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With modern drug treatment [imatinib, tyrosine
kinase inhibitors (TKI)] survival with chronic
myeloid leukemia (CML) has almost normal-

ized. Results of clinical trials show that survival with CML
has improved significantly over the last decades1 (Figure 1)
and that life expectancy of patients with CML approaches
that of the general population (Figure 2).2 Subgroups of
patients, e.g. those with complete cytogenetic remission,
may reach normal survival times.3

Nevertheless, survival with CML in population-based
registries4,5 is still lower than normal, in a recent analysis of
the Dutch CML-registry by 10%-15%.6 Five to 7% of
patients progress to advanced phases and blast crisis.7,8

Another 5%-10% may receive suboptimal treatment such
as hydroxyurea, particularly in the elderly, or as a conse-
quence of poor adherence. Lack of adherence to pre-
scribed medication is considered to be the main reason for
suboptimal treatment and inferior outcome,9 and may
result from reduced quality of life in the face of adverse
drug effects of life-long treatment. The matter has become
a key topic of current research, in particular with regards
to attempts to discontinue treatment when durable deep
molecular responses have been reached and personaliza-
tion of treatment according to individual patients’ needs.
Various trials try to define conditions which allow treat-

ment discontinuation with the highest chance of success.
Duration of TKI treatment, depth of molecular remission
and duration of deep remission seem to play a role. Other
conditions may be patients’ risk profile at diagnosis and
line of therapy. The goal is to improve the proportion of
patients who stay free of relapse [i.e. no loss of major
molecular remission (MMR)].10 Treatment- and relapse-
free survival ranges around 40% in the discontinuation

trial with the longest follow up (STIM-study, median
observation 5.5 years).11 Most relapsing patients regain the
same depth of response after resumption of pre-discontin-
uation treatment. Some progress in optimizing treatment
discontinuation can be expected from a large ongoing
European discontinuation study (Euro-SKI) (Saußele and
Mahon, 2016, manuscript in preparation). So far, there is
no indication that type or dose of TKI results in differences
in discontinuation outcome.
The other important approach to improving outcome of

CML-treatment is individualization of treatment by con-
sidering patients’ variables at diagnosis or response levels
at defined milestones to optimize drug dosage and select
the right drug for the right patient. Patients’ variables may
be the classical risk scores, or individual molecular mark-
ers such as transcript type or expression of genes, or gene
groups, thought to be of prognostic relevance.12,13 The b2a2
transcript type has been consistently associated with
lower response rates and longer times to response. An
expression signature at diagnosis of 20 genes has recently
been shown to correlate with outcome.14 Whether the
early detection of low level resistance mutants with more
sensitive detection methods, such as next generation
sequencing provides an advantage for treatment choice
and outcome, still remains a subject for discussion. Pre-
existing comorbidities have guided the selection of TKI
since the availability of 2nd-generation (2G-) TKI to
decrease toxicity and increase efficacy. Epidemiological
studies and registries are used to define better patients’
characteristics at diagnosis.
Another approach to treatment personalization is opti-

mizing individual drug doses according to blood drug lev-
els or patient tolerability. In contrast to some 2G-TKI, a

Figure 1. Survival with chronic
myeloid leukemia in five consec-
utive randomized studies of the
German CML Study Group since
1983; update 2016.



systematic optimization of imatinib dosage has never
been done. A recent study15 has shown that molecular
response such as measured by major molecular response
(MMR) after 12 months can be improved in up to 80% of
patients if the imatinib dose was increased in patients
with suboptimal drug levels. Likewise in the German
CML-Study, IV imatinib dosage in the 800 mg arm was
tailored according to tolerability providing superior
responses.8 This agrees with a recent systematic review of
5 randomized trials comparing imatinib 400 mg and 800
mg (or 600 mg), which finds a 30% higher MMR rate at 12
months with imatinib 800 mg similar to that with 2G-
TKI.16 In no instance do we have convincing evidence that
any TKI provides an overall survival advantage over
another, at the high survival rate we never might achieve.
Patients’ factors such as risk profile and TKI resistance
seem to overrule choice of TKI, TKI dose or TKI in various
combinations with regard to survival. In addition, more
patients die in the meantime from comorbidities than
from CML.17 Differences in overall survival may thus
become too small in relation to the limited power of the
trials. Attempts are being made to improve survival fur-
ther by TKI in combination with interferon (IFN), or IFN
maintenance, or by better drugs that overcome resistance
and achieve deeper responses faster. Hematopoietic cell
transplantation tailored according to patients’ and trans-
plantation risks may provide a good chance of cure with
minimal transplantation-related mortality.18

A challenges is that a substantial minority of patients
still progresses to blast crisis which is only poorly treatable
- maybe some new markers, or cytogenetics in the course
of disease, provide an earlier clue for progression than ris-
ing blasts. Cost, less a problem in Europe than elsewhere,
is likely to improve after the imatinib patent expires in
most countries in 2016. Most CML survivors are faced
with life-long treatment and suffer from reduced quality
of life. Attempts at treatment discontinuation result in
60% relapses, with uncertainty as to whether the remain-
der can be considered cured in the presence of residual dis-
ease in most cases. Suboptimal patient education probably

contributes to a lack of adherence and to suboptimal out-
comes in a considerable portion of patients. 
Although progress with CML has fundamentally

changed the outcome of CML, overall survival is still
reduced, quality of life is hampered by potentially life-long
treatment, and a minority of patients still die of CML. For
most patients with CML, cure, or at least a normal life, has
not yet been achieved.

Innovation in education and training to improve 
knowledge on CML 
The European Investigators on CML (EI-CML) and the

European LeukemiaNet (ELN) have long standing programs
on mutual information and training. Examples are the annu-
al EI-CML meetings that have taken place across Europe
since 1993, the annual ELN-Symposia in Mannheim (with
regular meetings of the CML-working group since 2004),
educational meetings on CML and other myeloid neo-
plasias (ELN-Frontiers Meetings) all over Europe 2006-2014,
and educational meetings for young hematologists in
Naples (2009-2014). The CML-meetings organized by the
European School of Hematology (now the John Goldman
conferences) attract young scientists to present their
research data to the CML-community. In recent years, the
ELN-breakfast meetings at the ASH meeting have been
popular, and more weight is put on ELN-workpackage
meetings in the context of the EHA-conferences. The ses-
sions of the ELN-EHA scientific working group on CML are
the latest addition to the European CML community’s
efforts to improve education on CML, primarily for physi-
cians, but also for patients. Since 2006, the CML group of
ELN publishes international management recommenda-
tions for CML,19 with a new edition planned for 2016.

Innovation in technology 
Disease monitoring and attempts at treatment discon-

tinuation require specific and sensitive monitoring tech-
niques. To this end, molecular analyses of BCR-ABL 1
have been standardized by an international co-operation
within ELN and EUTOS for CML, and an international
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Figure 2. Relative and overall
survival of 2290 chronic
myeloid leukemia (CML)
patients from the European
Treatment and Outcome Study
(EUTOS) for CML treated with
imatinib in six clinical trials and
prospectively enrolled between
2002 and 2006 from Dutch,
French, German, Italian, Nordic
and Spanish Study Groups2

(courtesy of Dr. M. Pfirrmann). 



scale has been introduced for standardized BCR-ABL 1
monitoring.20 To achieve a higher sensitivity, allowing
more reliable detection of deep responses at the MR4.5 and
MR5 levels, digitalized PCR (dPCR) was established. This
new modification of PCR-technology reproducibly
achieves sensitivities of 10-5 (MR5) in routine analysis. 
Further topics currently being addressed are the initiating

event(s) of CML pathogenesis, the role of CML-stem cells
in the maintenance of residual disease, the relevance of
genomic changes, gene expression and epigenetics for treat-
ment and outcome, and the optimization of drug treatment
with new drugs or combinations, e.g. with IFN. It is hoped
that by systematically addressing these questions progress
will be made in our understanding of CML, which will
enable us to improve management and prognosis. 
The current goal of the ELN-EHA SWG for CML is the

further improvement of survival, achievement of definite
cures, and a normal quality of life for all patients with
CML. This will be accomplished by continued research
programs, clinical trials and educational programs. The
ELN-EHA SWG for CML-session in Copenhagen will
illustrate and promote this goal.
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