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Imatinib induces a high complete cytogenetic response (CCR) rate in relapsed chronic myelogenous leukemia.
By analyzing minimal residual disease (MRD) under the levels of CCR, we tried to assess the molecular
response after imatinib therapy. By using real-time quantitative reverse transcriptase-polymerase chain reac-
tion (Q-RT-PCR), MRD was evaluated in 23 patients (3 in cytogenetic relapse, 6 in chronic phase, 9 in
accelerated phase, and 5 in blast crisis) who were treated with standard-dose imatinib for relapsed chronic
myelogenous leukemia after allogeneic stem cell transplantation. With a median therapy time of 399 days
(range, 35-817 days), 19 (83 %) patients achieved a CCR. Meanwhile, 11 (58%) of them achieved a molecular
remission (MR), which was associated with improved survival. The Q-RT-PCR data were compared according
to the best response (MR, n = 11; CCR, n = 8) in the patients achieving a CCR. The BCR-ABL/ABL ratios
were similar in 2 groups at 3 months but were significantly different at 6 months (median, 0.0000012 for MR
and 0.00022 for CCR; P = .003). The probability of a subsequent MR was significantly higher in patients with
a lower BCR-ABL/ABL ratio at 6 months (100% for <0.0001 versus 33% for =0.0001; P = .006) or a greater
reduction in the level between 3 and 6 months (log-reduction =1.0;, 100%; <1.0, 17%; P = .003). Q-RT-PCR
is a reliable method for monitoring MRD: the early trends in the BCR-ABL/ABL ratio may be clinically useful
in discriminating patients who will achieve an MR from those who will remain in CCR.
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INTRODUCTION

Allogeneic stem cell transplantation (SCT) is the
only curative treatment for chronic myelogenous leu-
kemia (CML), and 40% to 80% of these patients
remain disease free for more than 5 years after SCT
[1]. CML recurrence, which occurs in approximately
20% to 30% of patients who undergo transplantation
in the first chronic phase (CP) and who receive non-T
cell-depleted marrow [2], remains a major cause of
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treatment failure. Donor lymphocyte infusion (DLI)
has been the treatment of choice for relapsed CML
and results in complete remission in up to 75% of
cases and in durable remission with a rate of almost
90% at 2 to 3 years [3,4]. However, it has been
associated with fatal marrow aplasia and severe graft-
versus-host disease, and it relies on the availability of
the original donor [3-5].

Imatinib is a potent and selective inhibitor of
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BCR-ABL tyrosine kinase, which is a product of the
chimeric gene produced by the Philadelphia (Ph)
chromosome [6,7]. Several studies have demonstrated
that imatinib therapy induces a major cytogenetic re-
sponse in up to 80% of cases with mild and reversible
toxicities. In the post-SCT settings, it was suggested
that imatinib should be used as a front-line treatment
for relapsed CML, on the basis of the high response
rate with relative safety [8]. Furthermore, severe graft-
versus-host disease was observed in a relatively smaller
portion of relapsed patients [9-13] compared with that
observed after DLI [3,14].

Considering the high cytogenetic response rate
after imatinib therapy, a more sensitive monitoring of
minimal residual disease (MRD) under the levels of
the cytogenetic response is needed, particularly in
post-SCT settings. Real-time quantitative reverse
transcriptase-polymerase chain reaction (Q-RT-PCR)
correlates strongly with conventional cytogenetics,
fluorescence in situ hybridization, RT-PCR, compet-
itive RT-PCR, and Southern blotting [15-19], and its
utility in MRD monitoring has been reported by many
authors [15,20-22]. Because our previous study
showed that the results of Q-RT-PCR were signifi-
cantly different according to the positivity of RT-PCR
[19], Q-RT-PCR studies of patients who achieve a
complete cytogenetic response (CCR) after imatinib
therapy may determine the level of molecular re-
sponse, which correlates with a low risk of disease
progression.

To our knowledge, none of the studies has ad-
dressed the important question of how to select pa-
tients who are unlikely to achieve molecular remission
(MR) after a therapy with standard-dose imatinib for
post-SCT CML relapse and therefore might be ad-
vised to consider alternative therapies. To answer this
question, MRD was examined after imatinib therapy
to determine whether it was possible to predict which
patients will eventually achieve an MR by monitoring
their early trends in the BCR-ABL/ABL ratio at 1, 3,
and 6 months.

PATIENTS AND METHODS
Patients

Adults with Ph-positive or BCR-ABL—positive
CML who had relapsed after a transplantation were
enrolled in this study. The eligibility criteria included
disease status with cytogenetic or hematologic evi-
dence of a relapse and treatment with standard-dose
imatinib for at least 1 month. Written, informed con-
sent was received from each patient before enrollment
in this study.

Treatment with Imatinib

Imatinib was started at an oral dose of 400 mg/d
for cytogenetic relapse or CP CML and 600 mg/d for
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accelerated phase or blast crisis CML, and the doses
were adjusted according to the previously published
guidelines for pretransplantation CML [10,23]. The
treatment was continued until the disease was consid-
ered unresponsive (no hematologic response after at
least 4 weeks or no cytogenetic response after at least
6 months of treatment) to imatinib, until the patient
died, until there was a change to another treatment
(including a dose escalation of imatinib), or until the
appearance of unacceptable adverse events that did
not respond to dose modification.

Response Analysis

Every 3 months or more frequently, the responses
to imatinib were analyzed from the bone marrow
samples by using conventional cytogenetics, nested
RT-PCR, and Q-RT-PCR assays in all cases. The
cytogenetic responses, which were analyzed with the
standard Giemsa banding method with a minimum of
20 metaphases examined each time, were categorized
as being complete (no Ph-positive metaphases), partial
(1%-35% Ph-positive metaphases), minor (36%-65%
Ph-positive metaphases), minimal (66%-95% Ph-pos-
itive metaphases), and no response (>95% Ph-positive
metaphases). MR was defined as the absence of BCR-
ABL transcripts in nested RT-PCR and Q-RT-PCR,

as well as full donor chimerism.

PCR Assays

The nested RT-PCR and Q-RT-PCR were per-
formed as previously described [19,24]. Briefly, the
total RNA was extracted by using an RNAqueous Kit
(Ambion, Austin, TX). Reverse transcription was per-
formed with 1 pg of RNA, and samples with less than
1 pg of RNA were discarded. The 2-step nested pro-
cedure in triplicate was used for the nested RT-PCR
amplification (sensitivity, 10~°), and Q-RT-PCR was
performed in triplicate by using iCycler software 2.1
(Bio-Rad, Hercules, CA) under the standard condi-
tions (95°C for 10 minutes, 50 cycles at 95°C for 15
seconds, and 60°C for 1 minute). The plasmid stan-
dard titrations with the defined copy numbers for the
BCR-ABL and the reference ABL were analyzed si-
multaneously with the patient samples, and the 50-pL
PCR reaction mixture contained 5 pL of 10X PCR
buffer, 4.5 mmol/L MgCl,, 0.2 mmol/L deoxynucleo-
side triphosphate, 0.2 pmol/L primers, 140 nmol/L
TagMan probe (Tibmolbiol, Berlin, Germany), 1.25
U of AmpliTaq Gold (PE Applied Biosystems, Foster
City, CA) DNA polymerase, and 4 pL of target com-
plementary DNA. The quantity of the BCR-ABL
transcript was normalized to the ABL expression level
(sensitivity, 107°).
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Chimerism Analysis

Chimerism analysis using a multiplex short tan-
dem repeat was performed with the AmpF/STR Iden-
tifiler PCR Amplification Kit (PE Applied Biosystems,
Foster City, CA), and the fragments were analyzed on
an ABI Prism 310 Genetic Analyzer (PE Applied Bio-
systems), as previously described [25].

Statistical Analysis

The end points for response analysis were calcu-
lated on the basis of the date of the last bone marrow
examination and for the survival on the date of the last
follow-up. The outcome probabilities, such as CCR,
MR, and overall survival, were calculated with the
Kaplan-Meier method; the comparison was made by
using the log-rank test. The Mann-Whitney test was
used to compare the normalized BCR-ABL transcripts
levels between appropriate groups. All quoted P values
were 2 sided, and a P value <.05 was considered
significant.

RESULTS

Patients

A total of 23 patients with a median age of 33
years, in whom CML had relapsed at a median of 13.6
months after the SCT, were enrolled in this study
(Table 1). The duration of imatinib therapy was a
median of 399 days (range, 35-817 days). Before ima-
tinib therapy, immunomodulatory treatment such as
immunosuppressant withdrawal, DLI, or interferon
was given to 19 of 23 patients, and the median interval
from salvage treatment to imatinib therapy was 6.5
months (range, 3.1-59.3 months). Among them, 16
patients had refractory disease (defined as no hemato-
logic response at 3 months or no cytogenetic response
at 6 months after treatment) to these treatments: dis-
ease progression at a median of 6.7 months after
various treatments (n = 10); no cytogenetic responses
at 6.5 months after immunosuppressant withdrawal (n
= 2); or no hematologic responses at a median of 7.7
months after DLI and/or interferon (n = 3) or at 4.4
months after immunosuppressant withdrawal (n = 1).
The disease phase at the initiation of imatinib therapy
was a cytogenetic relapse in 3 patients, CP in 6 pa-
tients, accelerated phase in 9 patients (all classified
only because of the presence of acquired clonal aber-
rations), and blast crisis in 5 patients.

Cytogenetic Response

CCR was observed in 19 (83%) of the 23 patients.
Among the remaining 4 patients, 1 patient achieved a
partial cytogenetic response, and the others did not
achieve any cytogenetic response. The time to CCR
was a median of 97 days (range, 27-285 days) after the
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initiation of imatinib therapy. According to the disease
phase at the initiation of imatinib therapy, the CCR
rate was 100% (3/3) in cytogenetic relapse, 83% (5/6)
in CP, 89% (8/9) in accelerated phase, and 60% (3/5)
in blast crisis. The probability of overall survival after
imatinib therapy was significantly different between
those who had experienced CCR (83%) and those
who had not (0%) (P = .002).

Molecular Response among the Patients Achieving
CCR

Nineteen patients with CCR were divided into 2
groups (MR group versus CCR group) according to
the best response to imatinib therapy and the Q-RT-
PCR data were compared between the 2 groups.
Eleven (58%) patients were classified as being in the
MR group, in whom an MR was achieved at a median
of 279 days (range, 90-559 days) and persisted for a
median of 190 days (range, 30-370 days), and none of
the MR patients lost their response until the time of
data analyses. Of 8 patients in the CCR group, 6
patients remained in continuous CCR for a median of
356 days (range, 144-700 days), whereas 2 patients lost
their CCR after 52 and 281 days. The overall survival
probability after imatinib therapy was significantly
higher in the MR group (100%) than in the CCR
group (60%) (P = .03; Figure 1).

Kinetics of BCR-ABL Transcript Levels among the
Patients Achieving CCR

Quantitative monitoring by Q-RT-PCR showed a
rapid decline in the normalized BCR-ABL transcripts
during 3 months of imatinib therapy in both the MR
and CCR groups (Figure 2). After then, the median
BCR-ABL/ABL ratio progressively declined in the
MR group, whereas it slowly increased after 6 months
in the CCR group. The BCR-ABL/ABL ratios were
not significantly different between groups at 1 month
(median, 0.03 for MR and 0.03 for non-MR) and 3
months (median, 0.00004 for the MR group and
0.00099 for the CCR group). However, they were
significantly different after 6 months of therapy (me-
dian, 0.0000012 for the MR group and 0.00022 for the
CCR group; P = .003; Table 2).

Prediction of MR with BCR-ABL Transcript Levels
among the Patients Achieving CCR

No significant levels were identified to be useful
for discriminating the subsequent MR when using the
Q-RT-PCR results at 1 month or 3 months. When
the Q-RT-PCR results at 6 months were analyzed in
10 patients who remained in CCR until 6 months, the
probability of a subsequent MR was significantly
higher in patents with BCR-ABL/ABL ratios
<0.0001 (100% versus 33% for =0.0001; P = .006;
Figure 3a). Because there were significant differences
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Table . Characteristics and the Responses to Imatinib Therapy of the Enrolled Patients

Disease Status at IMTx
Agel Status at Relapse Status Salvage Treatment (Months after Best Response to IMTx

Case Sex SCT Type SCT (Months after SCT)  (Months after Relapse) Relapse) (Duration; d) Survival (d)* Log (3m/ém)

1 45/F  Mismatched-related AP CyRel (11.6) IS-W (0.2)} CyRel (6.7) MR (190+) Alive, 370+ >3

2 35/M  Matched-related CcP CyRel (18.0) None CyRel (4.6) MR (126+) Alive, 216+ >3

3 31/F  Matched-related CcP CP (56.9) None CP (0.6) MR (139+) Alive, 418+ 1.4

4 31/M  Matched-unrelated CcP CP (28.2) IS-W (1.7) CP (2.2) MR (293+) Alive, 643+ 0.6

5 32/F  Matched-related CcP CP (33.8) DLI (0.8)} CP (5.2) MR (370+) Alive, 817+ 1.56

6 33/F Matched-related AP CP (60.7) DLI + IFN (0.2)} CP (7.9) MR (30+) Alive, 399+ 2.1

7 45/M  Matched-related AP AP (4.9) DLI + INF (1.6) AP-CE (4.0) MR (327+) Alive, 640+ 1.5

8 46/F  Matched-related CcP CyRel (18.9) DLI (1.7)t AP-CE (9.1) MR (63+) Alive, 622+ 2.0

9 22/M  Matched-related CcP CyRel (9.3) DLI + INF (0.5)t AP-CE (15.0) MR (209+) Alive, 404+ >3

10 30/F  Matched-unrelated CP CyRel (23.1) IS-W (0.6)} AP-CE (6.6) MR (299+) Alive, 397+ >3

] 36/F Matched-related CcP CyRel (7.6) IS-W (0.8)} AP-CE (5.0) MR (70+) Alive, 250+ >3

12 32/M  Matched-related CcP CyRel (11.5) IS-W (0.6)} CyRel (7.1) CCR (242+) Alive, 332+ -0.3

13 56/M  Matched-related CcP CP (18.8) DLI + IFN (5.1)t CP (8.2) CCR (700+) Alive, 800+ 0.1

14 33/M  Matched-unrelated CP CyRel (3.6) IS-W (0.3)t AP-CE (3.5) CCR (52) Died of relapsed disease, NA
79

15 28/M  Matched-related CcP CyRel (11.0) DLI + IFN (0.9)} AP-CE (10.5) CCR (306+) Alive, 411+ 1.4

16 30/F Syngeneic CcP CyRel (5.4) DLI + IFN (0.3)t AP-CE (10.0) CCR (486+)1 Alive, 583+ 0.5

17 43/M  Matched-related CP CyRel (67.3) DLI (1.5) BC (2.0) CCR (281) Died of relapsed disease, -0.9
525

18 55/M  Autologous CcP CP (15.8) Chemotherapy (5.1)t BC (28.1) CCR (406+) Alive, 550+ 0.66

19 22/F Matched-related BC BC (6.3) None BC (0.1) CCR (144) Died of relapsed disease, -2.8
211

20 45/F Matched-related BC CyRel (13.6) DLI (1.0)t BC (4.2) PCR Died of relapsed disease, NA
72

21 37/M  Matched-related CcP CP (3.0) IFN (1.1)t CP (60.4) NR Died of refractory 0.58
disease, 474

22 36/M  Matched-unrelated CcP CyRel (13.0) IS-W (0.6)} AP-CE (4.2) NR Alive, 272+ 0.60

23 19/F Matched-related CP CP (21.2) None BC (0.2) NR Died of refractory NA
disease, 259

SCT indicates stem cell transplantation; IMTx, imatinib therapy; CP, chronic phase; AP, accelerated phase; AP-CE, AP with clonal evolution alone, BC, blast crisis; Rel, relapse; CyRel, cytogenetic

relapse; IFN, interferon; DLI, donor lymphocyte infusion; IS-W, immunosuppressant withdrawal; CCR, complete cytogenetic response; PCR, partial cytogenetic response; NR, no response; NA,

not available.

*Days after the initiation of imatinib therapy.
tRefractory to salvage treatment, defined as no hematologic response at 3 months or no cytogenetic response at 6 months while receiving immunomodulatory treatment.
$MR induced after 4 months of high-dose imatinib therapy.
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Figure |. Probability of overall survival according to the best
response after imatinib therapy in patients achieving a complete
cytogenetic response.

in the BCR-ABL/ABL ratio between the 2 groups
during third and sixth months, the prediction of an
MR was evaluated with a log-reduction during that
time in the 15 patients remaining in CCR until 3
months. A significant difference in the probability of a
subsequent MR was observed at the log-reduction
level of 1.0 (log-reduction =1.0, 100%; <1.0, 17%; P
= .003; Figure 3b).

DISCUSSION

This study monitored the BCR-ABL/ABL ratio
after imatinib therapy in patients with relapsed CML
after transplantation. The patients, who at some point
had an undetectable BCR-ABL, were identified to be
associated with an improved survival. This study also
showed that normalized BCR-ABL transcript levels in
patients who eventually achieved an MR significantly

a
10"
1 ’
e 10 + L
E ..l
al
glo-x ' '
F 1o R T
S .. e
@ 10 LA
. .
10* — .
uo - e wm mm W

Pre-Tx 1 3 6 8 1z 18
Months on imatinib therapy

Table 2. Comparison of the Median BCR-ABL/ABL Ratio at 1, 3,
and 6 Months According to the Best Responses in Patients Achieving a
Complete Cytogenetic Response

Best Response

P
Variable MR CCR Value*
n 11 8
Median duration of
IM-Tx, d (range) 404 (216-817) 450 (35-800)
BCR-ABL/ABL ratio
Before transplantation 0.25 0.54 .74
Month | 0.03 0.03 .95
Month 3 0.0004 0.00099 .62
Month 6 0.0000012 0.00033 .003

MR indicates molecular remission; CCR, complete cytogenetic
remission, IM-Tx, imatinib therapy.
*Mann-Whitney test.

decrease within the first 6 months of imatinib therapy;
therefore, the early monitoring of BCR-ABL by Q-
RT-PCR may indicate a subsequent MR.
Cytogenetic assays continue to be regarded as the
standard method for assessing the response to various
therapies for CML. Obtaining a major response or a
CCR has been associated with excellent long-term
survival after interferon treatment [26]. Therefore, the
cytogenetic response to imatinib therapy may provide
useful prognostic information. A significant number
of patients achieve a CCR on imatinib therapy. Ap-
proximately 75% of newly diagnosed CP CML pa-
tients who were initially treated with imatinib and
approximately 40% of late CP patients who were
treated with imatinib after interferon therapy failure
achieved a CCR [27,28]. In imatinib therapy for post-
transplantation relapse, limited series with a small
number of cases have been analyzed for cytogenetic
response. The results of the 8 literature reviews
showed that 51 (45%) of 114 evaluable patients
achieved a CCR [13]. Our recent experience with 13
patients with CP with or without clonal aberrations
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Figure 2. Kinetics of the normalized BCR-ABL transcript levels in patients achieving a molecular remission (a) or a complete cytogenetic

response (b) as a best response to imatinib therapy.
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Figure 3. Probability of molecular remission according to the BCR-ABL transcript levels at 6 months (a) and to the log-reduction of the

BCR-ABL transcript levels between 3 and 6 months (b).

showed the CCR rate to be >90% [8]. In this study, it
was observed that 78% of the enrolled patients
achieved a CCR, but the reason for the higher CCR
rate in our study is not obvious. Among the various
possible factors, such as disease or chimeric status and
time from transplantation to relapse, partial influences
of prior salvage treatment should be considered, al-
though most enrolled patients had diseases that pro-
gressed or did not respond after long-term observa-
tion. Although this study was conducted on a small
group of patients, we suggest that achieving CCR is an
important prognostic factor for survival.

Regarding the high CCR rate after imatinib ther-
apy, the next concern focuses on the response under
the cytogenetic level. It is known that achievement of
MR after DLI is highly predictive of better survival in
patients with relapsed CML [4]. Whether the achieve-
ment of MR on imatinib therapy also correlates with
the long-term outcome is not yet known. Although
heterogeneity in the molecular response was found in
the complete cytogenetic responders after interferon
or imatinib, low levels of MRD were associated with
continuous remission [29-32]. This study showed that
the probability of survival for patients who achieved
an MR was significantly better than for those who did
not. Whether imatinib can replace DLI depends on
the rate and duration of MR, which should be revealed
in larger series. To define the role of imatinib in
comparison with DLI for post-SCT CML relapse,
studies on how long imatinib therapy should be con-
tinued in patients achieving MR should also be per-
formed.

The fact that approximately 40% of patients who
achieved a CCR in this study did not achieve an MR,
even with the continuation of imatinib therapy, un-
derlies the need for a more sensitive method for pre-
dicting an MR and for recognizing the early warning
signs of imatinib resistance. Q-RT-PCR has been
used in monitoring BCR-ABL expression after ima-
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tinib therapy [11,12,31,33,34]. Recent reports suggest
that a normalized BCR-ABL transcript level with Q-
RT-PCR correlates with the contemporary or subse-
quent marrow cytogenetic response [35-37]. Similarly,
a good correlation between the BCR-ABL transcript
levels and the cytogenetic response was observed in
this study (data not shown). In all patients achieving a
CCR, a rapid decline in the BCR-ABL/ABL ratio was
observed during the initial 3 months of imatinib ther-
apy in both groups. However, the decrease in the
BCR-ABL/ABL ratio during the next 3 months was
significantly greater in the patients who were destined
to achieve an MR. This finding suggests that poor
responders can be predicted and approached with
other therapeutic options by early molecular monitor-
ing with Q-RT-PCR. Alternatively, hazardous thera-
pies can be avoided for the patients who are likely to
acquire an MR and subsequent long-term disease con-
trol.

Extremely poor end results in blast crisis were
observed in this study; 4 of 5 patients died of refrac-
tory or relapsed disease after a transient response.
This finding suggests that more potent therapies
should be considered. In addition, therapeutic strate-
gies should be established for patients who do not
achieve an MR. Possible approaches could be a dose
escalation of imatinib or combinations of imatinib
with DLI, low-dose cytarabine, or interferon. Al-
though high-dose imatinib led to more favorable out-
comes and was reported to be beneficial for overcom-
ing the resistance to standard-dose treatment [38,39],
it is not known whether there is dose-dependent re-
sponsiveness in patients with relapsed CML. How-
ever, one patient (case 16), in whom imatinib was
increased to 800 mg/d after the CCR had continued
for more than 12 months of standard-dose imatinib,
achieved an MR after 4 months of high-dose therapy.
This finding illustrates the possible role of dose esca-
lation even in a posttransplantation setting.
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Although standardization of the Q-RT-PCR
method will be needed in the near future, it is believed
that quantitative determination of residual disease
with Q-RT-PCR is a reliable and sensitive method for
monitoring the MRD. It was also shown that the early
trend in the BCR-ABL/ABL ratio might be clinically
useful for the early identification of patients who are
destined to achieve an MR on imatinib.

ACKNOWLEDGMENTS

The authors acknowledge all members at Catholic
Hematopoietic Stem Cell Transplantation Center,
particularly the house staff, for their excellent care of
the patients. This study was supported by a grant of
the Korea Health 21 R&D Project, Ministry of
Health & Welfare, Republic of Korea (01-PJ10-PG6-
01GN16-0005).

REFERENCES

1. Gratwohl A, Hermans J, Niederwieser D, et al. Bone marrow
transplantation for chronic myeloid leukemia: long-term re-
sults. Chronic Leukemia Working Party of the European
Group for Bone Marrow Transplantation. Bone Marrow Trans-
plant. 1993;12:509-516.

2. Horowitz MM, Rowlings PA, Passweg JR. Allogeneic bone
marrow transplantation for CML: a report from the Interna-
tional Bone Marrow Transplant Registry. Bone Marrow Trans-
plant. 1996;17:S5-S6.

3. Kolb HJ, Schattenberg A, Goldman JM, et al. Graft-versus-
leukemia effect of donor lymphocyte transfusions in marrow
grafted patients. European Group for Blood and Marrow
Transplantation Working Party Chronic Leukemia. Blood.
1995;86:2041-2050.

4. Dazzi F, Szydlo RM, Cross NC, et al. Durability of responses
following donor lymphocyte infusions for patients who relapse
after allogeneic stem cell transplantation for chronic myeloid
leukemia. Blood. 2000;96:2712-2716.

5. Keil F, Haas OA, Fritsch G, et al. Donor leukocyte infusion for
leukemic relapse after allogeneic marrow transplantation: lack
of residual donor hematopoiesis predicts aplasia. Blood. 1997,
89:3113-3117.

6. Kurzrock R, Gutterman JU, Talpaz M. The molecular genetics
of Philadelphia chromosome-positive leukemias. N Eng/ 7 Med.
1988;319:990-998.

7. Melo JV. The diversity of BCR-ABL fusion proteins and their
relationship to leukemia phenotype. Blood. 1996;88:2375-2384.

8. Kim YJ, Kim DW, Lee S, et al. Cytogenetic clonal evolution
alone in CML relapse post-transplantation does not adversely
affect response to imatinib mesylate treatment. Bone Marrow
Transplant. 2004;33:237-242.

9. Wassmann B, Klein SA, Scheuring U, et al. Hematologic and
cytogenetic remission by STI571 (Glivec) in a patient relapsing
with accelerated phase CML after second allogeneic stem cell
transplantation. Bone Marrow Transplant. 2001;28:721-724.

10. Olavarria E, Craddock C, Dazzi F, et al. Imatinib mesylate
(STI571) in the treatment of relapse of chronic myeloid leuke-

724

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

mia after allogeneic stem cell Blood.
2002;99:3861-3862.

Kantarjian HM, O’Brien S, Cortes JE, et al. Imatinib mesylate
treatment for relapse after allogeneic stem cell transplantation
for chronic myelogenous leukemia. Blood. 2002;100:1590-1595.
McCann SR. Molecular response to imatinib mesylate follow-
ing relapse after allogeneic SCT for CML. Blood. 2003;101:
1200-1201.

Ullmann AJ, Hess G, Kolbe K, et al. Current results on the use

of imatinib mesylate in patients with relapsed Philadelphia

transplantation.

chromosome positive leukemia after allogeneic or syngeneic
hematopoietic stem cell transplantation. Keio 7 Med. 2003;52:
182-188.

van Rhee F, Savage D, Blackwell J, et al. Adoptive immuno-
therapy for relapse of chronic myeloid leukemia after allogeneic
bone marrow transplant: equal efficacy of lymphocytes from
sibling and matched unrelated donors. Bone Marrow Transplant.
1998;21:1055-1561.

Branford S, Hughes TP, Rudzki Z. Monitoring chronic my-
eloid leukaemia therapy by real-time quantitative PCR in blood
is a reliable alternative to bone marrow cytogenetics. Br 7
Huaematol. 1999;107:587-599.

Lee YK, Kim DW, Kim YL, et al. Detection of the BCR-ABL
gene by interphase fluorescence in situ hybridization GFISH) in
chronic myelogenous leukemia patients after hemopoietic stem
cell transplantation: the feasibility of iFISH monitoring of ther-
apeutic response in peripheral blood. Int 7 Hematol. 2002;76:
180-185.

Amabile M, Giannini B, Testoni N, et al. Real-time quantifi-
cation of different types of ber-abl transcript in chronic myeloid
leukemia. Haematologica. 2001;86:252-259.

Emig M, Saussele S, Wittor H, et al. Accurate and rapid
analysis of residual disease in patients with CML using specific
fluorescent hybridization probes for real time quantitative RT-
PCR. Leukemia. 1999;13:1825-1832.

Kim YJ, Kim DW, Lee S, et al. Comprehensive comparison of
FISH, RT-PCR, and Q-RT-PCR for monitoring the BCR-
ABL gene after hematopoietic stem cell transplantation in
CML. Eur 7 Haematol. 2002;68:272-280.

Preudhomme C, Revillion F, Merlat A, et al. Detection of
BCR-ABL transcripts in chronic myeloid leukemia (CML) us-
ing a ’real time’ quantitative RT-PCR assay. Leukemia. 1999;
13:957-964.

Eder M, Battmer K, Kafert S, Stucki A, Ganser A, Hertenstein
B. Monitoring of BCR-ABL expression using real-time RT-
PCR in CML after bone marrow or peripheral blood stem cell
transplantation. Leukemia. 1999;13:1383-1389.

Kim Y], Kim DW, Lee S, et al. Preemptive treatment of
minimal residual disease post transplant in CML using real-
time quantitative RT-PCR: a prospective, randomized trial.
Bone Marrow Transplant. 2004;33:535-542.

Talpaz M, Silver RT, Druker BJ, et al. Imatinib mesylate
induces durable hematologic and cytogenetic responses in pa-
tients with accelerated phase chronic myeloid leukemia: results
of a phase 2 study. Blood. 2002;99:1928-1937.

Lee S, Kim DW, Kim Y], et al. Minimal residual disease-based
role of imatinib as a first-line interim therapy prior to alloge-
neic stem cell transplantation in Philadelphia chromosome-
positive acute lymphoblastic leukemia. Blood. 2003;102:3068-
3070.

Kim YL, Hwang JY, Kim Y], et al. Allele frequencies of 15 STR



26.

27.

28.

29.

30.

31.

32.

Molecular Remission by Imatinib Therapy in Posttransplantation CML Relapse

loci using AmpF/STR Identifiler kit in a Korean population.
Forensic Sci Int. 2003;136:92-95.

Sawyers CL. Chronic myeloid leukemia. N Eng/ 7 Med. 1999;
340:1330-1340.

Kantarjian H, Sawyers C, Hochhaus A, et al. Hematologic and
cytogenetic responses to imatinib mesylate in chronic myelog-
enous leukemia. N Engl 7 Med. 2002;346:645-652.

O’Brien SG, Guilhot F, Larson RA, et al. Imatinib compared
with interferon and low-dose cytarabine for newly diagnosed
chronic-phase chronic myeloid leukemia. N Engl 7 Med. 2003;
348:994-1004.

Hochhaus A, Reiter A, Saussele S, et al. Molecular heterogene-
ity in complete cytogenetic responders after interferon-alpha
therapy for chronic myelogenous leukemia: low levels of min-
imal residual disease are associated with continuing remission.
German CML Study Group and the UK MRC CML Study
Group. Blood. 2000;95:62-66.

Paschka P, Muller MC, Merx K, et al. Molecular monitoring of
response to imatinib (Glivec) in CML patients pretreated with
interferon alpha. Low levels of residual disease are associated
with continuous remission. Leukemia. 2003;17:1687-1694.

Lin F, Drummond M, O’Brien S, Cervantes F, Goldman J,
Kaeda J. Molecular monitoring in chronic myeloid leukemia
patients who achieve complete cytogenetic remission on ima-
tinib. Blood. 2003;102:1143.

Kantarjian HM, O’Brien S, Cortes JE, et al. Complete cytoge-
netic and molecular responses to interferon-alpha-based ther-
apy for chronic myelogenous leukemia are associated with ex-
cellent long-term prognosis. Cancer. 2003;97:1033-1041.

BB&MT

33.

34.

35.

36.

37.

38.

39.

Hughes T, Branford S. Molecular monitoring of chronic my-
eloid leukemia. Semin Hematol. 2003;40:62-68.

Stentoft J, Pallisgaard N, Kjeldsen E, Holm MS, Nielsen JL,
Hokland P. Kinetics of BCR-ABL fusion transcript levels in
chronic myeloid leukemia patients treated with STI571 mea-
sured by quantitative real-time polymerase chain reaction. Eur
7 Haematol. 2001;67:302-308.

Wang L, Pearson K, Pillitteri L, Ferguson JE, Clark RE. Serial
monitoring of BCR-ABL by peripheral blood real-time poly-
merase chain reaction predicts the marrow cytogenetic re-
sponse to imatinib mesylate in chronic myeloid leukaemia. Br 7
Haematol. 2002;118:771-777.

Merx K, Muller MC, Kreil S, et al. Early reduction of BCR-
ABL mRNA transcript levels predicts cytogenetic response in
chronic phase CML patients treated with imatinib after failure
of interferon alpha. Leukemia. 2002;16:1579-1583.

Wang L, Pearson K, Ferguson JE, Clark RE. The early mo-
lecular response to imatinib predicts cytogenetic and clinical
outcome in chronic myeloid leukaemia. Br 7 Haematol. 2003;
120:990-999.

Cortes J, Giles F, O’Brien S, et al. Result of high-dose imatinib
mesylate in patients with Philadelphia chromosome-positive
chronic myeloid leukemia after failure of interferon. Blood.
2003;102:83-86.

Kantarjian HM, Talpaz M, O’Brien S, et al. Dose escalation of
imatinib mesylate can overcome resistance to standard-dose
treatment in patients with chronic myelogenous leukemia.

Blood. 2003;101:473-475.

725



	Early Prediction of Molecular Remission by Monitoring BCR-ABL Transcript Levels in Patients Achieving a Complete Cytogenetic Response after Imat
	INTRODUCTION
	PATIENTS AND METHODS
	Patients
	Treatment with Imatinib
	Response Analysis
	PCR Assays
	Chimerism Analysis
	Statistical Analysis

	RESULTS
	Patients
	Cytogenetic Response
	Molecular Response among the Patients Achieving CCR
	Kinetics of BCR-ABL Transcript Levels among the Patients Achieving CCR
	Prediction of MR with BCR-ABL Transcript Levels among the Patients Achieving CCR

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


