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Abstract
Various treatment options exist for patients with chronic lymphocytic leukaemia (CLL).
Clinical registries provide insight into routine treatment and identify changes in treatment
over time. The Tumour Registry Lymphatic Neoplasms prospectively collects data on the
treatment of patients with lymphoid B-cell neoplasm as administered by office-based
haematologists in Germany. Data on patient and tumour characteristics, co-morbidities,
systemic treatments, and outcome parameters are recorded. Eight hundred and six
patients with CLL were recruited between May 2009 and August 2013. At the start of
first-line treatment, median age was 71 years, 64% were male, and 44% had a Binet stage
C disease. The most frequently used first-line/second-line regimens were bendamustine +
rituximab (BR, 56%/55%), fludarabine + cyclophosphamide + rituximab (FCR, 22%/
11%), and bendamustine (B, 5%/9%). Chlorambucil was used in only 7% (first-line) and
6% (second-line) of patients. Patients treated with FCR were younger and healthier than pa-
tients treated with BR. Overall, 91% of first-line treatments were successful (40% complete
response). Real-life patient populations differ considerably from patients treated in random-
ized controlled trials. BR and FCR dominate the first-line and second-line treatments of CLL
by office-based haematologists in Germany. Future analysis will investigate progression-free
and overall survival times. © 2014 The Authors. Hematological Oncology Published by John
Wiley & Sons, Ltd.

Keywords: chronic lymphocytic leukaemia; registries; ambulatory care; Germany/epidemi-
ology; drug therapy/statistical and numerical data
Introduction

Chronic lymphocytic leukaemia (CLL, International
Classification of Diseases 10 C91.1), a mature B-cell
malignancy, is the most common type of leukaemia in the
Western world [1]. In Germany, 4250 patients [2] are esti-
mated to be diagnosed with CLL each year (3.0 per
100 000 according to the world standard population [3]).
In the USA [4], the number is calculated to be 16 060 (4.3
per 100 000 according to the world standard population).
Chronic lymphocytic leukaemia is characterized by

lymphocytosis in the peripheral blood, which is often
diagnosed during routine check-ups [5]. Adequate
e terms of the Creative Commons Attribu
work is properly cited, the use is non-co
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immunophenotyping of the circulating lymphoid cells is man-
datory to establish the diagnosis [6]. Advanced disease may
be accompanied by cytopenias (anaemia or thrombocytope-
nia), lymphadenopathy, splenomegaly, and hepatomegaly [1].

Chronic lymphocytic leukaemia is a disease of the
elderly: the median age at diagnosis is about 70 years [2,4],
whereas only 10% of patients are younger than 50years [7].
Course and prognosis of the disease vary widely. From
the time of diagnosis, median survival ranges from 2 to
over 10 years depending on patient’s medical conditions
and disease characteristics [8]. In the last decade, several
serological, molecular, genetic, and immunophenotypic
markers of prognosis have been established [8,9].
tion-NonCommercial-NoDerivs License, which permits use and distribution
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Binet’s classification is widely used to characterize the sta-
tus of CLL [10,11], whereas treatment decisions are guided by
the International Workshop on CLL (IWCLL) consensus
recommendation [6]. Standard treatment for patients with
early stage disease (Binet A and B without active disease) is
active surveillance (watch-and-wait strategy) [1,5,12]. Ad-
vanced as well as active disease (e.g. presence of B symptoms
or Binet A with short lymphocyte doubling time or B/C with
active disease) is treated systemically by chemotherapy, usu-
ally in combination with the CD20 antibody rituximab. The
choice of the regimen is affected by multiple factors, such as
patient’s physical constitution and co-morbidities [1,5].
Currently, the combination of fludarabine with

cyclophosphamide and rituximab (FCR) is recommended
for the so-called fit patients [13]. Regimens recommended
for all those with relevant co-morbidities are bendamustine
based [14–16] or chlorambucil [17]. Allogeneic transplanta-
tion may be an option for selected fit, high-risk patients [18].
Today, most treatments of CLL can be delivered on an

outpatient basis. In Germany, ambulatory care is predomi-
nantly provided by office-based specialists [19]. Patients
with haematological malignancies such as CLL account
for one of the largest proportions of patients treated by
office-based haematologists in Germany [20]. Here, we
present data on patients with CLL from the Tumour
Registry Lymphatic Neoplasms (TLN) established by
German office-based haematologists. This paper addresses
the chemotherapeutic and immunotherapeutic treatments
and changes since 2009. In addition, we show that patients
with CLL in routine care differ in their sociodemographic
as well as clinical characteristics from patients treated in
randomized controlled trials (RCTs).
Patients and methods

The open, prospective, longitudinal, observational, multicentre
study TLN conducted by iOMEDICO in collaboration with
the Arbeitskreis Klinische Studien and the Kompetenznetz
Maligne Lymphome was established in 2009 to provide
insight into the current treatment of lymphatic neoplasms
by German office-based haematologists. The study was
reviewed by an ethics committee and is registered with
ClinicalTrial.gov registry (NCT00889798).
The clinical registry aims to recruit 3750 patients with

aggressive or indolent non-Hodgkin’s lymphoma, CLL,
or multiple myeloma. By the end of 2008, all members of
the Association of Haematologists and Oncologists in
Private Practice in Germany (BNHO e.V., in total 515 at
that time) were asked to participate in the registry.
The TLN started recruiting in May 2009. By August

2013 (date of the present analysis), 115 study sites were
actively participating. The distribution of the study sites
across Germany is shown in Figure 1. Overall, 281
physicians are recruiting patients, accounting for over 30%
© 2014 The Authors. Hematological Oncology Published by John Wiley & So
of all office-based specialists within the field of haematology
and oncology in Germany [19].

Patients of ≥18 years at the start of their first-line or
second-line treatment are eligible for enrolment. Study
sites recruit consecutively. Treatment starts within a period
of 4weeks prior until 8weeks after written informed
consent is signed.

At the time of enrolment data on patients’ sociodemo-
graphics, tumour history, clinical parameters, and concom-
itant disorders are documented. Co-morbidity is assessed
using the Charlson Co-morbidity Index [21]. During
therapy, all systemic antineoplastic treatments (medication
type and duration) as well as radiotherapies and/or
surgeries are documented. Treatment outcome parameters
include the best clinical tumour response according to the
assessment performed by the study site, time to progres-
sion, and time of death by any cause.

Different from clinical trials, this study performed
response evaluation on the basis of physical examination
and blood cell count. It usually does not mandatorily
include marrow biopsy as recommended for proper
definition of complete remissions [1,6]. Clinical complete
response (CR) as assessed in routine practice is based on
normalized blood count and the absence of hepatomegaly,
splenomegaly, and lymphadenopathy.

Patients’ data are transferred from medical records to a
secure Web-based electronic case report form (eCRF) by
physicians or trained study nurses and updated after any
examination, change in therapy, or at least every 6months.
For quality assurance, data plausibility checks and queries
are performed automatically by the eCRF software. To
ensure the reliability of the database, site monitoring and
checks on data completeness and plausibility are regularly
performed by monitors and the data management.

Patients are treated according to physicians’ choice
based on the patients’ individual needs and schedules. No
specifications are imposed to the physicians’ assessment
for treatment at any time. All patients are followed for
5 years from enrolment (or until death, loss to follow-up,
or withdrawal of consent). Figure 2 shows an overview
of the study time frame.

The present analysis is based on 806 patients with CLL
recruited by 115 study sites between May 2009 and August
2013. Data on patients’ characteristics are documented at
the onset of treatment and are available for 620 first-line
and 186 second-line patients (Figure 3).
Results

Sociodemographic and clinical characteristics at the
start of first-line treatment

Table 1 presents sociodemographic and clinical characteris-
tics of patients with CLL at the start of first-line treatment.
ns, Ltd. Hematol Oncol 2015; 33: 15–22
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Figure 1. Distribution of participating study sites across
Germany. Numbers in brackets represent number of sites
located in the same town

17Treatment of patients with CLL in Germany
Characteristics are shown for the entire cohort and for
patients treated with one of the three most frequent regimens.
Sixty-four per cent of patients are male. Median age at the time
of diagnosis is 68years and 71years (range 21.3–92.1years) at
the onset of first-line treatment. Average body mass index
(BMI) is 26 (men and women); 15% of patients are obese
according to the World Health Organization definition
(BMI> 30); 69% of patients have at least one co-morbidity,
with cardiovascular disorders (44%) and diabetes (16%)
recorded mostly. The average Charlson Co-morbidity Index
Figure 2. Time frame of the Tumour Registry Lymphatic Neoplasm

© 2014 The Authors. Hematological Oncology Published by John Wiley & So
of 0.8 and the Eastern Cooperative Oncology Group (ECOG)
performance status (91% ECOG 0 or 1) indicate that at the
start of treatment, most patients are in good general condition.
Patients requiring therapy were in clinical stage Binet C
(44%) or Binet B (36%) or symptomatic Binet A (20%). B
symptoms are present in 29% of patients. The predominant
B symptom is night sweats (23% of all patients). Splenomeg-
aly is present in 63% of patients, and 66% of patients have
more than two enlarged lymph node regions.
Sociodemographic and clinical characteristics at the
start of second-line treatment

Table 1 presents characteristics of patients at the start of
second-line treatment. Fifty-seven per cent of patients are
male. Patients receiving second-line treatment are 66 years
at diagnosis and 73 years (range 38.4–93.7 years) at the
onset of second-line treatment (median age). Most patients’
clinical and laboratory parameters are comparable with
those of patients at the start of first-line treatment.
However, at the start of second-line treatment, patients
present with slightly more co-morbidities compared with
patients at the start of first-line treatment: 73% of second-
line patients have at least one co-morbidity. The rate of
cardiovascular disorders among this group is 41%, and
16% of patients suffer from diabetes. The rate of renal
impairment is markedly higher than in the previously
untreated cohort (12% vs 5%). Overall, the average
Charlson Co-morbidity Index of 0.9 and the high rate of
patients with ECOG 0 or 1 (87%) indicate that at the start
of second-line treatment, most patients are in good general
health but afflicted with more pre-existing conditions than
patients at the start of first-line treatment. For further
details, see Table 1.
First-line treatment

Figure 4 presents the first-line regimens most frequently
used. Bendamustine + rituximab (BR) is the most common
regimen, given to 56% of patients (n= 348), followed by
s study
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Figure 3. Patient recruitment and treatment. Wks, weeks
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FCR used in 22% (n= 137) and bendamustine (B) used in
5% (n = 33) of patients. The choice of treatment seems to
be affected by age and clinical characteristics. Patients
treated with FCR are on average younger and healthier.
As shown in Table 1, these patients have a better ECOG
performance status, have fewer co-morbidities, and present
less often in Binet stage C disease as compared with
patients treated with other first-line regimens.
Since 2009, first-line treatment has changed consider-

ably (Figure 5). While BR was used in 41% of patients in
2009, the rate increased to 65% in 2013. In contrast, the
use of FCR decreased from 33% in 2009 to 14% in 2013.
Substance use in first-line treatment is shown in Figure 6.
Rituximab is used in 85% (n = 528) of all patients,
bendamustine in 63% (n= 389), fludarabine in 27%
(n= 170), cyclophosphamide in 26% (n= 159), prednisone
in 8% (n= 48), and chlorambucil in 7% (n = 45).
Chlorambucil was administered in 12% (n = 39) of patients
aged 70 years and older (n= 337).
Data on best clinical response were available for 74%

(n=456) of first-line treatments (Figure 7). Overall objective re-
sponse rate (ORR) was 91% (Figure 7), including 40% clinical
CR and 52% partial responses (PR). Progressive disease was
documented in 2% of the patients (Figure 7). In more detail,
ORR for BR is 92% (n=254; 45% CR, 47% PR), 97% for
FCR (n=108; 40% CR, 57% PR), and 79% for bendamustine
B (n=19; 37% CR, 42% PR) (Figure 7).
Second-line treatment

Figure 8 presents the most frequently used second-line
regimens. BR is used in 55% of the patients (n= 148),
followed by FCR used in 11% (n= 31) and B used in 9%
(n= 24) of patients. Overall, regimens and substances used
© 2014 The Authors. Hematological Oncology Published by John Wiley & So
in second-line treatment are very similar to those used in
first-line treatment (Figures 4 and 5). Again, choice of (sec-
ond-line) treatment seems to be affected by age and clini-
cal characteristics (Table 1). Patients treated with FCR are
younger and healthier than patients treated with other reg-
imens. Analyses on treatment changes over time are not
warranted yet because of the small number of second-line
treatments by then.
Discussion

Clinical registries provide insight into real-life treat-
ment of real-life patients. They mirror routine practice
and show how the choice of treatment changes over
time. Clinical registries are essential to assess the
effectiveness of treatments in a real-world setting, where
patients’ sociodemographic and medical characteristics
often differ from those of patients in RCTs. Furthermore,
such registries are useful tools for post-approval drug
assessments.

The TLN exclusively recruits patients in need for treat-
ment, and thus, the characteristics of our patients differ
from those of the cohort of all patients diagnosed with
CLL described in epidemiological registries [2]. In the
TLN, median age at diagnosis is 68 years, whereas it is
71 years for all patients with CLL in Germany [22].
Standard treatment for patients with early stage disease
(Binet A and B without active disease) is active surveil-
lance (watch-and-wait strategy) [1,5,12]. In the original
series of patients that led to the establishment of the current
staging system, Binet et al. found a distribution of 52–58%
patients with stage A, 29–34% with stage B, and 13–14%
with stage C disease [11]. The Barcelona series described
a distribution of 80% patients with Binet stage A, 13%
ns, Ltd. Hematol Oncol 2015; 33: 15–22
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Figure 4. Frequency of first-line treatment (n= 620). B,
bendamustine ± prednisone; BR, bendamustine + rituximab ±
prednisone; FCR, fludarabine + cyclophosphamide + rituximab ±
prednisone; others, regimens with frequency <5%

Figure 5. Frequency of first-line treatment over time (n= 620).
B, bendamustine ± prednisone; BR, bendamustine + rituximab ±
prednisone; FCR, fludarabine + cyclophosphamide + rituximab ±
prednisone; others, regimens with frequency <5%; n(8months in
2009)= 98, n(12months in 2010)= 196, n(12months in
2011)= 118, n(12months in 2012) = 127, n(8months in 2013) = 81

20 W Knauf et al.
with Binet stage B, and 7% with Binet stage C disease for
the 1995–2004 sample [23]. It has been estimated that ap-
proximately one third to even half of the patients will never
require treatment during the course of their disease
© 2014 The Authors. Hematological Oncology Published by John Wiley & So
[10,11,23]. Our data show that 20% of real-life patients
in need for treatment are with Binet stage A, 36% with
Binet stage B, and 44% with Binet stage C disease at the
start of first-line treatment.

The real-life patient population differs considerably
from patients in RCTs. Median age at the start of first-line
treatment is 71 years in our cohort compared with about
60–65 years in RCTs [13,14,16]. In clinical studies, the
majority of patients are with Binet stage B disease
[13,17,24], whereas in the TLN, most patients start first-
line treatment with Binet stage C disease. Furthermore,
ECOG score and number of co-morbidities indicate that
the general state of health of our patients is less favourable
compared with that of patients in RCTs [13,17].

These data highlight that registries can provide substantial
data on the treatment of older, co-morbid, or otherwise
compromised patients generally excluded from clinical trials.

Current European guidelines recommend FCR as first-line
treatment for so-called fit patients with CLL, but
chlorambucil or dose-reduced fludarabine and cyclophos-
phamide or bendamustine (either with or without rituximab)
for patients with co-morbidities [1,5]. Recommendations for
treatment of relapsedCLL consider the time to progression after
first-line therapy. In case of late relapse (>12–24months after
monotherapy or >24–36months after chemoimmunotherapy),
the first-line treatment may be repeated, whereas treatment of
early relapse should utilize new drugs or combinations
different from first-line treatment [1].

The combination of BR is the predominant regimen used
in our patient cohort. Since 2009, a shift from fludarabine-
based to bendamustine-based regimens as the preferred
first-line treatment is apparent. Recent data from phase II
trials (first-line [16] and second-line [25]) indicate that
BR induces high overall remission rates that compare
favourably with those achievable with FCR. So, BR may
also be a reliable option to treat so-called physically fit
patients. The efficacy and safety of BR compared with
FCR are currently under investigation in a phase III trial by
the German CLL Study Group (CLL10, NCT00769522).

Of note, chlorambucil-based regimens are administered
only in a small minority of patients. In general,
chlorambucil does not seem to be accepted as preferred
treatment in patients considered not fit enough for FCR.

A key question in clinical research is to what degree
clinical efficacy shown in RCTs translates into clinical
effectiveness in daily routine practice. Because of the
long survival of patients with CLL, median follow-up in
the TLN is yet too short to present data on progression-
free or overall survival. However, data on overall re-
sponse rates indicate that first-line treatments, particularly
BR and FCR, seem to be highly active in real-life patients
with CLL.

It is essential to consider differences in sociodemographic
and clinical characteristics in comparing outcome data
between RCT and real-life patients, as well as outcome data
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Figure 6. Frequency of active substances in both treatment lines (first-line treatment: n= 620, second-line treatment: n= 270)

Figure 7. Best clinical response of first-line treatment Patients
with completed first-line treatment and available parameter on
best clinical response. CR, clinical CR as assessed in study sites
by physical examination and blood count (does usually not include
marrow biopsy as recommended in clinical trials)

Figure 8. Frequency of second-line treatment (n=270). B,
bendamustine ± prednisone; BR, bendamustine + rituximab± pred-
nisone; F, fludarabine; FCR, fludarabine + cyclophosphamide+
rituximab ± prednisone; others, regimens with frequency <5%

21Treatment of patients with CLL in Germany
between different groups of real-life patients. Our data reveal
that multiple patient characteristics seem to affect the choice
of treatment. In future analyses, the heterogeneity of our
cohort may enable us to identify subgroups of patients that
particularly benefit from a certain treatment. More in-depth
analyses about treatment sequences and their effectiveness
are ongoing within the TLN study group.
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