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‘Real-life’ study of imatinib therapy in chronic
phase-chronic myeloid leukemia: A novel
retrospective observational longitudinal
analysis
Serena Merante1, Virginia Ferretti1, Chiara Elena1,2, Celeste Calvello1,
Barbara Rocca1, Rita Zappatore1, Paola Cavigliano1, Ester Orlandi1

1Department of Onco-Hematology, Hematology Unit, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy,
2Department of Molecular Medicine, University of Pavia, Pavia, Italy

Objectives: Imatinib is a cornerstone of treatment of chronic myeloid leukemia. It remains unclear whether
transient treatment discontinuation or dose changes affect outcome and this approach has not yet been
approved for use outside clinical trials.
Methods: We conducted a retrospective single-institution observational study to evaluate factors affecting
response in ‘real-life’ clinical practice in 138 chronic myeloid leukemia patients in chronic phase treated
with imatinib. We used a novel longitudinal data analytical model, with a generalized estimating equation
model, to study BCR–ABL variation according to continuous standard dose, change in dose or
discontinuation; BCR–ABL transcript levels were recorded. Treatment history was subdivided into time
periods for which treatment was given at constant dosage (total 483 time periods). Molecular and
cytogenetic complete response was observed after 154 (32%) and 358 (74%) time periods, respectively.
Results: After adjusting for length of time period, no association between dose and cytogenetic complete
response rate was observed. There was a significantly lower molecular complete response rate after time
periods at a high imatinib dosage.
Discussion: This statistical approach can identify individual patient variation in longitudinal data collected
over time and suggests that changes in dose or discontinuation of therapy could be considered in
patients with appropriate biological characteristics.

Keywords: Chronic myeloid leukemia, Imatinib, Novel statistical analysis, ‘Real-life’

Introduction
For many years, imatinib mesylate (IM), an oral tyro-
sine kinase inhibitor (TKI) of the rearranged BCR–

ABL, has represented the standard-of-care in the
front-line treatment of chronic phase-chronic myeloid
leukemia.1–3 The majority of patients with newly diag-
nosed CML treated with IM achieve complete cytoge-
netic responses (CCyR), namely absence of
Philadelphia-positive cells in at least 20 bone marrow
metaphase cells, within 12 months or more of starting
therapy; this is the only factor significantly affecting
overall survival (OS).2 Moreover, life expectancy is
believed to be similar to that of individuals with
other ‘chronic diseases’, such as hypertension or dia-
betes. Now two even more potent oral BCR–ABL

inhibitors, dasatinib (DAS) and nilotinib (NIL),
initially approved by the US FDA for patients with
refractory disease or intolerance to IM, have been
approved as first-line therapy due to excellent results
in terms of cytogenetic and molecular responses in
the DASISION and ENESTnd studies.4,5 Both NIL
and DAS can obtain a quicker major molecular
response (MMR) or complete molecular response
(CMR: no detectable BCR–ABL mRNA). However,
we do not know what effect, if any, this quicker
response has on OS or on the risk of poor cytogenetic
and molecular response.6

Moreover, it is still not clear which level of molecu-
lar response (MR: MR3, MR4, MR4.5, or CMR)
should be the target of therapy because OS and pro-
gression free survival, in our clinical experience,
seem equally good, despite the fact that it has been
reported that also deep molecular response signifi-
cantly affects survival.7 Also, as the sensitivity of
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real-time quantitative reverse transcriptase-based
methods (RT-QPCR) for the monitoring of CML
has improved over time,8–10 it has been seen that
achievement of clinical, morphological, and cytoge-
netic remission does not indicate eradication of the
disease.11–14 A CMR represents a deeper level of
response, but it does not guarantee disease eradication
because it depends on the detection limit of the assay
used. For months or years after achieving a CCyR,
the majority of CML patients have measurable
disease by RT-QPCR and would relapse if treatment
were withdrawn.12 In fact, there is still no consensus
about the need to eradicate disease.7

In clinical practice, CML patients outside of trials
are assessed for possible TKI dose modification
because of age, toxicity, compliance, or increase in
BCR–ABL level.15–18 In a multivariate analysis,
including most known biological prognostic factors,
patient adherence was the only independent predictor
for achievement of CCyR and CMR.19 So dose
changes or discontinuation of therapy are attractive
but need to be carefully managed and have not yet
been approved for use outside clinical trials.
We conducted a single-institution retrospective

observational study on CML patients treated with
imatinib to evaluate factors affecting response in
‘real-life’ clinical practice using a statistical method
rather than biological findings, as suggested by the
mathematical model of Olshen et al.20 In fact, conven-
tional statistical methods use a collective presentation
of data, e.g. QPCR level, percentage, or type of
mutations. We aimed to construct a dynamic model
in which each patient was his or her own control.
Continuous dose or any changes in dose and/or dis-
continuation of therapy together with BCR–ABL
transcript levels were recorded during patients’

follow up. We, therefore, applied a longitudinal data
analytical model to determine whether intermittent
IM therapy can be used in patients with CML. In par-
ticular, we assessed whether the probability of a CCyR
or an MR, and probability of disease progression after
a period of IM treatment at constant standard dosage
were influenced by dosage and/or duration of
treatment.

Patients and methods
Patients
A total of 138 patients, treated with IM from 2000 to
2013 with regular follow up were available for statisti-
cal analysis as of September 2013. All data captured
were accurately taken visit by visit and recorded in
the patients’ clinical files. Patients’ characteristics are
as shown in Table 1.

These patients had been diagnosed between 1989
and 2013, with the exception of two patients diagnosed
in 1978 and 1985; none of these patients were in a trial
at the time of analysis. Patients had given informed
consent within our treatment procedures. All pro-
cedures followed were in accordance with the insti-
tutional and national ethical standards on human
experimentation and with the Helsinki Declaration
of 1975, as revised in 2008. First-line therapy was 72
patients with IM, 27 with interferon (IFN), 37 with
hydroxyurea (HU), 2 with NIL. Forty-nine patients
received IM as second-line therapy. Among these, 23
had previously been treated with IFN. The relative
quantification of BCR–ABL transcript was initially
performed as previously described,10,21 and thereafter
according to the current International Scale.

IM dosage, response, disease progression, and any
treatment discontinuation were retrieved from
medical records and longitudinally recorded. Each
patient’s follow up was subdivided into time periods
of treatment at constant dose and/or time periods of
therapy discontinuation. Cytogenetic progression was
defined as the loss of CCyR. The molecular pro-
gression was considered when the patient lost MMR
confirmed by two consecutive QPCR samples.

We analyzed a total of 483 time periods of IM
therapy with a constant dose, coded into three
groups: low dose (100–300 mg/day), standard dose
(400 mg/day), high dose (>400–800 mg/day), and
response was evaluated at the end of each treatment
period. We also studied the outcome of different
time periods during which therapy was suspended:
>1 month (mos), >12 months.

Statistical analysis
Categorical variables were described by count and rela-
tive frequency according to dosage group and length of
time period, and numerical variables by median and
range. Association between categorical variables was

Table 1 Patients’ characteristics

Variable Description

No. of patients 138
Sex (M/F) 57/43%
Age at diagnosis (years), median (range) 53 (18–78)
Total no. of time periods 893
No. of time periods/patient, median (range) 5 (1–49)
No. (%) time periods according to type of treatment

IM 483 (54.1%)
NIL 32 (3.6%)
DAS 40 (4.5%)
HU 54 (6.0%)
IFN 52 (5.8%)
NO 232 (26.0%)

No. (%) time periods according to IM dosage
Low dose (100–300 mg/day) 163 (34%)
Standard dose (400 mg/day) 242 (50%)
High dose (>400–800 mg/day) 78 (16%)

Duration of IM at constant dosage (days),
median (range)

258
(7–4526)

Notes: IM: imatinib; NIL: nilotinib; DAS: dasatinib; HU:
hydroxyurea; IFN: interferon; NO: no treatment.
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tested by the two-tailed Fisher’s exact test for two-way
tables. Differences in numerical variables between two
groups were tested by the non-parametric Wilcoxon’s
rank-sum test. We applied generalized estimating
equation (GEE) models22 for the analysis of longitudi-
nal data to study the BCR–ABL variation of each
patient according to dose change to pick up individual
patient variation. We considered the following variables
as longitudinal outcomes: molecular and cytogenetic
response, molecular and cytogenetic progression.
Since the data consist of clinical, molecular, and cytoge-
netic information repeatedly collected over time for
each subject, these models were adopted to properly
account for the panel structure of the data. In particu-
lar, GEE logistic regression models were used to
assess the association between outcome (molecular/
cytogenetic response and progression) and treatment
dose and duration, and were designed to account for
correlation due to repeated measurements during
follow up of each single patient.
Model fit was assessed with the quasi-likelihood

under the independence (QIC) model criterion.23,24

Statistical analyses were carried out using Stata 12.1
(StataCorp LP, USA).

Results
Changes in dosage and treatment
IM was administered in 483 time periods. Changes in
dosage and treatment are as shown in Fig. 1. Fifty-five
patients (38.7%) discontinued IM at least once.
Among these, 37 patients (67.3%) stopped IM
therapy for >1 month due to toxicity, low compliance
or by shared patient/physician decision. IM therapy
was re-started in 32 of these patients. Twelve of 55
patients (21.8%) suspended therapy for >12 months
having achieved CMR or MMR. Of these, five have
not re-started therapy because of sustained CMR or
MMR (Fig. 2; for clarity, Patients 51 and 74 have
not been included in the graph because all their read-
ings are zero).
Seven patients re-started therapy due to a caution-

ary approach on the part of the curing physician in
consideration of the fluctuating QRT-PCR values;
interestingly, they showed the same biological behavior
as the five patients who have not re-started therapy
(Figs. 2 and 3).
At the time of statistical analysis of the 138 study

patients, 102 (74%) were on therapy with IM, 14
(10%) with NIL, and 15 (11%) with DAS; 7 patients
(5%) were off therapy.

Changes in dosage and treatment according to
previous IM dosage
Therapy characteristics in the period following the
treatment with IM according to dosage are as shown
in Table 2.

Considering therapy changes after a time period at
low dose, 37% discontinued treatment, and 2.4%
changed TKI. In the standard-dose group, 35.7% dis-
continued IM therapy and 9.5% changed TKI. In the
high-dose group, 6.8% discontinued IM therapy and
11.9% changed TKI (Table 2).
After a period at standard dose, 54.1% of patients’

time periods showed a reduced dose due to low com-
pliance or toxicity, and 42.9% showed an increased
dosage because of suboptimal response (according to
Guidelines at the time of evaluation) (Table 2). After
a period at low dosage, there was no change in dose
group in 45.5% of time periods, due to patient
frailty, low compliance or toxicity, while maintaining
a good response; 50.7% subsequently changed to stan-
dard dose and 3.9% to high dose. After a time period
at high dose, dosage was reduced to standard in 67.2%
of patients’ time periods (Table 2).

Response to treatment
Considering cytogenetic response after a period of IM
treatment at constant dose, 74.3% of time periods
resulted in a CCyR and 6.2% showed no CyR;
19.5% showed MCyR + PR. In terms of MR, 31.9%
of time periods resulted in CMR, 29.6% in MMR
(MR3, MR4, MR4.5), and 35.6% in a suboptimal
response, while 2.9% showed no response.
Considering CMR and MMR together, 61.5% of the
483 time periods showed a response.
Duration of treatment periods was significantly

longer for time periods leading to a CCyR (median
455 days) than for periods that ended before CCyR
was achieved (median 57 days; P< 0.001). In terms
of MR, the time periods that ended with a CMR or
an MMR were longer (median 545 days) than
periods showing a suboptimal or no response
(median 78 days; P< 0.001).
Response to treatment in the period following IM

according to dosage is as shown in Table 3.
Periods at standard dose showed a significant

higher response rate, both when considering cytoge-
netic response and when considering molecular
response (Table 3). Importantly, after adjustment
for duration of treatment period and accounting
for the panel structure of the data (i.e. repeated
assessments during follow up of each patient) by
applying a multivariate GEE logistic model, dose
lost significance, and duration of treatment was the
only significant predictor of CCyR (P< 0.001). By
applying the same model to the analysis of molecu-
lar response, the reduction in CMR rate after
periods at high dose compared with periods at stan-
dard dose remained significant (P= 0.025) also
after accounting for treatment duration. Statistical
significance of the change in response rate according
to dosage is as shown in Table 3.
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In addition, in a multivariate GEE logistic model
with dose category, duration of treatment period,
and previous suspension as covariates, both duration
and previous suspension maintained a positive signifi-
cant association to CCyR rate (Table 3).

Disease progression
Regarding cytogenetic progression, a comparison
between those patients receiving IM as first-line
therapy with those who received IM as second-line
therapy showed that 9.7% vs. 22.5% (P= 0.069, bor-
derline significance) showed cytogenetic progression.
Comparison between those patients receiving IM as
first-line therapy compared with those received IM

as second-line therapy showed that 31.9% vs. 34.7%
(P= 0.0844, NS) showed molecular progression.

The overall cytogenetic progression rate at the end
of a period of IM treatment was 7.1% while the mol-
ecular progression rate was 12.8%. Treatment dose
was not significantly associated either to cytogenetic
or to molecular progression rate (Table 4).

The median duration of treatment in patients who
did not experience molecular progression was 259
days, while the median duration of treatment in
patients who had a progression was 281 days (P=
0.822). Considering cytogenetic progression, the time
periods resulting in a progression had a median dur-
ation of 360 days vs. 250 days for periods with no pro-
gression detected (P= 0.447).

Figure 1 Treatments after a period at constant IM dose

Figure 2 Sequential evaluations of BCR–ABL level in three of the five patients who discontinued IM for at least 12 months and
who are still off treatment. For clarity, patients 51 and 74 have not been included in the graph because all their readings are zero
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This result was confirmed by multivariate GEE
logistic regression analysis in which neither dose
nor duration of treatment were significant predictors
of cytogenetic or molecular progression. When
adding type of treatment in the previous period
(IM, other drug, no treatment) as a covariate in
the regression models, there was a significantly
lower molecular progression rate in the treatment
period preceded by at least 1 month of discontinu-
ation (P= 0.011).

Discussion
Published data support the safety of IM dose
reduction or an ‘on/off’ therapy,15–18,21,25–29 but so
far these studies have not led to guidelines being
drawn up for this purpose. The current estimated IM
stopping rate after stable CMR is approximately
40%, although this percentage may change over time

as the eligibility criteria for TKI discontinuation and
resumption are refined.30

The intrinsic capacity of any residual leukemic cells
to proliferate following the withdrawal of treatment
may be important, but immunological suppression of
the leukemic clone may also play a role.31 Treatment
can lead to low-level persistence of CML stem cells,
assuming that these cells are less susceptible to drug-
mediated activity;13,14 this might explain why the
disease tends to relapse after treatment discontinuation
even with no acquired drug resistance.32

The French Stop Imatinib (STIM) and TWISTER
trials25,27 reported that IM was safely discontinued in
40% with at least 2 years of CMR. Studied factors
included gender, Sokal score, length of IM treatment.
In the STIM trial, only total duration of IM therapy
and Sokal score were significant predictors of relapse
risk. Length of IM treatment period seemed to annul

Figure 3 Sequential evaluations of BCR–ABL level in six patients who discontinued IM for at least 12 months and who then re-
started treatment. Patients with only one qPCR measurement have not been included in the graph

Table 2 Therapy characteristics in the period following the treatment with imatinib according to dosage

Low (L) dose
(n= 163)

Standard (S) dose
(n= 242)

High (H) dose
(n= 78)

P-value
L vs. S

P-value
L vs. H

P-value
S vs. H

Change in therapy in period
subsequent to IM therapy

0.013 <0.001 <0.001

IM, n (%) 77 (60.6%) 98 (54.8%) 61 (81.3%)
AMN, n (%) 3 (2.4%) 3 (1.7%) 4 (5.3%)
BMS, n (%) 0 (0.0%) 11 (6.1%) 4 (5.3%)
HU, n (%) 0 (0.0%) 3 (1.7%) 1 (1.3%)
Discontinuation, n (%) 47 (37.0%) 64 (35.7%) 5 (6.8%)
(No other periods) 36 63 3

Days of suspended therapy
subsequent to IM therapy

0.103 0.963 0.379

Median (range) 20 (6–3574) 37 (2–2042) 21 (13–156)
Change in IM dosage <0.001 <0.001 <0.001

Low dose, n (%) 35 (45.5%) 53 (54.1%) 0 (0.0%)
Standard dose, n (%) 39 (50.7%) 3 (3.1%) 41 (67.2%)
High dose, n (%) 3 (3.9%) 42 (42.9%) 20 (32.8%)

Notes: n: number of time periods; IM: imatinib; AMN: nilotinib; BMS: dasatinib; HU: hydroxyurea.
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the significance of the Sokal score as a predictor of OS
or PFS, with the exception of high-risk patients.33

Our study is characterized by a novel statistical
approach: data consist of clinical molecular and cyto-
genetic information repeatedly collected over time for
each subject, applying GEE models22 to analyze longi-
tudinal data to pick up individual patient variation. In
particular, GEE logistic regression models were used
to assess the association between outcome (molecu-
lar/cytogenetic response and progression) and treat-
ment dose and duration. After adjusting for time
period duration, dose lost significance, and treatment
duration was the only significant predictor of cytoge-
netic complete response (P< 0.001).
The non-randomized approach, together with the

long study period (2000–2013) and technological
changes in RT-QPCR assessment, may not allow an
efficient comparison of patients’ response in different
time periods to be made. However, there is no clear
difference in patient outcome (CMR and OS) when
using either the older or the more recent technique
to assess MR.8–10,34 We must also consider that pre-
treatment with IFN in good survivors might have
influenced remission stability when compared with
first-line imatinib-treated patients. Although our
results are in keeping with the recent update on
results of BCR–ABL monitoring,33,35 further studies
in ‘real-life’ situations are needed before reliable
medical conclusions can be drawn.
Molecular response to IM in CML is associated with

a biphasic but heterogeneous decline in BCR–ABL

transcript levels36 that could explain the different
outcome in each patient and a divergent response to
events such as dose changes, interruption, changes in
TKI therapy. Results from the STIM2 trial29 demon-
strated that 33% of patients off therapy showed a fluctu-
ation in BCR–ABL1 transcript levels from CMR (0%)
to MMR (<0.1%), despite the fact that patients did not
re-start IM. Interestingly, we observed the same
phenomenon in our series of patients.

In our study, the probability of cytogenetic and of
molecular progression after a period of treatment
with IM were not significantly associated to dose
and length of period. In addition, there is no statisti-
cally significant difference in molecular progression
between those patients who received IM as first-line
therapy compared with second-line therapy. The
probability of molecular progression was signifi-
cantly lower (P= 0.011) when the previous period
was one of IM suspension, suggesting that the
biology of the disease is not very aggressive and
the patient could suspend IM without affecting
outcome. Interestingly, the percentage of molecular
response after a period of treatment with IM at con-
stant standard dosage is similar to the percentage of
patients obtaining molecular response reported in
literature,2,7 confirming that the proposed statistical
model can adequately pick up the biological behav-
ior of patients. A longer treatment period was
associated to a higher response rate, reflecting and
explaining the contribution of those patients who
are late responders.

Table 3 Response to treatment in the period following imatinib according to dosage

Low (L) dose
(n = 163)

Standard (S) dose
(n= 242)

High (H) dose
(n= 78)

P-value
L vs. S

P-value
L vs. H

P-value
S vs. H

Cytogenetic response* 0.019 0.882 0.044
CR, n (%) 113 (69.3%) 192 (79.7%) 53 (68.0%)
<CR, n (%) 50 (30.7%) 49 (20.3%) 25 (32.0%)

Molecular response 0.006 0.051 <0.001
CR, n (%) 44 (27.0%) 98 (40.5%) 12 (15.4%)
<CR, n (%) 119 (73.0%) 144 (59.5%) 66 (84.6%)

Molecular response 0.001 >0.900 0.006
CMR + MMR, n (%) 87 (53.4%) 169 (69.8%) 41 (52.6%)
<MMR/NR, n (%) 76 (46.6%) 73 (30.2%) 37 (47.4%)

*One value missing. CR: complete response; CMR: complete molecular response; MMR: major molecular response; NR: no
response.

Table 4 Cytogenetic and molecular progression according to imatinib dosage

Low (L) dose
(n= 163)

Standard (S) dose
(n = 242)

High (H) dose
(n= 78)

P-value
L vs. S

P-value
L vs. H

P-value
S vs. H

Cytogenetic progression* >0.900 0.292 0.319
Yes 10 (6.1%) 16 (6.7%) 8 (10.5%)
No 153 (93.9%) 224 (93.3%) 68 (89.5%)

Molecular progression* 0.360 0.843 0.687
Yes 24 (14.8%) 27 (11.3%) 10 (13.0%)
No 138 (85.2%) 211 (88.7%) 67 (87.0%)

*Missing values.
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A non-CMR to standard IM dose often leads to the
clinical decision to increase dosage, but it should be
remembered that a non-CMR might be due to a resist-
ance to the drug rather than to the fact that the patient
is a late responder. This suggests that if CMR is not
reached after a period at standard dose, changing
TKI should be considered as an alternative to increas-
ing IM dosage. The possibility of varying dosage is
also considered in ‘real-life’ patient clinical manage-
ment.15–17 In our study, 62% of time periods were fol-
lowed by a dose modification, but there was no
substantial difference in outcome from the published
data.2,7 In univariate analysis, periods at standard
dose showed a significantly higher response rate both
when considering CCyR (after low, standard, or high
dose) and when considering molecular relapse (after
low, standard, or high dose). In multivariate analysis,
duration of treatment period at constant dose was
the only factor that retained statistical significance.
The change in response rate according to dosage was
not significant when considering CMR or MMR as
outcome and adjusting for treatment duration.
In our series, characterized by a ‘real-life’ approach,

out of the 12 patients who suspended therapy because
of sustained (>12 months) CMR or MMR, seven re-
started IM therapy due to 1-log increase of BCR–

ABL transcript confirmed at two consecutive check-
ups, though these patients maintained MMR or
CMR. It is intriguing that the BCR–ABL level of
the five patients who have not re-started therapy
have not always had undetectable PCR during the
observation period (Fig. 2). Figure 3 shows sequential
evaluations of BCR–ABL level in six patients who dis-
continued IM for at least 6 months and who then re-
started treatment.

Conclusions
These data, picked up in a ‘real-life’ situation, suggest
the intriguing concept that it may not be necessary to
reach a CMR in order to change dose or discontinue
IM therapy. We do, however, agree with Yilmaz and
Jabbour37 that discontinuation is discouraged outside
of a clinical trial. The prompt response to resumed
IM therapy, together with a likely improvement in
quality of life while off therapy (S. Merante, personal
observations, 2016), suggest that patients (especially
the elderly18) who have sustained CMR or MMR
may be candidates for an ‘on-off’ approach.12,13 It
must be emphasized that a ‘real-life’ approach requires
strict follow up and studies are still ongoing. The
results of our statistical approach are useful to pick
up individual patient variation in longitudinal data
collected over time. We suggest that this approach
could be adopted in future ‘real-life’ observational
studies to further investigate continuous standard
dosage, dose changes, and the length of time for

which these were maintained, and discontinuation in
IM or second-generation TKI.
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