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Chronic myeloid leukemia (CML) is the best example of successful targeted therapy. Today, the overall survival of
patients with CML treated by using tyrosine kinase inhibitors (TKIs) is very close to that of the healthy population. The
current question is: how can we further ameliorate the clinical outcome of patients with CML? Clinical trials have shown
that some patients with CML in the chronic phase who achieve sustained deep molecular responses on TKI therapy can
safely suspend therapy with no evidence of relapse. The long follow-up studies and the number of eligible patients have
now validated the concept of treatment-free remission (ie, the ability to maintain a molecular response after stopping
therapy). It should be considered as the future criterion to evaluate the success of clinical trials, especially if we want to
take into account the quality of life of patients in addition to the economic aspect. Because post-TKI discontinuation
follow-ups have been increasing over time with no evidence of relapse in some patients, the next step for the coming
decade will be to address the topic of CML cure.

Learning Objectives

• To better understand how we can propose stopping TKI
treatment in good responder patients

• To manage patients who stopped TKI treatment
• To understand that CML is one of the best models of per-
sonalized medicine

History of CML as a reference model
For years, chronic myeloid leukemia (CML) has been considered as
a model disease in oncology, but the uniqueness of this model is now
up for debate.1 It all started in 1960 when, for the first time ever in
malignant disease, an abnormal chromosome, called the Philadelphia
chromosome (Ph), was observed in bone marrow cells from patients
with CML.2 This important discovery was the beginning of one of
the most fantastic stories regarding progress in cancer research. After
that premium observation in the city of Philadelphia, the following
decades flourished with important discoveries toward understanding
CML oncogenesis. From the description of the reciprocal chromo-
somal translocation t(9;22) by Janet Rowley in 1973, to the discovery
of the Ph molecular counterpart (ie, the BCR-ABL1 gene rear-
rangement) in 1980, which led to the creation of the mouse model by
Georges Daley in 1990 (proving the importance of the BCR-ABL1
gene in the development of the leukemia), there has been a lot of
“water under the bridge.”3,4

CML is also characterized by the clonal expansion of terminally
differentiated myeloid cells originating from a leukemic stem cell.
This leukemia has been chosen as a preferred model to study he-
matopoietic stem cells by several groups to understand the sto-
chastic model or to determine models of hematopoiesis.5 The disease

presents itself as a chronic myeloid disorder, most commonly pro-
gressing from a chronic phase (CP-CML), through an accelerated
phase, to a myeloid/lymphoid blast crisis. The notion that cancer
initiation and progression involve stem-like cells together with a
multistep acquisition of molecular oncogenic events over time is also
important to consider.6 However, the main reason for considering
CML as a unique model relates to the phenomenon of oncogenic
addiction; that is, the BCR-ABL protein, through its kinase activity,
is the Achilles’ heels of the leukemic cells.7 To the best of our
knowledge, there are no other cancer types in which this phenom-
enon is exhibited at this level. In CP-CML, leukemic hematopoiesis
is dependent on the BCR-ABL tyrosine kinase with the exception of
the very primitive leukemic stem cells.8

BCR-ABL is also a very useful cancer marker, specific to the leu-
kemic cells, and largely used to determine residual disease after
treatment from the peripheral blood.9 Finally, this causative and
functional lesion of CML led to the development of the first tyrosine
kinase inhibitor (TKI) in medicine. Imatinib was the pioneer drug;
today, a large family of cancer pills target adverse kinase activites.10

Fifteen years later, studies from different centers and countries have
shown that imatinib and second-generation TKIs dramatically im-
prove the prognosis of the disease.11,12 The efficacy of TKIs must be
balanced by the adverse events induced, and CML is in particular
a model to apply the primum non nocere of medicine to manage
CML (ie, “first, do no harm”).

Lessons from the past: how can we propose
stopping treatment?
For a long time, allogeneic hematopoietic stem cell transplantation
(allo-HSCT) has been considered the sole treatment able to cure
CML.13 This belief was based on evidence that allo-HSCT can offer
long-term freedom from cytogenetic or hematologic recurrence of the
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disease without the need for maintenance therapy. CML was the best
indication for allo-HSCT, due to the fact that graft-versus-leukemia
effect mediated by donor-derived T lymphocytes was more prom-
inent than in other malignant conditions treated by allografting.
Rather surprisingly, long-term positive quantitative reverse tran-
scription polymerase chain reaction (qRT-PCR) results for BCR-
ABL after transplantation have been reported, a finding that does not
automatically imply relapse as no other signs of disease recurrence
were observed.14,15 Furthermore, most of the patients were appar-
ently cured even though complete eradication of all leukemic cells
was not achieved.16 For the patients who were ineligible for allo-
HSCT, the best treatment against CML was limited to an interferon
alfa (IFN-a)–based regimen and palliative chemotherapy such as
hydroxyurea.17

Before IFN-a was supplanted by imatinib as first-line treatment, our
team, in pioneer work, showed that IFN-a could be stopped after
a complete cytogenetic response (CCyR). We also showed that the
rate of persistent CCyR depended on the time elapsed between CCyR
and treatment discontinuation.18 In very rare instances, some patients
achieved a so-called complete molecular remission (CMR) defined,
at that time, by the absence of qRT-PCR–detectable BCR-ABL
transcripts. At the time of our study, the sensitivity of the detection of
minimum residual disease was not so well defined. However, at our
center, we proposed discontinuation of IFN-a in 21 patients with
a sustained CMR (.2 years), and the follow-up on this cohort of rare
patients was reported and updated a few years ago. The median
follow-up after discontinuation of IFN-a was 8 years (range, 5-18
years). Nine of the 21 patients had persistent leukemic cells, with
BCR-ABL transcript levels close to a major molecular response
(MMR) after discontinuing IFN-a, without definite CML relapse.19

Moreover, among the 12 patients with sustained CMR confirmed by
qRT-PCR (4.5-log reduction), 1 relapsed and progressed suddenly
after 12.6 years of IFN-a discontinuation and was treated with allo-
HSCT. It therefore seems that low-level persistence of leukemic
cells in patients after discontinuation of IFN-a treatment does not
automatically lead to CML relapse. However, rare late relapses
may occur even in patients with undetectable residual disease. This
pattern of residual disease could be investigated by using molecular
assays after allo-HSCT and IFN-a treatment. A similar pattern has
emerged from the long-term follow-up of TKI-treated patients who
stop treatment after achieving a good and sustained molecular
remission. Taken together, these observations challenge the idea
that cures require eradication of leukemic cells. This distinction
also nicely illustrates the concept of “functional cure” and led John
Goldman to propose, some years ago, the definition of “operational
cure.”20

Why stop TKI treatment in CML patients?
The life expectancy of patients with CML has recently been reported
to be close to that in the non-CML population. The best demon-
stration was provided from the Karolinska Institute in Stockholm,
where a total of 2662 patients with CML diagnosed between 1973
and 2013 were included in the Swedish Cancer Registry. Long-term
survival estimates show that life expectancy is increasing to the
levels close to those observed in the general population, with
the largest improvements observed in the youngest patients.21

Consequently, the quality of life of patients withCMLand pharmacologic/
economic factors constitute the 2 main issues in the future.22 In light
of these 2 issues, the question of treatment cessation became of
the utmost importance.23 All TKIs possess off-target effects, and it

would help to understand TKI’s side effects and discover previous
unknown toxicities. Adverse drug reactions (eg, pulmonary arterial
hypertension, pleural effusion, vascular events) were unexpected and
reported after approval of the TKIs. For imatinib, the first TKI used
in CML, a link has been established between treatment and side
effects that impair quality of life, especially in younger patients.24,25

Until recently, the recommendation was to continue TKI treatment
permanently outside clinical trials. However, mature data concerning
TKI cessation have recently flourished, leading to different guide-
lines or recommendations. Use of TKIs is prohibited in pregnant
women, which is an issue that frequently arises when treating
younger women. Although CML is rare in the pediatric population,
its treatment in children may also alter patient growth. In our daily
practice, patients’ requests are also important, and the question of
whether imatinib is a lifelong treatment is frequently asked. Today,
cessation of treatment is neither a dream nor a request for the Holy
Grail but a reality that physicians will have to integrate into their
daily practice. For CML, the concept of model comes back as a
leitmotif.

Cessation of TKI for which category of patients
The proof of concept for stopping imatinib in patients with a very
good response was initially brought up in a pilot study of 12 patients,
which was published 10 years ago. This pilot study concerning imatinib
discontinuation with stringent entry criteria produced promising results,
with 6 of 12 patients remaining in molecular remission after a median
18 months of follow-up.26 It inspired the STIM1 (Stop Imatinib) trial,
which enrolled 100 patients in a multicenter study. In both studies, the
criterion for stopping imatinib was solely undetectable molecular re-
sidual disease (UMRD); that is,maintained undetectable BCR-ABL1 in
5 assessments, for 2 years. At that time, the standardization ofmolecular
biology of BCR-ABL1 quantification was not completely established,
but the sensitivity of the technique at least for the sixth point was
a 4.7- log reduction in BCR-ABL1 transcripts. The relapse triggering
retreatment was defined by confirmed BCR-ABL1 positivity ($1-log
increase) or any loss of major molecular response (MMR) (Table 1).
The results of this historical study have recently been updated (Table 2).
Most recurrences (58 of 61) occurred during the first 7 months after
suspension of imatinib, and 3 late relapses occurred at 19, 20, and
22 months.27,28

The TWISTER study, from the Australasian Leukaemia Lymphoma
Group, used a similar study design. This Australasian CML8 trial
enrolled patients who had received 3 years of imatinib therapy and
had UMRD for 2 years (UMRD was confirmed before enrollment in
a central laboratory with 4.5- log assay sensitivity).29 With a median
follow-up of 42 months, molecular recurrence was reported in 22 of
40 patients; the estimated TFR rate at 24 months was 47.1%.12

Several studies have confirmed the feasibility of stopping treatment
in patients with CML taking imatinib with deep molecular response
(DMR), but the criteria repeatedly became less strict compared with
the previous studies.30-32 The A-STIM study provided evidence that
stable UMRD before suspension of therapy was not essential for
maintaining TFR, and some patients with low levels of detectable
BCR-ABL1 after suspension of therapy can maintain TFR without
losingMMR.30 In A-STIM, molecular recurrence was defined as loss
of MMR (Table 2). Most MMR losses occurred during the first
6months, with 4 occurring inmonths 7 to 17.30 InA-STIM, at 12months
after suspension of imatinib, estimated rates of recurrence-free survival
(ie, no loss of MMR) were similar for patients who had occasional BCR-
ABL1 positivity before enrollment (recurrence-free survival, 64%) and
for those with stable UMRD before enrollment (recurrence-free survival,

Hematology 2017 103



Ta
bl
e
1.

M
ol
ec

ul
ar

bi
ol
og

y
cr
ite

ria
in

TF
R
st
ud

ie
s

S
tu
dy

E
va

lu
at
io
n
to

de
te
rm

in
e
el
ig
ib
ili
ty

fo
r
at
te
m
pt
in
g
TF

R
M
ol
ec

ul
ar

m
on

ito
rin

g
du

rin
g
TF

R
M
ol
ec

ul
ar

re
la
ps

e
de

fi
ni
tio

n

S
TI
M
12

7
,2
8

U
nd

et
ec

ta
bl
e
fo
r
$
2
y
($

50
00

0
A
B
L
co

pi
es
;
.
4.
5-
lo
g

se
ns
iti
vi
ty
)

M
on

th
ly
fo
r
th
e
fi
rs
ty

ea
r,
ev
er
y
2
m
o
in

ye
ar

2,
an

d
ev
er
y

3
m
o
th
er
ea

fte
r

C
on

fi
rm

ed
B
C
R
-A
B
L1

po
si
tiv
ity

($
1-
lo
g
in
cr
ea

se
)
or

an
y

lo
ss

of
M
M
R

TW
IS
TE

R
2
9

U
nd

et
ec

ta
bl
e
fo
r
$
2
y
($

4.
5-
lo
g
se
ns
iti
vi
ty
)

M
on

th
ly
fo
r
th
e
fi
rs
ty

ea
r,
ev
er
y
2
m
o
in

ye
ar

2,
an

d
ev
er
y

3
m
o
th
er
ea

fte
r

C
on

fi
rm

ed
B
C
R
-A
B
L1

po
si
tiv
ity

or
an

y
lo
ss

of
M
M
R

A
-S
TI
M

3
0

U
nd

et
ec

ta
bl
e
fo
r
$
2
y
bu

t
oc

ca
si
on

al
de

te
ct
ab

le
B
C
R
-

A
B
L1

IS
,
0.
1%

($
40

00
0
A
B
L
co

pi
es
;
.
4.
5-
lo
g

se
ns
iti
vi
ty
)

M
on

th
ly
fo
rt
he

fi
rs
t1

2
m
o,

ev
er
y
2
m
o
in
ye
ar

2,
an

d
ev
er
y

3
m
o
th
er
ea

fte
r

Lo
ss

of
M
M
R
(B
C
R
-A
B
L1

IS
$
0.
1%

)

K
ID
S
3
1

U
nd

et
ec

ta
bl
e
fo
r$

2
y,
w
ith

du
pl
ic
at
e
an

al
ys
es

at
.
6
tim

e
po

in
ts

an
d
a
sc
re
en

in
g
as
se
ss
m
en

t
pe

rf
or
m
ed

in
a
ce

nt
ra
ll
ab

or
at
or
y
w
ith

$
4.
5-
lo
g
se
ns
iti
vi
ty
w
ith

ne
st
ed

R
T-
P
C
R

an
d
du

pl
ic
at
e
R
Q
-P
C
R

as
se
ss
m
en

ts

M
on

th
ly
fo
r
th
e
fi
rs
t
6
m
o,

ev
er
y
2
m
o
th
ro
ug

h
m
on

th
12

,
an

d
ev
er
y
3
m
o
th
er
ea

fte
r

Lo
ss

of
M
M
R
2
co

ns
ec

ut
iv
e
as
se
ss
m
en

ts

IS
A
V
4
5

U
nd

et
ec

ta
bl
e
fo
r
$
2
y
($

10
00

0
A
B
L
co

pi
es
;
.
4-

lo
g

se
ns
iti
vi
ty
)
w
ith

$
3
R
Q
-P
C
R
te
st
s
pe

rf
or
m
ed

lo
ca

lly
M
on

th
ly
fo
r
th
e
fi
rs
t
6
m
o,

th
en

ev
er
y
2
m
o
fo
r
36

m
o

Lo
ss

of
M
M
R
2
co

ns
ec

ut
iv
e
as
se
ss
m
en

ts

E
U
R
O
-S
K
I3
3

M
R
4
in

3
co

ns
ec

ut
iv
e
as
se
ss
m
en

ts
ov
er

th
e
co

ur
se

of
.

12
m
o,

w
ith

fi
na

lc
on

fi
rm

at
io
n
of

M
R
4
pe

rf
or
m
ed

in
a
st
an

da
rd
iz
ed

la
bo

ra
to
ry

E
ve
ry

4
to

6
w
k
fo
r
th
e
fi
rs
ty
ea

r
an

d
ev
er
y
3
m
o
in
ye
ar

2
an

d
3

Lo
ss

of
M
M
R

S
TO

P
2G

-T
K
I3
4

un
de

te
ct
ab

le
M
R
4
.5
fo
r
$
24

m
o

M
on

th
ly
fo
r
th
e
fi
rs
t
12

m
o,

ev
er
y
2-
3
m
o
in

ye
ar

2,
an

d
ev
er
y
3-
6
m
o
th
er
ea

fte
r

Lo
ss

of
M
M
R

D
A
D
I3
5

D
ee

p
m
ol
ec

ul
ar

re
sp

on
se

su
st
ai
ne

d
fo
r
$
1
y,

w
ith

as
se
ss
m
en

ts
ev
er
y
3
m
o
at

a
ce

nt
ra
ls

ta
nd

ar
di
ze
d

la
bo

ra
to
ry

(a
ss
ay

se
ns
iti
vi
ty
,
10

co
pi
es

in
20

0
ng

to
ta
l

R
N
A
;
co

rr
es
po

nd
in
g
to

B
C
R
-
A
B
L1

IS
0.
00

69
%

or
M
R
4
[B
C
R
-
A
B
L1

IS
#
0.
01

%
or

un
de

te
ct
ab

le
di
se
as
e

in
cD

N
A
w
ith
.
10

00
0
A
B
L1

tr
an

sc
rip

ts
])

M
on

th
ly
fo
rt
he

fi
rs
t1

2
m
o,

ev
er
y
3
m
o
in
ye
ar

2,
an

d
ev
er
y

6
m
o
in

ye
ar

3
Lo

ss
of

M
R
4

E
N
E
S
TF

re
ed

om
3
6

M
R
4
.5
$
1
y,

ni
lo
tin
ib

$
2
y

M
on

th
ly
fo
rt
he

fi
rs
ty
ea

r,
ev
er
y
1.
5
m
o
in
ye
ar

2,
an

d
ev
er
y

3
m
o
th
er
ea

fte
r

Lo
ss

of
M
M
R

E
N
E
S
To

p3
7

M
R
4
.5
$
1
y,

im
at
in
ib

1
ni
lo
tin
ib

$
3
y

M
on

th
ly
fo
rt
he

fi
rs
ty
ea

r,
ev
er
y
1.
5
m
o
in
ye
ar

2,
an

d
ev
er
y

3
m
o
th
er
ea

fte
r

Lo
ss

of
M
R
4

A
-S
TI
M
,A

cc
or
di
ng

to
S
to
p
Im

at
in
ib
;C

M
R
,c

om
pl
et
e
m
ol
ec

ul
ar

re
sp

on
se
;c

D
N
A
,c

om
pl
em

en
ta
ry

D
N
A
;D

A
D
I,
D
as
at
in
ib

D
is
co

nt
in
ua

tio
n;

E
N
E
S
TF

re
ed

om
,E

va
lu
at
in
g
N
ilo
tin
ib

E
ffi
ca

cy
an

d
S
af
et
y
in
C
lin
ic
al
Tr
ia
ls
of

N
ew

ly
D
ia
gn

os
ed

P
h1

C
M
L
P
at
ie
nt
s;

E
N
E
S
To

p,
Tr
ea

tm
en

t-f
re
e
R
em

is
si
on

A
fte

r
A
ch

ie
vi
ng

S
us
ta
in
ed

M
R
4.
5
on

N
ilo
tin
ib
;E

U
R
O
-S
K
I,
E
ur
op

ea
n
S
to
p
Ty
ro
si
ne

K
in
as
e
In
hi
bi
to
r;
IS
A
V
,I
m
at
in
ib

S
us
pe

ns
io
n
an

d
V
al
id
at
io
n;

IS
,I
nt
er
na

tio
na

lS
ca

le
;K

ID
S
,

K
or
ea

n
Im

at
in
ib

D
is
co

nt
in
ua

tio
n
S
tu
dy
;M

M
R
,m

aj
or

m
ol
ec

ul
ar

re
sp

on
se

( B
C
R
-A
B
L1

IS
#
0.
1%

);
M
R
4
B
C
R
-A
B
L1

IS
#
0.
01

%
;M

R
4
.5
B
C
R
-A
B
L1

IS
#
0.
00

32
%
;R

Q
-P
C
R
,r
ea

l-t
im
e
qu

an
tit
at
iv
e
po

ly
m
er
as
e
ch

ai
n
re
ac

tio
n;

R
T-
P
C
R
,

re
ve
rs
e
tr
an

sc
rip

ta
se

po
ly
m
er
as
e
ch

ai
n
re
ac

tio
n;

S
TO

P
2G

-T
K
I,
S
to
p
S
ec

on
d-
G
en

er
at
io
n
Ty
ro
si
ne

K
in
as
e
In
hi
bi
to
r;
TF

R
,t
re
at
m
en

t-f
re
e
re
m
is
si
on

;T
W
IS
TE

R
,T

w
o
W
ee

ks
of

Lo
w
M
ol
ec

ul
ar

W
ei
gh

tH
ep

ar
in
fo
rD

is
ta
lV

ei
n
Th

ro
m
bo

si
s.

104 American Society of Hematology



65%). Similar findings were also observed in studies such as KIDS
(Korean Imatinib Discontinuation Study).31 Among 90 patients enrolled
in KIDS with a minimum follow-up of 12 months (median follow-up,
26.6 months), the probability of sustained MMR at 12 months was
62.2%. Several other studies have been reported with similar results.32

Recently, a meta-analysis was reported from 15 different cohort
studies, involving 509 patients who stopped imatinib in molecular
response (MR), including the STIM and A-STIM studies.32 The
overall rate of molecular relapse was 51%; after 6 months of follow-
up, it was 41%, confirming that 80% of molecular relapses occurred
in the first 6 months.

The number of patients who are stopping TKI treatment
is increasing over time
A trial evaluating molecular recurrence to trigger re-treatment in
a larger population of patients than those from the previous studies
has been proposed by the European Leukemia Net. Wider criteria
were proposed in the EURO-SKI study for performing a robust
statistical analysis. Patients must have received TKI therapy for
3 years (including frontline therapy, second-line therapy due to tox-
icity of frontline therapy, and/or TKI combination therapy) and must
have maintained molecular recurrence (MR)4 for 1 year; MR was
defined as loss ofMMR.33 A total of 821 patients with CP-CML from
11 different European countries were included. A total of 755
patients had assessable molecular data for the estimation of mo-
lecular recurrence- and treatment-free survival. Of these patients,
388 had an event, 373 lost MMR, 11 had a TKI restart in MMR, and
4 died in MMR. The molecular recurrence- and treatment-free
survival at 6 months was 60% (95% confidence interval [CI], 56-63)
and 49% (95% CI, 45-52) at 24 months. Eighty percent of patients
regained MR4 after treatment restart at the last update. At the time of
evaluation,most patients regainedMR4 and, importantly, no progression
to advanced disease phase was noted.

A prognostic modeling sample was performed in patients treated
with imatinib (N5 448).33 Univariate analysis showed no significant
association between age, sex, depth of MR (MR4.5 vs no MR4.5),
or any variable part of the Sokal, EURO, EUTOS, or EUTOS long-
term survival scores. Treatment duration with imatinib and MR4.5

duration significantly (P , .001) correlated with MMR status
at 6 months. A cutoff at ~6 years was identified, with the minimal
P value approach suggesting that patients should be treated for at

least 6 years; these data need to be confirmed. Taking into account
the number of months without treatment and the cost of imatinib in
each of the 11 European countries, the total estimated savings are
22 million euros at the last analysis.33 These savings will continue
to increase in EURO-SKI and other studies, even despite the spread
in Europe and the United States of generic imatinib. They will
potentially help compensate or balance the expense of additional
molecular biology investigations and visits to the physician due to
TKI withdrawal syndrome. These data have been applied only for
imatinib, which is now a generic, but can be applied to the second
generation of TKIs.

Another interesting study from the United Kingdom (DESTINY
[De-Escalation and Stopping Therapy with Imatinib, Nilotinib or
sprYcel ]) attempted to study de-escalation of the TKI dose for pa-
tients with CML and stable MMR.34 The interim analysis reported
that 174 patients decreased TKI treatment to one-half the standard
dose. Recurrence (loss of MMR) was significantly lower in the MR4

cohort compared with the MMR cohort. It means that the reduction
of TKI dose after achievement of MR would also be an option for
patients who are eligible for TKI cessation.

Stopping second-generation TKI
The feasibility of TFR after nilotinib or dasatinib has also been
shown. A pilot academic study (STOP 2G-TKI) enrolled 60 patients
who had received 3 years of TKI therapy, were currently receiving
either nilotinib or dasatinib as frontline therapy or after imatinib, and
had maintained MR4.5 with UMRD for 2 years.35 With a median
follow-up of 47 months (range, 12-65 months), the estimated rate of
TFR (no loss of MMR) at 12 months and 48 months was 63.3% and
53.7%, respectively. Previous suboptimal response or TKI resistance
was the only baseline factor associated with significantly worse
outcome. In other words, the best results were obtained for de novo
patients or patients who were treated with second-generation TKIs
because they were intolerant to imatinib. Comparable results with
similar factors were reported from other academic studies.

The Japanese DADI study evaluated TFR after suspension of
dasatinib as second-line therapy or beyond.36 Sustained DMR for
.1 year was required before the suspension of therapy. Evaluation of
BCR-ABL1 levels was atypically performed at a central laboratory
with standardization close to that of the IS. With a median follow-up
of 20 months (interquartile range, 16.5-24 months), among 63 patients

Table 2. Published Clinical studies of TKI discontinuation in patients with CP-CML

Study trials of imatinib discontinuation N Treatment before discontinuation TFR Median follow-up time, mo

STIM127,28 100 IFN then imatinib for $3 y 43% at 6 mo 77
38% at 60 mo

KIDS31 156 59% at 24 mo 27
TWISTER29 40 Imatinib for $3 y 47% at 24 mo 42
ASTIM30 80 Imatinib for $3 y 64% at 24 mo 23
ISAV45 112 IFN 48% at 36 mo 22
EURO-SKI33,* 755 TKI $3 y Preliminary results

61% at 6 mo
STOP 2G-TKI pilot34 60 Nilotinib or dasatinib 63% at 12 mo 47

54% at 48 mo
ENESTFreedom36 175 Nilotinib front line 52% at 11 mo 11
ENESTop37,* 117 Second-line nilotinib

($3 y total; $2 y nilotinib)
58% at 11 mo 11

DADI35 156 Dasatinib 49% at 6 mo 20
48% at 12 mo

*EURO-SKI and ENESTop are currently submitted.
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who attempted TFR, DMR was maintained in 30 patients, and
33 patients had MR; the probability of TFR was 49% and 48%
(95% CI, 35-59) at 6 and 12 months, respectively. All molecular
relapses occurred within 7 months of stopping dasatinib therapy,
and upon treatment re-initiation (dasatinib, n 5 32; nilotinib, n 5 1),
all 33 patients with MR regained DMR within 6 months, and the
majority (n 5 29) did so within 3 months.

Pharmaceutical companies have performed studies for patients
treated with nilotinib. The ENESTfreedom trial enrolled 215 pa-
tients to specifically investigate TFR after frontline nilotinib treat-
ment (3 years) in sustained MR4.5 for .1 year.37 Ninety-eight of
190 evaluable patients (51.6%) remained in TFR after 12 months
(48 weeks primary endpoint). Nearly all patients who reinitiated
nilotinib due to loss of MMR rapidly regained MMR (98.8%) and
MR4.5 (88.4%).

ENESTop is a phase 2 study of patients with CP-CML treated for at
least 3 years, initially with imatinib and then switched to nilotinib
for at least 2 years.38 Some patients continued to take nilotinib for
another year to consolidate their response. After stopping nilotinib,
58% of patients remained in TFR at 12 months (48 weeks). The
remaining 42% lost their MMR and needed to restart nilotinib.
Almost everyone (98%) who restarted therapy soon regained their
MMR (a 3-log reduction or better), including 92% who regained
MR4.5. The median time to regain MR4.5 was 13 weeks.

The advantage of second-generation TKIs is that they induce a
deeper response and can be proposed to more patients with CML
with criteria for stopping therapy such as sustained DMR in shorter
amounts of time than for imatinib. It increases the number of can-
didates for TFR. In light of the results obtained from the stopping
trials with second-generation TKIs, there is no proof that the results
of TFR will be higher compared with imatinib. Thus, the rate of
molecular recurrence seems to be reproducible whatever the TKI, as
though an intrinsic factor, inherent to the disease, is responsible for
these results and the rate of molecular recurrence after stopping TKI.
The recent results regarding the superiority of bosutinib compared
with imatinib for CP-CML de novo could offer another possibility
for inducing DMR, particularly for patients who are ineligible for
nilotinib and dasatinib therapy.39

TKI withdrawal syndrome: a new entity
Some patients reported musculoskeletal and joint pain after stopping
imatinib therapy. This outcome was more specifically investigated in
a subcohort of the EURO-SKI trial, in which it occurred in 15 of
50 of patients.40 The pain was localized to various parts of the body,
including the shoulder and hip regions and/or extremities, sometimes
resembling polymyalgia rheumatica. Symptoms were mild in most
individuals, leading only to the use of nonprescription drugs (par-
acetamol or a nonsteroidal anti-inflammatory drug), but some pa-
tients reported more severe manifestations that interfered with
everyday activities and required steroid therapy. Over time, these
symptoms seemed to resolve. The rate of molecular relapse in pa-
tients with musculoskeletal pain did not differ from those without
these symptoms. In addition, in the STIM2 trial, 21% of the patients
reported musculoskeletal symptoms compatible with the “TKI
withdrawal syndrome.”41 This phenomenon is not restricted to
imatinib pretreatment. This syndrome also affected patients who
stopped nilotinib. For instance, in the ENESTfreedom trial, mus-
culoskeletal pain–related events were reported in 24.7% of patients in
the TFR phase compared with 16.3% in the consolidation phase.36 We

still do not know the underlying mechanisms, but the long-term in-
hibition of C-Kit by TKI could explain this peculiar syndrome. Ac-
cordingly, nilotinib, in a proof-of-concept study, has been reported to
treat spondyloarthritis.42 The mast cells could be the candidate target
cells responsible for this disease and TKI withdrawal syndrome.
Investigations are in progress to explore the potential link with such
syndromes.43

How many times can we stop TKI?
The future of patients who experience molecular recurrence after
discontinuing TKI remains a major issue. The results of a French
multicenter study (RE-STIM) have been reported.44 TFR in patients
with DMR who attempted a second discontinuation of TKI therapy
was evaluated. Based on the loss of MMR criterion as a trigger for
treatment resumption, a TFR rate of 42% at 24 months was found.
Delayed relapses over time led to a TFR rate of 34% at 36 months.
The only factor associated with improved TFR was the persistence
of undetectable molecular disease at 6 months from the first discon-
tinuation. The TFR probability at 24 months increased to 72% (95% CI,
48.8-100.0) in patients remaining in undetectable MR4.5 at 6 months
after the first discontinuation versus 36% (95% CI, 15.1-44.6) in
others. Thus, close molecular monitoring of patients attempting
a second TKI discontinuation is necessary even after 24 months. A
second TKI discontinuation attempt would preferably be reserved for
patients with CP-CML relapsing .6 months after the first TKI
cessation. These data should be confirmed in a larger study but must
be taken into account when writing recommendations.

Clinical and biological factors associated with
successful TFR
A substantial proportion of participants in TFR trials experience
molecular relapse.43-45 Although the majority of these patients can
regain DMRs upon re-initiation of therapy, a more complete un-
derstanding of which patients are most likely to achieve TFR would
lead to stronger eligibility criteria and may help ease patient concerns
about attempting TFR.23,27,43,45

Studies have suggested that several patient characteristics seem to
be associated with successful TFR, but the results have not been
consistent among studies. A multivariate analysis of data from
STIM1 identified low Sokal risk score as an independent predictor
of successful TFR.28 In TWISTER, no effect of Sokal risk score
was detected, but long (.12 months) duration of IFN therapy
before imatinib and short (#9 months) time to achieve UMRD after
switching from IFN to imatinib were associated with higher rates of
successful TFR.20 In KIDS, factors associated with successful TFR
included longer ($62 months) imatinib duration, presence of ima-
tinib withdrawal syndrome, and negative digital PCR at the time
of imatinib cessation.31 In the ISAV study, age ($45 years) and
negative digital PCR at enrollment were associated with successful
TFR; no patients ,45 years of age with positive digital PCR
at enrollment had successful TFR at 24 months.46 In A-STIM
and a Japanese study using similar criteria (JALSG-STIM213), no
significant predictive factors were identified.30,47 However, as
in TWISTER, there was a trend (P 5 .061) for lower rates of
molecular relapse among patients with previous IFN therapy
versus those without previous IFN therapy.29,30 Among patients
attempting TFR after nilotinib or dasatinib therapy in STOP
2G-TKI, a history of suboptimal response or resistance to imatinib
was significantly (P5 .04) associated with a decreased probability of
successful TFR.
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Some analyses have identified immunologic factors associated with
molecular relapse–free survival. In DADI, high natural killer (NK)
cell (CD32/CD561 [P 5 .017] and CD161/CD561 [P 5 .0053])
and NK cell large granular lymphocyte (CD561/CD571; P5 .022)
counts and low gd1 T-cell (P5 .0022) and CD41 regulatory T-cell
(P 5 .011) counts were associated with successful TFR.35 In
addition, patients with higher NK cell counts at the time of
TKI discontinuation were more likely to have successful TFR
in separate substudies from STIM1 (P 5 .015) and EURO-SKI
(P 5 .001).48,49 In both substudies, the higher NK cell count in
nonrelapsing patients was due to increased frequencies of mature
CD56dim cells relative to CD56bright cells. A separate substudy
from EURO-SKI found that patients with lower frequencies of
CD86-positive plasmacytoid dendritic cells had a higher rate
of successful TFR (P, .001).50 Studies are under way to better define
the immunologic factors. We suggest that immunologic factors
control the late molecular relapse and the plateau phase of the
TFR curves.43

From the clinical trials to real life: patient’s point of view
Are there enough data to propose guidelines in real life? The most
recent recommendations of the National Comprehensive Cancer
Network dare to take the step by proposing to stop TKI outside
a clinical trial for adult patients in stable and sustained MR4 during
the 2 following years.51 The recommendations in the other 2 recent
reviews were also different.43,45 One review states that despite the
defined safe criteria, discontinuation of therapy is still experi-
mental and should be restricted to clinical trials or registries. The
other review claims that recommendations have to be edited for
patients with CML who have achieved a stable DMR with long-
term TKI therapy. We are definitely entering the TFR era for the
benefit of the patients because the CML advocate groups consider
this topic of utmost importance (https://www.facebook.com/
groups/CMLTFR/). Giora Sharf from Israel said “we have to
remember that with all the excitement of being able to stop
treatment which is the closest we can get to cure at this time, this is
relevant only for about 25% of the patients. The main goals of
treatment for CML patients are still achievement of good response
to prevent progression and quality of life.” Jan Geissler from
Germany added that “we must remember that CML patients in
DMR are considered to be in the ‘safe haven’ under continued TKI
therapy, having a life expectancy similar to the normal population.
Stopping TKI therapies might be a great opportunity for them to
live a normal life without the physical and economic burden of
CML treatment. However, their life should not be put at unreasonable

risk by less stringent management of treatment discontinuation,
which, according to surveys, is already the case in some oncology
practices today. Stopping should only be done in centres that fulfil all
institutional requirements to stop, including standardized, sensitive
PCR, and the ability to monitor patients after discontinuation very
closely. A single CML patient in DMR then lost to progression due to
poor discontinuation management would be one too many.”

This response illustrates that we cannot manage patients with CML
without taking into account what they wish for, and in that sense,
CML is also a reference model for working hand-in-hand with our
patients.

Finally, I propose my personal guidance for stopping TKI in good
responder patients. These criteria are stricter than the most recent
trials to ensure safety and take into account the disparities in the
different countries (Table 3).

Conclusions
Are there any differences in the meanings between TFR and “cure”? I
say, probably yes. In the most rigorous sense, curing CML would
require complete eradication of CML cells from the patient’s body,
including leukemic stem cells. This level of cure has remained
elusive and may not be necessary because even patients in remission
after HSCT can have detectable BCR-ABL1. We must keep in mind
that BCR-ABL has been detectable in healthy individuals.52,53 An
operational cure, in which patients with minimal levels of residual
disease remain in remission without requiring ongoing treatment,
may be a more appropriate goal. Results from TFR studies to date
suggest that some patients with CML with sustained deep DMRmay
be able to achieve an operational cure. Comparable concepts are
being discussed in other diseases, such as breast cancer and HIV
infection.54,55

Convincing results from the CML studies have validated the
concept of TFR, which have become the main criteria for clinical
trials. CML will continue to be a model of hematology and cancer,
but now, the subject of disease curability is the next step to reach for
all patients.
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Table 3. Author’s recommendation or personal guidance of stopping TKIS in good responder patients outside a clinical trial

Key prerequisites
Declaration to an international or national registry
Very strict molecular monitoring with a certified laboratory* expressing the results on the IS with sensitivity strictly .4-log
No patient history of resistance to treatment

Patients
Patients with CP-CML treated with TKI for at least 5 y
Three points of BCR-ABL level per year mandatory with MR4 during 3 following years or MR4.5 during 2 following years (1 point in MR4 could be
acceptable)

Molecular monitoring during TFR
Monthly for the first 12 mo, every 2 mo in year 2, and every 3 mo thereafter

Molecular relapse
Defined by loss of MMR or BCR-ABL level IS .0.1%, which trigger for re-initiation of TKI therapy
Re-challenge the treatment with the same TKI in the following month after loss of MMR

*In Europe, the laboratories have been certified by the European Leukemia Net (www.leukemia-net.org).

Hematology 2017 107

https://www.facebook.com/groups/CMLTFR/
https://www.facebook.com/groups/CMLTFR/
mailto:francois-xavier.mahon@u-bordeaux.fr
http://www.leukemia-net.org


References
1. O’Hare T, Zabriskie MS, Eiring AM, Deininger MW. Pushing the limits

of targeted therapy in chronic myeloid leukaemia. Nat Rev Cancer. 2012;
12(8):513-526.

2. Melo JV, Barnes DJ. Chronic myeloid leukaemia as a model of disease
evolution in human cancer. Nat Rev Cancer. 2007;7(6):441-453.

3. Rowley JD. Letter: a new consistent chromosomal abnormality in chronic
myelogenous leukaemia identified by quinacrine fluorescence and
Giemsa staining. Nature. 1973;243(5405):290-293.

4. Daley GQ, Van Etten RA, Baltimore D. Induction of chronic myelog-
enous leukemia in mice by the P210bcr/abl gene of the Philadelphia
chromosome. Science. 1990;247(4944):824-830.

5. Roeder I, Horn M, Glauche I, Hochhaus A, Mueller MC, Loeffler M.
Dynamic modeling of imatinib-treated chronic myeloid leukemia:
functional insights and clinical implications. Nat Med. 2006;12(10):
1181-1184.

6. Deininger MW, Goldman JM, Melo JV. The molecular biology of
chronic myeloid leukemia. Blood. 2000;96(10):3343-3356.

7. Kesarwani M, Kincaid Z, Gomaa A, et al. Targeting c-FOS and DUSP1
abrogates intrinsic resistance to tyrosine-kinase inhibitor therapy in
BCR-ABL-induced leukemia. Nat Med. 2017;23(4):472-482.

8. Graham SM, Jørgensen HG, Allan E, et al. Primitive, quiescent,
Philadelphia-positive stem cells from patients with chronic myeloid
leukemia are insensitive to STI571 in vitro. Blood. 2002;99(1):319-325.

9. Hughes TP, Kaeda J, Branford S, et al; International Randomised Study
of Interferon versus STI571 (IRIS) Study Group. Frequency of major
molecular responses to imatinib or interferon alfa plus cytarabine in newly
diagnosed chronic myeloid leukemia. N Engl J Med. 2003;349(15):
1423-1432.

10. Druker BJ, Talpaz M, Resta DJ, et al. Efficacy and safety of a specific
inhibitor of the BCR-ABL tyrosine kinase in chronic myeloid leukemia.
N Engl J Med. 2001;344(14):1031-1037.

11. BjörkholmM, Ohm L, Eloranta S, et al. Success story of targeted therapy
in chronic myeloid leukemia: a population-based study of patients di-
agnosed in Sweden from 1973 to 2008. J Clin Oncol. 2011;29(18):
2514-2520.

12. Kantarjian H, O’Brien S, Jabbour E, et al. Improved survival in chronic
myeloid leukemia since the introduction of imatinib therapy: a single-
institution historical experience. Blood. 2012;119(9):1981-1987.

13. van Rhee F, Szydlo RM, Hermans J, et al. Long-term results after al-
logeneic bone marrow transplantation for chronic myelogenous leukemia
in chronic phase: a report from the Chronic Leukemia Working Party
of the European Group for Blood and Marrow Transplantation. Bone
Marrow Transplant. 1997;20(7):553-560.

14. Kaeda J, O’Shea D, Szydlo RM, et al. Serial measurement of BCR-ABL
transcripts in the peripheral blood after allogeneic stem cell trans-
plantation for chronic myeloid leukemia: an attempt to define patients
who may not require further therapy. Blood. 2006;107(10):4171-4176.

15. Radich JP, Gooley T, Bryant E, et al. The significance of bcr-abl mo-
lecular detection in chronic myeloid leukemia patients “late,” 18 months
or more after transplantation. Blood. 2001;98(6):1701-1707.

16. Pavlu J, Szydlo RM, Goldman JM, Apperley JF. Three decades of
transplantation for chronic myeloid leukemia: what have we learned?
Blood. 2011;117(3):755-763.

17. Mahon FX, Fabères C, Pueyo S, et al. Response at three months is
a good predictive factor for newly diagnosed chronic myeloid leukemia
patients treated by recombinant interferon-alpha. Blood. 1998;92(11):
4059-4065.

18. Mahon FX, Delbrel X, Cony-Makhoul P, et al. Follow-up of complete
cytogenetic remission in patients with chronic myeloid leukemia after
cessation of interferon alfa. J Clin Oncol. 2002;20(1):214-220.

19. Mahon FX, Fort MP, Etienne G, et al. Interferon alpha alone is able to
cure chronic myeloid leukemia in a small subset of patients despite the
persistence of leukemic cells: experience of long follow up after treat-
ment discontinuation. Blood. 2010;116. Abstract 2299.

20. Goldman J, Gordon M. Why do chronic myelogenous leukemia stem
cells survive allogeneic stem cell transplantation or imatinib: does it
really matter? Leuk Lymphoma. 2006;47(1):1-7.

21. Bower H, Björkholm M, Dickman PW, Höglund M, Lambert PC,
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40. Richter J, Söderlund S, Lübking A, et al. Musculoskeletal pain in patients
with chronic myeloid leukemia after discontinuation of imatinib: a ty-
rosine kinase inhibitor withdrawal syndrome? J Clin Oncol. 2014;32(25):
2821-2823.

41. Berger MG, Perieira B, Oris C, et al. Osteoarticular pain after discon-
tinuation of tyrosine kinase inhibitors: a French cohort. Blood. 2015;126:
137. Abstract 137.

42. Paramarta JE, Turina MC, Noordenbos T, et al. A proof-of-concept study
with the tyrosine kinase inhibitor nilotinib in spondyloarthritis. J Transl
Med. 2016;14(1):308.

43. Saußele S, Richter J, Hochhaus A, Mahon FX. The concept of treatment-
free remission in chronic myeloid leukemia. Leukemia. 2016;30(8):
1638-1647.

44. Legros L, Nicolini FE, Etienne G, et al. Second tyrosine kinase inhibitor
discontinuation attempt in patients with chronic myeloid leukemia [pub-
lished online ahead of print 25 July 2017].Cancer. doi:10.1002/cncr.30885.

45. Hughes TP, Ross DM. Moving treatment-free remission into mainstream
clinical practice in CML. Blood. 2016;128(1):17-23.

46. Mori S, Vagge E, le Coutre P, et al. Age and dPCR can predict relapse
in CML patients who discontinued imatinib: the ISAV study. Am J
Hematol. 2015;90(10):910-914.

47. Takahashi N, Kyo T, Maeda Y, et al. Discontinuation of imatinib in
Japanese patients with chronic myeloid leukemia. Haematologica. 2012;
97(6):903-906.
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