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To the Editor:
The advent of the ﬁrst tyrosine kinase inhibitor (TKI)
imatinib in 2001—targeting the BCR-ABL1 oncoprotein—
revolutionized the management of chronic myeloid leukemia (CML). Trials of imatinib and subsequent TKIs in CML
have shown excellent survival outcomes. However, the
broad applicability of trial results in daily practice has its
limits because of the patient selection criteria dictated by
study protocols—especially among elderly, often comorbid
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patients who are generally underrepresented in pivotal CML
trials [1].
Population-based studies can inform how changing
treatment practices affect population-level survival. The
paucity of representative population-based studies in CML
is comparatively outdated and does not explicitly provide a
comprehensive apprehension on treatment or survival
among different older age groups, as patients are frequently
combined into one age group or broad ranges of age [2–5].
Therefore, to complement and extend on prior populationbased research, we conducted a comprehensive, nationwide,
population-based study to assess trends in primary treatment
and survival among elderly CML patients diagnosed during
a 28-year period in the Netherlands.
We selected all CML patients aged ≥ 70 years diagnosed
between 1989 and 2017—with survival follow-up through
January 1, 2019—from the nationwide population-based
Netherlands Cancer Registry (NCR) using International
Classiﬁcation of Diseases for Oncology morphology codes
9863 and 9875. Nationwide since 1989, the NCR has an
overall coverage of >95% of all newly diagnosed malignancies in the Netherlands [6]. The NCR relies on case
notiﬁcation through the Nationwide Network of Histopathology and Cytopathology, and the Nationwide Registry
of Hospital Discharges (i.e., inpatient and outpatient discharges). Information on the dates of birth and diagnosis,
sex, prior malignancies, vital statistics (i.e., alive, emigration, or death), and ﬁrst-line anti-CML treatment—deﬁned
as chemotherapy, immunotherapy, or TKI—was available
for individual patients. This information is collected by
trained registrars of the NCR through retrospective medical
records review. Data on the use of TKI therapy and the
speciﬁc therapeutic agent were registered in the NCR for
patients diagnosed from 2007 and 2014, respectively. Of
note, the use of TKI therapy before the calendar year 2007
was recorded in the NCR as anti-CML treatment.
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Fig. 1 Primary treatment of
elderly patients with chronic
myeloid leukemia in the
Netherlands. a Shows
information on primary therapy
according to age at diagnosis
and calendar period of diagnosis
among patients diagnosed
between 1989 and 2017.
b Shows information on primary
therapy according to age at
diagnosis among patients
diagnosed between 2014 and
2017. The table in (a) presents
the proportion of patients
receiving a particular treatment
within a speciﬁc age group and
calendar period. The absolute
number of patients within a
speciﬁc age group and calendar
period presented in (a) is shown
in Supplementary Table 3. The
table in (b) presents the absolute
number and proportion of
patients receiving a particular
treatment within a speciﬁc
age group.
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Patients were divided into four age groups (70–74,
74–79, 80–84, and ≥85 years) and three calendar periods
(1989–2000, 2001–2008, and 2009–2017). The ﬁrst
calendar period represents the pre-TKI era, the second and
third period the era in which imatinib and subsequent
generations of TKIs were introduced in daily practice,
respectively.
Relative survival (RS) was calculated to estimate
disease-speciﬁc survival as per the cohort methodology. RS
was calculated up to 5 years after diagnosis according to the
calendar period of diagnosis and age at diagnosis and
measured from diagnosis to death, emigration, or end of
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follow-up (January 1, 2019), whichever occurred ﬁrst. RS is
the overall survival in the patient cohort divided by the
expected survival of a comparable group from the general
population, matched to the patients through age, sex, and
period [7]. The expected survival was calculated from
Dutch population life tables—stratiﬁed by age, sex, and
period—according to the Ederer II methodology [8]. Poisson regression was applied to investigate linear trends in RS
over time and the relative excess risk of mortality [9]. A P <
0.05 indicates statistical signiﬁcance. The Privacy Review
Board of the NCR approved the use of anonymous data for
this study.
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Fig. 2 Relative survival of
elderly patients with chronic
myeloid leukemia in the
Netherlands according to age
at diagnosis and calendar
period of diagnosis,
1989–2017. Relative survival
rates (RSR) are shown for the
following age categories: a
70–74 years, b 75–79 years,
c 80–84 years, and d ≥85 years.
The table presents the projected
1-, 3-, and 5-year RSR with 95%
conﬁdence intervals (CIs)
according to age at diagnosis
and calendar period of
diagnosis. *P value for
likelihood ratio test assessing
linear trends from the period
1989–2000 to the period
2009–2017.

A total of 1525 CML patients aged ≥ 70 years were
included in the study (median age, 77 years; range 70–95
years; 56% males; and 11% with a prior malignancy). The
characteristics of these patients are presented in Supplementary Table 1. Overall, 31%, 32%, 22%, and 15% of
patients were aged 70–74, 75–79, 80–84, and ≥85 years,
respectively.
Figure 1a presents information on primary treatment
according to age at diagnosis and calendar period of

diagnosis. The application of anti-CML therapy increased
over time across all age groups. Data of patients diagnosed
during 2009–2017 showed that 93%, 93%, 80%, and 74%
of the patients across the four age groups received a TKI,
respectively. Detailed data on primary therapy among 219
patients diagnosed during 2014–2017 are shown in Fig. 1b.
Figure 2 shows RS according to age at diagnosis and
calendar period of diagnosis. One-, 3-, and 5-year RS
improved signiﬁcantly over time across all age groups.

G. I. C. G. Ector et al.

Nevertheless, patients across all age groups experienced
ongoing excess mortality—as compared with the general
population—in the most recent period (2009–2017). Furthermore, improvement in RS among patients aged ≥ 75
lagged behind those aged 70–74 years in the period between
1989–2000 and 2001–2008. The most pronounced
improvement in RS among patients aged ≥ 75 years took
place between 2001–2008 and 2009–2017, especially
among patients aged ≥ 85 years.
Next, we analyzed the relative excess risk of mortality
within ﬁve years after CML diagnosis in a multivariable
model (Supplementary Table 2). Overall, when simultaneously adjusted for sex, age at diagnosis, calendar period
of diagnosis, and a prior malignancy, patients diagnosed in
2009–2017 had 63% lower excess mortality, as compared
with patients diagnosed in 2001–2008 (excess mortality
ratio, 0.37; 95% conﬁdence interval [CI]; 0.29–0.50; P <
0.001). However, after additional adjustment for primary
therapy, the effect of calendar period lost statistical signiﬁcance. This ﬁnding suggests that changes in the application of primary therapy contributed to the improved
survival during 2009–2017. Lastly, older age and male sex
were independent predictors of poor prognosis.
In this nationwide, population-based study, we demonstrated that RS among all age groups of CML patients
aged ≥ 70 years improved considerably after the introduction of imatinib in 2001. However, the improvement
between 1989–2000 and 2001–2008 among patients aged ≥
75 years was less pronounced compared with patients aged
70–74 years. The improvement in the former age group was
most pronounced between 2001–2008 and 2009–2017,
especially among patients aged ≥ 85 years. This observation
might suggest that patients aged ≥ 75 years did not immediately gain beneﬁt from the advances in CML
management.
Our ﬁndings that survival improvements lag in the oldest
age groups are mostly congruent with and extend on ﬁndings from the few available population-based studies in
CML [2, 3, 10, 11]. In the USA and England, 5-year RSRs
(95% CI) among patients aged 65–74 years increased
between 2001–2005 and 2006–2010 from 42% (36–48%) to
58% (52–64%) and from 40% (35–46%) to 60% (55–65%),
respectively. In contrast, the corresponding rates among
patients aged ≥ 75 years increased from only 25% (21–30%)
to 33% (28–38%) and from 18% (14–21%) to 26%
(22–30%), respectively [2]. Similarly, in Sweden, 5-year
RSRs (95% CI) improved for patients aged 70–79 and >79
years from 24% (17–33%) to 75% (61–86%) and from 6%
(1–18%) to 25% (10–47%) between 1987–1993 and
2001–2008, respectively [10]. Of note, the RSRs in the
Netherlands seems to lag compared with the Swedish rates.
However, registration practices and the wideness of the CIs
should be strongly considered when comparing survival

rates across countries [12]. Therefore, a ﬁrm conclusion
regarding potential survival disparities cannot be made.
This topic provides an avenue for future research.
Congruent with our study, detailed data of the Swedish
CML Registry among patients diagnosed during
2002–2010 showed that the application of TKIs increased
over time among patients aged ≥ 70 years [11]. Furthermore,
during 2007–2009, 85% and 79% of patients aged 70–79
and >79 years received ﬁrst-line TKI, respectively. Virtually all patients aged ≥ 70 years diagnosed during
2014–2017 received ﬁrst-line TKI, except for seven
patients. The following reasons for not prescribing a TKI
were reported: patients’ preferences (n = 3), short lifeexpectancy (n = 1), functional status (n = 1), comorbidities
(n = 1), and unknown reason (n = 1).
Despite these encouraging ﬁndings on survival
improvement, elderly CML patients experience considerable excess mortality in contemporary clinical practice—
particularly those aged ≥ 80 years. There are several possible contributing factors. Elderly patients may experience
greater toxicities of TKI treatment due to comorbidities,
which, in turn, might result in decreased adherence or discontinuation. Therefore, physicians were possibly reticent
to offer TKIs to elderly, often comorbid patients—especially in the early years following commercially available
imatinib. Whether the reticent application of TKI relates to
the patients’ comorbidity, frailty, desire, or other patient- or
physician-related characteristics is an area for future
research to further improve the care among the elderly.
Improvement in CML management and supportive measures is desired, in the view of the rapid growth of the aging
population, resulting in an increased incidence of CML
among the elderly [13]. The current study provides a
benchmark to assess whether excess mortality among
elderly patients will decline in the years ahead.
The strength of our study includes the utilization of a
nationwide population-based cohort with a relatively large
number of patients, long-term study period, and comprehensive information on primary therapy. Therefore, unlike
most population-based studies, we could directly link
changing treatment practices with improvements in survival. Limitations of our study mainly pertain to the lack of
detailed information on the response, monitoring, and subsequent treatment choices throughout most of the registry.
Collectively, in this nationwide, population-based study,
RS increased signiﬁcantly over time among various age
groups of elderly CML patients. This improvement is likely
accounted for by the introduction and increased application
of TKIs since 2001. Nevertheless, elderly CML patients
continue to experience excess mortality in a contemporary
era with well-established TKI management. Forthcoming
studies should center on further reducing excess mortality in
this elderly population.
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