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A B S T R A C T

Chronic lymphocytic leukaemia (CLL) is the most common form of
leukaemia in the western world. CLL is generally considered an indo-
lent disease affecting older patients greater than 60 years of age, but a
significant proportion of patients diagnosed with CLL are less than 55
years old, or present with an aggressive and resistant form of CLL that
is associated with serious infectious and autoimmune complications.
Traditional first-line therapy for CLL utilises alkylating agents such as
chlorambucil. In more recent years the antimetabolite fludarabine has
been investigated in randomized clinical trials, producing notable
results such as increased rates of overall response, complete response
(CR) and progression-free survival. However, improved overall sur-
vival has not been observed in clinical trials. Patients who have
achieved an apparent CR according to National Cancer Institute
Working Group (NCI-WGQG) criteria might still have minimal residual
disease (MRD). From these residual leukaemic cells, new disease can
arise, leading to relapse and shortening of progression-free survival and
overall survival. Recent development of highly sensitive techniques
able to detect the presence of MRD at levels previously undetectable
has meant that the potential for the complete eradication of MRD exists.
In an attempt to capitalise on the promising results obtained with fludarabine,
and to increase survival of patients with CLL, novel fludarabine combination
therapies are now being used. Combinations of fludarabine with alkylating
agents, anthracyclines and monoclonal antibodies have been shown to increase
antitumour effects in clinical studies, both in previously untreated patients and
in patients refractory to previous therapies, including fludarabine monotherapy.
Specifically, combinations of fludarabine with the monoclonal antibody alem-
tuzumab have increased the complete and partial response rates in patients with
CLL irrespective of their treatment history, and similar results have been
obtained in other fludarabine-based antibody-chemotherapy combinations.
These encouraging results have led to the design of several ongoing phase 111
trials of fludarabine combination therapy; the results of these studies will like-
ly lead to improved strategies for individualised treatment of patients with
CLL, prolonging overall survival and potentially leading to cure.
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Introduction

Chronic lymphocytic leukaemia (CLL) is the
most common form of leukaemia in the west-
ern world. The median age of patients present-
ing with CLL is 65-70 years, but a significant
proportion of patients (20-30%) are aged <55
years at diagnosis. While CLL is generally
considered an indolent disease, a significant
number of patients present with an aggressive
form of CLL that is characterized by rapid pro-
gression and resistance to standard therapy,
and is frequently associated with serious infec-
tious and autoimmune complications.'?
Although a large number of prognostic indica-
tors for CLL have been established that could
be used to optimise therapy, the only factor tra-
ditionally used to determine the timing of ther-
apy is clinical staging, which does not deter-
mine an appropriate therapeutic approach to
treatment of CLL."”

Rationale for combination therapy with
alemtuzumab and fludarabine or fludara-
bine plus cyclophosphamide in chronic
lymphocytic leukemia

Alkylating agents such as chlorambucil have
been the traditional first-line therapy for CLL;
more recently, therapies have involved the use
of fludarabine as a single agent.'” Use of flu-
darabine has increased overall response rates
(ORR), complete response (CR) rates and pro-
gression-free survival (PFS), but not overall
survival (OS). Although a high number of
patients treated with these regimens meet the
National Cancer Institute Working Group
(NCI-WG) criteria for CR, this definition per-
mits minimal residual disease (MRD) to per-
sist, which greatly increases the risk of
relapse.’* MRD is defined using NCI-WG cri-
teria as the presence of CLL cells in the periph-
eral blood or bone marrow. Detection of MRD
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requires assays that can measure very low lev-
els of CLL cells; the two most common tech-
niques used for detection of MRD are a highly
sensitive flow cytometric assay’ and poly-
merase chain reaction (PCR)-based tech-
niques.’

Increasing survival is the goal of novel
therapies

In an attempt to improve survival for CLL
patients on fludarabine therapy, novel fludara-
bine-based combination therapies are now
emerging. Combinations of fludarabine with a
variety of agents, such as alkylating agents,
anthracyclines and monoclonal antibodies,
have shown increased antitumour effects, both
in clinical studies and in vitro.’%* In vitro and
in vivo data indicate that fludarabine combina-
tion therapies are successful due to comple-
mentary modes of action; the repair of DNA
interstrand cross links induced by cyclophos-
phamide is inhibited by fludarabine and flu-
darabine can also down-regulate several com-
plement-resistance proteins present on
leukaemia cells, potentially leaving them vul-
nerable to complement-mediated cell lysis.19
Thus, synergistic effects are possible with
combination treatment. Moreover, it has been
suggested that monoclonal antibodies may
sensitise malignant cells to chemotherapy."*

The monoclonal antibody alemtuzumab is
directed against the CD52 cell surface antigen
which is expressed on the surface of both nor-
mal and malignant B- and T-cell lymphocytes,
monocytes and macrophages. The three cyto-
toxic mechanisms of action of alemtuzumab
are complement-mediated cell lysis, antibody-
dependent cellular cytotoxicity and induction
of apoptosis.”’** Alemtuzumab is approved for
the treatment of fludarabine-refractory CLL. A
standard dosing regimen of 30 mg three times
a week for up to 12 weeks resulted in an ORR



Changing the Paradigm: New Perspectives in the Treatment of Haematological Malignancies

084 S—

0.6 4 —OCR .
— Not CR

+ Censored
044 4 Censored

Cumulative Probability

0.2

10.00 20.00 30.00 40.00
0S (m)

Figure 1: Overall survival (OS) in correlation to response.
The median follow-up time was 15 months. Median 0S
time for patients who achieved complete response (CR)
has not been reached.® Reproduced from Elter T, et al.
Fludarabine in combination with alemtuzumab is effective
and feasible in patients with relapsed or refractory B-cell
chronic lymphocytic leukaemia: results of a phase Il trial.
J Clin Oncol 2005,23:7024-31. Reprinted with permission
from the American Society of Clinical Oncology.

of 33% in fludarabine-refractory patients**
and 83% in previously untreated patients.”

Alemtuzumab monotherapy is highly active
in CLL, and is able to reduce the disease bur-
den in both the blood and bone marrow of CLL
patients to undetectable levels.’***" Eradication
of MRD with alemtuzumab therapy is associat-
ed with prolonged survival*®* and patients
without significant lymphadenopathy receiving
alemtuzumab therapy have shown impressive
response rates, although a lower response rate
has been noted in patients with bulky lymph
nodes .

More of alemtuzumab
monotherapy continue to illustrate its efficacy
in both previously untreated patients and
patients in relapse from or unresponsive to pre-
vious therapy. Twenty-one patients in com-
plete or partial remission after fludarabine or
fludarabine plus cyclophosphamide (FC)
induction chemotherapy were randomised to
receive either consolidation therapy consisting

recent studies

of alemtuzumab 30 mg 3 times weekly for up
to 12 weeks or no further treatment.” Although
the study was discontinued due to a high rate
of severe infections, significant increases in

long-term PFS were associated with alem-
tuzumab consolidation therapy compared with
observation alone. Similarly, a response rate of
88.6% was seen in an interim analysis of a
group of 38 patients either refractory (31.6%)
to or in relapse (68.4%) after previous therapy
(median number of prior therapies = 1; range
1-4).” CR was seen in 45.8% of these patients;
2.9% had an unconfirmed CR, and 42.8% had
a partial response (PR). Toxicity in this study
was manageable, with 10.6% of patients expe-
riencing a grade 3—4 infection.

Efficacy of alemtuzumab plus chemothera-
py combinations in patients with chronic
lymphocytic leukemia

Several studies have shown increased effica-
cy of alemtuzumab plus various chemotherapy
combinations in patients with CLL, even in
those patients who were previously refractory
to single-agent therapy. The combination of
fludarabine and alemtuzumab (FluCam)
induced a remission in 5 of 6 patients with pro-
gressive CLL characterized by significant
bone marrow and lymph node involvement,
and refractory to each agent when used as
monotherapy.” A CR was seen in 1 patient in
this study whose disease was eradicated from
previously inaccessible nodal sites.” The
responses observed in this study suggested that
these agents in combination were acting syner-
gistically, which provided a strong rationale
for further studies.

Subsequent studies have indeed shown
increased efficacy of antibody-chemotherapy
combination treatments; a phase II study of the
efficacy and safety of FluCam in 36 patients
administered alemtuzumab 30 mg (after an ini-
tial dose escalation over 3 days) + fludarabine
30 mg/m* on 3 consecutive days every 28 days
for up to 6 cycles had an ORR of 83% (11 CR,
19 PR, 1 stable disease [SD] and 5 progressive
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Table 1: Response to combination therapy with FAND and
alemtuzumab.

2 FAND+ 2 FAND- 2 FAND-
Cam courses Cam courses
(Unmutated) (Unmutated)
Relapsed Refractory Refractory
2(1) 4(2) 7(7)
6/6 6/7
ORRs 2 4 6
Molecular CR 2
Cytometric CR 1 (1) 1(1) 1(1)
CR 1 2(2)
PR 1(1) 33

diseases [PD]), and a median OS of 35.6
months (Figure 1).** The FluCam combination
was deemed both effective and feasible in
patients with relapsed and refractory CLL by
the investigators (Elter et al. 2005).”

The combination of alemtuzumab with
FAND (fludarabine, ARA-C, novantrone and
dexamethasone) for the treatment of CLL has
been evaluated.* Fludarabine 25 mg/m* iv
(days 1,2, 3), ARA-C 700 mg/m’*iv (days 1, 2,
3), novantrone 10 mg/m?* iv (day 1) and dex-
amethasone 20 mg iv (days 1, 2, 3) were
administered in combination with alemtuzum-
ab 30 mg iv (days 6, 7, 8). Clinical, cytometric
and molecular responses were evaluated and
the FAND-Cam combination proved effective
in relapsed and refractory CLL patients (Table
1). Levels of haematological toxicity were
considerable, particularly thrombocytopenia,
although infections remained low and more
than half of all patients did not experience
cytomegalovirus (CMV) reactivation. This
study is ongoing; while infections became
more common with an increase in the number
of patients evaluated, prophylactic treatment
with valacyclovir reduced the rate of CMV
reactivation from 67% to 11% and the FAND-
Cam combination
effective treatment regimen, with a high rate of

remained a feasible and
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response (83—-100%).*

The combined use of alemtuzumab and ritux-
imab has also shown promising results in
patients with relapsed and/or refractory
CLL.%*7One trial of 48 patients with a range of
lymphoid malignancies included 32 patients
with relapsed or refractory CLL.* ORRs were
63% (20/32) in CLL patients and 52% (25/48)
in the overall population after administration of
rituximab 375 mg/m* weekly for 4 weeks plus
alemtuzumab 30 mg (after initial dose escala-
tion) twice weekly during weeks 2 and 4.
Infection was reported in 52% of patients and
15% were symptomatic for CMV infection. A
smaller trial evaluating this combination in
another relapsed/refractory CLL population
(n=12) had only 1 patient achieving a PR; how-
ever, the other 11 patients did show SD with a
median of 101.5 days.” In addition, normaliza-
tion of peripheral lymphocytosis occurred in all
patients within a median of 23.5 days and no
patient experienced CMV reactivation.

Ongoing trials with fludarabine

Several trials of fludarabine combination
therapy are ongoing. In an interim analysis of
36 CLL patients previously refractory to flu-
darabine monotherapy participating in the
UKCLLO?2 study, a large proportion of whom
had risk factors for poor prognosis (unmutated
IgVu region, 17p deletion and/or 11q deletion,
and p53 dysfunction), response rates after
alemtuzumab monotherapy were: 2 MRD-neg-
ative CR, 1 MRD-positive CR, 11 PR (includ-
ing 1 MRD-negative patient with cytopenia),
20 non-responders and 2 deaths.*® Overall, 12
patients who failed to respond to alemtuzumab
monotherapy received the FluCam combina-
tion, and 2 previous non-responders achieved a
PR and 1 previous PR achieved a MRD-posi-
tive CR. The ORR for all patients was 44%
and included 3 patients who were MRD-nega-
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tive, suggesting that alemtuzumab was effec-
tive in high-risk patients with fludarabine-
refractory CLL, with the FluCam combination
potentially leading to improved response
rates.”® Additional ongoing studies of the
FluCam combination in patients relapsed or
refractory to previous treatment (in one case
followed by alemtuzumab maintenance thera-
py*) have also shown that this treatment regi-
men is a safe and effective treatment for
patients with CLL.**

Fludarabine/cyclophosphamide combination
therapy has been shown to have greater effica-
cy than fludarabine alone.” Hence, several
studies are investigating the combination of
alemtuzumab added to fludarabine and
cyclophosphamide (FC-Cam) in patients with
relapsed CLL. In one ongoing phase II trial,
the efficacy and safety of the FC-Cam regimen
(oral fludarabine 40 mg/m*day plus oral
cyclophosphamide 250 mg/m?*/day and subcu-
taneous alemtuzumab 10 mg on days 1-3,0on a
28-day cycle for up to 6 cycles, after a short
dose escalation from alemtuzumab 1 mg to 3
mg to 10 mg on consecutive days) was exam-
ined in an interim analysis of 3 patients that
had completed treatment out of 9 patients
enrolled to date.” The response rate in these
patients was 100%; 1 CR and 2 PR, with 1
patient exhibiting blood MRD-negativity. The
FC-Cam regimen was well tolerated as well as
efficacious, providing a rationale for further
investigation of the FC-Cam combination.”
Indeed, the German CLL Study Group
(GCLLSG) is also currently evaluating the
efficacy of the FC-Cam combination in
patients with relapsed or high-risk previously
untreated CLL who have received one or two
prior therapies (CLL2L study).

Salvage therapy, consisting of combined
cyclophosphamide, fludarabine, alemtuzumab
and rituximab (CFAR), is also being studied in
a phase II trial in heavily pre-treated patients
with CLL.* Of the 66 patients enrolled to date,

44 were evaluated; two patients could not be
evaluated for a response. Ten patients complet-
ed all 10 cycles, while 38 completed =3 cycles
and there were two early deaths. Myelosup-
pression was the most frequent reason for
treatment discontinuation. Grade 3 or 4 neu-
tropenia was experienced by almost all
patients and grade 3 or 4 thrombocytopenia
was experienced by 57% of patients. CR, PR
and OR rates in these patients were 27%, 38%
and 65%, respectively. Higher OR rates were
seen in fludarabine-sensitive patients and
patients with earlier-stage disease. A higher
CR rate was seen in fludarabine-sensitive
patients. MRD disease was eliminated in 92%
of patients achieving CR and 50% of patients
achieving PR. Estimated median time to pro-
gression was =19 months for the overall popu-
lation, and =20 and =10 months for patients
achieving CR and PR, respectively. Estimated
median survival times for the overall popula-
tion, CR, PR and non-responders were 16,
>27, 15 and 7 months, respectively. The analy-
sis of these interim results has shown that
CFAR is an active and well-tolerated regimen
in heavily pre-treated patients with CLL.*

Further trials with fludarabine combination
therapy: building on encouraging results

Based on the encouraging results of the
phase II studies of fludarabine combination
therapy, one phase III trail is ongoing and
some others are in preparation. The promising
results of the phase II study of FluCam combi-
nation therapy by Elter et al.” led to the initia-
tion of an international, multicentre phase I1I
study comparing fludarabine monotherapy
with FluCam combination therapy in patients
with CLL who are in relapse after one previous
round of chemotherapy (CAM314 study).
Treatment in the CAM314 study will consist of
up to 6 cycles of either fludarabine 25 mg/m?
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over 5 days every 28 days or the FluCam com-
bination (fludarabine and alemtuzumab at 30
mg/m? and 30 mg IV respectively) given for 3
consecutive days every 28 days.

The LLC0405 GIMEMA phase 11 pilot study
is evaluating the use of different treatment
strategies in patients <60 years of age with
advanced stage and/or progressive CLL.
Different regimens are selected based on a risk
assessment performed using
patients’ biological profiles; high risk patients
(e.g. those with 17p13 deletions or p53 muta-
tions) will receive FluCam combination thera-
py plus stem cell transplantation or alem-
tuzumab consolidation in the presence of
residual disease. Patients considered at stan-
dard risk will receive 4 cycles of fludarabine
plus cyclophosphamide (FC), followed by
alemtuzumab therapy for patients who do not
achieve CR; patients with complete immuno-
logic remission will receive an additional 2
cycles of chemotherapy, while patients achiev-
ing a molecular CR will undergo a stem cell
collection.

Additional comparative phase III trials com-
paring FC-Cam with FCR in relapsed CLL or
as a first-line regimen are currently planned
through major European study groups and one
trial is ongoing. The HOVON 68 study is an
open-label, randomized, phase III study com-
paring FC with FC-Cam in previously untreat-
ed patients aged 18-75 years with biological
high-risk CLL. Biological high-risk is defined
as unmutated IgVH genes (=98% homology
with germ-line sequences) and/or deletions of
17p, deletions of 11q and/or trisomy 12.
Patients enrolled in the HOVON 68 study will
have symptomatic (defined according to NCI
criteria) stage A or B, or stage C disease.
Patients will undergo 6 cycles of therapy;
those who have not achieved at least PR by the
end of 3 cycles will be taken off the protocol.
The primary endpoint is PFS.*

individual
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Conclusions

The modern approach to the management of
CLL is still evolving, but the emphasis is clear-
ly focused on the development of a biology-
based diagnostic, prognostic and therapeutic
algorithm, in an effort to tailor treatment
strategies to an individual according to the bio-
logic disease profile. Awareness of MRD and
its effect on survival in patients with CLL has
also led to earlier and more aggressive treat-
ment with the aim of eradicating residual dis-
ease and prolonging survival. The potential for
immunochemotherapy treatment combinations
to achieve enhanced treatment response and
increased life expectancy in patients with CLL
will become clearer as further data become
available.
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