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CML: SUCCESS BREEDS MORE SUCCESS

     TKI dis con tin u a tion in CML: how do we make 
more patients eli gi ble ?  How do we increase the 
chances of a suc cess ful treat ment - free remis sion ?  
     Andreas   Hochhaus  and  Thomas   Ernst  
 Klinik f ü r Innere Medizin II, Universit ä tsklinikum Jena, Jena, Germany 

   Treatment - free remis sion (TFR) is a new and sig nifi   cant goal of chronic mye loid leu ke mia man age ment. TFR should be 
con sid ered for patients in sta ble deep   molec u lar response (DMR) after care ful dis cus sion in the shared deci sion - mak ing 
pro cess. Second - gen er a tion tyro sine kinase inhib i tors (TKIs) improve the speed of response and the inci dence of DMR. 
Treatment may be changed to a more active TKI to improve the depth of response in selected patients who have not 
reached DMR. Stem cell per sis tence is asso ci ated with active immune sur veil lance and acti va tion of BCR - ABL1 - inde-
pen dent path ways, eg,  STAT3 ,  JAK1 / 2 , and  BCL2 . Ongoing stud ies aim to prove the effi  cacy of main te nance ther a pies 
targeting these path ways after TKI dis con tin u a tion.  

   LEARNING OBJECTIVES 
   •    Review the options for achiev ing deep molec u lar remis sion in CML patients, with the pos si bil ity of discontinuing 

ther apy and stay ing in long - term treat ment - free remis sion, which is equiv a lent to an oper a tional cure 
  •    Discuss the biol ogy of persisting leu ke mic stem cells as the ori gin of relapse 
  •    Def ne the mech a nism of action of exper i men tal ther a pies to erad i cate or silence resid ual leu ke mia  

    Introduction   
 A sig nif   cant pro por tion of chronic mye loid leu ke mia (CML) 
patients achieve a deep molec u lar response (  DMR) with 
tyro sine kinase inhib i tor (TKI) ther apy def ned as resid ual 
  BCR - ABL1 tran script lev els of at least MR4 on the inter na-
tional scale (IS). The speed of response is faster, and the 
inci dence of DMR at spe cif c time points is higher under 
treat ment with sec ond - gen er a tion inhib i tors (2G - TKIs) 
than with imatinib. 1  

 An attempt to discontinue ther apy can be con sid ered 
after the achieve ment and long - term main te nance of DMR. 
The con cept was established with the Stop Imatinib 1 (STIM1) 
trial. After a median fol low - up of 77 months after stop ping 
TKI ther apy, 38 %  of patients maintained a molec u lar remis-
sion. In this trial, patients were eli gi ble for treat ment dis-
con tin u a tion with neg a tive results of a sen si tive quan ti ta tive 
reverse tran scrip tase poly mer ase chain reac tion (qRT - PCR) 
sustained for 2 years before stop ping. 2,3  After this inno va-
tive pilot study, mul ti ple tri als were conducted, each with 
dif fer ent entry cri te ria and def   ni tions of relapse, prompt-
ing a restart of TKIs. Concurrently, PCR meth od ol ogy and 
def   ni tions of PCR sen si tiv ity were stan dard ized in order to 

har mo nize rec om men da tions for treat ment dis con tin u a tion 
and increase the safety of stop ping pro ce dures. 4,5  

 As a mul ti cen ter aca demic approach, the Euro pean 
Stop Kinase Inhibitor (EURO - SKI, NCT01596114) study ana-
lyzed 755 patients with sim i lar over all results. The min i mum 
require ments for stop ping in most stud ies were a dura tion 
of TKI ther apy of at least 3 years and a sustained DMR of at 
least 1 year. 6  

 In gen eral, about 50 %  of patients will relapse, regard less 
of the TKI used. Most molec u lar recur rences occur within 
the f rst 6 months after TKI dis con tin u a tion. However, treat-
ment dis con tin u a tion is safe if eli gi ble patients are care-
fully selected, and high - qual ity stan dard ized qRT - PCR is 
employed. The avail  able data and pro ce dures required 
should be discussed with the patient. Some patients eli-
gi ble for treat ment - free remis sion (TFR) may pre fer to 
remain on their cur rent treat ment. A loss of major molec u lar 
response (MMR; BCR - ABL1    >    0.1 %  IS) has been established as 
the trig ger for restarting ther apy. 5,7  However, con sid er ing 
that the rate of DMR in a newly diag nosed patient on cur-
rent treat ment options is about 40 %  and the chance for sta-
ble TFR is about 50 % , the over all chance of long - term TFR is 
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only 20% for a CML patient newly diag nosed in 2021. In addi tion, 
the cost of TKI ther apy is a sig nif  cant prob lem for patients and 
the health sys tem in gen eral. Hence, it is cru cial to increase the 
rate of dura ble DMR and to con vert DMR into func tional cures, 
defned as nonrecurrence of active CML after stop ping TKIs.8

CLINICAL CASE
Our patient is a 27-year-old woman, a teacher, diag nosed with 
chronic-phase CML in May 2017. Calculation of the EUTOS long-
term sur vival score revealed low-risk dis ease. Cytogenetics dem-
on strated the involve ment of 3 chro mo somes, 46,XX,t(1;9;22)
(q25;q34;q11), but mul ti plex PCR revealed a typ i cal e14a2 BCR-
ABL1 tran script. Using next-gen er a tion sequenc ing, no BCR-ABL1-
inde pen dent muta tions were detected.Spleen size was nor mal, 
and no med i ca tion or con com i tant dis eases were reported. There 
was a strong desire to estab lish a fam ily in the com ing years. We 
thor oughly discussed with the patient the diag no sis, treat ment 
options, goals of ther apy, and risks and ben e fts of each treat-
ment option. Shared deci sion-mak ing led to the con clu sion to 
start nilotinib 300 mg twice daily in June 2017. Treatment was well 
tol er ated; the only side effect was a grade 1 facial exan thema. 
Blood counts nor mal ized within 4 weeks. BCR-ABL1 tran script lev-
els in periph eral blood were mea sured in a spe cial ized lab stan-
dard ized for sen si tive quan ti f ca tion according to the IS:

 Sep tem ber 2017: 3.2%
 Decem ber 2017: 0.41%
 March 2018: 0.23%
 June 2018: 0.072%
 Decem ber 2018: 0.015%
 June 2019: 0.0030%
 Sep tem ber 2019: 0.0015%
 Decem ber 2019: 0.0023%
 March 2020: 0.0010%
 June 2020: 0% with 96 000 ABL1 tran scripts (MR4.5).

At this stage, 3 years after the start of ther apy, the patient 
requested that ther apy be discontinued.

Clinical expe ri ence
The pro spec tive, nonrandomized EURO-SKI was designed to de-
fne opti mal con di tions for treat ment dis con tin u a tion. Sixty-one 
sites in 11 Euro pean countries par tic i pated. Eligibility cri te ria 
included chronic-phase CML, TKI treat ment for at least 3 years 
(with out treat ment fail ure according to Euro pean LeukemiaNet 
rec om men da tions), and con frmed MR4 or bet ter for at least 1 
year. The pri mary end point was molec u lar relapse-free sur vival, 
defned as sur vival with out a loss of MMR. Secondary end points 
were the anal y sis of prog nos tic fac tors affect ing MMR main te-
nance and the eco nomic impact of stop ping ther apy. Molecu-
lar relapse-free sur vival was 61% and 50% at 6 and 24 months, 
respec tively. In the prog nos tic anal y sis of patients who received 
frst-line imatinib ther apy, lon ger treat ment dura tion and lon ger 
DMR dura tion were advan ta geous for main te nance of MMR over 
a period of six months. Treatment dis con tin u a tion did not result 
in seri ous adverse events. For study par tic i pants, the over all cost 
sav ings were esti mated at about €22 mil lion.6

Confrmation of loss of MMR with a sec ond PCR is not recom-
mended and could delay restarting ther apy. Almost all  patients 
with molec u lar recur rence regain their ini tial MR level after a TKI 
restart. The choice of TKI for the restart depends on the pre vi ous 
tol er a bil ity, comorbidities, risk of long-term tox ic ity, and expec ta-
tions toward a sec ond TFR attempt. So far, very few of the thou-
sands of patients in TFR tri als have had unfa vor able out comes. 
There are occa sional reports of pro gres sion to blast phase, but 
it is uncer tain whether TKI dis con tin u a tion con trib uted to the 
under ly ing biol ogy of pro gres sion. Irrespective of higher eli gi bil ity 
rates for TFR stud ies with sec ond-gen er a tion TKI, the prob a bil ity 
of maintaining TFR has been about 50% after nilotinib or dasatinib 
ther a pies, sim i lar to the results after stop ping imatinib.9-13

The French RE-STIM trial inves ti gated the out come of sec ond 
or sub se quent TFR attempts. Seventy patients who regained 
DMR after molec u lar recur rence after the frst TKI dis con tin u a tion 
stopped treat ment for a sec ond time. The pro por tion of patients 
with out molec u lar recur rence was 35% at 36 months after the 
sec ond TKI dis con tin u a tion. RE-STIM data actu ally sug gest that 
patients in TFR los ing MMR have a lower chance for a suc cess-
ful sec ond TFR attempt than patients with molec u lar recur rence 
according to the orig i nal STIM def  ni tion (pos i tive PCR).14

Patients’ per spec tive
In gen eral, rec om men da tions for safe dis con tin u a tion and treat-
ment restart are well established and published. However, the 
expe ri ence of patients with regard to their deci sion about TFR 
and their needs dur ing TFR are widely unknown. Using a sur vey, 
inter na tional patient advo cates sought to check the patient per-
spec tive, to iden tify areas of unmet needs, and to cre ate rec om-
men da tions for improve ments. Fear or anx i ety dur ing treat ment 
dis con tin u a tion were reported by 56% of patients, but only 7% 
of patients were asked about their needs for psy cho log i cal sup-
port. After treat ment restart, 59% of patients felt scared or anx-
ious, and 56% felt depressed. Twenty-six per cent of reinitiated 
patients received psy cho log i cal and/or emo tional sup port. Six-
ty per cent of patients expe ri enced with drawal symp toms after 
treat ment dis con tin u a tion. However, 40% of patients with with-
drawal symp toms reported a lack of sup port from their phy si cian 
in symp tom man age ment. Hence, the mon i tor ing of psy cho log-
i cal con se quences before, dur ing, and after TFR should be con-
sid ered.15

Musculoskeletal and/or joint pain starting a few weeks or 
months after TKI dis con tin u a tion has been observed in about 
25% of patients. This TKI with drawal syn drome is likely based on 
a release of off-tar get effects of the TKI. In most cases symp toms 
are mild and tran sient, but some patients may require tem po rary 
anti-inflam ma tory treat ment.16 Surveillance and symp tom atic 
treat ment of with drawal symp toms should be a pri or ity dur ing 
treat ment dis con tin u a tion.15

Predictors of suc cess
Various prog nos tic fac tors for a suc cess ful TFR have been re-
ported. Longer dura tion of TKI ther apy and DMR and prior treat-
ment with inter feron alpha (IFNA) were iden ti fed as impor tant 
pre dic tors for suc cess ful TFR in EURO-SKI; of these, dura tion of 
DMR was shown to be the most impor tant fac tor, cor rob o rat ing 
data from a study in Japan.6,17 A Cana dian TFR study revealed  
6 years of imatinib ther apy and 4.5 years MR4 dura tion as opti-
mal time frames for a suc cess ful TFR.18
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Age and sex have been reported to be asso ci ated with 
TFR in early stud ies.6 The Sokal score was reported to pre dict 
TFR out come, eg, in the STIM study.2 However, the EURO-SKI 
study failed to dem on strate the pre dic tive value of age, sex, 
and Sokal score for TFR in patients after frst-line imatinib. A 
selec tion bias of patients on IFNA ther apy prior to imatinib 
might play a role. Data published recently indi cate that the 
BCR-ABL1 tran script type might influ ence TFR out come, with 
a lower inci dence of relapse in patients and e14a2 com pared 
to e13a2.19

So far, the dura tion of frst-line nilotinib or dasatinib ther apy 
has not been found to affect the prob a bil ity of TFR suc cess. The 
dura tion of DMR on sec ond-line nilotinib was asso ci ated with 
suc cess ful TFR in ENESTop (Table 1).9,10,19

Differences in trial designs must be con sid ered when results 
from var i ous stud ies are com pared: the pro por tion of suc cess ful 
TFR attempts is higher in stud ies that defne dis ease relapse as 
loss of MMR than in those that spec ify loss of unde tect able BCR-
ABL1 tran scripts as the cri te rion. In addi tion, a deeper MR prior 
to treat ment dis con tin u a tion may be asso ci ated with a bet ter 
chance of suc cess ful TFR.17

CLINICAL CASE (Con tin ued)
In June 2020, 3 years after starting ther apy and 1 year in MR4.5, 
nilotinib ther apy was discontinued. Grade 2 mus cle and joint 
pain, respon sive to acet amin o phen and last ing about 4 weeks, 
were signs of a mild TKI with drawal syn drome.

During fol low-up, qRT-PCR revealed an increase of BCR-ABL1 
tran scripts:

 Sep tem ber 2020: 0.06% (IS)
 Decem ber 2020: 0.15%.

Due to loss of MMR, treat ment reintroduction was discussed. 
Good response and good tol er a bil ity of nilotinib was bal anced 
against a sec ond chance with an alter na tive TKI. The deci sion 
was made to com mence dasatinib 100 mg/d, lead ing to a rapid 
decline of BCR-ABL1 tran scripts:

 March 2021: 0.0020%. 
 June 2021: 0% with 290 000 ABL1 tran scripts (MR5).

A bone mar row aspi ra tion was performed to quan tify per-
sisting stem cells on a geno mic level and to char ac ter ize their 
envi ron ment. The opti mal dura tion of TKI treat ment for the sec-
ond attempt of TFR is unknown. The inhi bi tion of BCR-ABL1-inde-
pen dent path ways respon si ble for stem cell per sis tence and for 
acti va tion of immune sur veil lance is a lead ing topic in cur rent 
research.

Analyzing per sis tent stem cells
In sev eral stud ies, highly sen si tive DNA-based BCR-ABL1 PCR 
dem on strated per sis tence of the CML clone in most patients 
with neg a tive qRT-PCR, indi cat ing low BCR-ABL1 expres sion in 
persisting CML stem cells. The detec tion of the patient-spe cifc 
geno mic BCR-ABL1 break point requires a DNA sam ple col lected 
at diag no sis.20-22 The anal y sis of bone mar row vs periph eral 
blood for this pur pose is ongo ing.23

Table 1. Predictive data of eli gi bil ity and sta bil ity of TFR19,39

Parameter Impact on eli gi bil ity for TFR Impact on sta bil ity of TFR Study exam ples

Prognostic score DMR more fre quent in low-risk 
patients

TFR more sta ble in low-risk 
patients; risk of relapse high in 
high-risk patients

STIM, STIM2, ENESTfreedom, 
TWISTER

TKI type DMR more fre quent with 2G-TKIs 
vs imatinib

No major dif fer ence

Initial slope of BCR-ABL1  
tran script decline or  
“halv ing time”

Probability of DMR bet ter in 
patients with EMR

No major dif fer ence

MMR at 12 months Probability of DMR bet ter in 
patients with MMR

No major dif fer ence

Type of BCR-ABL1 tran script DMR more likely in patients with 
e14a2 vs e13a2 (incon sis tent)

TFR more sta ble with e14a2  
(incon sis tent)

Mutations out side BCR-ABL1 MMR and DMR more likely in 
patients lacking BCR-ABL1- 
inde pen dent muta tions

Data still imma ture

Duration of DMR Longer DMR pre dic tive EURO-SKI

Level of MR before stop Probably yes; unde tect able  
BCR-ABL1 pre dic tive

EURO-SKI, ENESTfreedom

Duration of TKI ther apy Inconsistent, overlapping with 
dura tion of DMR

STIM

Proportion of nat u ral killer cells Reduced risk of relapse after 
imatinib and dasatinib but not 
after nilotinib

EMR, early molec u lar response.
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In a Euro pean study, DNA and mRNA BCR-ABL1 lev els by quan-
ti ta tive PCR and by dig i tal PCR were com pared. A good cor re-
la tion was found at BCR-ABL1 tran script lev els above MR4; the 
cor re la tion was poor for sam ples taken in DMR. A com bi na tion 
of geno mic and RT-PCR was  able to bet ter pre dict molec u lar 
relapse-free sur vival after TKI stop.24

Leukemic stem cells are CD34+/CD38−, but this phe no type 
is not exclu sive to CML. Dipeptidyl pep ti dase-4 (CD26) may 
rep re sent a spe cifc marker for CML stem cells.25 Using the 
CD34+CD38−CD26+ phe no type, a study iden ti fed CML stem cells 
cir cu lat ing in the periph eral blood in the major ity of patients in 
TFR after TKI dis con tin u a tion,26 which is, how ever, still conflict-
ing. Another study iden ti fed persisting leu ke mic stem cells in 
the bone mar row of patients in DMR, in con trast to the periph-
eral blood.23 Further, CD93 expres sion has been con sis tently 
shown in a lin-CD34+CD38−CD90+ pop u la tion with stem cell char-
ac ter is tics.27

Using fluo res cence-acti vated cell sorting and geno mic PCR, 
resid ual dis ease in TFR dif fered according to the cell lin e age. 
BCR-ABL1 was iden ti fed pre dom i nantly in the lym phoid com-
part ment and never in granulocytes. B cells were more often 
BCR-ABL1+ than T cells. Lineage-spe cifc assess ment of persist-
ing dis ease prior to treat ment dis con tin u a tion could improve the 
pre dic tion of suc cess ful TFR.28

Innovative approaches
JAK, BTK
In TKI-resis tant CML, STAT3 inhi bi tion was  able to reduce sur-
vival of CML cells. Kuepper et al iden ti fed Jak1 but not Jak2 as the 
STAT3-acti vat ing kinase. The com bi na tion of BCR-ABL1 and JAK1 
inhib i tors fur ther reduced col ony-forming units from murine CML 
bone mar row and human CML mono nu clear cells as well as CD34+ 
CML cells. Combination ther apy induced apo pto sis even in qui es-
cent leu ke mic stem cells, suggesting JAK1 as a poten tial ther a peu-
tic tar get for cura tive CML ther a pies.29 Ruxolitinib, a dual JAK1/2 
inhib i tor, com bined with nilotinib may selec tively decrease CML 
stem cells.25 A few early-phase stud ies test ing the com bi na tion of 
BCR-ABL1 targeting TKIs with ruxolitinib were pre ma turely closed 
due to tox ic ity; oth ers are still recruiting (Table 2). Fc gamma 
recep tor IIb (CD32b) was shown to be crit i cal in stem cell per sis-
tence. Hence, targeting FcγRIIb down stream sig nal ing, eg, with a 
BTK inhib i tor, pro vi des a prom is ing ther a peu tic approach.30

Table 2. Clinical tri als to main tain TFR in addi tion to TKI

TIGER nilotinib ± peg-IFNA2b (phase 3) NCT01657604
PETALs nilotinib ± peg-IFNα2a (phase 3) NCT02201459

IFNA main te nance ther apy
 TIGER peg-IFNA2b (phase 3) NCT01657604
 ENDURE pegylated-pro line-IFNA2b (phase 3) NCT03117816

Checkpoint inhib i tors
 ACTIW pioglitazone (phase 1), avelumab (phase 2) NCT02767063
 Dasatinib nivolumab (phase 1B) NCT02011945

JAK inhi bi tion
 Preclinical data
 Nilotinib + ruxolitinib phase 1/2 NCT01914484
 Nilotinib + ruxolitinib phase 1 NCT02253277
 Nilotinib + ruxolitinib phase 1 NCT01702064
 ABL-TKI + ruxolitinib phase 2 NCT03610971
 ABL-TKI + ruxolitinib phase 2 NCT03654768

BCL-2 inhi bi tion
 Preclinical data
 Dasatinib ± venetoclax phase 3 NCT02689440

BTK inhi bi tion
 Preclinical data

BCL2
BCL2-related antiapoptotic pro teins are expressed at higher lev els 
in CML stem cells com pared to nor mal stem cells. Inhibiting BCL2 
increases kill ing of CML stem cells by TKIs in mod els. Venetoclax 
com bined with a TKI reduces the serial re-engraft ment capac ity 
of CML stem cells in mice bet ter than a TKI alone. Thus, BCL2 inhi-
bi tion may be another option for targeting persisting CML stem 
cells unre spon sive to BCR-ABL1 TKIs.31,32 A ran dom ized frst-line 
study test ing the impact of the addi tion of venetoclax to dasati-
nib in newly diag nosed CML patients is ongo ing (NCT02689440). 
However, the impact of venetoclax on per sis tent stem cells should 
be tested in a main te nance for mat after achieve ment of DMR.

Immunotherapy
Numerous stud ies have revealed an asso ci a tion between cel-
lu lar immune param e ters and TFR, includ ing higher num bers of 
 nat u ral killer cells and lower num bers of both T reg u la tory cells 

Figure 1. Innovative strategies to improve chances of treatment-free remission.

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/106/1851817/106hochhaus.pdf by guest on 07 M
ay 2024



110 | Hematology 2021 | ASH Education Program

and CD86+ plasmacytoid den dritic cells. Cumulative results sug-
gest an immu no log i cal con trol of persisting CML stem cells in 
patients with suc cess ful TFR.19,33

According to pre clin i cal and clin i cal stud ies, IFNA was  able 
to induce cyto ge netic remis sions in a minor ity of CML patients. 
Moreover, a small per cent age of patients treated with IFNA sus-
tained dura ble remis sions after discontinuing ther apy. The mech-
a nisms behind this clin i cal obser va tion are not well under stood; 
acti va tion of leu ke mia-spe cifc immu nity may be a key fac tor.34 
Treatment with IFNA per mits the dis con tin u a tion of imatinib in 

most patients after prior imatinib/IFNA com bi na tion ther apy and 
may result in improved MR. Induction of a pro tein ase 3-spe cifc 
cyto toxic T-lym pho cyte response by IFNA may con trib ute to this 
effect.35 Studies inves ti gat ing the com bi na tion of IFNA with nilo-
tinib or dasatinib are ongo ing.

In a phase 1 study, the com bi na tion of imatinib and ropegin-
terferon α2b was shown to be safe and resulted in a DMR in 
patients with chronic-phase CML who did not achieve a DMR with 
imatinib alone.36 Clinical tri als explor ing the impact of check-
point inhi bi tion include nivolumab as a programmed cell death 

Table 3. Recommendations for TFR

Parameter Euro pean LeukemiaNet 20205
National Comprehensive Cancer 
Network 202138

French Chronic Myeloid Leukemia 
Study Group 201839

Mandatory
 Age, phase of the dis ease, 

dis ease his tory
Adult patients, CML in frst 

chronic phase only. No prior 
treat ment fail ure.

Age ≥18 years. Chronic-phase CML. 
No prior his tory of accel er ated 
or blast-phase CML.

Age ≥18 years. Chronic-phase CML. 
No prior his tory of allo ge neic 
stem cell trans plan ta tion, pro-
gres sion, resis tance, sub op ti mal 
response, or warn ing.

Motivation, com mu ni ca tion, 
infor ma tion

Motivated patient with struc tured 
com mu ni ca tion.

Patient’s accep tance of more fre-
quent PCR tests after stop ping 
treat ment.

Consultation with a CML spe cial-
ist to review eli gi bil ity for TKI 
dis con tin u a tion and poten tial 
risks and ben e fts of treat-
ment dis con tin u a tion, includ-
ing TKI with drawal syn drome. 
Discontinuation of TKI ther apy 
should only be performed in 
consenting patients after a thor-
ough dis cus sion of the poten tial 
risks and ben e fts.

Adherence to mon i tor ing and 
retreatment rec om men da tions. 
Written infor ma tion and instruc-
tions may be pro vided.

 Molecular-mon i tor ing infra-
struc ture

Access to high-qual ity qRT-PCR 
using the IS with rapid turn-
around of PCR test results

Access to a reli able quan ti ta tive 
PCR test with a sen si tiv ity of 
detec tion of at least MR4.5 
(BCR-ABL1 ≤ 0.0032% IS) that 
pro vi des results within 2 weeks.

Results should be avail  able within 
2-3 weeks. Molecular biol o gists 
should be aware of TKI dis con-
tin u a tions in indi vid ual patients.

 Molecular-mon i tor ing fre-
quency

Monthly molec u lar mon i tor ing for the frst 6 months, bimonthly dur ing 
months 7-12, and quar terly there af ter (indef  nitely)

Monthly dur ing the frst half year, 
every 2 months. In the sec ond 
half year, quar terly dur ing the 
sec ond year and then every 3 to 
6 months.

Minimal (stop allowed)
 Line of treat ment First-line or sec ond-line ther apy 

if intol er ance was the only rea-
son for chang ing TKI

 BCR-ABL1 tran script type Typical e13a2 or e14a2 BCR-ABL1 
tran scripts

Prior evi dence of a quan ti f able 
BCR-ABL1 tran script

BCR-ABL1 tran scripts e13a2, e14a2, 
or e13a2/e14a2

 Duration of TKI ther apy Duration of TKI ther apy >5 years
(>4 years for sec ond-gen er a tion 

TKI)

On approved TKI ther apy for at 
least 3 years

TKI treat ment dura tion ≥5 years.

 Duration of DMR DMR (MR4 or bet ter) for >2 years Stable MR (MR4; BCR-ABL1 ≤ 0.01% 
IS) for ≥2 years, as documented 
on at least 4 tests, performed at 
least 3 mo apart.

DMR at least MR4.5.
DMR dura tion ≥2 years.
MR4.5 is con frmed in ≥4 con sec-

u tive tests. At most 1 of the 4 
assess ments show ing an MR4 is 
accepted.

Optimal (stop recommended for con sid er ation)

Duration of TKI ther apy >5 years

Duration of DMR >3 years if MR4

Duration of DMR >2 years if MR4.5
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1 pro tein inhib i tor in com bi na tion with dasatinib (NCT02011945) 
and avelumab as a programmed cell death 1 ligand 1 inhib i-
tor com bined with TKIs (ACTIW trial, NCT02767063; Table 2, 
Figure 1).37

In any attempt to enhance the sta bil ity of TFR, the antic i pated 
effects should be bal anced against the risk of addi tional side 
effects caused by the immune acti va tion of the block of BCR-
ABL1-inde pen dent path ways.

Recommendations
The rec om men da tions of the Euro pean LeukemiaNet panel, the 
National Comprehensive Cancer Network, and the French CML 
Study Group are sum ma rized in Table 3.5,38,39

Certain require ments are cru cial: the access to a reli able, sen si-
tive, stan dard ized qRT-PCR with rapid turn around and a moti vated 
patient who accepts more fre quent PCR ana ly ses. In gen eral, 
chronic-phase patients in frst-line ther apy or in sec ond-line after 
TKI intol er ance should be con sid ered. Data for patients after TKI 
resis tance are still lacking. Standardized qRT-PCR requires spec i f-
ca tion of the BCR-ABL1 tran script type. For patients with atyp i cal 
BCR-ABL1 tran scripts, the term “indi vid ual molec u lar response” 
has been coined. Such patients could start TFR if DMR can be reli-
ably quan ti fed for this spe cifc tran script (Table 3).40

CLINICAL CASE (Con tin ued)
Our patient decided to con tinue dasatinib as a monotherapy. 
The treat ment dura tion and the dura tion of DMR had been 
rather short prior to the attempted treat ment dis con tin u a tion. 
Current guide lines rec om mend a treat ment dura tion of at least 
4 years with a 2G-TKI and a DMR dura tion of at least 2 years in 
MR4.5 (Table 3).5 However, as a low-risk patient with a rapid 
MR to the frst-line treat ment, she has a good chance of main-
taining DMR and thus discontinuing ther apy in about 3 addi-
tional treat ment years. The var i ant cyto ge netic trans lo ca tion 
does not have an impact on prog no sis. The pre dic tive impact 
of muta tions out side BCR-ABL1 is the sub ject of ongo ing coop-
er a tive stud ies. 

In our clin i cal prac tice, we dis cuss the con cept of TFR with 
chronic-phase CML patients prior to starting treat ment. The dis-
cus sion of the goals of CML treat ment and the selec tion of frst-
line ther apy should include the infor ma tion that an opti mal MR 
min i mizes the risk of pro gres sion and max i mizes the oppor tu nity 
for discontinuing ther apy. The pros pect of TFR can serve as an 
addi tional moti va tor to opti mize adher ence to TKI ther apy.19
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