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Abstract Recent reports suggest that in the TKI era, the
survival of chronic myeloid leukemia approaches that of
general population. The real-world situation may be dif-
ferent. We analyzed patients (> 18 years) with chronic
phase (CP) CML enrolled over a 7-year period
(2002-2008) in an imatinib access program. Event was
defined as non-achievement/loss of complete hematologi-
cal response (CHR), loss of cytogenetic response or pro-
gression to accelerated (AP)/blast phase (BC). Progression
was defined as development of AP/BC. Any delay of
> 1 week in reporting for drug refills was categorized as
non-adherence. Of the 443 patients with CP-CML who
started imatinib [median age: 36 years (18-70); High risk:
32% (Sokal) and 14% (Hasford/EUTOS)], 162 (37%) had
received prior therapy [mostly hydroxyurea (N = 153].
CHR was achieved by 430 (97%). After a median follow
up of 109.5 months (3.4-184.3), the EFS, PFS and OS at
10 years was 43%, 75% and 76% respectively. Superior
EFS was predicted by low-risk Hasford score and adher-
ence to therapy. Adherence to therapy was the only factor
which predicted EFS on multivariate analysis (HR 0.64,
95% CI 0.50-0.83, P = 0.001). Long-term follow up of
patients with CP-CML reflects poorer survival than those
reported from clinical trials and reflects multiple issues that
affect “real-world” patients. The continued drop in EFS,
noted during long-term follow up, might take time to
impact the PFS and OS due to the chronic nature of the
disease. Sustained adherence to therapy is important for
optimum long-term outcomes.
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Introduction

Imatinib and other tyrosine kinase inhibitors (TKIs) have
changed the paradigm of therapy in chronic myeloid leu-
kemia. Though imatinib was quite expensive when first
launched, it was made available to patients in India through
various schemes [1, 2]. At our center, we have been using
imatinib since 2002 through a company sponsored program
where the medicine was supplied free of cost to patients
[3]. Imatinib was a landmark in the treatment of CML and
many reports suggest that chronic phase CML patients
treated with this drug have a similar survival as the general
population [4, 5]. The most recent update from the practice
changing IRIS (International Randomized Study of Inter-
feron and STI571) trial shows a 10-year overall survival of
83% in those treated with imatinib [6]. Another study
showed that only about 44% of the deaths were due to
CML among patients on long-term imatinib and more than
half the patients who died had other causes [7].

These dramatic survival results are accompanied by
certain caveats. Much of these excellent long-term survival
data comes from patients treated in clinical trials where the
stringency of monitoring, follow up and commitment of
patients is very high. Additionally, in the setting of a
protocol, the access to study drug is assured at all times.
There are concerning reports, even from affluent countries,
that the long-term outcomes are dependent on multiple
factors, like baseline characteristics [7], drug adherence
and quality of life [8] and assured access to medicines
through various insurance schemes [9, 10]. Even among
high-income countries, outcomes may vary [10, 11]. Very
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little is known about long-term outcome data from real-
world settings, especially from developing countries like
India which face unique challenges [1, 2]. We analyzed
long-term outcomes of patients with CML treated at a
single center where most of the patients were initially
supported through a medication access program.

Methods

We had earlier reported our outcomes of CP-CML based
on the retrospective review of patients treated at our center
between January 2002 and December 2008 with imatinib
[12]. Of the 516 patients in the original report, we excluded
pediatric patients (N = 29) and patients whose files could
not be traced for update (N = 44). The available data from
443 patients was used for the current analysis. All these
patients were originally enrolled in the GIPAP (Glivec
International Patient Assistance Program) and received free
imatinib. Though many of them continued on the scheme,
some of them later moved to other support programs for
continuing medication and some were switched to generic
imatinib. These patients were followed weekly initially,
thereafter monthly and then once in 3 months, once the
counts stabilized. They were counselled to have cytoge-
netic or molecular studies at least once a year, but this was
not strictly enforced.

The baseline investigations included complete blood
counts, chemistries, as well as bone marrow aspiration and
biopsy. CML was diagnosed by morphology and demon-
stration of the Philadelphia chromosome, or by the
demonstration of the BCR-ABL transcript. Patients who
had received hydroxyurea or busulfan prior to starting
imatinib were included. All patients were started with
imatinib 400 mg/day. Drug dose adjustment policies and
assessment of adherence were according to our earlier
report [12]. Patients were considered as non-adherent if
they had a documented treatment interruption for more
than 1 week at any point of time unless it was as per
physician advice as a result of toxicities. This data was
derived from the patient record. The cutoff of 1 week was
arbitrarily chosen as reported in our earlier paper. Second
line TKIs were offered whenever feasible, but only 19 (4%)
received 2nd line TKIs (nilotinib or dasatinib) in this
cohort. In patients who did not receive second line TKIs
attempts were made to give higher doses of imatinib
(600-800 mg/day). The impact of subsequent therapies
was not separately analyzed.

Data update and statistical analysis For the purpose of
this update, we looked into the records for occurrence of
events. The event definition was slightly modified to
include > 1% BCR ABL transcripts as an event (equiva-
lent to loss of cytogenetic response) as many patients
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switched to molecular testing from earlier cytogenetic
testing. The other definitions for events were as per the
original paper (non-achievement of CHR or loss of CHR,
loss of CCR, progression to AP/BC, or death due to any
cause).

Data was censored as on 1st September 2017. The data
for patients who had lost follow-up was censored on the
date of last visit and their disease status was updated as on
that date. Attempts were made to identify the life status
(alive/dead) by making phone calls/through letters/or by
contacting the nearest post office/police station through our
tumor registry. For patients who were known to be dead,
but the exact disease status or cause of death could not be
determined, the death date was noted and also coded as an
event. Event-free (EFS) and overall survival (OS) from the
date of starting imatinib were estimated using the Kaplan—
Meier method. Progression free survival (PFS) was calcu-
lated from date of start of imatinib till occurrence of
accelerated or blast phase. The baseline Hasford [13],
EUTOS (European Treatment and Outcome Study) [14]
and Sokal [15] scores, prior therapy and adherence to
treatment were analyzed to identify predictors of survival.

Results

Out of 443 patients with CP-CML who started imatinib in
the period, the median age was 36 years (18-70); 301
(68%) males (Table 1). About one-third (N = 162, 37%)
had received prior therapy for CML, most commonly
hydroxyurea [N = 153; median duration of use: 3 months
(2-80)]. As per risk stratification, 32% were high risk by
Sokal and 14% high risk by Hasford/EUTOS scores. All
patients started imatinib at 400 mg per day. Complete
hematological response (CHR) was achieved in 404
patients (91%) within the first 3 months and 430 (97%)
patients achieved CHR at some point. Only 19 patients
(4%) of the entire cohort received second line TKI at any
point of time.

The median follow-up was 109.5 months (range
34-184.3) and among surviving patients it was
121 months (range 6.7—184 months). At least 5 years fol-
low-up was available in 78.1% patients and at least
10 years follow up in 41.3% patients. During the last fol-
low up, the following events were documented in 255 out
of 443 patients: Non-achievement of CHR (N = 13, 2.9%),
loss of CHR after initially achieving CHR (N = 56,
12.6%), loss of complete cytogenetic response (N = 46,
9.9%), progression to accelerated or blast phase (N = 122,
28%), death cause undetermined (N = 18, 4%).

The median EFS (Fig. 1) was 98.5 months (95% CI
81-116) and the actuarial EFS at 5 and 10 years were
60.8% (£ 0.024 S. E) and 43.1% (& 0.026 S. E)
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Table 1 Patient characteristics at baseline (n = 443)

Characteristics (n = 443) N (%)
Age, years
Range 18-70
Median 36
Age category
< 35 years 211
> 35 years 232
Time from diagnosis
< 3 months 329 (74)
> 3—< 6 months 43 (10)
> 6 months—< 12 months 26 (6)
> 12 months 45 (10)
Male:female 301:142
Use of non-TKI medications® 162 (37)
Sokal risk category
Low 97 (22)
Intermediate 206 (47)
High 140 (32)
Hasford risk category
Low 192 (43)
Intermediate 191 (43)
High 60 (14)
EUTOS risk category
Low 379 (86)
High 64 (14)

“Prior therapy given for at > 1 month prior to start of imatinib—153
received hydroxyurea, 11 received busulfan and 5 received interferon

respectively (Fig. la). Superior EFS (Table 2), was pre-
dicted by low-risk Hasford score and adherence to therapy
(Fig. 2a, b). Adherence to therapy was the only factor
which predicted EFS on multivariate analysis (HR 0.64,
95% CI 0.50-0.83, P = 0.001).

The median PFS was not reached. The actuarial PFS at 5
and 10 years were 83% (£ 0.018) and 75% (& 0.022 S.E)

respectively (Fig. 1b). Higher Hasford and EUTOS score
predicted for poorer PFS on univariate analysis (Table 2).
Though there was poorer PFS in the less adherent group, it
was not statistically significant. On analyzing the repre-
sentative Kaplan—Meier graph looking at PFS and adher-
ence we can see the curve separation starting later
(Fig. 2c). CML being a chronic disease, it is likely that the
impact of non-adherence on PFS takes time to manifest.
Longer follow-up times might better reflect the impact of
initial non-adherence on outcomes.

The median overall survival (OS) has not been reached.
The actuarial OS at 5 and 10 years was 84.9% (+ —0.17
S.E) and 75.9% (£ —0.022 S.E) respectively (Fig. 1c). On
univariate analysis (Table 2), there was a trend towards
better OS in those with lower Hasford scores but no factor
was statistically significant. Similar to the PFS curves, the
OS curve also shows a late separation favouring patient
with treatment adherence again reflecting that the impact
on life may take time to manifest in a chronic condition
like CML (Fig. 2d). Of the 108, patients who died, 84
(77%) died due to progressive CML, 5 persons died due to
other causes (4 due to sepsis, 1 due to ischemic heart dis-
ease). In 18 patients, death had occurred but the cause
could not be determined.

Discussion

This is one of the first reports demonstrating long-term
outcomes of patients with CML treated in a non-trial set-
ting in a developing country. The overall survival was 76%
at 10-years which is lower than that reported from other
studies [6]. Significantly, there was a continued drop in the
event-free survival curves to 43% at 10 years. Hasford
score predicted outcome as did poor adherence to therapy
which was associated with an inferior EFS (30% at
10 years). This study provides a more sober, “real-world”
outcome data on the impact of the “magic bullet” imatinib.
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Fig. 1 Survival outcomes. The Kaplan—-Meier curves depict the long-term event-free (EFS-1a), progression-free (PFS-1b) and overall survival

(OS-1c¢) of the patients with chronic phase treated with imatinib
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Table 2 Factors affecting

survival- univariate analysis Parameter N 10 yr EFS % P value 10-yr PFS % P value 10 yr OS % P value

Age
< 35 years 211  46.8 0.128 76 0.57 78.5 0.1
> 35 years 232 403 74 73.5

Sokal risk group
Low 97 513 0.098 80 0.17 77.5 0.42
Intermediate/high 346  40.6 74 75.5

Hasford score
Low 192 50.2 0.028 81 0.018 79.3 0.06
Intermediate/high 251  37.6 71 73.1

EUTOS score
Low 379 43.6 0.62 77 0.009 76.3 0.48
High 64 40.0 63 74.0

Adherence
Adherent 304 489 0.001 77 0.35 77.2 0.65
Non-adherent 139 30.7 69 72.4

Prior treatment
Absent® 284 452 0.086 78 0.095 78.1 0.115
Present 159 39.6 71 72.0

“Use of hydroxyurea up to 1 month before starting imatinib was considered as no prior therapy

Fig. 2 Factors affecting EFS. a b -
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Our data contrasts with the results of the some recent
studies, where long-term survival was similar to the general
population. Results from the IRIS trial and the CML IV
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trial showed a 10-year OS of 82-83% [6, 16]. Combined
analysis of over 2000 patients from various European trials
in CML showed an 8-year OS of 89% [7]. High-volume
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centers like the MD Anderson Cancer Center where many
patients are treated on protocols, have also reported high
long term survivals of over 85% [17]. Compared to these,
our study shows a survival of 76% at 10 years which is
significantly lower. Moreover, the PFS in our study (71%)
was also lower than reported from clinical trials (80% in
CML 1V and 92% in IRIS) [6, 16]. Patients treated in
clinical trials are likely to be more carefully selected, more
committed, and better monitored and as a result may be
expected to have better outcomes. On the other hand,
patients treated in routine practice suffer from many
challenges. Even within developed countries, treatment in
academic centers has been associated with better survival
[18]. The 5-year relative survival in patients with CML was
lower than the general population and was lower in Ger-
many than in the US (68% in Germany and 72% in the US)
[10, 11]. Even in a trial setting, specifically looking at high
risk patients, the 6-year EFS was only 44% with no plateau
in the curves [4]. What impact this will have on PFS and
OS when followed up over a still longer period remains to
be seen.

Sustained drug availability is an important consideration
in long-term outcomes of chronic diseases. Lack of insur-
ance support leading to poorer outcomes has been descri-
bed in CML [8]. At our center, though many patients were
originally enrolled in the GIPAP program, over a period,
this program had been phased out and a number of patients
had to be enrolled in other patient support programs where
drug availability was not consistent. Another important
issue is medication non-adherence, which has been
unequivocally associated with poorer outcomes in CML
[19, 20]. In our study, adherence was a strong predictor of
EFS with patients who were non-adherent, having EFS of
only 30% at 10 years. It is possible that patients who were
non-adherent and lost remission, and thus had an event,
might have regained responses after resuming adherent
behavior. This could account for the lack of impact of
adherence on OS. We note that the OS and PFS curves
flatten over time but the EFS curves continues to fall over
long follow up times. However, the fact that 28% of the
patients have suffered progression to AP/BC in our study,
compared to less than 10% reported in clinical trials;
suggest that there exists a persistent significant negative
impact of non-adherence to therapy. Though the impact of
adherence on OS was not statistically significant at this
point, we believe that this will also manifest at some point
with longer follow up.

The discontinuation rates of first-line imatinib is around
40%, about half of this is due to intolerance and half due to
treatment failure [21]. Hence, the availability and afford-
ability of 2nd line TKI is very important for sustaining
long-term outcomes. In our cohort, only 19 patients (4%)
went on to receive either nilotinib or dasatinib. Contrast

this with the data from the CML IV study where 27%
patients switched to 2nd line TKIs [16].

There are multiple shortcomings in this retrospective
analysis. The response assessment was not consistently
done and the method also changed from FISH and cyto-
genetics to molecular based methods. Adherence was
assessed based on patient reporting for refills—this method
can under-diagnose non-adherence. The reasons for non-
adherence in a particular patient (financial vs. logistic)
could not be captured. Another study from our center has
shown that a prospective questionnaire based method
shows a non-adherence rate of over 50% compared to the
30% reported here [22]. Quantification of adherence was
similarly not possible from this analysis, similarly the exact
time point of when the patient became non-adherent could
not be captured. We had about a quarter of patients who
had received > 3 months of prior treatment before starting
imatinib. This could be another reason for poorer out-
comes, but this was not borne out in the analyses (Table 2).

Despite these limitations, this analysis reports on very
mature survival outcomes of CML in a real-world setting in
a developing country. Though the long-term overall sur-
vival of CML is still very good, especially when compared
to pre-TKI era, it is doubtful whether it will ever approach
that of an age-matched general population. Though we
have not actually compared to a corresponding general
population, we expect the survival to be higher than 76% at
10 years in a population with a median age of only
36 years. Poor adherence is a major cause of failure of
therapy, which is multi-factorial and needs to be addressed
pro-actively to ensure optimal outcomes. Another impor-
tant takeaway from this analysis is the need for very long-
term follow-up of CML and continued patient motivation
to stick with the medications. All care-givers must take
efforts to address long-term issues, especially the minor
side effects which impact the quality of life. A holistic and
intense program of follow up involving multiple dimen-
sions may be needed to achieve optimum outcomes in
CML.
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