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1 Abstract

Chronic lymphocytic leukemia (CLL) is the most common form of leukemia in Central Europe.
CLL is clinically and biologically heterogeneous. The median age of onset is 70 years, with a
wide age range. The disease may be preceded by monoclonal B-cell lymphocytosis (MBL).

Antineoplastic treatment is only initiated when symptoms appear. The choice of drugs depends
on the general condition of the patient, relevant comorbidities, and genetic changes in the CLL
cells. Therapy has changed; instead of the previous standard of chemoimmunotherapy, tar-
geted inhibitors that interfere with B-cell receptor signaling or the regulation of programmed
cell death are now used as standard. The optimal combinations and sequences of the various
CLL therapeutics currently available have not yet been firmly established.

2 Basics

2.1 Definition and basic information

The WHO classification describes CLL as an indolent (lymphocytic) B-cell ymphoma character-
ized by a leukemic course. In contrast to earlier versions, B-PLL is no longer considered an
entity in the current version of the WHO classification (2022) and has been integrated into
other entities (prolymphocytic variant of CLL (>15% prolymphocytes), variant of mantle cell
lymphoma, splenic B-cell lymphoma/leukemia with prominent nucleoli) [1]. Small lymphocytic
lymphoma (SLL) is a B-cell lymphoma that shows the same histological and immunophenotypic
picture as CLL, but primarily manifests in lymph nodes, spleen, or other lymphatic organs, while
the peripheral blood shows no or only minor involvement (<5,000 B lymphocytes/ul). In the
2022 WHO classification, SLL and CLL are considered to be one entity, and the same treatment
recommendations apply to SLL as to CLL.

2.2 Epidemiology

CLL is the most common leukemic disease in Western industrialized countries. According to cur-
rent data from the US (SEER database), the age-adjusted incidence of CLL was 4.9 per 100,000
inhabitants per year. Approximately 0.6% of people develop CLL during their lifetime. The
median age at diagnosis was 70 years. Only 9.1% of patients with CLL were younger than 45
years. Men were more frequently affected (M:F 1.9:1) [2].
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While the incidence of CLL has remained stable over the last two decades, mortality has
decreased. The 5-year relative survival rate for cases of CLL was 65.1% in 1975 and improved
to 87.2% by 2021 [2]. While similar epidemiological data have been reported in Europe, the
incidence is lower among the Asian population [3, 4].

2.3 Pathogenesis

CLL has a characteristic immunophenotype but is biologically and clinically heterogeneous. Key
elements of pathogenesis are the inhibition of apoptosis and the dysregulation of proliferation.
Genome analyses have led to the identification of numerous genetic aberrations and, increas-
ingly, to the differentiation of clinically relevant subgroups with different signaling pathways
[5, 6].

The B-cell receptor signaling pathway is of particular importance, as the blockade of critical
kinases, including BTK and PI3K, can be used therapeutically. BCL2-dependent signaling path-
ways are also pathogenetically important for the apoptosis defect in CLL, whereby BH3 mimet-
ics can counteract this effect through their pro-apoptotic action and can therefore be used ther-
apeutically.

The growth and circulation of CLL cells are also determined by interaction with the microenvi-
ronment [7].

2.4 Risk factors

The risk of developing CLL is increased by the following factors:

Acquired factors

e According to the German Occupational Diseases Regulation (No. 1318), exposure to
organic solvents, e.g., benzene, can be considered a risk factor [8]. However, there is cur-
rently no reliable evidence for this or for the significance of other acquired risk factors.

Hereditary factors

 First-degree relatives of CLL patients have an 8.5-fold increased risk of developing CLL
and a 1.9- to 2.6-fold increased risk of developing another indolent lymphoma [9, 10].
However, due to the low incidence of these lymphatic neoplasms, the absolute risk of dis-
ease among relatives is still low.

¢ A small group of patients come from families with a strikingly high incidence of CLL and
other indolent lymphomas [9, 10]. The genetic basis of this predisposition is not yet fully
understood [10].

CLL is usually preceded by an undiagnosed, clinically asymptomatic preliminary stage with pro-
liferation of clonal B cells. These have the biological characteristics of CLL cells and are referred
to as monoclonal B-cell lymphocytosis (MBL), see Onkopedia Monoclonal B-cell lymphocytosis.
MBL is detectable in >5% of people over the age of 60. The risk of progression to CLL requiring
treatment is approximately 1%/year [11]. It depends on the number of monoclonal B lympho-
cytes [12].

3 Prevention and early detection

There is no evidence for effective preventive measures. Early detection based on the identifica-
tion of monoclonal B-cell lymphocytosis has not been established. It would only be useful if the
early diagnosis of CLL led to a significant improvement in prognosis.



4 Clinical picture

The disease is characterized by lymphocytosis, which is often discovered by chance. As the dis-
ease progresses, lymphadenopathy, splenomegaly and hepatomegaly, signs of bone marrow
insufficiency, and possibly autoimmune cytopenias may occur. Clinical symptoms may manifest
primarily in the form of B symptoms and an increased susceptibility to infection.

5 Diagnosis
5.1 Criteria

According to the criteria of the International Workshop on CLL (iwCLL) 2018, the diagnosis of
CLL is defined by the fulfillment of the following criteria [13]:

e Detection of at least 5,000 clonal B lymphocytes per ul in peripheral blood for at least
three months. Below this value, monoclonal B-cell lymphocytosis (MBL) can be diagnosed
if there are no signs of disease (B symptoms, lymphadenopathy, hepatomegaly,
splenomegaly, cytopenia, etc.).

¢ Predominance of small, morphologically mature lymphocytes in the cytological examina-
tion of the blood smear.

o Coexpression of the B-cell antigens CD19 and CD23 with the T-cell antigen CD5 in multi-
parametric immunophenotyping. Another characteristic feature is the relatively weak
expression of surface immunoglobulin, CD20, and CD79b. The monoclonal nature of the
lymphocytes can be demonstrated by light chain restriction (Igk or IgA), preferably by
double labeling of CD19/Igk or CD19/IgA.

Characteristic findings from microscopy, immunophenotyping, and genetics are presented in
the Chronic Lymphocytic Leukemia knowledge database and in the eLCH - eLearning Curricu-
lum Hematology for bone marrow cytology using virtual microscopy (https://
ehaematology.com/).

5.2 Diagnostics
The diagnostic procedure depends on the primary constellation of findings, usually character-

ized by the key finding of lymphocytosis with or without accompanying lymphadenopathy. If
CLL is suspected, the following tests are recommended, see table 1 and table 2.
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Table 1: Diagnostics for suspected CLL

Test

Medical history

Physical examination

Blood count

Multiparametric immunophenotyping

Bone marrow puncture

Lymph node extirpation/biopsy

Comments

Poor performance, B symptoms, susceptibility to infection, etc.,
Previous blood counts/leukocyte counts, family medical history

Lymph node status, determination of spleen and liver size, signs of bleeding and
anemia

Leukocytes with differential blood count (microscopic differentiation), thrombo-
cytes, hemoglobin, reticulocytes (in case of signs of anemia)

e Expression of CD19 and CD23

* Coexpression of CD5

¢ Weak or absent expression of CD20, CD79b, FMC7
* Monoclonal nature of Igk or IgA

Not usually necessary for diagnosis, but may be indicated during the course of
the disease to assess unclear cytopenias or the quality of remission

Only indicated if the immunophenotyping result cannot be clearly classified or if
transformation into an aggressive lymphoma is suspected (Richter syndrome)

Table 2: Additional diagnostics before initiating therapy

Examination Comments

Genetics e del(17p13)* by FISH (mandatory), other aberrations (11q, 13q, 12, 14q, etc. optional)
e TP53 mutation analysis (Sanger sequencing or NGS, mandatory)

¢ IGHV mutation status (to be determined only once, mandatory)

¢ BCR stereotypes (optional)

e Complex karyotype (=3 aberrations), possibly highly complex karyotype (=5 aberrations)
and translocations (metaphase cytogenetics, optional)

e Further genetic testing in cases of atypical phenotype to differentiate from other indolent
lymphomas

» After long-term BTKi therapy, resistance testing can be informative for the choice of follow-

up therapy

Further laboratory analyses Depending on symptoms and planned therapy, e.g.:
¢ Haptoglobin and Coombs tests if hemolysis is suspected

¢ GFR, especially if venetoclax-containing therapy is planned
¢ Quantitative determination of immunoglobulins if immunodeficiency is suspected

¢ B2-microglobulin (prognostic parameter, see CLL-IPI)

Sonography Abdomen: spleen, liver, lymph nodes

CT/MRI (neck/thorax/abdomen) Optional prior to planned venetoclax-containing therapy to assess the risk of tumor lysis

ECG/echocardiogram or cardiologi- | Before initiation of therapy with BTK inhibitors (atrial fibrillation, VES)

cal examination

Legend:

Notes: *The data on the unfavorable prognosis of patients with 17p13 deletion are based on molecular cytogenetic
analyses using FISH. The group of patients with p53 inactivation due to mutations overlaps significantly with that of
patients with del 17p13, but is not completely identical.

5.3 Classification (staging)

For staging according to Binet (more commonly used in Europe, see table 3) [14] or Rai [15],
only a physical examination and a blood count analysis are necessary. The five possible
affected lymph node regions (neck, axilla, groin region, spleen, liver; e.qg., for staging according
to Binet) is primarily performed by palpation. The results of instrumental examinations
(organomegaly in sonography, CT) are not relevant for staging, even if in individual cases a
lymphoma bulk (e.g., mediastinal, retroperitoneal) may be relevant for treatment.



Table 3: Staging according to Binet [14]

Stage Definition

A Hemoglobin =10 g/dL
Thrombocytes =100,000/pl

Less than 3 affected regions2 (LN1, liver, or spleen)

B Hemoglobin =10 g/dL
Platelets =100,000/ul

3 or more affected regions? (LN, liver, or spleen)

C Hemoglobin < 10 g/dL
Platelets < 100,000/ul

Legend:

1IN = lymph node;

2 The regions (n=5) include cervical, axillary, and inguinal LN enlargement (unilateral or bilateral), as well as liver
and spleen enlargement (detected only by physical examination).

5.4 Prognostic factors

Among the biological prognostic factors, serum B> microglobulin (chapter 5.2, table 2) and, at
the genomic level, TP53 aberrations (17pl3 deletion (FISH) and 7P53 mutation (Sanger
sequencing or NGS)), the mutation status of the variable segments of the immunoglobulin
heavy chain genes (IGHV), and the complex karyotype are currently considered to be particu-
larly relevant for prognosis (table 2). Other biomarkers, such as SF3B1/NOTCH1 mutations and
other genomic aberrations, require additional prospective validation and are currently not the
basis for specific therapeutic considerations outside of clinical trials. Their routine determina-
tion is not indicated outside of clinical trials.

In order to better assess the prognosis before initiating first-line therapy, the so-called CLL-IPI
(International Prognostic Index) can be determined, whereby the following parameters are
required for calculation (https://www.gxmd.com/calculate/cll-ipi): age (=/> 65 years), Binet
stage, B2 microglobulin (</>3.5 mg/dl), IGHV mutation status, deletion 17p13 (FISH), and TP53
mutation status [16]. This prognostic index was developed on the basis of immunochemother-
apy. It retains its value for targeted therapies in assessing progression-free survival (PFS), but
not for overall survival (OS) and is therefore not relevant for the choice of primary therapy [17].

5.5 Differential diagnoses

The most common differential diagnoses are:

e Monoclonal B-cell lymphocytosis (for the risk of progression to CLL, see Onkopedia Mono-
clonal B-cell lymphocytosis (in German only)).

¢ Small lymphocytic lymphoma (SLL): Nodal, non-leukemic lymphoma with the microscopic
and immunophenotypic profile of CLL

¢ Reactive lymphocytosis (viral infections, collagenoses).

e Other indolent lymphomas with a leukemic course (follicular lymphoma, see Onkopedia
Follicular Lymphoma (in German only); lymphoplasmacytic lymphoma, see Onkopedia
Waldenstrom's Macroglobulemia (in German only) / Lymphoplasmacytic Lymphoma; mar-
ginal zone lymphomas, see Onkopedia Marginal Zone Lymphoma (in German only), man-
tle cell ymphoma, see Onkopedia Mantle Cell Lymphoma (in German only)).

* Hairy cell leukemia (see Onkopedia Hairy Cell Leukemia).

Special attention must be paid to distinguishing it from mantle cell lymphoma due to the simi-
lar immunophenotype with coexpression of CD19 and CD5, although mantle cell lymphomas
are usually negative for CD23, unlike CLL. In cases of non-classical immunophenotype of CLL,
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FISH analysis to rule out the typical aberration of mantle cell lymphomas, i.e., translocation
(11;14), or histological examination is indicated.

In patients with rapidly increasing lymphadenopathy or severe B symptoms, Richter transfor-
mation should be ruled out by biopsy at any stage of the disease. PET-CT is useful for detecting
the most likely location of the transformation.

6 Therapy

6.1 Therapy structure

Therapy is generally indicated in Binet stage C and in Binet stage B or A, if further criteria for
mandatory therapy are met (active disease according to iwCLL criteria [13]):

¢ Occurrence/worsening of anemia/thrombocytopenia.

e Massive (>6 cm below the rib cage), progressive, or symptomatic splenomegaly; note:
spleen size varies individually depending on body size and weight.

¢ Massive (>10 cm in diameter), progressive, or symptomatic lymphadenopathy.

¢ Lymphocyte doubling time of less than 6 months or 50% increase in 2 months, starting
from a baseline value of at least 30,000 lymphocytes/ul, and after exclusion of other
causes of lymphocytosis.

e Autoimmune cytopenia refractory to standard therapy (corticosteroids).

¢ One of the following constitutional symptoms:
o Unintentional weight loss >10% in 6 months

o Fever >38°C of unknown cause for more than 2 weeks
o Night sweats for more than one month without evidence of infection

o Severe fatigue

The structure of first-line therapy is shown in figure 1, and that of second-line therapy in fig-
ure 2.

The choice of therapy for CLL is based on specific comorbidity (especially cardiac and renal
diseases), concomitant medication (especially anticoagulation), and molecular and cytogenetic
status, rather than calendar age. Whenever possible, therapy should be carried out within the
framework of clinical trials.

The vertical ranking of the individual therapy options shown (figures 1 and 2) corresponds to a
prioritization that is not covered by direct comparative, randomized phase lll studies with the
highest level of evidence. In this respect, it represents a preliminary recommendation from the
expert group, which is currently supported by the majority. It should be emphasized, however,
that in practice, other decision-making factors such as the individual comorbidity profile, adher-
ence aspects, application effort/logistics of the therapeutic intervention, and, above all, patient
preference should be taken into account when making the final decision on therapy.

The standard dosages for all therapies are based on data from multicenter studies. In cases of
advanced age or comorbidity, a dose reduction may be necessary in individual cases, or (more
frequently) during the course of therapy as an adjustment to individual side effects. In patients
with extensive co-medication, in addition to possible limited compliance, the possible occur-
rence of drug interactions must also be taken into account.



Figure 1: First-line therapy for CLL
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Legend:
palliative therapy approach

1 Active disease according to the criteria of the IWCLL 2018 [13];
2 watch & wait - wait-and-see approach;
3 BSC - best supportive care

4 The sequence of the following therapies represents one possibility (see chapter 6.1.1.1, chapter 6.1.1.2, and
chapter 6.1.1.3.).

Based on the current data, it is not binding. The individual comorbidity profile, adherence aspects, application
effort/logistics of the therapeutic intervention, and patient preference for the final therapy decision should be

taken into account.

5 In the event of contraindications to or unavailability of acalabrutinib or zanubrutinib, ibrutinib (+/- obinu-
tuzumab) remains a treatment option, taking into account increased cardiac side effects. Acalabrutinib and
zanubrutinib have not been systematically evaluated in younger/fit patients in first-line therapy.

6 When using I+V, cardiac toxicity must be weighed up, especially in older patients.

7 When using AV+obinutuzumab, the risk of infectious complications must be weighed, especially in older
patients.

6.1.1 First-line therapy

The treatment options in first-line therapy are currently changing and expanding. The following
are currently considered genetic risk factors:

e del(17p13) or TP53 mutation
¢ IGHV unmutated status (IGHVynmut)

Various treatment options are available, especially for patients without a high genetic risk pro-
file (without del(17pl13) or TP53 mutation). The selection of options, which are generally
chemotherapy-free, is essentially based on existing comorbidities or potential organ toxicities
(especially renal or cardiac) as well as possible interactions with medications already pre-
scribed independently of CLL. The relevant results of therapy studies can be summarized as fol-
lows:

BTK inhibitors (BTKIs) as monotherapies or in combination with monoclonal anti-
CD20 antibodies:

In patients =65 years of age with comorbidities, the BTKi ibrutinib led to a significant prolon-
gation of both progression-free survival (hazard ratio (HR) 0.16; median not reached) and over-
all survival (HR 0.16; median not reached) and a significant increase in the remission rate (86%
vs. 35%) (RESONATE-2 study) [17].

In the E1912 study, ibrutinib/rituximab led to a significant prolongation of progression-free
survival (HR 0.352) and overall survival (HR 0.168) compared to fludarabine/cyclophosphamide/
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rituximab (FCR) in patients =70 years of age (younger and fit patients) [18]. In this study, ibru-
tinib was given as continuous therapy until disease progression. After a longer follow-up (5
years), a significantly longer PFS (HR 0.27) was documented with ibrutinib/rituximab even in
patients with mutated IGHV status (in addition to the quickly recognizable advantage in
patients with IGHV nmut) [17]. The E1912 study is the only study in which ibrutinib/rituximab
achieved longer survival compared to chemoimmunotherapy (FCR) [18].

In the ALLIANCE study (randomized comparison of bendamustine plus rituximab (BR) with ibru-
tinib monotherapy or ibrutinib/rituximab), ibrutinib led to a significant prolongation of progres-
sion-free survival (HR 0.39) in patients =65 years, but not overall survival, not least because of
increased toxicity, although follow-up is still relatively short [19]. In addition, the combination of
ibrutinib/rituximab shows no advantage over ibrutinib monotherapy. Therefore, ibrutinib is gen-
erally recommended as monotherapy, primarily for younger, fit patients.

No data from randomized studies in fit patients <65 years of age are available for the combina-
tion of ibrutinib/obinutuzumab. Approval was based on data from older patients and patients
with comorbidity, see chapter 6.1.1.1.1. EU approval also covers younger patients (correspond-
ing recommendation in figure 1).

No data from randomized studies are currently available for the second-generation BTKi acal-
abrutinib as monotherapy or in combination with obinutuzumab in fit patients <65 years of
age. Approval in the ELEVATE-TN study (comparison of acalabrutinib monotherapy with acal-
abrutinib/obinutuzumab or chlorambucil/obinutuzumab) [20] was based on data from elderly
patients and patients with comorbidities. EU approval also covers younger patients (corre-
sponding recommendation in figure 1). Over a longer observation period (5-year update), the
CR/CRIi rate in the study arm with acalabrutinib and obinutuzumab was 37% with acalabrutinib/
obinutuzumab vs. 14% with chlorambucil/obinutuzumab, which translates into an advantage in
PFS and overall survival compared to chlorambucil/obinutuzumab [21].

In the ELEVATE-RR recurrence study, a more favorable toxicity profile for acalabrutinib was
described in direct comparison to ibrutinib with the same efficacy (in particular, a significantly
reduced risk of hypertensive events and atrial fibrillation/flutter).

No data from randomized studies in fit patients <65 years of age are currently available for the
second-generation BTKi zanubrutinib. Based on the SEQUOIA study (primary therapy in
patients aged =65 years, randomized comparison of zanubrutinib and BR), EU approval of
zanubrutinib for CLL was granted in November 2022 (regardless of fithess and age, first-line
and recurrence). In this study, a significant improvement in progression-free survival was docu-
mented compared to first-line therapy with bendamustine/rituximab [22].

In a relapse study (ALPINE trial), a direct comparison of zanubrutinib and ibrutinib showed
higher efficacy (PFS and overall response rate) and an improved toxicity profile in favor of
zanubrutinib with regard to cardiac events (atrial fibrillation/atrial flutter). In addition, this
phase lll study also showed improved PFS with zanubrutinib compared to ibrutinib (1-year PFS
90% vs. 78%) [23, 24].

By analogy with the data from the recurrence studies (ALPINE, ELEVATE-RR), a reduced toxic-
ity profile is also assumed for zanubrutinib and acalabrutinib in first-line therapy. In this
respect, both substances are recommended in preference to ibrutinib when initiating first-line
therapy. Acalabrutinib showed a significantly reduced rate of hypertensive events in the ELE-
VATE-RR study, but unlike zanubrutinib, it is associated with an increased rate of cephalalgia in
the first weeks of therapy.

However, patients already undergoing first-line therapy with ibrutinib without relevant side
effects should not be switched to acalabrutinib or zanubrutinib, as current study data indicate
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that there are no differences in overall survival between ibrutinib and either of these two sub-
stances.

Time-limited combination therapies:

In general, time-limited, i.e., venetoclax-based therapy should be preferred, especially in
patients with a long life expectancy and without high-risk characteristics, provided that other
factors (e.g., renal function, susceptibility to infection, travel to the treatment center) allow
this.

BCL2 inhibitor venetoclax in combination with monoclonal anti-CD20 antibodies:

If long-term therapy is not desired or BTKi therapy is unsuitable (dual platelet aggregation inhi-
bition, severe bleeding tendency, ventricular arrhythmias, possibly severe heart failure), a time-
limited therapy based on venetoclax/obinutuzumab (see below) should be chosen as an alter-
native.

Venetoclax plus obinutuzumab (Venetoclax/Obinutuzumab, VenObi) was approved based on
data from patients of advanced age or with comorbidity. The time-limited combination
therapy consisting of the BCL2 inhibitor venetoclax (12 cycles) plus obinutuzumab (6 cycles)
proved to be significantly superior to chemoimmunotherapy with chlorambucil/obinutuzumab in
terms of progression-free survival in the CLL14 study (hazard ratio 0.35; median not reached)
[25, 26]. After a median observation period of 65.4 months, no difference in overall survival has
been observed to date when comparing the two treatment arms [27].

Overall, the combination of venetoclax/obinutuzumab (VenObi) is a very effective but also tem-
porary (12 cycles; planned treatment duration approx. 10.5 months) treatment option in first-
line therapy. Patients with mutated IGHV status benefit most from this combination therapy,
so VenObi is the primary recommendation for this low-risk group due to the limited duration
of therapy in contrast to continuous BTKi therapy.

Due to its side effect profile, VenObi also proves to be a favorable treatment option for patients
with a high cardiac risk profile (especially those with a history of severe arrhythmias). However,
VenObi can only be used in exceptional cases in patients with impaired renal function (creati-
nine clearance <30 ml/min and >15 ml/min) due to a greatly increased risk of tumor lysis syn-
drome (contraindicated in patients with creatinine clearance below 15 ml/min).

In the CLL13 study by the GCLLSG (randomized comparison of FCR/BR vs. venetoclax/ritux-
imab vs. VenObi vs. venetoclax/obinutuzumab/ibrutinib), a significant advantage of
VenObi in terms of progression-free survival compared to chemoimmunotherapy (FCR, BR) in
younger/fit patients has now also been demonstrated [28]. VenObi therefore also represents a
good, temporary treatment option for young/fit patients with a favorable risk profile
(IGHVmyut, no TP53 aberration, no complex karyotype). In addition, the triple combination of
VenObi + ibrutinib was shown to be superior to the combination of VenObi in terms of prolong-
ing PFS. However, given the lack of difference in overall survival on the one hand and more side
effects (including the occurrence of secondary neoplasms) on the other, this combination is not
recommended for routine use.

Ibrutinib plus venetoclax:

Ibrutinib/venetoclax (I+V) was approved in August 2022 based on a phase Il study (GLOW
study), which demonstrated better PFS and OS with I+V compared to a combination of chloram-
bucil plus obinutuzumab in elderly/comorbid patients [29]. However, the relevant toxicity of the
combination in this particular patient population should also be noted, as reflected, for exam-
ple, in a 14% rate of atrial fibrillation. In addition, data from another study (Phase Il CAPTIVATE
study), which also included fit patients, were used as a basis for approval. In this study, a good
response was also documented in patients with high-risk characteristics (especially with unmu-
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tated IGHV status) [30], although direct superiority over other regimens (e.g., venetoclax/obin-
utuzumab) has not yet been demonstrated.

Monotherapy with ibrutinib over 3 cycles followed by administration of the approved I+V com-
bination over 12 cycles reduced the risk of tumor lysis, allowing the (completely oral) therapy
to be administered on an outpatient basis in most cases. |+V is a very effective therapy, but at
the same time limited to 15 cycles (approx. 14 months), especially for younger patients with
mutated IGHV status who want a time-limited, complete oral therapy. Some data on recurrence
after 1+V are now also available, which on the one hand show no evidence of the development
of BTK or PLCG2 resistance mutations and, on the other hand, also suggest effective retreat-
ment with BTKi [31].

Acalabrutinib plus venetoclax +/- obinutuzumab (AV or AVO):

Acalabrutinib/venetoclax (A+V) +/- obinutuzumab (AVO) was approved by the EMA in June 2025
on the basis of a phase Ill study (AMPLIFY study). This study demonstrated a significantly better
PFS in younger/fit patients without 7P53 aberration compared to chemoimmunotherapy (FCR/
BR) [32]. Patients with an unmutated IGHV status in particular benefited from the addition of
obinutuzumab (AVO regimen) in terms of PFS. In addition, patients receiving AV also showed
better overall survival compared to chemoimmunotherapy. AVO was associated with an
increased incidence of severe, sometimes fatal, infectious complications (the study was con-
ducted during the COVID-19 pandemic), so that, in contrast to the AV regimen, no survival
advantage was seen for AVO compared to chemoimmunotherapy. AV and AVO are therefore
recommended as temporary therapies, similar to 1+V, especially in low-risk (IGHVmut) and
intermediate-risk (IGHVunmut) patients. Data on high-risk patients (7P53 aberration) are not
available from the AMPLIFY study, as this patient group was excluded from the study.

6.1.1.1 Favorable genetic risk profile (mutated IGHV status, no del(17p13)/TP53
mutation, no complex karyotype)

In summary, in patients with a favorable genetic risk profile (IGVHyyt, no 7P53 mutation,
no complex karyotype), temporary therapy with venetoclax/obinutuzumab (12 cycles)
should be used preferentially. Time-limited, purely oral therapy based on ibrutinib plus vene-
toclax or, alternatively, acalabrutinib plus venetoclax is also recommended in first-line ther-
apy, especially for younger patients without concomitant cardiac disease and with mutated
IGHV status. In cases of severely impaired renal function (GFR < 30 ml/min) or if purely oral
therapy is desired, or in cases of logistical and/or biological problems with regard to the veneto-
clax dosing phase, primary therapy with a second-generation BTK inhibitor—acalabrutinib or
zanubrutinib—as oral long-term therapy should be considered in this group. However, the
increased cardiotoxicity of ibrutinib compared to second-generation BTKIs should be explicitly
pointed out. In cases of severe cardiac comorbidities (including ventricular extrasystoles),
venetoclax/obinutuzumab is the preferred recommendation, whereas in cases of renal impair-
ment, BTKi-based therapy should be preferred (figure 1).

In patients who do not want therapy with a signaling pathway inhibitor or are unsuitable for it
(e.g., combined severe cardiac and renal comorbidity), chemoimmunotherapy with chloram-
bucil/obinutuzumab or bendamustine/rituximab (bendamustine dose reduced to 70 mg/
mZ, days 1 and 2) or FCR (contraindicated in renal insufficiency). However, the significantly
reduced efficacy with shorter PFS compared to BTK or BCL2 inhibitor-based therapy must be
explicitly pointed out.

In cases of very high tumor burden (hyperleukocytosis, lymphadenopathy >10 cm, etc.),
chemotherapy-based tumor debulking with alkylating agents such as bendamustine or
cyclophosphamide is also possible on a case-by-case basis [33].
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6.1.1.1.1 Poor general condition (frail patients, no go)

For patients in very poor general condition and with a short life expectancy due to comorbidi-
ties or general frailty not related to CLL, supportive therapy is the first line of treatment. In
selected cases, however, not least on the basis of the FRAIL study, a trial of BTKi-based
monotherapy may be attempted, as the therapeutic effect could improve the general condition
and thus the frailty perse [34].

6.1.1.2 Intermediate genetic risk (unmutated IGHV status, no del(17p) or TP53
mutation, no complex karyotype)

For patients with an unmutated IGHV status without other genetic risk factors (no 7P53 aberra-
tion), the treatment options described in chapter 6.1.1.1 are available. The selection of therapy
options, which are generally chemotherapy-free, is essentially based on existing comorbidities
(especially renal or cardiac) or potential organ toxicities, as well as possible interactions with
medications already prescribed independently of CLL.

The available data can be summarized as follows:

Based on the favorable study results, continuous therapy based on second-generation BTK
inhibitors (acalabrutinib +/- obinutuzumab; zanubrutinib) or time-limited therapy with
venetoclax/obinutuzumab, ibrutinib plus venetoclax, or acalabrutinib plus venetoclax
(with obinutuzumab if necessary) is primarily recommended as equivalent (figure 1). Acalabru-
tinib could be combined with obinutuzumab in this subgroup, as the 6-year follow-up of the
ELEVATE-TN study showed a clear difference in PFS (75% vs. 60%), albeit no significant differ-
ence in 0S, compared to acalabrutinib monotherapy [35]. Furthermore, within the ibrutinib arm
of the E1912 study (comparison of ibrutinib/rituximab vs. FCR), no significant difference in PFS
was observed between IGHV-mutated and IGHV-unmutated patients after 4 years of observa-
tion. In contrast, other randomized studies (ALLIANCE, ILLUMINATE) with BTKIs show a reduced
PFS in the group with unmutated IGHV. However, due to the cardiovascular toxicity profile (see
chapter 6.1.1.1), therapy with ibrutinib monotherapy is not primarily recommended, in contrast
to the second-generation BTKIs acalabrutinib and zanubrutinib, unless patients are young and
fit and have no previous cardiac conditions. With time-limited venetoclax/obinutuzumab,
ibrutinib plus venetoclax, or acalabrutinib plus venetoclax (+/- obinutuzumab) or veneto-
clax/obinutuzumab + ibrutinib, PFS is significantly worse for patients with unmutated IGHV sta-
tus (compared to IGHVqyt). However, the median PFS for patients with unmutated IGHV status
after one year of therapy is more than 5 years, which means at least 4 years of therapy-free
time for half of the patients. The longer time to first PFS with continuous BTKi compared to
time-limited venetoclax-based therapy does not show any fundamental superiority in the long
term, as (although the evidence is limited) venetoclax-based treatment can be repeated in
relapse. The results of a randomized comparison (CLL17 study) between venetoclax/obinu-
tuzumab and continuous BTKi therapy (including unmutated patients) are currently pending.

In cases of severe cardiac comorbidities (including ventricular extrasystoles), venetoclax/
obinutuzumab is recommended as the first choice regardless of IGHV status.

The combination of ibrutinib plus venetoclax (I+V) can also be used in patients with inter-
mediate risk (IGHVyymut) @s a temporary therapy (15 cycles). However, data from the GLOW

study show a shortened PFS for the [+V arm in patients with IGHV nmut compared to the sub-
group of patients with IGHV,t. However, the time to next therapy (TTNT) after 14+V is approxi-

mately 20% after 5 years for both molecularly defined subgroups. For the combination based
on acalabrutinib plus venetoclax, patients with IGHV nmut also showed a poorer 3-year PFS

compared to the IGHVyt subgroup (69% vs. 86%), although this effect was almost offset by
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the addition of obinutuzumab (AVO) (3-year PFS for AVO: IGHVyyt 84% vs IGHV nmut 83%).

However, the higher rate of possible infections associated with this triple combination, as
described in the AMPLIFY study with regard to COVID-19, must be taken into account, as this
tends to be a disadvantage for AVO in terms of OS.

For patients who do not want a signaling pathway inhibitor or are unsuitable for it, the classic
treatment with chlorambucil/obinutuzumab or bendamustine/rituximab or FCR can be
used in exceptional cases, with reference to the significantly poorer efficacy (see chapter
6.1.1.1).

Overall, it can therefore be concluded that for the group with intermediate genetic risk
(IGHVynmut ) without simultaneous evidence of high-risk genetics, such as TP53- mutation/

del(17p13)), continuous therapy with a BTKi or, alternatively, temporary therapy in the form of
VenObi or I4+V or AV can be recommended on an equal footing according to current knowledge.
The specific choice depends on individual patient characteristics (comorbidities, co-medication,
patient preference, etc.).

6.1.1.3 High genetic risk (del(17p), TP53 mutation)

In cases of CLL requiring treatment with del(17p13)/7TP53 mutation or evidence of a complex
aberrant karyotype, the continuous use of BTKIs, primarily acalabrutinib or zanubruti-
nib (ibrutinib is also possible as a secondary option in case of contraindications), is recom-
mended regardless of the patient's general condition, taking into account efficacy and side
effects. Alternatively, especially in cases where BTKIs are not suitable, the combination of
venetoclax/obinutuzumab (over 12 cycles) or continuous venetoclax monotherapy can be
used in first-line therapy, although the CLL14 study showed significantly poorer PFS and overall
survival for venetoclax/obinutuzumab compared to subgroups without 7P53 mutation. Since
August 2022, a time-limited combination therapy (over approximately 14 months) in the form
of ibrutinib plus venetoclax (I1+V) has also been approved for first-line therapy of CLL, which
also includes patients with high-risk aberrations. In the CAPTIVATE study (chapter 6.1.1.1.1),
this subgroup also showed a good response based on a small number of cases (n=27),
although PFS is shorter than in patients without 7P53 aberrations (EHA2024) [29, 30]. Formally,
the combination of acalabrutinib plus venetoclax (+/- obinutuzumab; AV/AVO) has also
been approved for patients at highest risk since June 2025, even though the AMPLIFY approval
study explicitly excluded patients with TP53 aberrations. In individual cases, however, AV or
AVO can also be used in patients with a high-risk constellation (7P53 aberration, complex kary-
otype), even though no detailed data are currently available in the context of a phase Il study,
but only phase Il data for this combination [36].

Overall, despite the currently limited data available, continuous therapy based on second-gen-
eration BTKIs should be recommended as the primary treatment for patients with a high-risk
genetic profile. Otherwise, time-limited therapies (Ven/Obi or I+V or AV or AVO) are also possi-
ble and approved based on individual patient characteristics.

6.1.2 Second-line therapy

The choice of relapse therapy depends on several individual factors. In addition to the
patient's age and comorbidity, these are primarily clinical parameters such as the type of pri-
mary therapy, the duration of remission achieved with it, and any changes in the biological
characteristics of CLL since the initial diagnosis in terms of clonal evolution (e.g., acquisition of
a del(17pl3) or TP53 mutation). After long-term therapy with BTK or BCL2 inhibitors, specific
resistance mutations (including in BTK, PLCy2, and BCL2) may also occur, the detection of
which makes it inadvisable to repeat the corresponding therapy. Resistance testing can be
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informative, especially when using pirtobrutinib after failure of acalabrutinib or zanubrutinib, as
cross-resistance may occur. However, the clinical significance of not all variants is clear. In prin-
ciple, due to the clear superiority of the new substances (especially BTK and BCL2 inhibitors)
over various chemoimmunotherapies in terms of OS, the latter should only be used in very
select and exceptional cases of recurrence that have been discussed by a tumor board (patient
request, combined cardiac/renal pre-existing conditions, etc.). If a patient has received
chemoimmunotherapy as primary therapy, chemoimmunotherapy is not recommended in
cases of recurrence, even after a long remission period of >24 months, due to the proven sur-
vival benefit (e.g., MURANO study) and the risk of secondary malignancies (including tMDS).
Instead, therapy with new substances is favored. An algorithm is shown in figure 2. Whenever
possible, therapy should be carried out within the framework of clinical studies.

Figure 2: Treatment of CLL in cases of recurrence and refractoriness
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Patients who are refractory to ongoing therapy or who achieve a remission duration of less than
3 years and patients who have relapsed with evidence of del(17p13) or a 7TP53 mutation have a
poor prognosis. Before the introduction of the new substances, their median overall survival
was one to two years, calculated from the time of salvage therapy. In these studies, achieving
"stable disease" status in patients requiring treatment according to the criteria of the jwCLL
2018 was also considered a treatment failure [13].

Meanwhile, with the covalent BTK inhibitors ibrutinib, acalabrutinib, and zanubrutinib, the
non-covalent binding BTK inhibitor pirtobrutinib (approved in Germany since March 31, 2025,
after at least one prior therapy with covalent BTKi), the BCL2 inhibitor venetoclax (plus ritux-
imab), and the PI3Kdelta inhibitor idelalisib (plus rituximab), four different drug groups are
now available for this patient population. The approval studies mainly included patients with
recurrence after chemoimmunotherapy, so that overall, the data available for the use of these
new substances in prior therapy with BTK inhibitors or with venetoclax-based regimens is lim-
ited.
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The most important current study data can be presented as follows, although it should be
noted that in these studies, prior treatments were mostly chemoimmunotherapy-based, so that
the significance with regard to relapse therapy after targeted therapeutics is limited.

e Compared with the anti-CD20 antibody ofatumumab, the BTK inhibitor ibrutinib led to a
significant prolongation of progression-free survival (HR 0.13; median not reached) and
overall survival (HR 0.59) (RESONATE-1 study) [37].

e The BTK inhibitor acalabrutinib led to a significant prolongation of progression-free sur-
vival (HR 0.31) in patients who had received at least one prior therapy compared to a
therapy chosen by the treating physician (idelalisib/rituximab or bendamustine/rituximab)
(ASCEND study) [38].

e The BTK inhibitor zanubrutinib resulted in a better remission rate (80.4% vs. 72.9%,
p=0.0264) and better 2-year PFS (78.4% vs. 65.9%) in patients with relapsed CLL com-
pared to ibrutinib (ALPINE study) [24]. In the subgroup of patients with TP53 aberration, a
significantly better PFS was observed compared to ibrutinib (HR 0.53) [24].

e The non-covalently binding BTK inhibitor pirtobrutinib was explicitly tested in the
BRUIN-321 study in patients who had all been pretreated with a covalent BTKI and, in half
of the cases, also with a BCL2i. Compared to relapse therapy based on bendamustine/rit-
uximab or idelalisib plus rituximab, pirtobrutinib showed significantly better PFS (14
months versus 8.7 months). The time to next treatment (TTNT) was also significantly pro-
longed with pirtobrutinib (24 months versus 10.9 months) [39].

e The BCL2 inhibitor venetoclax in combination with rituximab led to a prolongation of
progression-free survival (HR 0.16; median not reached) and overall survival (HR 0.50;
median not reached), an increase in the rate of hematological remissions and MRD nega-
tivity (MURANO study) [40, 411.

Venetoclax as monotherapy in patients with relapsed or refractory CLL with evidence of
del(17p13) or a 7TP53 mutation and after prior treatment with a BCR signaling pathway
inhibitor resulted in a remission rate of 79% (single-arm study) [42, 43].

The recommended treatment for disease recurrence (see figure 2) depends largely on
the previous treatment:

For patients after first-line treatment with chemoimmunotherapy, BTK inhibitors are also
available as an alternative to the combination of venetoclax/rituximab for second-line therapy.
Results from direct comparative studies between venetoclax/rituximab and ibrutinib or acal-
abrutinib or zanubrutinib are not available. Even though direct data from studies for this patient
group are lacking, if a TP53 aberration is detected, even in recurrence, continuous therapy with
a BTKi would in principle be preferred over temporary BCL2i-based treatment (VenR), and in the
case of mutated IGHV, temporary therapy with venetoclax/rituximab would be preferred.

In patients who have previously been treated with BTK inhibitors, the combination of
venetoclax/rituximab (VenR) or venetoclax monotherapy is the preferred standard of care from
second-line therapy onwards, regardless of risk classification and fitness, due to its high effec-
tiveness and limited duration of therapy (2 years for VenR). Due to the clear superiority of
VenObi over VenR in the first line (see CLL13 study by the GCLLSG), the VenObi regimen (analo-
gous to the CLL14 study) could also be considered on a case-by-case basis and after prior con-
firmation of cost coverage. Based on EMA approval, pirtobrutinib may now also be used in Ger-
many from the second line onwards in patients who have previously been treated with BTKi
(even without prior therapy containing venetoclax). Overall, even in cases of recurrence, the
advantages and disadvantages of temporary therapy versus long-term therapy must be consid-
ered and discussed with the patient, as is the case with first-line therapy.

Conversely, BTK inhibitors show very good efficacy in patients who have received prior ther-
apy with venetoclax plus obinutuzumab. Even after prior treatment with venetoclax plus
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obinutuzumab, retreatment with venetoclax (plus rituximab, according to current approval)
may be effective, especially in cases of prolonged remission (more than 2 to 3 years). Re-expo-
sure with VenObi in relapse is currently being tested in the ReVenG study. However, there is cur-
rently insufficient data on how long remission should last for re-treatment with the BCL2
inhibitor to be useful.

For patients who relapse after or during primary therapy based on ibrutinib plus venetoclax
(I4+V) or acalabrutinib plus venetoclax (AV, AVO), initial data are available on retreatment with a
BTKi or venetoclax-based therapy. In principle, therefore, only a preliminary recommendation
for relapse therapy based on BTKi monotherapy (including pirtobrutinib, venetoclax monother-
apy, venetoclax/rituximab, or, in individual cases, idelalisib/rituximab) can be made at this
time.

In summary, after pretreatment with venetoclax/obinutuzumab and I+V, retreatment with
venetoclax (plus rituximab) or a switch to a BTK inhibitor is possible. Conversely, after treat-
ment failure in the sense of progression under a covalent BTK inhibitor, treatment with veneto-
clax (+/- rituximab) or with the non-covalent BTK inhibitor pirtobrutinib can be carried out. If
intolerance is the cause of first-line failure, a switch to another BTKi may be possible. When
using BTKi, second-generation BTKi (acalabrutinib, zanubrutinib) are preferable due to their
more favorable side effect profile and, in some cases, better effectiveness (zanubrutinib); ibru-
tinib is still available as an alternative therapy. No reliable data on the optimal sequence is
available to date.

6.1.2.1 Further recommendations in case of progression or early recurrence (less
than 3 years)

In cases of clinical progression after the use of BTK inhibitors and BCL2 inhibitors (so-called
double-refractory or double-exposed CLL), therapy with the non-covalently binding BTK
inhibitor pirtobrutinib may be useful. The BRUIN-321 study, which randomly compared the use
of pirtrobrutinib versus idelalisib/rituximab or bendamustine/rituximab, was relevant for
approval. Based on n=238 patients, a significantly better median PFS was observed with pirto-
brutinib (14 months versus 8.7 months with SOC). The time to next treatment (TTNT) was also
significantly longer with pirtobrutinib (24 months vs. 10.9 months with SOC) [39]. On March 31,
2025, the EMA approved pirtobrutinib after BTKi pretreatment, i.e., also for double-refractory
patients.

Resistance mutations in BTK and PLCG2 can develop during continuous therapy with covalent
BTK inhibitors. The common C481S mutation confers resistance to ibrutinib, acalabrutinib, and
zanubrutinib, while pirtobrutinib remains effective. In contrast, mutations at T474 and L528
also lead to resistance to pirtobrutinib. In the BRUIN-321 study, patients with PLCG2 mutations
also showed a reduced response. Therefore, testing for resistance mutations is recommended
before using pirtobrutinib after prior therapy with a covalent BTKi. However, such testing is not
necessary after temporary combination therapy, as resistance mutations are extremely rare in
recurrence [44].

Exclusion of Richter transformation by PET-CT and lymph node histology.

In patients with transformation of CLL into large B-cell lymphoma (LBCL) in the sense of Richter
transformation, chemoimmunotherapy based on R-CHOP can be performed. However, the
results are very poor, with survival times of less than 1 year. In biologically young patients, con-
solidating allogeneic stem cell transplantation is therefore recommended, if possible, especially
if LBCL and CLL are clonally related (no independent secondary lymphoma). If the patient is not
suitable for allogeneic transplantation, autologous stem cell transplantation may be considered
instead [45]. If there are contraindications to allogeneic or autologous stem cell transplanta-
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tion, immunotherapy with checkpoint inhibitors (off-label) can also be considered as a salvage
option [46]. Recently, high efficacy (ORR 58.3%; 1-year OS 74.7%) has also been reported for
the combination of tislelizumab and zanubrutinib (RT1 study) in patients with Richter transfor-
mation [47]. Whenever possible, patients should be treated in clinical trials.

Patients with transformation to Hodgkin lymphoma should receive chemotherapy as for
primary Hodgkin lymphoma.

Allogeneic stem cell transplantation is an option for high-risk patients, see chapter 6.1.3. and
figure 2.

6.1.3 Allogeneic stem cell transplantation

The availability of highly effective molecular therapies with the associated improvement in
prognosis has greatly relativized the importance of allogeneic stem cell transplantation (allo-
SCT) in CLL. However, it remains an option in situations that are associated with a relatively
poor prognosis even with modern therapeutic options. Its effectiveness even after prior expo-
sure to signaling pathway inhibitors has been proven [48]. In view of the availability of non-
covalent BTK inhibitors, the indication for alloSCT should be even more cautious. It appears to
be worth considering primarily in patients with TP53 alteration or highly complex karyotype
who have become refractory to covalent BTKi or venetoclax, or if, regardless of TP53 status,
both substance classes have failed in the sense of "double-refractory CLL" [49].

The indication, timing, and performance of a transplant, including the search for a donor,
should be clarified in close cooperation with a transplant center before initiating salvage ther-
apy. An important prognostic factor for achieving long-term disease control is the presence of
remission at the time of allogeneic transplantation. If possible, the transplant should be per-
formed within clinical trials.

6.1.4 Autologous stem cell transplantation

High-dose therapy with autologous blood stem cell transplantation can no longer be recom-
mended for the treatment of CLL.

6.1.5 CAR-T cell therapy

CAR-T cell therapy has not been established as a treatment for either untransformed CLL or
Richter transformation. On March 15, 2024, Liso-cel was approved by the FDA for patients with
BTK inhibitors and BCL2 inhibitors refractory to CLL in the US, based on the CLLO04 study, in
which an overall response rate of 47% and a CR rate of 18% with promising response durations
were achieved in this patient population [50]. However, EMA approval is not currently expected,
and the significance of CAR T-cell therapy in relapsed CLL, especially in comparison to allo-
HSCT, cannot yet be conclusively assessed. CAR T-cell therapy should therefore be carried out
within the framework of clinical trials whenever possible.

In retrospective, multicenter analyses, evidence of efficacy was found for the CAR T-cell prod-
ucts Axi-cel, Tisa-cel, and Liso-cel, which are approved for LBCL, in patients with Richter trans-
formation. However, with 2-year PFS rates of around 30%, the results appear to be somewhat
worse than in de novo LBCL [51, 52]. Nevertheless, commercial CAR-T therapy can be consid-
ered a potentially curative option in individual cases of recurrence outside of studies, especially
if a response to salvage therapy can be achieved and allo-SCT is not an option.
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6.1.6 Supportive therapy and treatment of complications

CLL patients often develop infectious complications during the course of the disease, which are
exacerbated by the decrease in immunoglobulin concentrations and other mechanisms of
acquired immunodeficiency (see Onkopedia secondary immunodeficiencies (in German only)).
Particularly careful monitoring with intensive general internal medical treatment, e.g., for
chronic or recurrent bronchitis, is indicated. Prophylactic substitution with immunoglobulins
reduces the risk of severe infections but has no significant effect on mortality. In June 2018, the
EMA updated its guideline in the form of a Summary of Product Characteristics and established
the following criteria for substitution with immunoglobulins for patients with secondary immun-
odeficiency [53]:

e Severe or recurrent infections
 |Ineffective antimicrobial therapy

e Evidence of a lack of specific antibody formation (after vaccination) or serum IgG levels
<4q/l.

Age-appropriate vaccinations are recommended, see Onkopedia - Vaccinations (in German
only), although the formation of specific antibodies may be reduced, and vaccinations should
be given before starting therapy whenever possible. Travel vaccinations should only be given
after consultation with the attending specialist, as live vaccines, among other things, could
endanger the patient.

6.1.7 Therapy for autoimmune phenomena

Autoimmune hemolytic anemia (AIHA) and immune thrombocytopenia (ITP) are common con-
comitant phenomena of CLL [54]. AIHA is usually Coombs-positive. Cold agglutinins with detec-
tion of IgM antibodies are the exception. Coombs-negative hemolytic anemias have been
described after previous purine analog therapy. Patients should be made aware of the particu-
larly high risk of crises in the context of infections. Pure red cell aplasia (PRCA) is rarely
observed. If AIHA or ITP occurs alone without other symptoms of CLL requiring treatment (see
above), therapy with corticosteroids is indicated. Otherwise, therapy according to the above
algorithms (see tables 1 and 2) is recommended, with a preference for anti-CD20-containing
therapies (VenObi, Acalabrutinib-Obi, Venetoclax/Rituximab), although there is little data on the
use of targeted substances in patients with autoimmune phenomena [55].

6.2 Drug-based tumor therapy - substances

The results of randomized clinical trials with the individual substances and combinations are
summarized in Chronic Lymphocytic Leukemia Study Results (in German only). Information on
the approval status of drugs suitable for the treatment of CLL is listed in Chronic Lymphocytic
Leukemia Approval Status for Germany, Austria, and Switzerland.

6.2.1 Acalabrutinib

Acalabrutinib is an inhibitor of Bruton's tyrosine kinase (BTK). This kinase plays a central role in
the development, differentiation, signal transduction, and survival of B lymphocytes. Acalabru-
tinib alone or in combination with obinutuzumab led to a significant prolongation of progres-
sion-free survival compared to chlorambucil/obinutuzumab (acalabrutinib HR 0.2; acalabrutinib/
obinutuzumab HR 0.1) [20]. Acalabrutinib in combination with obinutuzumab also led to an
improvement in overall survival compared to chlorambucil/obinutuzumab (HR 0.55, p=0.0474)
[56]. Patients with evidence of del(17pl13) or a TP53 mutation benefit from acalabrutinib to
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almost the same extent as patients without this risk factor, but the addition of obinutuzumab
does not improve the outcome compared to monotherapy.

Severe side effects of acalabrutinib monotherapy in CTCAE grade 3/4 in the ELEVATE-TN study
[20] were neutropenia (10%), anemia (7%), thrombocytopenia (3%), and pneumonia (2%). Diar-
rhea of all grades of severity occurred in 35% of patients. Arrhythmias may occur with acal-
abrutinib, most commonly atrial fibrillation in 3-4% of patients. Initial diarrhea is often self-limit-
ing. Treatment with acalabrutinib may initially cause lymphocytosis due to the flushing out of
leukemia cells from lymphatic compartments. Other clinically relevant side effects include mild
bleeding (43%), especially in the form of bruising (24%), and the development or aggravation
of arterial hypertension, in 3% of cases at CTCAE grade 3. Acalabrutinib is administered orally.

6.2.2 Bendamustine

Bendamustine belongs to the nitrogen mustard derivatives. It is an alkylating agent and also
has purine antimetabolite properties. In monotherapy in untreated patients, the remission rates
were 68% and the progression-free survival was 21.8 months, which was significantly higher
than the comparative therapy with chlorambucil (31%, 8.0 months). Bendamustine was used in
CLL as monotherapy and in combination with rituximab [57, 58]. Grade 3/4 side effects affect
blood formation: neutropenia (23%), thrombocytopenia (12%), anemia (2.5%). Severe infec-
tions may occur in combination with rituximab. The side effects require dose adjustments and,
if necessary, antibacterial (Pneumocystis jirovecii pneumonia) and antiviral prophylaxis (CMV)
with consideration of CD4 lymphocytes. Other common side effects include fever, nausea/vom-
iting, and skin rash. The bone marrow toxicity of bendamustine is cumulative. Bendamustine is
administered intravenously.

6.2.3 Chlorambucil

Chlorambucil is an alkylating agent. It has been used in the treatment of CLL for more than 50
years but should hardly be used today. Chlorambucil monotherapy (0.4 mg/kg body weight
every 14 days with a dose increase of 0.1 mg/kg body weight per cycle up to a maximum dose
of 0.8 mg/kg body weight) was the appropriate comparative therapy for testing the added ben-
efit of new substances. Chlorambucil is also combined with anti-CD20 antibodies. It is well toler-
ated. Side effects are dose dependent. The main side effects are hematotoxicity with neutrope-
nia, thrombocytopenia, and anemia. Side effects of CTCAE grade 3/4 are rare and can be
avoided by reducing the dose. Chlorambucil is administered orally.

6.2.4 Cyclophosphamide

Cyclophosphamide is effective as a single agent in CLL but is mainly used in combination with
fludarabine and rituximab (FCR). The main side effect of cyclophosphamide is hematotoxicity.
At higher doses (>1,000 mg), hemorrhagic cystitis may occur, which can be prevented by pro-
phylactic administration of uromitexan. Cyclophosphamide is usually administered intra-
venously. Cyclophosphamide is also effective in the treatment of autoimmune diseases.

6.2.5 Fludarabine

Fludarabine is a purine analogue. It was synthesized in the late 1960s and has been used to
treat CLL since the 1980s. Compared to chlorambucil or combination therapies containing alky-
lating agents, monotherapy leads to an increase in remission rates but not in survival time.
Compared to CHOP, the results for efficacy were not significantly different, but tolerability was
significantly better. Side effects of fludarabine monotherapy in CTCAE grade 3/4, occurring in
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more than 5% of patients, including neutropenia, anemia, thrombocytopenia, and infections. A
critical side effect of fludarabine monotherapy is the increased rate of autoimmune cytopenias,
up to pure red cell aplasia.

6.2.6 Ibrutinib

Ibrutinib is an inhibitor of Bruton's tyrosine kinase (BTK). This kinase plays a central role in the
development, differentiation, signal transduction, and survival of B Ilymphocytes. In the
approval study, ibrutinib led to a significant prolongation of progression-free survival (hazard
ratio 0.22) and overall survival (hazard ratio 0.43) in patients with relapsed or refractory CLL
[58]. Patients with evidence of del(17p13) or a TP53 mutation benefit to almost the same
extent as patients without this risk factor. In untreated patients aged =65 years, ibrutinib is
superior to chlorambucil monotherapy. In addition, ibrutinib-based therapy was shown to be
superior to both bendamustine/rituximab [19] and a combination of chlorambucil/obinu-
tuzumab [59] in the first-line treatment of older or less fit patients. Ibrutinib monotherapy was
not inferior to the combination of ibrutinib/rituximab [19]. In the context of the E1912 study,
the superiority of ibrutinib/rituximab over FCR in the first-line treatment of young/fit CLL
patients was also documented [18].

Severe side effects of ibrutinib monotherapy in CTCAE grade 3/4 in the RESONATE studies [37]
and in the ALLIANCE study [19] were neutropenia (10-16%), anemia (4-12%), thrombocytope-
nia (2-7%), pneumonia (4-7%), and diarrhea (4%). Arrhythmias may occur with ibrutinib, most
commonly atrial fibrillation in 5-8% of patients. Patients with severe arrhythmias (ventricular
tachycardia, higher-degree block) were excluded from the studies. Isolated cases of sudden
death and invasive aspergillosis have been reported. Initial diarrhea is often self-limiting. Ther-
apy with ibrutinib initially leads to lymphocytosis due to the flushing out of leukemia cells from
lymphatic compartments. Other clinically relevant side effects include skin bleeding (approx.
40%) and the development or aggravation of arterial hypertension. The rate of worsening
hypertension is reported to be 78% when a threshold of 130/90 mmHg is assumed in accor-
dance with the criteria of the American College of Cardiology. Based on the threshold of the
European Society of Cardiology (ESC), this rate is calculated at 44% [60]. Ibrutinib is adminis-
tered orally.

6.2.7 Idelalisib

Idelalisib is a selective inhibitor of the delta isoform of phosphatidylinositol 3-kinase (PI3Kd).
This kinase plays an important role in B-cell receptor-induced signal transduction in mature B
lymphocytes and in the pathogenesis of CLL. In combination with an anti-CD20 antibody (ofatu-
mumab or rixuximab), idelalisib leads to increases in remission rates to 70-85%, a significant
prolongation of progression-free survival (hazard ratio 0.2) and overall survival (hazard
0.34-0.75) [61, 62]. Severe side effects of the combination therapy of idelalisib + rituximab in
CTCAE grade 3/4 were neutropenia (34%), thrombocytopenia (10%), anemia (5%), elevated
transaminases (5%), diarrhea (4%), fever (3%), fatigue (3%), and chills (2%). In spring 2016,
interim results from three ongoing studies on first-line therapy showed an increased number of
infection-related deaths in the treatment arm receiving idelalisib. The report by the Pharma-
covigilance Risk Assessment Committee (PRAC) of the European Medicines Agency (EMA) rec-
ommends antibiotic prophylaxis for Pneumocystis jirovecii and regular monitoring for signs of
infection, particularly signs of CMV infection. Idelalisib is administered orally.

6.2.8 Liso-cel

On March 15, 2024, Liso-cel was approved by the FDA for patients with BTKi and BCL2-i refrac-
tory CLL in the US, based on the CLLO04 study [50]. However, approval in Germany is still
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pending. Based on 49 patients receiving a higher dose of CAR-T cells (100x10°, dose level 2),
the CLLO04 study showed complete remission in 18% of patients. Based on 117 patients,
severe cytokine release syndrome (CRS) was observed in 9% of patients, and severe neurologi-
cal events in 19%. One fatal macrophage activation syndrome was described in this study in
one patient.

6.2.9 Obinutuzumab

Obinutuzumab is an anti-CD20 antibody with modified glycosylation. In untreated, comorbid
patients, it led to a significant prolongation of progression-free survival (hazard ratio 0.39;
median 11.5 months) in combination with chlorambucil compared to chlorambucil-rituximab
therapy [63] and, in a later evaluation, also in terms of overall survival (hazard ratio 0.76;
median not reached) [64]. Severe side effects of combination therapy with chlorambucil in
CTCAE grade 3/4 were infusion-related reactions (21%), neutropenia (35%), thrombocytopenia
(11%), and anemia (5%). Obinutuzumab is administered intravenously.

6.2.10 Pirtobrutinib

Pirtobrutinib is a selective, non-covalent binding BTK inhibitor that was evaluated in a Phase /Il
study in patients with relapsed/refractory CLL/SLL (BRUIN). In patients who had largely (78%)
received a BTKi and, in some cases, venetoclax (40.5%) as prior therapy, a response rate of
73.3% was observed with a median PFS of 19.6 months [65]. The most common side effects
reported were infections (71%), bleeding (42.6%), and neutropenia (32.5%). In addition, the fol-
lowing side effects occurred in this study with pirtobrutinib: hypertension (14.2%), atrial fibrilla-
tion/flutter (3.8%), and severe hemorrhage (2.2%). The BRUIN-321 study, which randomly com-
pared the use of pirtrobrutinib with idelalisib/rituximab and bendamustine/rituximab, was rele-
vant for approval. Based on 238 patients, a significantly better median PFS was observed with
pirtobrutinib (14 months) compared to the standard arm (8.7 months). The time to next treat-
ment (TTNT) was also significantly improved with pirtobrutinib at 24 months (24 months vs.
10.9 months) [39]. The substance was approved by the FDA on December 1, 2023, for double-
refractory (BTKi, BCL2i) CLL patients. On March 31, 2025, it was approved by the EMA, whereby
pirtobrutinib was already approved for use in patients who had previously been treated with a
covalent BTK inhibitor alone, meaning that patients did not necessarily have to be double
refractory.

6.2.11 Prednisone/prednisolone

Nowadays, the use of prednisone/prednisolone is limited to the treatment of patients with
autoimmune phenomena. Short-term side effects of glucocorticoids include flushing, restless-
ness, and glucose metabolism disorders. Medium- and long-term side effects correspond to the
symptoms of Cushing's syndrome, including osteoporosis and changes in body image. Critical
side effects, especially in CLL patients, are infections, particularly of viral and fungal origin, due
to increased immunosuppression. Glucocorticoids can be administered orally and intravenously.

6.2.12 Rituximab

Rituximab is a chimeric anti-CD20 antibody. It was first approved for the treatment of patients
with indolent lymphomas. Rituximab is effective in monotherapy for CLL, with the effect being
dose dependent. In combination with fludarabine and cyclophosphamide (FCR), rituximab was
the first substance to significantly prolong overall survival. The most common side effects of rit-
uximab are directly related to the infusion and include fever, chills, nausea, and general
malaise. Cytokine release syndrome can lead to severe hypotension with high temperatures,
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hypoxia, and the need for intensive care. The occurrence of cytokine release syndrome corre-
lates with tumor mass and depends on the rituximab dosage. Side effects of FCR combination
therapy in CTCAE grade 3/4 include cytokine release syndrome (neutropenia (34%), infections
(25%), thrombocytopenia (7%), and anemia (4%). Rituximab can be administered intravenously
and subcutaneously. Currently, only intravenous administration is approved for CLL.

6.2.13 Venetoclax

Venetoclax blocks the anti-apoptotic B-cell lymphoma 2 protein (BCL2), thereby inducing pro-
grammed cell death. In one of the two non-randomized approval studies, venetoclax led to par-
tial or complete remission in 75% of pretreated patients with dell7p or TP53 mutation. In
patients without dell7p or TP53 mutation but after pretreatment with an inhibitor of the BCR
signaling pathway (ibrutinib or idelalisib), 67% achieved partial or complete remission. Further-
more, venetoclax shows clinical activity in patients after prior treatment with chemoim-
munotherapy and BCR inhibitor, regardless of TP53 aberration status [40, 42]. Furthermore,
data from a randomized study comparing venetoclax with bendamustine were published in the
context of the MURANO study, showing that response rates, including MRD negativity rates,
and progression-free survival were significantly improved in favor of the venetoclax/rituximab
combination (time-limited therapy over a total of 2 years), regardless of TP53 status [42]. Vene-
toclax is approved as monotherapy in the first-line treatment of patients with 17p or TP53
mutations, provided that a patient is not suitable for ibrutinib therapy. The combination of
venetoclax/obinutuzumab (limited to a total treatment duration of approximately 10.5 months,
corresponding to 12 cycles of venetoclax) was approved by the FDA and EMA in 2020 based on
data from the CLL14 study [26]; for national regulations.

The most common side effects of venetoclax are neutropenia, diarrhea, nausea, anemia, upper
respiratory tract infections, fatigue, and increased blood phosphate levels. Severe side effects
may include febrile neutropenia, pneumonia, and initial tumor lysis syndrome. To avoid tumor
lysis syndrome, a dose escalation schedule for the first few weeks has been included in the pre-
scribing information. It starts at 20 mg and reaches the target dose of 400 mg in the fifth week.
Venetoclax is administered orally.

6.2.14 Zanubrutinib

Zanubrutinib is a second-generation Bruton's tyrosine kinase (BTK) inhibitor with more specific
kinase inhibition compared to ibrutinib. In the SEQUOIA study, zanubrutinib monotherapy in
patients >65 years of age or patients <65 years of age with comorbidities and untreated CLL
led to a significant prolongation of progression-free survival compared to bendamustine/ritux-
imab (zanubrutinib HR 0.3), but not overall survival. Patients with evidence of del(17p13) or a
TP53 mutation benefit to almost the same extent as patients without this risk factor; the same
applies to unmutated IGHV status.

Severe side effects of zanubrutinib monotherapy in CTCAE grade 3/4 in the SEQUOIA study [22]
included neutropenia (11%), anemia (0.4%), thrombocytopenia (2.1%), infections (16.3%), and
pneumonia (1.7%). Diarrhea of all degrees of severity occurred in 13.8% of patients. Arrhyth-
mias may occur with zanubrutinib, most commonly atrial fibrillation in 1.7% of patients. Ther-
apy with zanubrutinib may initially lead to lymphocytosis due to the flushing out of leukemia
cells from lymphatic compartments. Other clinically relevant side effects include mild bleeding
(28.3%), especially in the form of bruising (24.2%), and the development or aggravation of
arterial hypertension, in 6.3% of cases at CTCAE grade 3. Zanubrutinib is administered orally.
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7 Rehabilitation

Patients should be informed at an early stage about the options for outpatient and inpatient
rehabilitation measures as well as other entitlements under social welfare law. The patient's
wishes regarding the rehabilitation clinic should be taken into account (in Germany according
to §9 SGB IX). Nevertheless, a clinic with a focus on oncology should be recommended in order
to ensure optimal rehabilitation success.

8 Follow-up

Follow-up care for asymptomatic patients should include a blood count at intervals of approxi-
mately 3-6 months, in addition to a clinical examination of the lymph nodes, liver, and spleen.
Radiological examinations using computed tomography or magnetic resonance imaging are
generally not necessary in the follow-up care of patients in remission. Attention should be paid
to the occurrence of autoimmune cytopenias (autoimmune hemolytic anemia, immune throm-
bocytopenia) and infections. Furthermore, rapid lymph node enlargement, B symptoms, and/or
an increase in LDH should give cause to rule out not only a recurrence of CLL but also a trans-
formation into a highly malignant lymphoma (Richter transformation). If CLL recurrence is clini-
cally suspected, molecular (cyto)genetic testing should be repeated to reliably rule out newly
occurring and therapy-relevant high-risk aberrations (especially dell7pl13 or 7P53 mutation,
complex karyotype).

Information on COVID-19 can be found in the Onkopedia COVID-19 guideline (in German only).
There are no changes to therapy or monitoring and follow-up examinations as a result of the
SARS-CoV-2 pandemic.
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