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ABSTRACT

Introduction: Diffuse large B-cell lymphoma
(DLBCL) is the most common form of non-
Hodgkin’s lymphoma with increasing preva-
lence. Although the disease burden associated
with DLBCL is high, only limited data on
healthcare resource utilization (HCRU) and
associated costs of German patients with DLBCL
is available.

Methods: Using a large claims database of the
German statutory health insurance with 6.7
million enrollees, we identified patients who
were newly diagnosed with DLBCL between
2011 and 2018 (index date). Treatment lines
were identified based on a predefined set of
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medication. HCRU and related costs were col-
lected for the entire post index period and per
treatment line.

Results: A total of 2495 incident DLBCL
patients were eligible for the analysis. The
average follow-up time after index was
41.7 months. During follow-up, 1991 patients
started a first-line treatment, 868 a second-line
treatment, and 354 a third-line treatment.
Overall, patients spent on average (SD) 5.24
(6.17) days per month in hospital after index.
While on anti-cancer treatment, this number
increased to nine (10.9) in first-line, 8.7 (13.7)
in second-line, and 9.4 (15.8) in third-line
treatments. Overall costs per patient per month
(PPPM) increased from €421 (875.70) before to
€3695 (4652) after index. While on a treatment
line, PPPM costs were €17,170 (10,246) in first-
line, €13,362 (12,685) in second-line, and
€12,112 (16,173) in third-line treatments. Time-
unadjusted absolute costs sum up to €59,868
(43,331), €35,870 (37,387), and €28,832
(40,540) during first-line, second-line, and
third-line treatments, respectively. The main
cost drivers were hospitalizations (71% of total
costs) and drug acquisition costs (18% of total
costs).

Conclusions: The financial burden of DLBCL in
Germany is high, mainly due to hospitalization
and drug costs. Therefore, there is a high med-
ical need for new cost-effective therapeutic
options that can lower the disease burden and
remain financially viable to support the
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growing number of patients with this aggressive
disease.

Burden of
utilization;
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Key Summary Points

This real-world health economic study
reports the financial burden of newly
diagnosed patients with diffuse large
B-cell lymphoma (DLBCL) in Germany.

illness;
Germany;

Average cost after diagnosis is €3695 per
patient per month.

While on a treatment line, per-patient per-
month costs increase to €17,170 in first-
line, €13,362 in second-line, and €12,112
in third-line treatments.

Compared to the USA, costs in Germany
are up to four times lower.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the
most common form of non-Hodgkin’s lym-
phoma (NHL) and is associated with a 5-year
mortality of 40-50% [1]. The yearly incidence in
Germany is 5333, which corresponds to 6.6
newly diagnosed patients per 100,000 inhabi-
tants [2]. Incidence rates are on the rise in Eur-
ope and US, mainly due to the ageing of the
population [3]. However, data on resource uti-
lization and associated costs is scarce for Ger-
many. One notable exception is a recent
retrospective single-center observational study
of a large German tertiary teaching hospital [4].
The study focused on 84 relapsed or refractory
patients with at least one prior treatment line.
Mean number of days of hospital stay were
44 days for second-line therapy, 26 days for
third-line therapy, and 63 days for subsequent
lines. Average cost per patient was €44,750 in
the second, €32,589 in the third, and €88,668 in

later lines of treatment. Tertiary teaching hos-
pitals on the other hand are not necessarily
representative for the entire healthcare system.
In Germany, many cancer patients are treated
in the outpatient setting in specialized oncol-
ogy practices. Evidence suggests that hemato-
logical malignancies can be treated in an
outpatient setting that goes along with a
reduction of hospital admission without com-
promising on clinical efficacy [5, 6]. For the US,
it was reported that hospital-based cancer
treatment was almost 60% more expensive than
in the community setting [7]. However, due to
institutional differences between the healthcare
systems of the USA and Germany, those find-
ings are not generalizable. For this reason, a
fresh look at Germany is warranted. To get a
more comprehensive picture of health utiliza-
tion and associated treatment costs of DLBCL
patients in Germany, we analyzed a large Ger-
man claims database that is representative of
the German population that contained data
both from hospitals and from the primary care
sector.

METHODS

Data Source and Sample Size

De-identified records were obtained from a
claims database provided by Team Gesundheit
GmbH, Essen, Germany. The database contains
detailed electronic records of health insurance
claim information on inpatient, outpatient, and
prescription drug data at the individual member
level. The database covers 6.7 million persons of
the German statutory health insurance between
2010 and 2019. All individual patient data are
anonymized in the research database to comply
with German data protection regulations.
Therefore, institutional review board and ethi-
cal approval and informed consent of the indi-
viduals were not required. These data originated
from different company health insurance funds
(Betriebskrankenkassen), which are part of the
German statutory health insurance scheme.
Membership in the statutory health insurance
scheme is compulsory for 88% of the German
population. The remaining 12% of the
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Fig. 1 Study design with index quarter of DLBCL, pre-, and post-index time periods and total observation time

population is privately insured. The database
has been used for health services research cov-
ering multiple indications [8-10].

Study Design and Patient Selection

Patients were identified and selected for partic-
ipating in this study using ICD-10-CM diag-
noses codes for DLBCL (C83.3). The cohort of
patients is identified using outpatient and/ or
inpatient care data. To be selected patients had
at least one main or secondary diagnosis of
DLBCL in inpatient data or at least two different
diagnoses of DLBCL in two different quarters
within 1 year in outpatient data (M2Q crite-
rion). The index quarter was defined as the
quarter of the first diagnosis of DLBCL. Patients
were considered as incident, if they had no
other diagnosis of C83.3 within four quarters
before the index (look back period). The study
period encompassed at least four quarters pre-
index and at least four quarters post-index,
including the index quarter. Patients must have

been continuously enrolled for at least eight
quarters including four quarters before the
index unless death from any cause occurred
within this period (see Fig.1 for a graphical
description of the study design).

Exclusion criteria for the study were presence
of other cancer diagnosis during the pre-index
period that are listed in Supplementary Table 1
(see Table 1).

To identify a therapy regimen that consists
of a combination of different compounds or
treatments, we applied the approach by Tsutsue
et al. [11]. We first considered a set of treat-
ments that are frequently used for the treatment
of DLBCL (Table 2). All drugs that were added
within 30 days after treatment initiation are
considered as part of the same regimen and line
of therapy. All treatments of interest which are
documented during this time slot beginning
with the date of the first prescription will be
summarized to a therapy line. This therapy line
is ended if a new drug is added after the first
30 days of treatment initiation. The end date of
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Table 1 Study exclusion criteria

ICD-10-GM Diagnosis

C00-C14 Malignant neoplasms of lip, oral cavity, and pharynx

C15-C26 Malignant neoplasms of digestive organs

C30-C39 Malignant neoplasms of respiratory and intrathoracic organs

C40-C41 Malignant neoplasms of bone and articular cartilage

C43-C44 Melanoma and other malignant neoplasms of skin

C45-C49 Malignant neoplasms of mesothelial and soft tissue

C50 Malignant neoplasm of breast

C51-C58 Malignant neoplasms of female genital organs

C60-C63 (without C61) Malignant neoplasms of male genital organs (without: Malignant neoplasm of prostate)
C64-C68 Malignant neoplasms of urinary tract

C69-C72 Malignant neoplasms of eye, brain, and other parts of central nervous system
C73-C75 Malignant neoplasms of thyroid and other endocrine glands

C76-C80 Malignant neoplasms of ill-defined, secondary and unspecified sites

C81 Hodgkin’s lymphoma

C82 Follicular lymphoma

C88 Malignant immunoproliferative diseases

C90 Multiple myeloma and malignant plasma cell neoplasms

CI1 Lymphoid leukemia

C92 Myeloid leukemia

C93 Monocytic leukemia

C94 Other leukemias of specified cell type

C95 Leukemia of unspecified cell type

C96 Other and unspecified malignant neoplasms of lymphoid, hematopoietic, and related tissue
C97 Malignant neoplasms of independent (primary) multiple sites

the therapy line is then defined as the day
before the prescription date of the new drug.
Furthermore, a therapy line is ended if a treat-
ment gap of 90 days is observed. In this case, the
end of the last therapy line will be defined as the
date of the last prescription plus 21 days [12].
Besides drug treatment, we also report how
many DLBCL patients received either autolo-
gous or allogeneic stem cell transplantation
(SCT) or radiotherapy during their treatment.

This will be reported both overall and per
therapy line. The patient cohort will also be
described by demographic parameters such as
age and sex at index. Comorbidities were mea-
sured by means of the Charlson Comorbidity
Index (CCI). The ICD-10 coding algorithms for
Charlson comorbidities were made available by
Quan et al. [13]. In DLBCL, CCI scores above 2
were shown to be associated with a significantly
higher mortality [14]. Among first-line patients
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Table 2 Treatment selection

Drug ATC code OPS code
Drugs with unique OPS codes
Brentuximab vedotin L01XC12 6-006.b
Carmustine LO1ADO1 6-003.3
Cytarabine L01BCO1 6-002.a
6-00b.6 (Liposomal
cytarabine-daunorubicin, parenterally)
Doxorubicin L01DBO1 6-001.b
6-002.8
Gemcitabine L01BCO05 6-001.1
Ibrutinib LO1ELO1 6-007.¢
Lenalidomide L04AX04 6-003.g
Pixantrone L01DBI11 6-006.¢
Polatuzumab vedotin L01XC37 6-00c.c
Rituximab L01XC02 6-001.h
6-001
CAR-T 5-936
8-802.24
8-802.34
Drugs with general OPS codes only
Bendamustine LO1AA09 8-452, 8-543, 8-544
Dexamethasone A01ACO02 C05AA09 D07AB19
D07XB05 D10AA03 H02AB02
RO1ADO03 S01BAO1 SO1CBO1
S02BA06 S03BA01
Prednisone HO02AB07
Vincristine L01CA02
Methotrexate L04AX03
LO1BAO1
Cisplatin LO1XAO01
Etoposide L01CBO01
Ifosfamide LO1AA06
Ogxaliplatin LO01XA03
Carboplatin LO01XA02
Cyclophosphamide LO01AAO1
Melphalan LO1AAO3
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Table 2 continued

Drug OPS code EBM code
Non-drug therapies OPS code EBM code
Radiotherapy 8-522 25,320 (Irradiation with a linear
8-529 accelerator for malignant diseases)

Stem cell therapy (SCT)
5-411.0
8-805.0
8-860

Allogeneic SCT

5-411.0
5-411.2
5-411.3
5-411.4
5-411.5
8-805.2
8-805.3
8-805.4
8-805.5
8-863

25,321 (Irradiation with a linear

accelerator for malignant diseases)

Autologous SCT

receiving R-CHOP regimen, 3-year survival rate
was 39% for those with a CCI score > 2 while
the respective value for patients with a CCI of O
or 1 was twice as high (81%) [15].

Healthcare Resource Utilization (HCRU)
and Associated Costs

Healthcare resource utilization (HCRU) and
associated costs will be analyzed during pre-in-
dex (four quarters) and post-index time period
(index quarter to time to end of follow-up). We
look at the following categories: Hospitaliza-
tions, outpatient office visits, drug prescrip-
tions, sick leave, other items such as stationary
rehabilitation, travel expenses, remedies, and
medical aids.

The costs are allocated to the time periods
and therapy lines based on their respective
billing dates. In addition to this, hospital treat-
ments and stationary rehabilitation are allo-
cated based on their discharge dates and travel
expenses, and remedies and aids are allocated
based on their beginning dates. The costs of
sickness benefits during a therapy line are
determined analogous to the payment to the
insured. The payment days during a therapy
line are multiplied by the daily payment
amount to calculate the sickness benefit costs of
a patient during a therapy line.

The different costs are calculated per patient
and month both for the total time period after
index and per therapy line. For this purpose, the
sum of costs per patient and period respectively
per patient and therapy line are divided by the
duration in months of the corresponding period
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Fig. 2 Patient selection

or therapy line to report costs per patient per
month (PPPM). In addition, we report total
costs per therapy line (i.e., without time
adjustment) in order to ensure comparability
with international studies.

Data Analysis

Categorical variables are presented as the count
and percentage of patients. Continuous vari-
ables are summarized by providing the mean
and standard deviation (see Fig. 2).

RESULTS

Among 6.7 million database enrollees, we
identified 3840 incident DLBCL patients who
were continuously enrolled in the database;
2495 of them had no other cancer diagnosis and
were selected for the analysis. Of note, for 20%
of the selected patients, no DLBCL-related
pharmaceutical intervention as defined in
Table 2 was detected (Fig. 1).

The average (median) follow-up time after
index was 41.7 (33.5) months for the overall
cohort.
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Fig. 3 Pre- and post-index PPPM costs by category

Table 3 Patient characteristics

Outpatient visits

Sex
Male (%) 58.2%
Female (%) 41.8%
Age
Mean (years) [SD] 67 [15.4]
Median 71
CCI score
Mean (score) [SD] 4.4 [2.9]
Median 4
Patient characteristics are reported in

Table 3. The majority (58%) of the cohort were
male, mean (median) age at index date was 67
(71). Pre index CCI score was 4.4, indicating a
rather morbid population.

Healthcare Resource Utilization

HCRU is reported in Table 4. After initial diag-
nosis of DLBCL the monthly HCRU is multi-
plying. The number of hospital admissions

Sickness leave

After Index

increased from 0.06 to 0.4 (+ 566%) and days
spent in the hospital from 0.57 to 5.24
(+ 819%). Including only those patients with at
least one treatment line, post index number of
monthly days in hospital was 4.9. While on
anti-cancer treatment, this number increased to
9 in first-line, 8.7 in second-line, and 9.4 in
third-line treatments. Overall, patients who
received no treatment according to our defini-
tion spend on average more days per month in
hospital (6.73, SD 7.61) than those with anti-
cancer treatment (4.87, SD 5.68).

Total days spent in hospital can also be cal-
culated when the length of treatment line is
taken into consideration. During first-line
treatment, the total days spent in hospital was
28. For second-line treatment, the correspond-
ing value was 22 days and for third-line treat-
ment it was 21 days.

When it comes to resident doctor visits,
patients had 1.98 monthly visits before their
initial diagnosis. After index, this number
increased to 3.66 for the overall cohort, to 2.87
for patients without treatment, and 3.87 for
patients with at least one line of treatment.
During anti-cancer treatment, those numbers
were even higher. Monthly days on sick leave
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Table 4 Healthcare resource utilization per patient per month (PPPM)

Therapy line (length in days)

Overall (1250 days)

First-line (114 days)

Second-line (85
days)

Third-line (75 days)

N Mean Std. N Mean  Std. N  Mean Std. N  Mean Std.
Dev Dev Dev Dev
Number of prescriptions (PPPM)
Pre-index period
Overall 2495 0.8 0.706 n.a. n.a. n.a. na. na n.a. na. na n.a.
Post-index period
Opverall 2495 1.5 1.008 na. na na. na. na na. na. na na.
No regimen 504 12 1.036 na n.a n.a na. na n.a na. na n.a,
With at least one regimen® 1991 15 0.990 1991 32 1.724 868 2.9 1905 354 26 1.825
Number of hospitalizations (PPPM)
Pre-index period
Overall 2495 006 012 na n.a. n.a. na. na n.a. na. na n.a.
Post-index period
Opverall 2495 040 039 na  na na. na. na na. na. na na.
No regimen S04 047 051 na na  na  na na  na  na na  na
With at least one regimen® 1991 039 035 1991 0.8 1991 868 0.7 0752 354 07 0.771
Days spent in hospital (PPPM)
Pre-index period
Opverall 2495 057 184 na na na na. na na. na. na na
Post-index period
Opverall 2495 524 617 na  na na. na. na na. na. na na.
No regimen S04 673 761 na na  na  na na  na  na na  na
With at least one regimen® 1991 487 568 1991 9.0 10.854 868 8.7 13715 354 94 15.797
Number of practitioner visits (PPPM)
Pre-index period
Opverall 2495 198 168 na na na na. na na na. na na
Post-index period
Opverall 2495 366 245 na  na na. na. na na. na. na na.
No regimen S04 287 235 na na  na  na na  na  na na  na
With at least one regimen® 1991 387 243 1991 6.8 4757 868 5.7 4524 354 50 5.216
Number of days spent with sick leave (PPPM)
Pre-index period
Opverall 2495 067 272 na na na na. na na na. na na
Post-index period
Opverall 2495 220 543 na na na na. na na na. na na
No regimen S04 076 304 na na  na  na na  na  na na  na
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Table 4 continued

Therapy line (length in days)

Overall (1250 days)

First-line (114 days)

Second-line (85
days)

Third-line (75 days)

N Mean Std.

N Mean  Std.

N  Mean Std.

N  Mean Std.

Dev Dev Dev Dev
With at least one regimen® 1991 257 5.82 1991 6.7 12252 868 4.9 10.717 354 2.9 8.328
Prescriptions of stationary rehabilitation, travel
expenses, remedies and aids (PPPM)
Pre-index period
Overall 2495  0.50 190 na. n.a. n.a. na. na n.a. na. na na.
Post-index period
Overall 2495 143 249 na  na na. na. na na. na. na na.
No regimen 504 143 268 na na na na. na na na. na na
With at least one regimen® 1991 143 244 1991 18 3.075 868 1.9 3563 354 22 4.177
N n % N n % N n % N n %
SCT
Pre-index period
Overall 2495 2 0.08% na. na na na na na na na na
Post-index period
Opverall 2495 122 4.89% na. na. na. na. na. na. na. na. na.
No regimen 504 1 0.20% na. n.a. n.a n.a n.a, n.a n.a. na na
With at least one regimen® 1991 121 6.08% 1991 42 2.11% 868 40 4.61% 354 28 7.91%
Radiation
Pre-index period
Overall 2495 16 0.64% na. na. na. na. na. na. na. na. na.
Post-index period
Opverall 2495 589 23.61% na. na. na. na. na. na. na. na. na.
No regimen 504 51 10.12% na. n.a n.a. n.a n.a. n.a. n.a. n.a n.a.
With at least one regimen® 1991 538 27.02% 1991 116 5.83% 868 59 6.80% 354 21 5.93%

*During total follow-up

were 0.67 before index and 2.20 thereafter for
the overall cohort, 0.76 for those not receiving
treatment and 2.57 for patients with anti-cancer
treatment. While on treatment, those numbers
increased to 6.7 (first-line), 4.9 (second-line),
and 2.9 (third-line). Use of devices and sta-
tionary rehabilitation also increased after diag-
nosis. Furthermore, our analysis reveals that

4.9% of the overall cohort receives a stem cell
transplantation. Radiation is more common
(23.6% of the overall patient population, 10.1%
of the patients without regimen, and 27.0% of
patients receiving at least one regimen. While
on a treatment line, the share of patients
receiving radiation is much smaller, indicating
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Fig. 4 Allocation of post index PPPM costs by category
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that radiation is prescribed in between therapy
lines.

Costs

PPPM costs are reported in Table 5. During total
follow-up time, acquisition costs for drugs
increase from €112 per month to €784 for those
who received at least one treatment. During
treatment lines, drug costs are higher, namely
€3345 per month for first-line, €2255 for sec-
ond-line, and €1610 for third-line treatments.

Hospitalization costs do increase at even at a
higher rate. Pre index PPPM cost was €182,
which goes up to €2618 for the overall popula-
tion, and is even higher for people receiving no
treatment (€3888) during total follow-up, rep-
resenting an increase of 2036%. For those
receiving at least one regimen, costs are €2297.
While on a treatment line, hospitalization costs
are €4362 in the first, €3698 in the second, and
€3831 in the third-line treatments. Outpatient
and other costs (e.g., for rehabilitation) do
increase as well after index but are on a much
smaller scale than hospitalization costs. Sick-
ness leave costs were very small before index
(€15) and increase to €333 in first, €264 in sec-
ond, and €149 in third-line treatments. Overall
costs were €421 per month and go up to €3695
for the overall cohort for total follow-up, €4393
for those without pharmaceutical treatment
according to the predefined criteria, and €3518
for patients with at least one therapy. A graph-
ical summary of the pre- and post-index costs
for the overall cohort is given in Fig. 3.

Figure 4 presents the share of each cost
component on total post index costs for the
overall cohort on a PPPM basis; 71% of total
costs are due to hospitalizations, followed by
drugs costs (18%). The remaining costs are all
below 5% each.

Total costs per treatment line that are not
time-adjusted are displayed in Fig. 5. During the
first-, second-, and third-line treatments, the
absolute amounts are €59,868, €35,870, and
€28,832, respectively (Fig. 5).

DISCUSSION

Despite of the increasing incidence of DLBCL in
Germany, data on cost and resource utilization
are still limited. To the best of our knowledge,
this attempt to calculate the financial burden of
DLBCL patients was the first analysis that draws
on a dataset which is representative of the
German population. In our analysis, PPPM costs
were €421 before the first DLBCL diagnosis and
€ 3695 thereafter, indicating an almost ninefold
increase in costs. Turning to the time-unad-
justed total costs of the first-, second-, and
third-line treatments, the amounts were
€59,868, €35,870, and €28,832, respectively.
The costs are slightly smaller compared to
Moertl et al. [4] who analyzed costs in a tertiary
teaching hospital setting while our data provide
a picture of both the hospital and the primary
care sector. They reported second-line costs of
€44,750, and third-line costs of €32,589. Lower
costs in our analysis are mainly due to lower
hospital utilization, in particular in second-line
treatment. While Moertl et al. reported mean
number of hospital length of stay of 44 days for
second-line therapy, and 26 days for third-line
therapy, the corresponding values in our anal-
ysis were 22 and 21 respectively. A possible
explanation for this observation is that the
median age in our representative sample is quite
high (71 years). Elderly patients are usually not
eligible for autologous stem cell transplanta-
tion, which is the recommended treatment in
second-line treatment. In comparison, the
median age in Moertl et al. was only 61 when
SCT is still the preferred treatment option.
Therefore, the share of patients treated with
(costly) SCT is much higher in their analysis
compared with the overall patient population.

On an international scale, costs seem to be
much higher in the US according to a recent
study covering the timespan between 2011 and
2017 [16]. Mean total healthcare expenditures
(treatment duration) for first-, second-, and
third-line treatments were $111,314
(124.5 days), $88,472 (80.8 days), and $103,365
(70.9 days), respectively. While the treatment
duration is very close to our findings, associated
costs are much higher, especially in later lines of
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therapy. Another US study reported average
annual costs of $137,156 across therapy lines for
patients receiving treatment [17]. Another study
concluded that average yearly costs for second-
line patients were even higher, and stood at
$210,488 [18]. On a PPPM basis, estimates for
the US range from $11,900 [19] to $15,600 [20]
compared with €3695 in our study. Taking
exchange rates of 2018, this amount translates
to $4250. The main reason for the huge cost
differences between Germany and the US are
institutional differences in health care financ-
ing. The health care market in the United States
is largely unregulated in terms of prices, which
results in higher costs for both drugs and med-
ical services [21, 22]. Compared with Japan,
which is more similar to Germany in terms of
the health care system, costs are higher in Ger-
many. Tsutsué et al. [11] reported costs during
first-, second-, and third-line treatments of
$37,205, $26,248, and $23,354, respectively.
Those findings support the popular view that
the Japanese health care system allocates
resources very efficiently [23]. Results from the
UK indicate lower costs compared to the US as
well. For curative chemotherapy, the predicted
medical costs were £14,966, £23,449, and £7376
for first-, second-, and third-line treatments,
respectively [24].

We find that the lion share of the total costs
goes for hospitalizations (70%), a finding that is
well supported by the literature [11]. However,
the cost share incurred by outpatient office visits
is only 4% in our analysis, which is substantially
lower than reported in other studies [25].

LIMITATIONS

Several limitations of the study should be
acknowledged. Claims data in general are not
designed for research purposes and offer only a
very limited set of medical parameters. A com-
mon problem in claims database research is the
coding quality, as disease codes do not always
reflect clinical reality [26, 27]. A recent study for
instance estimates that only less than 50% of
patients with a suspected chronic graft versus
host disease have a documented diagnosis [28].
Moreover, treatments that are not financed by

the health insurance are not recorded. This
could be a potential source of a bias because
some patients with no record of cancer-specific
therapies might have been enrolled in a clinical
trial. In that case, medication is financed by the
study sponsor and is not visible in the database.

CONCLUSIONS

The financial burden of DLBCL in Germany is
high, mainly due to hospitalization and drug
costs. This constitutes a high need for new cost-
effective therapeutic options that can lower the
disease burden and remain financially viable to
support the growing number of patients with
this aggressive disease. Comparing our results
with other studies, our results are plausible and
can potentially be used as input parameters for
health economic evaluations.
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