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Abstract Chronic lymphocytic leukemia (CLL) is a
lymphoproliferative disease with significant variation in
disease progression, response to therapy, and survival
outcome. Deletions of 17p or mutations of 7P53 have
been identified as one of the poorest prognostic factors,
being predictive of short time for disease progression, lack
of response to therapy, short response duration, and short
overall survival. The treatment of patients with CLL has
improved significantly with the development of chemo-
immunotherapy, but this benefit was not pronounced in
patients with 17p deletion. We compare various treatment
strategies used in these patients, including FCR-like
chemoimmunotherapy, alemtuzumab, other antibody com-
binations, or novel targeted therapies with promising
results. Allogeneic stem cell transplantation offers the
possibility for long-term disease control in these patients
and should be considered early in younger, transplant-
eligible patients. The current state of therapy is far from
optimal and resources should be applied to studying
therapeutic options for patients who have CLL with loss
of p53 function.
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Introduction

Chronic lymphocytic leukemia (CLL) is a disease of prolifer-
ation and accumulation of aberrant monoclonal B lymphocytes
with defective cell death mechanisms. Although much remains
to be understood about the etiology and pathophysiological
mechanisms underlying CLL, there is accumulating knowl-
edge of the genetic and epigenetic mechanisms underlying
CLL cell survival. Our understanding of the cytogenetic
abnormalities in CLL is shaping the future of therapy toward
developing both targeted therapies for specific CLL subtypes
and risk-adapted strategies for treatment. This is particularly
true for patients with deletion or mutations of 7P53.

The prognosis for patients with CLL requiring treatment
has improved significantly with the advent of chemoimmuno-
therapy [1e]. There has been a progressive improvement in
outcome from therapy using chlorambucil or an alkylating
agent through the development of fludarabine monotherapy
to the combination of purine analogue and cyclophosphamide
chemotherapy. The addition of rituximab to this combination
therapy has further improved survival for most patients with
CLL [2es, 3], although patients with deletion or mutation of
TP53 remain a high-risk group with a lower rate of response
to frontline and salvage therapy, shorter remission duration,
and shorter overall survival. Indeed, the most appropriate
frontline therapy for this subgroup of patients has not been
clearly defined. We review the treatment of patients with 17p
deletion and describe novel mechanisms with therapeutic
promise for this poor-prognosis, high-risk group.

P53 Structure and Function

The tumor suppressor protein, p53, was shown to play a
critical role in oncogenesis and response to chemotherapy
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in a variety of human cancers. In humans, the 7P53 gene is
found on the short arm of chromosome 17 (17p13) [4] and
is reported to be suppressed or mutated in over 50% of
human cancers [5].

The p53 protein is upregulated in response to DNA
damage, oxidative stress, heat stress, and other types of
cellular injury (Fig. 1) [6]. The p53 protein plays an integral
role in cellular response to DNA damage induced by UV
radiation, cytotoxic agents, or radiotherapy. The response to
DNA damage is mediated by signal transduction molecules

such as ATM (Ataxia-Telangiectasia Mutated) or ATR (AT
and Rad3-related), modulated by the serine/threonine-
protein checkpoint kinases CHK2 or CHKI, respectively
[7]. The interaction of ATM with p53 is of particular
importance in CLL, as deletion of ATM (located at 11g23)
is identified in 10% to 20% of CLL patients prior to therapy
[8], thereby leading to dysfunctional p53 response follow-
ing double-stranded DNA breaks. The p53 protein is also a
potent tumor suppressor, which responds to oncogenic
signaling via the signal transduction protein and MDM2-
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Fig. 1 Function of p53 protein and potential drug targets for p53-
independent apoptosis induction. Black arrows indicate stimulatory
interactions, red horizontal bars instead of arrowheads indicate
inhibitory influences. The p53 protein is upregulated in response to
DNA damage and oncogenic signaling via ATM/CHK2 (double-
stranded DNA damage), ATR/CHKI1 (single-stranded DNA damage)
or pl4ARF (oncogenic signaling). This process occurs by inhibition
of Mdm2 and Mdm4, which inhibit p53 via ubiquitination and
proteasomal degradation, or by inhibition of p53 function. P53
induces Mdm?2 transcription, leading to negative feedback inhibition
of p53. When activated, p53 induces cell cycle arrest by inducing

p21WAF and promotes transcription of genes involved in DNA repair.
If the mechanisms of DNA repair fail, p53 induces apoptosis via
upregulation of a number of genes, including PUMA, NOXA, and Bax.
Some drugs currently under investigation that demonstrate activity in
cells with dysfunctional p53 mechanisms are shown (blue). ATM—
ataxia-telangiectasia mutated; ATR—AT and Rad3-related; Bcl—B-
cell lymphoma; CDK—cyclin-dependent kinase; CHK—checkpoint
kinase; mAb—monoclonal antibodies; MDM—murine double minute;
P—phosphorylation; PUMA—p53 upregulated modulator of apopto-
sis; Ub: ubiquitinated lysines
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inhibitor, pl4ARF (CDKN2 locus Alternative Reading
Frame) [9]. Through these mechanisms, p53 is able to
induce cell repair mechanisms or eventual apoptosis of cells
following irreparable DNA or cellular injury.

Regulation of p53 concentration and activity occurs
through an important negative-feedback interaction with the
E3 ubiquitin ligase, MDM2 (Murine-double minute 2 or its
human homologue, HDM2) [10]. MDM2 binds p53,
reduces its ability to bind DNA target sequences, and
promotes the transport of p53 from the nucleus to the
cytosol. In addition, MDM2 shortens the half-life of p53 by
ubiquitination, consequently targeting the p53 protein for
proteasome degradation [11]. Through the action of MDM2
and other regulators, the steady-state half-life of p53 in
normal cells in their physiological environment is short
(about 20 minutes). The level of p53 is increased and its
function is activated via phosphorylation and deactivation
of MDM?2 induced by ATM, ATR, or ARF. Overexpression
of MDM2 has also been reported in CLL and is an
important area for drug development: MDM2 inhibitors
such as nutlins may be useful in patients with p53
dysfunction not related to p53 deletion [12, 13].

The tumor suppressor functions of p53 are mediated via
induction of cell cycle arrest, DNA repair, and apoptosis. In
response to cellular injury, p53 induces cell cycle arrest via
p21WAF1 (Wild-type p53 Activated Fragment), which in
turn inactivates the cell cycle regulator, cyclin-dependent
kinase 2 (CDK2), usually responsible for transition of the
cell cycle from the G1 phase to the S phase [6, 7, 14]. Cell
cycle arrest is followed by induction of a number of cellular
and DNA repair enzymes. If DNA repair fails, p5S3 may
induce cell death via mitochondria-based apoptotic mech-
anisms. This process is mediated by Bax (Bcl-2 associated
protein X) and can be down-modulated by Bcl-2 (B-cell
lymphoma 2) [15, 16]. The role of Bcl-2 is of particular
relevance in lymphoproliferative disorders and CLL, in
which Bcl-2 upregulation has been implicated in the
survival advantage of cells and has been associated with
decreased response to therapy [16, 17]. Therefore, p53 is
critical to the DNA integrity of cells, the prevention and
control of malignancy, and the response to cytotoxic agents.

CLL and p53 Abnormalities

The prognosis of CLL is highly variable and dependent on
a number of genetic and other biologic factors [8]. One of
the strongest factors determining prognosis in CLL is the
presence of del(17p) or mutation of 7P53 [18]. Although
cytogenetic abnormalities have long been known to be
important to the prognosis of CLL, difficulty in obtaining
metaphase karyotype in CLL has limited analysis of the
impact of del(17p13) (containing the 7P53 gene) on the
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prognosis of CLL [19-23]. About 5% of patients with CLL
are noted to have abnormalities of chromosome 17 by
conventional cytogenetic analysis prior to therapy [21, 23,
24]. Mutations in the 7P53 gene as identified by gene
sequencing may also be important determinants of survival
in CLL [25-27]. Fluorescent in situ hybridization (FISH) has
increased the sensitivity of detecting genomic abnormalities
when compared with metaphase karyotype in CLL. Using
FISH, approximately 4% to 9% of patients with CLL were
noted to harbor del(17p13) at diagnosis and first therapy
[18]. Over 80% of patients with del(17p) have concomitant
TP53 mutations identified by gene sequencing, and an
additional 4% to 5% of patients were noted to have 7P53
mutations without the presence of del(17p) [28e, 29]. In
patients with relapsed and refractory CLL, 17p abnormalities
are more prevalent: del(17p) or 7P53 mutations have been
identified in up to 50% of patients with refractory CLL.

Prognosis of Patients with CLL With Del(17p)
at Diagnosis

Del(17p) and mutations in 7P53 have both been associated
with poor survival and shorter time from diagnosis to
treatment [18, 30+, 31], but the presence of del(17p) in
patients with CLL with early-stage disease does not
universally portend a poor prognosis. In a study of
untreated patients with del(17p) by FISH, a subset with
mutated immunoglobulin heavy chain variable gene
(IGHV) and Rai stage 0 disease had significantly longer
time to initiation of treatment and significantly longer
overall survival than those with unmutated /GHV and Rai
stage I to IV disease [30+]. Indeed, many of these patients
were observed for more than 3 years with stable disease and
did not require treatment. A lower proportion of 17p-
deleted nuclei by FISH (<25%) was also independently
associated with longer median overall survival. Another
study noted that a subset of patients with 7P53 abnormal-
ities and mutated /GHV may have long-term stable disease
not requiring treatment [32]. In view of these findings,
therapy for patients with del(17p) should be initiated
according to criteria for active disease recently updated by
the International Workshop for CLL (IWCLL), as some
early-stage patients may have a reasonable prognosis
despite the presence of del(17p) [33°].

Results of Frontline Therapy in Patients with CLL
With Del(17p)

The presence of del(17p) or TP53 mutations in patients

with CLL has been associated with poor response to
treatment, short response duration, and short survival
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following monotherapy with an alkylating agent or purine
analogue [25, 34, 35]. Purine analogues such as fludarabine
and 2-chlorodeoxyadenosine (2-CDA) induce leukemia cell
death by a p53-dependent mechanism of action in CLL cells;
in vitro experiments demonstrated drug resistance in CLL
cells with p53 dysfunction [36, 37]. Dysfunction of the p53
pathway is associated with in vitro resistance to chloram-
bucil [38, 39]. The poor response of CLL cells exposed to
an alkylating agent and fludarabine in vitro was confirmed
in phase II and phase III clinical trials (Table 1). Chlor-
ambucil monotherapy for patients with CLL with del(17p)
results in poor responses and short progression-free survival
(overall response rate [ORR], 20%—27%; progression-free
survival [PFS], 2-3 months) [40, 41]. Fludarabine mono-
therapy also results in a low ORR (27%—-60%) and short PFS
(~6-9 months). Combination therapy with fludarabine and
cyclophosphamide (FC) demonstrated improvements in com-
plete remission (CR), ORR, and PFS in untreated patients
with CLL without del(17p), but FC was not associated with

significant improvement in CR or PFS for patients with del
(17p) [42—44]. The small number of patients with del(17p) in
these studies may have limited the ability to detect differ-
ences in outcomes in this subgroup.

Response to treatment and PFS for CLL and indolent B-
cell lymphomas have improved with the availability and
incorporation of rituximab in chemoimmunotherapy regi-
mens. Combination chemoimmunotherapy with fludara-
bine, cyclophosphamide, and rituximab (FCR) is now the
standard of care in younger patients with CLL, based on the
results of the German Chronic Lymphocytic Leukaemia
Study Group (GCLLSG) CLL-8 trial [2¢¢]. In this trial,
patients with del(17p) who received FCR had a trend to
improved ORR (FCR vs FC: ORR 71% vs 46%, P=0.08)
and 3-year PFS (17.9% vs 0%, P=0.052) when compared
with patients who received FC, but patient numbers were
limited (FCR, n=21; FC, n=16), which may explain why
outcomes did not differ by statistically significant amounts.
We performed a retrospective analysis of patients at MD

Table 1 Results of frontline
regimen in patients with chronic

lymphocytic leukemia with
del(17p)

BR bendamustine and rituximab,
C cyclophosphamide, CamDex
alemtuzumab and methylpred-
nisolone, CamPred alemtuzu-
mab and methylprednisolone,
CC cladribine (2-Cda) and
cyclophosphamide, CFAR FCR
with alemtuzumab, CR complete

remission, F' fludarabine, FCM
FC and mitoxantrone, FCR FC
and rituximab,FCMR FCR and
mitoxantrone, n/a not available,
O-FC ofatumumab and FC,
ORR overall response rate, pc
personal communication, PCR
pentostatin, cyclophosphamide,
and rituximab, PR pentostatin
and rituximab, PFS median
progression-free survival,
R-Pred rituximab and
methylprednisolone

# Rituximab maintenance
(375 mg/m* q 3 mo)
®Event-free survival

°CR and PFS provided by

personal communication,
R. Wade

4Del(17p) identified by
metaphase karyotype

°CR and CR; (CR with incom-
plete hematologic recovery)

Study Regimen Patients,n CR, % ORR, %  Median PFS, mo
Hallek et al., 2010 [2e¢] FCR 21 5 71 3y PFS, 17.9%
Keating et al. (pc) FCR 20 20 70 21

Bosch et al., 2009 [48] FCMR+R* 4 25 n/a n/a

Faderl et al., 2010 [49] FCMR 2 0 0 n/a

Kay et al., 2007 [50] PCR 3 0 0 <6

Wierda et al., 2009 [51] O-FC 8 13 63 n/a

Fischer et al., 2009 [47] BR 7 0 43 n/a

Hallek et al., 2010 [2¢] FC 22 0 46 3y PFS, 0%
Robak et al., 2010 [86] FC 19 16 n/a 9.2
Stilgenbauer et al., 2008 [44] FC 16 6.7 60 6.1°

Flinn et al., 2007 [43] FC 10 n/a 69 11.9
Catovsky et al., 2007° [42] FC 8 0 25 3.7

Robak et al., 2010 [86] CC 15 40 n/a 253

Bosch et al., 2008 [87] FCM 5 0 n/a n/a

Byrd et al., 2006 [45] FR 3 0 100 18

Kay et al., 2010 [46] PR 1 0 n/a 18.9
Stilgenbauer et al., 2008 [44] F 10 0 60 5.6°
Catovsky et al., 2007° [42] F 8 0 38 3.1

Flinn et al., 2007 [43] F 9 n/a 27 8.9
Eichhorst et al., 2009 [88] F 5 0 20 n/a
Hillmen et al., 2007¢ [40] Alemtuzumab 11 n/a 64 10.7

Pettitt et al., 2009 [72] CamPred 17 37¢ n/a n/a
Stilgenbauer et al., 2010 [73] CamDex 22 23 100 n/a

Parikh et al., 2009 [58] CFAR 14 57 78 15

Hillmen et al., 2007¢ [40] Chlorambucil 10 n/a 20 2.2
Catovsky et al., 2007° [42] Chlorambucil 15 0 27 3.8
Eichhorst et al., 2009 [88] Chlorambucil 5 0 0 n/a

Castro et al., 2009 [70] R-Pred 0 n/a

Badoux et al., 2010 [76] Lenalidomide 6 0 0 6
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Anderson Cancer Center (MDACC) with del(17p) by FISH
who received FCR as frontline therapy for CLL (n=20).
The responses and survival duration were significantly
shorter for patients with CLL with del(17p) than for
patients with other or no cytogenetic abnormalities by
FISH. Nevertheless, the ORR for patients with del(17p)
was 70% and the estimated median PFS was 21 months, not
dissimilar to the results of the GCLLSG (personal commu-
nication, M. Keating). Chemoimmunotherapy responses for
a subset of these patients from MDACC, in addition to
patients from Mayo Clinic, Rochester, were previously
published by Tam et al. [30°].

Other chemoimmunotherapy combinations have been
explored in CLL, although experience with del(17p) is
limited in these studies. There have been few reported cases
of patients with del(17p) treated with combinations of a
purine analogue and rituximab (3 patients treated with
fludarabine and rituximab [FR] [45], and 1 patient treated
with pentostatin and rituximab [PR] [46]. In a phase II
frontline study of bendamustine and rituximab, 3 (43%) of
7 patients with del(17p) achieved partial remission (PR),
and there were no complete responders [47]. Outcomes of a
handful of patients with del(17p) have been reported with
FCR-like chemoimmunotherapy regimens including FCR
with mitoxantrone (FCMR); pentostatin, cyclophosphamide,
and rituximab (PCR); and FC with ofatumumab (FCO), with
little available long-term follow-up data (Table 1) [47-51].
To make more valid comparisons and draw meaningful
conclusions about the treatment of patients with del(17p),
we need greater numbers of patients treated uniformly.

Alemtuzumab, a CD52 monoclonal antibody (mAb), has
been extensively studied in both B-cell and T-cell malignan-
cies. In CLL, alemtuzumab monotherapy was first reported in
the salvage setting, where patients with del(17p) experienced
similar responses to patients without del(17p) [52-54].
Following a number of trials demonstrating the activity of
alemtuzumab monotherapy in untreated patients with CLL
[55, 56], a randomized phase III trial (CAM307) comparing
alemtuzumab to chlorambucil for previously untreated
patients with CLL demonstrated encouraging responses with
alemtuzumab (n=11) versus chlorambucil (z=10) in the
subgroup with del(17p): the ORR was 64% versus 20% (P=
0.08) [40]. The median PFS was disappointingly short
(14.5 months in all patients after alemtuzumab), with no
significant improvement in PFS for patients with del(17p)
who received alemtuzumab compared with chlorambucil
(PFS, 11 months vs 2.2 months; P=0.41), although the
patient numbers are again limited. After 24 months of
follow-up, the estimated median overall survival (OS) was
not reached in either group. Although patients with bulky
adenopathy (=5 cm) experienced poor responses to alemtu-
zumab monotherapy in the relapsed and refractory setting, in
CAM307 these patients experienced a significant improve-
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ment in ORR (76% vs 44%) compared with the chlorambu-
cil group, although there was no significant improvement in
PFS [40]. Although alemtuzumab led to more neutropenia
and cytomegalovirus (CMV) reactivation than chlorambucil
(mostly asymptomatic), severe infections did not increase
significantly. The results of this study led to a recommenda-
tion that alemtuzumab monotherapy may be used as frontline
therapy in patients with del(17p) and nonbulky disease.

Because of the activity of alemtuzumab monotherapy as
initial therapy for CLL and the potential for synergy with
chemotherapy, fludarabine-based combinations with alem-
tuzumab have been developed. The GIMEMA LLC0405
study investigated the effectiveness of the combination of
fludarabine and alemtuzumab (FluCam) for high-risk
untreated patients with CLL [57]. In this study, “high-risk”
was highly heterogeneous; high-risk patients were defined
as those with 17p deletion or with 11q deletion and an
additional risk factor such as unmutated /GHV genes, high
ZAP70, high CD38, or a number of unfavorable prognostic
factors. At last update, responses for 45 high-risk patients
were encouraging (CR, 30%; ORR, 71%) although del(17p)
was identified in 3 of 7 patients refractory to therapy. No
further information was available on the patients with del
(17p), and final results of this study are pending.

Cyclophosphamide was combined with fludarabine and
alemtuzumab (FCCam) to improve the efficacy of the
FluCam regimen. The CLL2007FMP study from the French
Study Group comparing FCR versus FCCam in high-risk
patients without del(17p) was terminated prematurely be-
cause of increased fatal infections in the alemtuzumab arm.
The Dutch Study Group is currently conducting the
HOVON:-68 study comparing FCCam versus FC as frontline
therapy in high-risk CLL; results are pending. Alemtuzumab
has been combined with FCR in a frontline trial for high-risk
patients (defined by 2-microglobulin more than twice the
upper limit of normal) younger than 70 years [58]. This
study demonstrated good response rates in 14 patients with
del(17p) (CR, 57%; ORR, 78%), but in a historical
comparison, the PFS and OS appeared no better than rates
for FCR-based regimens without alemtuzumab. Although
alemtuzumab-containing chemoimmunotherapy regimens
appear promising for patients with del(17p), no convincing
results currently support their use as standard frontline
therapy.

Consolidation Strategies
Alemtuzumab
Alemtuzumab consolidation for eradication of residual

disease following chemotherapy or chemoimmunotherapy
is feasible and was demonstrated in a number of studies
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[59—62]. In untreated patients with CLL, studies demon-
strated the ability of alemtuzumab to improve CR rates after
fludarabine-based therapy (F or FR) [63-66]. These studies
were not randomized, however, and improvement in
response duration or survival cannot be assessed. In
addition, these studies demonstrated unacceptably high
infection rates, with grade 3 or 4 infectious toxicity in
about 16% to 21% of patients. The GCLLSG CLL-4B trial
demonstrated an improvement in PFS in previously
untreated patients with CLL who were randomized to
alemtuzumab consolidation versus observation (PFS not
reached vs 20.6 months at a median follow-up of
48 months; P=0.0035), even though the study was
terminated early owing to early infectious toxicity [67].
Data for patients with del(17p) are not available from these
studies, so it is not possible to make recommendations
about this approach in this patient population, especially in
view of the significant infectious toxicity associated with
alemtuzumab.

Rituximab

Rituximab consolidation to increase response duration has also
been evaluated. One study explored the feasibility of rituximab
consolidation and maintenance following fludarabine induc-
tion for patients with CLL [68]. In patients who had residual
disease (MRD+CR or PR), this study showed improved
response duration with rituximab consolidation compared
with a nonrandomized observation group. There was minimal
associated grade 3 or 4 hematologic toxicity (n=4, 14%) or
infectious toxicity (n=7, 25%, all herpetic infections).
Although the authors noted that patients with higher-risk
cytogenetic abnormalities, including trisomy 12, del(11q),
and del(17p), had shorter response duration after consolida-
tion, no data were available for patients with del(17p). In
view of the lack of data about the role of consolidation
following frontline treatment for patients with del(17p), this
approach should be investigated further in clinical trials
before recommendations can be made about this strategy.

Antibody Combination Therapies and
Immunomodulatory Drugs

Combinations of rituximab and high-dose methylpredniso-
lone have been explored in patients with CLL and del(17p)
in order to take advantage of the p53-independent mecha-
nism of action of the mAbs and following reports of
responses with high-dose methylprednisolone in heavily
pretreated patients with CLL with del(17p) [69]. One
frontline study of 36 patients reported good results and
tolerability, although only one patient had del(17p) at
initiation of treatment [70]. In the relapsed setting, this

combination demonstrated a reasonable ORR (56%) in
patients with del(17p) (n=9), but no follow-up data are
currently available [71].

Alemtuzumab has also been combined with methylpred-
nisolone (CamPred) in the National Cancer Research
Institute (NCRI) CLL206 study of 41 patients with del
(17p) [72]. Of the 16 evaluable patients with untreated
CLL, 6 patients (37.5%) achieved CR or CR with
incomplete hematologic recovery (CRi). Of these 16
patients, 3 died with a short median follow-up (<2 years).
Patients treated with this combination experienced a
relatively high rate of infections, with 41% of untreated
patients experiencing at least one grade 3 or 4 infectious
event and 41% of patients experiencing grade 3 or 4 CMV
reactivation. Final results of this trial are awaited. The
combined German and French CLL2O trial is investigating
the combination of alemtuzumab and oral dexamethasone
followed by alemtuzumab maintenance in patients with CLL
who have del(17p) and are fludarabine-refractory (N=80),
also including 31 patients with untreated CLL and del(17p).
All evaluable patients (n=22) had an objective response,
including 23% CR. Four patients have progressed after a
median follow-up of 41 weeks, and median OS has not
been reached. A grade 3 or 4 non-CMV infectious event
was experienced by 32% of frontline patients [73]. Further
update of these results is expected.

Rituximab and alemtuzumab have also been combined
in treating patients with early-stage, high-risk CLL without
National Cancer Institute—Working Group (NCI-WQG) cri-
teria for initiation of therapy [74]. High-risk patients were
defined by the presence of del(17p), del(1lq), or the
combination of unmutated /GHV and high CD38 or
ZAP70. Although 9 patients in this study had a del(17p),
results were not available for this subgroup. The responses
for the whole group of patients were good (ORR, 90%,; CR,
37%), but the median response duration was short
(14.4 months). Preliminary results of another phase II trial
of alemtuzumab and rituximab in untreated patients with
CLL also demonstrated good results (ORR, 90%; CR,
75%), although only one patient had del(17p) [75]. A low
rate of infectious toxicity was reported for this combination,
and this regimen warrants further study as frontline therapy.

Lenalidomide monotherapy was used with reasonable
success to treat elderly patients with CLL, but the response
rate for six patients with del(17p) was disappointing: there were
no objective responses and PFS was short (6 months) [76].

Allogeneic Stem Cell Transplantation

Because of the short response duration of patients with
CLL and del(17p) and their dismal outcomes after salvage
therapy, the European Group for Blood and Marrow
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Transplantation (EBMT) recognizes the presence of del
(17p) in patients who have an indication for therapy as an
indication for allogeneic stem cell transplantation (alloSCT)
[77]. According to registry data, transplant-related mortality
rates were up to 44% for myeloablative alloSCT, whereas
nonrelapse mortality rates were 15% to 25% for alloSCT
with reduced-intensity conditioning [78]. Although this is
generally considered too high a risk for frontline patients
with CLL, who may have prolonged responses and survival
after frontline FCR, this risk may be outweighed in patients
with del(17p) by short response duration after standard
frontline therapy (FCR) and the dismal prognosis after
relapse [79]. A retrospective review of EBMT data for 44
patients with del(17p) CLL showed a 3-year PFS of 37%;
patients with del(17p) who had received no more than three
prior therapies had significantly higher 3-year PFS than
those who had received more than three prior therapies
(53% vs 19%, P=0.03) [80<]. The GCLLSG CLL-3X trial
also demonstrated long-term survival for 13 patients with
del(17p) after alloSCT, with 3-year event-free survival
(EFS) of 45%. Compared with other cytogenetic groups,
patients with del(17p) had equivalent outcomes after
transplantation, but patients who were chemorefractory at
the time of transplantation had significantly shorter EFS
(HR, 2.77; 95% CI, 1.50-5.09) [81¢]. Similarly, an internal
review of 24 heavily pretreated patients who had CLL with
del(17p) demonstrated an estimated 3-year PFS of 30%
after transplantation at MDACC [79].

Although the results with alloSCT appear encouraging for
patients with del(17p) who have had fewer prior treatments,
patients with CLL in transplant studies are generally selected
for age, performance status, and disease remission status,
which may skew outcomes. In addition, a number of patients
with del(17p) and a poorer prognosis who would otherwise
be eligible for transplantation may not receive alloSCT
because of early relapse or death. In view of the improved
post-transplant outcomes for patients with fewer prior treat-

ments and the current EBMT recommendations, studies
should be conducted to examine survival outcomes follow-
ing alloSCT for patients with del(17p), including appropriate
control patients without available donors.

Flavopiridol and Other Cyclin D Kinase Inhibitors

Flavopiridol is a synthetic flavone that inhibits cyclin-
dependent kinase 1 (CDKI1) and CDK2 by competitive
inhibition with ATP and modulation of tyrosine phosphory-
lation of CDK1 and CDK2 [82]. In addition, flavopiridol
downregulates the anti-apoptotic proteins Mcl-1 and XIAP-1.
Mcl-1 is an important apoptotic protein in CLL cells and may
contribute to CLL cells’ resistance to rituximab. An ORR of
57% (all PR) was reported in a phase II study of flavopiridol
monotherapy in patients with CLL with del(17p) [83]. The
main dose-limiting toxicity of this drug was severe tumor
lysis syndrome (TLS), which required vigorous TLS
prophylaxis. A combination study of flavopiridol with
fludarabine and rituximab demonstrated complete response
in two of three patients with CLL with del(17p), suggesting
that this drug may have a role in combination chemo-
immunotherapy [84].

Other Agents Under Investigation

A number of targeted therapies are currently under
investigation in CLL (Table 2). Some of these agents cause
CLL cell lysis in a p53-independent manner and should be
assessed further in patients with del(17p). R-roscovitine
(CYC202) is a cyclin D kinase inhibitor with in vitro
activity in CLL cells with defective p53. Bruton tyrosine
kinase (Btk), Lyn, and Syk are tyrosine kinases involved in
signal transduction downstream of the B-cell receptor; they
influence B-cell proliferation and survival. Small-molecule

Table 2 Therapies under inves-
tigation with potential for

response in patients with chronic
lymphocytic leukemia with
del(17p)

Bel B-cell lymphoma, Btk
Bruton’s tyrosine kinase, CDK
cyclin-dependent kinase, PI3K

Class Agent Mechanism

Cyclin D kinase (CDK) inhibitors Flavopiridol CDK1/2, Mcl-1 inhibitor
R-roscovitine CDK inhibitor

Monoclonal antibodies Ofatumumab Anti-CD20
GA-101 Anti-CD20

Small modular immunopharmaceuticals TRU-016 Anti-CD37

Specific kinase inhibitors PCI-32765 Btk inhibitor
Fostamatinib Syk inhibitor
CAL-101 PI3K-delta inhibitor
Bafetinib Lyn kinase inhibitor

Bcl-2 inhibitors Obatoclax Bcl-2 inhibitor
Oblimersen Anti-sense oligonucleotide

phosphatidylinositol 3 kinase,
Syk spleen tyrosine kinase
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inhibitors of these protein kinases, as well as the
phosphoinositide-3-kinase delta inhibitor, CAL-101, are
currently in phase I and phase II clinical trials for CLL. A
number of Bcl-2 inhibitors currently in clinical develop-
ment for patients with CLL may prove useful in patients
with del(17p). TRU-016, a CD37 small modular immuno-
pharmaceutical, has activity in relapsed and refractory
patients with CLL, including patients with del(17p) [85].
Active research in targeted therapy for CLL is an important
area of development, which may lead to improvements in
results of frontline combination therapy in the future. The
safety and efficacy of these agents in combination remains
to be demonstrated, however, and their activity against
leukemia cells with del(17p) must be confirmed in larger
numbers of patients.

Conclusions

There has been significant improvement in treatment out-
comes for patients with CLL owing to chemoimmunotherapy
regimens such as FCR, but patients with del(17p) continue to
have a poor prognosis with chemoimmunotherapy because of
inherent resistance to purine analogues and alkylating agents.
Therapies that function via a p53-independent mechanism of
cytotoxicity must be identified and developed for this
population. Alemtuzumab was a promising agent for patients
with del(17p), having good response rates. Unfortunately,
frontline alemtuzumab monotherapy has been associated with
relatively short remission duration, and chemoimmunotherapy
combinations with alemtuzumab have been complicated by
high rates of infectious toxicity; there has been no obvious
advantage in PFS over standard FCR chemotherapy. It
remains to be seen whether mAb combinations (with or
without high-dose steroids) may lead to better remission
duration and survival outcomes. An effective maintenance
strategy may be needed for long-term disease control. One
theoretical advantage of alemtuzumab over chemotherapy is
that it avoids selecting for p53-deleted, chemotherapy-
resistant CLL clones, but comparative OS data are not
currently available to support this hypothesis. In view of the
available evidence, FCR should still be considered for the
frontline therapy of younger or fit elderly patients, including
those with del(17p). Alemtuzumab monotherapy is a reason-
able alternative approach, especially in more elderly patients
and patients with nonbulky (<5 cm) lymph nodes.

The EBMT recommends alloSCT in patients with del
(17p) who satisfy NCI-WG criteria for treatment in CLL. It
is important to note that not all patients with del(17p) have
similar outcomes. Response duration and survival after
FCR may depend on other factors such as mutational status,
performance status, and proportion of 17p-deleted cells
identified by FISH. Data from the GCLLSG suggest that

patients undergoing transplantation after no more than three
prior treatments have a high probability of disease-free
survival. These findings support the recommendation by the
EBMT that alloSCT be given early consideration for
patients with del(17p), especially those who are younger
or fit (including those who achieve CR following frontline
therapy). Because of the paucity of evidence for this
recommendation, trials should be specifically designed to
assess the validity of this approach.

Further research in this population of patients with CLL
should focus on new agents with p53-independent mecha-
nisms of action and on designing well-conducted trials to
establish the most effective frontline strategy for this
population.
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