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Long-term trends in the loss in expectation of life after a
diagnosis of chronic lymphocytic leukemia: a population-based
study in the Netherlands, 1989-2018
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DEAR EDITOR,

We read with interest the article by Kajiiter and colleagues about
the relative survival of 2,327 patients with chronic lymphocytic
leukemia (CLL) diagnosed from 1993 to 2016 in Minster, Germany
[1]. Their study assessed the impact of the introduction of
chemoimmunotherapy for CLL management based on 5-year
relative survival. Congruent with our recent population-based
findings among 20,468 CLL patients diagnosed between 1989 and
2016 in the Netherlands [2], 5-year relative survival in CLL
increased markedly since the introduction of chemoimmunother-
apy, approximating 90% for patients up to age 70 [1, 2].

Relative survival is a frequently used measure in population-
based cancer research to assess progress in patient management
over time. Seeing the comparatively favorable prognosis of CLL
patients in modern times, other survival measures may be more
informative because relative survival does not inform on patient
survival across the entire remaining life span.

The application of the loss in expectation of life (LEL) has
recently entered the arena of population-based cancer research to
assess the impact of a cancer diagnosis on the patients’ life
expectancy and the average number of life-years lost [3]. As the
LEL has not been assessed for CLL patients, our nationwide,
population-based study complements and extends the study of
Kajliter and colleagues by estimating the life expectancy of CLL
patients.

We selected CLL patients diagnosed between 1989 and 2018—
with survival follow-up through December 31, 2020—from the
nationwide Netherlands Cancer Registry (NCR) using the Interna-
tional Classification of Diseases for Oncology morphology code
9823. The NCR includes all newly diagnosed malignancies in the
Netherlands since 1989, with nationwide coverage of at least 95%.
Further details about the registry are published elsewhere [2].
Patients’ survival was followed from the date of diagnosis to
death, emigration, or end of follow-up, whichever occurred first.
Seventy-one patients diagnosed at autopsy were excluded.
According to the Central Committee on Research involving
Human Subjects (CCMO), this type of observational study does
not require approval from an ethics committee in the Netherlands.
The Privacy Review Board of the NCR approved the use of
anonymous data for this study.

We report four statistical measures to evaluate life expectancy.
The first measure is LEL, quantifying the difference in life

expectancy between patients and the general population, of
which the latter is matched to the patients by age, sex, and
calendar year. Here, the LEL is interpreted as the average number
of life-years lost due to a CLL diagnosis. The LEL can vary markedly
across ages because life expectancy is age-dependent. Therefore,
the proportional LEL (PLEL) was estimated as a second measure to
assess the prognostic effect of age on survival. The PLEL was
calculated as the LEL divided by the population life expectancy.
Since excess mortality may diminish with each additional year
survived post-diagnosis, we estimated the LEL conditional on
surviving each additional year up to ten years post-diagnosis (i.e.,
conditional LEL; CLEL). Lastly, the CLEL was also corrected for the
prognostic effect of age, yielding the proportional conditional LEL
(PCLEL) as a fourth measure.

The survival measures were modeled using restricted cubic
splines within the framework of a flexible parametric relative
survival model [4]. The sex-specific survival measures were
presented by year of diagnosis for four age categories at diagnosis
(i.e, 50, 60, 70, and 80 years), unless otherwise stated. Details
about the statistical modeling are provided in the Supplemental
Methods. All analyses were performed using Stata/SE version 17.0
(StataCorp, TX, USA).

Our analytic cohort included 23,692 CLL patients (median age,
69 years; interquartile range, 61-77 years; 61% males) diagnosed
in the Netherlands between 1989 and 2018 (Table S1). The life
expectancy of CLL patients increased for all four age categories
between 1989 and 2018 (Fig. 1A). This absolute increase was most
pronounced for patients aged 50 and 60 years at diagnosis. For
example, a 50-year-old male diagnosed with CLL in 1990 and 2018
would have 11.3 (95% confidence interval [Cl], 10.6-12.0) and 23.5
(95% Cl, 22.3-24.7) life-years remaining, respectively (Fig. 1A and
Table S2). On the other hand, an 80-year-old male diagnosed with
CLL in 1990 and 2018 would have 3.3 (95% Cl, 3.1-3.5) and 6.4
(95% Cl, 6.2-6.6) life-years remaining, respectively (Fig. 1A and
Table S2).

The increase in the life expectancy of CLL patients was greater
than in the general population. Consequently, the LEL (Fig. 1B)
and PLEL (Fig. 1C) of CLL patients across all four age categories
decreased over time. The decrease in LEL was most pronounced in
patients aged 50 and 60 years at diagnosis (Fig. 1B). Despite the
decreasing LEL, all studied age groups diagnosed in 2018 had
excess mortality, reflected in an LEL ranging from 1.7 to 8.2 years,
depending on age and sex (Fig. 1B and Table S2). Of note, the
decrease in LEL was markedly less in older patients (i.e., 70 and 80
years) since elderly individuals generally have fewer life-years
remaining than younger individuals (Fig. 1B and Table S2). Indeed,
estimates of PLEL showed that the age differential in survival
became less pronounced over time and eventually dissipated for
female patients (Fig. 1C and Table S2). The PLEL was ~20% for
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Fig. 1 Trends in various life expectancy measures of patients with chronic lymphocytic leukemia diagnosed in the Netherlands between
1989 and 2018. Panel A depicts the life expectancy of the general population (dashed lines) and patients with chronic lymphocytic leukemia
(solid lines) by year of diagnosis for four age categories, stratified by sex. The shaded area around the life expectancy of patients with chronic
lymphocytic leukemia portrays the 95% confidence interval for the point estimates, which was obtained using the Delta method. Panel
B presents the loss in expectation of life (LEL) of patients with chronic lymphocytic leukemia by year of diagnosis for four ages, stratified by
sex. Panel C presents the proportional loss in expectation of life (PLEL) of patients with chronic lymphocytic leukemia by year of diagnosis for
four ages, stratified by sex. The projected measures of life expectancy according to selected years of diagnosis are presented in
Supplementary Table 2. Abbreviation: CLL, chronic lymphocytic leukemia.

both sexes across all studied age groups in 2018, indicating excess diagnosed in 1990, there was a substantial decrease in the CLEL
mortality akin to findings from the LEL (Fig. 1C and Table S2). with additional years survived post-diagnosis. In more recent

Overall, the CLEL decreased with each additional year survived years, the slope of the CLEL became less steep since the LEL in
post-diagnosis, irrespective of age and sex (Fig. 2). For patients these years is already comparatively low. Nevertheless, CLL
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Fig. 2 The conditional loss in expectation of life of patients with chronic lymphocytic leukemia diagnosed in the Netherlands. The
conditional loss in expectation of life (CLEL) is presented according to four age categories at diagnosis, stratified by sex, and four selected
calendar periods of diagnosis. The projected measures of life expectancy according to age categories are presented in Supplementary Table 3.

patients diagnosed in 2018 who survived up to ten years post-
diagnosis still lost 0.5 to 1.0 life-years, depending on age and sex
(Table S3). The PCLEL estimates demonstrated that (i) the age
differential in the PCLEL became less conspicuous over time and
(i) excess mortality persisted for contemporary diagnosed
patients, irrespective of age and sex (Fig. S1 and Table S4).

This nationwide, population-based study demonstrates that the
life-years lost decreased in CLL patients diagnosed in the
Netherlands between 1989 and 2018, regardless of age and sex.
This study, which is the first of its kind, complements and extends
the findings by Kajuter and colleagues [1] because we went
beyond survival up to 5 years post-diagnosis by estimating the
longevity across the entire patients’ life span.

The steady progress in CLL management across several
treatment lines over the past decades is a credible factor
contributing to the continuous increase in the life expectancy
of CLL patients. The improvement in life expectancy during the
1990s and early 2000s may be attributed to the broader
application of purine analogs in combination with alkylating
agents, particularly fludarabine-cyclophosphamide [5, 6].
Between the mid-2000s and early-2010s, the addition of
rituximab to chemotherapy heralded a new era for CLL manage-
ment, most likely resulting in the increased life expectancy as of
the mid-2000s. Indeed, the pivotal CLL8 and CLL11 studies
showed a marked improvement in progression-free survival (PFS)
and overall survival (OS) in patients treated with first-line
chemoimmunotherapy, as compared to chemotherapy alone, in
medically fit and unfit patients, respectively [7, 8]. More recently,
the chemoimmunotherapy paradigm has shifted towards more
novel targeted agents (e.g., ibrutinib and venetoclax). These
agents exert the capacity to improve PFS dramatically across
various therapy lines [9-13]. Also, the combination of ibrutinib-
rituximab improves OS compared to conventional chemoimmu-
notherapy [9]. However, these novel targeted approaches have
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been available in the Netherlands from 2014 onwards for selected
patient populations. Therefore, it is premature to conclude on the
impact of these novel approaches on life expectancy. We thus
encourage monitoring the progress in the population level
survival of CLL patients since excess mortality persists in modern
times, even for CLL patients surviving up to ten years post-
diagnosis [14]. Of note, earlier detection of CLL might have
artificially influenced the life expectancy measures. However, this
would only potentially influence estimates for patients diagnosed
during the 1990s since the age-standardized incidence rate of CLL
in the Netherlands remained comparatively steady as of the early
2000s, and the life expectancy of CLL patients continued to
increase thereafter [2].

The strengths of our study include the use of population-based
data from a long-running and well-established cancer registry. As
such, we could estimate life expectancy from historical and
contemporary perspectives. Limitations of our study encompass
the lack of detailed patient and CLL characteristics, such as
socioeconomic status and Rai stage, to further stratify life
expectancy according to these baseline characteristics. Also, LEL
estimates for more recently diagnosed patients rely on extrapola-
tion. Then again, extrapolation was reasonably accurate in
previous studies with comparatively short survival follow-up [15].
Nevertheless, the estimates in recent years might be under-
estimated in light of recent progress with novel therapeutic
approaches.

In summary, the life expectancy of CLL patients diagnosed
between 1989 and 2018 increased steadily in the Netherlands.
This increase is likely attributed to the broader application of more
efficacious therapies over time. Notwithstanding, continuous
population-based surveillance is essential to assess the impact
of the rapidly evolving management of CLL on survival since
excess mortality is still a threat in contemporary diagnosed and
managed patients.

SPRINGER NATURE



Correspondence

Lina van der Straten®"*>'"™ Carolien C. H. M. Maas'*,
Mark-David Levin {?, Otto Visser’, Eduardus F. M. Posthuma®’,
Jeanette K. Doorduijn® Anton W. Langerak @®?,

Arnon P. Kater® and Avinash G. Dinmohamed "*°'°
'Department of Research and Development, Netherlands
Comprehensive Cancer Organisation (IKNL), Utrecht, The
Netherlands. “Department of Internal Medicine, Albert Schweitzer
Hospital, Dordrecht, The Netherlands. >Laboratory Medical
Immunology, Department of Inmunology, Erasmus MC, Rotterdam,
The Netherlands. *Department of Public Health, Erasmus University
Medical Center, Rotterdam, The Netherlands. *Department of
Registration, Netherlands Comprehensive Cancer Organisation
(IKNL), Utrecht, The Netherlands. 6Department of Internal Medicine,
Reinier The Graaf Hospital, Delft, The Netherlands. Department of
Hematology, Leiden University Medical Center, Leiden, The
Netherlands. 8Erasmus MC Cancer Institute, Department of
Hematology, University Medical Center Rotterdam, Rotterdam, The
Netherlands. °Amsterdam UMC, University of Amsterdam,
Department of Hematology, Cancer Center Amsterdam, Lymphoma
and Myeloma Center Amsterdam, Amsterdam, The Netherlands.
"Amsterdam UMC, Vrije Universiteit Amsterdam, Department of
Hematology, Cancer Center Amsterdam, Amsterdam, The
Netherlands. ®email: |.vanderstraten@iknl.nl

REFERENCES

1. Kajuter H, Wellmann |, Khil L, Jockel K-H, Zhang C, Fink A-M, et al. Survival of
patients with chronic lymphocytic leukemia before and after the introduction of
chemoimmunotherapy in Germany. Blood Cancer J. 2021;11:174.

2. van der Straten L, Levin M-D, Visser O, Posthuma EFM, Doorduijn JK, Kater AP,
et al. Survival continues to increase in chronic lymphocytic leukaemia: a
population-based analysis among 20 468 patients diagnosed in the Netherlands
between 1989 and 2016. Br J Haematol. 2020;189:574-7.

3. Eloranta S, Smedby KE, Dickman PW, Andersson TM. Cancer survival statistics for
patients and healthcare professionals - a tutorial of real-world data analysis. J
Intern Med. 2021;289:12-28.

4. Andersson TM, Rutherford MJ, Lambert PC. lllustration of different modelling
assumptions for estimation of loss in expectation of life due to cancer. BMC Med
Res Methodol. 2019;19:145.

5. Catovsky D, Richards S, Matutes E, Oscier D, Dyer M, Bezares R, et al. Assessment
of fludarabine plus cyclophosphamide for patients with chronic lymphocytic
leukaemia (the LRF CLL4 Trial): a randomised controlled trial. Lancet.
2007;370:230-9.

6. Robak T, Dmoszynska A, Solal-Céligny P, Warzocha K, Loscertales J, Catalano J,
et al. Rituximab plus fludarabine and cyclophosphamide prolongs progression-
free survival compared with fludarabine and cyclophosphamide alone in pre-
viously treated chronic lymphocytic leukemia. J Clin Oncol. 2010;28:1756-65.

7. Hallek M, Fischer K, Fingerle-Rowson G, Fink A, Busch R, Mayer J, et al. Addition of
rituximab to fludarabine and cyclophosphamide in patients with chronic lympho-
cytic leukaemia: a randomised, open-label, phase 3 trial. Lancet. 2010;376:1164-74.

8. Goede V, Fischer K, Busch R, Engelke A, Eichhorst B, Wendtner CM, et al. Obi-
nutuzumab plus chlorambucil in patients with CLL and coexisting conditions. N
Engl J Med. 2014;370:1101-10.

9. Shanafelt TD, Wang XV, Kay NE, Hanson CA, O'Brien S, Barrientos J, et al.
Ibrutinib-rituximab or chemoimmunotherapy for chronic lymphocytic leukemia.
N Engl J Med. 2019;381:432-43.

10. Burger JA, Tedeschi A, Barr PM, Robak T, Owen C, Ghia P, et al. Ibrutinib as initial
therapy for patients with chronic lymphocytic leukemia. N Engl J Med.
2015;373:2425-37.

11. Fischer K, Al-Sawaf O, Bahlo J, Fink A-M, Tandon M, Dixon M, et al. Venetoclax and
obinutuzumab in patients with CLL and coexisting conditions. N Engl J Med.
2019;380:2225-36.

SPRINGER NATURE

12. Woyach JA, Ruppert AS, Heerema NA, Zhao W, Booth AM, Ding W, et al. Ibrutinib
regimens versus chemoimmunotherapy in older patients with untreated CLL. N
Engl J Med. 2018;379:2517-28.

13. Moreno C, Greil R, Demirkan F, Tedeschi A, Anz B, Larratt L, et al. Ibrutinib plus
obinutuzumab versus chlorambucil plus obinutuzumab in first-line treatment of
chronic lymphocytic leukaemia (ILLUMINATE): a multicentre, randomised, open-
label, phase 3 trial. Lancet Oncol. 2019;20:43-56.

14. van der Straten L, Levin M-D, Visser O, Posthuma EFM, Doorduijn JK, Kater AP,
et al. Conditional relative survival among patients with chronic lymphocytic
leukaemia: a population-based study in the Netherlands. eJHaem. 2022;3:180-3.

15. Andersson TM, Dickman PW, Eloranta S, Lambe M, Lambert PC. Estimating the
loss in expectation of life due to cancer using flexible parametric survival models.
Stat Med. 2013;32:5286-300.

ACKNOWLEDGEMENTS

The authors would like to thank the registration clerks of the Netherlands Cancer
Registry (NCR) for their dedicated data collection. The nationwide population-based
NCR is maintained and hosted by the Netherlands Comprehensive Cancer
Organization (IKNL).

AUTHOR CONTRIBUTIONS

AGD designed the study; CCHMM analyzed the data; OV was responsible for the data
collection; LvdS wrote the manuscript with contributions from all authors, who also
interpreted the data, and read, commented, and approved the final version of the
manuscript.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541408-022-00669-7.

Correspondence and requests for materials should be addressed to Linavander
Straten.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

Blood Cancer Journal (2022)12:72


http://orcid.org/0000-0002-9359-1203
http://orcid.org/0000-0002-9359-1203
http://orcid.org/0000-0002-9359-1203
http://orcid.org/0000-0002-9359-1203
http://orcid.org/0000-0002-9359-1203
http://orcid.org/0000-0003-2139-3547
http://orcid.org/0000-0003-2139-3547
http://orcid.org/0000-0003-2139-3547
http://orcid.org/0000-0003-2139-3547
http://orcid.org/0000-0003-2139-3547
http://orcid.org/0000-0002-2078-3220
http://orcid.org/0000-0002-2078-3220
http://orcid.org/0000-0002-2078-3220
http://orcid.org/0000-0002-2078-3220
http://orcid.org/0000-0002-2078-3220
http://orcid.org/0000-0002-4767-6716
http://orcid.org/0000-0002-4767-6716
http://orcid.org/0000-0002-4767-6716
http://orcid.org/0000-0002-4767-6716
http://orcid.org/0000-0002-4767-6716
mailto:l.vanderstraten@iknl.nl
https://doi.org/10.1038/s41408-022-00669-7
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Long-term trends in the loss in expectation of life after a diagnosis of chronic lymphocytic leukemia: a population-based study in the Netherlands, 1989&#x02013;nobreak2018
	Dear Editor,
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




