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Abstract The purpose of our study is to compare the 7-year
response to imatinib monotherapy as an initial treatment and
re-treatment in Chinese patients with chronic myelogenous
leukemia-chronic phase (CML-CP) patients in a single center in
Beijing. A retrospective study of 171 CML-CP patients
receiving imatinib monotherapy was done with 73 in the initial
treatment group (disease course ≤6 months) and 98 in the
re-treatment group (disease course >6 months). Cumulative
rates of complete cytogenetic response (CCyR) at 6, 12, and
36months after imatinib treatment in the initial and re-treatment
groups were 75%, 89%, and 96%, and 48%, 77% and 84% (p=
0.0002), respectively. The median time to CCyR in the initial
and re-treatment groups was 6 months (95% CI, 3.3–8.3) and
9 months (95% CI, 6.4–11.6), respectively (p=0.0002).
Cumulative rates of major molecular responses at 9, 12, and
18 months after imatinib treatment in the initial and re-
treatment groups were 31%, 48%, and 60%, and 15%, 25%
and 37% (p=0.017), respectively. The median time to the
major molecular response in the initial and re-treatment
groups was 15 months (95% CI, 12.3–17.7) and 36 months
(95% CI, 25.9–46.0), respectively (p=0.017). Progression-free
survival at 84 months in the initial and re-treatment groups
was 97% and 85%, respectively (p=0.09). Event-free survival
at 84 months in the initial and re-treatment groups was 92%
and 70%, respectively (p=0.049). Only two of the 171
patients discontinued imatinib therapy for grade 3/4 adverse
events. Our study revealed that CML-CP patients would
benefit from early treatment with imatinib.

Keywords Chronic myeloid leukemia . Imatinib .

Cytogenetic response .Molecular response .

Event-free survival

Introduction

Imatinib mesylate, a selective bcr-abl tyrosine kinase
inhibitor, has demonstrated remarkable efficacy and
tolerability in patients with chronic myelogenous leukemia-
chronic phase (CML-CP), either newly diagnosed or after
failure of interferon-α treatment. Imatinib has become the
standard of treatment for this disease [1, 2]. A phase two trial
of imatinib in late CML-CP after interferon-α (re-treatment)
showed that 6-year cumulative rates of major cytogenetic
response (MCyR) and complete cytogenetic response
(CCyR) were 67% and 57%, respectively. Estimated rates
of freedom from progression to accelerated phase (AP) and
blastic phase, and overall survival (OS) at 6 years were 61%
and 76%, respectively [3]. The IRIS (International
Randomized trial of Interferon versus STI571) study has
reported the response to imatinib as a first-line treatment for
CML-CP patients and shown that more than 80% of patients
receiving initial treatment with imatinib reached CCyR
during the 5-year follow-up period [3]. Estimated 5-year OS
rate with imatinib was 89%, event-free survival (EFS) rate was
83%, and those free from progression to AP and blast crisis
were 93%. Based on clinical results from randomized trials,
imatinib has been approved for first-line treatment of all phases
of chronic myelogenous leukemia (CML) [4–9]. The efficacy
of imatinib as a first-line treatment seems superior to its use as
a second-line re-treatment in CML-CP patients based on
various clinical trials [3–9]. To date, there have been rarely
homeochronous studies comparing the response to imatinib in
CML-CP patients as a first-line treatment versus re-treatment
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as imatinib has been mostly used for first-line treatment in all
phases of CML in many countries.

In China, many CML-CP patients cannot receive
imatinib as an initial treatment due to economic limitations.
In this study, we explore whether timing of imatinib
treatment affects efficacy in CML-CP patients, by compar-
ing the 7-year response to imatinib monotherapy as an
initial treatment versus the re-treatment in CML-CP patients
in a single center in Beijing, China.

Materials and methods

Patients

Data was collected from a total of 171 CML-CP patients
who received imatinib monotherapy over the period of
April 2001 to December 2007, including 73 in the initial
treatment group (disease course of no more than 6 months)
and 98 in the re-treatment group (disease course of more
than 6 months). Chronic phase was defined by the presence
of <15% blasts, <20% basophils, and <30% blasts plus
promyelocytes in the peripheral blood and marrow. No
patients in the initial treatment group had received
interferon α (IFN-α) prior to the study. However, all
patients in the re-treatment group had previously been
treated with IFN-α, presenting as hematologic or
cytogenetic resistance or intolerance [10].

Treatment method

All patients had been treated by imatinib monotherapy
(Novartis, Switzerland) at an initial dose of 400 mg/day,
and the dose increased to 600–800 mg/day on the basis of
hematology results and molecular genetics analyses; for

patients with insufficient response (defined in the NCCN
2008) [11], direct sequencing was applied to detect the abl
kinase domain mutation.

Bone marrow morphology, bone marrow chromosome
[12], and bcr-abl mRNA levels [13] (via quantitative
RT-PCR) were checked every 3 months in the first and
second year during treatment and every 6 months after
reaching CCyR. Size of the liver and spleen, as well as
extramedullary infiltration, were examined at each
follow-up visit.

Assessment criteria

The assessment criteria are as follows: (1) Hematologic
response, including complete hematologic response (CHR)
[10]: CML-CP progression was defined as a disease that
had progressed to AP or blast phase under continuous
treatment. (2) Cytogenetic response in marrow cells was
defined as CCyR (no Ph-positive marrow metaphases) and
MCyR (1% to 35% Ph-positive metaphases) on the basis of
G-banding in at least 20 cells in metaphase per sample. (3)
Molecular responses were indicated by major molecular
response (MMoR), defined as a 3-log reduction in bcr-abl
mRNA transcripts compared with a standardized baseline.
(4) Imatinib resistance, according to NCCN 2008, is
defined as primary resistance (failure to achieve CHR after
treatment with imatinib at a daily dose of more than 300 mg
for 3 months, failure to achieve MCyR after treatment with
imatinib at a daily dose of 400 mg for 12 months, or failure
to achieve CCyR after treatment with imatinib at a daily
dose of 400 mg for 18 months) and secondary resistance
(hematologic relapse, recurrence of Ph chromosome, Ph
chromosome increased by 30% in re-check at a 3-month
interval, emergence of clonal evolution besides Ph
chromosome, bcr-abl/abl ratio increased by more than 1

Table 1 Basic features of CML-CP patients in the two groups

Initial treatment group (n=73) Retreatment group (n=98) p value

Gender, n (%)

Male 49 (67) 67 (68) 0.86

Female 24 (33) 31 (32)

Median age at diagnosis

Years (range) 43 (13–73) 44 (9–75) 0.75

Median disease course before imatinib treatment

Months (range) 1 (0–6) 22 (7–96) <0.01

Case number (%) in Sokal score, n (%)

Low (≤0.8) 17 (23) 25 (25) 0.95

Middle (0.8–1.2) 34 (46) 44 (45)

High (>1.2) 22 (30) 29 (30)

Median follow-up time

Months (range) 40 (20–100) 64 (23–100) <0.05
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log in sequence examination or with Ph recurrence at the
same time) [13–15] and (5) EFS.

Events were defined by the first occurrence of any of the
following: death from any cause during treatment, progression
to the AP or blast crisis of CML, or loss of a CHR or CCyR.

Efficacy observation

To assess treatment efficacy, we compared the cytogenetic
efficacy, molecular efficacy, progression-free survival
(PFS), and EFS between the two groups after 84 months
of imatinib treatment.

Statistical analysis

Rank-sum test was applied to compare gender, age
distribution, and follow-up time between the two groups.
The Kaplan–Meier survival analysis and log-rank tests were
used to compare the cumulative rates of CCyR achieved by
the two groups. The Kaplan–Meier method was also used
to calculate PFS and EFS, and the log-rank test used to
compare the survival rates of the two groups.

Ethics and study management

The study protocol was reviewed by the ethics committee of the
People's Hospital of Peking University. All patients gave
written informed consent according to institutional regulations.

Results

Basic conditions of the patients in the two groups are
described in Table 1. The gender and age composition of
the two groups were similar (p>0.8); the proportions of
high, medium, and low-risk Sokal scores of the two groups
were similar (p=0.945). The median (range) follow-up time
was 40 months (20–100) in the initial treatment group and
64 months (23–100) in the re-treatment group. The median
follow-up time of all patients was 46 months (20–100).

All 171 patients achieved CHR. Only two patients were
withdrawn from the study after treatment for 4 and
5 months, respectively, due to grade four skin rash, and
the non-tolerance rate was 1.2%.

Cytogenetic response

On December 2009, cumulative rates of CCyR in initial
treatment and re-treatment groups were 96% and 92%,
respectively (Fig. 1a); cumulative rates of CCyR at 6, 12,
and 36 months after imatinib treatment in initial treatment
and re-treatment groups were 75%, 89% and 96%, and
48%, 77% and 84%, respectively (p=0.0002) (Fig. 1a).

Median time to CCyR in initial treatment and re-treatment
groups was 6 months (95% CI, 3.3–8.3) and 9 months
(95% CI, 6.4–11.6), respectively (p=0.0002), indicating
that the time to CCyR in the initial treatment group was
significantly shorter than that in the re-treatment group.

Molecular response

The number of patients who received molecular monitoring in
the initial treatment and re-treatment groups was 71 and 53,
respectively. The cumulative rates of MMoR are described in
Fig. 1b. There was a significant difference in the MMoR
ratio achieved by the two groups within 5 years. Cumulative
rates of MMoR at 9, 12, and 18 months after imatinib
treatment in the initial treatment and re-treatment groups

Fig. 1 Cumulative rates of CCyR and major molecular response
(MMoR) in the initial treatment and re-treatment groups of CML-CP
patients receiving imatinib. a Cumulative rates of CCyR in the two
groups. Median time to CCyR in the initial treatment and re-treatment
groups was 6 months and 9 months, respectively. b Cumulative rates
of MMoR in the two groups
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were 31%, 48% and 60%, and 15%, 25% and 37%,
respectively (p=0.017) (Fig. 1b). The MMoR rates in the
initial treatment and re-treatment groups were expected to be
86% and 85%, respectively. Median time to MMoR in the
initial treatment and re-treatment groups was 15 months (95%
CI, 12.3–17.7) and 36 months (95% CI, 25.9–46.0), respec-
tively (p=0.017). The time to MMoR in the initial treatment
group was shorter than that in the re-treatment group.

Survival

PFS at 84 months in initial treatment and re-treatment
groups was 97% and 85%, respectively (p=0.09) (Fig. 2).

Survival with continued CCyR in the initial treatment and
re-treatment groups was 98% and 83%, respectively (p=
0.12) (Fig. 3). The 84-month PFS in 148 patients with
CCyR and 23 patients without CCyR was 92% and 32%,
respectively (p<0.0001) (Fig. 4). The 84-month EFS in the
initial treatment and re-treatment groups was 92% and 71%,
respectively (p=0.049) (Fig. 5).

The expected 7-year survival, free from progression to
AP and blast phase, in patients with CCyR plus MMoR,
with CCyR without MMoR, and those without CCyR at
12 months was 100%, 100%, and 88% in the initial
treatment group, and 100%, 92%, and 68% in the
re-treatment group, respectively. There was a statistically

Fig. 4 PFS in CML-CP patients with CCR and without CCR after
imatinib treatment

Fig. 3 Survival with continued CCyR in the initial treatment group
and re-treatment group

Fig. 2 Survival free from progression to accelerated phase and blast
phase in the initial treatment and re-treatment groups of CML-CP
patients receiving imatinib

Fig. 5 EFS in the initial treatment and re-treatment groups of CML-CP
patients receiving imatinib. Definition of event: progression to the
accelerated phase or blast crisis of CML, loss of CHR, or loss of CCyR
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significant difference (p=0.0045) in the PFS between
patients with CCyR and without CCyR in the two groups
at 12 months.

Discussion

Imatinib has been recommended by the NCCN Practice
Guidelines in Oncology and the European Leukemia Net
(ELN) criteria as the standard first-line treatment for chronic
phase CML. This means there are few homeochronous studies
comparing the first-line and re-treatment responses of
CML-CP patients with imatinib in Western countries.

In our retrospective and homeochronous study of 171
CML-CP patients treated with imatinib, only two (1.2%) of
171 patients withdrew from the study due to serious skin
rash, indicating that imatinib was well tolerated in Chinese
CML-CP patients.

The IRIS study [16] showed that after treatment with
imatinib, the peak of disease progression (including loss of
CHR, loss of CCyR, acceleration, blast crisis, and death)
occurred during the second year (7.5%). However, the rate
of disease progression subsequently declined year by year,
with an annual rate of disease progression of only 1.6% in the
third year, 0.9% in the fourth year, and nil by the sixth year. In
our study, the median follow-up time of the initial treatment
group was more than 3 years, past the peak of disease
progression. Thus, the difference in the observation period
between the two groups did not affect the PFS and OS.

Similar to the results of the IRIS study [16], the
expected 7-year PFS of patients with CCyR plus MMoR
in both groups of our study was 100% at 12 months. The
12-month MMoR can thus be used to estimate the
possibility of a 7-year progression-free course of
the disease.

Our study found a significant benefit in the use of
imatinib as an initial treatment, compared with its use as
a second-line re-treatment in single center. The median
time to CCyR and MMoR was significantly shorter in
the initial treatment group than that in the re-treatment
group (Fig. 1). Goldman and colleagues [17] reported that
the molecular effects of imatinib in the treatment of
CML-CP patients increased over time in their study. The
fact there was no difference in the MMoR of the two
groups in our study after 5 years was likely related to the
shorter follow-up period in the initial treatment group than
that in the re-treatment group.

There was no significant difference in PFS between the two
groups. Survival with continued CCyRwas significantly higher
in the initial treatment group than in the re-treatment group
(98% versus 83%; p=0.045). The 7-year EFS was
significantly higher in the initial treatment group than in the
re-treatment group (92% versus 70%; p=0.049), which

indicated that the possibility for the occurrence of acceleration,
blast crisis, loss of CHR, or loss of CCyR was significantly
higher in the re-treatment group than in the initial treatment
group. Furthermore, both CCyR and MMoR were higher in
the initial treatment group than in the re-treatment group at
12 months, suggesting a higher treatment response in the
initial treatment group and also indicating that the disease
status was more stable in patients with lower residual
leukemic cell counts. In the era of interferon or tyrosine
kinase inhibitors, other studies have confirmed our finding
that CCyR is relevant to a high PFS [18–20].

In conclusion, a high 7-year CCyR was achieved in both
the initial treatment and re-treatment groups of CML-CP
patients. Survival free from progression to AP and blast
phase was significantly higher in patients with CCyR than
in patients without CCyR. Median time to CCyR and
MMoR was significantly shorter in the initial treatment
group than that in the re-treatment group. For CML-CP
patients, the earlier the imatinib was administered, the
sooner CCyR and MMoR were achieved. Although there
was no significant difference in the 7-year PFS between the
two groups, the 7-year EFS was significantly higher in the
initial treatment group than in the re-treatment group. It is
expected that the overall efficacy of imatinib as an initial
treatment will be superior to that when it is used as a
re-treatment.

The respective results of the IRIS study and the phase
two trial of imatinib in late CML-CP after interferon-α [3,
4] suggest that response with imatinib as a first-line
treatment for CML-CP patients is superior to that when
used as a second-line re-treatment, supporting the
conclusions of the present study.

We, therefore, hope that these findings will support
guidelines recommending that CML-CP patients in China
be treated with imatinib as a first line of treatment or as
soon as possible thereafter.
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