
My patient failed 2 lines TKI. 

What`s next? HCT point of view
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Figure 2.

Overall survival of patients receiving allografts at the Fred Hutchinson Cancer Research

Center from 1995 to the present. The data includes both matched related and unrelated

donors. The figure is courtesy of Dr. Ted Gooley.
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Kantarjian H, et al. Harrison’s Principles of Internal Medicine 2014. 
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EBMT activity survey. Passweg et al. BMT, 2017; 52: 191-196

Impact of drug development on SCT 
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transplantation following imatinib failure (n = 37) 

(3-year overall survival of 88% and 94%, respectively). 

Predictably, the 3-year overall survival for those trans-

planted in accelerated phase disease was significantly 

lower, at 59%.

Additional considerations
For many young, healthy patients, the prospect of life-

long medication with frequent monitoring and clini-

cal review might compare less favourably to an intense 

period of treatment undergoing an HSCT, despite excel-

lent long-term results with TKIs. Moreover, whereas 

access to TKIs is relatively easy in countries of high 

economic status, this is not the case in many develop-

ing countries. Even in developed countries, a case can 

be made that HSCT is more cost-effective than lifelong 

TKI therapy, particularly in children, adolescence and 

young adults. One relatively small study from 2006 

compared the cost of HSCT to imatinib, and concluded 

that treatment with imatinib was 25% more expensive 

than reduced-intensity conditioning HSCT over the 

first 2 years of treatment64. The cumulative influences 

on these treatments of falling costs of TKIs as patents 

expire and the normalization of lifespan, make pre-

dictions about relative cost-effectiveness in current 

practice difficult.

Toxicity, intolerance and compliance
When considering HSCT as an alternative to TKIs 

owing to toxicity, intolerance, or compliance every 

attempt must have been made to manage the side 

effects of the responsible drug. Although many of the 

toxicities observed early after treatment initiation, such 

as rash, fluid retention, nausea, diarrhoea and other 

gastrointestinal upset, respond well to temporary treat-

ment interruption or dose reduction, some do not and 

treatment cessation is therefore necessary. Recurrent 

haematological toxicity, even after dose reduction, can 

render continued TKI treatment problematic. More 

serious and life-threatening drug specific toxicities 

(such as pleural effusions, pulmonary hypertension and 

cardi ac dysfunction) have been described after treat-

ment with both second-generation and third-genera-

tion drugs59,65,66, which have also required cessation of 

the causative drug. In these cases, a strong argument can 

be made for recommending HSCT.

Just as the adherence to treatment with a TKI is a 

critical factor for achieving a molecular response in 

CML67, so, too, is the adherence to post-transplant 

regi mens to minimize the complications of HSCT such 

as GVHD, infection and viral reactivation. Although it 

might seem logical to assume that those who came to 

transplant because of known or unknown poor com-

pliance with TKI therapy will be poorly compliant with 

post-transplant prophylaxis, this cannot necessarily be 

assumed. The behaviour of compliance is complex68 

and, often, poor compliance is driven by side effects 

or treatment fatigue that is induced by prolonged 

treatment durations. Therefore, although poor com-

pliance with TKI therapy should alert the transplant 

physician to the possibility of poor compliance post-

HSCT, it should not preclude the use of HSCT if it is 

otherwise indicated.

The int ricacies of  HSCT in the TKI era
Conditioning regimens

Early regimens of chemoradiotherapy given to condition 

the marrow for stem-cell transplants were fully myelo-

ablative. Typically, these regimens consisted of total body 

irradiation with additional chemotherapy — frequently 

cyclophosphamide. The realization that long-term 

remission is dependent on the GVL effect led to the 

suggestion that transplantation regimens could be 

made safer by reducing the intensity of the condition-

ing and by reinforcing the GVL effect with pre-emptive 

donor lymphocyte infusions31-33. Although no pro-

spective randomized trials comparing myeloablative 

with reduced-intensity conditioning have been carried 

out, case series reports and registry data suggest that 

reduced intensity conditioning is a feasible strategy 

to increase accessibility to transplant for patients who 

would other wise be ineligible (TABLE 5). In particular, 

reduced-intensity regimens extend the age at which 

HSCT can be safely undertaken. The previously dis-

cussed higher relapse rates associated with reduced- 

intensity protocols, however, deem them unsuitable for 

high risk patients. Therefore, myeloablative conditioning 

remains the standard of care for those patients who are 

capable of tolerating them, with the majority of centres 

frequently continuing to employ total body irradiation 

and cyclophosphamide-based protocols.

T-cell depletion

The depletion of T cells, either by negatively selecting 

donor T-cells in the graft in vitro or by treating the 

Figure 2 | The number of HSCTs carried out for CML by disease phase from 

1990–2013. Since the first trial of imatinib opened in 2000 there has been a steep 

phase and advanced, defined as accelerated phase, second (or higher) chronic phase 
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Clinical Discussion

• VSB, 40a, masc

• 2015: CML-CP – SOKAL ato risco; Hasford alto risco

• Imatnib for 6 months: Rash, hematologic toxicity, BCR-ABL 1log/Ph+ 60%

• Nilotnib (nov/2015 a jan/2017): BCR-ABL 1 log – lost response

T315i: negative

BCR-ABL KD mutations: NA

• Dasatnibe: fev/2017 till now: Hematologic response

• What’s next? 

• Ponatnib? MRD (Brother) – HCT?



Predictors of Long-term Outcome to 
Second-line TKIs in Pts With CML

Jabbour E, et al. Clin Lymphoma Myeloma Leuk. 2013;13:302-306. 
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Mechanisms of treatment failure in CML BCR-ABL1 mutation can confer TKI resistance and 

is a mechanism of treatment failure in CML 

4 

1. Soverini S, et al. Clin Cancer Res. 2006;12:7374-7379. 2..Cortes J, et al. Blood. 2007;109:3207-3213. 3. Bixby D, et al. Leukemia. 2011;25:7-22.  
4. Bowlin SJ, et al. ASCPT 2012. 5. Quintás-Cardama A, et al. Cancer Control. 2009;16:122-131. 6. Valent P. Biologics. 2007; 1:433-438. 7. Corbin 
AS, et al. J Clin Invest. 2011;12:396-409.  
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Overall response rate to TKI in CP 
Sequential therapy may increase the 

probability of compound mutations1 

17 1. Shah et al. J Clin Invest. 2007;117:2562-2569. 

Shah NP et al. J Clin Invest. 2007 Sep;117(9):2562-9.



BCR-ABL KD mutations in Imatnib
resistence

Shah NP et al. Blood 2011  Sep;118(5) :1208-16.



WHEN perform BCR-ABL KD mutations 
analysis

European LeuknetSoverini S et al. Blood 2011  Sep;118(5) :1208-16.



PACE: Efficacy of Ponatinib in CP CML

▪ 83% estimated to maintain MCyR at 36 mos

Cortes J, et al. Blood. 2014;124. Abstract 3135. 
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Innes AJ, Milojkovic D & Apperley JA et al. Nature Rev, 2016

Overall response rate to TKI in CP 

Nature Reviews | Clinical Oncology
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identified as soon as 3 months after the start of any TKI 

treatment20,21 are beginning to change our approach to 

management, with changes in drug therapy occurring 

sooner in an effort to prevent early disease progression. 

With five licenced TKIs, the tendency is to try multi-

ple lines of therapy before referring the patient for 

transplant. Unfortunately, the delay imposed by such a 

strategy will inevitably result in disease progression in 

some patients who might otherwise have benefited from 

HSCT; for that reason we discuss the rationale behind 

streamlining the approach.

Worldwide, the majority of newly diagnosed chronic 

phase patients commence therapy with imatinib. If a 

patient fails to respond, loses an established response or 

experiences unacceptable toxicity, it would be routine 

practice to try one or other of the second-generation 

drugs, dasatinib, nilotinib or bosutinib. In some cir-

cumstances, the actual choice might be guided by the 

presence of a kinase-domain mutation or certain comor-

bidities, but in the majority of cases, any of these drugs 

can be used as their efficacy is equivalent. The dilemma 

emerges if the patient is resistant and/or intolerant to the 

second-line therapy. The efficacy of a third-line second- 

generation drug (that is, switching between dasatinib, 

nilotinib and bosutinib) is limited: reports of local or 

regional series as well as a systematic review indicate 

the achievement of a complete cytogenetic response in 

20–30% of patients; the durability of these responses is 

less clear 55–57. Furthermore, it is difficult to determine 

any features that might predict a response to the third-

line agent, although at least two reports have shown an 

associ ation with prior cytogenetic response on the first-

line and/or second-line therapy52,53,58. Intuitively, the feel-

ing is that a patient who has demonstrated resistance to 

two lines of therapy with no obvious explanation, such as 

non-compliance or the development of a kinase-domain 

mutation, is less likely to be responsive to a third-line 

agent of similar efficacy. Furthermore, in the situation of 

multiple intolerances and side effects, particularly those 

involving haematological toxicity, the use of a third-line 

agent is likely to result in the develop ment of further 

intolerance and side effects, even if the patient shows 

sensitivity to the third drug. Similar arguments against 

the use of a further second- generation agent can be 

made for a patient failing first-line therapy with  dasatinib 

or nilotinib.

The third-generation drug, ponatinib, has shown 

impressive efficacy as a second, third and fourth-line 

therapy59; once again, those patients who are likely to 

respond well to ponatinib can be identified after 3 months 

of treatment. It is entirely reasonable, therefore, to sug-

gest that a patient eligible for transplant should ideally 

transition through imatinib to a second-generation agent 

(but not rotate through all three) and then to ponatinib, 

or from first-line dasatinib or nilotinib to ponatinib, in 

order to consider a transplant, if necessary, as early as 

possible in the disease course. In practice, this pathway 

will be influenced by drug availability, the presence of 

mutations, comorbidities and the nature of any intoler-

ance shown, but the overall aim should be to avoid the 

risk of disease progression. We therefore advocate that 

patients who fail first-line therapy should be referred 

for donor identification to avoid any subsequent delay if 

HSCT becomes necessary.

Does prior treatment with TKIs affect HSCT?
To inform patient choice regarding the risks and bene-

fits of HSCT, we need to be confident that existing data, 

accumulated in the pre-TKI era, remain valid in current 

Table 3 | Proposed risk stratification for accelerated phase disease

Risk factors Risk category

High risk: at least two risk factors

Haemoglobin <100 g/l Intermediate risk: any risk factor

Low risk: no risk factors

Note: these data are derived from a single study49

Figure 1 | Overall response rates to TKIs in chronic phase disease. a

respond, around 50% will respond to a second-generation TKI (dasatinib, nilotinib or 

b

second-generation drugs is slightly higher at 70–80%, only half of the 20–30% who do 

not respond will subsequently respond to a third-generation drug, meaning that again 

10–15% of patients require an alternative strategy to TKI, of which HSCT is a viable 
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Ponatinib vs SCT for CML With T315I Mutation

Ponatinib vs SCT
Median OS, Mos

Disease 
Group 

Ponatinib SCT P Value

CP NR 103 .013

AP NR 56 .889

BP 7 11 .026

Ph+ ALL 7 32 .136

CP

AP

BP

Nicolini FE, et al. Blood. 2015;126. Abstract 480. 
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Time for HCT Consultation
AVOID DISEASE PROGRESSION

• Inadaquete hemat/ Cyt response to TKI

• Intolerance to TKI therapies

• Disease progression

• Accelerated phase

• Blast chrises



Prior treatment with TKI affect HCT?
Not necessarily… but if BCR-ABL KD mutations appear…. 

Jabbour E, et al. Blood. 2011;117:3641-3647.

BCR-ABL KD mutations: Independent prognostic marker???



Prior treatment with TKI affect HCT? 

Figure 2.

Overall survival of patients receiving allografts at the Fred Hutchinson Cancer Research

Center from 1995 to the present. The data includes both matched related and unrelated

donors. The figure is courtesy of Dr. Ted Gooley.
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Conditioning regimen – old school 

Clift et al. Blood 1994; 84(6):2036-2043

Radich et al, Blood 2003; 102:31-35 

Cy-TBI x BuCy Targeted Busulfan-Cy



Conditioning regimen – NMA (Flu/TBI200)

Kerbauy FR et al. Leukemia 2005; 19(6):1990-97



Conditioning regimen – RIC x MA

Topcuoglu P et al. Ann Hematol. 2012; 91:577-86



Stem Cells Source

Eapen M et al. BBMT. 2015; 21(1):55-59



Post transplant relapse

Kaeda J et al. Blood. 2006; 107(10):4171-4176



Post transplant relapse - DLI



Post transplant relapse - DLI

Desease Status

T Cell dose

Luznik L and Fuchs E. Cancer Control; 2002: 9; 123
Mackinnon S, et al. Blood;1995: 86:1261



Post transplant relapse - TKI

• EC, 36a, fem

• CML-CP, EBMT score:2  (2003)

• Bu16/Cy120 – CSA/MTX (2003)

• Source: MRD, BM (5 x 10e8 TNC)

• No major complication, remain CR (Citogenetic)

• 2015: Hematologic relapse 12y post HCT – CML CP

• DLI? Imatnib?



Accelerated phase – Imatnib x SCT

Nature Reviews | Clinical Oncology
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identified as soon as 3 months after the start of any TKI 

treatment20,21 are beginning to change our approach to 

management, with changes in drug therapy occurring 

sooner in an effort to prevent early disease progression. 

With five licenced TKIs, the tendency is to try multi-

ple lines of therapy before referring the patient for 

transplant. Unfortunately, the delay imposed by such a 

strategy will inevitably result in disease progression in 

some patients who might otherwise have benefited from 

HSCT; for that reason we discuss the rationale behind 

streamlining the approach.

Worldwide, the majority of newly diagnosed chronic 

phase patients commence therapy with imatinib. If a 

patient fails to respond, loses an established response or 

experiences unacceptable toxicity, it would be routine 

practice to try one or other of the second-generation 

drugs, dasatinib, nilotinib or bosutinib. In some cir-

cumstances, the actual choice might be guided by the 

presence of a kinase-domain mutation or certain comor-

bidities, but in the majority of cases, any of these drugs 

can be used as their efficacy is equivalent. The dilemma 

emerges if the patient is resistant and/or intolerant to the 

second-line therapy. The efficacy of a third-line second- 

generation drug (that is, switching between dasatinib, 

nilotinib and bosutinib) is limited: reports of local or 

regional series as well as a systematic review indicate 

the achievement of a complete cytogenetic response in 

20–30% of patients; the durability of these responses is 

less clear55–57. Furthermore, it is difficult to determine 

any features that might predict a response to the third-

line agent, although at least two reports have shown an 

associ ation with prior cytogenetic response on the first-

line and/or second-line therapy52,53,58. Intuitively, the feel-

ing is that a patient who has demonstrated resistance to 

two lines of therapy with no obvious explanation, such as 

non-compliance or the development of a kinase-domain 

mutation, is less likely to be responsive to a third-line 

agent of similar efficacy. Furthermore, in the situation of 

multiple intolerances and side effects, particularly those 

involving haematological toxicity, the use of a third-line 

agent is likely to result in the develop ment of further 

intolerance and side effects, even if the patient shows 

sensitivity to the third drug. Similar arguments against 

the use of a further second- generation agent can be 

made for a patient failing first-line therapy with  dasatinib 

or nilotinib.

The third-generation drug, ponatinib, has shown 

impressive efficacy as a second, third and fourth-line 

therapy59; once again, those patients who are likely to 

respond well to ponatinib can be identified after 3 months 

of treatment. It is entirely reasonable, therefore, to sug-

gest that a patient eligible for transplant should ideally 

transition through imatinib to a second-generation agent 

(but not rotate through all three) and then to ponatinib, 

or from first-line dasatinib or nilotinib to ponatinib, in 

order to consider a transplant, if necessary, as early as 

possible in the disease course. In practice, this pathway 

will be influenced by drug availability, the presence of 

mutations, comorbidities and the nature of any intoler-

ance shown, but the overall aim should be to avoid the 

risk of disease progression. We therefore advocate that 

patients who fail first-line therapy should be referred 

for donor identification to avoid any subsequent delay if 

HSCT becomes necessary.

Does prior treatment with TKIs affect HSCT?
To inform patient choice regarding the risks and bene-

fits of HSCT, we need to be confident that existing data, 

accumulated in the pre-TKI era, remain valid in current 

Table 3 | Proposed risk stratification for accelerated phase disease

Risk factors Risk category

High risk: at least two risk factors

Haemoglobin <100 g/l Intermediate risk: any risk factor

Low risk: no risk factors

Note: these data are derived from a single study49

Figure 1 | Overall response rates to TKIs in chronic phase disease. a

respond, around 50% will respond to a second-generation TKI (dasatinib, nilotinib or 

b

second-generation drugs is slightly higher at 70–80%, only half of the 20–30% who do 

not respond will subsequently respond to a third-generation drug, meaning that again 

10–15% of patients require an alternative strategy to TKI, of which HSCT is a viable 

REVIEWS

6 | ADVANCE ONLINE PUBLICATION www.nature.com/nrclinonc

© 2015 Macmillan Publishers Limited. All rights reserved

Jiang Q et al. Blood. 2000: 117(11); 3032-40





Conclusions

• Failed 2 lines TKI: Ponatnib x HCT

• 10-15% patients – Allog HCT feasible strategy

• Early strategy to define candidates

• Myeloablative (RIC?) is the conditioning regiment of choice. 

• NMA for unfitted patients

• BM over PBSC – AVOID GVHD

• Haploidentical donors – Why not?

• Molecular relapse: DLI x TKI 



Conclusions

• No Ponatinib, bosutinib, omacetaxine, etc

• More HCT candidates



Drugs Efects

Agents inhibiting CYP3A 
Metabolism

Increase in exposure to ITKs

Warfarin and heparin Increase the levels/effects of Warfarin and Heparin. 
Decreased levels /effects of ITKs

Agents inducers (strong) CYP3A 
Metabolism

Decreased levels/effects of ITKs

Tramadol ITKs may decrease the levels/effects of Tramadol

Vaccines (inactived; live) ITKs may decrease the levels/effects of Vaccines (inactived; live)

Acetominophen Decreased levels/effects of imatinib

Fentanyl Imatinib may increase the levels/effects of Fentanyl

Cyclosporine Imatinib may increase the levels/effects of Cyclosporine

Antiacids, H2Antagonist, Proton
Pump Inhibitors

Deacresed levels/Effects of Dasatinib and Nilotinib

Agents inhibiting CYP3A Metabolism:  Ketoconazole, Itraconazole, Clarithomycin, voriconazole

Agents inducers CYP3A Metabolism:Rifampin; Pioglitazone; phenytoin; phenobarbital

TKI drug interactions 
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