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The Treatment of Chronic Lymphatic Leukemia
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Summary

Background: Chronic lymphocytic leukemia (CLL) mainly affects older persons and
is the commonest form of leukemia, with an incidence of 6 cases per 100 000 per-
sons per year. In Germany, approximately 1000 men and 850 women die of CLL
each year.

Methods: This review is based on pertinent publications retrieved by a selective
literature search in PubMed and on the authors’ scientific and clinical experience.

Results: The diagnosis of CLL requires the detection of at least 5000 B-lymphocytes
per microliter in the peripheral blood. Courses of CLL may be indolent and require
no treatment, but may also be aggressive and progress rapidly. Treatment should
be initiated when there is marked evidence of bone-marrow suppression or disease-
related symptoms such as B symptoms or fatigue. In the past ten years, a number
of targeted drugs have been introduced that can achieve a very good, long-lasting
response, particularly when used in combination. The combination of chemotherapy
with anti-CD20 antibodies (chemoimmunotherapy) is the standard first-line treat-
ment. In younger patients without any relevant accompanying ilinesses, the combi-
nation of fludarabine, cyclophosphamide, and rituximab prolongs survival. Patients
with comorbidities should be treated with a combination of chlorambucil and
obinutuzumab. In the last few years, ibrutinib, idelalsib, and venetoclax have been
approved for clinical use. These substances inhibit cellular signal transduction
pathways and are being increasingly used.

Conclusion: Recent progress in the development of novel treatment options gives
hope that CLL may soon be a controllable disease. Even at present, chemoimmuno-
therapy can achieve a progression-free survival of more than eight years in certain
genetically defined subgroups of CLL patients.
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common type of leukemia, typically affecting older

adults. The disease can take an indolent course
without need for treatment, but may also present as
aggressive disease with rapid progression. By the
combined use of chemotherapy and monoclonal anti-
bodies (chemoimmunotherapy), today progression-free
survival of more than 8 years has already become a reality
in subgroups of CLL patients with specific genetic
features. Over the past 10 years, several targeted drugs
capable of achieving excellent and sustained responses,
especially as combination therapies, have been intro-
duced into clinical practice. Altogether, the advances have
given rise to hopes that treatments to control CLL could
become available in the near future.

C hronic lymphocytic leukemia (CLL) is the most

Epidemiology

With an incidence of approximately 6 per 100 000
population, CLL is the most common type of leukemia
in Germany. Men are more frequently affected than
women (ratio of 1.9 : 1.4). With a median age of 73
years at the time of first diagnosis, CLL is also referred
to as leukemia of the elderly (1).

Pathogenesis

CLL is characterized by the clonal proliferation of
mature, CD5-positive B cells, accumulating in the
blood, the bone marrow, in lymph nodes and in the
spleen (2). Only a few risk factors for the development
of the disease are known (3), for example living on a
farm or exposure to herbicides and pesticides (3).
Approximately 10% of all CLL patients have a positive
family history for the disease (4). Furthermore, inverse
correlations between the risk of developing CLL und
recreational sun exposure as well as the presence of any
atopic condition were reported (3). There is also weak
evidence indicating that hepatitis C and other infectious
diseases can increase the risk of developing the disease
3).

The pathogenesis of CLL is explained by acquired
genetic aberrations, developing in multiple steps.
Typically, CLL is associated with the destruction of
large parts of chromosomal material; for example, the
deletion of the long arm of chromosome 13 [del(13g)]
) is the most common chromosomal abnormality,
present in half of the CLL patients. During the course
of the disease, further mutations or chromosomal al-
terations occur, resulting in increased aggressiveness
and resistance (5). Here, the deletion of the short arm
of chromosome 17 /del(17p)], in approximately 5% to
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TABLE 1

International Prognostic Index for Chronic Lymphocytic Leukemia (CLL, CLL-IPI*)

Mm m Risk group 5-year survival rates (%) Subgroup frequency (%)

TP53(17p) | Deletion and/or mutation 4 93.2

IGHV unmutated 2 2-3 intermediate 79.3 39
B2M (mglL) | >3.5 2 4-6 high 63.3 28
Age >65 years 1 7-10 very high 233 5
Stage Binet B/C, Rai I-IV 1

Total risk score 0-10

* For the variables listed in the Table, differently weighted points are awarded, resulting in total risk scores between 0 and 10.
From the total risk score, 4 risk groups can be identified (low, intermediate, high, and very high) which differ in their overall survival rates.
The classification of the risk groups originates from the time before the introduction of chemoimmunotherapy. Nevertheless, it has proven to be useful until today.
The introduction of new substances has significantly improved prognosis.

Binet or Rai staging system: disease progression is defined based on laboratory tests and physical examination;

IPI. International Proanostic Index. B2M. B,-microalobulin.

8% of cases), is of particular note as it results in the
loss of the 7P53 gene. This loss, but also mutations of
the TP53 gene, lead to resistance to chemotherapeutic
agents. Another characteristic feature of CLL cells is
their dependency on a microenvironment in the bone
marrow or lymphatic organs, i.e. they survive outside
the body only for a short time (6).

Clinical presentation, differential diagnosis,
diagnostic evaluation, and prognosis

In many cases, CLL is diagnosed only because of an
incidental finding of lymphocytosis on a routine
complete blood cell count obtained for other reasons.
Besides that, lymphadenopathy is a common first mani-
festation of the disease. Less common initial signs and
symptoms include

o B symptoms (fever, night sweats, weight loss)

o Fatigue

® Cytopenias (anemia, thrombocytopenia, neutro-

penia) and associated clinical signs (infection,
fatigue, hemorrhage)

e Autoimmune phenomena, such as autoimmune

hemolytic anemia (AITHA).

The diagnosis of CLL requires the presence of
> 5000 B lymphocytes/uL in the peripheral blood.
The disease is typically diagnosed by immunopheno-
typing (7), which helps to distinguish CLL from
reactive, benign B lymphocytosis or other types of
low-grade non-Hodgkin lymphoma (8). Clonality of
CLL cells is demonstrated by the detection of kappa
or lambda light chain restriction. If immunopheno-
typing does not allow to definitely confirm the
diagnosis of CLL (8), a lymph node biopsy should be
performed (9).

If, despite detection of clonality, the number of
B lymphocytes is below 5000/puL in the peripheral
blood in the absence of cytopenia, lymphadenopathy,
hepatomegaly or splenomegaly, a monoclonal B
lymphocytosis (MBL) is diagnosed (8). MBL

typically has a good prognosis and does not require
treatment. MBL progresses to overt CLL at a rate of
1% to 2% of cases per year (10) and is associated with
an increased risk of infection. The risk of secondary
malignancy is about twice as high in MBL patients (11).

Once the diagnosis of CLL has been established,
investigations are carried out which help to estimate
the stage of the disease and the prognosis. Initial stag-
ing is performed using the clinical staging systems
suggested by Rai et al. (12) or Binet et al. (13) which
are based on physical examination findings and
complete blood counts. Over the last 20 years, many
biological and genetic markers have been described
which add further prognostic information (5).
Especially the detection of del(17p) or genetic
changes of the TP53 tumor suppressor gene located
on chromosome 17 are predictive of an aggressive
course of the disease and resistance to chemotherapy
(14). The confusing abundance of new prognostic
factors and the decreasing prognostic discriminatory
power of the clinical staging systems with the advent
of improved treatment methods led to the develop-
ment of the CLL-IPI (CLL-International Prognostic
Index) (15), combining 5 independent prognostic fac-
tors and distinguishing 4 risk groups. This index can
be calculated using an online tool (www.qxmd.com/)
(Table 1).

Indication for treatment

The majority of patients does initially not require treat-
ment because the disease is asymptomatic in the early
stages. Only when patients develop marked signs of
bone marrow suppression (anemia or thrombocytope-
nia) and disease-related symptoms (e.g. fatigue, B
symptoms or discomfort caused by large nodal
masses), treatment of CLL is indicated. Until now, no
evidence of benefits from using one of the treatments
detailed below in early stages of the disease or in
asymptomatic patients has been reported (16).
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First-line therapy

For many decades, chlorambucil was the gold standard
treatment for all patients with CLL (17, 18). Building
on this standard of care, the German CLL Study Group

Percent

(GCLLSG, Deutsche CLL-Studiengruppe) has system- 100
atically improved the initial treatment of CLL. The 90
CLLS trial showed that older CLL patients did not
benefit from first-line therapy with fludarabine (F) 80
(median overall survival of 46 months versus 64
months with chlorambucil), despite the fact that the 70
substance fludarabine is in principle more effective 60
than chlorambucil (18). The CLL4 trial found that the
combination of fludarabine, a purine analog, with 50
cyclophosphamide (FC) improved the quality and du-
ration of response in younger patients below age 65 407
years compared with fludarabine alone (19). By 30
combining FC therapy with rituximab, an anti-CD20
monoclonal antibody, a very effective treatment 20
regimen (FCR) was obtained. The CLLS trial compared
the chemoimmunotherapy FCR with the FC regimen 101
alone. For the first time it was shown in a prospective, 04

CLB CLBR CLBG F FC

Drugs

FCR Ven G

randomized trial that the use of a specific first-line
therapy for CLL, the FCR regimen, improved overall
survival and changed the natural course of the disease
(20). Since then, FCR has been the standard of care for
young CLL patients without relevant concomitant

Development of response rates and remissions with no longer detectable minimal residual
disease (MRD) with the various first-line treatments for chronic lymphocytic leukemia. The re-
sults show the efficacy improvements achieved by combining various agents and the excellent

diseases (20, 21). The long-term follow-up of the CLL8
trial revealed that a genetically defined subgroup of
40% of the physical fit CLL patients significantly
benefited from this therapy. In more than half of these
patients (patients with mutated IGHV status), no recur-
rence has been detected even after a period of 12 years
(22). In comparison with FCR therapy, bendamustine in
combination with rituximab (BR) is clearly less effec-
tive (CLL10 study) (23). However, in CLL patients
older than age 65 years, FCR is associated with signifi-
cantly increased bone marrow toxicity and higher rates
of severe infection compared to BR. Thus, in physically
fit patients older than age 65, the use of BR can be ad-
vantageous (23).

In patients with significant comorbidity who are
labeled as “unfit” (or “slow go*) based on an assess-
ment with the Comorbidity Illness Rating Scale
(CIRS; score >6), FCR chemoimmunotherapy is also
associated with excessive toxicity and thus not usable.
In this patient group, chlorambucil was the standard
of care. In this patient group, too, the addition of anti-
CD20 antibodies has resulted in significantly im-
proved outcomes. Especially the use of the anti-CD20
antibody obinutuzumab in combination with chloram-
bucil (CLLI1 trial) was associated with prolonged
overall survival compared to treatment with chloram-
bucil and to treatment with chlorambucil plus
rituximab (24). Median overall survival in patients
treated with chlorambucil alone was 58.5 month;
chlorambucil plus obinutuzumab did not reach the
median overall survival (25). Based on these results,
chemoimmunotherapy using anti-CD20 antibodies is
now the established standard of care in the first-line
treatment of CLL patients.
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efficacy of the new combination of venetoclax (Ven) plus obinutuzumab (GA101, G).

CLB, chlorambucil; R, rituximab; F, fludarabine; C, cyclophosphamide;

Blue bar: overall response (%); red bar: rate of patients in whom no MRD was detected in the

peripheral blood using immunophenotyping (<104).

In recent years, new oral kinase inhibitors (ibruti-
nib, idelalisib) and B-cell lymphoma-2 (Bcl-2)
inhibitors (venetoclax) have been introduced for the
treatment of CLL. Ibrutinib received approval for
first-line treatment of CLL based on the results of the
RESONATE-2 trial which compared continuous
ibrutinib therapy with chlorambucil alone given over
a limited period of time in patients aged 65 years and
older. Ibrutinib treatment resulted in significantly pro-
longed overall survival, improved response rates and
longer progression-free survival (18 months with
chlorambucil, while for ibrutinib the median was not
reached) (26). Thus, ibrutinib is an alternative first-
line therapy for CCL in unfit patients. Only by the end
of 2018, a head-to-head comparison of single-agent
ibrutinib  with  chemoimmunotherapy  became
available. It now appears that ibrutinib will become a
potential first-line option for subgroups of CLL
(IGHV-unmutated patients).

Treatment of patients with cytogenetic risk factors
Patients with defined genetic risk factors, especially
those with a genetic change affecting the TP53 gene
[mutations and/or del(17p)] have a poor prognosis. For
example, CLL patients with del(17p) have a median
overall survival of only 33.1 months after FCR
treatment (27). These patients are often refractory to
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TABLE 2

Current treatment recommendations for chronic lymphocytic leukemia (CLL)*'
Binet stage Genetic First-line treatment
9 TP53 changes
A/B without symptoms | irrelevant Irrelevant None
No FCR (BR 2 65 years)
‘90 go°
Yes Ibrutinib,
C, A/B with symptoms if contraindications for ibrutinib:
Yes venetoclax, idelalisib + R, (allo-HSCTx)
“slow go*
No Chlorambucil + obinutuzumab or ibrutinib
: . Genetic
Binet stage Fitness*? P53 chalng . Relapse treatment
“90 qo° Ibrutinib, idelalisib + R, venetoclax*®, alemtuzumab,
gog where appropriate, discuss allo-HSCTx as consolidation
Early (<3 years) Irrelevant 5
“slow g0 Ibrutinib, idelalisib + R, venetoclax**, alemtuzumab, BR/BO,
g Ofatumumab mono, HD rituximab, lenalidomide (+ R)
Ibrutinib, idelalisib + R, venetoclax*?, alemtuzumab,
Ielevant Yes where appropriate, discuss allo-HSCTx as consolidation
Late (>3 years) ‘90 go° o
No Repeat first-line treatment
“slow go*

*! Modified according to the AWMF Clinical Practice (S3) Guideline for CLL and according to the Onkopedia guideline for CLL
*2Physical fitness was determined using the Comorbidity lliness Rating Scale (CIRS).
Patients with a score of or below 6 were labelled as “fit* (or “go go*), patients with a score above 6 as “ unfit* (or “ slow go*).
*3In patients without del(17p)/ TP53 mutations only after failure of chemotherapy and BCR inhibitor
FCR, fludarabine, cyclophosphamide plus Rituximab; BR, bendamustine plus rituximab; R, rituximab; allo-HSCTX, allogeneic hematopoietic stem cell transplantation;

BO, bendamustine plus ofatumumab; HD, high dose.

cytostatic agents and should not receive chemotherapy
according to current evidence.

Development of targeted therapies

The already mentioned, recently approved new
inhibitors of signaling pathways critical to CLL (ibruti-
nib, idelalisib and venetoclax) have changed the man-
agement of CLL. Therefore, a brief summary of their
features is provided below.

Ibrutinib, an inhibitor of Bruton‘s tyrosine kinase
(BTK), has been available for the treatment of patients
with CLL since 2017. Its adverse reactions differ from
those of chemotherapeutic agents and are less severe
which is reflected in the lower rate of treatment discon-
tinuations compared to the chlorambucil group (28).
Patients treated with ibrutinib rarely develop severe
bone marrow toxicity and infections. Important adverse
reactions include increased susceptibility to bleeding
and cardiac arrhythmias, especially atrial fibrillation in
8% to 10% of patients which is partly reversible after
temporary interruption of the treatment or dose reduc-
tion. With an estimated 30-month overall survival of
65%, ibrutinib also showed good efficacy in patients
with del(17p) who received ibrutinib as first-line treat-
ment (29). Consequently, ibrutinib is recommended as
a first-line treatment for patients with genetic 7P53
changes, provided that its use is not contraindicated
(history of atrial fibrillation, cardiac problems or
hemorrhagic events).

Idelalisib is a phosphatidylinositol 3-kinase-delta
(PI3K3) inhibitor. It was directly evaluated in
combination with rituximab and approved in 2014,
because the combination of idelalisib plus rituximab
significantly prolonged survival compared to rituxi-
mab alone in older, comorbid patients with previously
treated CLL (30). Since some studies reported fatal,
mainly opportunistic infections (pneumocystis,
cytomegalovirus [CMV]), idelalisib is recommended
for patients with genetic 7P53 changes who are not
eligible for alternative first-line treatment options (31).

Venetoclax is a BH3-only mimetic and inhibits the
anti-apoptotic protein BCL-2. Venetoclax has shown
excellent short-term efficacy in all patient groups, in
particular also in patients with genetic 7P53 changes
(32). However, due to the rapid response to the sub-
stance, patients may develop tumor lysis syndrome
(TLS). Therefore, the dose has to be increased
gradually and regular laboratory testing is required.
Venetoclax was approved in 2016 for the treatment of
CLL patients with del(17p) or genetic TP53 changes
in patients who are not eligible for or failed to respond
to ibrutinib and idelalisib, as well as for patients who
failed to respond to chemoimmunotherapy or kinase
inhibitor therapy (32).

The new inhibitors are increasingly used to treat
patients with relapsed CLL (33, 34), in particular if
after an initial chemotherapy patients develop an
early relapse within three years.
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Today, allogeneic stem cell transplantation
(HSCTx) is only rarely indicated due to these numer-
ous treatment options that have become available.

Current trials

Besides the substances mentioned above, numerous
other substances are available, but their detailed de-
scription would go beyond the scope of this paper
(35-37). At this time, however, it is more important to
develop optimal combinations, making use of all avail-
able agents. Therefore, the German CLL Study Group
(GCLLSQG) is currently evaluating these combinations
in several trials, especially as first-line treatments. The
CLL13 trial in physically fit patients without cyto-
genetic risk factors is designed to compare several
chemotherapy-free regimes with chemoimmunother-
apy in the first-line setting. This study is evaluating
combinations of venetoclax and rituximab (RVe), vene-
toclax and obinutuzumab (GVe) as well as venetoclax,
obinutuzumab and ibrutinib (GIVe). The CLL2-GIVe
trial is assessing the efficacy and safety of first-line
GIVe therapy in patients with genetic 7P53 changes.
The CLL14 trial is comparing chemoimmunotherapy
with chlorambucil plus obinutuzumab to GVe in the
first-line treatment of older, comorbid patients. First re-
sults from the safety run-in of this study have shown
that the GVe combination is safe and very effective (38)
(Figure). For further information about currently re-
cruiting GCLLSG studies visit http://www.dcllsg.de/.

New minimal residual disease-guided treatment
concepts

Based on our concept of a targeted and tailored (per-
sonalized) therapy aiming at total eradication of mini-
mal residual disease (MRD)—the so called ‘sequential
triple T concept’—, the GCLLSG has initiated several
phase II studies. CLL patients receive—depending on
the tumor mass— a debulking regimen consisting of up
to 2 cycles of bendamustine, followed by 6 cycles of in-
duction therapy with 1 to a maximum of 3 of the new
oral substances (ibrutinib, acalabrutinib, idelalisib, or
venetoclax) in combination with an anti-CD20 anti-
body (obinutuzumab or ofatumumab), followed by
MRD-guided maintenance therapy. When testing for
MRD in the peripheral blood has repeatedly yielded
negative results, treatment is terminated. Here, again,
the first results are promising with MRD-negative re-
missions in more than 90% of patients in the first-line
setting (Figure).

Transfer to current clinical practice and
conclusion

CLL is the most common type of leukemia in Germany,
with an incidence of approximately 6 per 100 000
population. Approximately 1000 men and 850 women
die of the disease every year. CLL patients with suffi-
cient bone marrow reserves and without B symptoms
(fever, night sweats, weight loss) are initially followed
with close observation only and do not require treat-
ment.
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Key messages

® The treatment of chronic lymphocytic leukemia (CLL) has
been improved significantly in recent years.

® Depending on physical fitness, various regimes are used in
the first-line treatment of CLL.

® New substances have been approved which are progress-
ively changing the management of CLL.

® Due to the new, effective treatment options, allogeneic hema-
topoietic stem cell transplantation is now rarely performed.

Patients with symptomatic or advanced CLL re-
ceive treatment according to their levels of fitness.
FCR is the standard treatment for fit patients without
genetic 7P53 changes. Combinations of chlorambucil
and an anti-CD20 antibody, mainly obinutuzumab,
are used for initial treatment in comorbid patients. Pa-
tients with genetic 7P53 changes should be treated
with targeted substances because chemotherapies are
usually less effective. In the relapse setting, the initial
treatment can be repeated if the first remission lasted
for at least 3 years. In all other cases, treatment is
switched to one of the new targeted substances.

Table 2 shows the current GCLLSG-recommended
treatment algorithm which is based on the available
evidence. Further information about the disease is
available from the clinical practice (S3) guidelines of
the AWMEF (39) and the German Society of Hematol-
ogy and Medical Oncology (40) which have been
published online.

The significant global progress in the treatment of
CLL was made possible by the consistent implemen-
tation of new insights from basic research and by sys-
tematically planned clinical trials, including the
GCLLSG studies. The advances achieved so far are
reasons for hope that before long it could be possible
to therapeutically control CLL.
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