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In this provocative commentary, we consider several questions posed by the late chronic myeloid leukaemia (CML) expert Prof.
Michele Baccarani, which he challenged us to address after his death. He noted only a small proportion of people with chronic
phase CML receiving tyrosine kinase-inhibitor (TKI)-therapy are likely to achieve sustained therapy-free remission (TFR) and even
fewer are likely to be cured. Persons most likely to fail TKItherapy can be identified at diagnosis or soon after starting TKI-therapy.
These persons are likely to need lifetime TKI-therapy with attendant risks of adverse events, cost and psychological consequences.
Allogeneic transplants achieve much higher rates of leukaemia-free survival compared with TKI-therapy but are associated with
transplant-related adverse events including an almost 20 percent risk of transplant-related deaths within 1 year post-transplant and
a compromised quality-of-life because of complications such as chronic graft-versus-host disease. Subject-, disease- and transplant-
related co-variates associated with transplant outcomes are known with reasonable accuracy. Not everyone likely to fail TKI-therapy
is a transplant candidate. However, in those who candidates are physicians and patients need to weigh benefits and risks of TKI-
therapy versus a transplant. We suggest transplants should be more often considered in the metric when counseling people with
chronic phase CML unlikely to achieve TFR with TKI-therapy. We question whether we are discounting a possible important therapy
intervention; we think so.

Leukemia (2022) 36:1227–1236; https://doi.org/10.1038/s41375-022-01522-3

Scientists who fall deeply in love with their hypothesis are
proportionately unwilling to take no as an experimental
answer.

Sir Peter Medawar

INTRODUCTION
Before the development of imatinib and other tyrosine kinase-
inhibitors (TKIs) allogeneic haematopoietic cells transplants were a
common intervention in chronic phase chronic myeloid leukaemia
(CML) in appropriate persons and were the only approach to cure.
With the remarkable success of TKI-therapy transplants for chronic
phase CML became rare with less than 300 reported to the Centre
for International Blood and Marrow Research (CIBMTR) in
2014–2016. However, it’s become clear that despite excellent
survivals with TKI-therapy in many but not all countries only a
small proportion of people are likely to achieve therapy-free
remission (TFR) and even fewer cured. There is also considerable
debate over the most appropriate target of TKI-therapy. Should it
be population-adjusted survival, TFR or cure? When population-
adjusted survival is the target transplants are unlikely to be better
than TKI-therapy in most, but not all persons such as those failing

to respond to TKI-therapy and those with some ABL1 mutations,
high-risk additional cytogenetic abnormalities (ACAs) and/or with
other signs of leukaemia progression. Also, when the goal of TKI-
therapy is TFR or cure transplants may be appropriate for some
persons. In this Perspective, we present 10 questions for future
research on the roles of TKI-therapy and transplants in chronic
phase CML, questions raised by the late CML expert Prof. Michele
Baccarani.

WHAT IS THE APPROPRIATE GOAL OF CML THERAPY?
The optimal goal of CML therapy is cure resulting in normal sex-
and age-adjusted survival with a normal quality-of-life (QoL) [1–3].
Unfortunately, cure is achieved in few people with CML [4, 5]. An
intermediate goal is achieving near normal age- and sex-matched
adjusted survival off tyrosine kinase inhibitor (TKIs)-therapy
referred to as therapy-free remission (TFR) [2–10].

ARE TKI THERAPY GOALS CHANGING AND WHICH TKI IS BEST
TO ACHIEVE WHICH GOAL?
Several TKIs are commercially available to treat CML in many but not
all countries and at considerably different costs [11]. Imatinib,
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«We suggest transplants should be more often considered in the metric when counseling people
with CML»

«The question of who should receive a transplant in CP is complex and controversial.»

G. RostiLeukemia (2022) 36:1227–1236; https://doi.org/10.1038/s41375-022-01522-3 



Marrow Transplantation for the Treatment of Chronic Myelogenous Leukemia, 
ED Thomas et al , Annals of Internal Medicine 1986;  Vol 104, Number 2

CML main indication for AlloSCT until ….

1999 STI571      Signal Transductor Inhibitor

OS & Disease phase (50% OS in CP) and age (increased TRM  in older)
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STI571      Stop Transplant Immediately
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2024 STI571      Some Transplants Indicated

« Today, we are on the opposite side of the spectrum, and physicians and patients often wait too long
to transplant… hoping that the “N +1”h TKI will magically eliminate resistance and/or intolerance where
other TKIs have persistently failed.

However, hope is not a plan.

Thus, it is reasonable to at least begin preparing for the possibility of transplant «

J. Radich, Am J Hematol 2023; 98:4-5 G. Rosti
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CML 1st CP, allo-SCT outcomes
Study1 Registry interval N Median age Conditioning Donor 1-year 

survival
5-year 

survival
10-year 
survival

Millot et al.2 SGFMTC 1982–1998 42 14 MA REL 87% 73% 73%
Cwynarski et al.3 EBMT 1985–2001 156 14 NR REL 78% 72% 70%

Arora et al.4 CIBMTR 1988–2003 3514 36 MA REL 74% 63% 60%

Arora et al.4 CIBMTR 1988–2003 531 37 MA UNR 70% 55% 50%

Radich et al.5 Seattle 1995–2000 131 43 MA REL 91% NA NA

Gratwohl et al.6 German Study III 1997–2004 151 38 MA REL 90% 78% 76%

Gratwohl et al.6 German Study III 1997–2004 148 41 MA UNR 97% 76% 76%

Bacher et al.7 German Registry 1998–2004 1084 40 MA 62% REL 61% 67% 64% 64%

Ohashi et al.8 Japanese Registry 2000–2009 531 40 MA 89% UNR 51% 87% 85% 78%

Chaudury et al.9 CIBMTR 2001–2010 224 24 MA REL 90% 83% NA

Chaudury et al.9 CIBMTR 2001–2010 225 24 MA UNR 80% 68% NA

Lee et al.10 Korean 2001–2012 47 32 MA 77% UNR 43% 88% NA NA

Lee et al.10 Korean 2001–2012 50 33 MA 48% UNR 42% 90% NA NA

Koenecke et al.11 EBMT 2002–2005 193 31 MA REL 90% 85% 84%

Saussele et al.12 German Study IV 2003–2008 19 35 MA 79% REL 53% 95% NA NA

Saussele et al.12 German Study IV 2003–2008 37 38 MA 65% UNR 70% 95% NA NA
CIBMTR, Center for International Blood and Marrow Transplantation; EBMT, European Group for Marrow and Blood Transplantation; MA, myeloablative; NA, not reported; REL, related donor; SGFMTC, Société Française de Greffe de 
Moelle et de Thérapie Cellulaire; UNR, unrelated donor; .
1.Baccarani, M, et al. Leukemia 2022; 2. Millot F, et al. Bone Marrow Transplantation 2003;32:993-999; 3. Cwynarski K, et al. Blood 2003;102:1224-1231; 4. Arora M, et al. Journal of Clinical Oncology 2009;27:1644-1652; 5. Radich J, et 
al. Blood 2003;102:31-35; 6. Gratwohl A, et al. Leukemia, 2015;30:562-569; 7. Bacher U, et al. Annals of Hematology 2009;88:1237-1247; 8. Ohashi K, et al. International Journal of Hematology 2014;100:296-306; 9. Chaudhury S, et al. 
Biology of Blood and Marrow Transplantation 2016;22:1056-1064; 10. Lee S, et al. Hematology 2013;19:63-72; 11. Koenecke C, et al. Bone Marrow Transplantation 2016 51;1259-61; 12. Saussele, S, et al. Blood 2010;115:1880-1885.
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ALLOGENEIC STEM CELL TRANSPLANTATION, 
AGE, AND TRANSPLANT RELATED MORTALITY (TRM)

3033 HLA-MATCHED PATIENTS

AGE RELATIVE RISK P-value
OF TRM

< 20 y 1.00
20-39 y 1.21 0.29
40-49 y 1.48 0.04
50-59 y 1.75 0.004
³ 60 y 1.84 0.005

Sorror ML et al, JCO 2014;32:3249-3256 G. Rosti
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HSCT in advanced phase, n = 28, 3-year survival 59%
HSCT after IM failure in first CP, n = 37, 3-year survival 94% 
Elective HSCT, n = 19, 3-year survival 88%

CML study IV: outcome of alloSCT patients  (n = 84)

Saussele et al., Blood 2010

Age at diagnosis
37 (16-56)
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Population-based data from the Swedish cancer registry

ASCT, allogeneic stem cell transplantation; AP, accelerated phase; BC, blast crisis; CP, chronic phase, TKI; tyrosine kinase inhibitor. 
1. Lübking A, et al. Bone Marrow Transplantation 2019;54:1764-74.

CP1 n. 56, age 43 (21–65) 
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OS with high-dose IM, dasatinib and nilotinib vs IM 400mg

Hehlmann et al, Leukemia 2017
Cortes et al, JCO 2016
Kantarjian et al, Leukemia 2021

DasatinibHigh-dose IM

Nilotinib
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Spostiamo l’attenzione sui pazienti che falliscono la 
terapia con TKIs



Lauseker, M et al. Leukemia 37, 2231–2236 (2023).

Survival with chronic myeloid leukaemia after failing milestones

CML IV - 5 arms (IMA vs IMA+) 1536 pts
14 yrs f.up – 1342 pts IMA only

376 pts (26.9%) switched
(Landmark analysis)

G. Rosti



A Bidikian et al Am J Hematol. 2023;98:639–644. 

Chronic myeloid leukemia without major molecular response after 
2 years of treatment with tyrosine kinase inhibitor

131 CP patients

G. Rosti

>                                                                                                                            > 60 yrs



No impact of the use of multiple TKIs prior to SCT
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of 88% and 94% after elec tive HSCT in high-risk chP (but a 0-1 
EBMT score) and in imatinib-fail ure chP CML patients, respec-
tively. TRM of only 8% was described in this mul ti cen ter study, 
which com pares favor ably to TRM of 26% in an ear lier ran dom-
ized study after IFN-based treat ment in chP CML.24 TKI ther apy 
with only imatinib led approx i ma tely 96% OS at 3 years in the 
same study.24 The Euro pean LeukemiaNet (ELN) cri te ria and the 
US National Comprehensive Cancer Network (NCCN) guide-
lines are updated on a reg u lar basis and guide the treat ment 
not only in chP CML. The dif fer ence between the 2 involves the 
defi  ni tion of response to ther apy. Transcripts higher than 10% 
at 3 months define patients with pos si ble TKI-resis tant dis ease 
and after 3 months with defi  nite TKI-resis tant dis ease (NCCN 
guide lines). In the ELN guide lines, tran scripts higher than 10% 
are defined as a warn ing at 3 months and if con firmed within the 
next 3 months as fail ure. Failure means chang ing to another TKI 
if ther apy started with 1G-TKI but to assess ment for HSCT only 
if ther apy started with 2G-TKI. In NCCN guide lines, pos si ble TKI 
resis tance auto mat i cally leads to eval u a tion for HSCT.25,26 On the 
other hand, the ELN rec om men da tions spec ify resis tance to 2G-
TKI as an indi ca tion for HSCT.

HSCT results in patients with AP CML are clearly infe rior to 
those in chP1. Before the TKI era, out comes of HSCT in AP CML 
were 35% at 2 years and in the imatinib era, 59% at 2 years (com-
pared to 88% and 94% in early chP CML).27,28 In a pro spec tive 
study, Jiang et al dem on strated an advan tage for HSCT over TKI 
in AP CML (6-year OS, 83.3% vs 51.4%).29 Similar results of 50% to 
60% OS at 5 years after imatinib, nilotinib, and dasatinib (60%-
70% OS and 10% MMR at 2 years) and bosutinib (60% OS and 11% 
MMR at 4 years) were reported with TKI monotherapy.30 Ponati-
nib had slightly higher response rates (84% OS and 34% MMR at  
1 year), but ran dom ized com par i sons are lacking. Patients with 
de novo AP CML treated with nilotinib or dasatinib (70% MMR 
and 90% OS at 3 years, respec tively) have been reported to have 
supe rior results than AP CML that devel ops while on ther apy.30 
Patients with AP CML under treat ment should imme di ately be 

con sid ered for HSCT, while de novo AP CML might become eli gi-
ble for HSCT if the response to TKIs is not opti mal.

Recommendations according to the ELN and to the NCCN 
regard ing allo ge neic stem cell trans plan ta tion are outlined in 
Table 1.

Although AdP CML occurs in a minor ity of patients (de novo 
10%; 5% on dasatinib and 7% on imatinib develop AdP after  
5 years), out comes are infe rior to chP CML after HSCT and 
TKIs alone. Outcomes of BC HSCT in the pre-imatinib era were 
reported to be only 21% OS at 2 years.28 1G-TKIs in patients with 
BC resulted in a median OS of 7 to 10 months, while treat ment 
with 2G-TKIs (nilotinib or dasatinib) resulted in an OS of 32% 
and 30% at 2 years, respec tively. In a ret ro spec tive study with 
104 patients, 1-3G-TKIs plus inten sive che mo ther apy (IC) and 
TKIs plus hypomethylating agents led to a higher rate of CRi 
(57.5% vs 33%), a higher com plete CyR rate (45% vs 10.7%), and 
more patients pro ceed ing to HSCT (32.5% vs 10.7%) than TKIs 
or IC alone. Long-term results were sim i lar in the com bi na tions 
and clearly infe rior to TKIs or IC alone (OS, 30%-28% vs 13%-0% 
at 5 years).31 HSCT resulted in long-term OS in patients with 
advanced CML (34% CI, 23-46, at 15 years). OS was improved in 
non-BC patients at HSCT with donors 36 years of age or youn-
ger and with a higher CD34+ cell dose in the graft.32 The ELN 
and NCCN pro vide infor ma tion on induc tion che mo ther apy 
according to AML-based mor phol ogy and acute lym pho cytic 
leu ke mia treat ment. The ELN empha sizes the need to attempt 
to return to chP CML with sub se quent HSCT with out delay and 
that patients with untreated BC should not undergo HSCT. A 
study found that in patients in remis sion for BC, con ven tional 
risk fac tors such as advanced age, poor per for mance sta tus, 
a lon ger inter val from diag no sis to HSCT, myeloablative con-
di tion ing (MAC), and unre lated donors remained the major 
deter mi nants of out come, whereas in those with active BC 
at trans plant, unre lated donor trans plan ta tion was asso ci ated 
with prolonged leu ke mia-free sur vival (LFS).33 Similar results for 
advanced CML in the AP or BC or pretreated with TKIs beyond 

Table 1. Recommendations for allo ge neic stem cell trans plan ta tion in CML according to the ELN and the NCCN

Chronic phase (chP) Accelerated phase (AP) Blast phase (BC)

ELN 202025

-  Disease resis tant or intol er ant (sub op ti mal 
response to 2 or more TKIs)

-  For the very rare patient with inad e quate 
recov ery of nor mal hema to poi e sis

-  Resistance to 2G-TKIs (first or sec ond line) 
ponatinib or exper i men tal agent

-  Failure to respond to ponatinib after  
3 months’ treat ment

-  Emergence of high-risk cyto ge net ics: 
observe closely, con sider inten si fi ca tion of 
treat ment (ponatinib, early allo-SCT)

ELN 202025

-  A patient presenting in AP should be treated 
as a high-risk patient, becom ing eli gi ble for 
HSCT if the response is not opti mal

-  A patient progressing to AP dur ing treat ment 
should imme di ately be con sid ered for HSCT

ELN 202025

- Attempt at return to chP2
-  Addition of che mo ther apy based on AML 

reg i mens for mye loid BP (such as dasatinib 
or ponatinib + FLAG-IDA) or ALL reg i mens for 
lym phoid BP (such as imatinib or dasatinib + 
hyperfractionated CVAD) recommended

-  After CP2 is achieved pro ceed to allo-SCT 
with out delay

-  Transplantation in active BP is not 
recommended

NCCN guide lines26

-  If TKI-resis tant dis ease BCR-ABL1 (IS) >10%  
at >3 months, switch to alter nate TKI and 
eval u ate for HSCT

NCCN guide lines26

-  Disease pro gres sion to AP while on TKI  
ther apy should be con sid ered for HSCT

-  Patients who pres ent with AP at diag no sis 
should be treated with a TKI, followed by 
eval u a tion for allo ge neic HSCT based on 
response to ther apy after 3, 6, or 12 months

NCCN guide lines26

-  Recommendation does not depend on 
response

-  After ther apy with mor phol ogy-based  
induc tion che mo ther apy + TKI in lym phoid 
and mye loid blast cri sis or TKI plus ste roids in 
lym phoid blast cri sis and sole TKI in mye loid 
blast cri sis

CVAD, chemotherapy combination used to treat some types of acute lymphoblastic leukemia (ALL) and non-Hodgkin lymphoma (NHL). Hyper-CVAD 
includes the drugs cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride (Adriamycin), and dexamethasone; FLAG-IDA, fludarabine, high-
dose cytosine arabinoside (AraC), idarubicin, and granulocyte colony-stimulating factor (G-CSF); IS, international scale.

G. RostiChristian Niederwieser and Nicolaus Kröger, ASH 2022, Educational Program

Transplantation in CML in the TKI era: who, when, and how ? 



OS with high-dose IM, dasatinib and nilotinib vs IM 400mg

Hehlmann et al, Leukemia 2017
Cortes et al, JCO 2016
Kantarjian et al, Leukemia 2021

DasatinibHigh-dose IM

Nilotinib
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Freedom AP/BP

91-97% (10 yrs)

Freedom AP/BP

93-95% (5 yrs)

Death due to CML

6% (10 yrs)
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deter mi nants of out come, whereas in those with active BC 
at trans plant, unre lated donor trans plan ta tion was asso ci ated 
with prolonged leu ke mia-free sur vival (LFS).33 Similar results for 
advanced CML in the AP or BC or pretreated with TKIs beyond 

Table 1. Recommendations for allo ge neic stem cell trans plan ta tion in CML according to the ELN and the NCCN

Chronic phase (chP) Accelerated phase (AP) Blast phase (BC)

ELN 202025

-  Disease resis tant or intol er ant (sub op ti mal 
response to 2 or more TKIs)

-  For the very rare patient with inad e quate 
recov ery of nor mal hema to poi e sis

-  Resistance to 2G-TKIs (first or sec ond line) 
ponatinib or exper i men tal agent

-  Failure to respond to ponatinib after  
3 months’ treat ment

-  Emergence of high-risk cyto ge net ics: 
observe closely, con sider inten si fi ca tion of 
treat ment (ponatinib, early allo-SCT)

ELN 202025

-  A patient presenting in AP should be treated 
as a high-risk patient, becom ing eli gi ble for 
HSCT if the response is not opti mal

-  A patient progressing to AP dur ing treat ment 
should imme di ately be con sid ered for HSCT

ELN 202025

- Attempt at return to chP2
-  Addition of che mo ther apy based on AML 

reg i mens for mye loid BP (such as dasatinib 
or ponatinib + FLAG-IDA) or ALL reg i mens for 
lym phoid BP (such as imatinib or dasatinib + 
hyperfractionated CVAD) recommended

-  After CP2 is achieved pro ceed to allo-SCT 
with out delay

-  Transplantation in active BP is not 
recommended

NCCN guide lines26

-  If TKI-resis tant dis ease BCR-ABL1 (IS) >10%  
at >3 months, switch to alter nate TKI and 
eval u ate for HSCT

NCCN guide lines26

-  Disease pro gres sion to AP while on TKI  
ther apy should be con sid ered for HSCT

-  Patients who pres ent with AP at diag no sis 
should be treated with a TKI, followed by 
eval u a tion for allo ge neic HSCT based on 
response to ther apy after 3, 6, or 12 months

NCCN guide lines26

-  Recommendation does not depend on 
response

-  After ther apy with mor phol ogy-based  
induc tion che mo ther apy + TKI in lym phoid 
and mye loid blast cri sis or TKI plus ste roids in 
lym phoid blast cri sis and sole TKI in mye loid 
blast cri sis

CVAD, chemotherapy combination used to treat some types of acute lymphoblastic leukemia (ALL) and non-Hodgkin lymphoma (NHL). Hyper-CVAD 
includes the drugs cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride (Adriamycin), and dexamethasone; FLAG-IDA, fludarabine, high-
dose cytosine arabinoside (AraC), idarubicin, and granulocyte colony-stimulating factor (G-CSF); IS, international scale.
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At diagnosis
• High ELTS score
• 10–19% blasts in the peripheral blood and/or bone marrowab

• ≥20% basophils in the peripheral blood
• Additional chromosomal abnormalities in Ph+ cells, including 3q26.2 rearrangements, monosomy 7, isochromosome 

17q and complex karyotype
• Additional chromosomal abnormalities in Ph+ cells, including trisomy 8, 11q23 rearrangements, trisomy 19, trisomy 

21, additional Ph+ (evidence of association with disease progression less clear)
• Clusters of small megakaryocytes (including true micromegakaryocytes similar to those seen in myelodysplastic 

syndromes), associated with significant reticulin and/or collagen fibrosis, which is best assessed in biopsy sections.

a. The finding of bona fide lymphoblasts in the peripheral blood or bone marrow (even if <10%) is consistent with the 
diagnosis of blast phase

b. ≥20% blasts in the peripheral blood or bone marrow, or an infiltrative proliferation of blasts in an extramedullary site, 
is diagnostic of blast phase

ELTS score 0.0025 × (age/10)3
+ 0.0615 × spleen size
+ 0.1052 × peripheral blood blasts
+ 0.4104 × (platelet count/1000)–0.5

Low-risk: < 1.5680
Intermediate-risk: 1.5680- 2.2185
High-risk: > 2.2185

Emerging on treatment
Resistance to TKI as defined by ELN 2020, including loss of prior responses, emergence of ACA and BCR::ABL1 kinase 
domain mutations.

CML Risk factors

Khoury et al., Leukemia. 2022;36:1703-19 
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of 88% and 94% after elec tive HSCT in high-risk chP (but a 0-1 
EBMT score) and in imatinib-fail ure chP CML patients, respec-
tively. TRM of only 8% was described in this mul ti cen ter study, 
which com pares favor ably to TRM of 26% in an ear lier ran dom-
ized study after IFN-based treat ment in chP CML.24 TKI ther apy 
with only imatinib led approx i ma tely 96% OS at 3 years in the 
same study.24 The Euro pean LeukemiaNet (ELN) cri te ria and the 
US National Comprehensive Cancer Network (NCCN) guide-
lines are updated on a reg u lar basis and guide the treat ment 
not only in chP CML. The dif fer ence between the 2 involves the 
defi  ni tion of response to ther apy. Transcripts higher than 10% 
at 3 months define patients with pos si ble TKI-resis tant dis ease 
and after 3 months with defi  nite TKI-resis tant dis ease (NCCN 
guide lines). In the ELN guide lines, tran scripts higher than 10% 
are defined as a warn ing at 3 months and if con firmed within the 
next 3 months as fail ure. Failure means chang ing to another TKI 
if ther apy started with 1G-TKI but to assess ment for HSCT only 
if ther apy started with 2G-TKI. In NCCN guide lines, pos si ble TKI 
resis tance auto mat i cally leads to eval u a tion for HSCT.25,26 On the 
other hand, the ELN rec om men da tions spec ify resis tance to 2G-
TKI as an indi ca tion for HSCT.

HSCT results in patients with AP CML are clearly infe rior to 
those in chP1. Before the TKI era, out comes of HSCT in AP CML 
were 35% at 2 years and in the imatinib era, 59% at 2 years (com-
pared to 88% and 94% in early chP CML).27,28 In a pro spec tive 
study, Jiang et al dem on strated an advan tage for HSCT over TKI 
in AP CML (6-year OS, 83.3% vs 51.4%).29 Similar results of 50% to 
60% OS at 5 years after imatinib, nilotinib, and dasatinib (60%-
70% OS and 10% MMR at 2 years) and bosutinib (60% OS and 11% 
MMR at 4 years) were reported with TKI monotherapy.30 Ponati-
nib had slightly higher response rates (84% OS and 34% MMR at  
1 year), but ran dom ized com par i sons are lacking. Patients with 
de novo AP CML treated with nilotinib or dasatinib (70% MMR 
and 90% OS at 3 years, respec tively) have been reported to have 
supe rior results than AP CML that devel ops while on ther apy.30 
Patients with AP CML under treat ment should imme di ately be 

con sid ered for HSCT, while de novo AP CML might become eli gi-
ble for HSCT if the response to TKIs is not opti mal.

Recommendations according to the ELN and to the NCCN 
regard ing allo ge neic stem cell trans plan ta tion are outlined in 
Table 1.

Although AdP CML occurs in a minor ity of patients (de novo 
10%; 5% on dasatinib and 7% on imatinib develop AdP after  
5 years), out comes are infe rior to chP CML after HSCT and 
TKIs alone. Outcomes of BC HSCT in the pre-imatinib era were 
reported to be only 21% OS at 2 years.28 1G-TKIs in patients with 
BC resulted in a median OS of 7 to 10 months, while treat ment 
with 2G-TKIs (nilotinib or dasatinib) resulted in an OS of 32% 
and 30% at 2 years, respec tively. In a ret ro spec tive study with 
104 patients, 1-3G-TKIs plus inten sive che mo ther apy (IC) and 
TKIs plus hypomethylating agents led to a higher rate of CRi 
(57.5% vs 33%), a higher com plete CyR rate (45% vs 10.7%), and 
more patients pro ceed ing to HSCT (32.5% vs 10.7%) than TKIs 
or IC alone. Long-term results were sim i lar in the com bi na tions 
and clearly infe rior to TKIs or IC alone (OS, 30%-28% vs 13%-0% 
at 5 years).31 HSCT resulted in long-term OS in patients with 
advanced CML (34% CI, 23-46, at 15 years). OS was improved in 
non-BC patients at HSCT with donors 36 years of age or youn-
ger and with a higher CD34+ cell dose in the graft.32 The ELN 
and NCCN pro vide infor ma tion on induc tion che mo ther apy 
according to AML-based mor phol ogy and acute lym pho cytic 
leu ke mia treat ment. The ELN empha sizes the need to attempt 
to return to chP CML with sub se quent HSCT with out delay and 
that patients with untreated BC should not undergo HSCT. A 
study found that in patients in remis sion for BC, con ven tional 
risk fac tors such as advanced age, poor per for mance sta tus, 
a lon ger inter val from diag no sis to HSCT, myeloablative con-
di tion ing (MAC), and unre lated donors remained the major 
deter mi nants of out come, whereas in those with active BC 
at trans plant, unre lated donor trans plan ta tion was asso ci ated 
with prolonged leu ke mia-free sur vival (LFS).33 Similar results for 
advanced CML in the AP or BC or pretreated with TKIs beyond 

Table 1. Recommendations for allo ge neic stem cell trans plan ta tion in CML according to the ELN and the NCCN

Chronic phase (chP) Accelerated phase (AP) Blast phase (BC)

ELN 202025

-  Disease resis tant or intol er ant (sub op ti mal 
response to 2 or more TKIs)

-  For the very rare patient with inad e quate 
recov ery of nor mal hema to poi e sis

-  Resistance to 2G-TKIs (first or sec ond line) 
ponatinib or exper i men tal agent

-  Failure to respond to ponatinib after  
3 months’ treat ment

-  Emergence of high-risk cyto ge net ics: 
observe closely, con sider inten si fi ca tion of 
treat ment (ponatinib, early allo-SCT)

ELN 202025

-  A patient presenting in AP should be treated 
as a high-risk patient, becom ing eli gi ble for 
HSCT if the response is not opti mal

-  A patient progressing to AP dur ing treat ment 
should imme di ately be con sid ered for HSCT

ELN 202025

- Attempt at return to chP2
-  Addition of che mo ther apy based on AML 

reg i mens for mye loid BP (such as dasatinib 
or ponatinib + FLAG-IDA) or ALL reg i mens for 
lym phoid BP (such as imatinib or dasatinib + 
hyperfractionated CVAD) recommended

-  After CP2 is achieved pro ceed to allo-SCT 
with out delay

-  Transplantation in active BP is not 
recommended

NCCN guide lines26

-  If TKI-resis tant dis ease BCR-ABL1 (IS) >10%  
at >3 months, switch to alter nate TKI and 
eval u ate for HSCT

NCCN guide lines26

-  Disease pro gres sion to AP while on TKI  
ther apy should be con sid ered for HSCT

-  Patients who pres ent with AP at diag no sis 
should be treated with a TKI, followed by 
eval u a tion for allo ge neic HSCT based on 
response to ther apy after 3, 6, or 12 months

NCCN guide lines26

-  Recommendation does not depend on 
response

-  After ther apy with mor phol ogy-based  
induc tion che mo ther apy + TKI in lym phoid 
and mye loid blast cri sis or TKI plus ste roids in 
lym phoid blast cri sis and sole TKI in mye loid 
blast cri sis

CVAD, chemotherapy combination used to treat some types of acute lymphoblastic leukemia (ALL) and non-Hodgkin lymphoma (NHL). Hyper-CVAD 
includes the drugs cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride (Adriamycin), and dexamethasone; FLAG-IDA, fludarabine, high-
dose cytosine arabinoside (AraC), idarubicin, and granulocyte colony-stimulating factor (G-CSF); IS, international scale.
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High risk additional chromosomal aberrations herald advanced disease 
and predict survival probability: CML IV cohort
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High risk additional chromosomal aberrations herald advanced disease 
and predict survival probability: CML IV cohort
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25/123 at diagnosis
66/123 during the course of the disease

Hematological and clinical abnormalities at ACA appearance

Anemia (< 10g) 27%
Plts < 75 k 15%
Spleen 39%

42/138 (30%) of alloSCT@ CML IV for the 6% ACA patients:

26/42 in AP/BP   2 yrs OS 44%
13/42 in CP         2 yrs OS 77%    



High risk additional chromosomal aberrations herald advanced disease 
and predict survival probability: CML IV cohort
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ACA, Additional cytogenetic abnormalities.
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of 88% and 94% after elec tive HSCT in high-risk chP (but a 0-1 
EBMT score) and in imatinib-fail ure chP CML patients, respec-
tively. TRM of only 8% was described in this mul ti cen ter study, 
which com pares favor ably to TRM of 26% in an ear lier ran dom-
ized study after IFN-based treat ment in chP CML.24 TKI ther apy 
with only imatinib led approx i ma tely 96% OS at 3 years in the 
same study.24 The Euro pean LeukemiaNet (ELN) cri te ria and the 
US National Comprehensive Cancer Network (NCCN) guide-
lines are updated on a reg u lar basis and guide the treat ment 
not only in chP CML. The dif fer ence between the 2 involves the 
defi  ni tion of response to ther apy. Transcripts higher than 10% 
at 3 months define patients with pos si ble TKI-resis tant dis ease 
and after 3 months with defi  nite TKI-resis tant dis ease (NCCN 
guide lines). In the ELN guide lines, tran scripts higher than 10% 
are defined as a warn ing at 3 months and if con firmed within the 
next 3 months as fail ure. Failure means chang ing to another TKI 
if ther apy started with 1G-TKI but to assess ment for HSCT only 
if ther apy started with 2G-TKI. In NCCN guide lines, pos si ble TKI 
resis tance auto mat i cally leads to eval u a tion for HSCT.25,26 On the 
other hand, the ELN rec om men da tions spec ify resis tance to 2G-
TKI as an indi ca tion for HSCT.

HSCT results in patients with AP CML are clearly infe rior to 
those in chP1. Before the TKI era, out comes of HSCT in AP CML 
were 35% at 2 years and in the imatinib era, 59% at 2 years (com-
pared to 88% and 94% in early chP CML).27,28 In a pro spec tive 
study, Jiang et al dem on strated an advan tage for HSCT over TKI 
in AP CML (6-year OS, 83.3% vs 51.4%).29 Similar results of 50% to 
60% OS at 5 years after imatinib, nilotinib, and dasatinib (60%-
70% OS and 10% MMR at 2 years) and bosutinib (60% OS and 11% 
MMR at 4 years) were reported with TKI monotherapy.30 Ponati-
nib had slightly higher response rates (84% OS and 34% MMR at  
1 year), but ran dom ized com par i sons are lacking. Patients with 
de novo AP CML treated with nilotinib or dasatinib (70% MMR 
and 90% OS at 3 years, respec tively) have been reported to have 
supe rior results than AP CML that devel ops while on ther apy.30 
Patients with AP CML under treat ment should imme di ately be 

con sid ered for HSCT, while de novo AP CML might become eli gi-
ble for HSCT if the response to TKIs is not opti mal.

Recommendations according to the ELN and to the NCCN 
regard ing allo ge neic stem cell trans plan ta tion are outlined in 
Table 1.

Although AdP CML occurs in a minor ity of patients (de novo 
10%; 5% on dasatinib and 7% on imatinib develop AdP after  
5 years), out comes are infe rior to chP CML after HSCT and 
TKIs alone. Outcomes of BC HSCT in the pre-imatinib era were 
reported to be only 21% OS at 2 years.28 1G-TKIs in patients with 
BC resulted in a median OS of 7 to 10 months, while treat ment 
with 2G-TKIs (nilotinib or dasatinib) resulted in an OS of 32% 
and 30% at 2 years, respec tively. In a ret ro spec tive study with 
104 patients, 1-3G-TKIs plus inten sive che mo ther apy (IC) and 
TKIs plus hypomethylating agents led to a higher rate of CRi 
(57.5% vs 33%), a higher com plete CyR rate (45% vs 10.7%), and 
more patients pro ceed ing to HSCT (32.5% vs 10.7%) than TKIs 
or IC alone. Long-term results were sim i lar in the com bi na tions 
and clearly infe rior to TKIs or IC alone (OS, 30%-28% vs 13%-0% 
at 5 years).31 HSCT resulted in long-term OS in patients with 
advanced CML (34% CI, 23-46, at 15 years). OS was improved in 
non-BC patients at HSCT with donors 36 years of age or youn-
ger and with a higher CD34+ cell dose in the graft.32 The ELN 
and NCCN pro vide infor ma tion on induc tion che mo ther apy 
according to AML-based mor phol ogy and acute lym pho cytic 
leu ke mia treat ment. The ELN empha sizes the need to attempt 
to return to chP CML with sub se quent HSCT with out delay and 
that patients with untreated BC should not undergo HSCT. A 
study found that in patients in remis sion for BC, con ven tional 
risk fac tors such as advanced age, poor per for mance sta tus, 
a lon ger inter val from diag no sis to HSCT, myeloablative con-
di tion ing (MAC), and unre lated donors remained the major 
deter mi nants of out come, whereas in those with active BC 
at trans plant, unre lated donor trans plan ta tion was asso ci ated 
with prolonged leu ke mia-free sur vival (LFS).33 Similar results for 
advanced CML in the AP or BC or pretreated with TKIs beyond 

Table 1. Recommendations for allo ge neic stem cell trans plan ta tion in CML according to the ELN and the NCCN

Chronic phase (chP) Accelerated phase (AP) Blast phase (BC)

ELN 202025

-  Disease resis tant or intol er ant (sub op ti mal 
response to 2 or more TKIs)

-  For the very rare patient with inad e quate 
recov ery of nor mal hema to poi e sis

-  Resistance to 2G-TKIs (first or sec ond line) 
ponatinib or exper i men tal agent

-  Failure to respond to ponatinib after  
3 months’ treat ment

-  Emergence of high-risk cyto ge net ics: 
observe closely, con sider inten si fi ca tion of 
treat ment (ponatinib, early allo-SCT)

ELN 202025

-  A patient presenting in AP should be treated 
as a high-risk patient, becom ing eli gi ble for 
HSCT if the response is not opti mal

-  A patient progressing to AP dur ing treat ment 
should imme di ately be con sid ered for HSCT

ELN 202025

- Attempt at return to chP2
-  Addition of che mo ther apy based on AML 

reg i mens for mye loid BP (such as dasatinib 
or ponatinib + FLAG-IDA) or ALL reg i mens for 
lym phoid BP (such as imatinib or dasatinib + 
hyperfractionated CVAD) recommended

-  After CP2 is achieved pro ceed to allo-SCT 
with out delay

-  Transplantation in active BP is not 
recommended

NCCN guide lines26

-  If TKI-resis tant dis ease BCR-ABL1 (IS) >10%  
at >3 months, switch to alter nate TKI and 
eval u ate for HSCT

NCCN guide lines26

-  Disease pro gres sion to AP while on TKI  
ther apy should be con sid ered for HSCT

-  Patients who pres ent with AP at diag no sis 
should be treated with a TKI, followed by 
eval u a tion for allo ge neic HSCT based on 
response to ther apy after 3, 6, or 12 months

NCCN guide lines26

-  Recommendation does not depend on 
response

-  After ther apy with mor phol ogy-based  
induc tion che mo ther apy + TKI in lym phoid 
and mye loid blast cri sis or TKI plus ste roids in 
lym phoid blast cri sis and sole TKI in mye loid 
blast cri sis

CVAD, chemotherapy combination used to treat some types of acute lymphoblastic leukemia (ALL) and non-Hodgkin lymphoma (NHL). Hyper-CVAD 
includes the drugs cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride (Adriamycin), and dexamethasone; FLAG-IDA, fludarabine, high-
dose cytosine arabinoside (AraC), idarubicin, and granulocyte colony-stimulating factor (G-CSF); IS, international scale.
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of 88% and 94% after elec tive HSCT in high-risk chP (but a 0-1 
EBMT score) and in imatinib-fail ure chP CML patients, respec-
tively. TRM of only 8% was described in this mul ti cen ter study, 
which com pares favor ably to TRM of 26% in an ear lier ran dom-
ized study after IFN-based treat ment in chP CML.24 TKI ther apy 
with only imatinib led approx i ma tely 96% OS at 3 years in the 
same study.24 The Euro pean LeukemiaNet (ELN) cri te ria and the 
US National Comprehensive Cancer Network (NCCN) guide-
lines are updated on a reg u lar basis and guide the treat ment 
not only in chP CML. The dif fer ence between the 2 involves the 
defi  ni tion of response to ther apy. Transcripts higher than 10% 
at 3 months define patients with pos si ble TKI-resis tant dis ease 
and after 3 months with defi  nite TKI-resis tant dis ease (NCCN 
guide lines). In the ELN guide lines, tran scripts higher than 10% 
are defined as a warn ing at 3 months and if con firmed within the 
next 3 months as fail ure. Failure means chang ing to another TKI 
if ther apy started with 1G-TKI but to assess ment for HSCT only 
if ther apy started with 2G-TKI. In NCCN guide lines, pos si ble TKI 
resis tance auto mat i cally leads to eval u a tion for HSCT.25,26 On the 
other hand, the ELN rec om men da tions spec ify resis tance to 2G-
TKI as an indi ca tion for HSCT.

HSCT results in patients with AP CML are clearly infe rior to 
those in chP1. Before the TKI era, out comes of HSCT in AP CML 
were 35% at 2 years and in the imatinib era, 59% at 2 years (com-
pared to 88% and 94% in early chP CML).27,28 In a pro spec tive 
study, Jiang et al dem on strated an advan tage for HSCT over TKI 
in AP CML (6-year OS, 83.3% vs 51.4%).29 Similar results of 50% to 
60% OS at 5 years after imatinib, nilotinib, and dasatinib (60%-
70% OS and 10% MMR at 2 years) and bosutinib (60% OS and 11% 
MMR at 4 years) were reported with TKI monotherapy.30 Ponati-
nib had slightly higher response rates (84% OS and 34% MMR at  
1 year), but ran dom ized com par i sons are lacking. Patients with 
de novo AP CML treated with nilotinib or dasatinib (70% MMR 
and 90% OS at 3 years, respec tively) have been reported to have 
supe rior results than AP CML that devel ops while on ther apy.30 
Patients with AP CML under treat ment should imme di ately be 

con sid ered for HSCT, while de novo AP CML might become eli gi-
ble for HSCT if the response to TKIs is not opti mal.

Recommendations according to the ELN and to the NCCN 
regard ing allo ge neic stem cell trans plan ta tion are outlined in 
Table 1.

Although AdP CML occurs in a minor ity of patients (de novo 
10%; 5% on dasatinib and 7% on imatinib develop AdP after  
5 years), out comes are infe rior to chP CML after HSCT and 
TKIs alone. Outcomes of BC HSCT in the pre-imatinib era were 
reported to be only 21% OS at 2 years.28 1G-TKIs in patients with 
BC resulted in a median OS of 7 to 10 months, while treat ment 
with 2G-TKIs (nilotinib or dasatinib) resulted in an OS of 32% 
and 30% at 2 years, respec tively. In a ret ro spec tive study with 
104 patients, 1-3G-TKIs plus inten sive che mo ther apy (IC) and 
TKIs plus hypomethylating agents led to a higher rate of CRi 
(57.5% vs 33%), a higher com plete CyR rate (45% vs 10.7%), and 
more patients pro ceed ing to HSCT (32.5% vs 10.7%) than TKIs 
or IC alone. Long-term results were sim i lar in the com bi na tions 
and clearly infe rior to TKIs or IC alone (OS, 30%-28% vs 13%-0% 
at 5 years).31 HSCT resulted in long-term OS in patients with 
advanced CML (34% CI, 23-46, at 15 years). OS was improved in 
non-BC patients at HSCT with donors 36 years of age or youn-
ger and with a higher CD34+ cell dose in the graft.32 The ELN 
and NCCN pro vide infor ma tion on induc tion che mo ther apy 
according to AML-based mor phol ogy and acute lym pho cytic 
leu ke mia treat ment. The ELN empha sizes the need to attempt 
to return to chP CML with sub se quent HSCT with out delay and 
that patients with untreated BC should not undergo HSCT. A 
study found that in patients in remis sion for BC, con ven tional 
risk fac tors such as advanced age, poor per for mance sta tus, 
a lon ger inter val from diag no sis to HSCT, myeloablative con-
di tion ing (MAC), and unre lated donors remained the major 
deter mi nants of out come, whereas in those with active BC 
at trans plant, unre lated donor trans plan ta tion was asso ci ated 
with prolonged leu ke mia-free sur vival (LFS).33 Similar results for 
advanced CML in the AP or BC or pretreated with TKIs beyond 

Table 1. Recommendations for allo ge neic stem cell trans plan ta tion in CML according to the ELN and the NCCN

Chronic phase (chP) Accelerated phase (AP) Blast phase (BC)

ELN 202025

-  Disease resis tant or intol er ant (sub op ti mal 
response to 2 or more TKIs)

-  For the very rare patient with inad e quate 
recov ery of nor mal hema to poi e sis

-  Resistance to 2G-TKIs (first or sec ond line) 
ponatinib or exper i men tal agent

-  Failure to respond to ponatinib after  
3 months’ treat ment

-  Emergence of high-risk cyto ge net ics: 
observe closely, con sider inten si fi ca tion of 
treat ment (ponatinib, early allo-SCT)

ELN 202025

-  A patient presenting in AP should be treated 
as a high-risk patient, becom ing eli gi ble for 
HSCT if the response is not opti mal

-  A patient progressing to AP dur ing treat ment 
should imme di ately be con sid ered for HSCT

ELN 202025

- Attempt at return to chP2
-  Addition of che mo ther apy based on AML 

reg i mens for mye loid BP (such as dasatinib 
or ponatinib + FLAG-IDA) or ALL reg i mens for 
lym phoid BP (such as imatinib or dasatinib + 
hyperfractionated CVAD) recommended

-  After CP2 is achieved pro ceed to allo-SCT 
with out delay

-  Transplantation in active BP is not 
recommended

NCCN guide lines26

-  If TKI-resis tant dis ease BCR-ABL1 (IS) >10%  
at >3 months, switch to alter nate TKI and 
eval u ate for HSCT

NCCN guide lines26

-  Disease pro gres sion to AP while on TKI  
ther apy should be con sid ered for HSCT

-  Patients who pres ent with AP at diag no sis 
should be treated with a TKI, followed by 
eval u a tion for allo ge neic HSCT based on 
response to ther apy after 3, 6, or 12 months

NCCN guide lines26

-  Recommendation does not depend on 
response

-  After ther apy with mor phol ogy-based  
induc tion che mo ther apy + TKI in lym phoid 
and mye loid blast cri sis or TKI plus ste roids in 
lym phoid blast cri sis and sole TKI in mye loid 
blast cri sis

CVAD, chemotherapy combination used to treat some types of acute lymphoblastic leukemia (ALL) and non-Hodgkin lymphoma (NHL). Hyper-CVAD 
includes the drugs cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride (Adriamycin), and dexamethasone; FLAG-IDA, fludarabine, high-
dose cytosine arabinoside (AraC), idarubicin, and granulocyte colony-stimulating factor (G-CSF); IS, international scale.

G. RostiChristian Niederwieser and Nicolaus Kröger, ASH 2022, Educational Program

Transplantation in CML in the TKI era: who, when, and how ? 
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PACE (Ponatinib in multiresistant CML)
PFS and OS in the Overall Population                                                        

PFS, progression-free survival; OS, overall survival.
Cortes JE, et al. Blood. 2018;132(4):393-404.
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a Patients who discontinued were followed approximately every 12 weeks for survival; patients without an event at the time of the analysis were censored at last contact
CCyR, complete cytogenetic response; MCyR, major cytogenetic response

• Patients with cytogenetic responses of MCyR or CCyR were significantly more likely to have 
improved OS at 4 years compared with patients who did not achieve a cytogenetic response

PACE (Ponatinib in multiresistant CML)
OSa by cytogenetic response at 3 months 
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Autoregulation of ABL1 kinase occurs when a myristoyl group at 
the N-terminus of ABL1 binds to the myristoyl-binding pocket 

close (inactive) and open (active) conformation

ABL1, Abelson tyrosine kinase 1; ATP, adenosine triphosphate.
1. Colicelli J. Sci Signal. 2010;3(139)re6; 2. Hughes TP, et al. N Engl J Med. 2019;381:2315-2326; 3. Hantschel O. Genes Cancer. 2012;3: 436-446.

• When the myristoyl group docks, it locks ABL1 in a 
closed/inactive conformation2,3

• ABL1 is in an open/active conformation when the 
myristoylated N-terminus is displaced from its 
binding pocket2,3

Active  ABL1 (open)

Kinase 
Domain

Myristoylated 
N-terminal

Myristoyl pocket

SH2

SH3

ATP-binding site

Inactive ABL1 (close)

SH2

SH3

Kinase 
Domain

Myristoyl pocket

ATP-binding site

From Hughes TP, et al. N Engl J Med. 2019;381(24):2315-2326. Copyright © 2019 Massachusetts Medical Society. Reprinted with 
permission from Massachusetts Medical Society.
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.
Lang F, et al. Presented at: ESH-iCMLf 2024, Prague, Czech Republic, 27–29 September. Oral presentation.

Preliminary safety and efficacy of ELVN-001, a selective active site 
inhibitor of BCR::ABL1 in CML

ELVN-001: 
• Selectively inhibits ABL with low off target activity against other kinases
• Maintains activity against T315I and other BCR::ABL1 mutations known to confer resistance to asciminib
Patient population:
• ≥18 years (≥19 years in Korea) with BCR::ABL1-positive CP-CML, ± T315I mutation
• Intolerant to, failed, or not a candidate for available therapies for CML
• ECOG PS 0-2
• Bone marrow transplantation allowed only if ≥6 months prior
Study design:
• Ph. 1a (N=50 max.): Dose escalation 10/20/40/80/120 mg QD; Ph. 1b (N=60): Dose expansion, stratified by T315I status
• Primary endpoint: Dose-limiting toxicities, AEs, clinically significant lab and ECG abnormalities
• Secondary endpoints (Ph. Ia): PK parameters, molecular response

G. Rosti



PERSPECTIVE OPEN

Questions concerning tyrosine kinase-inhibitor therapy and
transplants in chronic phase chronic myeloid leukaemia
Michele Baccarani 1,2,7, Francesca Bonifazi 1✉, Simona Soverini 2, Fausto Castagnetti1,2, Gabriele Gugliotta1, Wael Saber3,4,
Noel Estrada-Merly3, Gianantonio Rosti5 and Robert Peter Gale 6

© The Author(s) 2022

In this provocative commentary, we consider several questions posed by the late chronic myeloid leukaemia (CML) expert Prof.
Michele Baccarani, which he challenged us to address after his death. He noted only a small proportion of people with chronic
phase CML receiving tyrosine kinase-inhibitor (TKI)-therapy are likely to achieve sustained therapy-free remission (TFR) and even
fewer are likely to be cured. Persons most likely to fail TKItherapy can be identified at diagnosis or soon after starting TKI-therapy.
These persons are likely to need lifetime TKI-therapy with attendant risks of adverse events, cost and psychological consequences.
Allogeneic transplants achieve much higher rates of leukaemia-free survival compared with TKI-therapy but are associated with
transplant-related adverse events including an almost 20 percent risk of transplant-related deaths within 1 year post-transplant and
a compromised quality-of-life because of complications such as chronic graft-versus-host disease. Subject-, disease- and transplant-
related co-variates associated with transplant outcomes are known with reasonable accuracy. Not everyone likely to fail TKI-therapy
is a transplant candidate. However, in those who candidates are physicians and patients need to weigh benefits and risks of TKI-
therapy versus a transplant. We suggest transplants should be more often considered in the metric when counseling people with
chronic phase CML unlikely to achieve TFR with TKI-therapy. We question whether we are discounting a possible important therapy
intervention; we think so.

Leukemia (2022) 36:1227–1236; https://doi.org/10.1038/s41375-022-01522-3

Scientists who fall deeply in love with their hypothesis are
proportionately unwilling to take no as an experimental
answer.

Sir Peter Medawar

INTRODUCTION
Before the development of imatinib and other tyrosine kinase-
inhibitors (TKIs) allogeneic haematopoietic cells transplants were a
common intervention in chronic phase chronic myeloid leukaemia
(CML) in appropriate persons and were the only approach to cure.
With the remarkable success of TKI-therapy transplants for chronic
phase CML became rare with less than 300 reported to the Centre
for International Blood and Marrow Research (CIBMTR) in
2014–2016. However, it’s become clear that despite excellent
survivals with TKI-therapy in many but not all countries only a
small proportion of people are likely to achieve therapy-free
remission (TFR) and even fewer cured. There is also considerable
debate over the most appropriate target of TKI-therapy. Should it
be population-adjusted survival, TFR or cure? When population-
adjusted survival is the target transplants are unlikely to be better
than TKI-therapy in most, but not all persons such as those failing

to respond to TKI-therapy and those with some ABL1 mutations,
high-risk additional cytogenetic abnormalities (ACAs) and/or with
other signs of leukaemia progression. Also, when the goal of TKI-
therapy is TFR or cure transplants may be appropriate for some
persons. In this Perspective, we present 10 questions for future
research on the roles of TKI-therapy and transplants in chronic
phase CML, questions raised by the late CML expert Prof. Michele
Baccarani.

WHAT IS THE APPROPRIATE GOAL OF CML THERAPY?
The optimal goal of CML therapy is cure resulting in normal sex-
and age-adjusted survival with a normal quality-of-life (QoL) [1–3].
Unfortunately, cure is achieved in few people with CML [4, 5]. An
intermediate goal is achieving near normal age- and sex-matched
adjusted survival off tyrosine kinase inhibitor (TKIs)-therapy
referred to as therapy-free remission (TFR) [2–10].

ARE TKI THERAPY GOALS CHANGING AND WHICH TKI IS BEST
TO ACHIEVE WHICH GOAL?
Several TKIs are commercially available to treat CML in many but not
all countries and at considerably different costs [11]. Imatinib,
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«The question of who should receive a transplant in CP is complex and controversial.»

«We suggest transplants should be more often considered in the metric when counseling people
with CML»
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«We suggest transplants should be more often considered in the metric when counseling people
with CML»

«The question of who should receive a transplant in CP is complex and controversial.»
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DO WE NEED TO RECONSIDER USE OF TRANSPLANT IN 
CHRONIC PHASE CML?

Rates of cure are higher in persons receiving a transplant vs. TKIs (few patients will reach TFR)

HOWEVER:

(1) few transplants have been done for CML recently, limiting the certainty of estimating 
outcomes;

(2) selection biases favoring transplants including younger age, better performance score 
and fewer comorbidities in transplant recipients compared with persons receiving TKIs;

(3) selection biases against transplant recipients who are more likely to have had a worse 
prognosis at diagnosis or soon thereafter compared with those receiving only TKI 
therapy;

(4) the almost 20% 1-year mortality associated with transplants and risk of transplant-related 
complications such as chronic GvHD

Baccarani M et al, Leukemia 2022



WHO 2022   CML

2 phase disease

Diagnosis: CP (with clinical and biological risk factors)
BP (>20% blasts)

On therapy: CP (Remission status according to ELN)
BP (>20% blasts)

AP definition in TKI era less important.

Khoury et al., Leukemia. 2022;36:1703-19 



A Bidikian et al Am J Hematol. 2023;98:639–644. 

Chronic myeloid leukemia without major molecular response after 2 
years of treatment with tyrosine kinase inhibitor

Overall survival (OS) and CML-related overall survival (CML-OS) of patients aged ≥60 years at diagnosis without MMR after two years of TKIs

G. Rosti
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SCT for CML in Europe

EBMT registry

More patients in 
advanced phase 
than in CP are 

transplanted world 
wide, underlying the 

importance of 
optimizing outcome 

by improving the 
timing of HSCT



DO WE NEED TO RECONSIDER USE OF TRANSPLANT IN 
CHRONIC PHASE CML?

• There are several time- dependent predictive and prognostic models and scores which 

enable physicians to estimate the likelihood of success of TKI therapy in achieving TFR 

reasonably early after starting TKI therapy.

• In potential transplant candidates, physicians and patients must choose between probable 

lifetime TKI therapy with attendant medical, physical and psychological costs versus 

likelihood of success and risks of a transplant. 

Baccarani M et al, Leukemia 2022

The issue is not whether one or the other therapy is better, but which therapy is 

more appropriate for different persons at different times after CML diagnosis and 

after observing response to TKI therapy 
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DISCUSSION
In this retrospective registry analysis, we sought to investi-

gate the practice of TKI maintenance therapy following HCT in
patients with CML. Our results confirm that in the modern era
of TKI therapy, HCT remains a curative option for patients with
CML, with encouraging survival. However, the maintenance
approach has not been universally adopted, with only 23% of
the patients in our cohort receiving TKI maintenance. In a
landmark analysis from day +100, we did not demonstrate a
benefit in 5-year clinical outcomes (LFS, OS, relapse, TRM, or
cGVHD) in the TKI maintenance group compared with the no
maintenance group. Although TKI maintenance was associated
with a higher incidence of relapse and lower incidence of TRM
at earlier time points compared with the no maintenance

group, these findings did not maintain significance when ana-
lyzing 5-year outcomes or when evaluating the impact of
maintenance therapy in the multivariate Cox proportional haz-
ards regression model. The results of this study characterize
the clinical outcomes of patients receiving TKI maintenance
and call into question the broad application of this approach to
all patients with CML. The impact of maintenance TKI did not
differ based on disease status before HCT, although we
acknowledge that additional differences in disease risk, as well
as the physicians’ intent to initiate maintenance therapy, could
not be accounted for with this registry analysis. Nevertheless,
we believe the results of this study to be important to clinical
practice, given the potential toxicities and costs associated
with maintenance therapy.

Table 3
Day +100 Landmark Multivariate Analyses of Clinical Outcomes

Parameter Outcome, HR, (95% CI)

cGVHD TRM Relapse LFS OS

Disease status

CP1 (reference) ! ! ! ! !

AP ! ! ! 1.3 (.8-2.0), P = .284 1.0 (.6-1.7), P = .901

BP ! ! ! 1.8 (1.0-3.1), P = .039 2.4 (1.3-4.3), P = .005

CP2+ ! ! ! 1.7 (1.2-2.4), P = .003 1.6 (1.1-2.4), P = .013

Graft source

Bone marrow (reference) ! ! ! ! !

Cord blood 1.0 (.6-1.6), P = .848 2.7 (1.2-5.8), P = .012 ! ! 2.6 (1.4-4.7), P = .002

Peripheral blood 2.0 (1.4-2.8), P < .001 2.4 (1.3-4.4), P = .006 ! ! 2.1 (1.3-3.4), P = .004

GVHD prophylaxis

Tacrolimus § others
(reference)

! ! ! ! !

Cyclosporine § others .6 (.4-.8), P = .003 ! ! ! !

Others .5 (.1-2.0), P = .336 ! ! ! !

Age group

18-29 (reference) ! ! ! ! !

30-39 ! ! ! 1.0 (.6-1.5), P = .849 !

40-49 ! ! ! 1.2 (.8-1.9), P = .353 !

50-59 ! ! ! 1.0 (.6-1.5), P = .944 !

!60 ! ! ! 2.3 (1.3-3.9), P = .004 !

KPS score

90-100 (reference) ! ! ! ! !

<90 .6 (.4-.8), P < .001 ! 2.0 (1.3-3.0), P = .001 1.4 (1.0-1.9), P = .058 !

Maintenance therapy

No (reference) ! ! ! ! !

Yes .8 (.6-1.1), P = .124 .7 (.4-1.1), P = .130 1.4 (.9-2.1), P = .170 .9 (.6-1.2), P = .356 .7 (.5-1.1), P = .078

Statistically significant values are in bold type.

Figure 3. Kaplan-Meier curve of LFS according to post-allo-HCT maintenance
therapy with TKIs.

Figure 4. Cumulative incidence curve of relapse according to post-allo-HCT
maintenance therapy with TKIs.
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DISCUSSION
In this retrospective registry analysis, we sought to investi-

gate the practice of TKI maintenance therapy following HCT in
patients with CML. Our results confirm that in the modern era
of TKI therapy, HCT remains a curative option for patients with
CML, with encouraging survival. However, the maintenance
approach has not been universally adopted, with only 23% of
the patients in our cohort receiving TKI maintenance. In a
landmark analysis from day +100, we did not demonstrate a
benefit in 5-year clinical outcomes (LFS, OS, relapse, TRM, or
cGVHD) in the TKI maintenance group compared with the no
maintenance group. Although TKI maintenance was associated
with a higher incidence of relapse and lower incidence of TRM
at earlier time points compared with the no maintenance

group, these findings did not maintain significance when ana-
lyzing 5-year outcomes or when evaluating the impact of
maintenance therapy in the multivariate Cox proportional haz-
ards regression model. The results of this study characterize
the clinical outcomes of patients receiving TKI maintenance
and call into question the broad application of this approach to
all patients with CML. The impact of maintenance TKI did not
differ based on disease status before HCT, although we
acknowledge that additional differences in disease risk, as well
as the physicians’ intent to initiate maintenance therapy, could
not be accounted for with this registry analysis. Nevertheless,
we believe the results of this study to be important to clinical
practice, given the potential toxicities and costs associated
with maintenance therapy.
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Statistically significant values are in bold type.

Figure 3. Kaplan-Meier curve of LFS according to post-allo-HCT maintenance
therapy with TKIs.

Figure 4. Cumulative incidence curve of relapse according to post-allo-HCT
maintenance therapy with TKIs.
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Subgroup Analysis Investigating Disease Status before Allo-
HCT

We specifically investigated the interaction of the main
effect (TKI maintenance or no maintenance) on the primary
outcomes of the study (LFS), according to disease status before
allo-HCT. We observed no differential impact of maintenance
TKI on LFS (as measured from day +100 post-HCT) based on
disease status before allo-HCT (Figure 5).

We also performed a sensitivity analysis, repeating the
aforementioned multivariate analysis after removing patients
with CP1 disease. We observed no differential impact of main-
tenance TKI on major clinical outcomes (OS, LFS, relapse, TRM,
and cGVHD) when analyzing patients with disease beyond CP1
at allo-HCT (Supplementary Table S4).

Table 1
Patient, Disease, and Transplantation Characteristics

Variable Post-Allo-HCT
Maintenance TKI

No Post-Allo-HCT
Maintenance TKI

P Value

Number of
patients

89 301

Number of centers 45 101

Age, yr, median
(range)

46 (19-64) 44 (18-76) .59

Sex, n (%) .23

Male 56 (63) 168 (56)

Female 33 (37) 133 (44)

KPS score at allo-
HCT, n (%)

.91

!90 64 (72) 218 (72)

<90 23 (26) 74 (25)

Missing 2(2) 9(3)

Number of TKI therapies before allo-HCT, n (%)

1 29 (33) 76 (25)

>1 60 (67) 225 (75)

TKIs used before allo-HCT, n (%)

Imatinib 77 (87) 285 (94)

Dasatinib 63 (71) 213 (71)

Nilotinib 25 (28) 100 (33)

Ponatinib 0 1 (<1)

Disease status
before allo-HCT, n
(%)

<.001

CP1 13 (15) 137 (46)

CP2+ 53 (60) 95 (32)

AP 12 (13) 48 (16)

BP 9 (10) 14 (5)

Missing 2 (2) 7 (2)

Graft source, n (%) .69

Bone marrow 16 (18) 66 (22)

Peripheral
blood

62 (70) 196 (65)

Cord blood 11 (12) 39 (13)

Donor type, n (%) .42

HLA-identical
sibling

31 (35) 96 (32)

Well-matched
URD

32 (36) 130 (43)

Partially
matched URD

15 (17) 33 (11)

Mismatched
URD

0 3 (<1)

Cord blood 11 (12) 39 (13)

Conditioning regi-
men intensity, n
(%)

.51

MAC 76 (85) 250 (83)

RIC 8 (9) 40 (13)

NMA 5 (6) 10 (3)

Missing 0 1 (<1)

GVHD prophy-
laxis, n (%)

.65

CNI +MTX 61 (69) 182 (60)

CNI +MMF 23 (26) 80 (26)

Other 5 (6) 39 (13)

Year of HCT, n (%) .01

2007-2008 19 (21) 120 (40)

2009-2010 45 (51) 112 (37)

(continued)

Table 1 (Continued)

Variable Post-Allo-HCT
Maintenance TKI

No Post-Allo-HCT
Maintenance TKI

P Value

2011-2012 9 (10) 22 (7)

2013-2014 16 (18) 47 (16)

Follow-up of sur-
vivors after day
+100 post-allo-
HCT, mo, median
(range)

61 (7-97) 68 (2-98)

CNI indicates calcineurin inhibitor; MAC, myeloablative conditioning; MMF,
mycophenolate mofetil; MTX, methotrexate; NMA, nonmyeloablative condi-
tioning; RIC, reduced-intensity conditioning;

Table 2
Characteristics of Post-Transplantation TKI Maintenance

Variable Value

Number of patients receiving maintenance TKI therapy 89

Number of TKI maintenance therapies, n (%)

1 77 (87)

>1 12 (13)

Same TKI given pre-HCT and post-HCT, n (%)

No 72 (81)

Yes 17 (19)

TKIs used as maintenance therapy, n

Dasatinib 50

Imatinib 27

Nilotinib 27

Figure 2. Kaplan-Meier curve of OS according to post-allo-HCT maintenance
therapy with TKIs.
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• Results unchanged in multivariate analysis and were not modified by disease status before transplantation.
• In conclusion, NO significant impact of maintenance TKI therapy on clinical outcomes.
• The optimal approach to TKI administration in the post-transplantation setting in patients with CML 

remains undetermined. 

390 adult patients with CML who underwent 
transplantation between 2007 and 2014 and received 

maintenance TKI following HCT (n = 89) compared with 
no TKI maintenance (n = 301)

OS LFS

CIR

DeFilipp Z et al. 2020

Post-SCT maintenance



Incidence of GVHD after DLI (n=500)

GVHD post DLI
No Yes

Response
(CCyR/CMR)

No 24% 8%
Yes 32% 36%
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HCT recipients who received a salvage TKI-containing regi-
men compared with DLI primary salvage therapy. These data
support that despite use of TKI pretransplantation and in
maintenance therapy, TKI salvage therapy continues to pro-
vide significant OS following relapse in patients with CML

following HCT. These data contradict previously held
thoughts that dosing of maintenance therapy might confer
resistance at relapse and do not suggest that adding a DLI to a
TKI adds an improvement in OS, although the sample size is
small [27].

Table 1 (Continued)

Variable TKI + DLI TKI but No DLI DLI but No TKI P Value

No 35 (73) 87 (68) 35 (90)

Yes 13 (27) 41 (32) 4 (10)

Choice of treatment TKI therapy in response to relapse

No TKI given 0 0 39

IM + DA + NI 5 (10) 1 (<1) 0

IM + DA 6 (13) 11 (9) 0

IM + NI 3 (6) 3 (2) 0

DA + NI 7 (15) 14 (11) 0

IM 9 (19) 24 (19) 0

DA 10 (21) 47 (37) 0

NI 6 (13) 20 (16) 0

Other 2 (4) 8 (6) 0

Relapse assessment method <.01

Hematologic/clinical 38 (79) 81 (63) 15 (38)

FISH 3 (6) 2 (2) 1 (3)

Conventional cytogenetics 2 (4) 9 (7) 9 (23)

Molecular 4 (8) 22 (17) 2 (5)

Assessment method unknown 1 (2) 14 (11) 12 (31)

Distribution of GVHD prior to the landmark analysis .09

Patients who developed acute and chronic GVHD 3 (6) 19 (15) 1 (3)

Patients who developed only acute GVHD 12 (25) 30 (23) 7 (18)

Patients who developed only chronic GVHD 6 (13) 22 (17) 4 (10)

Patients who did not develop GVHD 27 (56) 57 (45) 27 (69)

Median follow-up of survivors (range) since 30-d postrelapse, mo 58 (6-132) 64 (1-160) 46 (3-91)

The number listed in the parenthesis is the number of patients and all other numbers are percentages.
HCT-CI, hematopoetic cell transplant comorbidity index; NA, not applicable; CR, complete remission; CMV, cytomegalovirus; MAC, myeloablative conditioning; TBI,
total body irradiation; RIC, reduced-intensity conditioning; NMA, nonmyeloablative; ATG, anti-thymocyte globulin; TAC, tacrolimus; CSA, cylcosporine; CY, Cyclo-
phosphamide; IM, imatinib; DA, dasatinib; NI, nilotinib; FISH, fluorescence in situ hybridization.

Figure 1. Adjusted OS curves
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A total of 215 HCT recipients relapsed and 

were analyzed in the following groups:

(1) TKI alone (n = 128)

(2) TKI with DLI (n = 48)

(3) DLI without TKI (n = 39) 



Take home-messages

WHO and WHEN?

• ELN RECOMMENDATIONS / EBMT and HCI SCORE

WHICH DONOR / SOURCE?

• Any, but HLA-id sib better / Marrow better than blood

WHICH CONDITIONING?

• Myeloablative first option

TKI MAINTENANCE AFTER TRANSPLANT?

• Benefit undetermined

RELAPSE AFTER SCT?

• preferably TKI alone (+/- DLI)

PERSPECTIVE: TRANSPLANT IN 1ST CP IN PATIENTS NOT CANDIDATE FOR TFR?



“TKI = 3 is a significant factor for survival after allo-HSCT besides disease progression and 
patient’s age. Allo-HSCT could be considered for young patients with CML showing resistance to 
second-line TKI therapy who did not have disease progression and who have an appropriate donor”

237 pts diagnosed in CP between 2001 and 2012 in Japan, which received allo-SCT




