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ABSTRACT

Introduction: The objective of this study was to
investigate the prevalence, incidence, and
treatment patterns (treatment regimens,
switches, duration) for diffuse large B-cell lym-
phoma (DLBCL) in a real-world setting.

Methods: This was a retrospective German
claims data analysis of patients with DLBCL
diagnosed between January 1, 2012, and
December 31, 2020. The prevalence and cumu-
lative incidence of DLBCL were found for
2019/2020. Line of treatment (LOT) and treat-
ment setting from first DLBCL diagnosis to end
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of follow-up were described. Kaplan-Meier
overall survival (OS) estimates since DLBCL
diagnosis and start of treatment lines were
calculated.

Results: Overall, 2633 incident DLBCL cases
were identified (median age 75 years, 51%
male). Of these, 2119 patients received at least
one DLBCL-related treatment (LOT1), and 1567
patients died during follow-up. In 2019/2020,
the prevalence and cumulative incidence of
DLBCL was 34.8/36.7 per 100,000 patients and
14.0/12.7 per 100,000 patients, respectively. For
LOT1, 1922 patients were given a chemother-
apy-based regimen (1530 with CD20 antibod-
ies). A total of 403 patients were administered a
second line (LOT2), of which 183 patients
received a  CD20  antibody-containing
chemotherapy regimen and 100 patients
received stem cell transplantation or chimeric
antigen receptor (CAR)-T therapy. Of the 136
LOT3+ treatments, 74 were chemotherapy reg-
imens (54 with CD20 antibodies) and 18 were
kinase inhibitors. The median time between
treatment lines was less than 6 months. Among
patients with at least LOT2, approximately 50%
received more than one LOT during the first
year after diagnosis. Approximately 25% of
treated patients died within 6 months of treat-
ment initiation. Of the 2633 included patients,
the median OS from diagnosis was 31.0 months
(treated patients: 46.8 months, untreated
patients: 3.0 months).

I\ Adis


https://doi.org/10.1007/s40487-024-00265-8
https://doi.org/10.1007/s40487-024-00265-8
https://doi.org/10.1007/s40487-024-00265-8
https://doi.org/10.1007/s40487-024-00265-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s40487-024-00265-8&amp;domain=pdf
https://doi.org/10.1007/s40487-024-00265-8

294

Oncol Ther (2024) 12:293-309

Conclusions: Despite advances in the field,
high unmet medical need in DLBCL remains.
The treatment landscape is very heterogeneous,
particularly in second- or later-line treatments,
with few patients receiving potentially curative
treatment beyond the first line. Treatment for
DLBCL, particularly for transplant-ineligible
patients, remains challenging.

Keywords: Diffuse large B-cell lymphoma;
DLBCL; Overall survival, Treatment lines;
Treatment patterns

Key Summary Points

Why carry out this study?

Diffuse large B-cell lymphoma (DLBCL)
represents the most common subtype of
non-Hodgkin lymphoma and accounts for
approximately one third of all non-
Hodgkin lymphoma cases.

Approximately 30-40% of patients with
DLBCL are either refractory to initial
treatment or relapse, and prognosis after
treatment failure is usually poor.

The objective of this study was to
investigate the prevalence, incidence, and
treatment patterns (treatment regimens,
switches, duration) for DLBCL in a real-
world setting.

What was learned from the study?

Of the 2633 incident cases of DLBCL
identified, 2119 patients received at least
one DLBCL-related line of treatment
(LOT1), and 25% of patients died within 6
months of treatment initiation.

The treatment landscape is very
heterogeneous, particularly in second- or
later-line treatments, with few patients
receiving potentially curative treatment
beyond the first line.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) repre-
sents the most common subtype of non-Hodg-
kin lymphoma and accounts for approximately
one third of all non-Hodgkin lymphoma cases
[1-3]. Worldwide incidence of DLBCL ranges
from 2.3 to 13.8 cases per 100,000 person-years
[4], with the incidence in Germany estimated at
approximately 7 cases per 100,000 person-years
[S]. Recent German prevalence data are
unavailable, and the 10-year prevalence in
Western Europe is roughly estimated at 45 per
100,000 patients [6]. With an average age at
diagnosis of 65 to 70 years [3], the prevalence
and incidence of DLBCL are expected to
increase in the coming years due to the under-
lying aging of the population in this region [6].

Due to its aggressive nature, characterized by
fast-growing tumors in lymph nodes or extran-
odal sites [7], the median survival rate of DLBCL
is less than 1 year if untreated [2, 8]. Despite
this, DLBCL is a potentially curable disease for
patients who receive timely and appropriate
treatment [9]. The majority of patients are
treated with chemotherapy regimens [10], with
R-CHOP (rituximab, cyclophosphamide, dox-
orubicin, vincristine, and prednisone) as the
current standard of care [11]. Most patients
respond well to frontline R-CHOP treatment;
long-term follow-up after R-CHOP administra-
tion has shown a median overall survival of
approximately 8-10 years [12, 13].

However, results on the effectiveness of
R-CHOP are often obtained from selected clini-
cal trial populations that may have limited
generalizability for the targeted population [14].
Approximately 30-40% of all patients are either
refractory to initial treatment or relapse [15],
most within 2 years of initial symptoms [16].
Prognosis after treatment failure is usually poor,
with only a minority of patients being cured
and a median overall survival (OS) of 6—
9 months [17]. OS continues to decrease with
later treatment lines [18]. The landscape for
later-line treatments is heterogeneous, with no
real standard of care for patients unable to
receive potentially curative stem cell trans-
plantation (SCT) [19]. As SCT is recommended
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only for selected patients who are eligible for
high-dose chemotherapy [20], approximately
60% of patients are transplant ineligible [21].
Similarly, not all patients are eligible for
potentially curative chimeric antigen receptor
(CAR)-T cell therapy [22], presenting a thera-
peutic challenge for remaining patients with
DLBCL. The treatment landscape for DLBCL is
rapidly evolving, marked by the emergence of
novel therapeutic options such as kinase inhi-
bitors [23] and bispecific antibodies [24].

Information on the epidemiology of the
disease [4, 6] and treatment regimens used in
real-world settings [17, 25, 26] are limited.
Therefore, this study complements the existing
body of real-world evidence and investigates the
prevalence, incidence, and current treatment
patterns (treatment regimens, switches, and
duration) for DLBCL in a real-world setting
based on a patient population identified in a
large German claims dataset.

METHODS

Data Source and Study Population

This retrospective claims data analysis used an
anonymized dataset provided by the regional
German statutory health insurance fund AOK
PLUS, which covers 3.6 million people insured
in Germany (regions of Saxony and Thuringia)
[27]. In Germany, statutory health insurance is
mandatory for individuals whose annual
income is below a fixed limit, which applies to
around 90% of the German population [28, 29].
Individuals with higher incomes may be pri-
vately insured.

The dataset included demographics (age, sex,
date of death), Charlson Comorbidity Index
score (CCI; adapted for International Classifi-
cation of Diseases, 10th Revision [ICD-10]
codes) [30], outpatient treatment (visits to
general practitioners and specialists, diagnosis
codes), inpatient treatment (hospitalizations,
operational and procedure [OPS] codes, diag-
nosis codes), and outpatient medication pre-
scriptions (anatomic therapeutic classification
[ATC] codes for medication identification, date
of prescription, daily defined dose). Clinical

trial data were not included in the dataset. Due
to the non-interventional, retrospective nature
of the analyzed data and because our analysis
involved an anonymized dataset, neither ethi-
cal review nor informed consent of the patients
was required according to German national
legislation (§ 75 SGB X). As the responsible
authority, the involved sickness fund (AOK
PLUS) approved the use of the data for the
purpose of this study.

The study period covered January 1, 2010, to
December 31, 2021, with an inclusion period
from January 1, 2012, to December 31, 2020.
Patients with DLBCL with at least one inpatient
and/or two confirmed consecutive outpatient
specialist codes for DLBCL (ICD-10 German
Modification [GM]: C83.3) and minimum age of
18 years at first confirmed DLBCL diagnosis
(index date) were included. To limit the analysis
to incident cases of DLBCL, patients who were
either not continuously insured in the 2 years
before the inclusion period or had any diagnosis
code for DLBCL in this time were excluded. End
of follow-up was defined as end of the study,
loss to follow-up due to end of insurance, or
death, whichever came first.

Treatment Algorithm

To identify lines of treatment (LOTs)
[25, 26, 31], a treatment algorithm was devel-
oped based on recent guidelines for the treat-
ment of DLBCL [32] and input from a clinical
expert. The start of the first-line therapy (LOT1)
was the first date on which the patient received
a DLBCL-related treatment in the inpatient or
outpatient setting. The Supplementary Data
lists all treatments of interest, the correspond-
ing ATC/OPS codes (Supplementary Table S1),
and the treatment algorithm in detail (Supple-
mentary Table S2).

Treatment patterns were observed from
index date to end of follow-up. All ATC or OPS
codes within 30 days were assigned to one LOT.
Treatment regimens consisting of only sup-
portive care agents (prednisone, prednisolone,
dexamethasone, mesna, and/or darbepoetin)
were not considered a separate LOT. The end of
an outpatient LOT was defined as the
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prescription of a new ATC code not included in
the previous regimen or as a treatment discon-
tinuation (a gap of at least 60 days after end of
supply; end of the LOT was defined as the end of
supply). Days of supply were based on the daily
defined dose of the agent [27]. For treatment
discontinuation, all agents of the regimen had
to be discontinued, except for supportive care
agents and monotherapy rituximab or
lenalidomide. The end of an inpatient LOT was
defined as a new OPS code (except for radiation)
or treatment discontinuation of more than
6 months (the date of the last OPS code was
considered the end of the LOT). Treatments
received after the second-line treatment (LOT2)
were combined and reported as LOT3+. Con-
siderations for SCT and CAR-T-cell therapies are
described in Supplementary Table S2.

Treatment Categories

Both inpatient and outpatient treatment regi-
mens were categorized into eight treatment
categories which fall into three broader cate-
gories: chemotherapy regimens (chemother-
apy + CD20 antibodies, chemotherapy), non-
chemotherapy regimens (CD20 antibodies,
immunomodulators, kinase inhibitors, mecha-
nistic target of rapamycin [mTOR]/proteasome
inhibitors), and other treatments (SCT/CAR-T,
radiation). Treatment categories were reported
according to treatment setting: outpatient
(outpatient only or inpatient/outpatient) and
inpatient only.

All regimens under each treatment category
are described in Supplementary Table S3. The
category “chemotherapy + CD20 antibodies”
included R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, pred-
nisolone), BR (bendamustine, rituximab), Pola-
BR (polatuzumab vedotin, bendamustine,
rituximab), R-GemOx (rituximab, gemcitabine,
oxaliplatin), inpatient chemotherapy with
rituximab, or similar combinations. The cate-
gory “chemotherapy” included regimens with-
out CD20 antibodies, including CHOP
(cyclophosphamide, doxorubicin, vincristine,
prednisolone) and outpatient prescriptions of
chemotherapy agents. Non-chemotherapy

regimens included regimens with and without
CD20 antibodies. The radiation category refer-
red to radiation alone, although patients may
have received radiation in addition to treat-
ments in other categories.

Statistical Analysis

Baseline characteristics were calculated for the
entire cohort and compared between patients
who did or did not receive any DLBCL treat-
ment using nonparametric tests (chi-square,
Mann-Whitney U). Treatment and treatment
duration were reported using descriptive statis-
tics. Prevalence (number of patients with
DLBCL diagnosis divided by number of patients
aged 184 and continuously insured) and
cumulative incidence (number of new DLBCL
diagnoses divided by number of patients aged
18+ and continuously insured) were calculated
for 2019/2020. Sex- and age-adjusted prevalence
and cumulative incidence were derived by cal-
culating the sex- and age-specific number of
DLBCL cases per 100,000 in the AOK PLUS
dataset, then standardizing these figures using
demographic weights from the German Federal
Office of Statistics (DESTATIS) to reflect the
national population structure. OS was calcu-
lated using Kaplan-Meier methodology,
including the proportion of patients alive after
6/12/36 months following the index date and
median OS (95% confidence interval [CI]),
censoring at end of follow-up. OS after the
index date was also determined for patients who
did or did not receive any DLBCL treatment. For
patients who received DLBCL treatment, OS was
calculated after start of LOT1 and LOT2.

Results for treatment categories with < 10
patients were not reported to preserve the
anonymity of patients. Treatment duration
could only be calculated for LOTs in the out-
patient setting (date of first prescription/ad-
mission date to run-out date of last
prescription/admission date).

Software used for data analysis included
Microsoft Office Excel for Microsoft 365, RStu-
dio version 4.2, and Stata Statistical Software
version 17.
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RESULTS

Baseline Characteristics and Follow-Up

A total of 2633 patients with incident cases of
DLBCL meeting the inclusion/exclusion criteria
were identified between January 1, 2012, and
December 31, 2020. The number of incident
cases per year was consistent throughout the
inclusion period (293 + 13 patients per calen-
dar year, Supplementary Table S4). The median
age was 75 years, median Charlson Comorbidity
Index (CCI) score was 8, and 51% of patients
were male (Table 1). The median follow-up
duration was 21 months, with 59.5% of patients
dying during follow-up.

At least one DLBCL-related treatment was
received by 2119 (80.5%) of patients. Compared
to patients without treatment, patients who
received treatments were younger (median age
74 years vs. 80years, p <0.001), had longer
follow-up  duration (median  duration
26.6 months vs. 2.9 months, p <0.001), and
had a lower percentage of deaths during follow-
up (54.9% vs 78.6%, p <0.001). At index,
untreated patients more commonly had
chronic kidney disease (p <0.001) and atrial
fibrillation/flutter (p < 0.001).

Prevalence and Cumulative Incidence

The prevalence of DLBCL was 34.8 per 100,000
patients in 2019 and 36.7 per 100,000 patients
in 2020. The cumulative incidence was 14.0 and
12.7 per 100,000 patients in 2019 and 2020,
respectively. Age- and sex-adjusted prevalence
and cumulative incidence in 2019/2020 were
lower than crude estimates (prevalence: 30.9/
33.3 per 100,000 patients, cumulative inci-
dence: 12.3/11.3 per 100,000 patients).

Treatment Patterns

First Treatment Line

A total of 2119 patients were administered at
least one line of treatment (Table 2). Most
patients were given a chemotherapy-based reg-
imen (n = 1922; 90.7%), with 1530 (79.6%) and
392 (20.4%) patients receiving chemotherapy

with/without CD20 antibodies, respectively.
Detailed prescription data could only be
observed for patients receiving treatment in the
outpatient setting (n = 1099). Of the patients
with treatment in the outpatient setting, 509
(46.3%) and 90 (8.2%) patients were given
R-CHOP (or similar) and BR, respectively. All
other CD20 antibody-containing chemotherapy
regimens were received by < 10 patients (Sup-
plementary Table S5). Among non-chemother-
apy regimens, 116 patients were given CD20
antibodies and 51 patients received only
radiotherapy.

Second Treatment Line
Of the 2119 patients with LOT1, a second-line
treatment was initiated in 403 (19.0%) patients
(Table 2). Most patients received a chemother-
apy-based regimen (n = 225, 55.8%), of which
the vast majority (n = 183 patients) received a
CD20 antibody-containing chemotherapy regi-
men. Among patients receiving treatment in
the outpatient setting (n = 196), BR was given to
42 (21.4%), R-CHOP to 23 (11.7%), Pola-BR to
12 (6.1%), and R-GemOx to 10 (5.1%) patients.
Out of 69 (17.1%) patients given non-
chemotherapy regimens, 42 patients received
only CD20 antibodies and 18 received a kinase
inhibitor. SCT or CAR-T was performed for 100
(24.8%) patients (82% autologous SCT; 18%
allogeneic SCT, unspecified SCT, or CAR-T).

Further Treatment Lines

Among the 403 patients with LOT2, 106
(26.3%) patients were given at least a third-line
treatment. There were 30 LOT4-LOT7 treatment
lines for a total of 136 LOT3+ treatments
(Table 2).

A chemotherapy regimen was used for 74
(54.4%) treatments (54 [39.7%] with and only
20 [14.7%] without CD20 antibodies). Regard-
ing treatments in the outpatient setting
(n=87), 16 (18.3%) of the prescribed
chemotherapy regimens were BR or R-GemOx.
Due to the small sample size, individual
chemotherapy regimens without CD20 could
not be evaluated. Of the 45 (33.1%) non-
chemotherapy treatment lines, 18 were a kinase
inhibitor.
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Table 1 Bascline characteristics and follow-up duration

All patients Patients with DLBCL  Patients with no DLBCL p value

treatment treatment
(m =2633) (» =2119) (n = 514)
Baseline characteristics
Age, median (mean|SD) at index date 75 74 (71.1]12.9) 80 (76.5|13.2) < 0.001
(72.1]13.1)
< 65 years, 7 (%) 639 (24.3) 556 (26.2) 83 (16.1) < 0.001
65 to 74, 1 (%) 627 (238) 546 (25.8) 81 (15.8) -
75 to 84, n (%) 1015 (385) 809 (38.2) 206 (40.1) -
85+ 352 (134) 208 (9.8) 144 (28.0) -
Sex, male, 7 (%) 1343 (51.0) 1082 (51.1) 261 (50.8) 0.908
CCI, median (mean|SD) at index date 8 (8.3 | 4.1) 8 (8.6 | 4.1) 7 (7.1|3.7) < 0.001
7 (%)
Top comorbidities at index date (ICD-10-GM), 7 (%)
Primary hypertension (110) 1332 (50.6) 1068 (50.4) 264 (51.36) 0.696
Diabetes mellitus type 2 (E11) 624 (23.7) 486 (22.9) 138 (26.8) 0.061
Fluid/electrolyte/acid-base imbalance 604 (22.9) 473 (22.3) 131 (25.4) 0.126
(E87)
Chronic kidney disease (N18) 393 (149) 281 (13.3) 112 (21.7) < 0.001
Atrial fibrillation/flutter (148) 374 (14.2) 274 (12.9) 100 (19.5) < 0.001
Follow-up
Duration of follow-up in months, 21.0 (339 | 266 (372 33.5) 2.9 (203 | 31.5) < 0.001
median (mean|SD) 33.8)
< 6 months, 7 (%) 726 (27.6) 422 (19.9) 304 (59.1) < 0.001
6 to < 12 months, 7 (%) 277 (10.5) 237 (11.2) 40 (7.8) -
12 to < 24 months, 7 (%) 396 (15.0) 361 (17.0) 35 (6.8) -
24 to < 48 months, 7 %) 445 (16.9) 400 (18.9) 45 (8.8) -
48+ months, 7 (%) 789 (30.0) 699 (33.0) 90 (17.5) -
Reason for loss to follow-up, 7 (%)
Death 1567 (59.5) 1163 (54.9) 404 (78.6) <0.001
End of study 1051 (40.0) 943 (44.5) 108 (21.0) -
End of insurance 15 (0.5) 13 (0.6) 2 (0.3) -

CCI Charlson Comorbidity Index, DLBCL diffuse large B-cell lymphoma, ICD-10-GM International Classification of
Diseases 10th Revision German Modification, SD standard deviation
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Treatment Switches

Treatment progression is depicted in Fig. 1.
Patients that received a second-line treatment
and were given chemotherapy containing CD20
antibodies in LOT1 (n = 277) commonly swit-
ched to SCT (n = 76; 27.4%), CD20 antibodies
alone (n = 25; 9.0%), or chemotherapy without
CD20 antibodies (n = 24; 8.7%). Patients who
underwent LOT2 and were given chemotherapy
without CD20 antibodies in LOT1 (n = 82) fre-
quently switched to chemotherapy containing
CD20 antibodies (n =35; 42.7%) and SCT
(n=19; 23.2%). Of the patients administered
CD20 antibodies alone in LOT1 and received a
second line (n = 28), 15 (53.6%) patients were
given chemotherapy containing CD20 anti-
bodies in LOT2. Treatment switches from LOT2
to LOT3 could not be reported due to small
sample size.

Treatment Duration and Number
of Treatment Lines Within 1-5 Years
of Follow-Up

The median treatment duration for outpatient
treatments was longer for LOT1 (n=1099;
183 days) than for LOT2 (n = 196; 132 days) and
LOT3+ (n =87; 115 days) (Table 2). Treatment
durations by treatment category and including
monotherapy rituximab/lenalidomide follow-
ing treatment line are described in Supplemen-
tary Table S6.

The median (IQR) time between treatment
lines was less than 6 months (LOT1 to LOT2:
131 [1-466] days; LOT2 to LOT3: 127.5 [39-341]
days). Out of all treated patients (n = 2119), the
vast majority of patients (98.7%) received a
treatment within 1 year of diagnosis (Fig. 2).
Among patients with at least LOT2 or LOTS3,
approximately 50% of patients received more
than one line of treatment during the first year
after diagnosis (> LOT2: 46.9%; > LOT3:
51.9%). For patients with at least three treat-
ment lines (n = 106), 18.9% were already given
a third line during the first year after diagnosis,
and within 5 years of follow-up, the wvast
majority of patients (83.0%) received their third
treatment line.

Survival of Patients with DLBCL

Of the 2633 patients with DLBCL included in
the study, the percentage of patients alive at
6/12/36 months after diagnosis was 72.4%/
61.9%/37.3%, respectively, and the median OS
from index date was 31.0 months (95% CI
26.5-37.5). The median OS from the index date
was considerably shorter among patients who
did not receive treatment (3.0 months [95% CI
2.1-4.1], n = 514) than among treated patients
(46.8 months [95% CI 40.6-54.7], n=2119)
(Fig. 3).

Based on Kaplan-Meier estimates of treated
patients (n = 2119), 21% and 28% of treated
patients died within 6 months of treatment
initiation of LOT1 and LOT2, respectively. The
percentage of patients alive at 6/12/36 months
after start of LOT1 was 78.9%/67.8%/40.7%.
The median OS from start of LOT1 (n = 2119)
was 45.9 months (95% CI 40.0-54.1) (Supple-
mentary Figure S1). Among patients who
received a second-line treatment (n = 403),
72.0%/57.1%/24.6% were alive at 6/12/
36 months, respectively, after start of LOT2, and
median OS from start of LOT2 was 20.9 months
(95% CI 17.9-26.3) (Supplementary Figure S2).

DISCUSSION

German claims data were analyzed to estimate
the prevalence and cumulative incidence of
DLBCL and characterize real-world treatment
patterns, including identification of treatment
lines, different regimens, and treatment dura-
tion. The included patient population
(n =2633) was older (median age 75 years),
highly comorbid (median CCI 8), and included
a large proportion of untreated patients
(19.5%). This is comparable to other real-world
studies of DLBCL incidence in patient popula-
tions [26, 31], although this population differs
greatly from patients included in clinical trials,
which tend to exclude patients with a poor
prognosis [14].

The prevalence and cumulative incidence of
DLBCL were calculated for the most recently
available year within the inclusion period
(2020) and the previous year (2019). Prevalence
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Fig. 1 Sankey diagram of patient progression from LOT1
to LOT2 in DLBCL. 1Categories with < 10 patients in
LOT1 were immunomodulators, kinase inhibitors,

mTOR/proteasome inhibitors, SCT/CAR-T. 2Catcgories

m LOT2 - CD20 antibodies + chemotherapy: 183 (8.6%)

LOT2 - SCT or CAR-T. 100 (4.7%)

LOT2 - CD20 antibodies: 42 (2.0%)

LOT2 - Chemotherapy: 42 (2.0%)

LOT2 - Kinase inhibitors: 18 (0.8%)

= LOT2 - Categories with <10 patients: 18 (0.8%)2

Death: 923 (43.6%)

No LOT2: 793 (37.4%)

with < 10 patients in LOT2 were immunomodulators,
mTOR/proteasome inhibitors, and radiation. Abbrevia-
tions: CAR-T chimeric antigen receptor T cells, LOT line
of treatment, SCT stem cell transplantation
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Patients receiving at least LOT2
(n=403)
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Time from index date

Patients receiving LOT3+
(n=106)
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Fig. 2 Number of treatment lines received by patients
during follow-up. Figure shows the percentage of patients
receiving 0, 1, 2, or 3+ treatment lines within 1-5 years
after index date (first DLBCL diagnosis) among all treated
patients, patients receiving at least LOT2, and patients

in 2019/2020 was 34.8/36.7 per 100,000
patients (age- and sex-adjusted: 30.9/33.3 per
100,000), and the annual cumulative incidence
of DLBCL was 14.0/12.7 per 100,000 patients in
2019/2020 (age- and sex-adjusted: 12.3/11.3 per
100,000).

2lines m3+lines

receiving LOT3+ '"Among all treated patients
(n =2119), 1716 (81.0%) received only 1 line, 403
(19.0%) received at least 2 lines, and 106 (5.0%) received
3+ lines. Abbreviations: ZOT line of treatment

Limited data on DLBCL prevalence are cur-
rently available, with only rough 10-year
prevalence estimates provided by Kanas et al.
(=45 per 100,000 patients) [6]. Our findings for
annual prevalence were in line with these data
and contribute to the sparse knowledge in this
field.
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Cumulative incidence of DLBCL in our study
was higher than the incidence rate estimates in
Germany (7 cases per 100,000 person-years) [5],
but in line with worldwide reports of incidence
rates (2.3 to 13.8 cases per 100,000 person-
years) [4]. This larger estimate was observed
despite our conservative approach of including
only patients with inpatient diagnoses or two
confirmed consecutive outpatient specialist
codes. The higher cumulative incidence found
in our dataset could reflect an aging population,
as the incidence of DLBCL is estimated to
increase in the upcoming years [6]. The decline
observed in cumulative incidence in 2020 may
be a result of fewer diagnoses due to the COVID-
19 pandemic [33]. However, a previous study
using the AOK PLUS dataset found that the
number of cancer diagnoses in 2020 did not
differ significantly from 2019 [34].

The study revealed a large proportion of
patient mortality (x60%), highlighting the
high medical need among patients with DLBCL.
This is in part due to the approximately 20% of

1.001
3 0.751
X
0
»
<
=
= 0.501
>
=
3 .
© N
Q S——
[e]
<
o 0.251
0.001

the included population who did not receive
any DLBCL treatment during follow-up. This
finding is in line with Borchmann et al., a study
that used a different German claims dataset to
examine survival outcomes of patients with
DLBCL and which also found that 20% of
included patients did not receive a DLBCL
treatment regimen [25]. A study using US
insurance data also described that approxi-
mately 25% of patients with DLBCL receive no
treatment [35].

In this study, untreated patients had poor
prognosis, with median OS of 3 months, which
may be due to the significantly older population
among untreated patients. Untreated patients
may have had more advanced-stage disease [36]
or poor performance status [37], which could
not be ascertained in the data. Approximately
25% of untreated patients were still alive over
4 years after initial diagnosis, although the
median survival rate of untreated DLBCL is
reported as less than 1 year [2, 8]. Some patients
categorized as untreated may have been treated

12
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Months after first diagnosis

36 42 48

Number at risk (number censored)
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Received DLBCL Treatment412119 (0)

210 (1)
1697 (1)
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Fig. 3 Kaplan-Meier OS analysis after index date of treated patients (z = 2119) and untreated patients (7 = 514).
Abbreviations: CI confidence interval, DLBCL diffuse large B-cell lymphoma
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through clinical trials, which could not be
captured in our data. However, clinical trial
recruitment in Germany is low compared to
other European countries—only 500 patients
per million inhabitants (0.5%) take part in
clinical trials [38]. Due to our methodology for
including patients, we also cannot rule out the
possibility of false DLBCL diagnoses. Our
Kaplan-Meier survival curves shown in Fig. 2
are comparable to Daneels et al., a study using
Belgian health insurance data to describe first-
and second-line treatments for DLBCL, which
also showed poor survival outcomes for patients
who did not receive chemo/radiotherapy in the
first line [26].

Patient mortality was also common among
treated patients, with approximately 25% of
patients dying within 6 months of initiation of
therapy (21.0% and 28.0% after start of LOT1
and LOT2). Patient mortality within 12 months
after start of LOT1 or LOT2 was 32.2% and
42.9%, respectively. This wunderscores the
aggressive course of the disease, despite the
array of currently available treatment regimens
for DLBCL. Median survival after the start of
therapy among patients who received a second
line or further (20.9 months, n = 403) was
shorter compared to all treated patients
(45.9 months, n = 2119). This is consistent with
literature stating that prognosis after treatment
failure is usually poor [17].

Among the 2119 patients who did receive
DLBCL treatment, the vast majority (90.7%)
were administered a chemotherapy regimen as a
first-line therapy, mostly containing CD20
antibodies. The general guidelines for front-line
DLBCL treatment recommend treatment with
R-CHOP [39], and this regimen was also the
most frequently identified chemotherapy com-
bination (46.3% of outpatient treatments).
Approximately 20% (n = 392) of chemotherapy
patients did not receive CD20 antibodies.
However, most of these patients (n = 346;
88.2%) received first-line treatment in the
inpatient setting only, where chemotherapy
treatments are identified only by OPS code. OPS
codes for chemotherapy do not contain infor-
mation about respective agents. We cannot rule
out the possibility that in some cases, combi-
nation treatments such as R-CHOP were coded

as chemotherapy in the inpatient setting,
without the separate OPS code for rituximab
(OPS 6-001.h, 6-001.j). Additionally, our results
are consistent with Borchmann et al., which
also found that approximately 20% of patients
received regimens without rituximab in the first
line [25]. Approximately 5% of all treated
patients were given CD20 antibodies as
monotherapy in the first-line treatment. As
incident DLBCL is more commonly treated in
combination with chemotherapy, patients who
received monotherapy may have been older and
presented with more comorbidities and there-
fore were unable to tolerate a full chemotherapy
regimen [40]. Few patients (2.4%) received
radiation therapy alone, likely as a treatment for
localized disease [41].

We identified 403 patients (19%) that were
administered a second-line treatment. This
result was slightly higher than that of Daneels
et al., which found that 16% of patients had
refractory/relapsed disease, defined as second-
line regimens within 2 years of diagnosis [26].
However, our study was able to capture second
lines of treatment beyond 2 years of diagnosis,
which may explain the higher percentages of
identified patients. Reviews of DLBCL indicate
that refractory/relapsed disease can occur in
30-40% of patients after initial treatment [15].
However, only 19% of patients in our study
received LOT2 treatment, suggesting that a
large proportion of refractory/relapsed patients
get no second-line treatment due to death or
ineligibility. Therefore, the actual proportion of
refractory/relapsed patients in our sample may
be higher than our findings.

Treatments received by patients in the sec-
ond line were varied. In our study, SCT or CAR-
T was performed as a second line for approxi-
mately one quarter of patients (n = 100; 24.8%),
of which 82 patients were given autologous
SCT. This is consistent with Harrysson et al., a
Swedish medical chart review study, which
found that approximately 22% of patients with
a second line underwent SCT [17]. The overall
low number of SCT treatments in our study also
aligns with the study by Borchmann et al.,
which reported a very similar proportion of
patients who underwent SCT. This implies that
although SCT is a standard of care among
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transplant-eligible refractory/relapsed patients
[20], many patients are unfit for SCT due to
older age or a high number of comorbidities
[19].

Additionally, despite CAR-T cell therapy
being touted as an alternative to SCT for older
and less fit patients [22], we observed very few
patients receiving this treatment. CAR-T thera-
pies axicabtagene ciloleucel (axi-cel) and tis-
agenlecleucel (tisa-cel) were first approved in
Europe in 2018, which may explain the sparsity
of this treatment in our dataset [42]. Lisocabta-
gene maraleucel (liso-cel) was not approved
until 2022 [43], which is beyond the time frame
of our analysis. Additionally, access to CAR-T
after initial approval may have been con-
strained due to restrictive patient selection and
limited numbers of CAR-T centers [42]. Our
findings are in line with the number of CAR-T
treatments performed in Germany [44] and the
low numbers observed in Harrysson et al. [17].

The majority of patients (55.8%) were given
chemotherapy regimens in the second line,
with most patients in this category receiving
chemotherapy containing CD20 antibodies.
Daneels et al. also found that the majority of
second-line regimens contained rituximab and
chemotherapy, predominantly platinum-based
[26]. Transplant-ineligible patients have histor-
ically been given chemoimmunotherapy regi-
mens such as R-GemOx and BR with palliative
intent, although these therapies often do not
result in long-lasting remission [45]. Among
LOT2 outpatient treatments (n = 196), only
approximately one quarter (26.5%) of the regi-
mens consisted of R-GemOx or BR, highlighting
the heterogeneous treatment landscape and
lack of a standardized approach among patients
unfit for transplantation. With the addition of
more market-authorized regimens such as Pola-
BR (2020) and Tafa-Len (tafasitamab and
Lenalidomide 2021) [46, 47], the variety of
treatment options for DLBCL continues to
gIow.

Third-line or further treatments were also
highly heterogeneous. The most frequent type
of LOT3+4 treatment was chemotherapy
(54.4%), with a very low proportion of patients
treated with chemotherapy without CD20
antibodies. This is in line with current

guidelines, which recommend combination
therapies, usually including a CD20 antibody
[48]. Non-chemotherapy regimens comprising
one third of the LOT3+ treatments and kinase
inhibitors such as ibrutinib were administered
in 13% of treatments. There is recent evidence
that ibrutinib monotherapy may be used to
effectively treat refractory/relapsed DLBCL with
low toxicity [23]. The relatively frequent usage
of non-chemotherapy regimens and newer
treatment options in a real-world setting reflects
the rapidly evolving treatment landscape of
DLBCL and underlines the need to address
treatment challenges among transplant-ineligi-
ble refractory/relapsed patients.

We observed that a large proportion of
patients received treatment in inpatient settings
only, although DLBCL is described as more
commonly administered in the outpatient set-
ting [49]. A study using US inpatient data found
that chemotherapy was administered in
approximately 30% of hospitalizations for
DLBCL and more commonly for younger
patients with fewer chronic conditions [49]. To
our knowledge, no existing studies address the
proportion of inpatient treatment for DLBCL
within the context of Germany or Europe.
Additional research is necessary to investigate
reasons for the high proportion of inpatient
treatment among these patients. We found that
the proportion of patients receiving inpatient-
only treatment decreased for LOT3+ treatments
(36.0%) compared to LOT1 (48.1%) and LOT2
(51.4%). This may be because our study could
not capture treatment in clinical trials, which
occur more frequently in the hospital setting.
However, as claims data do not contain infor-
mation on the medical records of patients, it is
difficult to interpret this finding.

Consistent with the literature, our study
found that patients that were refractory or
relapsed did so within a short period of time
after DLBCL diagnosis [16, 17]. Although the
dataset contained no information about symp-
tom onset, we found that among patients with
at least a second line, approximately 50% of
patients received LOT2 treatment within 1 year
after diagnosis. For patients with at least three
treatment lines, 18.9% were already given a
third line during the first year of follow-up. This
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number increased to 48.5% by 3 years of follow-
up and 83.0% by 5 years of follow-up. This rapid
progression between lines of therapy highlights
the unmet need among refractory/relapsed
patients. It is possible that the relatively short
median time between treatment lines is due to
our treatment line algorithm, which was used
due to the lack of clinical information in claims
data. However, our algorithm is consistent with
methods used for other real-world studies
[25, 26]. Short times between treatment lines
may be indicative of refractory rather than
relapsed disease. For example, Daneels et al.
define refractory disease as the initiation of a
second-line regimen within 12 weeks from the
end of first-line therapy, whereas relapsed dis-
ease is defined as a second-line regimen begin-
ning beyond 12 weeks of the end of the first-line
therapy [26].

The main strength of this claims data anal-
ysis is the ability to capture incident cases irre-
spective of patient characteristics, such as age
and comorbidities, and willingness to partici-
pate in clinical or observational studies, there-
fore contributing to high external wvalidity.
Additionally, we included patients who did not
receive any DLBCL treatment, to avoid selection
bias in excluding untreated patients. Our study
also allowed for a long observation period, with
up to 10 years of follow-up for patients with a
first DLBCL diagnosis in 2012. The dataset
covered both inpatient and outpatient treat-
ment, and subsequently provides full coverage
over all sectors of healthcare in Germany and
information about the treatment setting of
patients with DLBCL. Lastly, information from
real-world clinical practice is limited (to our
knowledge, there is no registry for patients with
DLBCL in Germany), and therefore claims data
analysis provides insight into this patient pop-
ulation. Our study contributes to the current
body of real-world evidence on the epidemiol-
ogy and treatment approaches for DLBCL.

We also acknowledge some intrinsic limita-
tions, particularly related to the use of a retro-
spective anonymous claims dataset. The dataset
did not include clinical details, such as stage of
DLBCL at diagnosis or disease progression, as
data are primarily used for reimbursement pur-
poses. Treatment lines were identified indirectly

via the specified algorithm, as we could not
confirm the refractory/relapsed status of
patients. Formally, we cannot rule out the pos-
sibility of false diagnosis, although we imple-
mented a conservative approach to only include
patients with inpatient diagnoses or two con-
firmed consecutive outpatient specialist codes.
Our analysis also does not differentiate between
subtypes of DLBCL, such as primary central
nervous system lymphoma or post-transplant
lymphoproliferative disease, which may be
captured under the same ICD-10-GM code as
DLBCL. Regional bias may be present, as AOK
PLUS only insures patients from two German
states (Saxony/Thuringia). However, in accor-
dance with the German legal framework, health
service reimbursement rules are identical across
Germany, and previous studies have found no
major regional differences in health care struc-
tures between Saxony/Thuringia and other
German states [27].

A large number of treatment regimens were
observed, and to protect patient anonymity,
treatment categories were necessary to summa-
rize the data. However, this subsequently led to
loss of information. Additionally, detailed pre-
scription data were only observed for treat-
ments in the outpatient setting (outpatient only
or inpatient/outpatient treatments). In the
inpatient sector, chemotherapy treatments
could be identified by OPS code, but the data
did not contain information about the respec-
tive agents. Therefore, we could not ascertain
the specific type of chemotherapy regimens
received during inpatient treatment.

Our study also does not reflect all potential
medical interventions applied to patients, such
as participation in clinical trials which do not
qualify for medical claims. Finally, due to the
long study period, innovative therapies from
recent years may be underrepresented com-
pared to treatments that have been established
for a longer time.

CONCLUSION

Despite advances in the field, high unmet
medical need in DLBCL remains. A large pro-
portion of patients do not receive systemic
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treatment for DLBCL and subsequently have
exceptionally poor survival outcomes. Patient
mortality over the course of the analysis was
high, even among treated patients. Approxi-
mately 25% of patients died within 6 months of
start of therapy, independent of treatment line,
highlighting the aggressive disease course
despite currently available treatment options.
Additionally, rapid progression between lines of
therapies was observed among refractory/re-
lapsed patients, with approximately 50% of
patients receiving at least a second line within 1
year after diagnosis.

The treatment landscape is very heteroge-
neous, particularly in second- or later-line
treatments, with few patients receiving poten-
tially curative treatment beyond the first line.
SCT or CAR-T was performed for only one
quarter of refractory/relapsed patients, and the
number of observations of CAR-T was especially
limited. In later-line treatments, a larger pro-
portion of non-chemotherapy regimens and
newer treatment options was observed. Treat-
ment for DLBCL, particularly for transplant-
ineligible patients, remains a challenge for
medical practitioners. However, the treatment
landscape in DLBCL is evolving quickly, and
our study provides timely insights into the
current state of DLBCL management and
patient outcomes. It can help to identify areas
that need further exploration in DLBCL treat-
ment strategies. As the field continues to
advance, it will be interesting to observe how
novel therapies such as CAR-T cells or bispecific
antibodies will impact clinical practice in
DLBCL in the coming years.
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