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Regular Article

CLINICAL TRIALS AND OBSERVATIONS
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Key Points

• Approximately 40% of
patients with undetectable
minimal residual disease on
imatinib can stop treatment
without loss of molecular
response.

• Patients in treatment-free
remission still have detectable
BCR-ABL DNA several years
after stopping imatinib.

Most patients with chronic myeloid leukemia (CML) treated with imatinib will relapse if

treatment is withdrawn. We conducted a prospective clinical trial of imatinib withdrawal

in 40 chronic-phase CML patients who had sustained undetectable minimal residual

disease (UMRD) by conventional quantitative polymerase chain reaction (PCR) on

imatinib for at least 2 years. Patients stopped imatinib and were monitored frequently

for molecular relapse. At 24 months, the actuarial estimate of stable treatment-free

remission was 47.1%. Most relapses occurred within 4 months of stopping imatinib, and

no relapses beyond 27 months were seen. In the 21 patients treated with interferon

before imatinib, a shorter duration of interferon treatment before imatinib was signi-

ficantly associated with relapse risk, as was slower achievement of UMRD after

switching to imatinib. Highly sensitive patient-specific BCR-ABL DNA PCR showed

persistence of the original CML clone in all patients with stable UMRD, even several

years after imatinib withdrawal. No patients with molecular relapse after discontinua-

tion have progressed or developed BCR-ABL mutations (median follow-up, 42 months).

All patients who relapsed remained sensitive to imatinib re-treatment. These results confirm the safety and efficacy of a trial of

imatinib withdrawal in stable UMRD with frequent, sensitive molecular monitoring and early rescue of molecular relapse. (Blood.

2013;122(4):515-522)

Introduction

In the past decade, imatinib (IM) has been the standard treatment for
patients with chronic-phase chronic myeloid leukemia (CML). In
contrast to the previous best medical therapy (interferon alfa [IFN-a]
with or without cytarabine], IM induces a major molecular response
(MMR; BCR-ABL <0.1%) in many patients,1,2 and approximately
40% of patients who remain on IM for more than 5 years will have
undetectable minimal residual disease (UMRD).3 The European
LeukemiaNet management guidelines for CML currently recommend
that tyrosine kinase inhibitor (TKI) therapy should be continued
indefinitely in responding patients, even in those with UMRD.4

Whereas virtually all patients who stop TKI therapywith detectable
MRD show rapidly rising BCR-ABL levels, this may not be true of
patients who stop the TKI after a period of UMRD.5-12 The largest
study to date of patients stopping IM after stable UMRD—the French
STIM study6—reported sustained treatment-free remission (TFR) in
40% of patients. Here we report similar results in a comparable group
of patients in an Australasian Leukaemia & Lymphoma Group
(ALLG) study that commenced in 2006. Given the potential for

variability in real-time quantitative reverse-transcription polymerase
chain reaction (qRT-PCR) for BCR-ABL, and the difficulty of
standardizing a definition of UMRD, this independent confirmation
of the STIM data in a prospective clinical trial is important. In
addition, we examined a variety of clinical and laboratory parameters
to identify factors that might influence the risk of relapse.

Patients and methods

The clinical trial was sponsored by the ALLG (CML8 TWISTER study,
ACTRN 12606000118505) and was approved by the ethics committees of
the participating hospitals. All participants gave written informed consent in
accordance with the Declaration of Helsinki.

Adult CML patients were eligible if they were treated with IM and
achieved UMRD during IM treatment. Prior treatment was permitted, except
for allogeneic stem cell transplantation or other kinase inhibitors. Eligibility
criteria included a minimum duration of UMRD of 24months and a minimum
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of 36 months of IM treatment. Patients with a history of accelerated phase or
blast crisis or BCR-ABL kinase domain mutations were excluded.

The eligibility criterion of sustained UMRD required no detectable BCR-
ABL messenger RNA (mRNA) in any sample tested during the preceding
2 years, whether in peripheral blood (PB) or bone marrow (BM). A minimum
of 2 qRT-PCR results per year were required. Thirty of the 40 patients
were monitored in the central laboratory during this time, and the remaining
10 patients were monitored in their respective local laboratories. Since the
sensitivity achieved in other laboratories could not be standardized retro-
spectively, the level of UMRD was confirmed in the central laboratory at
screening with a detection limit of<0.0032%. An additional 6 patients were
screened for eligibility but had detectable BCR-ABL mRNA despite UMRD
for 2 years when tested in the central laboratory (n5 2) or elsewhere (n5 4).

Molecular monitoring was performed in the central laboratory by using
PB qRT-PCR.13 In the event of relapse, qRT-PCR was performed
monthly for 12 months and then every 3 months. Results were reported by
using the BCR-ABL International Scale. The limit of detection of BCR-ABL
in each sample was calculated by using the number of control gene trans-
cripts.14 A calculated detection limit of 0.0032% (4.5-log) was equivalent to
400 000 BCR transcripts.3

Eligibility was confirmed by UMRD in a screening PB qRT-PCR sample.
Within 1 month of screening, the patients underwent baseline assessments,
including BM and PB qRT-PCR, and stopped IM. qRT-PCR was performed
monthly for 12 months, every second month for 12 months, and then every
3 months during the subsequent follow-up for patients in TFR. Molecular
relapse was defined as any single sample with a value of .0.1% (ie, loss of
MMR) or two consecutive positive samples at any value. In the event of
molecular relapse IM was recommenced at the previous effective dose, and
the qRT-PCR sample was screened for BCR-ABL kinase domain mutations.
The primary end point was the proportion of patients free of molecular relapse
without treatment for 24 months.

To examine the value of MRD testing for prediction of relapse we
performed a BM aspirate for qRT-PCR at study entry and every 3 months for
the first 2 years (or until relapse) and genomic BCR-ABL PCR on selected PB
samples by using patient-specific primers and real-time qRT-PCR probes, as
previously described.15 These MRD studies are not routinely used for patient
monitoring, and the results were not used for clinical decision-making.

Statistical analysis was performed by using SigmaPlot software. Rates of
TFR were calculated by Kaplan-Meier analysis, and groups were compared
by using a log-rank test. A receiver operating characteristic (ROC) curve was
plotted for each continuous variable to assess predictive value for molecular
relapse. Variables with an area under the curve of more than 0.5 were selected,
and optimal cutoff points were determined from the ROC curve. Continuous
variables that did not meet the ROC curve criterion were dichotomized about
the median. P values of ,.05 were considered statistically significant.

Results

Forty CML patients were enrolled in the study from August 2006
to August 2011. With a data cutoff date of December 1, 2012 the
minimum follow-up was 15 months, with a median of 43 months.
Patient characteristics are shown in Table 1. Nineteen patients received
IM treatment de novo (IM-only cohort; short-term use of hydroxyurea
prior to IM was usual), and 21 patients had received prior therapy
including IFN (IFN-IM cohort). Additional prior therapies (given
either as standard treatments at the time or in clinical trials) included
cyclophosphamide stem cell mobilization16 (n 5 2), busulphan-
conditioned autologous stem cell transplantation (n 5 1), low-dose
cytarabine (n 5 4), and all-trans retinoic acid (n 5 1).

Relapse

At the time of analysis 18 (45%) of 40 patients had not met the
study definition of molecular relapse with a median follow-up

of 42 months since IM discontinuation (range, 15 to 72 months;
Figure 1). Of the 22 relapses, 15 (68%) occurred within the first
6 months after stopping IM (median, 3 months). No patient developed
a kinase domain mutation, there were no deaths, and no patient
progressed to advanced phase. The Kaplan-Meier estimate of
the rate of TFR at 2 years was 47.1% (95% confidence interval
[CI], 31.5% to 62.7%). One patient became qRT-PCR–positive
between screening and study entry. In every case of molecular
relapse, the first sample with detectable BCR-ABL was at a level
below the MMR threshold: subsequent loss of MMR was identified
in 8 patients before IM was recommenced.

Five of the 18 patients in stable TFR had detectable BCR-ABL in
the blood on one (n 5 4) or two occasions (n 5 1), yet have not
relapsed (follow-up time: 2, 15, 27, 35, or 49 months). In all of these
patients, BCR-ABL was detected at a level below the threshold for
MMR. These findings highlight the importance of confirming mole-
cular relapse on two consecutive tests.

Seven late relapses occurred between 6 and 27 months (median,
14.5 months) after stopping IM. The time from detectable BCR-ABL
to resumption of IM was longer in these patients (median, 89 vs 50
days), partly because of the less frequent qRT-PCRmonitoring in the
second year of the study and partly because of physician or patient
choice to delay resumption of treatment. Four of these 7 patients
showed no increase in BCR-ABL before IM was recommenced, and

Table 1. Patient characteristics at study entry

Characteristic

Patient cohort

IM-only (n 5 19) IFN-IM (n 5 21)

Median age (y) 58 62

Males (%) 37 57

Sokal score

High 3 1

Intermediate 8 8

Low 8 12

Median duration of IM (mo) 70 72

Median cumulative IM dose (g) 947 914

Median duration of stable UMRD (mo) 30 41

All comparisons between cohorts P . .05.

Figure 1. Rate of TFR in all 40 patients. Actuarial estimate of the rate of TFR. The

95% CI is indicated by dashed lines.

516 ROSS et al BLOOD, 25 JULY 2013 x VOLUME 122, NUMBER 4

 For personal use only. by RAUL RIBEIRO on August 21, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


none lost MMR (supplementary Figure 1). The fold-rise in BCR-ABL
was calculated as the increase from the detection limit of the last
negative sample to the BCR-ABL value at the time of recommencing
IM treatment (for example, if the detection limit of the negative
sample was 0.001% [MR4.0], then the fold-rise was calculated from
a baseline of 0.001%, the actual value being this level or lower).17

Themedian fold-rise for those patients who relapsed before 6months
was 91.5. In 13 of 15 patients, there was a>10-fold rise. Conversely,
in the 7 later relapses there was a median 3.3-fold rise in BCR-ABL,
with only 2 of 7 patients having >10-fold rise. The BCR-ABL
doubling times were calculated as previously described.17 The
doubling time could not be calculated for one of the 7 late relapses
because the BCR-ABL fold-rise was negative (ie, the patient had
spontaneously regained UMRD at the time of recommencing IM).
For the 15 early relapses, the median BCR-ABL doubling time was
12.8 days (range, 8.4 to 31.9 days) vs a doubling time of 72.2 days
(range, 43 to 485 days) for the 6 evaluable late relapses.

Response to retreatment

All patients whomet the study definition ofmolecular relapse resumed
IM treatment. All of the 8 patients who lost MMR regained this
response after a median interval of 2 months (range, 1 to 3 months;
Figure 2). All of the 22 patients who relapsed had at least one UMRD
sample after restarting IM. Themedian time to the first UMRD sample
was 3 months (range, 0 to 17 months). Nineteen of 22 patients had at
least 24 months of follow-up after commencing retreatment: 16 had
regained stable UMRD, 1 had intermittent UMRD, and 2 had again
stopped IM.

The two patients who stopped IM treatment a second time both
did so after regaining stable UMRD. One of these patients stopped
after 16 months of UMRD and relapsed 11 months later. The
second patient stopped after 18 months of UMRD and relapsed
2 months later.

Predictors of relapse

We analyzed multiple clinical parameters as potential predictors of
relapse risk, including age, sex, Sokal score at diagnosis, IM dose
and duration, time to achieve molecular response (MMR, MR4.0,

and UMRD) and UMRD duration. Rates of TFR for categorical
variables and for continuous variables dichotomized about the
median are shown in Table 2. ROC curve analysis was performed
for all continuous variables. Significant interaction with relapse
risk was observed only for duration of IFN treatment and time to
achieve UMRD after switching from IFN to IM treatment. Three
(75%) of 4 Sokal high-risk patients relapsed vs 45% of low-risk
patients (log-rank P . .05).

IFN dose, duration, and response

Fourteen of the 16 patients with qRT-PCR data available at the
time of switching from IFN to IM had achieved a partial cyto-
genetic response (ie, BCR-ABL ,10%; Table 3). The rate of TFR
was higher in the IFN-IM cohort (51.9%) than in the IM-only cohort
(33.7%; P. .05). Following the ROC curve analysis, the IFN-IM co-
hort was divided according to duration of IFN treatment (,12months
[n5 5] or.12months [n5 16]). A longer duration of IFN treatment
was associated with a higher rate of TFR (62% vs 20%; P5 .05). For

Figure 2. Response to retreatment with IM after

molecular relapse. Four years of follow-up after molec-

ular relapse is shown. The number of evaluable patients

at each time point is shown at the top of the column.

Because of the smaller number of observations at later

time points, the data after 12 months are grouped to

show the 3 months prior to the stated time point (ie,

results for 15 months are all results for the interval 13-15

months). If a patient had two qRT-PCR results in an

interval, the patient is scored only once with the highest

recorded BCR-ABL level.

Table 2. Clinical variables and probability of TFR 3 years after
stopping IM

N Rate of TFR

Categorical variables

Sex

Male 19 0.526

Female 21 0.367

Sokal score

High 4 0.250

Intermediate 16 0.365

Low 20 0.511

Prior IFN treatment

Yes 21 0.519

No 19 0.337

Continuous variables (below/above median)

Age (y) 40 0.550/0.328

Duration of IM (mo) 40 0.429/0.450

Cumulative IM dose (g) 40 0.400/0.458

Duration of stable UMRD (mo) 37 0.500/0.337

All comparisons P . .05.
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patients who achieved UMRDwithin 9 months of switching from IFN
to IM treatment (n5 11), there was a higher rate of TFR (82% vs 0%;
P , .001) than in those with later UMRD (n 5 6). In the IFN-IM
cohort the depth of molecular response at the time of starting IM was
not associated with relapse risk (Table 3), arguing that early
achievement of UMRD after switching from IFN to IM is not simply
a surrogate for the depth of response to IFN.

IM dose, duration, and response

The prescribed daily dose of IM at the time of study entry ranged
from 150 to 800 mg. Most patients were given doses of 400 mg
(n5 27) or 600 mg (n5 9) daily. Details of dosing during the entire
period of treatment were not available, but we estimated the total
dose by assuming a constant dose over the treatment period. The
median cumulative IM dose (days of treatment multiplied by daily
dose) was 916 g. There was no difference in relapse risk according to
duration of IM treatment, cumulative IM dose, or duration of stable
UMRD (Table 2).We postulated that patients with a rapid molecular
response to IM would be less likely to relapse. Among the IM-only
patients, there were no differences in the risk of relapse according to
the time taken to achieve MMR, MR4.0 or UMRD (Table 3).

MRD analysis by BM qRT-PCR

BM aspiration was performed at study entry and then every 3
months for up to 2 years in patients remaining in TFR. qRT-PCR
was performed on BM samples at these time points for the purpose
of comparing sensitivity with the PB qRT-PCR. For this analysis,
there were 150 paired blood and BM qRT-PCR results. The mean
number of copies of BCR was similar at .900 000 (equivalent to

an average lower limit of detection of 0.0016% or MR4.8) in both
PB and BM (paired Student t test P 5 .38).

Of the 22 patients who relapsed, 4 had detectable BCR-ABL in the
BM on a single occasion before BCR-ABL was detected in the PB
(lead times, 1 to 15 months; Figure 3). The 2 patients who relapsed
within 2 months of having detectable BCR-ABL in the BM had
positive BM qRT-PCR at study entry or at 3 months. Conversely,
3 (17%) of the 18 patients in stable TFR had detectable BCR-ABL in
the BM on one occasion (all at 6 months), yet remained in TFR
(Figure 3). Hence, only 4 (57%) of 7 patients with an isolated positive
BMqRT-PCR developed subsequent molecular relapse, a proportion
that is similar to the pretest probability of relapse.

MRD analysis by DNA PCR

Genomic DNA PCR for BCR-ABL was performed on PB samples
from 26 patients. Thirteen of these patients relapsed and 13 remained
in TFR at last follow-up. DNA PCR could not be performed in the
remaining 14 patients because no suitable diagnostic sample was
available for break-point detection. Our earlier report in a smaller
number of patients showed that the detection of BCR-ABL DNA
at study entry had a low positive predictive value for subsequent
molecular relapse. Updated results from 25 patients (one baseline
sample was missing) confirm a positive predictive value of 53% and
a negative predictive value of 67%. Notably, all of the 13 patients in
stable TFR had detectable BCR-ABL DNA on at least one occasion
during follow-up (Figure 4A), so the detection of BCR-ABL DNA
lacked prognostic utility.

All 13 patients in the DNA PCR subgroup who relapsed had
detectable BCR-ABL DNA in the PB at or before the time of
molecular relapse (as defined by qRT-PCR). The DNA PCR assay is
semiquantitative at low levels of residual disease with low precision,
as is common in an assay operating near the limit of detection. We
compared the level of BCR-ABL DNA for all 13 patients who
experienced molecular relapse at study entry (baseline or 1 month
after stopping, with UMRD), at molecular relapse (samples
with detectable BCR-ABLmRNA), and after regaining UMRD on
IM retreatment for at least 6 months. For the purposes of this
analysis, samples with no detectable BCR-ABL DNA were assigned
a value of 0.00001%. In patients who relapsed, BCR-ABL DNA
increased significantly and then decreased following retreatment
with IM (Figure 4B). The level of BCR-ABL DNA after regaining
stable UMRD was similar to that at study entry and was stable,
with most values in a range of approximately 20-fold variation
(Figure 4B).

Table 3. Molecular response to IFN or IM treatment and probability
of TFR 3 years after stopping IM

Proportion of
patients in TFR

Median Range <Median >Median P

IFN-IM cohort

BCR-ABL% at IM start (n 5 16) 0.76 0-86 0.600 0.500 .48

Days to MR4.0 (n 5 18) 258 78-1199 0.667 0.444 .27

Days to first UMRD (n 5 17) 244 89-1841 0.750 0.333 .04

IM-only cohort

Days to MMR (n 5 16) 177 80-495 0.469 0.375 .46

Days to MR4.0 (n 5 17) 427 160-1209 0.375 0.444 .95

Days to first UMRD (n 5 17) 475 160-1608 0.429 0.400 .53

Figure 3. BM qRT-PCR is not clinically useful as a

predictor of molecular relapse. Seven patients had

detectable BCR-ABL mRNA in BM on at least one

occasion while PB monitoring indicated stable UMRD.

Samples with no detectable BCR-ABL are shown as

open circles, and positive samples are shown as solid

circles. Molecular relapse is denoted by “R” at the end

of the timeline. The BM qRT-PCR indicated imminent

molecular relapse in only 2 patients.
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Discussion

The finding that approximately 40% of chronic-phase CML patients
with stable UMRD being given IM can stop treatment and remain
in TFR is clinically important and reproducible. Two independent
prospective multicenter studies—this study inAustralia and the STIM
study in France—have shown almost identical rates of TFR in patients
with similar enrollment criteria and similar qRT-PCR sensitivity. All
patients with molecular relapse remained sensitive to IM treatment.
No patient developed resistant disease or hematologic progression.

We recently reviewed the qRT-PCR results of 423 patients
treated with first-line IM and monitored in the Adelaide laboratory.
After 8 years of IM treatment the cumulative incidence of stable
UMRD for 24 months (the key TWISTER eligibility criterion) was
36.5%.18 In the IM-only cohort of TWISTER, the rate of TFR was
33.7%. Therefore, we estimate that approximately 12% of all first-
line IM -treated CML patients may eventually achieve TFR.

Although there is considerable interest in TKI cessation, a lack of
standard definitions of molecular response and sensitivity ofmolecular
testing has hampered the process.19 We have avoided the widely used
term “complete molecular response” since the completeness of a

Figure 4. BCR-ABL DNA evidence of residual disease

in patients with UMRD. (A) Results of BCR-ABL DNA

monitoring for 13 patients in TFR. Solid triangles indicate

that BCR-ABL DNA was detected; open triangles indicate

that BCR-ABL DNA was not detected. The horizontal line

shows the current period of follow-up for each patient. An

arrow at the end of the line indicates that the patient

remains in stable TFR with follow-up of more than 5 years.

(B) The average level of BCR-ABL DNA for 13 patients

who met the study definition of molecular relapse showing

all results from patients with UMRD at study entry, all

results at molecular relapse, and all results after regaining

UMRD on IM re-treatment. Quantitative results are

expressed relative to the individual patient’s base-

line diagnostic sample. NS, not significant.
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molecular response is wholly dependent on the sensitivity of the PCR
assay in question. This is clearly demonstrated by the results of more
sensitive PCR testing and by the occurrence of molecular relapse in
50% to 60% of patients with UMRD who stop treatment.6,15,20,21

UMRD is a more precise description of the level of response achieved
in these patients.

It should be emphasized that the term “relapse” in this study refers
to a level of measurable MRD that is associated with little or no risk
of clinical adverse outcomes. Examining the timing and kinetics of
relapse, we saw two distinct patterns: those in the first few months
were consistently associated with a logarithmic increase in BCR-ABL,
with a doubling time similar to that reported in other studies,6,17,22,23

whereas most of the later relapses were associated with much longer
doubling times or, in some cases, with no significant increase in
BCR-ABL.

The most appropriate definition of molecular relapse for clinical
purposes remains to be established. In retrospect, it may be that our
definition of relapse was too broad, because it resulted in some
patients with UMRD recommencing IM therapy. However, since
our patients resumed IM, we do not know whether loss of MMR
would inevitably have followed. Nevertheless, the vast majority
of patients who met the TWISTER definition of molecular relapse
before 6 months had substantial increases in BCR-ABL and short
doubling times. It seems likely that these patients would rapidly
lose MMR, so in this situation, the criterion of two consecutive
positive tests, even below the level of MMR, seems appropriate.
Relapses from 6 months onward showed slower kinetics with less
certainty that progressive loss of response would follow. For this
situation, loss of MMR may be a more robust indication to resume
TKI therapy.

MRD analysis in acute leukemia has shown higher sensitivity in
the BM than in the PB,24,25 so we tested whether BM qRT-PCR
might be more sensitive than PB qRT-PCR. Importantly, we found
no evidence that ongoing BM aspiration every 3 months for qRT-
PCR provides any advantage over PB monitoring. The isolated
detection of low-level BCR-ABL in either PB or BM had poor
predictive value for relapse. On the basis of this analysis, we would
not recommend regular BMqRT-PCR in addition to PB qRT-PCR as
a monitoring regimen in future cessation studies.

We examined a number of clinical parameters that might
predict for relapse risk. This study was not adequately powered
to show statistically significant differences between multiple sub-
groups. Nevertheless, some of the differences that we found were
consistent with those of the larger STIM study, including a higher
risk of relapse in patients with higher Sokal scores. In a Korean
survey of 14 CML patients who stopped IM therapy, all 7 patients
with a high-risk Sokal score experienced molecular relapse.11 In our
study, there were more Sokal low-risk patients in the IFN-IM cohort,
and this may be a confounding factor when considering the effect of
prior IFN, since patients with more favorable disease biology may
be more likely to persist with IFN treatment.

The STIM study found a lower risk of relapse in IFN-IM patients,6

as did our study. In a subgroup analysis of our IFN-IM cohort, a
longer duration of IFN treatment (>12 months) was associated with
a lower risk of relapse. Whether this reflects synergistic effects of
sequential IFN and IM treatment or whether this association is
confounded by the selection of a subgroup of patients with favorable
disease biology (IFN responsive) cannot be determined. A Japanese
survey of IM withdrawal also reported a lower risk of relapse with
prior IFN treatment.7 TFR in CML has previously been reported in
patients treated with IFN alone.26 We also found that patients who
achieved UMRD early (within 9 months) after switching from IFN to

IM therapy were much less likely to relapse. This effect was not
attributable simply to the level ofMRD at the time of switching to IM,
since the average level of MRD was no different between early and
late responders. In contrast, no benefit of early UMRDwas seen in the
IM-only cohort.

The low positive predictive value of a single isolated positive
qRT-PCR for molecular relapse might be due to false-positive
results, since with very frequent testing, the likelihood of a rare
false-positive test increases. For this reason, we developed patient-
specific genomic BCR-ABL DNA PCR for MRD analysis.15 The
diversity of genomic break points ensures that each patient’s fusion
gene is a unique marker of that CML clone. BCR-ABL DNA PCR
enabled earlier detection of impending molecular relapse, but the
lead time was too short to be clinically useful.15 For patients who
relapsed and resumed IM treatment, the level of residual disease
after treatment was similar to that at study entry, arguing that there
is no significant loss of disease control after a carefully monitored
trial of IM withdrawal.

The detection of BCR-ABL DNA at study entry was not helpful
in predicting relapse risk, but it gave important insights into the
biology of TFR. TFR can be maintained despite the persistence of
the original leukemic clone, and the level of residual disease may
remain stable over several years of follow-up without treatment. A
similar phenomenon has been reported using qRT-PCR monitoring
of patients in remission late after allogeneic stem cell trans-
plantation.27-29

The presence of stable BCR-ABL DNA evidence of MRD off
treatment was unexpected and remains unexplained. We speculate
that this might be a result of ongoing immunologic suppression of the
CML clone. There is significant circumstantial evidence to support
this hypothesis, including the curative potential of donor lymphocyte
infusion after relapse following allogeneic stem cell transplanta-
tion.30 Since IFN has pleiotropic immune effects in CML,31-33 the
possible association of prolonged IFN treatment with TFRmight also
be relevant, acknowledging that duration of IFN treatment is related
to efficacy and might reflect favorable disease biology.

Alternative hypotheses have been proposed that might account for
the observation of sustained TFR, including clonal exhaustion and
subclonal selection.34 In the clonal exhaustion model, stochastic
commitment of true CML stem cells to differentiation and proliferation
leaves no stem cells to perpetuate the disease.35 Since committed
CML progeny survive only for a finite period, our observation of
stable levels of CML for several years would not support this
hypothesis. The type of cells in which BCR-ABLDNA is detected in
TFR is not known, and therefore we cannot exclude the possibility
that apparent MRD is actually due to the presence of a long-lived
cell, such as a T lymphocyte,36 that is derived from the CML clone
but cannot recapitulate leukemia. In the subclonal selection model,
durable TFR is due to the persistence of leukemic subclones (selected
during IM treatment) with diminished proliferative capacity.37 This
model could explain the late relapses that we observed. However, the
stable level of BCR-ABL DNA in TFR, persisting for more than 5
years, argues against the presence of even a slowly proliferating
subclone in those patients with the longest follow-up.

In this study, the high standard of qRT-PCR in a central lab-
oratory, the frequent monitoring, and the adherence to strict
criteria for molecular relapse were key factors to ensure patient
safety. Experience with TKI cessation outside clinical trials is
limited, and less stringent monitoring might result in delayed
resumption of treatment of patients who relapse. While acknowl-
edging these potential dangers, on the basis of this study and other
published studies, we believe that a carefully monitored trial of
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IM withdrawal can be undertaken safely in selected CML patients.
Approximately 40% of CML patients with stable UMRD taking
IM for at least 2 years are likely to remain in a prolonged TFR after
treatment is stopped.
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Français des Leucémies Myéloı̈des Chroniques.
Discontinuation of imatinib in patients with
chronic myeloid leukaemia who have maintained
complete molecular remission for at least 2 years:
the prospective, multicentre Stop Imatinib (STIM)
trial. Lancet Oncol. 2010;11(11):1029-1035.

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

8. Verma D, Kantarjian H, Jain N, Cortes J.
Sustained complete molecular response after
imatinib discontinuation in a patient with chronic
myeloid leukemia not previously exposed to
interferon alpha. Leuk Lymphoma. 2008;49(7):
1399-1402.

9. Rea D, Rousselot P, Nicolini F, et al. Cessation
of dasatinib or nilotinib therapy in chronic-phase
chronic myeloid leukaemia patients with sustained

complete molecular responses [abstract].
Haematologica. 2011;96(S2). Abstract 1014.

10. Ross DM, Bartley PA, Goyne J, Morley AA,
Seymour JF, Grigg AP. Durable complete
molecular remission of chronic myeloid leukemia
following dasatinib cessation, despite adverse
disease features. Haematologica. 2011;96(11):
1720-1722.

11. Yhim HY, Lee NR, Song EK, et al. Imatinib
mesylate discontinuation in patients with chronic
myeloid leukemia who have received front-line
imatinib mesylate therapy and achieved complete
molecular response. Leuk Res. 2012;36(6):
689-693.

12. Rea D, Rousselot P, Guilhot F, et al.
Discontinuation of second generation (2G)
tyrosine kinase inhibitors (TKI) in chronic phase
(CP)-chronic myeloid leukemia (CML) patients
with stable undetectable BCR-ABL transcripts
[abstract]. Blood. 2012;120(21). Abstract 916.

13. Branford S, Hughes T. Diagnosis and monitoring
of chronic myeloid leukemia by qualitative and
quantitative RT-PCR. Methods Mol Med. 2006;
125:69-92.

14. Gabert J, Beillard E, van der Velden VH, et al.
Standardization and quality control studies of
‘real-time’ quantitative reverse transcriptase
polymerase chain reaction of fusion gene
transcripts for residual disease detection in
leukemia - a Europe Against Cancer program.
Leukemia. 2003;17(12):2318-2357.

15. Ross DM, Branford S, Seymour JF, et al. Patients
with chronic myeloid leukemia who maintain
a complete molecular response after stopping
imatinib treatment have evidence of persistent
leukemia by DNA PCR. Leukemia. 2010;24(10):
1719-1724.

16. Hughes TP, Grigg A, Szer J, et al. Mobilization
of predominantly Philadelphia chromosome-
negative blood progenitors using
cyclophosphamide and rHUG-CSF in early
chronic-phase chronic myeloid leukaemia:
correlation with Sokal prognostic index and
haematological control. Br J Haematol. 1997;
96(3):635-640.

17. Branford S, Yeung DT, Prime JA, et al. BCR-
ABL1 doubling times more reliably assess the
dynamics of CML relapse compared with the
BCR-ABL1 fold rise: implications for monitoring
and management. Blood. 2012;119(18):
4264-4271.

18. Branford S, Yeung DT, Ross DM, et al. Early
molecular response and female sex strongly

predict stable undetectable BCR-ABL1, the
criteria for imatinib discontinuation in patients with
CML. Blood. 2013;121(19):3818-3824.

19. Cross NC, White HE, Müller MC, Saglio G,
Hochhaus A. Standardized definitions of
molecular response in chronic myeloid leukemia.
Leukemia. 2012;26(10):2172-2175.

20. Sobrinho-Simões M, Wilczek V, Score J, Cross
NC, Apperley JF, Melo JV. In search of the
original leukemic clone in chronic myeloid
leukemia patients in complete molecular
remission after stem cell transplantation or
imatinib. Blood. 2010;116(8):1329-1335.

21. Goh HG, Lin M, Fukushima T, et al. Sensitive
quantitation of minimal residual disease in chronic
myeloid leukemia using nanofluidic digital
polymerase chain reaction assay. Leuk
Lymphoma. 2011;52(5):896-904.

22. Michor F, Hughes TP, Iwasa Y, Branford S, Shah
NP, Sawyers CL, Nowak MA. Dynamics of
chronic myeloid leukaemia. Nature. 2005;
435(7046):1267-1270.

23. 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.

24. Krönke J, Schlenk RF, Jensen KO, et al.
Monitoring of minimal residual disease in NPM1-
mutated acute myeloid leukemia: a study from the
German-Austrian acute myeloid leukemia study
group. J Clin Oncol. 2011;29(19):2709-2716.

25. Grimwade D, Jovanovic JV, Hills RK, et al.
Prospective minimal residual disease monitoring
to predict relapse of acute promyelocytic leukemia
and to direct pre-emptive arsenic trioxide therapy.
J Clin Oncol. 2009;27(22):3650-3658.

26. 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.

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

28. Lange T, Bumm T, Mueller M, et al. Durability of
molecular remission in chronic myeloid leukemia
patients treated with imatinib vs allogeneic stem

BLOOD, 25 JULY 2013 x VOLUME 122, NUMBER 4 IMATINIB CESSATION AFTER STABLE UMRD IN CML 521

 For personal use only. by RAUL RIBEIRO on August 21, 2013. bloodjournal.hematologylibrary.orgFrom 

mailto:david.ross@health.sa.gov.au
http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


cell transplantation. Leukemia. 2005;19(7):
1262-1265.

29. Radich JP, Gehly G, Gooley T, et al. Polymerase
chain reaction detection of the BCR-ABL fusion
transcript after allogeneic marrow transplantation
for chronic myeloid leukemia: results and
implications in 346 patients. Blood. 1995;85(9):
2632-2638.

30. 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.

31. Burchert A, Müller MC, Kostrewa P, et al.
Sustained molecular response with interferon alfa
maintenance after induction therapy with imatinib
plus interferon alfa in patients with chronic

myeloid leukemia. J Clin Oncol. 2010;28(8):
1429-1435.

32. Burchert A, Wölfl S, Schmidt M, et al. Interferon-
alpha, but not the ABL-kinase inhibitor imatinib
(STI571), induces expression of myeloblastin and
a specific T-cell response in chronic myeloid
leukemia. Blood. 2003;101(1):259-264.

33. Molldrem JJ, Lee PP, Wang C, Felio K, Kantarjian
HM, Champlin RE, Davis MM. Evidence that
specific T lymphocytes may participate in the
elimination of chronic myelogenous leukemia. Nat
Med. 2000;6(9):1018-1023.

34. Melo JV, Ross DM. Minimal residual disease and
discontinuation of therapy in chronic myeloid
leukemia: can we aim at a cure? Hematology Am
Soc Hematol Educ Program. 2011;136-142.

35. Lenaerts T, Pacheco JM, Traulsen A, Dingli D.
Tyrosine kinase inhibitor therapy can cure
chronic myeloid leukemia without hitting
leukemic stem cells. Haematologica. 2010;
95(6):900-907.

36. Haferlach T, Winkemann M, Nickenig C, et al.
Which compartments are involved in Philadelphia-
chromosome positive chronic myeloid leukaemia?
An answer at the single cell level by combining
May-Grünwald-Giemsa staining and fluorescence
in situ hybridization techniques. Br J Haematol.
1997;97(1):99-106.

37. Tang M, Foo J, Gönen M, Guilhot J, Mahon FX,
Michor F. Selection pressure exerted by imatinib
therapy leads to disparate outcomes of imatinib
discontinuation trials. Haematologica. 2012;
97(10):1553-1561.

522 ROSS et al BLOOD, 25 JULY 2013 x VOLUME 122, NUMBER 4

 For personal use only. by RAUL RIBEIRO on August 21, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

