 (incl. 24 with T315I) 21 17.4 9.7 OS 29% at 1 year & 9% 
at 3 years

Abbreviations: alloHSCT, allogeneic haemopoietic stem cell transplantation; BP, blast phase; CCyR, complete cytogenetic remission; CHR, complete haematologic remission; 
CML, chronic myeloid leukaemia; lBP, lymphoid blast phase; mBP, myeloid blast phase; N/A, data not available; OS, overall survival; Ph+ALL, Philadelphia chromosome-
positive acute lymphoid leukaemia; TKI, tyrosine kinase inhibitor.
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in second line and third or higher line, respectively. Median 
OS was 11.2 months in second line and 8.9 months in third 
or higher line. As with other second-generation TKIs, cyto-
penias were common. Grade 1/2 biochemical abnormalities 
were also common, but grade 3/4 adverse events much less 
frequent.

Ponatinib

In the UK, ponatinib is approved for use in patients with 
BP-CML who have failed a second -generation TKI or have 
a T315I mutation (www.nice.org.uk/guida​nce/ta451). The 
PACE (Ponatinib Ph+ ALL and CML Evaluation) clinical 
trial assessed the efficacy of 45 mg ponatinib in patients 
with all phases of CML and Ph+ALL, including 62 patients 
with BP-CML.48,52 Ponatinib was administered as second, 
third or fourth line therapy, and 24 BP-CML patients had 
a T315I mutation. CHR, CCyR and MMR were achieved in 
21%, 17.4% and 12.9% of patients, respectively. Responses 
were short-lived, with a median progression-free survival 
(PFS) of 3.7 months. 9.4% of patients proceeded to al-
loHSCT. Overall survival was 29% at one year and 9% at 
three years.

No data are available for the second-generation TKI ra-
dotinib or the STAMP (specifically targeting the myristoyl 
pocket) inhibitor asciminib in BP-CML. In conclusion, out-
comes are unsatisfactory for all single-agent TKIs, with only 
a minority of patients achieving a CCyR (6.1%–37%) which 
was short-lived. Median OS ranged from 6.5 to 11.4 months 
with few patients proceeding to potentially curative al-
loHSCT consolidation.

COM BI NATION TH ER A PIE S

With the dismal outcomes seen with TKI alone in BP-
CML, attention has focussed on TKIs in combination with 
chemotherapy or immunological approaches. Available 
data are from either short case series or early-phase single-
arm clinical trials. Due to the rarity of BP-CML in the TKI 
era, large randomised clinical trials comparing different 
treatment approaches are not feasible, and often different 
therapies have been adopted for myeloid versus lymphoid 
BP, based on treatments for AML and ALL, respectively. 
TKI combination clinical trials and outcomes for myeloid 
and lymphoid BP-CML are summarised in Tables 3 and 4, 
respectively.

Myeloid blast phase

Within the UK, we have recently published the Phase 
1/2 MATCHPOINT clinical trial, using an Eff-Tox de-
sign, combining ponatinib with the chemotherapy regi-
men FLAG-IDA (f ludarabine, cytarabine, idarubicin 
and granulocyte-colony stimulating factor [G-CSF]).10 T
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Patients received either one or two cycles of FLAG-IDA 
with ponatinib 30 mg daily, and then proceeded to al-
loHSCT. Where feasible, ponatinib was re-started as 
maintenance post alloHSCT. Of the 17 patients recruited, 
16 were evaluable for the primary end-point; 11 (69%) 
achieved a return to CP2, with five achieving MMR after 
one cycle of ponatinib–FLAG-IDA. Interestingly, 8/16 
(50%) patients achieved CCyR after the first cycle of ther-
apy, with no additional patients achieving CCyR after a 
second cycle of FLAG-IDA. Median OS was 12 months 
and 41% of patients were alive at three years. Long-term 
survival was critically dependent on successful trans-
plantation, and not a second cycle of FLAG-IDA chemo-
therapy. Post-transplant maintenance ponatinib, at a dose 
of 15 mg for those patients in MMR, was well tolerated, 
with no excess toxicity observed when ponatinib was used 
both pre and post alloHSCT. The study identified no new 
safety signals for ponatinib when combined with FLAG-
IDA chemotherapy.

Studies combining a TKI with a hypomethylating agent 
have been published (Table 3). This approach may be more 
suitable for older or less fit patients. In the study by Oki 
et al.,53 results with imatinib in combination with decit-
abine were poor with a CCyR rate of 10% and median OS 
of 3.5 months. However, the majority of these patients had 
previously received imatinib therapy. More recent small, 
single-arm studies have combined a second-generation TKI 
or ponatinib with decitabine or azacytidine, and these look 
to hold more promise with CCyR rates of 33%–43% and a 
median OS of 13.8–27.4 months.54,55 An ongoing Phase 2 
study (PONAZA; www.clini​caltr​ials.gov NCT03895671; 
accessed 8th April 2022) aims to recruit up to 40 patients 
with AP- or BP-CML and assess the combination of pona-
tinib at a starting dose of 45 mg daily with azacytidine. It 
will be interesting to compare the results of this study with 
MATCHPOINT to better understand the optimal approach 
to treating myeloid BP-CML.10

Lymphoid blast phase

For patients with lymphoid BP, considering an ALL-type 
approach to combination therapy is also an option. In the 
largest study to date, Strati et al.56 evaluated imatinib (400–
800 mg daily) or dasatinib (50–140 mg daily) with hyper-
fractionated cyclophosphamide, vincristine, adriamycin and 
dexamethasone (hyperCVAD) in 42 patients with lymphoid 
BP. CHR and CCyR rates were 90% and 58%, respectively. 

The commonest grade 3/4 adverse events were haemato-
logical toxicity and infection, occurring in 100% and 59% of 
patients, respectively. Despite this, the treatment discontin-
uation rate was less than 10%. 53% of patients proceeded to 
alloHSCT and median OS was 17 months. Remission dura-
tion was longer for patients receiving dasatinib (not reached 
vs. 14 months; p  =  0.15), achieving CCyR (not reached vs. 
8 months; p < 0.015), undergoing alloHSCT (not reached vs. 
7 months; p < 0.01). Interestingly, a recent Phase 2 study com-
bining ponatinib with hyperCVAD in Ph+ALL has reported 
a five-year OS of 71%.57 The ponatinib was reduced to 30 mg 
daily after cycle 1 in the latter part of the study due to con-
cerns about cardiovascular toxicity.

In a less intensive approach, Rea et al.58 evaluated IM 
800 mg together with vincristine and dexamethasone in 13 
lymphoid BP patients. Of the 12 evaluable patients, 11 (91.7%) 
achieved CHR and 4 (33.3%) achieved CCyR. Seven patients 
proceeded to alloHSCT and median OS was 13 months. 
Results were inferior in those patients that had received prior 
imatinib with all four patients relapsing within nine months.

More recently short case series of TKI in combination 
with immunotherapy, either inotuzumab or blinatumomab, 
have been published. Of two reported patients with lym-
phoid BP, treated with bosutinib 400 mg in combination 
with the anti-CD22 drug–antibody conjugate inotuzumab 
ozogamicin, one responded.59 Assi et al.60 reported three 
patients with lymphoid BP treated with the bi-specific an-
ti-CD3/CD19 monoclonal antibody blinatumomab in com-
bination with TKI (ponatinib n = 2 and dasatinib n = 1). All 
three patients achieved CCyR and even deep molecular re-
sponse (DMR), defined as the absence of a detectable BCR-
ABL1 transcript by RT-qPCR with a sensitivity of 0.01%. One 
patient proceeded to alloHSCT and all three were alive at the 
time of the report, eight months after treatment initiation. 
Further to this, Patel et al.61 report a single case of multiply 
relapsed CD19+ lymphoid BP achieving DMR and proceed-
ing to alloHSCT after ponatinib 45 mg in combination with 
blinatumomab.

A L LOGE N EIC H A E MOPOIETIC STE M 
CE L L TR A NSPL A N TATION

Early referral to a transplant centre should be considered 
when there is evidence of molecular progression (loss of 
MMR, acquisition of BCR-ABL kinase domain mutations 
or acquisition of major route or high-risk ACAs)5 after the 
failure of two or more TKIs as progression to frank BP-CML 

T A B L E  4   Outcomes to TKI in combination with ALL chemotherapy in lymphoid BP-CML

Combination Reference(s)
No. of 
patients CHR (%) CCyR (%) alloHSCT (%)

Median 
OS (mo)

Imatinib + vincristine + dexamethasone 58 12 91.7 33.3 58.3 13

Imatinib or dasatinib + HyperCVAD 56 42 90.4 58 42.9 17

Abbreviations: alloHSCT, allogeneic haemopoietic stem cell transplantation; CCyR, complete cytogenetic remission; CHR, complete haematologic remission; HyperCVAD, 
hyperfractionated cyclophosphamide, vincristine, adriamycin and dexamethasone; OS, overall survival.

http://www.clinicaltrials.gov
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is associated with poor transplant outcomes, despite TKI 
therapy (Table  5). As evidenced above, outcomes for pa-
tients with BP-CML are universally poor after TKI or TKI 
in combination with chemotherapy. Therefore, patients 
that are biologically fit enough and with a suitable donor 
should be offered alloHSCT. However, limited data are 
available reporting on transplant outcomes in the TKI era; 
available studies are presented in Table 5. Peripheral-blood 
stem cells are preferred over bone marrow as the stem cell 
source, with lower non-relapse mortality.62 Patients who 
achieve a CP2 or better have a superior outcome compared 
to those transplanted in frank BP.63,64 Khoury et al. and 
Radujkovic et al. reported a three-year OS of 35%–40% and 
51.1%, respectively, for BP-CML in remission compared to 
8%–11% and 23.3%, respectively, for patients transplanted 
with active BP-CML, likely due to a higher rate of relapse in 
the active BP-CML cohorts. Other adverse prognostic fac-
tors include a high EBMT risk score (≥5),63,65 reduced per-
formance status,64 low CD34+ cell count in graft, and donor 
age.62 Radujkovic et al.64 also reported transplant prior to 
2010 was associated with increased non-relapse mortality. 
There was no difference in outcomes between related ver-
sus matched unrelated donor or reduced-intensity versus 
fully myeloablative conditioning regimens. The impact of 
chronic graft-versus-host disease (cGVHD) is less clear. 
Niederweiser et al.62 reported improved OS for patients that 
develop cGVHD, but Radujkovic et al.64 did not. In a su-
banalysis, in patients with active disease, use of a matched 
unrelated donor was associated with improved OS, and 
in patients in remission at the time of transplant, a high 
EBMT score was associated with worse OS. Niederweiser 
et al.62 reported improved outcomes for BP-CML patients 
receiving post-transplant TKI and donor lymphocyte infu-
sions (DLI).

In summary, while outcomes following alloHSCT for BP-
CML remain poor compared to alloHSCT for CP-CML,63 
they are superior to non-transplant outcomes. Novel strat-
egies are required to reduce relapse risk post alloHSCT, in-
cluding reducing disease burden pre transplant and, where 
possible, returning patients to CP2. Further strategies to im-
prove outcome include post-transplant TKI and optimising 
the graft-versus-leukaemia effect through early reduction 
of immunosuppression and consideration of prophylactic 
DLI.66 However, it is unlikely that frank BP relapse post al-
loHSCT will respond to DLI or TKI.67

TH E ROL E OF TK I M A I N TE NA NCE 
TH ER A PY POST A L LOHSC T

Data on the use of TKI post transplant are limited.68 Where 
BP-CML patients have demonstrated TKI sensitivity pre 
alloSCT or have not exhausted all TKI options, then post-
transplant TKI is recommended,10,13,39,69 especially fol-
lowing reduced-intensity alloHSCT.70 The recent study by 
Neiderweiser et al.62 confirms this with a significant improve-
ment in OS with post-transplant TKI in BP-CML. However, 
the optimal duration of therapy is unclear. As discussed ear-
lier, achievement of deep molecular remission (MUL) is im-
portant for long-term survival.36 Post-transplant BCR-ABL1 
monitoring in BP-CML should be performed three-monthly 
for first two years and then 3–6-monthly indefinitely.13

SPECI A L SIT UATIONS

Extramedullary disease

BP-CML may rarely present as an extramedullary blast cell 
proliferation of either myeloid, lymphoid or bi-phenotypic 
origin.71 It is reported in approximately 8%–16% of cases of 
BP-CML, and may involve multiple sites.72,73 This is usu-
ally associated with BP-CML in the bone marrow, although 
may be the first indication of BP. The most common sites of 
involvement are lymph nodes, skin (leukaemia cutis), bone 
and central nervous system (CNS).8 There is a high rate of 
delayed or mis-diagnosis which can compromise therapy. 
While data on extramedullary BP-CML is scant, and is pre-
dominantly from case reports, patients should be managed 
as other patients with BP-CML.74–76 Where possible, inten-
sive chemotherapy combined with TKI is indicated, and 
should be followed with alloHSCT and post-transplant TKI 
maintenance. There is insufficient data to determine if TKIs 
have altered the incidence or disease course of patients with 
extramedullary BP-CML. However, a recent case series of 42 
patients with myeloid sarcoma identified that they are more 
common in men (M:F ratio = 4.3:1), and in the TKI era, the 
outcome is better as compared with myeloid BP-CML with 
median OS of 18.4 months compared to 8 months for my-
eloid BP-CML (p = 0.01).77 Furthermore, the study reported 
superior OS for de novo myeloid sarcoma as compared to de-
velopment of a myeloid sarcoma while on TKI therapy (36.0 

T A B L E  5   Allogeneic stem cell transplantation outcomes for patients with blast phase CML 1990–2018

References Dates of study No. of patients 3-year OS (%) 3-year PFS (%) Relapse incidence (%)
Non-relapse 
mortality (%)

65, a 2000–2009 63 36 23 40 33
63 1999–2004 80 (active BP-CML) 14 10 36 54
64 2004–2016 170 39 26 51 23
62,b 1990–2018 147 (incl. 51 AP-CML) 34 26 43 28

Abbreviations: OS, overall survival; PFS, progression-free survival.
aMedian follow-up since transplant 25 months.
bMedian follow-up since transplant 15 years.
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vs. 8.3 months; p = 0.002). There was no difference in OS for 
progression to myeloid sarcoma or myeloid BP on TKI ther-
apy (8.3 vs. 7.0 months, respectively; p = 0.55).

Central nervous system disease

Extramedullary BP-CML may present as CNS leukaemia. 
Although more common with lymphoid and bi-phenotypic 
BP-CML, it can also occur with myeloid BP.78 It is more 

common with a high white cell count at presentation.79,80 
CNS relapse has been identified in approximately 20% of BP-
CML or Ph+ ALL previously treated with imatinib.81 Often 
patients will show a complete response in the bone marrow 
with isolated CNS relapse, supporting the role of the CNS as 
a sanctuary site for leukaemia stem cells.82

Imatinib has relatively poor CNS penetration, and there 
are multiple case reports of CNS leukaemia/relapse on ima-
tinib.81 There is some evidence that dasatinib crosses the 
blood–brain barrier50; it has demonstrated improved survival 

T A B L E  6   Currently recruiting BP-CML clinical trials in adult patients using novel therapeutic approaches (excluding alloHSCT) on the  
www.clini​caltr​ials.gov website (accessed on April 26, 2022)

Phase and trial title Drug Patient population Primary end-point NCT number

Phase 1. ABL001 + dasatinib + prednisone for 
BCR-ABL+ B-ALL or CML

Asciminib
Dasatinib
Prednisone

Ph+ALL; lBP-CML MTD of asciminib NCT03595917

Phase 1. Study of HQP1351 in refractory 
CML and Ph+ALL

Olverembatinib (HQP1351)
Blinatumomab

CP-, AP- and BP-CML, 
Ph+ALL

Cmax and AUC for 
HQP1351

NCT04260022

Phase 1. Fludarabine, cytarabine and 
pegcrisantaspase for the treatment of 
relapsed or refractory leukaemia

Fludarabine
Cytarabine
Pegcrisantaspase

AML, ALL, T-PLL, 
biphenotypic AL, 
BP-CML

Safety and tolerability 
of f ludarabine, 
cytarabine and 
pegcrisantaspase

NCT04526785

Phase 1. Hu8F4 in treating patients with 
advanced haematologic malignancies

Hu8F4 (anti-PR1/HLA-A2 
monoclonal antibody)

HR-MDS, CMML, 
AML, BP-CML, 
HR-MF

DLT and minimum safe 
and biologically-
effective dose

NCT02530034

Phase 1/2. Venetoclax, ponatinib, and 
dexamethasone in participants with 
PH+ or BCR-ABL positive relapsed or 
refractory ALL or chronic myelogenous 
leukemia

Dexamethasone
Ponatinib
Venetoclax
Rituximab

Ph+ALL; lBP-CML MTD of venetoclax in 
combination with 
dexamethasone and 
ponatinib

NCT03576457

Phase 2. PONAZA: A combination of 
ponatinib and 5-azacitidine in chronic 
myelogenous leukaemia in AP or in 
myeloid blast crisis

Ponatinib
5-azacitidine

AP-CML and 
mBP-CML

2-year OS NCT03895671

Phase 2. Cladribine, idarubicin, cytarabine 
and venetoclax in treating patients 
with AML, high-risk myelodysplastic 
syndrome or BP-CML

Cladribine
Idarubicin
Cytarabine
Venetoclax

AML, HR-MDS, 
BP-CML

CR rate up to 12 months NCT 02115295

Phase 2. Decitabine, venetoclax and 
ponatinib for the treatment of Ph+ALL or 
mBP- or AP-CML

Decitabine
Venetoclax
Ponatinib

Ph+AML, mBP-CML, 
AP-CML

CR/CRi rate NCT04188405

Phase 2. Low-dose chemotherapy, ponatinib 
and blinatumomab in treating patients 
with Philadelphia chromosome-positive 
and/or BCR-ABL-positive ALL

Blinatumomab
Cyclophosphamide
Cytarabine
Filgrastim
Methotrexate
PEGFilgrastim
Ponatinib
Rituximab
Vincristine

Newly diagnosed 
Ph+ALL and 
lBP-CML

CMR in newly 
diagnosed Ph+ 
and/or BCR-ABL+ 
recipients

NCT03147612

Phase 2. Blinatumomab, cytarabine, 
methotrexate and ponatinib in treating 
patients with Philadelphia chromosome 
positive, or BCR-ABL-positive, or 
relapsed/refractory AL

Blinatumomab
Cytarabine
Methotrexate
Ponatinib

Newly diagnosed and 
R/R Ph+ALL and 
lBP-CML

CMR at 18 weeks NCT03263572

Abbreviations: AL, acute leukaemia; A ALL, acute lymphoblastic leukaemia; alloHSCT, allogeneic haemopoietic stem cell transplantation; AML, acute myeloid leukaemia; 
AP, accelerated phase; AUC, area under curve; B-ALL, B-cell acute lymphoblastic leukaemia; BP, blast phase; Cmax, maximum plasma concentration; CMML, chronic 
myelomonocytic leukaemia; CMR, complete molecular response; CML, chronic myeloid leukaemia; CP, chronic phase; CR, complete response; CRi complete response with 
incomplete count recovery; DLT, dose-limiting toxicity; HR-MDS, high-risk myelodysplastic syndrome; HR-MF, high-risk myelofibrosis; lBP, lymphoid blast phase; mBP, 
myeloid blast phase; MTD, maximum tolerated dose; OS, overall survival; Ph+ALL, Philadelphia chromosome-positive ALL; T-PLL, T-cell prolymphocytic leukaemia.

http://www.clinicaltrials.gov
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in a murine model of BCR-ABL1-positive CNS leukaemia, 
and clinical responses in patients with BCR-ABL1-positive 
leukaemia and CNS disease. There are isolated case reports 
for the use of nilotinib and bosutinib in BCR-ABL1-positive 
CNS leukaemia.80,83 He et al.84 report a series of nine cases 
of Ph+ leukaemia with CNS disease and T315I mutation (five 
Ph+ALL and four BP-CML), post alloHSCT who were treated 
with ponatinib. There were five isolated CNS relapses and four 
CNS and marrow relapses. Eight of nine patients, including 
all four BP-CML patients were alive a median of 18 months 
after first CNS relapse, suggesting that ponatinib may have 
efficacy in recurrent Ph+ CNS leukaemia. Regardless of which 
TKI is preferred, prevention and treatment of CNS leukaemia 
should also include systemic and/or intrathecal therapy. CNS 
prophylaxis should be administered to patients with lym-
phoid and bi-phenotypic BP-CML.13,34

Blast phase CML and COVID-19

While patients with CP-CML in MMR on TKIs or in 
treatment-free remission do not have an increased risk of 
severe COVID-19 disease and death, this is not the case for 
advanced-phase CML. Patients with AP- or BP-CML are 
8.2-fold more likely to die from COVID-19 compared to pa-
tients in MMR.85 Thus, patients with advanced-phase CML 
should be considered for antibody (sotrovimab) or antiviral 
therapy (nirmatrelvir, remdesivir or molnupiravir) to reduce 
the risk of hospitalisation and death.86,87

Blast phase CML in children

A detailed consideration of BP-CML in children is beyond 
the scope of this review and readers are referred to the recent 
excellent article by Hijuya and Suttorp.88 Due to the rarity 
of CML, and BP-CML, specifically, in children, paediatric 
guidelines are lacking, and it is recommended that, where 
possible, adult guidelines are followed, with patients pro-
ceeding to alloHSCT wherever possible.

NOV E L TH ER A PEU TIC A PPROACH E S

Outcomes for BP-CML remain poor, and new therapeutic 
approaches are urgently needed. Phase 1 clinical trials of as-
ciminib and oliverembatinib (HQP1351) did include patients 
with BP-CML, although these data remain unpublished.89,90 
Recently, the novel TKI K0706 has demonstrated an accept-
able toxicity profile and preliminary evidence of response in 
advanced-phase CML in a Phase 1 clinical trial.91 Despite the 
success of the anti-CD33 drug–antibody conjugate gemtu-
zumab ozogamicin in AML,92 this has not been extensively 
assessed in myeloid BP-CML. One early trial showed re-
sponses in 2/9 patients with BP-CML when combined with 
fludarabine and cytarabine,93 but subsequent to this, only 
isolated cases have been reported.71,94 A recent single-centre, 
retrospective study of venetoclax with TKI-based regimens 
has shown some promising results in BP-CML (n  =  9),95 
with a median OS of 10.9 months, and further studies are 

F I G U R E  2   Current management of BP-CML. The flow chart summarises the current approach(es) for management of BP-CML. Although there 
are some similarities in management, de novo BP-CML and progression to BP-CML on therapy are considered separately. ALL, acute lymphoblastic 
leukaemia; alloHSCT, allogeneic haemopoietic stem cell transplantation; AML, acute myeloid leukaemia; BP, blast phase; CML, chronic myeloid 
leukaemia; CNS, central nervous system; CP, chronic phase; DLI, donor lymphocyte infusion; FLAG-IDA, fludarabine, cytarabine, granulocyte-colony 
stimulating factor, idarubicin chemotherapy; lBP, lymphoid blast phase; NGS, next-generation sequencing; TKI, tyrosine kinase inhibitor.
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warranted. The aurora kinase inhibitor danusertib has dem-
onstrated responses in a Phase 1 trial in patients with the 
T315I mutation,96 including BP-CML, but further clinical 
development was halted due to practicalities of the drug in-
fusion frequency. Immunotherapies, for example CAR-T cell 
therapy, are also a rapidly expanding field, and with the im-
mune dysfunction associated with BP-CML, may offer hope 
for the future.97 Table 6 summarises ongoing clinical trials 
including BP-CML patients.

CONCLUSIONS

While TKIs have transformed outcomes for patients with 
CP-CML, outcomes remain poor for BP. Thus, a major focus 
needs to be prevention of progression to BP-CML, with early 
intervention for those patients failing to achieve milestone 
responses.11 Due to the rarity of BP-CML, clinical trial data 
are limited, and guidelines are often based on expert opinion 
rather than Phase 2 and Phase 3 trial outcomes. Figure 2 sum-
marises the broad approach to managing BP-CML in the UK.34

To improve the therapeutic approach for BP-CML, we 
need to work collaboratively across countries and conti-
nents, with industry, charities and academic institutions to 
clinically develop more effective therapies. Available data 
shows that MUL is required for optimal survival outcomes 
in BP-CML,36 and this should be our goal.
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