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Risk and early cytogenetic response to imatinib and interferon
in chronic myeloid leukemia
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Chronic Myeloid Leukemia research paper

Background and Objectives. We compared the early
cytogenetic response (CgR) to a combination of imatinib
mesylate (Glivec®, Novartis Pharma, Basel, Switzerland)
and a pegylated form of human recombinant interferon-
α2b (pegIFN-α2b, PegIntron , Schering Plough, Kenil-
worth, New Jersey, USA) with the relative risk, assessed
according to either Sokal’s or Euro scoring systems.

Design and Methods. Seventy-seven patients with ear-
ly chronic phase, previously untreated, Ph-positive chron-
ic myeloid leukemia (CML) received a combination of
imatinib mesylate (400 mg/day) and pegIFN-α2b (3 con-
secutive cohorts treated with 50, 100 or 150 µg/week-
ly). Fifty-seven patients have completed the first 6 months
of treatment and are evaluable for CgR.

Results. After 6 months of treatment, the overall major
CgR rate was 89% and 90% in low risk patients (Sokal’s
and Euro Score, respectively), 76 and 59% in intermedi-
ate risk and 23% and 17% in high risk patients. These dif-
ferences were significant (p=0.0001 for Sokal’s Score
and 0.001 for the Euro Score). 

Interpretation and Conclusions. For the first time,
these data suggest that the early CgR rate to an imatinib
mesylate-based regimen is significantly risk-related.
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Chronic myeloid leukemia (CML) is a clonal malig-
nancy characterized by an expansion of the
myeloid compartment (chronic phase or CP) fol-

lowed by a progressive loss of cell differentiation (accel-
erated phase or AP) and terminating in a picture of
acute leukemia (blast crisis or BC).1 The disease is
marked by a specific chromosome abnormality, the
Philadelphia chromosome (Ph), which results from a
reciprocal translocation between chromosome 9 and
22, leading to the formation of a new, leukemia-spe-
cific, bcr/abl gene.1 This hybrid gene codes for several
constitutively active tyrosine kinase proteins (mainly
p210, sometimes p190 or p230) which transform
hematopoietic stem cells into leukemic cells.1 Imatinib
mesylate, formerly CGP 57148B and STI571, is a novel
therapeutic agent that has been designed to prevent
p210-driven phosphorylation of downstream signal
transduction messengers.2-4 Imatinib mesylate was
shown to be effective for the treatment of AP and BP,5-

7 and to be very effective in late CP patients who were
resistant to or intolerant of interferon (IFN).8,9 At the
2002 American Society of Clinical Oncology meeting10

it was reported that imatinib mesylate was much supe-
rior to IFN, both in terms of cytogenetic response (CgR)
and in terms of progression to AP and BC. Based on this
study, imatinib mesylate will probably soon become the
first line drug for treatment of CML and will compete
even more with the indications for allogeneic stem cell
transplantation (alloSCT). However an important piece
of information on the possible relationship between
response to an imatinib mesylate-based regimen and
risk profile of CML is still lacking, mainly because the
risk profile is calculated at diagnosis, whereas prior ima-
tinib studies included mainly previously treated
patients. The Italian Cooperative Study Group on CML
has undertaken a pilot study of imatinib mesylate and
pegIFN-α2b in previously untreated patients. This study
has not been terminated yet, but since a relationship
between risk and early CgR has emerged, it was felt
worthy of an early release and a rapid report.

Design and Methods

Seventy-seven consecutive CML patients were
enrolled between August 2001 and January 2002 in a
multicenter phase II study of imatinib mesylate and
pegIFN-α2b. The trial was approved by the Human
Investigation Committee of each participating institu-
tion and written informed consent was obtained from
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all patients before study entry. All the patients had
Ph+, bcr/abl positive CML in early CP and were pre-
viously untreated. Their median age was 47 years
(range 18 - 68). The time from diagnosis to treat-
ment ranged from 18 to 280 days (median 81).
During that period 30 of 77 patients received a
short course of hydroxyurea. Treatment consisted
of imatinib mesylate 400 mg daily for all patients
while the dose of pegIFN-α2b was fixed at 50 µg
weekly in the first cohort of 27 patients, at 100 µg
weekly in the second cohort of 18 patients and at
150 µg weekly in the third cohort of 32 patients.
The doses of either drug could not be increased but
could be adjusted for safety and compliance

according to specific protocol guidelines. Hemato-
logic response (HR) was assessed monthly and CgR
every 3 months, based on at least 20 evaluable
marrow cell metaphases. The CgR was defined
according to the percentage of Ph+ metaphases as
complete (0% Ph+), partial (1-35% Ph+), minor (36-
65% Ph−) and minimal or none (66-100% Ph+).
Complete and partial responses were pooled and
defined as major CgR. The risk score was calculat-
ed using both available score systems, one of which
(Sokal’s score) was derived from patients treated
with conventional chemotherapy11 and the other
(the Euro score) was generated from patients treat-
ed with IFN-based regimens.12

Results

Fifty-seven of 77 cases have completed 6 months
of treatment and are evaluable for CgR at 3 and 6
months. They include all the 27 patients of the first
cohort, 17/18 patients of the second cohort and
13/32 patients of the third cohort. Within 3 months
all but 3 patients had achieved a complete HR. The
CgRs are listed in Table 1. The relationship between
CgR and risk is shown in Table 2, at 3 and 6 months,
and overall. All the differences (Fisher’s exact test)
are statistically significant, either with Sokal’s score
or with the Euro score. The difference between the
low and the high risk groups is quite impressive,
with a complete CgR rate of 70% vs 8% with
Sokal’s and of 65% vs none with Euro. The differ-
ence between the low and the intermediate risk
groups is less significant, with a complete CgR rate
of 70% vs 41% with Sokal’s score (p=0.05) and of
65% vs 36% with the Euro score (p=0.03).

Discussion

We have found that the CgR rate to an imatinib
mesylate-based treatment regimen is significantly
affected by the risk profile, after 3 and 6 months

Risk-related early responses in CML

Table 1.  Cytogenetic response distribution by risk, after 3 and 6 months of treatment. Not evaluable means that metaphase
yield was less than 20, due to a hypocellular marrow. Three of 57 cases (5%) could not be evaluated at 3 months and 10 of
57 (17%) at 6 months. Low risk cases are identified by a score <0.8 (Sokal’s) or <781 (Euro); high risk ones are identified by
a score >1.2 (Sokal’s) or >1480 (Euro).The remaining patients are pooled in the intermediate (INT) risk group.

Cytogenetic response Sokal’s risk Euro risk
Low Int High Low Int High

3 mos. 6 mos. 3 mos. 6 mos. 3 mos. 6 mos. 3 mos. 6 mos. 3 mos. 6 mos. 3 mos. 6 mos.

Complete (Ph+ 0%) 11 15 3 6 1 1 12 16 3 6 0 0
Partial (Ph+ 1-35%) 9 5 9 6 1 1 10 5 8 6 1 1
Minor  (Ph+ 36-65%) 2 2 2 1 3 1 2 3 4 0 1 1
Minimal or none (Ph+ 66-100%) 2 0 3 2 8 7 3 0 6 5 4 4
Not evaluable 3 5 0 2 0 3 2 5 1 5 0 0
Total 27 27 17 17 13 13 29 29 22 22 6 6

Table 2. The percentages of major and complete cytoge-
netic responses were calculated based on all cases, includ-
ing those not evaluable because of an insufficient yield of
metaphases. This occurred more frequently at 6 months (10
cases) than at 3 months (3 cases) and accounts for the fact
that the improvement of the cytogenetic response at 6
months was less than expected. Excluding the non-evalu-
able cases, the major CgR rate at 6 months would be 91%
(Sokal’s Score) or 87% (Euro Score) in the low risk group,
80% (Sokal’s Score) or 70% (Euro Score) in the intermedi-
ate risk group, and 20% (Sokal’s Score) or 17% (Euro Score)
in the high risk group. p values were calculated using Fish-
er’s exact text.

Sokal’s risk Euro risk
Low Int High p-value Low Int High p-value

Major cytogenetic response
At 3 months 74% 70% 15% 0.001 75% 50% 17% 0.01
At 6 months 74% 70% 15% 0.001 72% 54% 17% 0.03
Overall 89% 76% 23% 0.0001 90% 59% 17% 0.001

Complete cytogenetic response
At 3 months 41% 18% 8% 0.06 41% 14% − 0.02
At 6 months 55% 35% 8% 0.01 55% 27% − 0.01
Overall 70% 41% 8% 0.001 65% 36% − 0.002
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of treatment. Although the results could be influ-
enced to some extent by the co-administration of
IFN which is known to be more effective in low risk
patients than in the others,13-16 the data suggest
that the early CgR rate to an imatinib mesylate-
based regimen is higher and better in low risk
patients than in the others.

In CML a relationship between response to treat-
ment and risk is almost always found, but the
strength of the relationship depends on the treat-
ment. Conventional chemotherapy and IFN are vir-
tually ineffective in AP and in BC but in CP they are
much more effective in low risk cases, with a strong
influence on long-term survival.15,16 Allogeneic
stem cell transplantation (alloSCT) fails more fre-
quently when it is performed in AP and especially
in BC but in CP the results of alloSCT are not affect-
ed by the risk profile.17 Like alloSCT, imatinib mesy-
late is less effective in BC than in AP and than in
late CP.5-9 It was not, however, known whether in
early CP, the response to imatinib mesylate was
affected by risk as for IFN, or not affected as for
alloSCT. The relationship that we have found has
many explanations because low risk patients are
less likely to have already developed one of the
several mechanisms of imatinib mesylate resis-
tance, namely bcr/abl amplification, overexpres-
sion or point mutation,18-20 and are more likely to
have more normal hematopoietic cells left,21,22

which are required to sustain imatinib mesylate
treatment and to achieve a CgR. More patients and
especially a longer observation and treatment peri-
od are required to confirm these data and to under-
stand whether this early relationship between CgR
and risk will continue in the long term and will
have an effect on survival. This may be very impor-
tant because a response does not necessarily trans-
late into long-term survival, as is the case with IFN.
With IFN, high risk patients who achieve a com-
plete CgR relapse and die earlier than low risk
patients who achieve the same degree of CgR.15,16

It is important to clarify these issues as quickly as
possible, because the introduction of imatinib has
already produced a brisk decrease in the number of
alloSCT which were reported to the European Reg-
istry, even before imatinib mesylate was registered
in Europe.23 More information on the relationship
between response to imatinib mesylate, survival
and the risk profile of CML is clearly required.24
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What is already known on this topic
Complete cytogenetic responses to imatinib can

be obtained in ≥ of patients with newly diagnosed
CML. However, the durability of these responses is
unknown. The kinetics of the early response seems to
be of prognostic value although prognostic factors
still remain unclear. The combination of interferon
and imatinib is synergistic in vitro and should be
explore in the clinical setting.

What this study adds
This study shows for the first time the prognostic

value of the European Score in predicting response to
the combination of imatinib and interferon. It also
shows the feasibility of such a therapeutic combina-
tion.

Caveats
Data from this study are extremely preliminary and

should be regarded with caution. No survival data is pre-
sented.




