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A B S T R A C T

Purpose
The aim of this study was to evaluate the clinical relevance of increases in quantitative polymerase
chain reaction (QPCR) levels in patients with chronic myelogenous leukemia (CML) who are in
complete cytogenetic response (CGCR) on therapy. Patients with Philadelphia chromosome (Ph)–
positive CML receiving tyrosine kinase inhibitors (TKIs) are frequently monitored for response by QPCR
studies for minimal molecular disease. The clinical significance of increasing levels of QPCR in patients
in CGCR is uncertain.

Patients and Methods
One hundred sixteen patients in durable CGCR, and on imatinib therapy for at least 18 months, had
increases in QPCR levels (documented at least twice consecutively) as defined by literature
reports. These were further analyzed by the achievement of major molecular response (MMR)
defined as QPCR � 0.05%, as well as by the degree of increase in QPCR.

Results
Only 11 (9.5%) of 116 patients with increases in QPCR had CML progression; 10 of them were among
44 patients (23%) who either lost a MMR or never had a MMR, and had more than 1 log increase of QPCR.

Conclusion
Most patients with increases in QPCR remain in CGCR. Patients who lose a MMR or never
achieve a MMR, and have more than 1 log increase of QPCR, should be monitored more closely,
and may be evaluated for mutations of BCR-ABL kinase domain and considered for investigational
therapeutic interventions.

J Clin Oncol 27:3659-3663. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Therapy with imatinib mesylate, a selective BCR-
ABL tyrosine kinase inhibitor (TKI), has resulted in
a major change in the prognosis of patients with
Philadelphia chromosome (Ph)–positive chronic
myeloid leukemia (CML). In long-term follow-up
studies, imatinib therapy was associated with a
single best complete cytogenetic response (CGCR)
rate of 87%, an estimated 5-year CGCR rate of 67%
and a survival rate of 90%.1-4 Quantitative molecu-
lar studies, using polymerase chain reaction (PCR)
analysis to quantify the amount of CML residual
disease, particularly in CGCR, have shown a 3-log
reduction of disease in approximately 40% to 60%
of patients.5-8

The outstanding therapeutic results have
shifted attention to predicting, by molecular studies,

which patients in CGCR would have a high likeli-
hood of relapse,8-12 and who might therefore benefit
from escalating the imatinib dose13-14 or changing
therapy to the more potent second generation TKIs
like dasatinib, nilotinib, or bosutinib.15-17 Some
studies have associated a two-fold, a 0.5-log, or a
1-log increase of molecular disease with a higher rate
of detection of mutations and/or a higher relapse
rate.7,9,18,19 This has resulted in recommendations
of frequent monitoring of patient status by quan-
titative PCR (QPCR) molecular studies (eg, every
2 to 3 months).12,20 In the community practice,
which uses different sources of samples (blood v
marrow), different handling and shipping proce-
dures of samples to reference laboratories, and
which rely on commercial laboratories, frequent
monitoring has at times resulted in confusion about
the interpretation of results when variations of
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QPCR studies are observed. This has also led to therapeutic interven-
tions which could have been unnecessary or even harmful to patients
who were having excellent responses on imatinib. This is even more
notable since 0.5-log variations of QPCR can be part of the testing
variability, even in the best reference laboratories.21

To address this issue, we analyzed our institutional experience
in patients with CML on imatinib therapy who had achieved a
durable CGCR, to assess whether variations in QPCR levels, de-
fined to be significant in some literature studies, benefit from
therapeutic interventions.

PATIENTS AND METHODS

All patients with newly diagnosed Ph-positive CML in chronic phase treated
on imatinib studies were analyzed. These patients were treated on protocols
requiring cytogenetic (or fluorescent in situ hybridization) and QPCR analyses
every 3 months in the first 2 years, and every 6 months thereafter. The focus of
this analysis was patients who might yield the best information on the value of
molecular monitoring of minimal residual disease—that is patients who were
in a stable CGCR. Thus, the subjects of more detailed analysis were patients in
durable CGCR (0% Ph-positive metaphases documented continuously for at
least 6 months), on imatinib therapy for at least 18 months, who demonstrated
increases of QPCR to levels reported to be significant in the literature, and in
whom such increases were documented consecutively at least twice on repeat
QPCR testing. We also analyzed patients by: imatinib dose; whether they had
maintained a major molecular response, lost it, or never achieved it; and
whether the increase in QPCR was more than 2-fold to � 0.5 log, between 0.5
and 1 log, more than 1 log up to 2 logs, or more than 2 logs. A major molecular
response (MMR) was defined as a BCR-ABL/ABL transcript level of 0.05% or
lower. This was based on our institutional equivalent of a 3-log reduction of
CML disease from the average pretreatment baseline of our patients with CML
in chronic phase. Patients were then analyzed according to the imatinib dose
intervention. A cytogenetic relapse was defined as any presence of Ph-positive
metaphases by routine cytogenetic analysis.

Progression-free survival was measured from the time a significant in-
crease in QPCR was documented at least twice consecutively until disease
progression, defined as death, development of accelerated or blastic phases, or
eventual loss of cytogenetic or hematologic response. Survival was calculated
from the time of the documented increase in QPCR until death from
any cause.

RESULTS

Two hundred fifty-eight patients with newly diagnosed CML in
chronic phase treated with imatinib were evaluated. Fifty patients
received initially standard-dose imatinib, 400 mg daily, and 208 pa-
tients received high-dose imatinib, 400 mg twice daily. A total of 188
patients were documented to show an increase in QPCR levels on
imatinib therapy; 72 patients had an increase in QPCR documented
only once and were therefore excluded from subsequent analyses.
Thus, 116 patients had documented increases in QPCR at least on two
consecutive occasions. These included 21 patients who had increases
in QPCR on standard-dose imatinib regimens (ie, 400 mg daily), and
95 patients who had increases in QPCR on high-dose imatinib regi-
mens (ie, 400 mg twice daily). Patients were grouped by the initial
imatinib dose, not the actual dose they were receiving at the time of the
documentation of increases in QPCR.

Outcome of Patients With Increases in QPCR But

Without Loss of MMR

Twenty-eight patients had a two-fold or greater increase in
QPCR but never lost a MMR (ie, QPCR always � 0.05%). These
included three patients on standard-dose imatinib and 25 patients on
imatinib 800 mg daily. None had dose modifications. All 28 patients
remained in CGCR with a median follow-up time of 37 months
(range, 1 to 62 months) from the time of increase in QPCR (one died
of heart attack and congestive heart failure in CGCR).

Outcome of Patients With increases in QPCR and Loss

of MMR

Twelve patients had an increase in QPCR and loss of a MMR (ie,
increase in QPCR from � 0.05% to � 0.05%) on standard-dose
imatinib (Table 1). One patient had an increase in QPCR by two-fold
to 1 log, seven patients had an increase between 1 log to 2 logs, and four
patients had an increase by more than 2 logs. Of these 12 patients, 10
had no change of therapy; all remained in CGCR with a median
follow-up time of 44 months (range, 18 to 57 months) from the time
of QPCR increase. One of the 12 patients had an imatinib dose esca-
lation to 800 mg daily after the increase in QPCR after treatment
interruption resulting in cytogenetic relapse; he reachieved a CGCR
(Table 1). The second patient had an increase in QPCR followed by
cytogenetic relapse; with imatinib dose escalation, he achieved a tran-
sient CGCR but eventually had a cytogenetic relapse.

Thirty-six patients lost a MMR on imatinib 800 mg daily (Table
2). Of these patients, 11 had a 0.5- to 1-log increase; all 11 patients
continued on imatinib without dose escalation (five at 800 mg, five at
600 mg, one at 400 mg daily) and remained in CGCR with a median
follow-up time of 30 months (range, 10 to 47 months) from the time
of increase in QPCR (Table 2).

Eighteen had a loss of MMR and an increase in QPCR of higher
than 1 to 2 logs (11 on 800 mg, four at 600 mg, three at 400 mg); all but
three remained in CGCR (although two had transient loss of CGCR;
Table 2). In the latter three patients, the progression was associated
with an imatinib dose reduction to 400 mg daily in one, and to
noncompliance (missing approximately 50% of the imatinib doses) in
the second; the third patient died in CGCR from complications of
surgery for bowel obstruction.

Seven patients had a loss of MMR and an increase in QPCR of
higher than 2 logs (Table 2). Among five patients who had no imatinib
dose escalation (two at 800 mg, one at 600 mg, two at 400 mg), two had
CML progression. The other two patients had the higher than 2-log

Table 1. Outcome of Patients in CGCR on Imatinib Starting Dose
of 400 mg Daily With Significant Increases in QPCR

QPCR Level by
QPCR Log Increase

No. of
Patients

Imatinib Dose
Escalation

CG
Relapse

CML
Progression

Loss of MMR
� 0.5-1 1 0 0 0
� 1-2 7 0 1 0
� 2 4 2 2 1

Not in MMR
� 1 3 0 0 0
� 1 3 0 3 2

Abbreviations: MMR, major molecular response; CGCR, cytogenetic com-
plete response; CML, chronic myelogenous leukemia; QPCR, quantitative
polymerase chain reaction.
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increase in QPCR at 400 mg: one had a cytogenetic relapse but recap-
tured a CGCR after imatinib dose escalation to 800 mg daily; and one
had CML progression despite an imatinib dose escalation to 600
mg daily.

Outcome of Patients With Increases in QPCR Without

Ever Achieving MMR

Six patients never achieved a MMR on standard-dose imatinib
and had an increase in QPCR by two-fold to 1 log in three patients and
by more than 1 log in three patients. All six patients continued at the
same dose: two patients progressed and one patient had transient
cytogenetic relapse and reachieved a CGCR (Table 1).

Thirty-four patients had an increase in QPCR without ever
achieving a MMR on high-dose imatinib (Table 2).

Among 11 patients who had a two-fold to lower than 0.5-log
increase, the increase occurred at the same imatinib dose in seven
patients, (all remain in CGCR), and at a reduced imatinib dose (600
mg daily) in four patients (one had disease progression; Table 2).

Among 18 patients who had 0.5- to 1-log increase in QPCR, 10
had no change of imatinib dose; all of them remain in CGCR with a
median follow-up time of 42 months (range, 29 to 54 months) from
the increase in QPCR (Table 2). Eight patients had an increase in
QPCR after imatinib dose reductions to 400 to 600 mg daily (Table 2);
all eight remain in CGCR (one died in CGCR from non-CML causes)
after a median follow-up time of 33 months (range, 17 to 43 months)
from the increase in QPCR; three of patients had a dose escalation of
imatinib (Table 2).

A third group of five patients had an increase in QPCR by more
than 1 log but�2 log; four of them were on imatinib 800 mg daily; two
progressed and one died of a non-CML cause (car accident); and one
was at a reduced dose of imatinib 300 mg daily and reachieved a CGCR
with dose escalation to 400 mg daily (Table 2).

The outcome of patients in the two imatinib dose cohorts is
summarized in Table 3. The four patients who died from non-CML
causes are censored at the time of death in the subsequent analysis.
Overall, 11 (9.5%) of 116 patients with an increase in QPCR docu-
mented at least twice had CML progression. Ten of 11 patients (23%)
Ten (23%) of 11 patients were among a group of 44 patients who had
both lost a MMR and had a higher than 1 log increase in QPCR, or
were not in MMR and had higher than 1 log increase in QPCR. The
estimated 4-year progression-free survival rate (dated from time of
increase in QPCR) was better among the 72 patients without an
increase in QPCR versus the 44 patients with an increase in QPCR
(4-year estimated rate, 98% v 72%; P � .01). However, the esti-
mated 4-year survival rates were similar (98% v 97%), because nine

Table 2. Outcome of Patients in CGCR on Imatinib Starting Dose of
800 mg Daily With Significant Increases in QPCR

PCR Increase at
Imatinib

Dose (mg)
No. of

Patients

Imatinib
Dose

Escalation CG Relapse
CML

Progression

Loss of MMR, %
� 0.5-1

800 5 — 0 0
600 5 0 0 0
400 1 0 0 0

� 1 to 2
800 11 — 3 (2 transient loss

of CGCR)
1

600 4 0 1 1
400 3 0 0 1 (died; cause

non-CML )
� 2

800 2 — 1 1
600 1 0 0 0
400 4 2 no 1 1

2 yes 2 1
Not in MMR, %

� 0.5
800 7 — 0 0
600 4 0 1 1

� 0.5-1
800 10 — 0 0
600 4 0 0 1 (died; cause

non-CML)
400 4 3 0 3

� 1 to 2
800 4 — 2 1 (died; cause

non-CML)
300 1 1 (from 300

mg to 400
mg)

1 0

Abbreviations: CGCR, cytogenetic complete response; QPCR, quantitative
polymerase chain reaction; PCR, polymerase chain reaction; CG, cytogenetic;
CML, chronic myelogenous leukemia; MMR, major molecular response.

Table 3. Outcome of Patients in CGCR by Increases in QPCR

QPCR Log
Increase No. of Patients Imatinib Dose Escalation CML Progression

Follow-Up From QPCR
Increase (months)

Median Range

Persistent MMR
Any 28 0 0 36 3-62

Loss of MMR
� 0.5-1 12 0 0 34 14-59
� 1-2 25 0 2 31 6-52
� 2 11 4 4 45 20-57

Not in MMR
� 1 32 3 1 35 10-70
� 1 8 1 4 25 12-56

Abbreviations: CGCR, cytogenetic complete response; QPCR, quantitative polymerase chain reaction; CML, chronic myelogenous leukemia; MMR, major
molecular response.
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of the 11 patients were later successfully treated with the second-
generation tyrosine kinase inhibitors (five with dasatinib and four
with bosutinib).

Survival and progression-free survival (including four non-CML
deaths) of the total study group by whether the imatinib dose was not
changed or escalated for an increase in QPCR are shown in Figure 1.

DISCUSSION

This study analyzed the clinical relevance of significant increases in
QPCR in a large group of patients in stable CGCR on imatinib therapy
for longer than 18 months. It surprisingly showed that increases in
QPCR in CGCR have clinical relevance only in particular subsets.
Only 11 (9.5%) of 116 patients in stable CGCR with increases in
QPCR had CML progression. The patients at most risk, who should
probably be monitored more frequently, are patients who show a loss
of a MMR, or who are never in MMR, and in whom a higher than 1 log
increase of BCR-ABL/ABL transcripts is observed. Ten patients with
CML progression (23%) were among 44 patients fitting these criteria
(Table 3). The survival of patients by whether the imatinib dose was
not changed or was escalated were similar (Fig 1). This brings the issue
of whether earlier interventions applied to the total group (in order to
potentially benefit 9.5% or 23% of patients) was better than later
interventions at the time of cytogenetic relapse.

The results of this analysis suggest that the current spreading
practice of frequent QPCR monitoring (eg, every 2 to 3 months), and
therapeutic interventions in patients in CGCR, are not necessary in
most patients. In our practice, we monitor patients in stable CGCR
(usually beyond the second year) with simultaneous QPCR and cyto-
genetic or fluorescent in situ hybridization testing every 6 months (to
be reassured of concordance of results). Outside the context of re-
search studies, perhaps a conservative approach of no therapeutic
intervention would be most appropriate in patients in durable CGCR.
Increases in QPCR may be due to several factors including inherent
variabilities in QPCR measurements due to techniques, source of
sample (blood v marrow), and intervariability between different lab-
oratories. Thus, increases in QPCR in patients in CGCR should be
simply followed more frequently (eg, every 3 months rather than 6
months) to monitor relevant trends.

A limitation of this analysis is the possibility that variations or
increases in QPCR may be related to patient noncompliance. Studies
evaluating compliance of patients with CML on therapy suggested
suboptimal compliance in at least 20% to 40% of patients.22,23 Factors
associated with poor compliance included older age, longer duration
of CML, and a longer time period on imatinib therapy.24 All patients
in this study were treated on protocols requiring visits and evaluations
every 3 months in the first 2 years, and every 6 months thereafter.
During these visits, patients were questioned about compliance to
therapy, pill counts were conducted, and diaries were collected. Thus,
compliance to therapy, which is an issue with any long-term oral
therapy, is expected to be better among this study group than in
community practice. This further highlights the issue of using an
increase in QPCR in a patient with CML who is in durable CGCR on
imatinib to change therapy, when such QPCR variations in commu-
nity practice may be due, in addition to the technical considerations
discussed earlier, to poor compliance of patients to imatinib therapy.

In summary, this study suggests that for patients with CML who
are in durable CGCR on imatinib therapy, monitoring by QPCR is
appropriate every 6 months. More frequent monitoring (eg, every 3
months) may be reasonable in patients who lose a MMR or never
achieve a MMR, and who show higher than 1 log increase of CML
burden (expected progression rate of 23%), although the benefit of
earlier therapeutic intervention (v intervention at cytogenetic relapse)
is not proven. Such patients may benefit from mutational analysis
studies and may be good candidates for programs evaluating contin-
uation of the same imatinib dose schedule versus escalating the ima-
tinib dose or changing to second generation TKIs. Outside such
investigations, therapeutic interventions, particularly a change to a
second generation TKI or consideration of an allogeneic stem-cell
transplant, are questionable in patients in CGCR.
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Fig 1. (A) Survival and (B) progression-free survival by imatinib dose escalation.
QPCR, quantitative polymerase chain reaction.
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