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background

 

In a randomized trial, 1106 patients with chronic myeloid leukemia (CML) in chronic
phase were assigned to imatinib or interferon alfa plus cytarabine as initial therapy. We
measured levels of 

 

BCR-ABL

 

 transcripts in the blood of all patients in this trial who had
a complete cytogenetic remission.

 

methods

 

Levels of 

 

BCR-ABL

 

 transcripts were measured by a quantitative real-time polymerase-
chain-reaction assay. Results were expressed relative to the median level of 

 

BCR-ABL

 

transcripts in the blood of 30 patients with untreated CML in chronic phase.

 

results

 

In patients who had a complete cytogenetic remission, levels of 

 

BCR-ABL

 

 transcripts af-
ter 12 months of treatment had fallen by at least 3 log in 57 percent of those in the ima-
tinib group and 24 percent of those in the group given interferon plus cytarabine
(P=0.003). On the basis of the rates of complete cytogenetic remission of 68 percent in
the imatinib group and 7 percent in the group given interferon plus cytarabine at 12
months, an estimated 39 percent of all patients treated with imatinib but only 2 percent
of all those given interferon plus cytarabine had a reduction in 

 

BCR-ABL

 

 transcript levels
of at least 3 log (P<0.001). For patients who had a complete cytogenetic remission and
a reduction in transcript levels of at least 3 log at 12 months, the probability of remain-
ing progression-free was 100 percent at 24 months, as compared with 95 percent for
such patients with a reduction of less than 3 log and 85 percent for patients who were
not in complete cytogenetic remission at 12 months (P<0.001).

 

conclusions

 

The proportion of patients with CML who had a reduction in 

 

BCR-ABL

 

 transcript levels
of at least 3 log by 12 months of therapy was far greater with imatinib treatment than
with treatment with interferon plus cytarabine. Patients in the imatinib group with this
degree of molecular response had a negligible risk of disease progression during the
subsequent 12 months.
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hronic myeloid leukemia (cml) is

 

a clonal disease of the hematopoietic stem
cell in which a reciprocal translocation,

t(9;22)(q34;q11), forms the Philadelphia chromo-
some (Ph) and creates a novel fusion gene, 

 

BCR-ABL

 

.

 

1

 

This gene expresses an activated tyrosine kinase
that is central to the pathogenesis of CML.

 

2,3

 

 The
median survival among patients with CML is three
to six years, with most deaths resulting from pro-
gression of the disease into a blastic phase. Survival
among patients treated with interferon alfa is supe-
rior to that among patients treated with hydroxy-
urea.

 

4

 

 The addition of cytarabine to interferon alfa
may further improve median survival, although ran-
domized studies have shown conflicting results.

 

5,6

 

The degree to which survival is prolonged among
patients who are receiving interferon-based therapy
can be linked to the reduction in leukemic-cell bur-
den. Patients who have a complete cytogenetic re-
mission, defined as the absence of Ph-positive cells
in metaphase among at least 20 cells in metaphase
in a bone marrow aspirate, have a better prognosis
— more than 70 percent are still alive after 10 years
— than do patients who do not have a complete cy-
togenetic remission.

 

7,8

 

 The development of accu-
rate techniques to measure the 

 

BCR-ABL

 

 transcripts
in peripheral blood or bone marrow by a quantita-
tive reverse-transcriptase polymerase chain reac-
tion (PCR) has allowed patients in complete cyto-
genetic remission to be stratified further.

 

9-16

 

 The
level of 

 

BCR-ABL

 

 transcripts can predict the dura-
tion of remission in patients who have a complete
cytogenetic remission during therapy with inter-
feron alfa.

 

17,18

 

Imatinib mesylate (Gleevec, Novartis) is a tyro-
sine kinase inhibitor that blocks the kinase activity
of BCR-ABL, thus inhibiting the proliferation of
Ph-positive progenitors.

 

19,20

 

 Imatinib has shown
activity against all phases of CML, though responses
are most substantial and durable in patients who are
in the chronic phase.

 

21-26

 

The International Randomised Study of Inter-
feron versus STI571 (IRIS), which randomly as-
signed 1106 patients with newly diagnosed CML to
receive 400 mg of imatinib per day or interferon
alfa (target dose, 5 million U per square meter per
day) plus 10-day cycles of cytarabine at a dose of
20 mg per square meter per day every month, com-
pleted 18 months of follow-up of all patients in July
2002. The rates of complete cytogenetic remission
were 73.8 percent in the imatinib group and 8.5 per-

cent in the group given interferon plus cytarabine.

 

26

 

In the present study, we examined the reduction of
disease burden in all patients enrolled in the IRIS
study who had a complete cytogenetic remission by
measuring the levels of 

 

BCR-ABL

 

 transcripts. We used
real-time quantitative PCR to measure the level of

 

BCR-ABL

 

 transcripts in the blood of patients when
they first had a complete cytogenetic remission and
at subsequent times in both groups, so that we could
compare the patterns of response and determine the
prognostic value of a molecular response.

The IRIS study was approved by the ethics commit-
tee at each center, and all patients gave written in-
formed consent. The study was funded by Novartis
and was designed by the investigators and repre-
sentatives of Novartis. The data were collected with
the data-management and statistical-support sys-
tems of Novartis and analyzed and interpreted by
a statistician from Novartis in close collaboration
with the investigators from the PCR laboratories.
All authors had access to the primary data.

Patients 18 to 70 years of age were enrolled with-
in six months after receiving a diagnosis of CML in
the chronic phase. Patients could have received no
previous treatment for the disease except hydroxy-
urea and anagrelide. A total of 553 patients were ran-
domly assigned to receive imatinib and 553 to re-
ceive interferon plus cytarabine. Patients could cross
over to the other group if strict definitions of treat-
ment failure or intolerance were met. Details of the
study design, conduct, and treatment plan have been
reported previously.

 

26

 

molecular analysis

 

Molecular analysis was carried out in three labora-
tories according to their proximity to the referring
center: Adelaide, Australia; London; and Seattle. No
samples obtained after crossover to the other treat-
ment group were included in this analysis.

 

blood sampling and preparation

 

At each time point 20 ml of peripheral blood was
collected. The base-line sample was obtained just
before the administration of study drug. Subsequent
samples were obtained from patients who had a
complete cytogenetic remission. Samples collected
within two weeks after a documented complete cy-
togenetic remission were defined as having been

c

methods
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obtained at the time of remission for the purposes
of this analysis. Thereafter, samples were collected
every 3 months until the completion of the PCR
study after 24 months of therapy. Peripheral-blood
samples were processed either at the coordinating
laboratory in Australia or in a central data-and-proc-
essing laboratory (Covance) in Switzerland or in
the United States. Total RNA was extracted from
cellular pellets, and the complementary DNA was
synthesized as described previously.

 

13,15,27

 

real-time quantitative pcr

 

Detailed descriptions of quantitative PCR methods
used in the Adelaide, Seattle, and London laborato-
ries have been published previously.

 

13,15

 

 At each
laboratory, 

 

BCR

 

 was used as the control gene and

 

BCR-ABL

 

 values were expressed as a percentage of
the 

 

BCR

 

 transcript levels. Normalizing the results
to the 

 

BCR

 

 value compensated for variations in the
quality of the RNA and for differences in the effi-
ciency of the reverse-transcriptase reaction. Nested
PCR techniques were used to confirm the results in
samples defined as having undetectable 

 

BCR-ABL

 

levels.

 

standardization of pcr values

 

To compare quantitative PCR results obtained by
the three laboratories, the primary 

 

BCR-ABL

 

 values
calculated as a percentage of 

 

BCR

 

 were converted
to reflect the reduction in the value with use of a
standardized logarithmic (base 10) scale. This was
done in each laboratory by first calculating the me-
dian value of 30 samples collected from patients
with newly diagnosed chronic-phase CML who had
not yet begun taking the study drug (the same 30
samples were tested in each laboratory). The median
value was used as the standardized base line at each
laboratory. The reduction in 

 

BCR-ABL

 

 levels from the
standardized base-line value was calculated for each
sample. For example, if the standardized base-line
value at one center was a 

 

BCR-ABL:BCR

 

 ratio of 36
percent, a ratio of 0.036 percent represented a re-
duction of 3 log from the standardized base-line
value. It was not necessary to know the 

 

BCR-ABL

 

 level
of a patient at base line to calculate the subsequent
reduction, because the calculation was based on the
standardized base-line value. There were no statisti-
cally significant differences among the three labora-
tories after reductions had been calculated relative
to the standardized median pretreatment 

 

BCR-ABL:
BCR

 

 ratio for each laboratory.

 

quality of samples

 

The transcripts of the 

 

BCR

 

 control gene reflect the
degree of degradation of the sample. To judge the
quality of the RNA in the sample, each laboratory
determined its own acceptable level of 

 

BCR

 

 control
gene transcripts and discarded samples with values
below this level. The following criteria were used to
determine whether a sample had undetectable levels
of 

 

BCR-ABL

 

 transcripts: there were sufficient 

 

BCR

 

transcripts in the sample to ensure a lower limit of
sensitivity of more than 4.5 log below base line,

 

BCR-ABL

 

 transcripts were undetectable by nested
reverse-transcriptase PCR, and these results were
then confirmed in a second laboratory.

 

statistical analysis

 

The rates of complete cytogenetic remission and a
reduction from base line in 

 

BCR-ABL

 

 transcripts of
at least 3 log were compared between groups with
the use of Fisher’s exact test. The difference between
groups in the extent of the reductions in 

 

BCR-ABL

 

transcripts at or after complete cytogenetic remis-
sion was evaluated with use of the Wilcoxon rank-
sum test. The differences between laboratories were
evaluated with use of the Kruskal–Wallis test. Long-
term clinical data from 128 patients who were treat-
ed for 12 months without complete cytogenetic re-
mission were included in the analysis of the time to
progression according to the level of their response
at 12 months. Among patients in the imatinib
group, the time to progression was compared be-
tween patients who did not have a complete cyto-
genetic remission within 12 months and those who
did, with or without reduction in 

 

BCR-ABL

 

 tran-
scripts of at least 3 log, with use of the Kaplan–
Meier method, and the difference in the levels of re-
sponse was evaluated with use of the log-rank test.
Progression was defined as death, the development
of accelerated-phase or blast-crisis CML, an increas-
ing white-cell count, or the loss of complete hema-
tologic or major cytogenetic response.

 

26

 

 The prog-
nostic scores were calculated according to the
method of Sokal et al.

 

28

 

 and Hasford et al.

 

29

 

characteristics of the patients

 

After a median of 19 months of follow-up, 408 pa-
tients in the imatinib group and 47 in the group
given interferon plus cytarabine had had a complete
cytogenetic remission. Of these 455 patients, 370

results
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had quantitative PCR data available for analysis
(333 in the imatinib group and 37 in the group giv-
en interferon plus cytarabine). The characteristics
of all patients who had a complete cytogenetic re-
mission and the subgroup of patients who had
quantitative PCR data available were similar, sug-
gesting that the population analyzed is represen-
tative of the group with a complete cytogenetic re-
mission (Table 1). A total of 1140 samples were
included in the analysis: 1058 from patients in the
imatinib group and 82 from patients in the group
given interferon plus cytarabine. The median num-
ber of samples per patient was three (range, one to
seven; 10 percent of patients in the imatinib group
who had quantitative PCR data had more than four
samples available for analysis, as compared with
none of the patients in the group given interferon
plus cytarabine).

 

levels of 

 

bcr-abl

 

 transcripts at the time 
of a complete cytogenetic remission

 

At the time of a complete cytogenetic remission, the
median reduction from base line in the levels of

 

BCR-ABL

 

 transcripts was 2.5 log (25th to 75th per-
centile, 2.0 to 3.2) in the imatinib group and 2.2 log
(25th to 75th percentile, 1.5 to 2.6) in the group
given interferon plus cytarabine (P=0.036) (Fig. 1).
Thirty-two percent of the 120 patients in the ima-
tinib group had a reduction of at least 3 log at the
time of their complete cytogenetic remission, as
compared with none of the 12 patients in the group
given interferon plus cytarabine (P=0.019).

 

levels of 

 

bcr-abl

 

 transcripts after 
a complete cytogenetic remission

 

Three months after patients had entered a com-
plete cytogenetic remission, the median reduction
from base line in 

 

BCR-ABL

 

 transcripts was 2.9 log
in the imatinib group (range, 0.3 to >4.5; 25th to
75th percentile, 2.4 to 3.6) and 2.1 in the group giv-
en interferon plus cytarabine (range, 0.2 to 3.8; 25th
to 75th percentile, 1.8 to 2.4) (P<0.001) (Fig. 1). 

 

BCR-
ABL

 

 transcript levels decreased further during fol-
low-up, with a median reduction of 3.7 log in the
imatinib group and 2.5 log in the group given inter-
feron plus cytarabine 15 months after the achieve-
ment of a complete cytogenetic remission (P=0.01).
Among patients in the imatinib group, the median
transcript level was significantly lower 18 months
after a complete cytogenetic remission than 12
months afterward (P=0.002). This difference was

also reflected by the difference in the frequency of
a reduction of at least 3 log at 12 and 18 months (69
percent vs. 81 percent, P=0.003). As of this writing,
it is not yet possible to determine whether 

 

BCR-ABL

 

transcript levels will continue to fall after 18 months
in complete cytogenetic remission.

 

levels of 

 

bcr-abl

 

 transcripts according to 
the duration of therapy

 

Reductions in 

 

BCR-ABL

 

 transcripts of at least 3 log
were achieved faster among patients in the imatinib
group than among those in the group given inter-
feron plus cytarabine. Among all patients who were
in complete cytogenetic remission at six months,
42 percent of those in the imatinib group had a re-
duction of at least 3 log, as compared with only
13 percent of those in the group given interferon
plus cytarabine (P=0.03). This result is consistent
with the rapidity of a complete cytogenetic response
among patients treated with imatinib. On the ba-
sis of the rates of complete cytogenetic remission
at six months (50 percent in the imatinib group and
3 percent in the group given interferon plus cytara-
bine) and the assumption that patients without a
complete cytogenetic remission have not had a re-
duction in transcript levels of at least 3 log, we es-
timated that 21 percent of all patients who were
treated with imatinib had a reduction from base-
line levels of at least 3 log (42 percent of the 50 per-
cent who had a complete cytogenetic remission at
six months) as compared with less than 1 percent
of all patients who received interferon plus cytar-
abine (13 percent of the 3 percent who were in re-
mission at six months) (P<0.001).

One year after the start of treatment, 137 of 240
patients in the imatinib group who had a complete
cytogenetic remission (57 percent) had a reduction
in the levels of 

 

BCR-ABL

 

 transcripts of at least 3 log,
as compared with 6 of 25 of such patients in the
group given interferon plus cytarabine (24 percent)
(P=0.003). On the basis of the 12-month rates of
complete cytogenetic remission (68 percent and
7 percent, respectively) and the assumption that
patients without a complete cytogenetic remission
have not had a reduction of at least 3 log, we esti-
mated that 39 percent of all patients in the imatinib
group (57 percent of the 68 percent who had a com-
plete cytogenetic remission at 12 months) had a
reduction from base line in 

 

BCR-ABL

 

 transcript lev-
els of at least 3 log, whereas only 2 percent of all pa-
tients receiving interferon plus cytarabine (24 per-
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* ECOG denotes Eastern Cooperative Oncology Group.

 

Table 1. Base-Line Characteristics of All Patients Who Had a Complete Cytogenetic Remission and of All Patients Who Had a Complete 
Cytogenetic Remission and Polymerase-Chain-Reaction (PCR) Data Available.

Characteristic Complete Cytogenetic Remission Complete Cytogenetic Remission and PCR

 

Imatinib
(N=408)

Interferon + Cytarabine
(N=47)

Imatinib
(N=333)

Interferon + Cytarabine
(N=37)

Age
Median — yr
Range — yr
≥60 yr — no. (%)

51
18–70

87 (21)

49
21–70

7 (15)

51
18–70

67 (20)

50
21–70

5 (14)

Sex — no. (%)
Male
Female

247 (61)
161 (39)

25 (53)
22 (47)

198 (59)
135 (41)

21 (57)
16 (43)

ECOG performance status — no. (%)*
Data missing
0
1
2

4 (1)
316 (77)
82 (20)

6 (1)

0
42 (89)

5 (11)
0

3 (1)
259 (78)
66 (20)
5 (2)

0
33 (89)

4 (11)
0

Interval since diagnosis — mo
Median
Range

2.1
0.1–10.4

1.9
0.1–6.3

2.1
0.1–10.4

2.2
0.1–6.3

Sokal risk group — no. (%)
Total evaluated
Low
Intermediate
High

286 (70)
165 (58)
81 (28)
40 (14)

35 (74)
23 (66)
10 (29)
2 (6)

231 (69)
133 (58)
64 (28)
34 (15)

27 (73)
16 (59)
9 (33)
2 (7)

Hasford risk group — no. (%)
Total evaluated
Low
Intermediate
High

281 (69)
129 (46)
127 (45)
25 (9)

35 (74)
25 (71)
9 (26)
1 (3)

226 (68)
101 (45)
104 (46)
21 (9)

27 (73)
17 (63)
9 (33)
1 (4)

Additional chromosomal abnormalities — no. (%)
Data missing
No
Yes

20 (5)
345 (85)

43 (11)

3 (6)
42 (89)
2 (4)

17 (5)
283 (85)
33 (10)

3 (8)
33 (89)

1 (3)

Splenomegaly — no. (%) 81 (20) 6 (13) 63 (19) 4 (11)

Spleen size ≥10 cm below costal margin — no. (%) 19 (5) 0 15 (5) 0

White-cell count — ¬10

 

¡

 

3

 

/mm

 

3

 

Median
Range

17.8
1.6–421.3

21.0
3.1–144.4

17.8
1.9–421.3

22.3
3.1–144.4

Platelet count — ¬10

 

¡

 

3

 

/mm

 

3

 

Median
Range

335
61–2950

326
127–1493

337
61–2950

313
127–1493

Hemoglobin — g/dl
Median
Range

13.0
6.9–17.0

13.8
9.3–19.4

13.1
6.9–17.0

13.9
9.3–19.4

Peripheral-blood blasts — no. (%)
<3%
≥3%

60 (15)
12 (3)

5 (11)
1 (2)

49 (15)
11 (3)

4 (11)
1 (3)

Bone marrow blasts — no. (%)
<5%
≥5%

241 (59)
44 (11)

23 (49)
6 (13)

195 (59)
39 (12)

17 (46)
5 (14)
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cent of 7 percent who were in complete cytogenetic
remission at 12 months) did so (P<0.001) (Fig. 2).
Since several patients in the group given interferon
plus cytarabine crossed over to imatinib, shortening
their follow-up, we estimated that the rate of com-
plete cytogenetic remission was 12 percent at 12
months using the Kaplan–Meier method.

 

26

 

 Even
when we used the estimated rate of 12 percent at
12 months (rather than the observed rate of 7 per-
cent), the estimated percentage of patients with a
reduction of at least 3 log was still only 3 percent in
the group given interferon plus cytarabine.

 

patients with undetectable levels 
of 

 

bcr-abl

 

 transcripts

 

On the basis of stringent criteria, no 

 

BCR-ABL

 

 tran-
scripts were detected on at least one occasion in 12
of 333 patients with a complete cytogenetic remis-
sion (4 percent). An additional 20 patients with
a complete cytogenetic remission (6 percent) had
undetectable levels of 

 

BCR-ABL

 

 transcripts, but the
quality of the RNA sample was not adequate to en-
sure that the lower level of sensitivity was more than
4.5 log.

 

sokal risk group and molecular response 
among patients treated with imatinib

 

The percentages of patients in the imatinib group
with high-risk, intermediate-risk, and low-risk So-
kal scores

 

28

 

 who had a complete cytogenetic re-
mission within 12 months were 49 percent, 67 per-
cent, and 76 percent, respectively (P<0.001). At 12
months, 38 percent of those in the high-risk group
had had a reduction from base line of at least 3 log
in 

 

BCR-ABL

 

 transcripts, as compared with 45 percent
of those in the intermediate-risk group and 66 per-
cent of those in the low-risk group (P=0.007).

 

clinical course after a reduction 
in 

 

bcr-abl

 

 transcripts of at least 3 log

 

After a median follow-up of 25 months and a max-
imal follow-up of 31 months, there was evidence of
progression in 56 of the 553 patients in the imatinib
group. We conducted a landmark analysis of pa-
tients without progression who were still receiving
treatment at 12 months. We compared the 128 pa-
tients who had not had a complete cytogenetic re-
mission at 12 months with the 240 who had had
a complete cytogenetic remission and who also had

 

Figure 1. Median Reduction from Base Line in 

 

BCR-ABL

 

 Transcript Levels at the Time of a Complete Cytogenetic Remis-
sion (Month 0) and Every Three Months Thereafter.

 

Vertical bars indicate the 25th and 75th percentiles.

No. of Patients
Imatinib
Interferon + 
 Cytarabine

120
12

215
25

201
16

132
9

119
11

119
6

113
0

39
0

M
ed

ia
n 

R
ed

uc
tio

n 
in

 B
C

R
-A

B
L

 T
ra

ns
cr

ip
ts

 (l
og

)

Months since Complete Cytogenetic Remission

0

1

2

3

4

0
0 21183 6 9 12 15

Interferon + Cytarabine Imatinib

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

349;15

 

www.nejm.org october 

 

9, 2003

 

molecular response in chronic myeloid leukemia

 

1429

 

a quantitative PCR sample available at 12 months.
The remaining patients were not included in the
analysis: 50 either had disease progression or had
discontinued imatinib for other reasons before 12
months of treatment, and 135 had no quantitative
PCR sample available. Progression occurred in 26
of the 365 patients included in the landmark analy-
sis: 1 died during treatment, 8 had progression
to the accelerated or blast phase of CML, and in 17
the complete hematologic or major cytogenetic re-
sponse was lost. For patients who had a complete
cytogenetic remission and reduction in 

 

BCR-ABL

 

transcript levels of at least 3 log at 12 months, the
probability of remaining progression-free was 100
percent at 24 months, as compared with 95 percent
for patients who had a complete cytogenetic remis-
sion with a reduction of less than 3 log and 85 per-
cent for patients who did not have a complete cyto-
genetic remission (P<0.001) (Fig. 3).

The IRIS study demonstrated that the rates of he-
matologic and cytogenetic responses were higher
among patients with newly diagnosed chronic-
phase CML who were treated with imatinib than
among those who were treated with interferon plus
cytarabine. Our molecular studies provide evidence
that imatinib treatment causes rapid and substan-
tial reductions in the leukemic load. After 12 months
of treatment, an estimated 39 percent of patients in
the imatinib group had a reduction in the levels of

 

BCR-ABL

 

 transcripts of at least 3 log, as compared
with 2 percent of patients in the group given inter-
feron plus cytarabine. These results should be inter-
preted with caution, however, since the actual num-
ber of patients in the group given interferon plus
cytarabine who had a complete cytogenetic remis-
sion was relatively small.

The frequency of achieving a reduction in 

 

BCR-
ABL

 

 transcripts of 3 log or greater was highest
among patients in the imatinib group with low Sokal
risk scores. The Sokal prognostic score is widely ac-
cepted as a good predictor of the cytogenetic re-
sponse of patients who are receiving interferon-
based therapy,

 

4-6

 

 and our data suggest that it may
also prove to be a good predictor of molecular re-
sponse to imatinib.

Since imatinib induces a cytogenetic remission
in most patients with CML in chronic phase, the
next logical goal would be the reduction of the num-
ber of 

 

BCR-ABL

 

 transcripts to an undetectable level

discussion

 

Figure 3. Actuarial Probability of Progression-free Survival among 128 
Patients Who Were Treated with Imatinib for 12 Months without a Com-
plete Cytogenetic Remission and 240 Patients Who Had a Complete Cyto-
genetic Remission and Had Polymerase-Chain-Reaction Data Available, 
According to the Extent of the Reduction from Base Line in 

 

BCR-ABL

 

 
Transcript Levels.

 

P<0.001 for the overall comparison, P=0.013 for the comparison of patients 
without a complete cytogenetic remission with those with a reduction of at 
least 3 log, and P=0.007 for the comparison of patients with a reduction of 
less than 3 log with those with a reduction of at least 3 log.
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Figure 2. Estimated Percentages of All Study Patients in Each Group 
with a Reduction from Base Line in 

 

BCR-ABL

 

 Transcript Levels of at Least 
3 Log, 2 Log, or Less Than 2 Log after 12 Months of Treatment.

 

An estimated 39 percent of all patients in the imatinib group had a reduction 
of at least 3 log at 12 months (20 percent had a reduction of 3 to less than 
4 log and 19 percent had a reduction of at least 4 log), as compared with an 
estimated 2 percent of patients in the group given interferon plus cytarabine 
(P<0.001).
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— that is, a complete molecular remission. Howev-
er, the term “complete molecular remission” is im-
precise and should be used with caution. Several
million leukemic cells could be present but not de-
tected by means of current quantitative PCR as-
says,

 

18,30

 

 and the sensitivity of the assay varies be-
tween samples and between laboratories. For these
reasons we avoided using the term “complete mo-
lecular remission” and instead reported the number
of patients who had undetectable levels of 

 

BCR-ABL

 

transcripts and then specified the significance of
this finding in terms of the extent of the reduction.
Overall, we can conclude that at least 3 percent of pa-
tients in the imatinib group had BCR-ABL transcript
levels that were more than 4.5 log below the base-
line value as of the most recent follow-up analysis.
This low proportion is in contrast to the situation
after allogeneic hematopoietic stem-cell transplan-
tation, in which most patients have undetectable
levels of BCR-ABL transcripts.9,15,31-36 The observa-
tion that the vast majority of patients who take ima-
tinib have substantial molecular responses in the
first 6 months but still have measurable disease af-
ter 12 to 18 months of therapy is consistent with
experimental observations that imatinib acts main-
ly by inhibiting proliferation rather than by induc-
ing apoptosis. Longer follow-up is needed to deter-
mine whether imatinib can eventually eradicate the
leukemic clone.

Other studies that have used quantitative PCR to
monitor patients with chronic-phase CML who are
taking imatinib have focused mainly on patients who
could not tolerate interferon or who had refractory
disease. Those studies found a strong correlation
between cytogenetic analysis and quantitative PCR,

which is consistent with findings that most pa-
tients who have a complete cytogenetic remission
have uniformly low blood levels of BCR-ABL tran-
scripts and a steady downward trend in the levels of
BCR-ABL transcripts over time.37,38 The incidence
of undetectable levels of BCR-ABL transcripts has,
however, varied, possibly because of the variable
sensitivity of the assays used and differences in the
duration of imatinib therapy.38-40

In this study, patients in the imatinib group who
had a reduction in the level of BCR-ABL transcripts of
at least 3 log had a negligible risk of disease pro-
gression over the subsequent 12 months. We pro-
pose that a reduction in BCR-ABL transcript levels of
at least 3 log be used to define a major molecular re-
sponse. This term defines a level of response that
can be verified in any quantitative PCR laboratory
after appropriate adjustment of locally derived val-
ues to the standardized log scale. Longer follow-up
should determine whether the high frequency of
major molecular responses seen with imatinib ther-
apy will be associated with prolonged progression-
free and overall survival. Meanwhile, the frequency
of major molecular responses achieved in this study
should serve as a benchmark against which future
studies aiming to optimize therapy for CML can be
measured.

Presented in part at the 44th Annual Meeting of the American So-
ciety of Hematology, Philadelphia, December 6–10, 2002. 
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