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greater understanding of can-
Acer molecular biology has led
to the development of several

agents that target specific intracellu-
lar signal transduction pathways in-
volved in cancer cell development and
progression.[1] One pathway, the
ubiquitin-proteasome pathway (UPP),
is primarily responsible for the sys-
tematic degradation of cell cycle reg-
ulatory proteins and has recently
received considerable attention.[2,3]
In cancer cells, the UPP is essential to
the mechanisms underlying tumori-
genesis and metastasis, including cell
cycle arrest, apoptosis, and angiogen-
esis.[2] Disruption of the UPP, partic-
ularly in rapidly dividing cancer cells,
can potentially arrest or retard cancer
progression by interfering with mech-
anisms that confer malignant proper-
ties to the cell.[4-6] Furthermore,
disruption of the UPP may interrupt
and potentially reverse mechanisms
of de novo and acquired resistance to
chemotherapy or radiation therapy.[6]
A variety of proteasome inhibitors,
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Discovery,
Development, and
Clinical Applications
of Bortezomib

ABSTRACT

Proteasome inhibition is a novel, targeted approach in cancer
therapy. Both natural and synthetic proteasome inhibitors selectively
penetrate cancer cells, disrupting the orderly destruction of key regula-
tory proteins involved in tumorigenesis and metastasis. Disrupting the
orderly destruction of regulatory proteins causes an imbalance of these
proteins within the cell, which interferes with the systematic activation
of signaling pathways required to maintain tumor cell growth and sur-
vival; therefore, cellular replication is inhibited and apoptosis ensues.
Bortezomib (PS-341, Velcade), the first proteasome inhibitor evaluated
in human clinical trials, has been approved by the US Food and Drug
Administration for use in patients with refractory or relapsed multiple
myeloma. Preclinical study results show that bortezomib suppresses
tumor cell growth, induces apoptosis, overcomes resistance to standard
chemotherapy agents and radiation therapy, and inhibits angiogen-
esis. Phase I study results established the antitumor activity of
bortezomib, administered alone or in combination with standard che-
motherapy agents, in patients with advanced hematologic malignan-
cies or solid tumors, usually without additive toxicities. The results of
phase I studies further supported the antitumor activity of bortezomib
in patients with refractory or relapsed multiple myeloma and non-
Hodgkin’s lymphomay less impressive results were observed in patients
with stage IV renal cell cancer. Studies evaluating bortezomib in ear-
lier stages of multiple myeloma, including first-line therapy, are under
way. Evidence suggests that certain prognostic factors, such as older
age and bone marrow containing more than 50% plasma cells, may be
useful in predicting response and survival time in multiple myeloma
patients receiving bortezomib. Further studies of bortezomib are needed
to establish its full spectrum of activity, the ideal regimens for various
tumor types, and clinically useful prognostic indicators that predict suc-
cessful outcomes.

both natural and synthetic, have been
shown to disrupt the UPP pathway.[4-
6] In 2003, the first proteasome inhib-
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itor, bortezomib (PS-341, Velcade), was
approved by the US Food and Drug
Administration (FDA) for the treat-




ment of recurrent and/or refractory
multiple myeloma. In 2004, the Eu-
ropean Commission also approved
the use of bortezomib for this indi-
cation in European Union member
countries.[7]

This article reviews proteasome
function and inhibition, the results of
preclinical studies demonstrating tu-
moricidal effects of proteasome inhi-
bition (PI), and the results of phase I
and II clinical trials evaluating borte-
zomib in the treatment of various he-
matologic malignancies and solid
tumors.

Proteasome Function
and Inhibitors

Cellular homeostasis and the abili-
ty of cells to function in their environ-
ment depend on the systematic
degradation of regulatory proteins and
their inhibitors.[4] The majority of
proteins in eukaryotic cells are de-
graded by the UPP, which consists of
a ubiquitin-conjugating system and
proteasome.[6,8] For a protein to be
recognized by a proteasome, several
ubiquitin molecules must first attach
to the side of the target protein, a
process carried out by a cascade of
enzymes; this polyubiquinated
sidechain flags the protein for destruc-
tion by a proteasome.[5] Proteasomes
are responsible for degrading more
than 80% of all cellular proteins—
including several important proteins
that regulate tumor cell survival, pro-
liferation, invasion and metastasis, an-
giogenesis, and apoptosis—such as the
cyclin Bl cell-cycle regulatory pro-
tein; the p53 tumor suppressor gene;
the p21 and p27 cyclin-dependent ki-
nase inhibitors; Ikf, an inhibitor of
nuclear factor-kappa beta (NF-kB);
the p44/42 mitogen-activated protein
kinase (MAPK); and the bax proapo-
ptotic protein.[4-6] Proteasome inhi-
bition results in accumulation of these
cellular proteins, resulting in antitu-
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mor effects, such as cell-cycle arrest,
apoptosis, and downregulation of an-
giogenesis.[6]

Because proteasomes are essential
components of eukaryotic cell pro-
tein degradation, PI would seemingly
kill both normal and malignant cells.
However, all cells do not respond sim-
ilarly to PI. The results of several pre-
clinical studies suggest that malignant
cells are more susceptible to PI than
are normal cells.[9,10] The molecular
basis for this differential susceptibili-
ty of cells to PI remains undetermined,
although several interesting theories
are being investigated.[5,6,9] For a
more in-depth discussion of UPP and
PI, refer to the article entitled ‘“Phar-
macology, Pharmacokinetics, and
Practical Applications of Bortezomib”
in this supplement.

Numerous natural and synthetic
compounds inhibit the activity of pro-
teasomes. Many of these compounds
bind to and interfere with the chymo-
trypsin-like activity (one of three types
of proteolytic activity within the pro-
teasome) of the proteasome.[4,9]
However, many of these inhibitors
also lack specificity for the protea-
some, have poor metabolic stability,
or bind irreversibly to the protea-
some.[4,5] An ideal proteasome in-
hibitor would exhibit metabolic
stability, enzyme specificity, revers-
ible binding to the proteasome, and
selective cytotoxicity toward malig-
nant cells.[2]

The natural proteasome inhibitors
include lactacystin, expoxyketones
(epoxomicin and eponemycin), and
TMC-95 cyclic peptides. The synthet-
ic compounds include the peptide vi-
nyl sulfones, peptide aldehydes
(MG132 and PSI), and the peptide
boronic acids.[4,5] The peptide alde-
hydes were one of the first groups of
proteasome inhibitors discovered.
However, their fast dissociation rate
from the proteasome and their rapid
transportation out of the cell by the
multidrug resistance (MDR) transport-
er limited their usefulness as a thera-
peutic strategy.[9] Because of these
limitations, the peptide boronic acids,
were developed by replacing an alde-
hyde group with boronic acid; pep-
tide boronic acids have a slower
dissociation rate and up to 1,000-fold
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higher potency than those of the pep-
tide aldehydes.[4,5] The peptide bo-
ronic acids are selective for
proteasomes and form covalent and
reversible complexes within the chy-
motrypsin-like site of proteasomes,
thereby inhibiting proteasome activi-
ty.[5,11]

Bortezomib

Bortezomib is a peptide boronic
acid and the first proteasome inhibi-
tor to be approved for use in humans.
The results of a preclinical study by
the National Cancer Institute (NCI) in
60 cancer cell lines determined that
bortezomib had substantial in vitro
cytotoxicity against multiple human
tumors.[11] The NCI also compared
the mechanism of cytotoxicity of bor-
tezomib with that of 60,000 com-
pounds and determined bortezomib’s
mechanism to be unique.[11] Al-
though the exact mechanism of cyto-
toxicity of bortezomib and other
proteasome inhibitors has yet to be
fully elucidated, inhibition of protea-
somes by these agents affects numer-
ous cellular pathways, all of which
result in increased apoptosis of af-
fected cells.[11]

Preclinical Data

The NCI study results showing the
cytotoxic activity of bortezomib led
to the evaluation of this agent in nu-
merous murine xenograft models, rep-
resenting a wide variety of malig-
nancies (eg, multiple myeloma and
colorectal, pancreatic, prostate, and
ovarian cancers).[ 10-14] In these mod-
els, bortezomib decreased tumor vol-
ume, confirming its in Vivo
effectiveness as an antineoplastic
agent. Bortezomib also demonstrated
an increased tumoricidal effect in hu-
man xenografts when combined with
various standard chemotherapy
agents, including cisplatin, docetaxel
(Taxotere), fluorouracil (5-FU), gem-
citabine (Gemzar), irinotecan (Camp-
tosar), and paclitaxel.[12-15]

Results of preclinical studies of
multiple myeloma cell lines have also
demonstrated the ability of bortezomib
to circumvent chemotherapy or radi-
ation resistance and inhibit angiogen-
esis.[16-22] The primary mechanism




Table 1
Phase I Clinical Studies Evaluating Bortezomib in Combination Therapy

Cancer No. Enrolled/ End Point: Grade 3/4
Type Assessable? Regimen MTD No. of Patients Toxicities at MTD
Refractory 41/39 Bortezomib 0.9—-1.5 mg/m? 1.5 mg/m2¢  CR: 6 (5 MM, Constipation
hematologic twice weekly x 2 wk, q3wk, 1 T-cell NHL) Hyperglycemia
malignancies[29]° and liposomal doxorubicin 30 mg/m2 Near CR: 3 (MM) Neuropathy
30 mg/m? day 4, q3wk PR: 12 (8 MM, 3 Thrombocytopenia
AML, 1 B-cell NHL)
MR: 1 (MM)
SD: 9 (4 MM, 2 HD,
1 MDS, 2 CLL)
Advanced solid 31/31 Bortezomib 1-1.3 mg/m? twice 1 mg/m? PR: 1 (NSCLC) Leukopenia, 7%
tumors[30]¢ weekly x 2 wk, q3wk, and Thrombocytopenia,13%
gemcitabine 500—-1,000 mg/m? 1,000 mg/m?
once weekly x 2 wk, q3wk
Advanced 16/12 Bortezomib 1-1.3 mg/m? twice 1 mg/m? PR: 4 Thrombocytopenia,
NSCLCI[31] weekly x 2 wk, g3wk, and SD:7 17%*
gemcitabine 800—1,000 mg/m? 1,000 mg/m?
once weekly x 2 wk, q3wk, and
carboplatin AUC 5-5.5 q3wk AUC 5
Advanced solid 51/51 Bortezomib 1-1.5 mg/m? twice 1.3 mg/m? Response: 2 (1 Gl," None"
tumors[32] weekly x 2 wk, q3wk, and 1 ovarian cancer)?
irinotecan 50—125 mg/m? over 125 mg/m?
90 min once weekly x 2 wk, q3wk
Advanced solid 21/21 Bortezomib 0.5-1.3 mg/m? twice 0.7 mg/m? PR: 1 (esophageal Constitutional
tumors[33] weekly x 4 wk, géwk and cancer) symptoms,17%'
fluorouracil 500 mg/m?2 and 500 mg/m? SD: 8 (7 colorectal, Gl symptoms, 33%!
leucovorin 20 mg/m?/wk x 4 wk 20 mg/m? 1 anal) Neutropenia/
g6éwk granulocytopenia,
17%!
Pain, 33%!
aAssessable for efficacy.

bToxicities reported for 61 patients in cycle 1 at MTD. Incidence of each toxicity not provided.
°MTD of bortezomib was reported as 1.5 mg/m?; however, the recommended phase Il trial dose was 1.3 mg/m?, because later cycles with bortezomib
1.4 and 1.5 mg/m? necessitated dose reductions and treatment delays.[29]

9Toxicities reported for 15 patients at the MTD.
eOnly dose-limiting toxicity at MTD in 6 patients.

‘Unconfirmed gastroesophageal junction adenocarcinoma.

9Responses not specifed as CR, PR, or SD.
"No grade 3 or 4 dose-limiting toxicities at MTD.
Toxicities are with cycle 1.

AML = acute myelogenous leukemia; AUC = area under the concentration-time curve; CLL = chronic lymphocytic leukemia; CR = complete response;
Gl = gastrointestinal; HD = Hodgkin’s disease; MDS = myelodysplastic syndrome; MM = multiple myeloma; MR = minor response; MTD = maximum
tolerated dose; NHL = non-Hodgkin’s lymphoma; NSCLC = non-small-cell lung cancer; PR = partial response; SD = stable disease.

by which bortezomib overcomes drug
resistance may be the downregulation
of NF-xB.[16,18-21] NF-xB activity
in resistant myeloma cell lines is high-
er than that in nonresistant cell
lines.[16] Bortezomib also downreg-
ulates or disrupts other resistance path-
ways or mechanisms, such as the
p44/42 MAPK pathway, topo-
isomerase II-o, Bcl-2, or the transcrip-
tion of genes involved in DNA
damage repair.[18,19] Furthermore,
bortezomib is not a substrate for the

multidrug resistance protein, a pro-
tein that is overexpressed in tumors
resistant to a variety of chemotherapy
agents.[19]

Bortezomib’s effects on the tumor
microenvironment include disruption
of cellular adhesion of cancer cells to
bone marrow stromal cells; this adhe-
sion is recognized as a principal pro-
moter of tumor cell growth and
survival. Cell-cell adhesion initiates
the production of growth factors (eg,
interleukin-6) that stimulate tumor re-
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sistance to chemotherapy.[17,18] Fi-
nally, bortezomib has been shown to
inhibit tumor angiogenesis, probably
as a result of decreased vascular en-
dothelial cell growth factor secretion
and high levels of endothelial cell
apoptosis. In preclinical models, bor-
tezomib markedly decreased micro-
vessel density and inhibited the
activity of proangiogenic cytokines
(eg, vascular endothelial growth fac-
tor [VEGF]).[16,22] The ability of
bortezomib to inhibit tumor cell pro-




liferation, selectively induce apopto-
sis in proliferating cells, alter the tu-
mor microenvironment, inhibit
angiogenesis, and overcome resistance
to standard therapies encouraged in-
vestigators to initiate clinical trials
with this agent.

Phase I Clinical Studies
¢ Single-Agent Bortezomib—Two
phase I trials have evaluated single-
agent bortezomib for the treatment of
refractory and/or relapsed hematolog-
ic malignancies and solid tumors.[23-
25] Orlowski and colleagues[23]
evaluated a twice-weekly regimen of
bortezomib in patients with refract-
ory hematologic malignancies; the
maximum tolerated dose was 1.04
mg/m? administered twice weekly for
4 weeks of a 6-week cycle. Protea-
some inhibition was dose-dependent,
with the maximum tolerated dose pro-
viding 60% = 1% inhibition; protea-
some activity returned toward baseline
within 72 hours. Electrolyte distur-
bances, particularly hyponatremia and
hypokalemia, and cytopenias were
common at the maximum tolerated
dose; thrombocytopenia was the most
common maximum tolerated dose—
related cytopenia, but patients experi-
enced a recovery of their platelet
counts to their baseline level or high-
er before starting the next cycle. Evi-
dence of antitumor activity was noted
for 9 of 9 assessable patients with
multiple myeloma, with 1 patient ob-
taining a complete response.
Twice-weekly bortezomib was also
evaluated in patients with advanced
solid tumors.[24] The original publi-
cation of this study suggested a maxi-
mum tolerated dose of 1.56 mg/m?
administered twice weekly for 2 weeks
of a 3-week cycle; however, the dose
recommended for further clinical
study by the principal investigator was
1.3 mg/m>[25] Again, PI was dose
dependent, with the 1.3 mg/m? maxi-
mum tolerated dose providing 65%
inhibition and the 1.56 mg/m? maxi-
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mum tolerated dose producing 68%
inhibition.[24] Cytopenias were less
common with this regimen, with only
one episode of grade 3 anemia report-
ed with bortezomib 1.3 mg/m?.[24]
Although grades 3/4 neutropenia and
thrombocytopenia were not reported
at this dose, bortezomib 1.56 mg/m?
was associated with the development
of these hematologic toxicities as well
as dose-limiting toxicities of grade 3
diarrhea and grade 3 sensory neurop-
athy. Diarrhea and sensory neuropa-
thy may also have been dose related.
In this heavily pretreated patient pop-
ulation, one patient with non—small-
cell lung cancer (NSCLC) had a partial
response and three patients (nasopha-
ryngeal carcinoma, malignant mela-
noma, and renal cell carcinoma, one
each) experienced stable disease. The
median duration of stable disease was
4 months (range: 2.5-5 months).

Several ongoing phase I or I/II stud-
ies are evaluating different regimens
in both hematologic malignancies and
solid tumors, including bortezomib
once weekly for 4 weeks repeated ev-
ery 6 weeks and twice weekly every
other week.[26-28]

* Bortezomib in Combination With
Chemotherapy—Several phase I
studies have evaluated bortezomib
combined with various chemothera-
py agents for the treatment of hema-
tologic malignancies and solid tumors
(Table 1).[29-33] For example, bort-
ezomib combined with liposomal dox-
orubicin (Doxil) was evaluated in 41
patients with refractory hematologic
malignancies.[29] This combination
was selected because preclinical study
results suggested that PI by borte-
zomib may enhance tumor sensitivity
to anthracyclines by downregulating
the activation of the NF-xB and
p44/42 MAPK pathways.[6]

During cycle 1, grade 3 or 4 ad-
verse events at the maximum tolerat-
ed dose included thrombocytopenia,
constipation, neuropathy, and hyper-
glycemia; however, repeated admin-
istration of the first-cycle maximum
tolerated dose necessitated dose re-
ductions and delays.[29] Therefore,
the dose recommended for phase II
trials (ie, bortezomib 1.3 mg/m? twice
weekly for 2 weeks and liposomal
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doxorubicin 30 mg/m? on day 4, with
cycles repeated every 3 weeks) was
lower than the maximum tolerated
dose reported during cycle 1. This
combination displayed disease activi-
ty not only in patients with multiple
myeloma, but also in patients with
acute myelogenous leukemia, non-
Hodgkin’s lymphoma (NHL),
Hodgkin’s disease, myelodysplastic
syndromes, and chronic lymphocytic
leukemia. As in phase I studies evalu-
ating bortezomib alone, PI was dose
dependent and did not increase with
the use of liposomal doxorubicin.[29]

Phase I studies assessed bortezomib
combined with either gemcitabine,
gemcitabine and carboplatin (Parapl-
atin), irinotecan, or 5-FU/leucovorin,
in patients with solid tumors (see Ta-
ble 1).[30-33] Various doses of borte-
zomib and gemcitabine were
evaluated; the maximum tolerated
dose was bortezomib 1 mg/m?* and
gemcitabine 1,000 mg/m2.[30] Table
1 lists the toxicities at the maximum
tolerated dose. One patient with re-
lapsed metastatic NSCLC experienced
a partial response despite previous
treatment with numerous chemother-
apy agents, including gemcitabine.

Activity of bortezomib in NSCLC
was also reported with gemcitabine
and carboplatin.[31] The maximum
tolerated dose in this trial was borte-
zomib 1 mg/m? gemcitabine 1,000
mg/m?, and carboplatin at an area un-
der the concentration-time curve of
5 (see Table 1). Four patients experi-
enced a partial response and seven
patients experienced stable dis-
ease.[31] In the irinotecan-bortezomib
trial, the maximum tolerated dose was
bortezomib 1.3 mg/m? and irinotecan
125 mg/m?2.[32] Although concern
about additive toxicities, particularly
diarrhea, exists with this combination,
no grade 3 or 4 adverse events were
reported at the maximum tolerated
dose. Two patients, one with gastro-
esophageal junction adenocarcinoma
(unconfirmed) and one with ovarian
cancer, achieved a response (un-
specified).

Weekly 5-FU/leucovorin has also
been evaluated with bortezomib (see
Table 1).[33] The maximum tolerat-
ed dose was bortezomib 0.7 mg/m?
with 5-FU 500 mg/m?, and leucovor-




in 20 mg/m?. One patient with esoph-
ageal cancer experienced a partial re-
sponse and eight patients with either
colorectal cancer or anal cancer expe-
rienced stable disease.[33]

Several other phase I or I/II studies
are evaluating bortezomib in combi-
nation with chemotherapy agents, in-
cluding liposomal doxorubicin,
docetaxel, and carboplatin.[34-37]
The results of these and ongoing phase
I trials evaluating single-agent borte-
zomib are eagerly awaited and may
define the optimal regimen of borte-
zomib as a single agent or in combi-
nation with other agents.

Phase II Clinical Studies

Phase II clinical trials have evalu-
ated bortezomib administered twice
weekly for 2 weeks, with cycles re-
peated every 3 weeks, as treatment of
solid tumors (bortezomib alone) or
hematologic malignancies (borte-
zomib alone or in combination with
dexamethasone) (Table 2).[25,38-44]
The largest study, the SUMMIT trial,
evaluated bortezomib in 202 patients
with multiple myeloma who had re-
ceived a median of six prior therapies
(see Table 2).[25,38] Of 193 assess-
able patients, 7 patients (4%) achieved
a complete response, 12 (6%)
acheived a near complete response,
and 34 (18%) achieved a partial re-
sponse; responses occurred indepen-
dent of the number and type of
previous therapies.[38] Additionally,
response rates in patients with a chro-
mosome 13 abnormality, a poor prog-
nostic indicator, and patients without
this abnormality did not differ.[25]
The median time to disease progres-
sion in all 202 patients receiving bort-
ezomib was 7 months, which was
significantly longer than the median
time to disease progression (3 months)
with the last prior treatment patients
had received before study entry
(P =.01).[38] Table 2 lists the grade 3
and 4 toxicities associated with borte-
zomib administration.

A smaller study (the CREST trial)
evaluated bortezomib in 54 patients
with relapsed or refractory multiple
myeloma who had received a median
of three prior therapies.[39] Borte-
zomib 1 or 1.3 mg/m? was adminis-
tered using the same schedule as that

in the SUMMIT trial (see Table
2).[39] The overall response rate
(complete plus partial response) in 53
assessable patients was 30% and 38%
for the 1- and 1.3-mg/m? groups, re-
spectively, with one complete re-
sponse observed at each dose
level.[39] The median time to disease
progression was 212 days for the
1-mg/m?* group and 333 days for the
1.3-mg/m? group.[39]

In both the SUMMIT and CREST
trials, patients with disease progres-
sion or stable disease after two and
four cycles, respectively, could re-
ceive dexamethasone 20 mg orally on
the day of and the day after borte-
zomib administration; 78 patients in
the SUMMIT trial and 28 patients in
the CREST trial received dexametha-
sone.[40] The addition of dexametha-
sone improved response rates in 18%
and 33% of patients in the SUMMIT
and CREST trials, respectively, in-
cluding patients refractory to dexa-
methasone alone. The median time to
disease progression for these patients
was 5.7 months (SUMMIT) and 6.8
months (CREST). Importantly, the
addition of dexamethasone did not
increase toxicities associated with sin-
gle-agent bortezomib.[40]

A phase II study evaluated borte-
zomib 1.3 mg/m?in patients with man-
tle cell lymphoma (MCL) who had
received 0 to 2 prior therapies.[41] Of
13 assessable patients, 5 patients
(38.5%) experienced a partial response
and 5 patients (38.5%) experienced
stable disease. Five patients experi-
enced treatment-limiting fluid reten-
tion and/or dyspnea. Therefore, the
investigators modified the protocol to
exclude patients with preexisting flu-
id retention or dyspnea.[41]

Two additional phase II studies
have evaluated 1.5 mg/m? bortezomib
in patients with relapsed or refractory
NHL.[42,43] In one study, patients
with MCL experienced a 48% re-
sponse rate (complete, 26%; partial,
22%). Responses were also observed
in other B-cell lymphomas, including
one complete response (follicular lym-
phoma) and two partial responses (one
diffuse large cell lymphoma, one
Waldenstrom’s macroglobuline-
mia).[42] A second study produced
similar results, with an overall re-
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sponse rate of 55%, including a 7%
complete response rate (follicular lym-
phoma) and 48% partial response rate
(17% follicular lymphoma, 21%
MCL, 3% small-cell lymphocytic
lymphoma—chronic lymphocytic
leukemia, 7% marginal zone lympho-
ma).[43] Toxicities in both studies
were manageable, with the most com-
mon grade 3 or 4 toxicities being
thrombocytopenia and lymphopenia,
respectively (see Table 2).[42,43]

Bortezomib 1.5 mg/m? has also been
evaluated in patients with stage 4 renal
cell carcinoma who had received mini-
mal pretreatment (median: 1 prior ther-
apy).[44] Dose escalation to 1.7 mg/m?
was permitted beginning with cycle 2
in patients who developed less than or
equal to grade 2 toxicities during cycle
1. Twenty-one patients received a total
of 74 treatment cycles: 34 cycles at 1.7
mg/m?, 36 at 1.5 mg/m?, and 4 at 1.3
mg/m?. One patient had a partial re-
sponse, and six patients had stable dis-
ease; enrollment in this study was
ceased because of a lack of response.
Toxicities reported were similar to tox-
icities reported in other trials (see Ta-
ble 2). Although 10% of patients
experienced grades 3 or 4 neuropathy,
the incidence for all grades of neuropa-
thy was 47%. A correlation between
the number of doses given or the cu-
mulative dose of bortezomib and the
development of neuropathy was not
observed.

Kondagunta and colleagues[45]
conducted a similar study in 37 meta-
static renal cell cancer patients who
had either received no prior therapy
(49%) or cytokine therapy alone
(51%). Bortezomib 1.5 mg/m? was
administered to the first 25 patients
enrolled in the study; however, the
dose was decreased to 1.3 mg/m? for
the subsequent 12 patients, because
more than 50% of the patients receiv-
ing bortezomib 1.5 mg/m? required
toxicity-related dose reductions, pri-
marily due to grade 2 or 3 peripheral
neuropathy, fatigue, thrombocytope-
nia, and anemia. A partial response
was observed in 4 patients (11%) and
stable disease in 14 patients (38%). In
the four patients with a partial re-
sponse, durations of response ranged
from 8 to more than 20 months. The
median time to disease progression




Table 2

Phase Il Clinical Trials Evaluating Bortezomib

Cancer No. Enrolled/
Type Assessable?
Relapsed, 202/193
refractory MM
(SUMMIT
trial)[25,38]
Relapsed, 54/53
refractory
MM (CREST
trial)[39]
Mantle cell 14/13
lymphoma[41]
Relapsed, MCL
refractory 29/23
NHL[42]
Other B-cell
lymphomas
22/19

Regimen

Bortezomib 1.3 mg/m?
twice weekly x 2 wk
q3wk®

Bortezomib 1 or
1.3 mg/m? twice weekly
x 2 wk, q3wk®

1.3 mg/m? twice
weekly x 2 wk
q3wk

1.5 mg/m? twice
weekly x 2 wk,
q3wk

End Point
CR: 4%
NCR: 6%
PR: 18%

1 mg/m?
CR: 4%
NCR: 7%
PR: 19%
MR: 4%
SD: 26%

1.3 mg/m?
CR: 4%
NCR: 0%
PR: 35%
MR: 12%
SD: 19%

PR: 38.5%
SD: 38.5%

MCL

CR: 26%
PR: 22%
SD: 16%
Other B-cell
lymphomas
CR: 5%
PR: 11%
SD: 26%

Grade 3/4
Toxicities

Anemia: 8%

Diarrhea: 8%

Fatigue: 12%
Neuropathy: 12%
Neutropenia: 14%
Thrombocytopenia: 31%
Vomiting: 8%

Lymphopenia: 11%-12%
Neuropathy: 8%-15%
Neutropenia: 11%-23%
Thrombo-

cytopenia: 23%-29%

Death secondary

to acute vascular

leak syndrome

or severe edema: 23%

Diarrhea: 4%

Fatigue: 18%
Hypotension: 4%
Nausea: 8%
Neuropathy: 6%
Neutropenia: 14%
Thrombocytopenia: 46%
Vomiting: 4%

Comments

o Patients received a

median of 6 prior therapies
(eg, corticosteroids,
alkylating agents,
anthracyclines, thalidomide,
PBSCT, investigational therapy)
e Overall median TTP, 7 mo;
median TTP for responders,
13 mo

e Median OST, 16 mo

e Median duration of response,
12 mo

e Responses associated
with increase of Hgb by 1-2
g/dL and reduction in PRBC
transfusions after 4 cycles in
patients with CR or PR

e 80% of patients had
peripheral neuropathy at
enrollment; 34% experienced
new or worsening peripheral
neuropathy during study

o Patients received a median
of 3 prior therapies (eg, corti-
costeroids, alkylating agents,
anthracyclines, thalidomide,
PBSCT, radiation therapy,
other therapies)

e Median TTP, 212 d and

333 d for 1- and 1.3-mg/m?
groups, respectively

e Median OST, 26.7 mo and NR
for 1- and 1.3-mg/m? groups,
respectively

e Median duration of response
288 and 417 d in the 1- and
1.3-mg/m? groups, respectively
e 71% of patients had
peripheral neuropathy at
baseline; 28% reported
new-onset symptoms

o All patients enrolled had
stage IV disease

o Treatment-limiting fluid
retention and/or dyspnea
reported in 5 patients; death
resulted in 3 patients. All 5
patients had symptoms of
fluid retention and/or
dyspnea at baseline

e Patients with MCL and
other B-cell lymphomas
received median of 3 or 4
prior therapies, respectively
o No disease progression in
73% of patients with MCL
after median follow-up of 5.6
mo (range: 1.5-19 mo)

e Median TTP not reached
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Table 2 continued

Cancer No. Enrolled/ Grade 3/4
Type Assessable® Regimen End Point Toxicities Comments
Relapsed, Follicular: 15/12 1.5 mg/m? twice weekly CR: 7% Lymphopenia: 38% e Patients received < 3
follicular MCL: 17/11 x 2 wk, q3wk (follicular Motor neuropathy: 3%  prior cytotoxic therapies (eg,
lymphoma SLL/CLL: 4/4 lymphoma) Sensory neuropathy: 5% alkylating agents, purine
and MCL[43]  Marginal zone: PR: 48% Thrombocytopenia: 13% analogs, monoclonal
3/2 (17% follicular antibodies, HDC/PBSCT)
lymphoma, e 54% of patients received
21% MCL, rituximab once
3% SLL/CLL, e 26% of patients received
7% marginal rituximab 2 or more times
zone lymphoma)
SD: 41%
(14% follicular
lymphoma,
17% MCL,
10% SLL/CLL)
Renal cell 23/21 1.5 mg/m?twice weekly PR: 5% Anemia: 10% e Patients received median
carcinoma[44] x 2 wk, q3wk® SD: 29% Diarrhea: 24% of 1 prior therapy, excluding
Fatigue: 14% radiation therapy (eg,
Fluid/electrolyte immunotherapy, other
toxicity: 29% therapy)
Nausea: 19% ® 43% of patients had no
Neuropathy: 10% prior systemic therapy
Thrombocytopenia: 24% e 90% of patients had no
Vomiting: 14% prior nephrectomy
e Enroliment ceased after 21
patients had been assessed
because of lack of efficacy
Renal cell 37/37 1.3-1.5 mg/m? twice  PR: 11% Anemia: 17% e 49% of patients had no
carcinomal[45] weekly x 2 wk, g8wk  SD: 38% Diarrhea: 10% prior systemic therapy
Fatigue: 49% e 51% of patients had
Hyperkalemia: 24% prior cytokine therapy
Nausea: 27% (eg, IFN, IL-2)
Neuropathy: 27% e 62% of patients had prior
Thrombocytopenia: 19% nephrectomy
Vomiting: 5%
aAssessable for efficacy.

"Dexamethasone 20 mg po on day of and day after each dose of bortezomib permitted in patients with SD or progressive disease after 2 or 4 cycles;
however, end point data reported with bortezomib only.[40]
°Escalation of dose to 1.7 mg/m?2 permitted beginning in cycle 2 if patients experienced < grade 2 toxicity in cycle 1.

CLL = chronic lymphocytic leukemia; CR = complete response; HDC = high-dose chemotherapy; Hgb = hemoglobin; IFN = interferon; IL-2 = interleukin-2;
MCL = mantle cell ymphoma; MM = multiple myeloma; MR = minor response; NA = not available; NCR = near complete response; NHL = non-Hodgkin’s
lymphoma; NR = not reached; OST = overall survival time; PBSCT = peripheral blood stem cell transplantation; PR = partial response; PRBC = packed
red blood cell; SD = stable disease; SLL = small lymphocytic lymphoma; TTP = time to disease progression.

was 1.4 months and the median sur-
vival time was 7.5 months (median
follow-up: 11.7 months [range: 3.7—
20.9 months]). Peripheral neuropathy
occurred in 27% of all patients, 28%
of patients receiving bortezomib 1.5
mg/m?, and 25% of patients receiving
1.3 mg/m?. The authors concluded that
only a small portion of patients with
renal cell carcinoma are likely to re-
spond to bortezomib therapy and do
not recommend routine use of borte-
zomib in this patient population.[45]

Bortezomib has also been evaluat-
ed in patients with hepatocellular car-
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cinoma, soft tissue sarcoma, and
NSCLC.[46-49] Preliminary results of
these studies suggest promising ac-
tivity of bortezomib in patients with
metastatic or recurrent sarcomas and
advanced NSCLC.[46-49]

Predictors of Response

The results of a retrospective mul-
tivariate analysis have reported pre-
dictors of response to bortezomib in
patients with refractory or relapsed
multiple myeloma.[50] Older age (ie,
> 65 years) was associated with a low-
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er response rate and longer time to
treatment response; however, age was
not predictive of duration of response,
time to disease progression, or over-
all survival time.[50] Elevated levels
of C-reactive protein and the pres-
ence of more than 50% plasma cells
in the bone marrow were predictive
of alonger time to treatment response.

Financial Disclosure: Dr. Dalton has re-
ceived grant support from Millennium Phar-
maceuticals, Inc.




Low albumin levels and Karnofsky
performance scale scores were pre-
dictors of shorter response duration
and overall survival time. Additional-
ly, elevated levels of C-reactive pro-
tein and abnormal cytogenetics were
found to be predictors of shorter time
to disease progression, and the pres-
ence of more than 50% plasma cells
in bone marrow and low platelet
counts were associated with a de-
creased overall survival time.[50]

Another predictor of response may
be an increase in bone alkaline phos-
phatase level without an increase in
gamma glutaryl transferase level,
which occurred in patients with mul-
tiple myeloma who responded to com-
bination therapy with bortezomib,
thalidomide (Thalomid), and dexa-
methasone.[51] Finally, pharmaco-
genomics may predict time to disease
progression after treatment with bor-
tezomib; preliminary results indicate
that numerous genes associated with
proliferation, survival, signaling, and
the UPP correlate with time to disease
progression.[50] Although these prog-
nostic factors may enable clinicians
to predict which patients will have a
better response to bortezomib, their
use is currently limited to patients with
refractory or relapsed multiple my-
eloma. Future studies are warranted
to address the clinical applicability of
these prognostic factors to other types
of malignancies.

Future Directions

Long-Term Therapy
With Bortezomib

Studies of bortezomib have usually
investigated eight or fewer cycles. Ber-
enson and colleagues[52] evaluated the
long-term use of bortezomib, with or
without dexamethasone, in 59 patients
with refractory or relapsed multiple
myeloma initially treated with eight
cycles of bortezomib, with or without
dexamethasone. Bortezomib alone (me-
dian duration: 12 cycles; range: 7-24
cycles) or in combination (median du-
ration: 5 cycles, range: 0-17 cycles)
appeared to be well tolerated.[52] In-
terestingly, the incidence of peripheral
neuropathy, gastrointestinal complaints
(eg, nausea, vomiting, constipation), fa-
tigue, rash, and neutropenia decreased

in patients receiving more than eight
cycles of bortezomib; however, the in-
cidence of lower-extremity edema in-
creased compared with patients who
received eight or fewer cycles of borte-
zomib.[38,52] Possible explanations for
these differences in adverse events in-
clude improved management of adverse
events, smaller sample size, number of
patients receiving dexamethasone, and
bias in reporting only responding pa-
tients. Although bortezomib has been
administered for as long as 32 cycles in
some patients, the optimal duration of
therapy with this agent has not been
defined.[52]

The phase I11, international, multi-
center Assessment of Proteasome In-
hibition for Extending Remissions
(APEX) trial is also evaluating long-
term bortezomib therapy in patients
with earlier-stage relapsed or refrac-
tory multiple myeloma (patients hav-
ing received one to three prior
therapies).[53] Patients receive induc-
tion therapy with either (1) bortezomib
1.3 mg/m? twice weekly for
2 weeks, with cycles repeated every
3 weeks for 8 cycles, followed by
weekly bortezomib for 4 weeks, with
cycles repeated every 5 weeks for
3 cycles; or (2) oral dexamethasone
40 mg/d on days 1 through 4,
9 through 12, and 17 through 20 re-
peated every 5 weeks for 4 cycles,
followed by 40 mg/d on days 1
through 4 every 28 days for 3 cycles.
Depending on the response, patients
in either treatment arm may continue
therapy for up to 10 months.[54]

A planned interim analysis demon-
strated a 58% improvement in median
time to disease progression (borte-
zomib, 5.7 mo vs dexamethasone,
3.6 mo; P < .0001). Patients treated
with bortezomib had a higher incidence
of grade 3 or 4 hematologic, gastrointes-
tinal, and nervous system adverse
events, whereas patients treated with
dexamethasone had a higher incidence
of grade 3 or 4 psychiatric, metabolic,
and infectious adverse events.[53]
Based on time to disease progression
and an early survival advantage for bor-
tezomib, the data monitoring commit-
tee recommended that the study be
closed early and bortezomib offered to
all patients treated on the dexametha-
sone arm.

Quality of Life and
Cost-Effectiveness of Bortezomib

Bortezomib has primarily been
evaluated in patients with advanced
or refractory cancers. In these patients,
the goals of therapy are usually cost-
effective prolongation of survival and
improvement of quality of life. In the
SUMMIT trial, quality of life was as-
sessed using validated quality-of-life
questionnaires (eg, European Organi-
zation for Research and Treatment of
Cancer Quality of Life Questionnaire-
C30).[55] Responding patients expe-
rienced a decrease in disease
symptoms, pain, fatigue, and an over-
all improvement in their quality of
life compared with baseline.[55]
These improvements may have been
associated with an increase in normal
immunoglobulin levels, improved he-
moglobin levels and platelet counts,
better renal function, and decreased
requirement for red blood cell trans-
fusions, all of which were observed in
responding patients. However, quali-
ty-of-life data by its nature is subjec-
tive and was collected in an unblinded
manner. Furthermore, no internal con-
trol group existed, and bortezomib’s
effect on quality of life in nonrespond-
ing patients was not reported.
Despite these limitations, results of
the SUMMIT trial showed borte-
zomib to be cost-effective compared
with best-supportive care or thalido-
mide, with a marginal cost-per-life-
year gain of $49,807 and $21,758,
respectively.[56]

Conclusions

Proteasome inhibition is a new and
promising treatment option for cer-
tain patients with cancer. The protea-
some inhibitor bortezomib is the first
agent in this novel class of antineo-
plastics to be studied in clinical trials
and receive FDA approval. Preclini-
cal study results suggest that borte-
zomib has a unique mechanism of
action and may display selective tar-
geting of malignant cells over normal
cells. Furthermore, these study results
suggest that bortezomib may over-
come resistance of cancer cells to stan-
dard chemotherapy agents and
radiation therapy in patients with re-
lapsed or refractory disease. Results
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of studies evaluating bortezomib in
patients with renal cell carcinoma are
mixed.[44] Additionally, the use of
bortezomib in combination with che-
motherapy may allow for the use of
lower doses of cytotoxic chemothera-
py agents, which may minimize tox-
icity and decrease the likelihood of
developing drug resistance.[57,58]
Bortezomib has been investigated
primarily as a salvage therapy. How-
ever, current and future trials are now
and will be investigating bortezomib
as first-line therapy.[59,60] Finally, a
fuller understanding about the regu-
lation of the cell cycle and interac-
tions among various proteins may lead
to the use of bortezomib in combina-
tion with other targeted, nonstandard
chemotherapy agents.[61]

References

1. Chu E, DeVita VT: Principles of cancer
management: Chemotherapy, in DeVita VT,
Hellman S, Rosenberg SA (eds): Cancer Prin-
ciples and Practice of Oncology, pp 289-306.
Philadelphia, Lippincott Williams and Wilkins,
2001.

2. Adams J: The development of proteasome
inhibitors as anticancer drugs. Cancer Cell
5:417-421, 2004.

3. Hershko A: Lessons from the discovery
of the ubiquitin system. Trends Biochem Sci
21:445-449, 1996.

4. Richardson PG, Hideshima T, Anderson
KC: Bortezomib (PS-341): A novel, first-in-
class proteasome inhibitor for the treatment of
multiple myeloma and other cancers. Cancer
Control 10:361-369, 2003.

5. Adams J: The proteasome: Structure, func-
tion, and role in the cell. Cancer Treat Rev
29(suppl 1):3-9, 2003.

6. Voorhees PM, Dees EC, O’Neil B,
Orlowski RZ: The proteasome as a target for
cancer therapy. Clin Cancer Res 9:6316-6325,
2003.

7. European commission grants marketing
authorization to Millennium for VELCADE (R)
(bortezomib).  Available at: http://
investor.millennium.com/phoenix.
zhtml?c=80159&p=irol-newsArticle&ID
=519789&highlight=. Accessed July 21, 2004.

8. Kisselev AF, Goldberg AL: Proteasome
inhibitors: from research tools to drug candi-
dates. Chem Biol 8:739-758, 2001.

9. Magill L, Walker B, Irvine AE: The
proteasome: a novel therapeutic target in
haematopoietic malignancy. Hematology
8:275-283, 2003.

10. LeBlanc R, Catley LP, Hideshima T, et
al: Proteasome inhibitor PS-341 inhibits hu-
man myeloma cell growth in vivo and prolongs
survival in a murine model. Cancer Res
62:4996-5000, 2002.

11. Adams J, Palombella VJ, Sausville EA,

et al: Proteasome inhibitors: A novel class of
potent and effective antitumor agents. Cancer
Res 59:2615-2622, 1999.

12. Pink MM, Pien CS, Worland P, et al:
PS-341 enhances chemotherapeutic effect in
human xenograft models (abstract 787). Proc
Am Assoc Cancer Res 43:158, 2002.

13. Bold RJ, Virudachalam S, McConkey
DJ: Chemosensitization of pancreatic cancer
by inhibition of the 26S proteasome. J Surg
Res 100:11-17, 2001.

14. Shah SA, Potter MW, McDade TP, et al:
26S Proteasome inhibition induces apoptosis
and limits growth of human pancreatic cancer.
J Cell Biochem 82:110-122, 2001.

15. Cusack JC Jr, Liu R, Houston M, et al:
Enhanced chemosensitivity to CPT-11 with
proteasome inhibitor PS-341: Implications for
systemic nuclear factor-xB inhibition. Cancer
Res 61:3535-3540, 2001.

16. Ma MH, Yang HH, Parker K, et al: The
proteasome inhibitor PS-341 markedly en-
hances sensitivity of multiple myeloma tumor
cells to chemotherapeutic agents. Clin Cancer
Res 9:1136-1144, 2003.

17. Hideshima T, Richardson P, Chauhan D,
et al: The proteasome inhibitor PS-341 inhib-
its growth, induces apoptosis, and overcomes
drug resistance in human multiple myeloma
cells. Cancer Res 61:3071-3076, 2001.

18. Mitsiades N, Mitsiades CS, Richardson
PG, et al: The proteasome inhibitor PS-341
potentiates sensitivity of multiple myeloma
cells to conventional chemotherapeutic agents:
therapeutic applications. Blood 101:2377-
2380, 2003.

19. Cusack JC: Rationale for the treatment
of solid tumors with the proteasome inhibitor
bortezomib. Cancer Treat Rev 29(suppl 1):21-
31, 2003.

20. Russo SM, Tepper JE, Baldwin AS Jr, et
al: Enhancement of radiosensitivity by
proteasome inhibition: implications for a role
of NF-xB. Int J Radiat Oncol Biol Phys 50:183-
193, 2001.

21. Frankel A, Man S, Elliot P, et al: Lack
of multicellular drug resistance observed in
human ovarian and prostate carcinoma treated
with the proteasome inhibitor PS-341. Clin
Cancer Res 6:3719-3728, 2000.

22. Sunwoo JB, Chen Z, Dong G, et al: Novel
proteasome inhibitor PS-341 inhibits activation
of nuclear factor-xB, cell survival, tumor growth,
and angiogenesis in squamous cell carcinoma.
Clin Cancer Res 7:1419-1428, 2001.

23. Orlowski RZ, Stinchcombe TE, Mitchell
BS, et al: Phase I trial of the proteasome in-
hibitor PS-341 in patients with refractory he-
matologic malignancies. J Clin Oncol 20:4420-
4427, 2002.

24. Aghajanian C, Soignet S, Dizon DS, et
al: A phase I trial of the novel proteasome in-
hibitor PS341 in advanced solid tumor malig-
nancies. Clin Cancer Res 8:2505-2511, 2002.

25. Kane RC, Bross PF, Farrell AT, et al:
Velcade: US FDA approval for the treatment
of multiple myeloma progressing on prior
therapy. The Oncologist 8:508-513, 2003.

26. Shetty V, Verspoor F, Nguyen H, et al:
Effect of proteasome inhibition by bortezomib
on tumor necrosis factor alpha (TNF-o)) and
apoptosis in patients with myelodysplastic syn-

12 ONCOLOGY ¢ VOLUME 18 « NUMBER 14 ¢ SUPPLEMENT

dromes (MDS) (abstract 1534). Blood
102:442a, 2003.

27. Papandreou C, Daliani D, Millikan RE,
et al: Phase I study of intravenous (I.V.)
proteasome inhibitor PS-341 in patients (pts)
with advanced malignancies (abstract 340).
Proc Am Soc Clin Oncol 20:86, 2001.

28. Hamilton AL, Eder JP, Pavlick AC, et
al: PS-341: phase I study of a novel proteasome
inhibitor with pharmacodynamic endpoints
(abstract 336). Proc Am Soc Clin Oncol 20:85a,
2001.

29. Orlowski RZ, Voorhees P, Garcia R, et
al: Phase I study of the proteasome inhibitor
bortezomib in combination with pegylated li-
posomal doxorubicin in patients with refrac-
tory hematologic malignancies (abstract 1639).
Paper presented at the Annual Meeting of the
American Society of Hematology, San Diego,
December 6-9, 2003.

30. Appleman LJ, Ryan DP, Clark JW, et al:
Phase I dose escalation study of bortezomib
and gemcitabine safety and tolerability in pa-
tients with advanced solid tumors (abstract
839). Proc Am Soc Clin Oncol 22:209, 2003.

31. Davies AM, Lara PN, Lau D, et al: The
proteasome inhibitor, bortezomib, in combina-
tion with gemcitabine and carboplatin in ad-
vanced non-small cell lung cancer: Final re-
sults of a phase I California Cancer Consor-
tium study (abstract/poster 7106). Proc Am Soc
Clin Oncol 23:639, 2004.

32. Ryan DP, O’Neil B, Lima CR, et al:
Phase I dose-escalation study of the proteasome
inhibitor, bortezomib, plus irinotecan in pa-
tients with advanced solid tumors (abstract
915). Proc Am Soc Clin Oncol 22:228, 2003.

33. Igbal S, Cole S, Yang D, et al: Phase I
study of bortezomib with 5-FU/LV in advanced
solid tumors: A California Cancer Consortium
study (abstract/poster 2057). Proc Am Soc Clin
Oncol 23:141, 2004.

34. Dees EC, O’Neil B, Humes E, et al:
Phase I clinical trial of the proteasome inhibi-
tor bortezomib in combination with pegylated
liposomal doxorubicin in patients with refrac-
tory solid tumors (abstract 868). Proc Am Soc
Clin Oncol 22:217, 2003.

35. Albanell J, Baselga J, Guix M, et al:
Phase I study of bortezomib in combination
with docetaxel in anthracycline-pretreated ad-
vanced breast cancer (abstract 63). Proc Am Soc
Clin Oncol 22:16, 2003.

36. Dreicer R, Roth B, Petrylak D, et al:
Phase I/II trial of bortezomib plus docetaxel in
patients with advanced androgen-independent
prostate cancer (abstract/poster 4654). Proc Am
Soc Clin Oncol 23:418, 2004.

37. Aghajanian C, Dizon D, Yan XJ, et al:
Phase I trial of PS-341 and carboplatin in re-
current ovarian cancer (abstract 1815). Proc Am
Soc Clin Oncol 22:452, 2003.

38. Richardson PG, Barlogie B, Berenson
J, et al: A phase 2 study of bortezomib in re-
lapsed, refractory myeloma. N Engl J Med
348:2609-2617, 2003.

39. Jagannath S, Barlogie B, Berenson J, et
al: A phase 2 study of two doses of bortezomib
in relapsed or refractory myeloma. Br J Can-
cer 127:165-172, 2004.

40. Jagannath S, Richardson P, Barlogie B,
et al: Phase II trials of bortezomib in combina-




tion with dexamethasone in multiple myeloma:
assessment of additional benefits to combina-
tion in patients with sub-optimal response to
bortezomib alone (abstract/poster 2341). Proc
Am Soc Clin Oncol 22:582, 2003.

41. Assouline S, Belch A, Sehn L, et al: A
phase II study of bortezomib in patients with
mantle cell lymphoma (abstract/poster 3358).
Blood 102:902a-903a, 2003.

42. Goy A, Younes A, McLaughlin P, et al:
Update on a phase 2 study of bortezomib in
patients with relapsed or refractory indolent
or aggressive non-Hodgkin’s lymphoma (ab-
stract/poster 6581). Proc Am Soc Clin Oncol
23:575, 2004.

43. O’Connor OA, Wright J, Moskowitz CH,
et al: Marked clinical activity of the novel
proteasome inhibitor bortezomib in patients
with relapsed follicular and mantle cell lym-
phoma (abstract/poster 6582). Proc Am Soc
Clin Oncol 23:576, 2004.

44. Davis NB, Taber DA, Ansari RH, et al:
Phase II trial of PS-341 in patients with renal
cell cancer: A University of Chicago Phase II
Consortium Study. J Clin Oncol 22:115-119,
2004.

45. Kondagunta GV, Drucker B, Schwartz
L, et al: Phase II trial of bortezomib for pa-
tients with advanced renal cell carcinoma. J
Clin Oncol. 22:3720-3725, 2004.

46. Hegewisch-Becker S, Sterneck M,
Schubert U, et al: Phase I/II trial of bortezomib
in patients with unresectable hepatocellular
carcinoma (HCC) (abstract/poster 4089). Proc
Am Soc Clin Oncol 23:334, 2004

47. Maki RG, Kraft A, Demetri GD, et al: A
phase II multicenter study of proteasome in-
hibitor PS-341 (LDP-341, bortezomib) for un-
treated recurrent or metastatic soft tissue sar-
coma (STS); CTEP study 1757 (abstract 3291).

Proc Am Soc Clin Oncol 22:819, 2003.

48. Stevenson JP, Nho CW, Johnson SW, et
al: Phase II/pharmacodynamic trial of PS-341
(bortezomib, Velcade) in advanced non-small
cell lung cancer (abstract/poster 7145). Proc
Am Soc Clin Oncol 23:649, 2004.

49. Fanucchi M, Belt RJ, Fossella F, et al:
Phase 2 study of bortezomib + docetaxel in
previously treated advanced non—small cell
lung cancer patients: interim analysis (abstract/
poster 7107). Proc Am Soc Clin Oncol 23:640,
2004 .

50. Richardson PG, Barlogie B, Berenson
J, et al: Prognostic factors for response param-
eters and overall survival in patients with mul-
tiple myeloma (MM) following treatment with
bortezomib (abstract 1629). Paper presented at
the Annual Meeting of the American Society
of Hematology; San Diego, December 6-9,
2003.

51. Zangari M, Barlogie B, Lee C-K, et al:
Increment in bone phosphatase (ALP) in my-
eloma patients during treatment with Velcade,
thalidomide and dexamethasone (VTD) is a
strong predictor for response (abstract/poster
2544). Blood 102:687a, 2003.

52. Berenson JR, Jagannath S, Barlogie B,
et al: Experience with long-term therapy using
the proteasome inhibitor, bortezomib, in ad-
vanced multiple myeloma (MM) (abstract
2337). Proc Am Soc Clin Oncol 22:581, 2003

53. Richardson P, Sonneveld P, Schuster
MW, et al: Bortezomib vs dexamethasone in
relapsed multiple myeloma: A phase 3 random-
ized study (APEX). A report of the interim
analysis (abstract/poster 6511). Proc Am Soc
Clin Oncol 23:558, 2004. Available at http://
www.asco.org/ac/1,1003,_12-002511-00_18-
0026-00_19-008895,00.asp. Accessed July 21,
2004.

54. Richardson P: Clinical update:
Proteasome inhibitors in hematologic malignan-
cies. Cancer Treat Rev 29(suppl 1):33-39, 2003.

55. Lee S, Richardson PG, Barlogie B, et
al: Quality of life (QOL) and clinical benefit
assessment in patients with relapsed and refrac-
tory multiple myeloma (MM) treated with
bortezomib (abstract/poster 2339). Proc Am Soc
Clin Oncol 22:582, 2003.

56. Mehta J, Duff S, Gupta S: Bortezomib
is cost-effective for the treatment of relapsed
and refractory multiple myeloma (abstract
1822). Blood 102:500a-501a, 2003.

57. Yang HH, Swift R, Sadler K, et al: A
phase I/I1 trial of Velcade and melphalan com-
bination therapy (Vc + M) for patients with
relapsed or refractory multiple myeloma (MM)
(abstract 826). Blood 102:235a, 2003.

58. Dunleavy KM, Janik J, Grant N, et al:
Phase I/II study of bortezomib combined with
dose adjusted-EPOCH chemotherapy in relapsed
or refractory diffuse large B-cell lymphomas
(abstract 2349). Blood 102:636a-637a, 2003.

59. Cavenagh JD, Curry N, Stec J, et al: PAD
therapy (bortezomib, doxorubicin and dexa-
methasone) for untreated multiple myeloma
(MM) (abstract/poster 6550). Proc Am Soc Clin
Oncol 23:568, 2004.

60. Jagannath S, Durie BGM, Wolf J, et al:
First-line therapy with bortezomib (formerly
PS-341) in patients with multiple myeloma
(MM) (abstract/poster 6551). Proc Am Soc Clin
Oncol 23:568, 2004.

61. O’Connor O, Srinivasan S, Hernandez
F, et al: Oblimersen (Bcl-2 antisense) enhances
the antitumor activity of bortezomib in mul-
tiple myeloma and non-Hodgkin’s lymphoma
preclinical models (abstract 628). Blood
102:108a, 2003.

SUPPLEMENT ¢ DECEMBER 2004 « ONCOLOGY 13




