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Introduction

Lymphoplasmacytic lymphoma (LPL) is a rare, indolent B-
cell non-Hodgkin lymphoma predominantly involving the
bone marrow (BM). Increased serum levels of monoclonal
immunoglobulin M (IgM) are present in most LPL patients,
defined as Waldenstrom’s macroglobulinaemia (WM).!
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Contemporary diagnosed WM patients, compared to the general popula-
tion, continue to experience excess mortality regardless of having survived
up to 15 years post-diagnosis. This gradual increase in excess mortality
might result from the incurable nature of this disease characterized by mul-
tiple relapses throughout the disease course with limited efficacious treat-
ment options in the released/refractory setting.
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Lymphoplasmacytic lymphoma without IgM and WM is
hereafter referred to as LPL/WM.

The few available population-based studies in LPL/WM
revealed that the introduction of rituximab to the therapeutic
arsenal of LPL/WM improved the population-level survival
of LPL/WM patients.>” These studies present survival esti-
mates measured from diagnosis, which is helpful to inform
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on the prognosis for newly diagnosed patients. However,
these estimates can be somewhat discouraging due to
patients who die within the first years post diagnosis. Condi-
tional relative survival (CRS) is a concept that refers to the
likelihood of survival — corrected for the life expectancy in
the general population — after having survived from a speci-
fied time since diagnosis. Generally, CRS tends to increase
with increasing years already survived since there are more
‘cured’ patients. CRS is a practical approach as it provides
survivors with information on prognosis improvements at
various stages of survivorship.

To fill the knowledge gap and inform long-term LPL/WM
survivors about their CRS, this nationwide population-based
study examined up-to-date estimates of five-year relative sur-
vival (RS) at diagnosis and for each additional year survived
up to 15years post diagnosis among LPL/WM patients diag-
nosed in the Netherlands.

The nationwide Netherlands Cancer Registry (NCR) cov-
ers >95% of all newly diagnosed malignancies in The Nether-
lands since 1989. The NCR relies on case ascertainment via
the Nationwide Histopathology and Cytopathology Data Net-
work and the Nationwide Registry of Hospital Discharges
(i.e. inpatient and outpatient discharges).

All patients diagnosed with BM-confirmed LPL/WM
between 1989 and 2018 — with follow-up for survival until
31 December 2019 —were selected from the NCR using
International Classification of Diseases for Oncology mor-
phology codes 9671 and 9761. Data on the dates of birth,
diagnosis, and last known vital status (i.e. alive, death or
emigration) and sex were available for individual patients.
Twenty-eight LPL/WM cases diagnosed through autopsy
were excluded. The Privacy Review Board of the NCR
approved the use of anonymous data for this study.

Relative survival was calculated to estimate disease-specific
survival in the absence of information on the cause of death.®
Relative survival is defined as the ratio of observed to
expected survival, of which the latter is estimated using
national annual life tables and matched to the patient by age,
sex, and calendar year. We calculated five-year RS at diagno-
sis and five-year CRS for each additional year survived up to
fifteen years after diagnosis, conditional on being alive at the
beginning of that year. The Ederer II method was used to
estimate expected survival.”

The empirically validated hybrid approach was used to
generate up-to-date survival probabilities for patients diag-
nosed in the period 1989-2018 who were alive between the
follow-up interval of 2008-2019."° This approach is suitable
for predicting up-to-date estimates of RS when incidence
data lag behind mortality data. Our settings used for the
hybrid approach resulted in 20years of post-diagnostic
follow-up information to compute five-year CRS up to 15
years post diagnosis. The survival probabilities of this study
can be interpreted as the predicted survival probabilities for
patients diagnosed in the period 2008-2019. The statistical
analysis and how the survival data were structured under the

hybrid approach is extensively described in the supporting
information.

Survival statistics were computed for the overall cohort
and according to sex and age at diagnosis (<65 and >65
years) with associated 95% confidence intervals (Cls) and
standard errors (SEs). The age groups were chosen based on
the age cut-off of the International Prognostic Scoring Sys-
tem for WM. There is minimal excess mortality compared to
the general population when five-year RS exceeds 95%."
Survival differences between the point estimates were assessed
by 95% CI overlap. Only survival estimates with a SE of
<5% were presented. This choice relates to the precision of
the survival estimates. STATA/SE 16.1 (StataCorp LP, College
Station, TX, USA) was used for the analyses.

A total of 6234 LPL/WM patients (median age, 70 years;
and 61% males) were diagnosed in The Netherlands in the
period 1989-2018 (TableI). The number of patients at risk
under the hybrid approach and estimates of five-year CRS at
diagnosis and 5-, 10-, and 1five-years post diagnosis are pre-
sented in Tablel, stratified by sex and age at diagnosis. A
graphical representation of five-year CRS up to fifteen years
post diagnosis for the overall cohort and according to sex
and age at diagnosis is presented in Fig 1. The overall five-
year RS measured from diagnosis was 86% (95% CI, 84—
88%) and gradually decreased with additional years survived
to 75% (95% CI, 68-82%) at 15years post diagnosis (Fig
1A). This trend was emulated according to sex, with no sex
differential in survival over time (Fig1B). However, there
was an age differential in five-year RS at diagnosis that essen-
tially persisted with each year survived post diagnosis (Table
I and Fig 1C). Also, five-year CRS decreased with each addi-
tional year survived across the two age groups. However, for
patients aged <65 years, the excess mortality remains nearly
constant at approximately 20% after ten years post diagnosis.

This is the first population-based study assessing CRS in
LPL/WM. This study provides a better understanding of the
prognosis of LPL/WM patients with each additional year sur-
vived post diagnosis.

The introduction of rituximab in the early—mid-2000s
changed the treatment paradigm of LPL/WM. It essentially
replaced the use of single- or multiagent chemotherapy.
Rituximab or rituximab-based regimens [e.g. with chemother-
apy, a proteasome inhibitor, or a Bruton’s tyrosine kinase
(BTK) inhibitor] have the most prominent position in con-
temporary treatment protocols for LPL/WM patients."*"**
Despite these advances, we showed that LPL/WM patients
across all age groups continue to experience excess mortality
throughout the 20 years of post-diagnostic follow-up in the
rituximab era. Although five-year RS at diagnosis among
patients aged <65 and >65years at diagnosis is relatively
high — especially among patients aged <65 years — it is some-
what disheartening that the age difference in survival at
diagnosis persisted over time and excess mortality remains to
increase regardless of having survived several years post diag-
nosis. The gradual increase in excess mortality with each
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Table I. Conditional five-year relative survival among patients with LPL/WM at diagnosis, after 5 and 10 years post-diagnosis.
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No. of
patients at

No. of patients at risk
under the hybrid approach

diagnosis after x years Conditional five-year relative survival (95% CI) ) .
Reliable estimates

Characteristics n (%) 0 5 10 15 At diagnosis At 5years At 10years At 15years up to x years*
Total no. of patients 6234  (100) 4296 2424 1154 478 86 (84-88) 84 (81-87) 77 (73-82) 75 (68-82) 15
Sex

Male 3782 (61%) 2639 1421 626 243 85 (83-88) 83 (79-87) 76 (71-83) 72 (64-84) 14

Female 2452 (39%) 1657 1003 528 235 87 (84-90) 85 (81-90) 79 (74-86) 77 (68-87) 15
Age at diagnosis

<65 years 2204  (35%) 1729 1207 716 360 93 (91-95) 90 (87-93) 82 (78-87) 80 (74-87) 15

>65 years 4030 (65%) 2567 1217 438 118 82 (79-85) 77 (72-82) 69 (60-79) —t 10

*CRS estimates are reliable when the standard error of the estimate is 5% or below.

tStandard error of the CRS estimate is above 5%.
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Fig 1. Five-year conditional relative survival (CRS) up to fifteen
years post diagnosis among patients diagnosed with lymphoplasma-
cytic lymphoma/Waldenstrom’s macroglobulinaemia in The Nether-
lands, 1989-2018. The five-year CRS is presented for the overall
cohort (A) and according to sex (B), and age at diagnosis (C). The
error bars for the point estimates indicate 95% confidence intervals.
[Colour figure can be viewed at wileyonlinelibrary.com|]

additional year survived post diagnosis might result from the
incurable nature of LPL/WM, characterized by multiple
relapses throughout the disease course with limited efficacious
treatment options in the released/refractory setting. Also,
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treatment-related sequelae, transformation to a high-grade
lymphoma, the development of secondary primary malignan-
cies, comorbid conditions at diagnosis or acquired post diag-
nosis, and infections might attribute to excess mortality.

The strength of this study is the use of a nationwide
population-based cancer registry providing data to estimate
long-term and up-to-date survival expectations in the general
LPL/WM population. Limitations of this study include the
lack of detailed data on prognostic indices and therapy
throughout most of the registry to stratify the survival esti-
mates. Also, information on the cause of death was lacking.

Despite these limitations, this study highlights that con-
temporary diagnosed LPL/WM patients, compared to the
general population, continue to experience considerable
excess mortality with each additional year survived post diag-
nosis. CRS estimates offer LPL/WM patients information
about their survival expectations with each year survived post
diagnosis and provides means to physicians to tailor surveil-
lance and follow-up activities. Our study results touch upon
the need for novel curative treatment strategies to reduce
short- and long-term excess mortality in LPL/WM patients.
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