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Summary

Based on the hypothesis that bortezomib may potentiate fludarabine activity
by inhibiting DNA repair, we designed a phase I trial using this combination
with rituximab in patients with relapsed and refractory indolent and mantle
cell non-Hodgkin lymphoma. Twenty-four patients were enrolled. Non-
Hodgkin lymphoma subtypes included 12 patients with follicular lymphoma,
four with marginal zone lymphoma, three with lymphoplasmacytic
lymphoma, three with mantle cell lymphoma and two with small
lymphocytic/chronic lymphocytic leukaemia. Fludarabine and bortezomib
were escalated in cohorts of three patients. Rituximab was added to the
added
significant dose-limiting myelosuppression. The maximum tolerated dose

maximum tolerated dose of fludarabine and bortezomib and

was fludarabine 25 mg/m” on days 1-3, bortezomib 1-3 mg/m?* on days 1, 4,
8, 11, with rituximab 375 mg/m* on day 1 administered every 21 d. Clinical
responses were observed in 11 patients, five of whom were refractory to their
most recent treatment regimen. Six additional patients had stable disease for
a median of 10 months (range 4-30+). Cumulative myelosuppression and
neuropathy was observed. The combination of fludarabine, bortezomib, and
rituximab appears to be an active regimen with manageable toxicity for
relapsed NHL.

Keywords: non-Hodgkin lymphoma, bortezomib, proteasome, fludarabine,
rituximab.

The indolent non-Hodgkin lymphomas (NHLs) traditionally
include follicular, marginal zone, lymphoplasmacytic and small
lymphocytic histological subtypes. They are defined by their
chemosensitive nature and slow progressive course (Horning &
Rosenberg, 1984). Despite a wide variety of treatment options,
most patients ultimately succumb to their disease. In compar-
ison, mantle cell lymphoma is considerably more aggressive
than the indolent NHLs and less responsive to currently
available therapy (Herrmann et al, 2009). As new treatment
options with novel targets and non-overlapping toxicities are
developed, the armamentarium of effective salvage therapies is
steadily increasing. However, the most effective and least toxic
of these regimens has yet to be defined.

Bortezomib is a dipeptidyl boronic acid that is a specific and
selective inhibitor of the 26S proteasome. It was the first
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proteasome inhibitor to be used clinically and has demon-
strated considerable efficacy in the treatment of indolent and
mantle cell lymphoma (Goy et al, 2005; O’Connor et al, 2005;
Fisher et al, 2006; Strauss et al, 2006; Belch et al, 2007). This
data led to the US Food and Drug Administration approval of
bortezomib for the treatment of patients with relapsed or
refractory mantle cell lymphoma. Bortezomib affects malig-
nant cells through multiple mechanisms including the regu-
lation of proteins involved in cell cycle progression (p21, p27),
oncogenesis (p53, IkB) and apoptosis (Bcl-2, cIAP, XIAP, Bax)
(Adams et al, 1999; Kisselev & Goldberg, 2001; Barr et al,
2007). In addition, bortezomib may act by inhibiting DNA
repair kinases (DNA-PKcs, ataxia telangiectasia mutated
[ATM]) (Hideshima et al, 2003; Mitsiades et al, 2003). Fur-
ther, pre-clinical data suggest that the ubiquitin-proteasome
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system may serve as a regulator for DNA damage repair (Mu
et al, 2007), supporting the use of bortezomib in combination
with cytotoxic agents.

Fludarabine is a potent cytotoxic agent that acts by
inhibiting DNA polymerase and ribonucleotide reductase,
thus terminating DNA strand replication. In chronic lympho-
cytic leukaemia cell line models, synergistic cytotoxicity has
been observed with the combination of fludarabine and
bortezomib (Duechler et al, 2005). Bortezomib may inhibit
repair of the fludarabine-induced DNA lesions, thereby
enhancing its anti-neoplastic effect. Other potential syner-
gistic mechanisms include down-regulation of XIAP and
up-regulation of Bid, resulting in enhanced apoptosis. In vitro
data suggest that down-regulation of the nuclear factor-xB
pathway, a known result of proteasome inhibition, may reverse
fludarabine resistance (Hewamana et al, 2008).

Rituximab, in combination with bortezomib, appears to be
well tolerated given non-overlapping toxicities (De Vos et al,
2006). Further, synergistic apoptosis has been observed
pre-clinically when bortezomib was added to a rituximab-
containing combination (Wang et al, 2008). We therefore
initiated a phase I study of fludarabine, bortezomib and
rituximab in relapsed and refractory indolent NHL and mantle
cell lymphoma.

Patients and methods

Study design

This phase I trial was designed to evaluate the maximum
tolerated dose (MTD) and dose limiting toxicities (DLT) of
bortezomib in combination with rituximab and fludarabine.
Secondary objectives included overall response and clinical
benefit rates. The protocol was approved by the institutional
review board at University Hospitals Case Medical Center and
written informed consent was obtained before enrollment.

Patient selection

Patients aged 18 years or older with a confirmed indolent NHL
(including grade 1 or 2 follicular lymphoma, marginal zone
lymphoma, lymphoplasmacytic lymphoma and small lympho-
cytic/chronic lymphocytic leukaemia) who had relapsed or had
been refractory (defined as no response, or progression within
6 months of completing therapy) to at least one standard
therapy were candidates for this study. Also included were
patients with relapsed or refractory mantle cell lymphoma,
aside from those with the blastic variant. Patients were
required to have an Eastern Cooperative Group performance
status of 0-2 and to have measurable disease. Baseline
laboratory parameters included an absolute neutrophil count
(ANC) > 1'5 x 10°/1,  platelet  count > 75 x 10/, and
adequate renal and hepatic function.

Patients were excluded for the following conditions: radi-
ation, chemotherapy, or monoclonal antibody therapy within

the previous 4 weeks or radioimmunotherapy within the
previous 3 months; previous bortezomib therapy; a history
of uncontrolled orthostatic hypotension; grade 2 or higher
neuropathy; prior allogeneic transplant; central nervous system
lymphoma; serious infection, including human immunodefi-
ciency virus disease; pregnancy or breast feeding.

Treatment schedule

Bortezomib was supplied by the Division of Cancer Treatment
and Diagnosis (DCTD), National Cancer Institute (NCI) as a
sterile, lyophilized powder in vials with mannitol, which was
reconstituted with normal saline to a drug concentration of
1 mg/ml. It was administered by intravenous push over 5 s on
days 1, 4, 8 and 11 followed by a 10-d rest period. Fludarabine
was handled as directed by the package insert and material
safety data sheet and administered at 25 mg/m? intravenously
as a 30 min infusion daily for 3 or 5 d of each 21 d cycle.
Rituximab was handled as directed by the package insert and
material safety data sheet and administered at 375 mg/m* on
day 1 of each cycle per a standardized infusion protocol.
Treatment was repeated every 3 weeks until disease progres-
sion, unacceptable toxicity or to a maximum of eight cycles.
Haematopoetic growth factors were not allowed during cycle
one and were administered at the treating physician’s discre-
tion thereafter.

Dose escalation is depicted in Table I. Cohorts of 3-6
patients were treated at each dose level. For dose escalation to
proceed, three patients had to complete cycle 1 without a DLT.
If one DLT was observed, then an additional three patients
were accrued, and further escalation occurred if no additional
DLTs were seen. If DLT was observed in 2 of 3-6 patients
enrolled at a specific dose level during cycle 1, that step was
considered the dose-limiting level. A total of six patients were
treated at the dose below the DLT level, thus establishing the
MTD.

Response and Toxicity Criteria

Toxicities were assessed using the NCI Common Toxicity
Criteria version 3.0 (http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/ctcaev3.pdf). DLT was defined as

Table I. Study design.

Dose Fludarabine Bortezomib days Rituximab
level 25 mg/m” 1, 4, 8, 11 (mg/m?) 375 mg/m”
1 days 1-3 07 -

2 days 1-3 10 -

3 days 1-3 1-3 -

4 days 1-5 13 -

5 days 1-5 1-3 day 1

5a days 1-3 1:0 day 1

5b days 1-3 1-3 day 1
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any grade 3 or higher treatment-related non-haematological
toxicity and grade 4 neutropenia or thrombocytopenia occur-
ring within the first cycle. Grade 4 lymphopenia and anaemia
were not considered DLTs. The MTD was defined as one dose
level below the level determined to be the DLT.

Assessment of response was performed after every two cycles
of treatment. Response was defined using the International
Workshop NHL criteria (Cheson et al, 1999). For patients with
chronic lymphocytic leukaemia, the NCI Working Group
guidelines were used to determine a response (Cheson et al,
1996). Time to disease progression was calculated as the
number of months from the initiation of therapy to the first
documentation of disease progression, death regardless of
cause or change in therapy, whichever occurred first.

Results

Patient characteristics

Twenty-four patients were enrolled onto the study between
July 2003 and July 2008. Patient characteristics are listed in
Table II. The mean age was 62 (range, 36-87) years and 13
patients were >60 years old. All patients were assessable for
toxicity. Patients received an average of 3-5 cycles (range, 1-8)
and 20 patients who received two or more cycles were

Table II. Patient characteristics.

No. of patients

Enrolled 24
Sex
Male 14
Female 10
Age > 60 years 13
Race
African-American 6
Caucasian 18

Performance status

0 19

1 4

2 1
Lymphoma subtype

Follicular 12

Marginal zone

Small lymphocytic/chronic lymphocytic leukaemia
Mantle cell
Stage at enrollment

4
Lymphoplasmacytic 3
2
3

1I 2
111 3
v 19
Bone marrow involvement 15
Bulky disease 1
Refractory to prior therapy 12

Refractory to rituximab or ibritumomab tiuxetan 10
Refractory to fludarabine 2

Fludarabine Bortezomib Rituximab in Lymphoma

assessable for clinical response. The mean number of prior
chemotherapy regimens was 2 (range, 1-7). Twenty-three
patients had previously received rituximab or ibritumomab
tiuxetan, eight patients had previously received fludarabine.
Twelve patients were refractory to their most recent treatment.
Of these, 10 patients were refractory to rituximab or ibritu-
momab tiuxetan and 2 to fludarabine. Five patients had failed
an autologous stem cell transplant.

Toxicity

Haematological and non-haematological toxicities are depicted
in Tables III and IV. No DLTs were observed on dose steps
1-4. With the addition of rituximab at dose level 5, two
patients experienced DLTs including neutropenia and throm-
bocytopenia in one patient as well as neutropenia and
neuropathy in another. After independent review and consul-
tation with the Cancer Therapy Evaluation Program, dose
steps 5a and 5b were added in which doses of fludarabine and
bortezomib were attenuated. Nine additional patients were
treated, 3 at level 5a and 6 at 5b. One additional DLT, grade 3
dyspnea, was observed at dose 5b.

Myelosuppression was the most common toxicity, with
neutropenia being dose limiting. Grade 3/4 neutropenia and
thrombocytopenia were observed in 24% and 17% of cycles,
respectively, and appeared to be cumulative in nature. Six
patients received filgrastim or pegylated filgrastim support
after demonstrating prolonged neutropenia during the first
cycle of therapy, four of whom were treated on rituximab-
containing dose levels. Five patients were removed from the
study due to prolonged myelosuppression, preventing initia-
tion of the subsequent cycle within the protocol-specified
5-week time period. As expected, all patients developed grade
3/4 lymphopenia.

The major non-haematological toxicities were neurological
and infectious in aetiology. The peripheral neuropathy was
predominately sensory in nature, more prone to develop in
patients with previous sensory neuropathies and also appeared
to be cumulative. Grade 2 or 3 neuropathy developed in nine
patients, six of which had received prior vincristine. This
contributed to the decision to discontinue protocol treatment
in six cases. It was partially reversible with dose reduction or
discontinuation of therapy. One patient treated at dose level 5
experienced an increase in his pre-existing grade 1 peripheral
neuropathy to grade 3 during cycle 1. This decreased to
baseline with a dose reduction of bortezomib. Two additional
patients experienced grade 3 orthostatic hypotension possibly
due to drug-induced autonomic neuropathy. Both patients’
symptoms resolved with therapy cessation.

The overall incidence of grade 3 infection was 6% (5 of 86
cycles). These included one oropharyngeal infection, one
cellulitis, one periodontal abscess and two episodes of culture-
negative neutropenic fever. In two instances, patients were
removed from the trial following a >5-week period without
initiation of the next course of treatment. Other grade 3
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Table III. Haematological toxicity.

Cycle 1 All cycles
Neutropenia Thrombocytopenia Neutropenia Thrombocytopenia
Dose No. of No. of
level patients Grade 3 Grade 4 Grade 3 Grade 4 cycles Grade 3 Grade 4 Grade 3 Grade 4
1 3 14 1 1
2 3 9 1
3 3 10 1 1
4 3 2 7 3 1 1
5 3 2% 1* 11 3 5 7
5a 3 14 1 1 3
5b 6 21 3 1 1 1
*Dose limiting toxicity.
Table IV. Non-haematological toxicity.
Cycle 1 All cycles
Neurological* Pulmonary Fever/infection Neurological* Pulmonary
Dose  No. of No. of
level  patient Grade3  Grade4  Grade3  Grade4  cycles Grade 3 Grade4  Grade3  Grade4  Grade3  Grade 4
1 3 14
2 3 9 1
3 3 10
4 3 7 1
5 3 17 11 1 1
5a 3 14 1
5b 6 1 21 2 3 1

*Includes peripheral neuropathy and orthostasis/syncope.
tDose limiting toxicity.

toxicites included grade 3 dyspnea potentially related to
bortezomib in a patient treated at dose level 5b, grade 3
diarrhoea in two patients, and one episode each of fatigue,
hypoglycaemia, and an infusion-related rituximab reaction.
One patient experienced grade 3 pain related to progressive
disease, not believed to be neurological in aetiology. The only
grade 4 non-haematological toxicities included five episodes of
hyperglycaemia, all occurring in a single patient with diabetes
mellitus after receiving glucocorticoids as part of her anti-
emetic regime.

Dose modifications or delays in therapy occurred in 34 of
the 86 cycles (40%). Bortezomib was dose reduced in 16 cycles
and individual doses were held 26 times for a delivered dose
intensity of 88%. In addition, there were a total of 17 weekly
delays in therapy. The most common reasons for interruptions
in therapy were neutropenia or thrombocytopenia (55% of
cases) as well as peripheral neuropathy (32%).

Clinical responses

Objective responses were observed in 11 patients (Tables V
and VI) for an overall response rate of 45% (95% confidence

interval [CI]: 028 — 0:65) with a clinical benefit rate
(complete remissions + partial remissions + stable disease)
of 71% (17/24) with 95% CI: 0-51-0-86. Two of the three
patients achieving a complete response have no signs of
relapsed disease at 1 and 3 years, respectively, despite both
having been heavily pre-treated including receiving high-dose
chemotherapy with autologous stem cell rescue. Six of the
responding patients went on to receive additional therapy.
One patient underwent high-dose chemotherapy and auto-
logous stem transplantation and another patient received an
umbilical cord blood transplant. Both remain in remission
for >5 years. Two patients received additional immuno-
chemotherapy, including fludarabine + rituximab  and
rituximab + EPOCH
cyclophosphamide, doxorubicin), respectively, and two

(etoposide, prednisone, vincristine,

patients received further rituximab given in maintenance
fashion. Six patients were classified as having stable disease
with a median time of 10 months (range 4-30+). Of the 12
patients with disease refractory to their most recent regimen,
one complete response, four partial responses, and three
patients with stable disease (of 4, 5 and 6 months, respec-
tively) were observed.
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Table V. Clinical responses.

Fludarabine Bortezomib Rituximab in Lymphoma

Dose Time to disease
Subtype level progression Prior therapies
Complete response
Marginal zone 5 36+ months CHOP, DHAP, HDC + PBSCT, bryostatin/vincristine, rituximab*
Follicular 5A 7 monthst FND, rituximab, rituximab maintenance
Follicular 5B 12+ months CHOP, rituximab, DHAP, HDC + PBSCT
Partial response
Mantle cell 1 8 monthst CHOP, rituximab, FND, rituximab maintenance*
Follicular 2 5 monthst Fludarabine, CVP, fludarabine*, rituximab*
Follicular 3 9 months CHOP, rituximab
Follicular 4 4 months Rituximab*
Follicular 5 8 monthsf CVP, rituximab, rituximab maintenance
Marginal zone 5 3 monthst CVP, rituximab, rituximab maintenance
Marginal zone 5B 7 monthst CVP*, rituximab*
Follicular 5B 3+ months CHOP, rituximab
Stable disease
Marginal zone 1 6 monthsT CHOP, rituximab*, zevalin*
SLL/CLL 2 4 monthst Fludarabine, CVP, fludarabine*, rituximab*
Follicular 3 5 months CHOP, rituximab, DHAP, HDC + PBSCT, bryostatin/vincrstine*
Lymphoplasmacytic 4 30+ months Melphalan/prednisone
Lymphoplasmacytic 5A 10 months Fludarabine, melphalan/prednisone, thalidomide, rituximab
Follicular 5B 7 monthst Rituximab, idiotype vaccine

CHOP, cyclophosphamide, adriamycin, vincristine prednisone; CVP, cyclophosphamide, vincristine prednisone; DHAP, dexamethasone, cytarabine,

cisplatin; FND, fludarabine, mitoxantrone, dexamethasone; HDC + PBSCT, high-dose chemotherapy and peripheral blood stem cell transplantation.

*Refractory disease.
tCensored for consolidative therapy.

Table VI. Clinical responses by histological subtype.

n CR PR
Follicular 12 2
Marginal zone 4
Lymphoplasmacytic 3
SLL/CLL 2
Mantle cell 3 1

CR, complete response; PR, partial response; SLL/CLL, small
lymphocytic lymphoma/chronic lymphocytic leukaemia.

Discussion

Proteasome inhibition affects a variety of cell-signalling
pathways via inhibition of proteolysis. Among its pro-apop-
totic effects, bortezomib may increase the sensitivity of tumour
cells to the cytotoxic effects of chemotherapy through the
inhibition of DNA repair. Induction of c-Jun NH,-terminal
kinase activity, resulting in activation of caspase-3, led to
cleavage of the DNA repair enzymes DNA-PKcs and ATM
(Hideshima et al, 2003). Further, clinical and laboratory
investigations have demonstrated that bortezomib sensitized
lymphoma and multiple myeloma cells to DNA-damaging
chemotherapeutics, reversing drug resistance in some cases
(Mitsiades et al, 2003; O’Connor et al, 2006; Dunleavy et al,
2009). Based on the previously demonstrated efficacy of

bortezomib in indolent and mantle cell NHL as well as the
potential for bortezomib to inhibit repair of fludarabine-
induced DNA strand breaks, we conducted this phase I study
in NHL patients with relapsed or refractory disease and
determined the MTD to be fludarabine 25 mg/m?* on days 1-3,
bortezomib 13 mg/m2 on days 1, 4, 8 and 11 and rituximab
375 mg/m” on day 1.

The addition of rituximab added significantly to the
myelotoxicity of this regimen. Rituximab-related neutropenia
is a rare complication associated with single agent use and may
occur months after administration (Chaiwatanatorn et al,
2003; Voog et al, 2003; Tesfa et al, 2008). Delayed onset
neutropenia has also been well described when administered in
conjunction with chemotherapy and appears to correlate with
the intensity of the regimen (Cairoli et al, 2004; Lemieux et al,
2004; Nitta et al, 2007). In addition, its ability to potentiate
mid-cycle chemotherapy-related granulocytopenia has been
observed in randomized clinical trials with CHOP (cyclophos-
phamide, adriamycin, vincristine prednisone) and fludarabine-
based regimens, a finding that did not translate into increased
infectious complications (Byrd et al, 2003; Hiddemann et al,
2005). In our study, the patients treated at dose level 5
developed grade 4 neutropenia or thrombocytopenia in 8 of 11
cycles of therapy. The severe myelosuppression occurred more
often and earlier in the treatment course compared to patients
treated at the identical doses of fludarabine and bortezomib
without rituximab. This potentiation of granulocytopenia may
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be related more to an undetermined interaction of rituximab
with fludarabine than with bortezomib given the similar
myelosuppression between dose levels 5a and 5b. However, it is
possible that rituximab may have potentiated bortezomib-
related thrombocytopenia, a common toxicity of the protea-
some inhibitor that has not been otherwise observed with only
fludarabine and rituximab (Czuczman et al, 2005). However,
further investigation to validate these observations is needed
given the small numbers treated at each dose level.

Haematological toxicity also appeared to be related to prior
therapy. Patients who had dose intensive treatment or a greater
number of prior regimens containing cytotoxic agents
appeared to have a higher incidence of Grade 3 or 4
haematological toxicity. This was more pronounced at higher
dose levels. As such, this regimen may not be ideal for patients
with poor bone marrow reserve, such as those who have
undergone previous stem cell transplantation.

Neuropathy resulted in 11 dosing adjustments or delays and
resulted in a DLT in one patient. All three episodes of grade 3
neuropathy occurred at dose levels where 1-3 mg/m’ of
bortezomib was used. While the effects were reversible, this
complication was predictable with the combination of fludar-
abine and bortezomib. Patients with pre-existing peripheral or
autonomic neuropathy as well as those with lymphoplasma-
cytic lymphoma should be monitored closely. However,
treatment is feasible as the symptoms typically improve after
therapy discontinuation, consistent with previous observations
(Chaudhry et al, 2008).

Despite the adverse effects, considerable efficacy was also
demonstrated with fludarabine bortezomib and rituximab.
Although the primary goal of a phase I study is not to
determine efficacy, it is encouraging that 11 of 20 evaluable
patients achieved a complete or partial remission. Durable
responses were observed at a variety of dose levels and were
observed even in the patients who did not receive rituximab,
suggesting that bortezomib added significantly to the regimen.
This effect was noted despite the previous use of fludarabine
in eight patients and anti-CD20 immunotherapy in 23
patients.

Treatment options are limited for patients with chemother-
apy or rituximab-refractory disease. Response rates between
61% and 74% have been observed with other salvage strategies,
including bendamustine and radioimmunoconjugates, in
treatment-refractory patients (Witzig et al, 2002; Horning
et al, 2005; Friedberg et al, 2008). Further, response rates with
other bortezomib-containing chemotherapeutic regimens used
to treat patients with relapsed indolent NHL are comparable
(Gerecitano et al, 2008; Moosmann et al, 2008). In our study,
5 of 12 patients who were refractory to their last treatment
regimen attained an objective response. Further, 4 of 11
patients who attained an objective response were treated at
dose levels not containing rituximab suggesting notable
activity of the fludarabine bortezomib combination. With this
encouraging efficacy, further study using this combination in
patients with refractory disease is warranted.

In conclusion, we found the toxicity of fludarabine,
bortezomib and rituximab to be predictable and tolerable
with the major DLT being neutropenia. Further, neutropenia
and thrombocytopenia resulted in a significant number of
treatment interruptions and delays. Given the observed
myelosuppression, administration of this regimen at 4-week
intervals with haematopoietic growth factor support is
recommended for further study in the phase II setting. Future
correlates will quantify fludarabine induced DNA stand breaks
and test the ability of bortezomib to inhibit repair of these
lesions.

Acknowledgements

This work was supported in part by a grant from the National
Institutes of Health (CA62502) and Case Comprehensive
Cancer Center of Case Western Reserve University and
University Hospitals Case Medical Center (P30 CA43703)
and Case GCRC (MO01RR00080). We thank Jonathan W.
Friedberg, MD for his review of the manuscript and helpful
suggestions.

Disclosures

Consultant (PMB) for Millennium. Honoraria (NJB) from
Millennium and (HML) from Genentech.

References

Adams, J., Palombella, V.J., Sausville, E.A., Johnson, J., Destree, A.,
Lazarus, D.D., Maas, J., Pien, C.S., Prakash, S. & Elliott, P.J. (1999)
Proteasome inhibitors: a novel class of potent and effective anti-
tumor agents. Cancer Research, 59, 2615-2622.

Barr, P., Fisher, R. & Friedberg, J. (2007) The role of bortezomib in the
treatment of lymphoma. Cancer Investigation, 25, 766—775.

Belch, A., Kouroukis, C.T., Crump, M., Sehn, L., Gascoyne, R.D.,
Klasa, R., Powers, J., Wright, J. & Eisenhauer, E.A. (2007) A phase II
study of bortezomib in mantle cell lymphoma: the National Cancer
Institute of Canada Clinical Trials Group trial IND.150. Annals of
Oncology, 18, 116—121.

Byrd, J.C., Peterson, B.L., Morrison, V.A., Park, K., Jacobson, R., Hoke,
E., Vardiman, J.W., Rai, K., Schiffer, C.A. & Larson, R.A. (2003)
Randomized phase 2 study of fludarabine with concurrent versus
sequential treatment with rituximab in symptomatic, untreated
patients with B-cell chronic lymphocytic leukemia: results from
Cancer and Leukemia Group B 9712 (CALGB 9712). Blood, 101, 6-14.

Cairoli, R., Grillo, G., Tedeschi, A., D’Avanzo, G., Marenco, P. &
Morra, E. (2004) High incidence of neutropenia in patients treated
with rituximab after autologous stem cell transplantation. Haema-
tologica, 89, 361-363.

Chaiwatanatorn, K., Lee, N., Grigg, A., Filshie, R. & Firkin, F. (2003)
Delayed-onset neutropenia associated with rituximab therapy.
British Journal of Haematology, 121, 913-918.

Chaudhry, V., Cornblath, D.R., Polydefkis, M., Ferguson, A. &
Borrello, 1. (2008) Characteristics of bortezomib- and thalidomide-
induced peripheral neuropathy. Journal of the Peripheral Nervous
System, 13, 275-282.

94 © 2009 Blackwell Publishing Ltd, British Journal of Haematology, 147, 89-96



Cheson, B.D., Bennett, J.M., Grever, M., Kay, N., Keating, M.],,
O’Brien, S. & Rai, K.R. (1996) National Cancer Institute-sponsored
Working Group guidelines for chronic lymphocytic leukemia:
revised guidelines for diagnosis and treatment. Blood, 87, 4990-4997.

Cheson, B.D., Horning, S.J., Coiffier, B., Shipp, M.A., Fisher, R.I,
Connors, J.M,, Lister, T.A., Vose, J., Grillo-Lopez, A., Hagenbeek, A.,
Cabanillas, F., Klippensten, D., Hiddemann, W., Castellino, R,
Harris, N.L., Armitage, J.O., Carter, W., Hoppe, R. & Canellos, G.P.
(1999) Report of an international workshop to standardize response
criteria for non-Hodgkin’s lymphomas. Journal of Clinical Oncology,
17, 1244-1253.

Czuczman, M.S., Koryzna, A., Mohr, A., Stewart, C., Donohue, K.,
Blumenson, L., Bernstein, Z.P., McCarthy, P., Alam, A., Hernandez-
Mlizaliturri, F., Skipper, M., Brown, K., Chanan-Khan, A., Klippen-
stein, D., Loud, P., Rock, M.K., Benyunes, M., Grillo-Lopez, A. &
Bernstein, S.H. (2005) Rituximab in combination with fludarabine
chemotherapy in low-grade or follicular lymphoma. Journal of
Clinical Oncology, 23, 694-704.

De Vos, S., Dakhil, S.R., McLaughlin, P., Saleh, M.N., Belt, R., Flowers,
C., Holladay, C., Knapp, M., Boral, A., Zhang, T. & Goy, A. (2006)
Phase 2 study of bortezomib weekly or twice weekly plus rituximab in
patients with Follicular (FL) or Marginal Zone (MZL) Lymphoma:
final results. Blood (ASH Annual Meeting Abstracts), 108, 694.

Duechler, M., Linke, A., Cebula, B., Shehata, M., Schwarzmeier, J.D.,
Robak, T. & Smolewski, P. (2005) In vitro cytotoxic effect of pro-
teasome inhibitor bortezomib in combination with purine nucleo-
side analogues on chronic lymphocytic leukaemia cells. European
Journal of Haematology, 74, 407-417.

Dunleavy, K., Pittaluga, S., Czuczman, M.S., Dave, S., Wright, G.,
Grant, N., Shovlin, M., Jaffe, E.S., Janik, J.E., Staudt, L.M. & Wilson,
W.H. (2009) Differential efficacy of bortezomib plus chemotherapy
within molecular subtypes of diffuse large B cell lymphoma. Blood,
113, 6069-6076.

Fisher, R.I., Bernstein, S.H., Kahl, B.S., Djulbegovic, B., Robertson,
M.J., de Vos, S., Epner, E., Krishnan, A., Leonard, J.P., Lonial, S.,
Stadtmauer, E.A., O’Connor, O.A., Shi, H., Boral, A.L. & Goy, A.
(2006) Multicenter phase II study of bortezomib in patients with
relapsed or refractory mantle cell lymphoma. Journal of Clinical
Oncology, 24, 4867—4874.

Friedberg, J.W., Cohen, P., Chen, L., Robinson, K.S., Forero-Torres, A.,
La Casce, A.S., Fayad, L.E., Bessudo, A., Camacho, E.S., Williams,
M.E., van der Jagt, R.H., Oliver, J.W. & Cheson, B.D. (2008) Ben-
damustine in patients with rituximab-refractory indolent and
transformed non-Hodgkin’s lymphoma: results from a phase II
multicenter, single-agent study. Journal of Clinical Oncology, 26,
204-210.

Gerecitano, J.F., Portlock, C., Hamlin, P., Moskowitz, C., Noy, A., Straus,
D.]., Zelenetz, A.D., Schulman, P., Dumitrescu, O. & O’Connor, O.A.
(2008) A phase I study evaluating two dosing schedules of bortezomib
(Bor) with rituximab (R), cyclophosphamide (C) and prednisone (P)
in patients with relapsed/refractory indolent and mantle cell lym-
phomas. Journal of Clinical Oncology (Meeting Abstracts), 26, 8512.

Goy, A., Younes, A., McLaughlin, P., Pro, B., Romaguera, J.E., Hage-
meister, F., Fayad, L., Dang, N.H., Samaniego, F., Wang, M., Bro-
glio, K., Samuels, B., Gilles, F., Sarris, A.H., Hart, S., Trehu, E,,
Schenkein, D., Cabanillas, F. & Rodriguez, A.M. (2005) Phase II
study of proteasome inhibitor bortezomib in relapsed or refractory
B-cell non-Hodgkin’s lymphoma. Journal of Clinical Oncology, 23,
667-675.

Fludarabine Bortezomib Rituximab in Lymphoma

Herrmann, A., Hoster, E., Zwingers, T., Brittinger, G., Engelhard, M.,
Meusers, P., Reiser, M., Forstpointner, R., Metzner, B., Peter, N.,
Wormann, B., Trumper, L., Pfreundschuh, M., Einsele, H., Hidde-
mann, W., Unterhalt, M. & Dreyling, M. (2009) Improvement of
overall survival in advanced stage mantle cell lymphoma. Journal of
Clinical Oncology, 27, 511-518.

Hewamana, S., Alghazal, S., Lin, T.T., Clement, M., Jenkins, C., Guz-
man, M.L., Jordan, C.T., Neelakantan, S., Crooks, P.A., Burnett, A.K.,
Pratt, G., Fegan, C., Rowntree, C., Brennan, P. & Pepper, C. (2008)
The NF-{kappa}B subunit Rel A is associated with in vitro survival
and clinical disease progression in chronic lymphocytic leukemia and
represents a promising therapeutic target. Blood, 111, 4681-4689.

Hiddemann, W., Kneba, M., Dreyling, M., Schmitz, N., Lengfelder, E.,
Schmits, R., Reiser, M., Metzner, B., Harder, H., Hegewisch-Becker,
S., Fischer, T., Kropff, M., Reis, H.-E., Freund, M., Wormann, B.,
Fuchs, R., Planker, M., Schimke, J., Eimermacher, H., Trumper, L.,
Aldaoud, A., Parwaresch, R. & Unterhalt, M. (2005) Frontline
therapy with rituximab added to the combination of cyclophos-
phamide, doxorubicin, vincristine, and prednisone (CHOP) signif-
icantly improves the outcome for patients with advanced-stage
follicular lymphoma compared with therapy with CHOP alone:
results of a prospective randomized study of the German Low-Grade
Lymphoma Study Group. Blood, 106, 3725-3732.

Hideshima, T., Mitsiades, C., Akiyama, M., Hayashi, T., Chauhan, D.,
Richardson, P., Schlossman, R., Podar, K., Munshi, N.C., Mitsiades,
N. & Anderson, K.C. (2003) Molecular mechanisms mediating
antimyeloma activity of proteasome inhibitor PS-341. Blood, 101,
1530-1534.

Horning, S.J. & Rosenberg, S.A. (1984) The natural history of initially
untreated low-grade non-Hodgkin’s lymphomas. New England
Journal of Medicine, 311, 1471-1475.

Horning, S.J., Younes, A., Jain, V., Kroll, S., Lucas, J., Podoloff, D. &
Goris, M. (2005) Efficacy and safety of Tositumomab and Iodine-
131 Tositumomab (Bexxar) in B-Cell lymphoma, progressive after
rituximab. Journal of Clinical Oncology, 23, 712-719.

Kisselev, A.F. & Goldberg, A.L. (2001) Proteasome inhibitors: from
research tools to drug candidates. Chemistry ¢ Biology, 8, 739-758.

Lemieux, B., Tartas, S., Traulle, C., Espinouse, D., Thieblemont, C.,
Bouafia, F., Alhusein, Q., Antal, D., Salles, G. & Coiffier, B. (2004)
Rituximab-related late-onset neutropenia after autologous stem cell
transplantation for aggressive non-Hodgkin’s lymphoma. Bone
Marrow Transplantation, 33, 921-923.

Mitsiades, N., Mitsiades, C.S., Richardson, P.G., Poulaki, V., Tai,
Y.-T., Chauhan, D., Fanourakis, G., Gu, X., Bailey, C., Joseph, M.,
Libermann, T.A., Schlossman, R., Munshi, N.C., Hideshima, T. &
Anderson, K.C. (2003) The proteasome inhibitor PS-341 poten-
tiates sensitivity of multiple myeloma cells to conventional
chemotherapeutic agents: therapeutic applications. Blood, 101,
2377-2380.

Moosmann, P.R., Heizmann, M., Kotrubczik, N., Bargetzi, M. &
Wernli, M. (2008) Weekly treatment with a combination of ben-
damustine and bortezomib in relapsed or refractory indolent non-
Hodgkin’s lymphoma: a Single- Center Phase 1/2 Study. Blood (ASH
Annual Meeting Abstracts), 112, 1574.

Mu, J.-J., Wang, Y., Luo, H., Leng, M., Zhang, J., Yang, T., Besusso, D.,
Jung, S.Y. & Qin, J. (2007) A proteomic analysis of Ataxia Telangi-
ectasia-mutated (ATM)/ATM-Rad3-related (ATR) substrates identi-
fies the ubiquitin-proteasome system as a regulator for DNA damage
checkpoints. Journal of Biological Chemistry, 282, 17330-17334.

© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 147, 89-96 95



P. M. Barr et al

Nitta, E., Izutsu, K., Sato, T., Ota, Y., Takeuchi, K., Kamijo, A.,
Takahashi, K., Oshima, K., Kanda, Y., Chiba, S., Motokura, T. &
Kurokawa, M. (2007) A high incidence of late-onset neutropenia
following rituximab-containing chemotherapy as a primary treat-
ment of CD20-positive B-cell lymphoma: a single-institution study.
Annals of Oncology, 18, 364-369.

O’Connor, O.A., Wright, J., Moskowitz, C., Muzzy, J., MacGregor-
Cortelli, B., Stubblefield, M., Straus, D., Portlock, C., Hamlin, P.,
Choi, E., Dumetrescu, O., Esseltine, D., Trehu, E., Adams, J.,
Schenkein, D. & Zelenetz, A.D. (2005) Phase II clinical experience
with the novel proteasome inhibitor bortezomib in patients with
indolent non-Hodgkin’s lymphoma and mantle cell lymphoma.
Journal of Clinical Oncology, 23, 676-684.

O’Connor, O.A., Smith, E.A., Toner, L.E., Teruya-Feldstein, J., Frankel,
S., Rolfe, M., Wei, X., Liu, S., Marcucci, G., Chan, K.K. & Chanan-
Khan, A. (2006) The combination of the proteasome inhibitor
bortezomib and the Bcl-2 antisense molecule oblimersen sensitizes
human B-Cell lymphomas to cyclophosphamide. Clinical Cancer
Research, 12, 2902-2911.

Strauss, S.J., Maharaj, L., Hoare, S., Johnson, P.W., Radford, J.A.,
Vinnecombe, S., Millard, L., Rohatiner, A., Boral, A., Trehu, E.,
Schenkein, D., Balkwill, F., Joel, S.P. & Lister, T.A. (2006)

Bortezomib therapy in patients with relapsed or refractory lym-
phoma: potential correlation of in vitro sensitivity and tumor
necrosis factor alpha response with clinical activity. Journal of
Clinical Oncology, 24, 2105-2112.

Tesfa, D., Gelius, T., Sander, B., Kimby, E., Fadeel, B., Palmblad, J. &
Hagglund, H. (2008) Late-onset neutropenia associated with ritux-
imab therapy: evidence for a maturation arrest at the (pro)myelocyte
stage of granulopoiesis. Medical Oncology, 25, 374-379.

Voog, E., Morschhauser, F., Solal-Celigny, P., Benyunes, M.C., Mul-
tani, P.S. & Saunders, A. (2003) Neutropenia in patients treated with
Rituximab. New England Journal of Medicine, 348, 2691-2694.

Wang, M., Han, X.H., Zhang, L., Yang, J., Qian, J.F., Shi, Y.K,
Kwak, L.W., Romaguera, J. & Yi, Q. (2008) Bortezomib is syn-
ergistic with rituximab and cyclophosphamide in inducing apop-
tosis of mantle cell lymphoma cells in vitro and in vivo.
Leukemia, 22, 179-185.

Witzig, T.E., Flinn, LW., Gordon, L.I., Emmanouilides, C., Czuczman,
M.S., Saleh, M.N,, Cripe, L., Wiseman, G., Olejnik, T., Multani, P.S.
& White, C.A. (2002) Treatment with ibritumomab tiuxetan
radioimmunotherapy in patients with rituximab-refractory follicular
non-Hodgkin’s lymphoma. Journal of Clinical Oncology, 20, 3262—
3269.

96 © 2009 Blackwell Publishing Ltd, British Journal of Haematology, 147, 89-96



