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Key Points

• Patients with mantle
cell lymphoma have
higher relative risks of
respiratory, blood, and
infectious disease
compared with healthy
comparators.

• Late effects varied very
little by treatment with
or without
transplantation.
Studies on late effects in patients withmantle cell lymphoma (MCL) are becoming increasingly

important as survival is improving, and novel targeted drugs are being introduced. However,

knowledge about late effects is limited. The aim of this population-based studywas to describe

the magnitude and panorama of late effects among patients treated with or without high-dose

chemotherapywith autologous stemcell transplantation (HD-ASCT). The study cohort included

all patients with MCL, recorded in the Swedish Lymphoma Register, aged 18 to 69 years,

diagnosed between 2000 and 2014 (N = 620; treated with HD-ASCT, n = 247) and 1:10 matched

healthy comparators. Patients and comparators were followed up via the National Patient

Register and Cause of Death Register, from12months after diagnosis ormatching toDecember

2017. Incidence rate ratios of the numbers of outpatient visits, hospitalizations, and bed days

were estimated using negative binomial regression models. In relation to the matched

comparators, the rate of specialist and hospital visits was significantly higher among patients

with MCL. Patients with MCL had especially high relative risks of infectious, respiratory, and

blood disorders. Within this observation period, no difference in the rate of these

complications, including secondary neoplasms, was observed between patients treated with

and without HD-ASCT. Most of the patients died from their lymphoma and not from another

cause or treatment complication. Taken together, our results imply that most of the

posttreatment health care needs are related to the lymphomadisease itself, thus, indicating the

need for more efficient treatment options.

Introduction

Mantle cell lymphoma (MCL) is a rare but aggressive form of lymphoma affecting older individuals in
particular. Since 2001, the Nordic MCL2 protocol (rituximab with dose-intensified cyclophosphamide,
vincristine, doxorubicin, prednisone [R-CHOP] and high-dose cytarabine followed by high-dose
chemotherapy and autologous stem cell transplantation [HD-ASCT]) or other regimens, including
high-dose cytarabine, are standard options for younger patients.1-8
uly 2022; prepublished online on Blood
st 2022. https://doi.org/10.1182/

study.
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In recent trials, novel targeted drugs (such as covalent and non-
covalent Bruton tyrosine kinase inhibitors and B-cell lymphoma-2
inhibitors)9 are being introduced even in first line, challenging the
current use of chemoimmunotherapy with consolidating HD-
ASCT.10,11 The benefit of HD-ASCT in MCL is currently under
debate.12 Patients with MCL treated with HD-ASCT have shown
better progression-free5,6,13-16 and overall survival17,18 compared
with non-HD-ASCT-treated patients but mainly before the era of
rituximab maintenance and the role of HD-ASCT in the era of novel
targeted drugs is unclear.

The increase in treatment options and improved survival during later
years1 calls for updated knowledge about the magnitude and the
panorama of late effects in patients with MCL (caused by the cancer
itself or by the treatment). Most studies investigating long-term com-
plications and specific causes of death in patients with MCL are
based on controlled clinical trials with highly selected patient cohorts.
Population-based studies addressing these issues are sparse19,20

and patients treated with HD-ASCT are not always included. More-
over, long-term complications in patients with MCL are rarely
compared with the situation among comparators and disentangled
from common comorbidities an older population is often facing.

The primary aim of this study was to describe the late effects of
MCL in a population-based setting in relation to age- and
sex-matched comparators from the general population and to
specifically address late events in patients treated with HD-ASCT
vs those without. Studies of late effects by different MCL thera-
pies, including the Nordic MCL2 protocol, are of interest as new
treatments are introduced and the role of HD-ASCT is ques-
tioned21 and may provide a basis for novel treatment strategies and
improvements in supportive care and follow-up.
Materials and methods

Study population

Patients with MCL aged 18 to 69 years and diagnosed between
2000 and 2014 were identified from the Swedish Lymphoma
Register. This register has a coverage of ~95% compared with the
Swedish Cancer Register22 and includes clinical information such
as Ann Arbor stage, primary treatment, and the MCL-specific
international prognostic index.23 For each patient, 10 population
comparators were selected (matched on birth year, sex, and being
alive and lymphoma free at the diagnosis date of the patient) from
the Register of the Total Population.24 The full cohort (patients and
comparators) was further linked to the Swedish Patient Register
(nationwide coverage of hospitalizations since 1987 and specialist
outpatient coverage since 2001) and the Swedish Cancer Regis-
ter for classification of comorbidities according to the Charlson
Comorbidity Index (CCI).25 Using the Longitudinal Integrated
Database for Health Insurance and Labour Market Studies, infor-
mation on the highest achieved educational level was additionally
linked. The Swedish Cause of Death Register26 was used to
retrieve dates and causes of death.

Stratification of patients based on HD-ASCT

Consolidation with HD-ASCT was identified primarily in the
Swedish Lymphoma Register and additionally in the Swedish
Patient Register27 (using International Classification of Diseases
14 MARCH 2023 • VOLUME 7, NUMBER 5
[ICD] codes, as outlined earlier)28 to assure that all trans-
plantations were captured.29 We used a landmark approach to
categorize patients as either HD-ASCT or non-HD-ASCT based on
information at 12 months after diagnosis. Patients who had not yet
undergone an HD-ASCT at 12 months were regarded as non-HD-
ASCT throughout follow-up. Among the patients treated with HD-
ASCT, 47% had their transplantation within 6 months of diagnosis
and 83% within 12 months, leading us to select a cutoff of 12
months (assuming treatment completion for most patients). Among
patients with an HD-ASCT after the landmark, all inpatient visits
associated with the transplantation were disregarded. In sensitivity
analyses, landmarks at 9, 18, and 24 months after diagnosis were
also evaluated because of the occurrence of some late
transplantations.

Outcomes

Both short- and long-term complications, defined as health care
use or death, were investigated. Fifteen mutually exclusive dis-
ease groups were defined based on ICD chapters (supplemental
Table 1). Among patients who underwent HD-ASCT, short-term
complications were defined as hospitalizations or deaths due to
any cause (interpreted as transplant-related mortality) within 60
days of transplantation. Long-term complications were investi-
gated among all patients and comparators and were defined as
the first specialist outpatient visit, hospitalization, or death within
any of the 15 disease groups that occurred 12 months or later
after diagnosis. In addition, to illustrate the total health care
burden, all specialist outpatient visits, hospitalizations, and bed
days (ie, not only the first), starting from 1 year after diagnosis,
were quantified.

Statistical methods

In the landmark analysis, patients were followed up from 12 months
after diagnosis (or matching date) until death or 31 December 2017,
whichever occurred first. Patients and comparators who died before
the start of follow-up did not contribute to these analyses. Incidence
rate ratios (IRRs) with 95%confidence intervals (CIs) for the number
of outpatient visits, hospitalizations, and bed days during follow-up
were estimated using negative binomial regression models, both
for the entire follow-up and in intervals (1-5 years, 5-10 years,
and >10 years after diagnosis). Hazard ratios with 95% CIs of
specific disease groups were estimated using the Cox regression
models assuming proportional hazards (the assumption was formally
evaluated using Schoenfeld residuals30).

To account for imbalance between the treatment groups, all models
were adjusted for the matching variables (age and sex), year of
diagnosis, CCI (0, 1, and 2+), and education level (≤9 years, 10-12,
and >12 years of schooling). Age at diagnosis and calendar year of
diagnosis were modeled as restricted cubic splines.

The cumulative incidence of lymphoma deaths was estimated in the
presence of competing causes of death (other malignancy, car-
diovascular disease, or remaining causes), stratified by treatment
group (HD-ASCT and non-HD-ASCT). The unadjusted nonpara-
metric estimates of the cumulative incidence were complemented
by estimates of standardized cumulative incidence from a flexible
parametric survival model adjusted for age, sex, calendar year, and
CCI. We applied the standsurv package in Stata (Stata Statistical
LATE EFFECTS IN PATIENTS WITH MANTLE CELL LYMPHOMA 867



Software version 16.0, College Station, TX) to predict the cumu-
lative incidence function under the assumption that the distribution
of adjustment factors was the same for the 2 treatment groups.31

All analyses were based on complete cases and conducted using
Stata.

Ethics

The study was approved by the Regional Board of the Ethical
Committee inStockholm, Sweden (2007/1335-31/4, 2010/1624-32).

Results

Demographics

The study cohort comprised 620 patients with MCL and 6200
matched comparators from the general population. The
median age at diagnosis or matching was 62 years (range,
22-69) and the median follow-up was 5.3 years (range,
1-17.7). Forty percent of all patients (n = 247) were treated
with HD-ASCT within 12 months of diagnosis. These patients
were generally younger, had a higher educational level, and a
lower comorbidity burden as compared with patients treated
without HD-ASCT (Table 1).
Table 1. Characteristics of patients diagnosed with MCL at age <70 ye

treatment with HD-ASCT or not within 12 months of diagnosis and am

Variable

Patients not treated with

HD-ASCT<12 m*

Patients trea

HD-ASCT

Overall, N 373 247

Median age (range), y 65 (22-69) 58 (32

Age categories at diagnosis

or matching,‡ n (%), y

<60 91 (24.4) 136 (55

60-69 282 (75.6) 111 (44

Sex, n (%)

Male 281 (75.3) 192 (77

Female 92 (24.7) 55 (22

Year of diagnosis or matching, n (%)

2000-2004 121 (32.4) 51 (21

2005-2009 104 (27.9) 82 (33

2010-2014 148 (39.7) 114 (46

CCI, n (%)

0 213 (57.1) 190 (76

1 50 (13.4) 22 (8.9

2+ 110 (29.5) 35 (14

Highest achieved education level

≤9 years of schooling, n (%) 113 (31) 39 (16

10-12 years of schooling, n (%) 155 (42.5) 124 (51

>12 years of schooling, n (%) 97 (26.6) 78 (32

Missing, n 8 6

P values (cases vs comparators): education, P = .061; Charlson Comorbidity Index (CCI), P =
*Cutoff in landmark analysis is 12 months; patients with a HD-ASCT thereafter will remain une
†Fifty-five patients with MCL have a follow-up shorter than 12 months and do not contribute to
‡Patients are matched on birth year, not exact age; therefore, the coherence is not perfect.
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For the patients treated with HD-ASCT, the induction regimen was
generally R-maxi-CHOP alternating with R-cytarabine given
according to the Nordic MCL 2 protocol (Table 2). Consolidative
high-dose chemotherapy with BEAM (BCNU, etoposide, cytar-
abine, and melphalan) or BEAC (BCNU, etoposide, cytarabine, and
cyclophosphamide) was used before transplantation. The patients
treated without HD-ASCT were mostly treated with R-CHOP/
cytarabine, R-CHOP, or R-bendamustine, whereas some patients
were treated with chlorambucil alone (mainly before 2005 and
none after 2010). A limited number of patients (n = 14 in the
patient cohort) received rituximab maintenance.

Short-term complications (within 60 days) in patients

treated with HD-ASCT

Recorded diagnoses (besides MCL) during these 60 days were
mainly blood disorders, infectious diseases, and diseases of the
circulatory or digestive system. Respiratory, skin, endocrine, and
genitourinary problems were also frequent, whereas musculoskel-
etal and mental complications were rare (Figure 1). Patients spent
a median of 22 days in hospital following the HD-ASCT
(supplemental Figure 1). Two (0.8%) patients treated with
HD-ASCT died within 60 days after their transplantation (Figure 1).
ars in Sweden between 2000 and 2014 (N = 620) by selection for

ong general population comparators (N = 6200)

ted with

<12 m P value

All patients,

N (column %) <70 y

Comparators matched 1:10,

birth year and sex

620 (100)† 6 200 (100)

-69) 62 (22-69) 63 (22-70)

.1) <.001 227 (36.6) 2 140 (34.5)

.9) 393 (63.4) 4 060 (65.5)

.7) .492 473 (76.3) 4 730 (76.3)

.3) 147 (23.7) 1 470 (23.7)

.7) .006 172 (27.7) 1720 (27.7)

.2) 186 (30) 1860 (30)

.2) 262 (42.3) 2620 (42.3)

.9) <.001 403 (65.0) 4 669 (75.3)

) 72 (11.6) 715 (11.5)

.2) 145 (23.4) 816 (13.2)

.2) <.001 152 (25.1) 1 782 (29.6)

.5) 279 (46.0) 2 567 (42.7)

.4) 175 (28.9) 1 669 (27.7)

14 182

<.001.
xposed in the analysis.
the analysis.
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Table 2. Clinical characteristics and first-line treatment among patients diagnosed with MCL at age <70 years in Sweden between 2000 and

2014 (N = 620) by HD-ASCT or not within 12 months of diagnosis

Variable

Patients not treated with

HD-ASCT<12 m

Patients treated with

HD-ASCT<12 m P value

All patients,

N (column %) <70 y

Overall, N 373 247 620 (100)

Stage

Ann Arbor I, n (%) 41 (11.2) 4 (1.6) <.001 45 (7.3)

Ann Arbor II, n (%) 33 (9) 17 (6.9) 50 (8.2)

Ann Arbor III, n (%) 45 (12.3) 36 (14.6) 81 (13.2)

Ann Arbor IV, n (%) 248 (67.6) 189 (76.8) 437 (71.3)

Missing, n 6 1 7

MCL-specific international prognostic index

Low risk (<5.7), n (%) 80 (28.9) 72 (36.7) .126 152 (32.1)

Intermediate risk (5.7-6.1), n (%) 102 (36.8) 71 (36.2) 173 (36.6)

High risk (>6.1), n (%) 95 (34.3) 53 (27) 148 (31.3)

Missing, n 96 51 147

Treatment

NLG-MCL2 protocol, n (%)* 50 (17.5) 186 (94.4) <.001 236 (48.9)

R-CHOP alternating with R-cytarabine or R-
cytarabine single, n (%)†

43 (15) 8 (4.1) 51 (10.6)

R-CHOP, n (%) 74 (25.9) 3 (1.5) 77 (15.9)

Chlorambucil, n (%) 27 (9.4) 0 (0) 27 (5.6)

R-fludarabine or cyclophosphamide n (%)† 6 (2.1) 0 (0) 6 (1.2)

R-bendamustine, n (%)† 21 (7.3) 0 (0) 21 (4.4)

Wait and watch, n (%) 21 (7.3) 0 (0) 21 (4.4)

Radiotherapy only, n (%) 34 (11.9) 0 (0) 34 (7)

Other treatment, n (%)‡ 10 (3.5) 0 (0) 10 (2.1)

Missing, n 87 50 137

Because of rounding, not all percentages add up to 100.
*Nordic lymphoma group MCL2 protocol containing R-CHOP and high-dose cytarabine.
†Number of patients with confirmed rituximab: 37 in the CHOP or cytarabine group, 42 in the CHOP group, 1 in the fludarabine or cyclophosphamide group, and 11 in the bendamustine

group.
‡Either R-bendamustine alternating with R-cytarabine or unspecified chemotherapy; detailed frequencies not shown in subgroups owing to cell count <4.
Long-term follow-up (ie, after 12 months)

Patients with MCL had a twofold increased incidence rate of
outpatient visits during follow-up compared with the general pop-
ulation comparators (IRR, 2.0; 95% CI, 1.8-2.2) (Table 3) and a
sevenfold to eightfold increased rate of inpatient visits and number
of bed days (hospital visits, IRR, 7.2; 95% CI, 6.3-8.3 and bed
days, IRR, 8.3; 95% CI, 6.8-10.1). Patients treated with HD-ASCT
had a slightly higher rate of outpatient visits during the first 5 years
after diagnosis and lower rates of inpatient visits beyond 5 years
after diagnosis compared with patients treated without HD-ASCT.
The rate of bed days was similar in both groups (Table 3).

In relation to the matched comparators, patients with MCL had the
most pronounced relative risks (Figure 2) and health care burden
(supplemental Table 2) for diseases of the blood and blood-forming
organs, infectious diseases, and diseases of the respiratory system.
Similar rates were seen irrespective of treatment with or without
HD-ASCT. The same pattern was observed in the sensitivity anal-
ysis with follow-up starting 9, 18, or 24 months after diagnosis.
Among respiratory disorders, upper respiratory infections,
14 MARCH 2023 • VOLUME 7, NUMBER 5
influenza, and pneumonia were dominant (supplemental
Figure 2A). Among infectious diseases, bacterial infections were
most common, but patients treated with HD-ASCT were diag-
nosed with slightly more viral infections than those treated without
HD-ASCT (supplemental Figure 2B). Diseases of blood and blood-
forming organs were dominated by anemia, idiopathic thrombocyte
platelet deficiency, immunodeficiency, and other diseases of blood-
forming organs (supplemental Figure 2C). Frequencies of neo-
plasms other than MCL are presented in supplemental Figure 2D,
the most frequent being melanoma and neoplasms of the skin,
prostate cancer, and malignant neoplasm of the urinary tract.
Patients treated with HD-ASCT were not diagnosed with more
secondary malignancies than those treated without HD-ASCT
(Figure 2; supplemental Figure 2D; Table 2). To illustrate when
the different complications occurred during follow-up, the mean
number of outpatient visits, hospitalizations, and bed days for
different disease chapters and time windows are shown in
supplemental Figure 3. Patients treated with HD-ASCT did not
have more outpatient visits or hospitalizations for neoplasm in the
time span after 10 years of follow-up (supplemental Figure 3).
LATE EFFECTS IN PATIENTS WITH MANTLE CELL LYMPHOMA 869



0 10 20 30

Percent

Diagnosis the first 60 days following
ASCT (% of patients)

Dead within 60 days 0.8

Mental and behavioral disorders 0.8

Diseases of the musculoskeletal system 2.4

Diseases of the genitourinary system 4.0

Endocrine, nutritional, and metabolic diseases 4.9

Diseases of the skin and subcutaneous tissue 5.7

Diseases of the respiratory system 6.1

Diseases of the digestive system 9.3

Diseases of the circulatory system 14.2

Infectious diseases 26.3

Diseases of the blood and blood-forming organs 27.5

Figure 1. Proportion of patients treated with

HD-ASCT with an ICD-specific diagnosis at

hospitalization or death within 60 days. Proportion of

patients with MCL who were treated with HD-ASCT

(within 12 months of diagnosis, n = 247) with an ICD

chapter–specific diagnosis at hospitalization (blue) or

death due to any cause (red), within the first 60 days of

transplantation.
Causes of death

Deaths (≥12 months) due to causes other than MCL were rare in
both patients treated with and without HD-ASCT (Figure 3). The 5-
year cumulative probability of MCL-specific death in patients
treated with HD-ASCT was 23% (95% CI, 18%-30%) and 32%
(95% CI, 26%-38%) in patients treated without HD-ASCT. When
Table 3. IRR and 95% CIs of outpatient visits (excluding routine follow

follow-up (from 1 year after diagnosis)

Total 1-5 y after diagnosi

Outpatient visits

Comparators 1.0 (ref) 1.0 (ref)

MCL 2.0; 1.8-2.2 2.2; 2.0-2.5

Comparators 0.6; 0.5-0.6 0.5; 0.4-0.6

non–HD-ASCT 1.0 (ref) 1.0 (ref)

HD-ASCT† 1.2; 1.0-1.5 1.3; 1.0-1.6

Inpatient visits

Comparators 1.0 (ref) 1.0 (ref)

MCL 7.2; 6.3-8.3 8.7; 7.3-10.3

Comparators 0.1; 0.1-0.2 0.1; 0.1-0.1

non–HD-ASCT 1.0 (ref) 1.0 (ref)

HD-ASCT† 1.0; 0.7-1.3 1.0; 0.7-1.4

Bed days

Comparators 1.0 (ref) 1.0 (ref)

MCL 8.3; 6.8-10.1 10.0; 7.7-13.0

Comparators 0.1; 0.1-0.2 0.1; 0.1-0.1

non–HD-ASCT 1.0 (ref) 1.0 (ref)

HD-ASCT† 1.1; 0.7-1.6 1.1; 0.7-1.9

*Adjusted for age, sex, calendar year, CCI, and education.
†Treated with HD-ASCT within 12 months from diagnosis.

870 EKBERG et al
eliminating potential differences in age, sex, CCI, and education
level between the 2 treatment intensity groups (standardized
analysis), there was no evidence of a difference in cumulative
probabilities of MCL-specific death between the groups. As a
reference, causes of death for the matched comparators can be
found in supplemental Figure 4.
-up visits for lymphoma) and inpatient visits and bed days during

IRR; 95% CI*

s 5-10 y after diagnosis >10 y after diagnosis

1.0 (ref) 1.0 (ref)

2.1; 1.8-2.4 1.4; 1.1-1.8

0.5; 0.4-0.6 0.6; 0.4-0.8

1.0 (ref) 1.0 (ref)

1.1; 0.8-1.4 0.7; 0.5-1.1

1.0 (ref) 1.0 (ref)

4.6; 3.7-5.8 2.6; 1.8-3.7

0.2; 0.1-0.2 0.3; 0.2-0.5

1.0 (ref) 1.0 (ref)

0.6; 0.4-0.9 0.5; 0.2-0.9

1.0 (ref) 1.0 (ref)

5.2; 3.7-7.3 4.1; 2.4-6.9

0.2; 0.1-0.3 0.2; 0.1-0.4

1.0 (ref) 1.0 (ref)

0.8; 0.4-1.5 0.7; 0.3-2.1

14 MARCH 2023 • VOLUME 7, NUMBER 5



.0625

#Events/
Total Number 
of Individuals

Hazard ratio
(95% CI)

1 16

Endocrine

non–HD-ASCT 36/316 1.75 (1.24, 2.47)
HD-ASCT 20/236 1.42 (0.90, 2.23)

Comparators 428/5307 1.00 (Reference)

CNS

non–HD-ASCT 114/316 171 (1.41, 2.07)
HD-ASCT 68/236 1.47 (1.15, 1.87)

Comparators 1606/5307 1.00 (Reference)

Genitourinary

non–HD-ASCT 69/316 1.55 (1.21, 1.98)
HD-ASCT 42/236 1.41 (1.03, 1.93)

Comparators 979/5307 1.00 (Reference)

Nervous

non–HD-ASCT 38/316 1.48 (1.06, 2.07)
HD-ASCT 16/236 0.91 (0.55, 1.50)

Comparators 578/5307 1.00 (Reference)

Injuries

non–HD-ASCT 66/316 1.25 (0.97, 1.60)
HD-ASCT 48/236 1.16 (0.87, 1.56)

Comparators 1221/5307 1.00 (Reference)

Musculoskeletal

non–HD-ASCT 74/316 1.12 (0.88, 1.42)
HD-ASCT 52/236 1.04 (0.78, 1.37)

Comparators 1443/5307 1.00 (Reference)

Circulatory disorders

non–HD-ASCT 88/316 1.31 (1.05, 1.62)
HD-ASCT 37/236 0.90 (0.65, 1.25)

Comparators 1406/5307 1.00 (Reference)

Mental

non–HD-ASCT 21/316 1.16 (0.74, 1.81)
HD-ASCT 12/236 0.85 (0.47, 1.51)

Comparators 379/5307 1.00 (Reference)

Symptoms

non–HD-ASCT 167/316 2.21 (1.88, 2.59)
HD-ASCT 117/236 2.23 (1.85, 2.70)

Comparators 1906/5307 1.00 (Reference)

Skin

non–HD-ASCT 60/316 1.81 (1.39, 2.37)
HD-ASCT 55/236 2.48 (1.88, 3.28)

Comparators 789/5307 1.00 (Reference)

Neoplasms

non–HD-ASCT 74/316 2.18 (1.71, 2.79)
HD-ASCT 31/236 1.49 (1.03, 2.14)

Comparators 745/5307 1.00 (Reference)

Digestive

non–HD-ASCT 104/316 2.23 (1.82, 2.74)
HD-ASCT 55/236 1.69 (1.28, 2.22)

Comparators 1119/5307 1.00 (Reference)

Respiratory

non–HD-ASCT 104/316 4.38 (3.53, 5.42)
HD-ASCT 73/236 5.26 (4.08, 6.77)

Comparators 570/5307 1.00 (Reference)

Infections

non–HD-ASCT 77/316 4.66 (3.62, 5.99)
HD-ASCT 57/236 5.62 (4.20, 7.52)

Comparators 381/5307 1.00 (Reference)

Blood

non–HD-ASCT 47/316 9.84 (6.91, 14.00)
HD-ASCT 17/236 5.80 (3.42, 9.84)

Comparators 118/5307 1.00 (Reference)

Figure 2. Comparisons of rates of different ICD-

chapters between MCL patients (by HD-ASCT

treatment) and comparators. Hazard ratios with 95% CIs

of first ICD chapter–specific diagnosis (specialist outpatient

visits or hospitalization) or death among patients with MCL

(by HD-ASCT [blue circles] or non-HD-ASCT [red

dimonds]) and comparators (green squares). All models

were adjusted for age at diagnosis, sex, calendar year, CCI,

and educational level. CNS, central nervous system.
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Figure 3. Crude and standardized cumulative probabilities of death due to different causes by HD-ASCT. Cumulative probabilities of death portioned into MCL, other

malignancies, cardiovascular disease (CVD), and other causes, within 12 months from diagnosis among patients with MCL, by without HD-ASCT (A,C) and with HD-ASCT

(B,D). Crude estimates (A,B) and standardized estimates (C,D) over age, sex, CCI, and education level are shown. *Include ICD-10: C83-C91.
Discussion

In this population-based study, we found that patients with MCL
overall, as expected, had a higher rate of outpatient visits, hospi-
talizations, and bed days than general population comparators of
the same age and sex. Also, most patients with MCL died from their
lymphoma and not from a comorbidity or a treatment complication.
Importantly, intensive first-line treatment with the Nordic MCL2
protocol including HD-ASCT was not associated with higher rates
of the measured late effects compared with less-intensive treat-
ment (non–HD-ASCT). In a previous study on the same cohort,
selection for treatment with HD-ASCT was also associated with a
better overall survival.29

Patients with MCL had particularly higher rates of blood disorders,
infections, and diseases of the respiratory system than the compara-
tors. Similar complications were reported in a previous study but in
older patients with lymphoma who received transplantation.32 The
category of blood disorders reflected visits that could be seen as
associated with the underlying lymphoma, such as anemia, idiopathic
thrombocyte platelet deficiency, eosinophilia, and immunosuppression.
No codes for transformed lymphoma or myelodysplastic syndromes
were seen. Infectious complications, known to be associated with both
the lymphoma and given treatment,20 including viral as well as bacterial
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infections, were observed at higher rates after the end of first-line
treatment (≥12 months of diagnosis) among patients compared with
comparators. This could be regarded as a late effect of primary treat-
ment or the lymphoma disease itself but not due to rituximab mainte-
nance because very few patients in this cohort were treated with
rituximab maintenance (n = 14). Regarding secondary neoplasms, a
wide range of different neoplasms were seen, as indicated in the
supplement, with a higher frequency among patients than in compa-
rators. No difference in the rate of secondary neoplasms was observed
between the patients treated with and without HD-ASCT. This indi-
cates that the underlying disease and first-line chemotherapy could be
a driver of secondary neoplasms, rather than consolidating HD-ASCT,
at least in the absence of total body irradiation as induction (as in the
Nordic protocol). However, as the observation period is still relatively
short, we cannot rule out that a higher incidence of secondary neo-
plasms may appear with prolonged follow-up.

Observational comparisons of late effects among patients admin-
istered with different treatments can be challenging, as the groups
are rarely comparable with regard to baseline characteristics.
Patients selected for HD-ASCT treatment in this study were
younger and had less comorbidity compared with patients in the
non-HD-ASCT group, for which we tried to accommodate in the
14 MARCH 2023 • VOLUME 7, NUMBER 5



adjusted models. The long-term health care burden that we
observed mainly reflected disorders related to the underlying MCL
and potential relapses. In addition, MCL was the main underlying
cause of death in the cohort. This is in line with data from a ran-
domized study comparing health-related quality of life after different
treatments, concluding that the underlying MCL caused most of
the later complications.33 If this interpretation holds in the novel
targeted treatment era remains to be seen. In a pooled analysis of
4 randomized controlled studies of the Bruton tyrosine kinase
inhibitor ibrutinib vs chemotherapy in chronic lymphocytic leukemia
and patients with MCL, a favorable benefit-risk profile of ibrutinib
treatment was shown compared with that of other standard treat-
ments, despite prolonged ibrutinib therapy.34

A strength of this study is the generalizability of the population-based
setting compared with selected cohorts in randomized trials, the
long follow-up, and the detailed outcome analysis. The advantage of
comparing late effects in patients vs comparators is the ability to
disentangle excess health care use due to the disorder and its
treatment from normal morbidity of an older population. Although the
register-based setting allows for the study of an unselected group of
patients, information on patients’ own reported adverse events was
not captured, and we were not able to capture milder comorbidities
or outcomes, typically treated in nonspecialized outpatient care,26 as
this is not included in the National Patient Register. In addition,
misclassification of exposure due to transplantations occurring after
the landmark of 12 months could have biased the results, but in a
sensitivity analysis using other landmarks (9, 18, and 24months), the
overall results were in line with those from the 12-month landmark
approach, leading us to interpret this bias as minor.

In most clinical situations, the aim of MCL treatment is not to cure,
but rather to prolong the patient’s life and maximize quality of life.19

Studies comprehensively evaluating both MCL-related symptoms
and late adverse effects are thus crucial in the decision making of
the care of patients with MCL. Although several review articles
have discussed which patients with MCL should undergo trans-
plantation, these have mostly focused on survival and patient
eligibility for transplantation (based on comorbidity burden and
tumor biological characteristics11,35,36) and not on adverse effects
and future quality of life. As our results show, long-term monitoring
of these patients is needed and there is room for potential pre-
ventive measures. Patients with MCL in Sweden are not routinely
considered for infectious prophylaxis during follow-up, which could
14 MARCH 2023 • VOLUME 7, NUMBER 5
be considered. In diffuse large B-cell lymphoma survivors, a high
rate of infections has also been seen and preventive measures
such as infectious prophylaxis have been discussed.37

Conclusions

We have shown that patients with MCL, irrespective of treatment
intensity with or without HD-ASCT, have higher hospitalization
rates and particularly higher rates of respiratory disease, blood
disorders, and infectious diseases, compared with matched com-
parators. Avoiding efficient MCL treatment because it is more
demanding and possibly cause late effects may seem reasonable in
the short term, but our results indicate that most of the long-term
health care needs in patients aged up to 70 years are related to
the lymphoma per se. This calls for continued efforts to improve
treatment efficacy in MCL.
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