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Long-term molecular responses to imatinib in
patients with chronic myeloid leukemia:
comparison between complete cytogenetic
responders treated in early and in late chronic
phase

CML patients who obtain a complete cytogenetic
response (CCgR) may harbor different degrees of
molecular disease, which are associated with dif-
ferent progression-free survival. We have com-
pared the pattern and the magnitude of the molec-
ular response (MolR) of 54 early chronic phase
(ECP) and of 115 late CP patients who achieved a
stable CCgR with IM 400 mg/daily. ECP patients
obtained earlier, higher and more sustained
MMolR.
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The striking effectiveness of imatinib (IM, Glivec;
Novartis Pharmaceuticals) in chronic myeloid leukemia
(CML) has made it the current standard of therapy, with
45% to 60% of patients treated with IM in late chronic
phase1 and 70% to 90% of patients treated in early
chronic phase (ECP)2 achieving a complete cytogenetic
response (CCgR). Monitoring the molecular response
(MolR) by quantitative reverse-transcriptase polymerase
chain reaction (RQ-PCR) is of the utmost importance.
The prognostic significance of the MolR has already been
established in CML after allogeneic transplantation3 and
IFN-α therapy4 and has also been confirmed for IM ther-
apy by several reports, which show that the achievement
of an early major MolR (MMolR), within 12 months from
start of IM therapy, is associated with a better progres-
sion-free survival2,5 and with a more durable CCgR.6

We compared the pattern and magnitude of the MolR
of 115 LCP and of 54 ECP  patients who achieved a sta-
ble CCgR during treatment with IM 400 mg/daily. The
patients were enrolled in two different phase II prospec-
tive studies, (CML/002/STI571 and CML/011/STI571),
of the Italian Co-operative Study Group (ICSG),
between July 2000 and June 2001. Median observation
time for patients who achieved a stable CCgR is 60
months (range 30-77) for both groups. Cytogenetic stud-
ies were performed by standard banding techniques
prior to treatment and at 6-12 months intervals there-
after. MolR was assessed on blood samples every 3-6
months by a standardized RQ-PCR method on an ABI
PRISM 7700 Sequence Detector9 (Perkin Elmer, Faster
City, CA, USA) and ABL was used as housekeeping
gene.10 Samples with Abl Ct values >30 were discarded

to ensure RNA was not degraded.  MMolR was defined
as a BCR-ABL:ABL ratio <0.05%, corresponding to 0.1%
on the International Scale, whereas undetectable BCR-
ABL transcript levels were defined as a ratio BCR-
ABL:ABL ratio <0.001%, corresponding to this method’s
lowest level of detectability. 

A total of 277 LCP patients were treated with IM after
failure of IFN-α: 153/277 (55%) patients achieved a
CCgR and 120/153 (77%) are in continuous CCgR after 5
years. Seventy-six ECP patients were treated with IM 400
mg/daily and a variable pegylated IFN-α dose which was
discontinued by all patients after a median time of 10
months (range 1-49). Sixty-six ECP patients (87%)
obtained a CCgR which was stable in 62 cases (94%). As
expected, CCgR rates were significantly higher in the
ECP group, being 70% and 82% at 12 and 60 months (vs.
38% and 43% for the LCP group). One hundred and fif-
teen out of 120 (96%) LCP and 54/62 (87%) ECP patients
with stable CCgR were evaluable for MolR at 60 months.
The distribution of the MolR during the whole study
period is reported in Table 1. In ECP patients, the fre-
quency of MMolR increased up to 74% at 12 months and
remained substantially stable at subsequent evaluations.
The rate of undetectable Bcr-Abl transcript levels
increased from 15% to 26% for a total rate of MMolR
and undetectable Bcr-Abl levels of 98% at 60 months. In
LCP patients, the MMolR rate increased up to 70% at 36
months, while the frequency of undetectable RT-PCR
remained low throughout, ranging from 7% to 16%, for
a total rate of MMolR and undetectable Bcr-Abl of 75%
at 60 months. Durability of the MolR is shown in Table
2. Fifty-one out of 54 (94%) ECP patients and 90/115 LCP
patients (78%) obtained at least one MMolR. This was
stable in 49 (92%) ECP patients and 71 (61%) LCP
patients. Interestingly, the MolR was never major or was

Table 1. Distribution of molecular response during the whole study period in early (ECP) and late (LCP) chronic phase patients who
achieved and maintained a complete cytogenetic response. 

Molecular 6 months 12 months 24 months 36 months 60 months
Response Percentage of patients Percentage of patients Percentage of patients Percentage of patients Percentage of patients

ECP LCP ECP LCP ECP LCP ECP LCP ECP LCP

Less than  Major 22 52 6 44 4 31 2 21 2 25
Major 63 38 74 46 78 53 82 70 72 68
Complete 15 10 20 10 18 16 16 9 26 7

Molecular data are available for 54/62 ECP patients and for 115/120 LCP patients. Complete molecular response was defined as undetectable BCR-ABL transcript
levels (< 0.001%) by RQ-PCR confirmed by nested PCR. All patients received repeated molecular testing (median 5, range 3-7). 

Table 2. Distribution by best molecular response of the patients
who achieved and maintained a complete cytogenetic response.

Early chronic phase Late chronic phase

Molecular Response N. (%) N. (%)
Never Major 1 (2%) 24 (21%)
Major, sometimes less than Major 2 (4%) 19 (17%)
Major stable 24 (44%) 44 (38%)
Major, sometimes Complete 25 (48%) 27 (23%)
Complete stable 2 (2%) 1 (1%)
Total 54 115

6% of early and 38% of late chronic phase patients never achieved a stable major
molecular response (p=0.0003, Fisher test). RQ-PCR negativity was stable during
follow-up in only 2 and 1 cases, respectively.
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unstable in only 6% of ECP patients (vs. 38% in LCP
patients (p=0.0003, Fisher’s test). Our data confirm that
IM therapy led to a high overall rate of CCgR and MMolR
in both early and late CP patients, although only a very
few patients achieved stable undetectable levels of Bcr-
Abl transcript (Table 2). A 5-year follow-up has shown
that, despite a comparable cytogenetic response, ECP
patients obtained earlier and higher MMolR rates, and
that MMolR was more durable, being sustained in 92%
of cases vs. 61% in LCP patients. A longer follow-up of
all the cases in CCgR with a suboptimal or unstable MolR
will clarify if the risk of long-onset resistance is different-
ly distributed among these categories. It is reasonable to
suppose that strategies to optimize treatment could be
based on IM dose escalation or adoption of alternative
tyrosine kinase inhibitors. 

Francesca Palandri,* Ilaria Iacobucci,* Fabrizio Quarantelli,°
Fausto Castagnetti,* Daniela Cilloni,# Michele Baccarani 

on behalf of the GIMEMA Working Party on CML
*Department of Hematology/Oncology “L. and A. Seràgnoli”

S. Orsola-Malpighi Hospital, University of Bologna, Bologna;
°CEINGE Biotecnologie Avanzate and Department of Biochemistry

and Medical Biotechnology, University of Naples Federico II,
Naples; #Department of Clinical and Biological Science,

University of Turin at Orbassano, Turin, Italy
Aknowledgments: the skillful assistance of Katia Vecchi is kindly
acknowledged.
Funding: the study was supported by grants from the Italian
Association for Cancer Research (A.I.R.C.), by Fondazione del
Monte di Bologna e Ravenna, by European LeukemiaNet founds,
and by Associazione Italiana contro le Leucemie.
Correspondence: Francesca Palandri, Institute of Hematology and
Medical Oncology "L. and A. Seràgnoli", St. Orsola-Malpighi
University Hospital, via Massarenti, 9, 40138 Bologna, Italy.
Phone: international +39.051.6363680. Fax: international +39.
051.6364037. E-mail: francesca.palandri@libero.it

References

1. Kantarjian HM, Cortes JE, O’Brien S, Luthra R, Giles F,
Verstovsek S, et al. Long-term survival benefit and
improved complete cytogenetic and molecular response
rates with imatinib mesylate in Philadelphia chromosome-
positive chronic-phase chronic myeloid leukemia after fail-
ure of interferon-α. Blood 2004;104:1979-88.

2. Druker BJ, Guilhot F, O’Brien SG, Gathmann I, Kantarjian
H, Gattermann N, et al. Five-year follow-up of patients
receiving imatinib for chronic myeloid leukemia. N Engl J
Med 2006;355:2408-17.

3. Kaeda J, O’Shea D, Szydlo RM, Olavarria E, Dazzi F, Marin
D, 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;
107:4171-6.

4. Hochhaus A, Reiter A, Saussele S, Reichert A, Emig M,
Kaeda J, et al.  Molecular heterogeneity in complete cyto-
genetic responders after interferon-α therapy for chronic
myelogenous leukemia: low levels of minimal residual dis-
ease are associated with continuing remission. German
CML Study Group and the UK MRC CML Study Group.
Blood 2000;95:62-6.  

5. Cortes J, Talpaz M, O’Brien S, Jones D, Luthra R, Shan J, et
al.  Molecular responses in patients with chronic myeloge-
nous leukemia in chronic phase treated with imatinib
mesylate. Clin Cancer Res 2005;11:3425-32.

6. Iacobucci I, Saglio G, Rosti G, Testoni N, Pane F, Amabile
M, et al. GIMEMA Working Party on Chronic Myeloid
Leukemia. Achieving a major molecular response at the
time of a complete cytogenetic response (CCgR) predicts a
better duration of CCgR in imatinib-treated chronic
myeloid leukemia patients. Clin Cancer Res 2006; 12:
3037-42.

7. Rosti G, Martinelli G, Bassi S, Amabile M, Trabacchi E,
Giannini B, et al. Study Committee, Italian Cooperative
Study Group for Chronic Myeloid Leukemia; Writing
Committee, Italian Cooperative Study Group for Chronic
Myeloid Leukemia.  Molecular response to imatinib in late
chronic-phase chronic myeloid leukemia. Blood 2004;
103:2284-90. 

8. Baccarani M, Martinelli G, Rosti G,  Trabacchi E, Testoni
N, Bassi S, et al. Imatinib and pegylated human recombi-
nant interferon-α2b in early chronic-phase chronic
myeloid leukemia. GIMEMA Working Party on Chronic
Myeloid Leukemia. Blood 2004; 104:4245-51.

9. Gabert J, Beillard E, van der Velden VH, Bi W, Grimwade
D, Pallisgaard N, 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;17:2318-57.

10. Iacobucci I, Galletti L, Amabile M, Soverini S, Baccarani M,
Martinelli G. Monitoring BCR-ABL transcript levels by
real-time quantitative polymerase chain reaction: a linear
regression equation to convert from BCR-ABL/B2M ratio
to estimated BCR-ABL/ABL ratio. Haematologica 2007;
92:429-30.




