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Summary

Background Management of lymphoid malignancies requires substantial health system resources. Total national
health expenditure might influence population-based lymphoid malignancy survival. We studied the long-term
survival of patients with 12 lymphoid malignancy types and examined whether different levels of national health
expenditure might explain differences in lymphoid malignancy prognosis between European countries and regions.

Methods For this observational, retrospective, population-based study, we analysed the EUROCARE-6 dataset of
patients aged 15 or older diagnosed between 2001 and 2013 with one of 12 lymphoid malignancies defined according
to International Classification of Disease for Oncology (third edition) and WHO classification, and followed up to
2014 (Jan 1, 2001-Dec 31, 2014). Countries were classified according to their mean total national health expenditure
quartile in 2001-13. For each lymphoid malignancy, 5-year and 10-year age-standardised relative survival (ASRS) was
calculated using the period approach. Generalised linear models indicated the effects of age at diagnosis, gender, and
total national health expenditure on the relative excess risk of death (RER).

Findings 82 cancer registries (61 regional and 21 national) from 27 European countries provided data eligible for
10-year survival estimates comprising 890730 lymphoid malignancy cases diagnosed in 2001-13. Median follow-up
time was 13 years (IQR 13-14). Of the 12 lymphoid malignancies, the 10-year ASRS in Europe was highest for hairy
cell leukaemia (82-6% [95% CI 78-9-86-5) and Hodgkin lymphoma (79-3% [78-6-79-9]) and lowest for plasma cell
neoplasms (29-5% [28-9-30-0]). RER increased with age at diagnosis, particularly from 55-64 years to 75 years or
older, for all lymphoid malignancies. Women had higher ASRS than men for all lymphoid malignancies, except for
precursor B, T, or natural killer cell, or not-otherwise specified lymphoblastic lymphoma or leukaemia. 10-year ASRS
for each lymphoid malignancy was higher (and the RER lower) in countries in the highest national health expenditure
quartile than in countries in the lowest quartile, with a decreasing pattern through quartiles for many lymphoid
malignancies. 10-year ASRS for non-Hodgkin lymphoma, the most representative class for lymphoid malignancies
based on the number of incident cases, was 59-3% (95% CI 58-7-60-0) in the first quartile, 57-6% (55-2-58-7) in the
second quartile, 55-4% (54-3-56-5) in the third quartile, and 44 -7% (43 - 6—45 - 8) in the fourth quartile; with reference
to the European mean, the RER was 0-80 (95% CI 0-79-0-82) in the first, 0-91 (0-90-0-93) in the second, 0-94
(0-92-0-96) in the third, and 1-45 (1-42-1-48) in the fourth quartiles.

Interpretation Total national health expenditure is associated with geographical inequalities in lymphoid malignancy
prognosis. Policy decisions on allocating economic resources and implementing evidence-based models of care are
needed to reduce these differences.
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Introduction

Haematological malignancies account for approxi-
mately 7% of all cancers worldwide' and more than
half are lymphoid malignancies. In 2020, the age-
standardised incidence rates (per 100000) in Europe
for both genders were estimated as 16-4 for non-
Hodgkin lymphoma, 6-8 for multiple myeloma, and
2.7 for Hodgkin lymphoma.” The incidence of
lymphoid malignancies is higher in men than in

women and increases with age,’ typically affecting
older people.’

The improvements in survival reported by the
EUROCARE-5 study for many lymphoid malignancies
coincided with the introduction of new treatments, such
as anti-CD20 monoclonal antibodies for treating B-cell
lymphomas and acute lymphoblastic leukaemia or
proteasome inhibitors for multiple myeloma.* The
development of chimeric antigen receptor redirected
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Research in context

Evidence before this study

Cancer registry-based survival studies on lymphoid
malignancies usually provide 5-year survival estimates, whereas
long-term survival is available for specific malignancy types or
on a national basis only. The improvements in 5-year survival
reported by previous EUROCARE studies for many lymphoid
malignancies coincided with the introduction of new
treatments but persisting survival differences across Europe
suggest inequalities in quality of care and access to treatments
exist. Total national expenditure on health—an indicator of a
country's overall investment in its health system—was
associated with 5-year all-cancer survival, but its influence on
long-term survival for specific lymphoid malignancies has not
been investigated. No formal literature review was done before
the start of the study.

Added value of this study

To our knowledge, this is the first study to provide 10-year
survival estimates for 12 specific lymphoid malignancies in

27 European countries, using data from 82 population-based
cancer registries. It is also the first study to systematically
analyse the relationship between survival for each lymphoid
malignancy and total national health expenditure. For all the
lymphoid malignancies, 5-year and 10-year age-standardised
relative survival (ASRS) in countries in the highest total national
health expenditure quartile was higher than in countries in the
lowest quartile, with a gradual decrease in survival through
decreasing expenditure quartiles, although this pattern differed
by lymphoid malignancy subgroup. For common lymphoid
malignancies, such as Hodgkin lymphoma and non-Hodgkin

T-cell (CAR-T) therapy’ and other therapeutic targets (eg,
BTK inhibitors) is expected to improve survival for
patients with various B-cell neoplasms.® However,
persistent survival inequalities across Europe suggest
differences in quality of care and access to treatments
exist.’

The high and increasing costs of lymphoid malignancy
management—due to expensive drugs, complex
regimens, and the need for extensive support services
and after-care surveillance—require substantial health
system resources.® Total national expenditure on health
was associated with 5-year all-cancer survival in the
EUROCARE-5 study,’ but its association with long-term
survival for specific lymphoid malignancies has not been
investigated.

As increasing numbers of patients with haematological
malignancies in Europe survive for more than 5 years
after their initial diagnosis,®" survival needs to be
analysed beyond the conventional 5-year timeframe
usually reported. Studies investigating long-term survival
indicated that follicular lymphoma®™* survival continues
to decrease over the follow-up years and mortality
remained higher than in the general population even

lymphoma, survival was similar across the countries in the high
and medium-high quartiles. 10-year ASRS for Hodgkin
lymphoma decreased from the highest to lowest quartile. The
decrease through quartiles was less uniform for lymphoid
malignancies with poor prognosis, such as mantle cell
lymphoma. In most countries in the first or second total national
health expenditure quartiles, 10-year ASRS was in line with or
above the European mean for common lymphoid malignancies.
Exceptions were England, Scotland, Northern Ireland, Finland,
and Austria, where survival for some lymphoid malignancies
was lower than the European mean. Multivariable survival
models (adjusted by age, gender, and total national health
expenditure), applied for each lymphoid malignancy, confirmed
that 10-year survival was better in countries with higher health-
care expenditure than in those with lower expenditures.

Implications of all the evidence

In countries with low total national health expenditure, policy
decisions are needed to increase health-care resources and
identify strategies to sustain interventions. Differences in
lymphoid malignancy survival among countries with similar
total national health expenditure indicate the need to
investigate national health-care policies and health resource
utilisation. All these countries need to implement efficient,
evidence-based care and long-term surveillance to reduce
inequalities. Given the high cost of drugs for haematological
malignancies, political pressure and negotiations with drug
manufacturers to reduce the prices of the most expensive drugs
should be pursued.

10 years after diagnosis.” Studies in children and
adolescents reported that the persisting excess risk of
death* might be attributable to secondary cancers, late
relapses of non-Hodgkin lymphoma, or cardiovascular
disease.”

Apart from late relapses, the excess mortality of patients
with lymphoid malignancies, persisting for more than
5 years after diagnosis, has also been attributed to the
long-term adverse effects of cytotoxic therapy,*
multimorbidity,” and social deprivation.™

Total national health expenditure represents the
country’s general resources for health, allowing us to
evaluate how the economic availabilities can contribute
to differences in health outcomes and permitting
reliable results comparison among countries. It is a
sufficiently standardised macroeconomic indicator
collected by national and international statistics offices.
Total national health expenditure has already been
considered for evaluating differences in non-Hodgkin
lymphoma survival across countries.” It is a general
descriptor that is useful to uncover potential issues to
be better explored by future studies, outside the
EUROCARE-6 framework.
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We studied the long-term survival of patients with
12 specific lymphoid malignancy types and examined
whether different levels of total national health expenditure
might explain differences in lymphoid malignancy
prognosis between European countries and regions.

Methods

Study design and data collection

For this observational, retrospective, population-based
study, we selected 10-year survival data of adults (aged
=15 years) diagnosed with lymphoid malignancies from
the dataset of the EUROCARE-6 study, which relies on
standardised information provided by population-based
cancer registries in Europe. The quality and completeness
of cancer registry data were assessed with standardised
EUROCARE and European Network of Cancer Registries
and Joint Research Centre checking procedures.” The
study protocol is available online.

Morphology was coded according to the International
Classification of Disease for Oncology, third edition
(ICDO-3),” and 2017 WHO classification (WHO-4),2 with
some updates introduced in the 2023 revision. We
collected data on date of birth, diagnosis, and death, vital
status, and gender through patients’ medical records
held at cancer registries.

The lymphoid malignancy types analysed were Hodgkin
lymphoma, the group of non-Hodgkin lymphoma, and
ten specific types: chronic lymphocytic leukaemia/small
lymphocytic lymphoma; lymphoplasmacytic lymphoma/
Waldenstrom macroglobulinaemia; diffuse large B-cell
lymphoma; mantle cell lymphoma; follicular lymphoma;
marginal zone lymphoma; mature T and natural killer
cell lymphoma; precursor B-cell, T-cell, or natural killer
cell, or not-otherwise-specified lymphoblastic lymphoma
or leukaemia; plasma cell neoplasms; and hairy cell
leukaemia. Detailed ICDO morphology codes of the
lymphoid malignancy forms analysed with their
acronyms are provided in the appendix (p 13).

Statistical analysis

We computed relative survival (the cancer-specific
survival probability) with the Ederer II method, using
SEER*Stat software and registry-specific lifetables
stratified by age, gender, and year. 5-year and 10-year
relative survival in the follow-up period (2010-14;
selecting patients diagnosed in 2001-13), with 95% ClIs,
were calculated by country, gender, and age at diagnosis
using the period approach, which provides the most up-
to-date estimates of the survival of patients diagnosed in
2010-14.” In our analyses, the Ederer II estimator was
less prone than the net survival estimator to estimates’
instabilities or increases for long follow-up durations
that typically occur with scarce number of cases and in
older age groups.” Relative survival SEs were calculated
with Greenwood’s formula assuming fixed expected
survival. Two-sided 95% Cls were computed using
logarithmic transformation.

Age at diagnosis was divided into five groups (1544,
45-54, 55-64, 65-74, and =75 years) and reduced to four
for Hodgkin lymphoma and precursor B-cell, T-cell, or
natural killer cell, or not-otherwise-specified lymphoblastic
lymphoma or leukaemia (1544, 45-54, 55-64, and
=65 years) and for mantle cell lymphoma and marginal
zone lymphoma (15-54, 55-64, 65-74, and =75 years).

To account for different age structures of European
populations, country-specific relative survival estimates
were standardised by age with international cancer
survival standards.® European mean survival was
computed by weighting area-specific survival by the
population of each area (northern, central, southern, and
eastern Europe; UK; and Ireland).

The total national health expenditure—in US$
purchasing power parity per capita—by country was
determined annually for 2001-13 from key international
databases (eg, Health for All Europe, Organisation for
Economic Co-operation and Development, World Bank
Database, and local national statistics offices).

Countries were scored according to their mean total
national health expenditure in 2001-13 and divided into
quartiles of expenditure (low, middle-low, middle-high,
and high). We adopted total national health expenditure
quartiles for easier interpretation of results, while
accepting the loss of some precision and leaving for
future analyses the application of more structured
methods (ie, fractional polynomial or regression spline
scales). Reliability and standardisation of total national
health expenditure data made this choice reasonable.

The I2 statistic was calculated to establish the
percentage of total between-country survival differences
due to heterogeneity rather than chance.” The higher the
I2 statistic, the more the differences are due to true
heterogeneity between the populations.

Generalised linear models were used in multivariable
regressions to assess the effects of age at diagnosis,
gender, and total national health expenditure on the
relative excess risks of death (RERs), with 95% ClIs, for
each lymphoid malignancy group in the 10 years after
diagnosis. The selection of the variables was determined
by their availability in cancer registry databases. We used
a Poisson regression model, in which the response
variable was the difference between observed and
estimated deaths and the predictors were age at diagnosis
(grouped as described earlier), gender, and total national
health expenditure in quartiles (grouped as above;
appendix p 26).”

The possible combined effects of age, gender, and total
national health expenditure on RERs were investigated.
After considering only the main effects, generalised
linear models with both two-way and three-way
interaction effects along with the main effects were
computed.”® Given the high number of cases, Hodgkin
lymphoma and non-Hodgkin lymphoma groups were
considered for examining possible association between
total national health expenditure and RERSs in subgroups
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defined by age (15-54 and 55+ years) and gender.” The
computation of RERs by generalised linear model were
repeated for these subgroups.

Data were analysed using SEER*Stat software (version
8.3.9), SAS (version 9.4), and STATA (version 170).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Of 913 244 eligible lymphoid malignancy cases diagnosed
in 27 European countries between 2001 and 2013 (table 1),

1956 (0-2%) were excluded because of major errors
(missing or invalid data and inconsistencies in essential
variables to compute survival, such as dates, information
on vital status, basis of diagnosis, topography, and
morphology). Moreover, 16921 (1-9%) cases known only
from death certificates and 2396 (0-3%) incidentally
detected at autopsy were also excluded. The proportions
of cases known only from death certificates were
relatively high in Germany, Austria, Bulgaria, and
Slovakia (table 1).

The number of cases alive with unknown survival time
was 1239 (0-1%); the number of cases lost to follow-up
(ie, censored alive before the follow-up closing date)
624 (0-5%) at 5 years, with the highest proportions in

All lymphoid Invalid cases excluded from survival analysis, n (%) Data quality indicator, n (%)
malignancy
cases, 2001-13
Major errors  Death Incidentally Alive cases with Lost to NOS
certificateonly  detected at unknown survival  follow-up* morphologyt
autopsy time
Austria 27330 0 1703 (6-2%) 0 0 0 4746 (18-5%)
Bulgaria 13840 24 (0-2%) 730 (5:3%) 0 0 0 2514 (19-2%)
Croatia 11877 0 0 0 78 (0-7%) 0 3230 (27-4%)
Czechia 34289 20 (0-1%) 281(0-8%) 1546 (4-5%) 172 (0-5%) 0 4770 (14-8%)
Denmark 24363 36 (0-1%) 0 35 (0-1%) 2 (<0-1%) 15 (0-5%) 1588 (6-5%)
Estonia 4035 0 61 (1-5%) 50 (1-2%) 0 4(0-9%) 297 (7-6%)
Finland 24465 614 (2:5%) 2(<01%)  13(0-1%) 0 0 4324 (18-1%)
France (13 cancer registries) 53792 0 0 0 101 (0-2%) 83 (1-0%) 2503 (4-7%)
Germany (5 cancer registries) 76 666 41 (0-1%) 6334 (83%) 23 (<0-1%) 111 (0-1%) 77 (0-9%) 6181 (8-8%)
Iceland 1128 0 3(0-3%) 7(0-6%) 0 0 30 (27%)
Ireland 14649 1 (<0-1%) 73 (0-5%) 58 (0-4%) 0 0 2210 (15-2%)
Italy (29 cancer registries) 93602 10 (<0-1%) 484 (0-5%) 136 (0-1%) 199 (0-2%) 290 (1-9%) 10583 (11-4%)
Latvia 5153 7(0-1%) 1(<0-1%) 0 0 0 587 (11-4%)
Lithuania 9295 0 54 (0-6%) 6(0-1%) 11 (0-1%) 15 (1-4%) 653 (71%)
Malta 1341 2(0-1%) 1(0-1%) 21 (1-6%) 0 0 194 (14-7%)
Netherlands 68531 514 (0-8%) 0 203 (0-3%) 0 0 1386 (2:0%)
Norway 21934 294 (1-3%) 120 (0-5%) 5 (<0-1%) 0 0 994 (4-6%)
Poland 81286 90 (0-1%) 1457 (1-8%) 48 (0-1%) 475 (0-6%) 0 24340 (30-7%)
Portugal (2 cancer registries) 23245 56 (0-2%) 8 (<0-1%) 0 58 (0-2%) 44 (1-2%) 5342 (231%)
Slovakia 11753 4(<01%) 605 (51%) 6 (0-4%) 0 0 399 (3-6%)
Slovenia 6556 0 0 83 (13%) 1(<0-1%) 0 283 (4-4%)
Spain (8 cancer registries) 29115 116 (0-4%) 244 (0-8%) 54 (0-2%) 5 (<0-1%) 17 (0-3%) 1414 (4-9%)
Switzerland (4 cancer 7196 0 27 (0-4%) 4 (0-3%) 26 (0-4%) 71(5-8%) 297 (4-2%)
registries)
England (UK) 223285 93(<01%) 4339 (1-9%) 0 0 0 26471 (121%)
Northern Ireland (UK) 7028 2 (<0-1%) 46 (0-7%) 8(0-1%) 0 0 1013 (14-5%)
Scotland (UK) 24250 2 (<0-1%) 62 (0-3%) 32 (0-1%) 0 8(0:3%) 2042 (8-5%)
Wales (UK) 13240 28 (0-2%) 286 (2:2%) 0 0 0 1461 (11-3%)
European pool (82 cancer 913244 1956 (0-2%) 16921(1-9%) 2396 (0-3%) 1239 (0-1%) 624 (0-5%) 109852 (12:3%)
registries)
Data quality indicators are shown by country, with numbers of cases by specific malignancy. NOS=not otherwise specified. *Proportion of patients diagnosed in 2005-08,
censored on Dec 31, 2013, with less than 5 years of follow-up; the proportion is calculated for cases diagnosed in 2005-07 in Croatia and Germany (two of five cancer
registries), where follow-up closing date was Dec 31, 2012. TNOS International Classification of Disease for Oncology, third edition, morphology for lymphoid malignancies:
9590, 9591, 9820, 9832.
Table 1: Data checks for adults (aged =15 years) diagnosed with lymphoid malignancy in 2001-13 in Europe
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Precursor B-cell, T-cell, natural killer-cell, not other
specified, lymphoblastic lymphoma/leukaemia
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Figure 1: 10-year age-standardised relative survival for adult patients followed up in 2010-14 in Europe for

each lymphoid malignancy

Data are presented as percentages with 95% Cls indicated by error bars.

Switzerland and Italy (table 1). Cases lost to follow-up
were not excluded from the analysis; they contributed for
the whole period in which they were under observation,
up to their censoring date. The percentages of not-
otherwise-specified morphologies were higher in Poland,
Croatia, Portugal, Bulgaria, Austria, and Finland than the
European average (table 1).

Following  these  checks and  exclusions,
890730 lymphoid malignancy cases diagnosed in 2001-13
were included in the survival analysis (table 2). Results
from the quality checks of cancer registry-specific data
are shown in the appendix (pp 14-16). Of the 100 European
cancer registries that submitted data, 82 registries
(61 regional and 21 national) from 27 European countries
provided data eligible for 10-year survival estimates—ie,
data on adult cases diagnosed with lymphoid malig-
nancies in 2001-13 and followed up until the end of 2014
(Jan 1, 2001, to Dec 31, 2014). Median follow-up time was
13 years (IQR 13-14). The categorisation of the countries
on the basis of their total national health expenditure is
shown in the appendix (pp 24-25).

Of the 12 lymphoid malignancies, the 10-year age-
standardised relative survival (ASRS) in Europe was
highest for hairy cell leukaemia (82-6% [95% CI
78-9-86-5]) and Hodgkin lymphoma (79-3% [78-6-79-9])
and lowest for plasma cell neoplasms (29- 5% [28 - 9-30-0]).
10-year survival was similar for chronic lymphocytic
leukaemia/small  lymphocytic  lymphoma  (56-8%
[56-1-57-5]) and non-Hodgkin lymphoma (55-3%

[54-9-55-8]) with higher survival for the non-Hodgkin
lymphoma types: follicular lymphoma (71-0% [69 - 6-72 - 4])
and marginal zone lymphoma (70-1% [68-4-71-9%));
survival was lower for diffuse large B-cell lymphoma
(49-9% [49-2-50-7]) and mature T and natural killer cell
lymphoma (49-9% [48-5-51-3]) and considerably lower
for mantle cell lymphoma (37-9% [36-1-39-8));
lymphoplasmacytic lymphoma/Waldenstrém macroglob-
ulinaemia had an intermediate prognosis (59-4%
[57-4-61-4)). Finally, precursor B, T, or natural killer cell,
or not-otherwise-specified lymphoblastic lymphoma or
leukaemia showed a poor prognosis (41-4% [39-9-42-9];
appendix pp 17-20).

Women generally had a better prognosis than men; the
largest gender differences (5-6 percentage points) were
for the whole non-Hodgkin lymphoma group and for the
subtypes of lymphoplasmacytic lymphoma/Waldenstrém
macroglobulinaemia, chronic lymphocytic leukaemia/
small lymphocytic lymphoma, mantle cell lymphoma,
and marginal zone lymphoma (figure 1).

For all lymphoid malignancies, relative survival
decreased with older age (figure 2; appendix pp 2-7). For
Hodgkin lymphoma, 10-year relative survival decreased
from 92-3% (95% CI 91-8-92-8) in the youngest age
class to 42-8% (40-4-45-4) in the oldest. 10-year relative
survival was lowest for patients with precursor B, T, or
natural killer cell, or not-otherwise-specified lympho-
blastic lymphoma or leukaemia aged 65 years or older
(11-8% [95% CI 9-7-14-3] compared with 56-1%
[53-9-58-4] for the youngest group). For all lymphoid
malignancies, age-specific relative survival was higher
for women than men (data not shown).

The I2 statistic (measuring heterogeneity not due to
chance) was lowest for precursor B, T, or natural killer
cell, or not-otherwise-specified lymphoblastic lymphoma
or leukaemia (73-5%) and highest for non-Hodgkin
lymphoma (98-2%), chronic lymphocytic leukaemia/
small lymphocytic lymphoma (97-6%), and plasma cell
neoplasms (93-8%; figure 3). For all other lymphoid
malignancies, the I2 exceeded 80%.

The largest European mean ASRS decrease from the
5th to the 10th year after diagnosis was around 16-19%
for chronic lymphocytic leukaemia/small lymphocytic
lymphoma, lymphoplasmacyticlymphoma/Waldenstrom
macroglobulinaemia, mantle cell lymphoma, and plasma
cell neoplasms (appendix pp 17-20). There were smaller
decreases (8-10%) for diffuse large B-cell lymphoma,
follicular lymphoma, and marginal zone lymphoma, and
for the whole non-Hodgkin lymphoma group. There
were less marked differences (around 5-6%) for
Hodgkin lymphoma, mature T and natural killer cell
lymphoma, precursor B, T, or natural killer cell, or
not-otherwise-specified lymphoblastic lymphoma or
leukaemia, and hairy cell leukaemia.

For all the lymphoid malignancies, 5-year and 10-year
ASRS in countries in the highest total national health
expenditure quartile (high expenditure) was higher than
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Groups for age (years) at diagnosis were:

For hairy cell leukaemia, plasma cell neoplasms, mature T and natural killer cell lymphoma, follicular lymphoma,
diffuse large B-cell lymphoma, chronic lymphocytic leukaemia/small lymphocytic lymphoma, non-Hodgkin
lymphoma, and lymphoplasmacytic lymphoma/Waldenstrém macroglobulinaemia:

[J15-44 [345-54 E155-64 B 65-743 MM =75

For marginal zone lymphoma and mantle cell lymphoma:

[CJ15-54 E55-64 6574 Wl =75

For Hodgkin lymphoma and precursor B, T, or natural killer cell, or not-otherwise-specified lymphoblastic
lymphoma/leukaemia:

[J15-44 [145-54 E55-64 WMl =65

1
| 192-3(91-8-92-8)

- 827 (81.0-84-6)
Hodgkin lymphoma 703 (67.9