
Imatinib-treated chronic myeloid leukemia patients
with discordant response between cytogenetic and
molecular tests at 3 and 6 month time-points have a
reduced probability of subsequent optimal response 

The 2013 version of the European LeukemiaNet (ELN)
recommendations for the management of chronic
myeloid leukemia (CML) patients defines as optimal
response the achievement of a partial cytogenetic
response (PCyR) and/or BCR-ABL1 transcript ≤10%IS at 3
months, and of a complete cytogenetic response (CCyR)
and/or BCR-ABL1 transcript ≤1%IS at 6 months.1

Obtaining less than PCyR (i.e. Ph+ 36-95%) and/or BCR-
ABL1 >10%IS at 3 months, and less than CCyR and/or
BCR-ABL1 >1%IS at 6 months are regarded as warning.1

Patients with discordant response between cytogenetic
and molecular tests (e.g. PCyR and BCR-ABL1 >10%IS at
3 months) may be alternatively considered at the same
timepoint as optimal or warning. There is no information
currently available on the outcome of these patients. The
objective of this analysis was to provide the first descrip-
tion of the outcome of CML patients with discordant
results between cytogenetic and molecular tests. 

We retrospectively analyzed our cohort of early chronic
phase CML patients for which both cytogenetic and
molecular responses were evaluable at 3 and/or 6 months
after imatinib start. Individual charts were reviewed and
clinical data were extracted. Informed consent was
obtained before the start of therapy in accordance with
the Declaration of Helsinki. All patients received front-

line treatment with imatinib 400 mg daily, starting within
8 weeks from diagnosis (median 2.7 weeks) with the
exception of two female patients, who having been diag-
nosed during pregnancy, were observed without any
treatment until delivery (32 and 34 weeks, respectively).
Cytogenetic analysis was performed in bone marrow
cells with conventional G-banding technique; only sam-
ples with at least 20 metaphases were considered evalu-
able. PCyR and CCyR were defined as 1-35% and 0%
Ph+ metaphases, respectively. Molecular response was
assessed by quantitative polymerase chain reaction (Q-
PCR); results were expressed as the BCR-ABL1/ABL1
transcript ratio (International Scale – IS).2 A major molec-
ular response (MMR) was defined as BCR-ABL1/ABL1
ratio ≤ 0.1%. A deep molecular response (MR4.0) was
defined as BCR-ABL1/ABL1 ratio ≤ 0.01% or unde-
tectable transcript with at least 104 copies of ABL1.
Failure-free survival (FFS) was measured from the start of
imatinib to the date of any of the following events: pro-
gression to accelerated or blastic phase (ABP), death by
any cause at any time, imatinib dose increase (≥ 600
mg/day) or a switch to nilotinib/dasatinib for primary or
secondary hematologic or cytogenetic resistance, accord-
ing to the definitions at the time of the occurrence of the
event (principally 2009 ELN recommendations).3 Patients
switching to other tyrosine-kinase inhibitor (TKI) for
intolerance or other reasons (e.g. availability of a clinical
trial) were censored at the time of imatinib cessation.
Cumulative responses and survival probabilities were
estimated by the Kaplan-Meier method and compared by
log-rank test; differences among variables were evaluated
by the Fisher's exact test.
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Table 1. Response to imatinib at 3 and 6 month timepoints.
Sokal risk %

Response to imatinib at 3 months N. (Low- Intermediate-High) of total % of evaluable*

Cytogenetic response
Ph+ ≤35% (optimal) 159 76–59–23° 73.6 86.9 
Ph+ 36-95% (warning) 19 1–11–7 8.8 10.4
Ph+ >95% (failure)* 5 0–4–1 2.3 2.7

Molecular response
BCR-ABL1 ≤10% (optimal) 137 68–50–18° 63.4 75.7
BCR-ABL1 >10% (warning) 44 9–22–13 20.4 24.3

“Combined” response
Ph+ ≤35% and BCR-ABL1≤10% (concordant optimal) 121 60–43–17° 56.0 76.6
Ph+ 36-95% or BCR-ABL1>10% (discordant) 20 7–10–3 9.3 12.6
Ph+ 36-95% and BCR-ABL1>10% (concordant warning) 17 0–10–7 7.9 10.8

Sokal risk %
Response to imatinib at 6 months N. (Low- Intermediate-High) of total % of evaluable*

Cytogenetic response
Ph+ 0% (optimal) 133 68–50–15 61.6 74.3
Ph+ 1-35% (warning) 25 7–9–9 11.6 14.0
Ph+ >35% (failure)* 21 5–10–6  9.7 11.7

Molecular response
BCR-ABL1 <1% (optimal) 127 62–48–16° 58.8 64.8
BCR-ABL1 1-10% (warning) 43 18–17–8 19.9 21.9
BCR-ABL1 >10% (failure)* 26 4 – 13–9 12.0 13.3

“Combined” response
Ph+ 0% and BCR-ABL1<1% (concordant optimal) 107 53– 42–12 49.5 74.3
Ph+ 1-35% or BCR-ABL1 1-10% (discordant) 25 14–7–4 11.6 17.4
Ph+ 1-35% and BCR-ABL1 1-10% (concordant warning) 12 4–5–3 5.6 8.3

*Failures were not considered for “combined” response analysis. °One patient was not assessable for Sokal risk. 
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A total of 216 evaluable patients were retrieved from a
cohort of 350 consecutive CML patients. Median age at
diagnosis was 55 (range 20-84) years. The distribution
according to the Sokal score4 was: 92 (42.6%), 87 (40.3%)
and 36 (16.7%) patients for low, intermediate and high
risk, respectively (for one patient Sokal risk was not
evaluable). Stratification according to the EUTOS score5

identified 195 (90.3%) and 20 (9.7%) patients belonging
to the low and high risk group, respectively.   

At 3 months, 183 patients (84.7%) were evaluable for
cytogenetic response, 181 patients (83.8%) for molecular
response, 163 patients (75.5%) for both analyses, and
158 patients (73.1%) for “combined” response analysis,
as 5 patients with primary cytogenetic failure (i.e. 100%
Ph+) were excluded. At 6 months, 179 (82.9%) and 196
(90.7%) patients were evaluable for cytogenetic and
molecular response, respectively, 176 (81.5%) for both
tests and 144 (66.7%) for “combined” response analysis
(32 patients were excluded for cytogenetic and/or molec-
ular failure)  (Table 1). 

Patients with concordant optimal response at 3 months
had a significantly superior chance of subsequent optimal
response. CCyR rates at 6 months for concordant opti-
mal, discordant or concordant warning patients were
85%, 37% and 17%, respectively (p<0.001 for concor-
dant optimal vs. others). MMR rates at 12 months for the
three cohorts were 62%, 12% and 0%, respectively
(P<0.001 for concordant optimal vs. others). Median time
to CCyR was shorter for patients with concordant opti-
mal response than for patients with discordant or concor-
dant warning response (3.5 vs.11.9 months vs. median
not reached, respectively, P<0.001). In addition, median
time to MMR was significantly different in the three
groups (9.1 vs. 49.6 months vs. median not reached,
respectively, P<0.001). 

Patients with concordant optimal response at 6 months
had a significantly higher probability of obtaining MMR
at 12 months (82%) compared to patients with discor-
dant (17%) or concordant warning (10%) response.
Additionally, median time to MMR was significantly
shorter in the first group compared to the others (8.1 vs.
30.5 vs. 25.7 months, respectively, P=0.006).

Patients evaluable for “combined” response analysis at
both timepoints were 128: 71 out of 100 patients with
concordant optimal response at 3 months maintained
concordant optimal response at 6 months, while only
2/16 patients with discordant and no patients with con-
cordant warning results at 3 months gained concordant
optimal response at 6 months.

Scrutinizing deeper responses, 37 out of 62 (60%)
evaluable patients with concordant optimal response at 3
months obtained a subsequent MR4.0 at a median time of
17 months. Notably, only 3 out of 11 (27%) evaluable
patients with discordant and no patient with concordant
warning response at the same timepoint obtained a sub-
sequent MR4.0.

At a median follow-up of 48 months (range 5-124) FFS
was significantly different between concordant optimal,
discordant and concordant warning patients at 3 months
(80.6% vs. 38.9% vs. 15.4%, respectively) (Figure 1A),
while patients with concordant optimal results at 6
months had a significantly better FFS than the other two
groups (87.6% vs. 65.2% and 70%, respectively) (Figure
1B). Overall, 12 patients progressed to ABP (median time
from diagnosis: 7.5 months, range 4-53): response at 3
and 6 months did not significantly influence the probabil-
ity of progression. 

There is growing evidence of the importance of early
response to therapy. In particular, the role of a BCR/ABL1

transcript level lower than 10% as a positive predictive
factor has been outlined in many studies, including the
ELN recommendations, and reports from the
Hammersmith group,6 the German CML-IV study7 and
the NCCN guidelines.8 In the latter, as well as in data
from the German7 and MD Anderson9 groups, an early
cytogenetic response (i.e. PCyR at 3 months) was also
recognized as a powerful predictor for better long-term
outcome.  However, little is known about those cases
with discordant results at early timepoints between cyto-
genetics and molecular biology. In the MDACC report,
among patients treated with imatinib (400 or 800 mg),
14% had less than PCyR at 3 months, while only 3% had
BCR/ABL1 >10%.9 In the present series of 163 patients
with both cytogenetic and molecular analysis evaluable
at 3 months, 121 (74.2%) resulted concordantly optimal,
20 (12.3%) concordantly warning and 17 (10.4%) discor-
dant, all but two  being in optimal cytogenetic response
(i.e. PCyR) with BCR/ABL1 transcript level >10%; the
remaining 5 patients (3.1%) showed primary cytogenetic
failure (i.e. 100% Ph+). After 6 months of treatment, 176
patients were evaluable for combined cytogenetic and
molecular responses, with 107 (60.8%) concordant opti-
mal, 12 (6.8%) concordant warning and 25 (14.2%) dis-
cordant, mainly due to optimal cytogenetic response (i.e.
CCyR) with warning BCR/ABL1 transcript level. The
remaining 32 patients (18.2%) had either concordant fail-
ure results, or discordant results (warning-failure)
between cytogenetic and molecular tests, and only 3 of
them subsequently obtained MMR with imatinib. Our
results indicate that only those patients with concordant
cytogenetic and molecular optimal response at the earli-
est timepoints have an excellent probability of obtaining
subsequent MMR, deeper MR and favorable long-term
FFS. In particular, patients with CCyR and BCR/ABL1
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Figure 1. Failure-free survival according to 3-month (A) and 
6-month (B) combined cytogenetic and molecular response.
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<1% (i.e. concordant optimal response) at 6 months of
standard dose imatinib had 3-year FFS of 95.8% (95%CI:
91.7-99.8), which is comparable to that reported by Jain
et al. (89%) in patients treated with different TKIs,
including nilotinib and dasatinib. Conversely, patients
with at least one warning test at 3 or 6 months have an
inferior outcome, not statistically different to that
observed in cases with both cytogenetic and molecular
warning results. We therefore suggest that CML patients
not attaining both cytogenetic and molecular optimal
response, as defined by the 2013 ELN recommendations,
after 3 and 6 months of imatinib, might be considered at
higher risk of treatment failure.
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