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3.1 Population-Based Registries
Important data on cancer epidemiology (e.g. inci-
dence, prevalence, age and sex distribution, over-
all and relative survival), including trends over
time, may be obtained from well-established can-
cer registries covering either the entire popula-
tion of a nation [1-3] or selected regions with
well-defined populations [4-6]. In Sweden, the
National Cancer Registry was formed already in
1958. All pathologists, cytologists and clinicians
are obliged by law to report each occurrence of
cancer that they diagnose or treat to this central-
ised, nationwide registry [7]. In the United States,
the SEER registries collect data on all newly
diagnosed cancers from a large number of hospi-
tals, including patient demographics from 18
tumour registries, covering approximately 30%
of the US population [8].
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During the last 10-20 years, in CML and in
other haematological cancers, diagnosis specific
national or regional population-based registries
aiming to collect more detailed data on demo-
graphics, baseline patient characteristics as well
as on treatment and outcome have been estab-
lished [9-14]. In particular, the British
Haematological Malignancy Research Network
(HMRN), established in 2004 and operating
across 14 hospitals using a single haematopathol-
ogy laboratory [14], the Dutch CML registry [3]
and the national Swedish CML registry, founded
in 2002 and covering >95% of all newly diag-
nosed cases of [13], have generated useful
population-based data. At the international level,
the European Treatment and Outcome Study
(EUTOS) for CML has collected detailed
population-based data from adult CML patients
diagnosed in 2008-2012 in 20 European coun-
tries [15]. In addition to these kinds of population-
based registries, epidemiological information on
CML and other haematological malignancies
may be obtained from national or regional health
insurance databases [16—-18] and from central
laboratories receiving all diagnostic samples
from a well-defined region [19].

Results from these and other relatively detailed
population-based registries with full coverage of
the target population are useful sources for epide-
miological studies. By reducing the impact of
selection on outcome, they may also provide
important complementary data on treatment
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outcome to those obtained from clinical trials
[11, 12, 20, 21]. Using such routine care data
may also be helpful in evaluating adherence to
guidelines and in improving the quality of care,
including routines for diagnostics and follow-up
[13, 22]. Moreover, useful information could be
obtained by cross-linking to other population-
based regional or national health care databases
[23, 24]. Thus, by linking the Swedish CML reg-
istry to National Prescribed Drug Registry and
National Patient Registry (information on diag-
nosis from in-hospital and outpatient doctor vis-
its), important off-target effects following
treatment with TKIs, in particular the increased
risk of cardiovascular events following second-
generation TKIs, have been studied [25].
Obviously, reliability of data from registries
claiming to be population-based presupposes
complete reporting, diagnostic accuracy, correct
coding classification and a well-characterised

Fig.3.1 Gender
distribution in CML
diagnosed in 2002-2014
(n=1199). Data are
obtained from the
population-based
Swedish CML registry

Men
906 (55%)

30 20

background population of the registry catchment
area(s) [26, 27]. However, delayed reporting, less
stringent monitoring (as compared to clinical tri-
als) and no detailed information on treatments
are obvious limitations of population-based
registries.

3.2 Incidence

Incidence of CML in the Total
Adult Population

3.2.1

Published data on the annual incidence of CML
varies from as low as 0.4/100,000 persons in
some non-Western countries to 1.75/100,000 in
the United States [3, 16, 28-31]. As the incidence
of CML increases by age (Fig. 3.1), some of
these variations are likely due to significant dif-
ferences in the age distribution of the investigated
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Table 3.1 CML incidence based on nine different population-based registries or surveys

Time of No.of | Median |Raw Age-standardised

Registry observation pts. age incidence | incidence Reference

United States 1975-2009 13,869 | 66 - 1.75% Chen et al. [29]

(SEERS)

NW France 1985-2006 906 56 0.8*

Taiwan 1997-2007 2672 n.d. 0.7 - Chang et al. [16]

SW Germany 1998-2000 218 57 0.62 - Rohrbacher et al.
[33]

Sweden 2002-2010 779 60 0.9 - Hoglund et al.
[13]

UK (HMRN) 2004-2011 242 59 0.97 0.7° Smith et al. [31]

EUTOS 2008-2012 2887 56 0.99 0.96¢ Hoffmann et al.
[15]

Lithuania 2000-2013 601 62 1.28 0.88 Beinortas et al.
[28]

The Netherlands 2001-2012 1806 59 0,8 Thielen et al. [3]

*American standardised population
"World standardised population
‘European standardised population

population (e.g. Western vs. several non-Western
countries) [32]. However, also figures on age-
standardised incidence varies between different
studies, although most European registries report
figures in the range 0.7-1.0/100000 inhabitants
(Table 3.1). Interestingly, a report from the
EUTOs registry, based on population-based epi-
demiological data from 2287 patients aged
>20 years and with cytogenetically confirmed
CML diagnosed 2008-2012, showed that the raw
incidence of CML varies from 0.69 (Poland) to
1.39 (Italy) per 100,000 persons. Correspondingly,
age-standardised incidences varied from 0.70
(Poland, UK, Austria) to 1.28 (Italy) [15].
Methodological factors may explain some of
these discrepancies. In particular, inclusion of
patients with BCR-ABL-negative myeloprolifera-
tive disorders may account for the higher inci-
dence of CML in some registries, such as SEERs
reporting an incidence of 1.75/100,000, varying
from 1.4 to 2.0 between different regions within
the United States [29]. Moreover, incorrectly
including referral patients in regional ‘population-
based’ registries leads to an overestimation of the
incidence. On the other hand, incomplete report-
ing of new CML cases will result in too low figs
[34]. It is also possible that differences in health-
care-seeking behaviours and reimbursement sys-

tems may lead to underreporting of, in particular,
elderly patients in some registries. Several hae-
matological registries have, therefore, made con-
siderable efforts to catch all newly diagnosed
cases of CML including those diagnosed at
smaller hospitals [13, 31].

Although we hypothesise that the divergences
in age-adjusted incidence reported so far are
mainly due to methodological issues, a true dif-
ference between different geographical areas
and/or ethnical subgroups cannot be excluded.
Indeed, such differences have been shown in
other haematological cancers such as chronic
lymphocytic leukaemia and acute promyelocytic
leukaemia [35, 36]. In CML, Chen et al., analys-
ing the incidence of CML in different ethnical
subgroups within the United States, showed a
lower incidence in Asians as compared to
Caucasians [29].

3.2.2 Age and Sex Differences

The incidence in CML increases by age, at least
up to 75-80 years, with an annual incidence ris-
ing from 0.39 in young (20-29 years) to 1.52 in
those 70 years or more [15, 37] (Fig. 3.1).
According to the EUTOS registry report, the
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median age at diagnosis of CML in Europe is
56 years, in countries such as Germany and
Sweden as high as 61-62 years (Table 3.1). The
latter is about 10 years above the median age
typically seen in clinical trials [15, 33]. In chil-
dren, CML is a very rare disease with an inci-
dence as low as 0.6—1.2 million children/year
[38].

CML is more common in males than in
females with male-to-female ratio varying
between 1.2 and 1.7 in different studies [3, 13,
39]. The gender difference in incidence is slightly
less prominent in younger age groups (Fig. 3.2).

3.2.3 Has the Incidence of CML
Increased over Time?

In several countries, cancer statistics are avail-
able since the 1970s or even earlier. Data from
SEERs and the Dutch and Swedish Cancer
Registries (Fig. 3.2) give no clear evidence of a
change in incidence over time in CML [3, 29,
40]. However, changes in the classification sys-
tem, the development of more accurate diagnos-

Fig.3.2 Age-
standardised annual
incidence (adjusted to
WSP) of CML
diagnosed in 1970-2010
(n =4393) (Data are
obtained from the
Swedish Cancer
Registry (www.
socialstyrelsen.se/
register/
halsodataregister/
cancerregistret/
inenglish). Note that
data from 1970s and
1980s may be imprecise
due to decentralised
haematopathology and
in most cases no
cytogenetics
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Age-standardised incidence* per 100 000 inhabitants

0.0
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tics by the centralisation of haematopathology to
more specialised units and the introduction of
cytogenetics make it very difficult to compare
present figures on incidence with data from the
mid-1980s and earlier.

3.3  Prevalence

Reliable data on the exact prevalence of CML are
relatively scarce. In an epidemiological survey
from northern France, Corn et al. reported preva-
lence for 1998, 2003 and 2007, respectively, of
5.8, 6.8 and 7.3 per 100,000 inhabitants. Due to
the significant improvement in survival, follow-
ing the introduction of imatinib and other TKIs
[41], as well as the increasing life expectancy in
the general population, the prevalence of CML is
increasing [18, 42]. Thus, in a study from
Sweden, the observed prevalence tripled from
1985 to 2012, from 3.9 to 11.9 per 100,000
inhabitants [43]. Assuming no further improve-
ments in relative survival, the prevalence is pro-
jected to further increase to 15 per 100,000 in
2020 and 22.0 per 100,000 inhabitants by 2060

/W\/\ (\/\/\/\/\j\!\ m‘ !

* standardised according to the standard world population
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Fig.3.3 Estimated
prevalence of chronic
myeloid leukaemia in
Sweden by calendar year
1985-2016 and
projected prevalence for
2017-2025. Based on
data from the Swedish
Cancer Registry and
Statistics Sweden
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(Fig. 3.3). In the United States, based on an
excess annual mortality in CML of 1.53, and an
annual incidence of approximately 1/100,000,
Huang et al. estimated that the prevalence of
CML will increase from approximately 70,000 in
2010 (corresponding to a prevalence of as high as
22/100,000) to 112,000 in 2020 and reach a near
plateau of 35 times the annual incidence in 2050
[44]. Obviously, this trend will have profound
pharmacoeconomic consequences [45, 46].

Risk Factors
for Developing CML

3.4

The aetiology of CML is essentially unknown.
Ionising radiation is the only established risk
factor, having been linked to CML in atomic
bomb survivors [47]. Results from a recent pop-
ulation-based case-control study suggested a
weak association between smoking and CML
[48], but whether tobacco use actually contrib-
utes to the aetiology of the disease is not unam-
biguous. Nevertheless, smokers seem to have a
higher risk of disease progression compared

1995

a

Prevalence of CML

m Diagnosed 2012 and before
Diagnosed after 2012 (prediction)

2000 2005 2010

Calendar year
March 2016

2015 2020 2025

with non-smokers [49]. Results from a study
based on data from the Swedish Cancer Registry
suggest that patients with CML have a moder-
ately increased prevalence of other malignancies
and autoimmune diseases, preceding the diagno-
sis of CML. These findings suggest that a more
general predisposition to cancer and/or immuno-
logical mechanisms may be involved in the
pathogenesis of CML [43, 50]. As for heredity,
two studies based on the Swedish Cancer
Registry and Multigeneration Registry were
unable to find any significant familial aggrega-
tion of CML [51, 52].

3.5 Survival Rates and Non-
disease-Related Prognostic
Factors

3.5.1 Overall and Relative Survival

in the Population-Based
Setting

Results from a number of population-based stud-
ies have unanimously confirmed the significant
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improvement in survival in patients with CML
diagnosed since the introduction of TKIs at the
turn of the century [3, 28, 29, 40, 53]. Previous
studies suggested that the survival rate in patients
treated within clinical trials, or in large referral
centres, was significantly better than that of all
patients with CML [54]. However, results from
these large population-based studies have shown
almost equal figures on survival with that
obtained from the more selected materials, with
an estimated 5-year overall survival of 85% for
patients diagnosed in chronic phase with no dif-
ference between males and females [31, 37].
Data from the EUTOS registry, including patients
diagnosed in chronic phase and treated outside
clinical trials, the 5-year probability of dying
because of CML was 3, 4 and 15% depending on
the prognostic risk group (ELTS) at diagnosis
[55].

A close to normal relative survival over an
observation period of more than 10 years has been
reported in 1536 patients of CML study IV [56].
This is not only in younger patients since age in
the TKI era has a much smaller impact on CML-
related death than in the pre-TKI era [57]. Similar

p<0.001
1.0

0.8

0.6

Overall survival

0.4

0.2

0.0
0 1 2 3 4 5

Years since diagnosis
Wa)<50 Mc)60-69 M e)80+
b) 50-59 M d) 70-79

469 468 456 416 377 343
b) 274 272 265 240 223 196

No. at risk
a)

) 327 321 310 285 251 223
d) 268 253 226 199 169 148
e) 168 141 118 85 67 54

observations on relative survival, though in a
smaller cohort of patients, have been published by
Sasaki [58]. In a study from the Swedish CML
registry, relative survival was reported to be close
tonormal (i.e. 1) in younger CML patients but still
reduced in the elderly population (Fig. 3.4). It may
be concluded that in countries where TKIs are eas-
ily available, most patients with CML diagnosed
in chronic phase (CP) have a life expectancy that is
not identical but still close to that of the normal
population [41, 53]. However, the small group of
patients (5-7%) diagnosed in accelerated (AP) or
blastic phase (BP) still have a less favourable prog-
nosis (Fig. 3.5) [59].

3.5.2 Age and Comorbidity

Apart from disease-related pre-treatment factors
(e.g. stage, Sokal and ELTS scores, aberrant
cytogenetics), which are beyond the scope of this
overview, several non-disease-related factors
might have an impact on the prognosis of
CML. Several studies indicate that, even after the
introduction of imatinib in 2001-2002, elderly

0.6

0.4

Relative survival

0.2

0.0
0 1 2 3 4 5

Years since diagnosis
Wa)<50 [Mc)60-69 M e)80+
b) 50-59 M d) 70-79

469 468 456 416 377 343
b) 274 272 265 240 223 196

No. at risk
a)

) 327 321 310 285 251 223
d) 268 253 226 199 169 148
e) 168 141 118 85 67 54

Fig. 3.4 Overall and relative survival by age in adult patients with CML diagnosed in 2002-2018. Data are obtained

from the population-based Swedish Cancer Registry
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Fig. 3.5 Overall and relative survival by disease stage in adult patients with CML diagnosed in chronic, accelerated
and blastic phase, respectively, 2002—-2018. Data are obtained from the population-based Swedish CML Registry

CML patients (>70 years) have an inferior
relative survival than younger ones [40, 60, 61].
Several reports show that elderly patients respond
equally well as younger patients to treatment
with imatinib [62, 63]. Possibly, a time lag in the
introduction of imatinib and a persisting under-
use TKIs in the elderly CML patients may explain
the less impressive improvements in the elderly
population [61, 64].

In another publication, based on patients
participating in the German CML study IV,
comorbidity, as measured by the Charlson
comorbidity index [65] and separated from age
in the analysis, was associated with worse sur-
vival but had no negative impact on response to
imatinib [66]. However, comorbidities associ-
ated with significant organ failure or cognitive
function may lead to lower treatment tolerabil-
ity and, therefore, indirectly increase the risk of
CML-related death [67].

3.5.3 Socioeconomy and CML

Even in economically more developed countries
with equal availability to health care resources,

socioeconomic factors may have an impact on
the prognosis in patients with haematological
cancers [68]. In CML, a population-based study
from the UK showed that patients living in more
deprived areas had poorer outcome in terms of
relative survival, as well as a lower chance to
obtain MMR, despite treatment with a TKI [31].
The authors speculate that non-adherence to TKI
therapy may be the most important factor.
However, in a later trial, based on linking the
Swedish CML registry to several health data-
bases, the authors concluded that the observed
association between socioeconomic variables
and survival could rather be explained by pre-
treatment factors (e.g. comorbidities) [69].
Previous publications suggested that central-
ised care of patients with CML is important for
achieving results comparable with those of clini-
cal trials [10]. More recently, Lauseker et al.,
analysing the outcome of 1491 patients included
in the German CML study IV, observed a survival
advantage for patients treated initially at a teach-
ing hospital compared to those treated in munici-
pal hospitals and by office-based physicians,
respectively [70]. The difference remained when
adjusted for age, performance status and EUTOS
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score. Preliminary results from the Dutch registry
suggest that patients with CML treated at smaller
non-academic hospitals were less frequently
monitored by cytogenetic and/or molecular
assessments and were less often included in clini-
cal trials [11, 12]. On the other hand, a report
from the Swedish CML registry, based on 779
patients, was not able to find any difference in
survival between patients living in university ver-
sus non-university catchment areas [13]. Apart
from methodological issues, it may well be that
the relative importance of centralised care in
CML differs between countries due to differ-

ences in their health-care resources and
organisation.
3.6 Do CML Patients Have
an Increased Risk to Develop
Other Cancers?

Studies on the risk of developing subsequent
malignancies (other than MDS or acute leukae-
mia) after the diagnosis of CML have yielded
conflicting results. Thus, in a study based on
1026 patients with CML, diagnosed in 1977-
2008 and identified in the Danish Cancer
Registry, Frederiksen et al. observed a 1.6-fold
increased risk of developing a secondary malig-
nancy as compared to the expected rate in the
background population [71]. In a subsequent
Swedish registry study, CML patients treated in
the TKI era had a 1.5-fold increased risk of devel-
oping a secondary cancer as compared to the
background population (matched by age, sex,
health-care region and calendar year at diagno-
sis) [43, 50]. The authors speculated that this
increased risk is more likely linked to the CML
disease itself rather than to its treatment.
However, other investigators, analysing different
kinds of study populations, have found that
patients with CML has only a borderline
increased risk of secondary cancers [72] or no
increased risk at all [73, 74]. Differences in
patient numbers, selection, follow-up time and
definition of ‘secondary cancer’ might explain
these contradictory findings. Clearly, the ques-

tion whether CML patients, nowadays mostly liv-
ing an almost normal life span, have an increased
risk of developing other malignancies needs to be
further investigated.
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