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Marginal zone lymphoma (MZL) is an indolent B-cell malignancy with heterogeneous anatomical and clinical presentation. While
MZLs are generally associated with long survival, some patients experience histological transformation to aggressive large B-cell
lymphoma. Population-based long-term data on the transformation of MZL is limited. We conducted a nationwide population-
based study to estimate the risk of transformation and relative survival in patients diagnosed with MZL in Finland from 1995–2018.
We identified a total of 1454 patients with MZL from the Finnish Cancer Registry (FCR). The cumulative incidence of transformation
was 4.7% (95% CI, 3.6−6.2) at 10 years. The highest incidence of transformation was observed in the patients with splenic MZL
(14.0%; 95% CI, 8.6−22.7). The transformation was associated with a substantially increased risk of death (HR, 5.18; 95% CI,
3.58–7.50). Ten-year relative survival was 79% (95% CI, 73‒83%). Transformation, nodal MZL subtype, and older age at diagnosis
were associated with increased excess mortality, whereas patients diagnosed at a later calendar period had a lower excess risk of
death. We conclude that transformation resulted in a substantially increased mortality irrespective of MZL subtype compared with
the patients without transformation. Our results also suggest a reduction in excess mortality in recent years.
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INTRODUCTION
Marginal zone lymphoma (MZL) is a rare B-cell malignancy with
unique clinicopathological features accounting for 5−15% of all
new mature B-cell lymphoma cases in Western countries [1–3].
MZL mainly affects persons in the sixth and seventh decade of life
with no notable sex dominance [2, 3]. The incidence varies
between 0.5–2.5 per 100,000 depending on the geographic region
and an increased trend in incidence has been observed during the
last two decades [4–7].
Two recently updated classifications recognize three distinct

MZL entities depending primarily on the initial site of lymphoma
involvement: extranodal MZL of mucosa-associated lymphoid
tissue (EMZL), splenic (SMZL), and nodal (NMZL) [2, 3]. EMZL
comprises about 70% of all MZL cases and has been described in
virtually all tissues, although the stomach is the most common
primary site. SMZL and NMZL are rare and account for ~20 and
10% of all MZLs, respectively. The risk of MZL is strongly
associated with several autoimmune diseases, infectious agents,
and chronic inflammation [2, 3].
Although MZL entities differ in regard to biology, clinical

presentation, and management, they are generally associated
with long survival [2, 3, 8]. However, irrespective of the MZL
subtype, a subset of patients experience transformation to
aggressive large B-cell lymphoma and have increased mortality
[2, 3, 9]. Several prognostic indexes have been developed to
identify patients with more aggressive diseases, but none of them
are significant predictors of transformation [10].

Population-based data on transformation in patients with MZL
is limited since most cancer registries do not capture transforma-
tion status. Therefore, the current literature is mainly comprised of
retrospective studies using databases from larger institutions,
which may not be representative of the general population
[10–13]. The results regarding the risk of transformation across
MZL subtypes are also inconclusive [10, 13].
We conducted a nationwide population-based study of MZL to

estimate the risk of transformation to large B-cell lymphoma and
studied relative survival in patients diagnosed with MZL in Finland
from 1995−2018. We also compared excess mortality between
MZL patients with and without transformation.

METHODS
Data sources
The Finnish Cancer Registry (FCR) is a statistical and epidemiological
research institute responsible for registering nationwide data on all
incident cancer diagnoses in Finland since 1953. Based on special
legislation, physicians, hospitals, and pathology and hematology labora-
tories are obliged to report cancer cases to the FCR without the consent of
the patient. The reports include a unique personal identity code, which
allows for linkage between national registries and a reliable follow-up of
cancer patients. Extensions, recurrences, or metastases of previously
recorded primary cancers are reported to the FCR but not registered as
separate cases. However, transformed cases are registered as new entities
and can therefore be identified in patients with another hematological
malignancy earlier. Since 2007, the coding of cancer cases has followed the
International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3),
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which is consistent with the World Health Organization (WHO) Classifica-
tion of Tumors of Haematopoietic and Lymphoid Tissues, 4th edition
[14, 15]. In 1953–2006, cancer morphology was coded according to a
slightly modified version of the Manual of Tumor Nomenclature and
Coding. In 2007, former codes were converted to ICD-O-3 [16, 17].
Information regarding the vital status and place of residence of cancer
patients is obtained continuously from the Population Information System
maintained by the Digital and Population Data Services Agency. Causes of
death for cancer patients are received from Statistics Finland once per year.
The FCR has high coverage overall, and in a recent study, the completeness
for non-Hodgkin lymphomas was estimated at 94%, and 99% of cases were
morphologically verified [18, 19].

Patients
Patients diagnosed with incident MZL not otherwise specified (ICD-O-3
morphology code 9699/3; comprising EMZL and NMZL entities) and
incident SMZL (ICD-O-3 morphology code 9689/3) in Finland in 1995–2018
were retrieved from the FCR database. In addition, patients diagnosed with
lymphoma not otherwise specified (ICD-O-3 morphology code 9591/3 or
9590/3) in 1995–2006 were reviewed manually from the original pathology
reports and recoded using ICD-O-3. From these cases, MZLs were also
retrieved from the same calendar period.
Patient selection was restricted to those diagnosed as of 1995 to ensure

a representative cohort considering that the distinction between MZL
subtypes was first introduced in the revised European American lymphoma
(REAL) classification of 1994 [20].
A total of 1637 patients were initially identified. The diagnosis and

subtype of MZL and possible transformation were confirmed from the free-
text part of the pathology reports. MZL was classified as EMZL, SMZL, or
NMZL according to the WHO classification [14]. EMZL was further
subclassified according to the primary anatomical site of involvement
into gastric and non-gastric EMZL. Patients for whom the pathology report
did not state a specific MZL subtype were termed unclassifiable. Clinical
cancer notification reports were used for additional confirmation.
We excluded 76 patients with incorrect registry entries, or unclear or

missing cancer notifications and 39 patients diagnosed with another
lymphoma before MZL. Fifty-one patients diagnosed concurrently with a
combination of MZL and a large B-cell lymphoma, i.e., composite
lymphoma, and 17 patients identified through death certificate or autopsy
only were also excluded from the study.
The study population consisted of 1454 patients after the above-

mentioned exclusions. The incident transformation was defined as the
diagnosis of a morphologically verified large B-cell lymphoma or high-
grade B-cell lymphoma at least 3 months after the primary diagnosis of
MZL. None of the transformations were registered by death certificate or
autopsy only.
The statistical underlying cause of death for deceased MZL patients was

retrieved from Statistics Finland. Cause of death was determined according
to the selection and application rules of the International Classification of
Diseases, 10th revision, compiled by the WHO [21].
For all patients, we retrieved data on sex, date of birth, date of diagnosis,

date of last follow-up, vital status at the end of follow-up, possible date of
transformation, and underlying cause of death. The study cohort was
followed until December 31, 2018. No patient was lost to follow-up before
the end of the study period. The general population mortality rates of
Finland were obtained from Statistics Finland. Cause of death was
categorized into three groups: any lymphoma, secondary malignant
neoplasm, or other cause.
The study was approved by the National Institute for Health and Welfare

(Dnro THL/1441/5.05.00/2019), Statistics Finland (Dnro TK-53-1172-19), and
Helsinki University Hospital Institutional Review Board.

Definitions and statistical analysis
The start of follow-up was defined as the date of MZL diagnosis. We used the
Kaplan-Meier method to estimate overall survival. Hazard ratios (HRs) for total
mortality and incident transformation were estimated using multivariable
Cox regression models. The Aalen-Johansen estimator was used to estimate
the cumulative incidence (i.e., risk) of transformation in MZL patients overall,
considering death from other causes as a competing risk. To estimate
cumulative incidence functions for patient subgroups, we used cause-specific
Cox models for incident transformation and death from other causes.
Relative survival is defined as the ratio of the overall survival of patients

to the expected survival of an equivalent group from the general
population, matched to the patients by age, sex, and calendar period. Ta
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Expected survival was estimated from Finnish population life tables.
Relative survival was estimated using the Ederer II method with internal
age standardization (age groups: 0−44, 45−54, 55−64, 65−74, and ≥75
years) [22]. Follow-up time was split into monthly intervals. Age-specific
relative survival was estimated for three age groups by age at diagnosis
(0−54, 55−74, and ≥75 years). A complete analysis was based on all
person-time and deaths in 1995−2018, and period analyses were carried
out for 1995−2006 and 2007−2018, separately, with left-truncated data for
the later period [23].

Excess mortality is defined as the difference between the mortality rate
observed in a population of cancer patients and the mortality rate of a
comparable group from the general population. To estimate HRs for excess
mortality, we used multivariable flexible parametric survival models [24].
Expected mortality was based on the general population mortality rates of
Finland by 1-year age group, calendar year, and sex. The baseline excess
hazard rate was modeled with 4 degrees of freedom [25].
Transformation cannot be measured at baseline. Therefore, to account

for immortal time bias, the transformation was modeled as a time-varying
covariate that may change during follow-up. To allow for non-proportional
hazards, we fit separate models that also included time from transforma-
tion. After splitting the follow-up time into monthly intervals, the time-
dependent effect of transformation was modeled with a restricted cubic
spline with 2 degrees of freedom.
The Wilcoxon rank-sum and Kruskal–Wallis tests were used to compare

age at diagnosis between patient groups.
Statistical analyses were performed using R, version 4.0.2 (R Foundation

for Statistical Computing, Vienna, Austria), with the packages survival 3.1-
12, rstpm2 1.5.2, Epi 2.44, and popEpi 0.4.8.

RESULTS
Patients
Baseline characteristics of 1454 patients, as well as subtype-
specific rates of transformation and mortality, are shown in
Table 1. The median age at diagnosis was 68 years for all MZL
subtypes together (interquartile range (IQR), 58−77; range, 13–95),
and there was a slight female predominance (59%).
EMZL was the most frequent subtype, with 1070 cases (74%),

followed by SMZL (186; 13%) and NMZL (91; 6.3%) cases,
respectively. The MZL subtype could not be established in 107
(7.4%) of the cases. There were no clinically significant differences
in median age at diagnosis between the males and females or in
the MZL subtypes. The median follow-up time was overall 5.4
years (IQR, 2.0−10.4; range, 0‒24 years).

Fig. 1 Cumulative incidence of transformation in patients diagnosed with marginal zone lymphoma in Finland in 1995–2018.
A Cumulative incidence of transformation for the whole cohort with 95% confidence intervals; B Cumulative incidence of transformation
stratified by marginal zone lymphoma subtype. Estimates for unclassifiable subtypes are not shown. MZL marginal zone lymphoma, EMZL
extranodal marginal zone lymphoma.

Table 2. Hazard ratios for incident transformation in patients with
marginal zone lymphoma.

Characteristic HRa 95% CIb p value

Age at diagnosis (per 10-year
increase)

1.1 0.88−1.38 0.4

Sex

Male 1 − −

Female 0.76 0.44−1.30 0.3

MZL subtype

Gastric EMZL 1 − −

Non-gastric EMZL 1.16 0.50−2.67 0.7

SMZL 4.43 1.83−10.8 <0.001

NMZL 4.71 1.55−14.3 0.006

Unclassifiable 2.44 0.78−7.64 0.13

Year of diagnosis (per 10-year
increase)

1.61 0.91−2.83 0.1

aHR hazard ratio.
bCI confidence interval.
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The most common primary site for EMZL was the stomach
(n= 324; 30%), followed by the eye (n= 182; 17%), salivary gland
(n= 140; 13%), and lung (n= 113; 11%).

Risk of transformation
An incident transformation occurred in 55 MZL patients during
9931 person-years of follow-up (crude transformation rate, 5.5/
1000). The cumulative incidence of transformation for the entire
cohort was 2.5% (95% CI, 1.7−3.5) at 5 years and 4.7% (95% CI,
3.6−6.2) at 10 years from diagnosis (Fig. 1A). Majority of the
transformations (49 of 55; 89%) occurred within 10 years from

diagnosis; the remaining six (11%) occurred between 10 and 19
years. Thirty-one (56%) of the transformations occurred in females,
with a crude transformation rate of 5.1/1000 compared to 6.2/
1000 for males. The median age at the time of transformation was
69 years (IQR, 62–77; range, 53–89), with no clinically significant
differences between males and females.
HRs for incident transformation by MZL subtype adjusted for

sex, age, and year of diagnosis are shown in Table 2. Compared to
the patients with gastric EMZL, the risk of transformation was
significantly increased in patients with SMZL (HR, 4.43, 95% CI,
1.83–10.8; p < 0.001) and NMZL (HR, 4.71, 95% CI, 1.55–14.3;

Fig. 2 Stacked cumulative incidence curves for patients diagnosed with marginal zone lymphoma (MZL) at age 65 years in Finland in
2008. A Female, gastric extranodal marginal zone lymphoma (EMZL); B female, non-gastric EMZL; C female, splenic MZL; D female, nodal MZL;
E male, gastric EMZL; F male, non-gastric EMZL; G male, splenic MZL; H male, nodal MZL.

Table 3. Hazard ratios for total and excess mortality in patients with marginal zone lymphoma.

Total mortality Excess mortality

Characteristic HRa 95% CIb p value HRa 95% CIb p value

Age at diagnosis (per 10-year increase) 2.48 2.26−2.72 <0.001 1.95 1.63−2.33 <0.001

Sex

Male 1 − − 1 − −

Female 0.7 0.59−0.84 <0.001 0.81 0.57−1.14 0.2

MZL subtype

Gastric EMZL 1 − − 1 − −

Non-gastric EMZL 0.89 0.73−1.08 0.2 0.68 0.45−1.03 0.07

SMZL 1.18 0.87−1.60 0.3 1.08 0.61−1.93 0.8

NMZL 1.94 1.28−2.95 0.002 2.35 1.24−4.48 0.009

Unclassifiable 1.33 0.94−1.88 0.11 1.46 0.79−2.69 0.2

Year of diagnosis (per 10-year increase) 0.6 0.51−0.70 <0.001 0.44 0.33−0.60 <0.001

Transformation

Nontransformed 1 − − 1 − −

Transformed 5.18 3.58−7.50 <0.001 14 8.44−23.2 <0.001
aHR hazard ratio.
bCI confidence interval.
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p= 0.006) but not significantly different in the patients with non-
gastric EMZL (HR, 1.16; 95% CI, 0.50–2.67; p= 0.7) or MZL with
unclassifiable subtype (HR 2.44; 95% CI 0.78–7.64; p= 0.13)
(Table 2). The risk of transformation did not differ significantly
by age at diagnosis (HR, 1.10 per 10-year increase; 95% CI,
0.88–1.38; p= 0.4), sex (HR, 0.76 for females compared with males;
95% CI, 0.44–1.30; p= 0.3), or year of diagnosis (HR, 1.61 per 10-
year increase; 95% CI, 0.91–2.83; p= 0.1).
After adjustment for age, sex and MZL subtype, we did not find

a significant association between the period of diagnosis and the
risk of transformation (HR, 1.43 for 2003‒2018 compared with
1995‒2002; 95% CI, 0.71‒2.88, p= 0.3).
The cumulative incidence of transformation at 10 years from

diagnosis was 14.0% in patients with SMZL (95% CI, 8.6−22.7),
10.1% in NMZL (95% CI, 4.6−22.0), and 5.4% in unclassifiable MZL
subtype (95% CI, 2.0−14.4). The cumulative incidence of
transformation at 10 years was higher in patients with non-
gastric EMZL (3.4%; 95% CI, 2.1−5.4) than in patients with gastric
EMZL (2.1%; 95% CI, 1.0−4.7) (Fig. 1B).
Figure 2 shows the sex- and subtype-specific cumulative

incidence probabilities for patients diagnosed with MZL in 2008,
at age 65. Males and females with EMZL (male, 0.69; 95% CI,
0.65−0.74; female, 0.77; 95% CI, 0.73−0.80) had a higher
probability of being alive without transformation compared to
patients with NMZL subtype (male, 0.40; 95% CI, 0.28−0.57;
female, 0.51; 95% CI, 0.40−0.66). Moreover, the probability of
transformation was increased in patients with NMZL (male, 0.15;
95% CI, 0.07−0.30; female, 0.13; 95% CI, 0.06−0.27) and SMZL
(male, 0.16; 95% CI, 0.10−0.27; female, 0.13; 95% CI, 0.08−0.22)
compared to EMZL (male, 0.05; 95% CI, 0.03−0.07; female, 0.04;
95% CI, 0.02−0.06). Finally, the probability of death without

transformation was higher in NMZL (male, 0.45; 95% CI, 0.34−0.60;
female, 0.36; 95% CI, 0.26−0.49) than in other subtypes.

Overall survival
There were 555 deaths during 10073 person-years of follow-up
(crude mortality rate, 55.1/1000). The overall survival probability
was 76% (95% CI, 74–78%) at 5 years and 59% (95% CI, 56–62%) at
10 years from diagnosis.
Among the 55 patients with transformation, 32 died during 142

years of follow-up after transformation, with a crude mortality rate
of 225/1000. Five hundred twenty-three deaths occurred in
patients without transformation during 9930 person-years of
follow-up (crude mortality rate, 52.7/1000).
After adjustment for age, sex, MZL subtype, and year of

diagnosis, the transformation was associated with a substantial
increase in total mortality (HR, 5.18; 95% CI, 3.58–7.50; p < 0.001)
(Table 3). The relative risk of death, as compared with the patients
without transformation, was highest soon after transformation
(Fig. 3). The time-dependent HRs at 1 and 5 years after
transformation were 9.40 (95% CI, 5.30‒16.7) and 2.07 (95% CI,
0.80‒5.38), respectively. Furthermore, NMZL was associated with
increased total mortality as compared to gastric EMZL (HR, 1.94;
95% CI, 1.28–2.95; p= 0.002). We did not observe any differences
in the effect of transformation on total mortality between the MZL
subtypes (p= 0.7).

Relative survival
Over the entire follow-up time, the 10-year age-standardized
relative survival of MZL patients was 79% (95% CI, 73‒83%)
(Fig. 4A). In the period analysis, the 10-year age-standardized
relative survival was 82% (95% CI, 75‒88%) in 2007–2018 in

Fig. 3 Hazard ratio for death (on a logarithmic scale on the y-axis) by the time from transformation. The dashed lines indicate 95%
confidence intervals.
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comparison to 72% (95% CI, 61‒80%) in 1995‒2006 (Fig. 4B).
Relative survival was lower in the patients diagnosed at the age of
75 years or older than in the younger patients (Fig. 4C). After
stratification according to the MZL subtypes (excluding unclassifi-
able), the 10-year age-standardized relative survival was the
highest in the patients with non-gastric EMZL (83%; 95% CI,
73–89), followed by the patients with gastric EMZL (78%; 95% CI,
67–86), SMZL (70%; 95% CI, 53–81), and NMZL (56%; 95% CI, 43–
67) (Fig. 4D).
Adjusted HRs for excess mortality in the entire cohort are shown

in Table 3. Older age at diagnosis was associated with higher
excess mortality (HR, 1.95 per 10-year increase; 95% CI, 1.63‒2.33;
p < 0.001), whereas patients diagnosed at a later calendar year had
a lower excess risk of death (HR, 0.44 per 10-year increase; 95% CI,
0.33‒0.60; p= <0.001). In addition, the NMZL subtype was
associated with increased excess mortality in comparison to
gastric EMZL (HR, 2.35; 95% CI, 1.24–4.48; p= 0.009). The
transformation was associated with a substantial increase in
excess mortality (HR, 14.0; 95% CI, 8.44‒23.2; p < 0.001), but the
excess relative risk decreased over time. The time-dependent

excess HRs at 1 and 5 years after transformation were 23.2 (95% CI,
11.5‒47.0) and 2.46 (95% CI, 0.22‒27.4), respectively. There was no
association between sex and excess mortality. We did not observe
any differences in the effect of transformation on excess mortality
between the MZL subtypes (p= 0.6).

Causes of death
Of the 555 deaths during the study period, 233 (42.0%) were due
to any lymphoma, 72 (13.0%) to another secondary malignant
neoplasm, and 250 (45.0%) to other causes. Other causes of death
were most frequently related to cardiovascular diseases. Subtype-
specific causes of death are shown in Table 4. Of the 32 deaths
recorded in the patients with incident transformation, 29 (91%)
were due to lymphoma.

DISCUSSION
In this large nationwide, population-based cohort of patients
diagnosed with MZL in Finland in 1995–2018, the risk of
transformation for the entire cohort was 4.7% at 10 years. The

Fig. 4 Relative survival in patients diagnosed with marginal zone lymphoma in Finland in 1995–2018. A Ten-year age-standardized
relative survival for 1995–2018; B Ten-year age-standardized relative survival for 1995–2006 and 2007–2018; C Ten-year age-specific relative
survival; D Ten-year age-standardized relative survival by subtype. MZL marginal zone lymphoma, EMZL extranodal marginal zone lymphoma.

Table 4. Causes of death in patients with marginal zone lymphoma.

MZL subtype Any lymphoma (%) Secondary malignant neoplasm (%) Other cause (%) Total (%)

Non-gastric EMZL 105 (42.0) 28 (11.2) 117 (46.8) 250 (100)

Gastric EMZL 62 (35.4) 33 (18.9) 80 (45.7) 175 (100)

SMZL 35 (58.3) 6 (10.0) 19 (31.7) 60 (100)

NMZL 15 (53.6) 3 (10.7) 10 (35.7) 28 (100)

Unclassifiable 16 (38.1) 2 (4.8) 24 (57.1) 42 (100)
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highest risk was observed in the SMZL and NMZL subtypes. The
transformation resulted in a substantially increased mortality
irrespective of MZL subtype in comparison to patients without
transformation. Patients with NMZL were also more likely to die
without transformation as compared to those with other MZL
subtypes. We found that the 10-year relative survival for the entire
study period was 79% with better survival rates in the non-gastric
and gastric EMZL subtypes as compared to SMLZ and NMZL. Our
results indicate a reduction in excess mortality in 1995–2018 and
an improvement in 10-year relative survival between 1995–2006
and 2007–2018. Finally, excess mortality was higher in patients
diagnosed at an older age.
Consistent with the previous studies, EMZL was the most

common subtype, followed by SMZL and NMZL [2, 3, 26]. In
addition, the proportions of the primary site of involvement within
the EMZL subtype are in line with another large study [8].
Interestingly, in a study from the United States, approximately
one-third of all MZL cases were classified as NMZL [4]. Importantly,
in the US study, the NMZL subtype was not defined according to
the WHO classification but rather on the primary site of
involvement without consideration of possible extranodal or
splenic involvement [4, 14]. The MZL subtype distribution of the
US study is, therefore, not comparable to our study.
In general, MZL is associated with an indolent clinical course and

relatively low excess mortality [2, 3, 8, 27]. Consistent with another
large study [8], the 10-year relative survival was 79% in our study,
and the patients with non-gastric EMZL had the highest relative
survival compared to other MZL subtypes. In addition, we observed
that 10-year relative survival improved between 1995−2006 and
2007−2018. We found that the leading cause of death in MZL
patients was due to other causes (45.0%), followed by any
lymphoma (42.0%) and another secondary malignant neoplasm
(13.0%). Notably, lymphoma was the major cause of death in
patients with incident transformation (91%). While a recent
prospective study on the causes of death in low-grade B-cell
lymphomas reported a lower proportion of lymphoma-related
mortality in MZL, it is important to note that direct comparison with
our study is not feasible due to differences in patient population,
study design, calendar period of enrollment, and definition of
causes of death [28]. Furthermore, a high proportion of unknown
causes of death in that study may explain the reported lower
lymphoma-related mortality [28]. Taken together, our findings
suggest that lymphoma remains a significant cause of mortality in
MZL patients, especially those with incident transformation.
The risk of transformation for the entire cohort was 4.7% (95%

CI, 3.6−6.2) at 10 years. The highest risk was observed in the
patients with SMZL and NMZL compared to EMZL. Interestingly,
patients with NMZL were also more likely to die without
transformation as compared to those with other MZL subtypes.
A large retrospective single-center study from the United States
comprising 453 patients reported a 10-year risk of transformation
of 8.4% based on a competing risk approach [10]. Consistent with
our findings, the risk of transformation was higher in SMZL and
NMZL subtypes [10]. In another retrospective study conducted by
Conconi et al., the transformation occurred in 13 of 340 patients
diagnosed between 1995−2012 (3.8%). However, the risk of
transformation was not estimated for a defined time interval [13].
The majority of the previous studies have been limited either by
the lack of population-based data collection (single-institution or
pooled multi-center studies), small sample size, exclusion of
certain MZL subtypes, short follow-up time, or lack of histological
verification of transformation [10–13, 29].
We excluded 51 patients with composite lymphoma from our

cohort. However, we cannot exclude the possibility that these
patients had an undiagnosed MZL, which eventually transformed
into composite lymphoma. Conversely, composite lymphoma may
have developed as a primary neoplasm.

The total mortality was substantially higher in patients with
transformation compared with patients without transformation. To
account for immortal time bias, the transformation was considered
as a time-varying covariate [30]. One explanation for the decline in
relative risk of death over time could be that patients who have
survived a certain period after transformation represent a selected
population with less aggressive disease, better treatment response,
or otherwise more favorable prognostic factors as compared to the
overall population of patients with transformation.
Older age at diagnosis was associated with higher excess

mortality. Excess mortality is a measure of disease- and treatment-
related mortality, whereas total mortality is strongly influenced by
causes unrelated to MZL. A possible explanation for higher excess
mortality in older patients may be treatment-related toxicity, but
the biology of MZL can also differ between age groups. There was
no significant association between sex and excess mortality, which
is in accordance with a large study from the United States [27].
We found a significant reduction in both total and excess

mortality in patients diagnosed with MZL in more recent years.
This can be explained at least partially by less aggressive
treatment approaches and the introduction of biological agents
in both up-front and recurrence settings. In addition, higher
biopsy rates at recurrence in more recent years may have resulted
in better detection of incident transformations with the adequate
treatment given accordingly. However, the risk of transformation
was not associated with the period of diagnosis in our study.
Taken together, these factors may have reduced both early and
late treatment-related mortality over time.
Of note, the incidence of MZL appears to have increased in

Finland and other countries in the last two decades [4–7]. However,
it is unclear whether this represents a true rise or changes in
diagnostic practices. Therefore, lower excess mortality in more
recent years may be in part due to earlier detection of MZL.
The strengths of this study are the population-based design

and the use of high-quality nationwide cancer registry data from
a long calendar period of 24 years. Furthermore, all MZL
diagnoses and transformations were reviewed from the original
pathology reports at the Finnish Cancer Registry. However, some
limitations require careful consideration. First, we could not
perform a central pathology review to confirm the diagnoses of
MZL. Second, a proportion of patients could not be assigned a
specific MZL subtype due to insufficient data. Third, detailed
individual-level data on treatment was unavailable. Although we
expect that treatment trends in Finland follow international
guidelines, which strongly recommend a biopsy confirmation
prior to establishing a diagnosis of histologic transformation, we
cannot exclude the possibility that some patients were treated for
presumed transformation based solely on clinical findings. Finally,
FCR did not have information on stage, performance status, or
comorbidities. Collectively, our data underscore the importance
of long-term follow-up, re-biopsy at the time of relapse, and
minimization of the risks for late adverse effects associated with
treatment.
In conclusion, the 10-year relative survival for the patients

diagnosed with MZL in Finland from 1995–2018 was 79%. Excess
mortality was lower among MZL patients diagnosed in more
recent years. The risk of transformation to aggressive B-cell
lymphoma was 4.7% at 10 years, with higher rates observed for
SMZL and NMZL subtypes. The transformation was associated
with a substantially increased risk of death irrespective of the
MZL subtype.
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