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Abstract

Bortezomib is a dipeptidyl boronic acid that selectively inhibits the ubiquitin proteasome pathway, which plays a role in the
degradation of many intracellular proteins. It is the first-in-class selective and reversible inhibitor of the 26S proteasome, with
antiproliferative and antitumor activity. It exerts its anti-neoplastic action mainly via the inhibition of the nuclear factor-xB
pathway components associated with cell proliferation, apoptosis, and angiogenesis. The drug has revolutionized the treat-
ment of multiple myeloma and, more recently, mantle cell lymphoma. In 2003, bortezomib received accelerated approval
from the US Food and Drug Administration for the treatment of relapsed/refractory multiple myeloma and in 2008 for patients
with previously untreated multiple myeloma. In 2006, bortezomib was approved for the treatment of refractory/relapsed
mantle cell lymphoma and, in 2014, for previously untreated mantle cell lymphoma. Bortezomib has also demonstrated
clinical efficacy both as a single drug and in combination with other agents in light chain amyloidosis, lymphoplasmacytic
lymphoma/Waldenstrom macroglobulinemia, and peripheral T-cell lymphomas. Furthermore, continued clinical studies are
required to confirm its value for patients with indolent and aggressive B-cell non-Hodgkin lymphomas and acute leukemias.

Bortezomib has antiproliferative and antitumor activ- Bortezomib (Velcade®) is a dipeptidyl boronic acid that
ity by inhibiting the proteasomal degradation of several selectively inhibits the ubiquitin proteasome pathway, which
regulatory ubiquitinated proteins. plays a role in the degradation of many intracellular pro-

teins (Fig 1). It is the first-in-class selective and reversible
inhibitor of the 26S proteasome: a multisubunit protein that
degrades proteins involved in multiple cellular processes,
including cell-cycle regulation, transcription factor activa-
tion, and apoptosis [1, 2]. It has revolutionized the treatment

Bortezomib has clinical activity in multiple myeloma,
mantle cell lymphoma, Waldenstrom macroglobuline-
mia, T-cell lymphoma amyloidosis, and other lym-
phoproliferative disorders.

Ongoing studies are currently evaluating combination of multiple myeloma (MM, plasma cell myeloma) and, more
regimens involving either cytotoxic or targeted therapies recently, mantle cell lymphoma (MCL). Bortezomib was co-
in lymphoid malignancies. developed by Millennium/Takeda and Janssen Pharmaceuti-

cal Companies and now is also available as a generic drug.
Despite being initially developed as an anti-inflammatory
and anti-cachectic agent, it was found to possess antitumor
activity in the late 1990s [3].

Bortezomib exerts substantial anti-myeloma activity
when it is used as a single drug or in combination with other
D4 Tadeusz Robak anti-cancer agents in both patients with previously untreated

robaktad@csk.umed.lodz.pl MM and in patients with relapsed/refractory MM [4-9]. In
2003, 7 years after the initial synthesis, bortezomib received
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Fig.1 Chemical structure of bortezomib

received regular approval from the FDA for the treatment
of MM progressing after at least one prior therapy in March

2005, and for patients with previously untreated MM in
2008 [11]. In 2006, bortezomib was approved for the treat-
ment of refractory/relapsed MCL and in 2014, for patients
with previously untreated MCL. In 2014, the FDA approved
the retreatment of adult patients with MM whose disease
had previously responded to bortezomib therapy but had
relapsed at least 6 months after completion. In 2014, it was
also approved for use in patients with previously untreated
MCL (Table 1) [12].

In the previous 3 years, several generic equivalents of
Velcade have become available. In 2015, the European Com-
mission granted a marketing authorization for Bortezomib
Accord (Accord Healthcare Ltd.) and in 2016 for Borte-
zomib Sun [SUN Pharmaceutical Industries (Europe) B.V.]
and Bortezomib Hospira. The implementation of generic
forms of bortezomib could massively reduce its price and
widen its use, even in lower income countries [13]. In this

Table 1 Indications for
bortezomib in hematologic

Disease

Approval

malignancies Multiple myeloma

Mantle cell lymphoma

AL amyloidosis

2003—FDA accelerated approval for Velcade
(Millennium/Johnson & Johnson) for R/R
MM

2004—EMA approval for patients with MM
who received at least two prior therapies and
demonstrated disease progression on last
therapy

2005—FDA regular approval of Velcade for
injection for MM progressing after at least
one prior therapy

2008—FDA approval of Velcade for injection
for previously untreated MM

2012—FDA and EMA approve subcutaneous
administration of Velcade in all approved
indications

2013—EMA approval for Velcade as induc-
tion therapy in combination with dexametha-
sone or thalidomide and dexamethasone

2014—FDA approval to Velcade for patients
with MM who reviously responded to
Velcade therapy and relapsed at least 6
months after the completion of prior Velcade
treatment

2015—EMA approval of generic Bortezomib
Accord

2016—EMA approval of generic Bortezomib
Hospira and Bortezomib Sun

2006—FDA approval to Velcade (bortezomib
for injection) for patients with MCL who
have received at least one prior treatment

2014—FDA and EMA approval of bortezomib
in patients with previously untreated MCL

Used as off-label treatment

Lymphoplasmacytic lymphoma/Waldenstrom macroglobu- Used as off-label treatment

linemia

Peripheral T-cell lymphomas

Used as off-label treatment

AL light chain, EMA European Medicines Agency, FDA US Food and Drug Administration, MCL mantle
cell lymphoma, MM multiple myeloma, R/R relapsed/refractory
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review, we present the current status of bortezomib with
regard to hematologic malignancies and outline future direc-
tions for its clinical use.

2 Mechanism of Action and Pharmacology

Bortezomib has a high degree of selectivity for the protea-
some and does not inhibit several other proteases [14, 15].
It realizes its antiproliferative and antitumor activity by
inhibiting the proteasomal degradation of several regulatory
ubiquitinated proteins [16, 17]. This inhibition is achieved
by bortezomib binding to the catalytic site of the 26S pro-
teasome, which it achieves with high affinity and specificity.
Bortezomib treatment has been associated with induction
of mitochondrial depolarization and apoptosis [18]. Bort-
ezomib inhibition of the proteasome results in increased
intracellular levels of p27 and p53; in addition, bortezomib
also induces cell death through the inhibition of nuclear
factor-kB activity, accumulation of misfolded proteins, the
activation of c-Jun N-terminal kinase, and stabilization of
cell-cycle inhibitors [19-23].

Bortezomib can be administered both intravenously and
subcutaneously [24]; however, subcutaneous administra-
tion is now recommended based on results of a large, ran-
domized, phase III non-inferiority trial (MMY-3021 trial)
performed in 222 patients with relapsed MM, which found
subcutaneous bortezomib to induce similar overall response
(OR) rate, time to progression, and 1-year overall survival
(OS) as intravenous administration [24]. In addition, subcu-
taneous administration was associated with improved toler-
ability, especially a reduction in peripheral neuropathy in
comparison with intravenous administration.

The approach is also more convenient for patients. Impor-
tantly, renal insufficiency does not influence the safety or
efficacy of bortezomib [25], nor does impairment of hepatic
function significantly influence its pharmacodynamic effect
[26]. The reduction in bortezomib administration frequency
from twice weekly to once weekly in combination regimens
did not reduce its efficacy but can improve safety [27-29].
Palumbo et al. compared these two methods of bortezomib
infusions in a phase III trial in patients with previously
untreated MM [30]. The complete response (CR) rate was
30% in the patients treated once weekly and 35% in the
patients receiving twice-weekly infusions (p = 0.27). Three-
year progression-free survival (PFS) was also similar (50%
vs. 47%, respectively, p = 1.00) as well as OS (88% vs. 89%,
p = 0.54). Nonhematologic grade 3/4 adverse events (AEs)
were observed in 35% of once-weekly treated patients and
51% of twice-weekly treated patients (p = 0.003). In addi-
tion, grade 3/4 peripheral neuropathy was observed in 8%
of patients in the once-weekly group and 28% of patients in
the twice-weekly group (p < 0.001). The use of bortezomib

is associated with an increased risk of varicella zoster virus
infection and the use of acyclovir or valacyclovir prophy-
laxis is recommended [31, 32]. Continuous prophylaxis by
daily, oral, ultra-low-dose acyclovir 200 mg/day in patients
with MM receiving bortezomib treatment can be effective
and sufficient in preventing varicella zoster virus [33].

3 Resistance to Bortezomib

Although bortezomib treatment has generally offered
encouraging results, primary and secondary resistance are
emerging problems, with most patients demonstrating drug-
resistant relapse following long-term treatment. In addition,
primary resistance is also observed and refractoriness to
bortezomib is a negative prognostic factor [34]. Resistance
has been attributed to several factors, including genetic
mutations, clonal evolution of MM cells, and bone marrow
microenvironment changes [35—47]. In preclinical studies,
upregulation of the proteasomal system in bortezomib-
resistant acute myeloid leukemia (AML) and MM model
cell lines has been observed [35]. Several reports attribute
the functional responsibility for the chymotrypsin-like activ-
ity of the proteasome to the presence of point mutations of
the PSMB)5 gene, which encodes for the 5 subunit of the
proteasome [36—39].

Another mechanism related to primary bortezomib resist-
ance is the post-translational modification and the loss of the
chromosomal region 8p21, causing increased expression of
C-MAF and MAF-B proteins [40]. In patients with a high
expression of these proteins, significantly poorer response
to bortezomib was observed. It has been found that while
50% of patients with del(8)(p21) responded to treatment
with bortezomib, a response was observed in 90% of patients
without this mutation [47].

Increased expression of the proteasome maturation pro-
tein has been observed in cell lines resistant to bortezomib
[48]. Proteasome maturation protein expression is essential
for de novo biogenesis of the proteasome, and its increased
expression is one route by which bortezomib resistance is
acquired [49, 50]. Another protein with a significant impact
on resistance to bortezomib is the X-box binding protein 1
(XBP1), which is a transcription factor necessary for the
final maturation of plasmablasts to plasmocytes and the
secretion of immunoglobulin [49]. X-box binding protein
1 also regulates the UPR mechanism by activating genes
necessary for UPR activation. Low levels of XBPSI gene
expression have been found to correlate with a lack of sen-
sitivity to bortezomib treatment. Two point mutations in
the XBP1I gene have been identified in cases of MM [50].
The XBPI-L1671 mutation has been shown to prevent the
XBP1 messenger RNA splicing process creating the active
form of the XBP1s protein [51]. Cells displaying XBPI gene
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mutations lose their sensitivity to bortezomib, thus resulting
in the acquisition of disease resistance [47].

Myristoylated alanine-rich C-kinase substrate is a mem-
brane protein that may serve as a possible indicator of bort-
ezomib resistance. Increased myristoylated alanine-rich
C-kinase substrate protein expression has been observed
in the PCM 8226RS5 cell line and in MM cells from some
patients refractory to bortezomib [50]. RPL5 gene expres-
sion is also a biomarker associated with response to bort-
ezomib therapy [48]: the RPL5 gene itself was identified
in 20—40% of patients with MM and its low expression was
found to correlate with longer PFS in patients with MM
treated with bortezomib [48]. In addition, low RPL5 expres-
sion levels correlated with longer survival in newly diag-
nosed and relapsed patients treated with bortezomib.

4 Bortezomib in Multiple Myeloma

Multiple myeloma is a malignant hematologic disorder char-
acterized by the clonal proliferation of plasma cells. The
annual incidence of MM is 4.5-6 cases per 100,000 [9]. Its
treatment has changed dramatically in recent years, with the
introduction of new drugs, both in the front-line setting and
in relapsed refractory disease. One of the main backbone
agents of antimyeloma treatment is bortezomib.

4.1 Bortezomib in Previously Untreated Multiple
Myeloma

Bortezomib is effective in patients with previously untreated
MM, including high-risk patient subgroups such as older
patients with comorbidities, patients with renal insufficiency,
and those with poor-risk cytogenetics including #(4;14) or
del(17p) [51, 52]. Based on the results of current phase III
trials, three-drug combinations including bortezomib and
dexamethasone are recommended as the standard induc-
tion regimens prior to autologous stem cell transplantation
(ASCT) in previously untreated patients (Table 2) [53-58].

Preferred primary regimens for transplant candidates
are bortezomib/thalidomide/dexamethasone (VTD),
bortezomib/cyclophosphamide/dexamethasone (VCD),
bortezomib/doxorubicin/dexamethasone (PAD), and
bortezomib/lenalidomide/dexamethasone [60—-67]. Sev-
eral phase III trials compared the efficacy and safety of
bortezomib-based triplet regimens in suitable patients
with previously untreated ASCT (Table 2). Bortezomib/
cyclophosphamide/dexamethasone have been shown to
be noninferior to PAD in transplant-eligible patients [54].
The OR rate was 72.1% in the PAD group and 78.1% in
the VCD arm (p = 0.15). However, VCD more commonly
led to grade >3 leukocytopenia and/or neutropenia (VCD
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35.2% vs. PAD 11.3%, p = 0.001). In another head-to-
head comparison, VTD resulted in higher response rates
than VCD in patients with newly diagnosed MM before
high-dose therapy and ASCT (61). The OR rate was sig-
nificantly higher in the VTD arm (92.3% vs. 83.4% in the
VCD arm; p = 0.01) including very good partial response
(VGPR) 66.3% vs. 56.2%, respectively (p = 0.05). Signifi-
cantly increased rates of grade 3 and 4 anemia, thrombocy-
topenia, and neutropenia were observed in the VCD arm.

Bortezomib/lenalidomide/dexamethasone is not con-
sidered a standard treatment for MM in Europe, owing
to a lack of approval by the European Medicines Agency
[68]. More recently, monoclonal antibodies, elotuzumab or
daratumumab, added to bortezomib triplet induction com-
binations are investigated with the aim to further increase
the deep of remission prior to ASCT. Consolidation and
maintenance therapy with bortezomib following ASCT
is associated with increased PFS and OS, especially in
patients with high-risk disease [6]. A recent study indi-
cated that bortezomib consolidation therapy is effective
in delaying disease progression and improving the quality
of responses in newly diagnosed patients following ASCT,
regardless of prior bortezomib exposure and is generally
well tolerated [69]. Patients aged 70 years and older are
usually considered ineligible for ASCT. According to the
current National Comprehensive Cancer Network Clinical
Practice Guidelines, preferred regimens for those patients
are VCD, bortezomib/lenalidomide/dexamethasone, and
lenalidomide/low-dose dexamethasone [70].

Bortezomib/lenalidomide/dexamethasone for trans-
plant-ineligible patients with PCM improves PFS and OS
in comparison with lenalidomide and dexamethasone [71].
In certain circumstances, bortezomib combined with dexa-
methasone is also useful in older patients unsuitable for
ASCT. Dublet or triplet bortezomib-based combinations
such as bortezomib/dexamethasone (VD), VTD, bort-
ezomib/melphalan/prednisone, bortezomib/thalidomide/
prednisone (VTP), bortezomib/melphalan/prednisone/
thalidomide, and bortezomib/thalidomide (VT) are used
in clinical practice. In the large randomized study, VTP
plus daratumumab was compared with VTP alone in 706
patients with newly diagnosed MM who were ineligible
for ASCT [65]. The OR rate was 90.9% in the daratu-
mumab group and 73.9% in the control group and the CR
rate was 42.6% and 24.4%, respectively (p < 0.001). At
a median follow-up of 16.5, the 18-month PFS rate was
71.6% in the VTP plus daratumumab group and 50.2% in
the VTP alone group (p < 0.001). Recently, daratumumab
in combination with bortezomib, melphalan, and pred-
nisone (DVMP) was approved by both the FDA and Euro-
pean Medicines Agency for patients with newly diagnosed
MM who are unsuitable for ASCT, based on the Alcyone
study (Table 2) [65, 72].
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Table 2 Key phase III clinical trials with bortezomib containing regimens in multiple myeloma used as induction therapy
Study Treatment regimen N Patient character- ORR (%) >VGPR (%) CR (%) Median PFS Median
istics (months) (N
(months)
Harousseau 2010 VD vs. VAD 223  Transplant eligi- 79 38 6 36.0 NR
[28] IFM2005-01 218  ble, untreated 63 15 1 29.7 NR
Moreau 2011 [30] VD vs. VID 99  Transplant eligi- 81 36 12 30.0 NR
100 ble, untreated 82 49 13 26.0 NR
Cavo 2010 [27] TD vs. VID 238 Transplant eligi- 79 28 5 NR NR
236 ble, untreated 93 62 19 NR NR
Rosinol 2012 [31] TD vs. VID 127  Transplant eligi- - 15 14 8.2 -
PETHEMA/ 130 ble, untreated - 25 35 56.2 -
GEM
Sonneveld [32] PAD vs. VAD 413  Transplant eligi- - 42 7 35 NR
HOVON-65/ 414 ble, untreated - 14 2 28 NR
GMMG-HD4
Mai 2015 VCD vs. PAD 251 Transplant eligi- 78.1 37.034.3 Progression 0.4%  —
249 ble, untreated 72.1 vs. 4.8% -
Moreau 2011 [34] VCD vs. VID 169 Transplant eligi- 83 56 9 - -
IFM2013-04 169  ble, untreated 92 66 12 - -
Mateos 2010 [59] VMP vs. VTP 130 Transplant ineligi- 80 - 20 34 NR
130 ble, untreated 81 - 28 25 NR
Niesvizky 2015 VD vs. 168 Transplant ineligi- 73 - 3 14.7 49.8
[35] VTD 167 ble, untreated 80 - 4 15.4 51.5
UPFRONT
Durie 2017 [64] RD vs. VRd 214 Transplant ineligi- 72 23 8 30.0 64.0
SWOG 216  ble, untreated 82 28 16 43.0 75.0
S0777
Mateos 2018 [65] VMP vs. DVMP 356 Transplant ineligi- 74 25 24 18.1 NR
ALCYONE 350  ble, untreated 91 29 43 NR NR
San-Miguel 2014, VD vs. Pan VD 381 Relapsed and/or 55 - 6 8.1 40.3
2016 [78, 79] 387 refractory 61 - 11 12.0 35.8
PANORAMA 1
Dimopoulos 2017; KD vs. VD 464 Relapsed and/or 77 42 13 18.7 47.6
2016 [4, 8] 465  refractory 63 22 6 19.4 40.0
ENDEAVOR
Palumbo 2016 [15] VD vs. VD + Dar 247 Relapsed and/or 63 20 7 7.2 -
Spencer 2018 [82] 251 refractory 83 40 15 NR -
CASTOR
Garderet 2012 [79] TD vs. VTD 134 Relapsed and/or 72 14 13 13.6 -
MMVAR/IFM 135 refractory 87 11 28 18.3 -
2005-04
Dimopoulos 2018  PVD vs. VD Preteated with LEN-refractory: LEN-refractory -
[80] LEN 85.9% vs. 50.8% 17.8 months vs.  —
Optimismm (LEN refractory: LEN-non- 9.5 months LEN-
47PVD; 50 VD)  refractory: 95.7 non-refractory
vs. 60.0; LEN- 22.0 months vs.
nonrefractory 12.0 months
95.7 vs. 60.0

CR complete response, Dar daratumumab, DVMP daratumumab, bortezomib, melphalan, and prednisone, KD karilzomib and dexamethasone,
LEN lenalidomide, NR not reached, ORR overall response rate, OS overall survival, PAD bortezomib, doxorubicin, and dexamethasone, Pan VD
panobinostat, bortezomib, and dexamethasone, PF'S progression-free survival, PVD pomalidomide, bortezomib, and low-dose dexamethasone,
RD lenalidomide and low-dose dexamethasone, 7D thalidomide and dexamethasone, VAD vincristine, doxorubicin, and dexamethasone, VCD
bortezomib, cyclophosphamide, and dexamethasone, VD bortezomib and dexamethasone, VGPR very good partial response, VMP bortezomib,
melphalan, and prednisone, VRD bortezomib, lenalidomide, and low-dose dexamethasone, VTD bortezomib, thalidomide, and dexamethasone,
VTP bortezomib, thalidomide, and prednisone, TD

Palumbo et al. [7]
Spencer et al. [82]

A\ Adis



78

P. Robak, T. Robak

4.2 Bortezomib in Relapsed and/or Refractory
Multiple Myeloma

There are several effective therapeutic options with bort-
ezomib for relapsed or refractory MM patients (Table 2)
[4, 7]. Patients who relapsed at least 6 months after the
last dose of bortezomib and are bortezomib sensitive can
receive bortezomib in combination with dexamethasone as
re-treatment [49]. A group of patients with MM retreated
with bortezomib were found to demonstrate an OR rate of
40%, a median duration of response of 6.5 months, and a
median time to progression of 8.4 months [50]. However, in
patients with relapsed MM, the dublet or triplet bortezomib-
containing regimens are more commonly used (Table 2). The
treatment choice depends on the previously used regimens,
expected efficacy, toxicity, and the fitness of the patient.
Immunomodulatory drugs, particularly lenalidomide in
combination with low-dose dexamethasone, are the standard
treatment for relapsed patients who received first-line treat-
ment with bortezomib [73, 74]. However, in routine clinical
practice, combinations of bortezomib with thalidomide and
dexamethasone (VTD), lenalidomide and dexamethasone,
or cyclophosphamide and dexamethasone (VCD) are still
commonly used [75, 76]. The VTD regimen has been shown
to be superior to thalidomide and dexamethasone in patients
relapsed after ASCT [77]. However, the presence of comor-
bidities, particularly, peripheral polyneuropathy justifies the
use of an alternative regimen. In relapsed/refractory patients,
VD (bortezomib plus dexamethasone)-based triplet regi-
mens, including the VD combination with pomalidomide
(PVD), daratumumab, elotuzumab, or panobinostat is more
effective compared with standard VD therapy (Table 2) [7,
14, 75-84].

Progression-free survival at 12 months was 60.7% in the
daratumumab arm and 26.9% in the control group. However,
it is not clear whether these combinations are active in bort-
ezomib-refractory disease. In addition, bortezomib-induced
neuropathy is a common contraindication for retreatment.

Several new agents have been recently approved or are
under investigation for patients with relapsed and refrac-
tory MM, previously treated with bortezomib [78, 85-89].
These include the next-generation immunomodulatory drug
pomalidomide, the human IgGk monoclonal antibody dara-
tumumab, used to target CD38, and elotuzumab, a human-
ized monoclonal antibody directed against signaling lym-
phocytic activation molecule F7. In patients with at least
one previous line of therapy, daratumumab combined with
bortezomib-dexamethasone (CASTOR trial) significantly
prolonged PFS and induced higher response rates in com-
parison with VD [82]. After a median follow-up of 19.4
months, daratumumab plus bortezomib and dexamethasone
prolonged PFS by 9.6 months in comparison with VD alone
(median: 16.7 vs. 7.1 months; p < 0.0001). The OS rate has
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also been improved (83.8% vs. 63.2%; p < 0.0001). Elotu-
zumab is another monoclonal antibody that has been com-
bined with bortezomib. In a phase II study, elotuzumab was
combined with bortezomib and dexamethasone and com-
pared with elotuzumab alone [83]. The OR rate was 66%
for patients treated with elotuzumab/bortezomib/dexametha-
sone and 63% for patients treated with VD. Median PFS was
9.7 months vs. 6.9 months, respectively, elotuzumab plus
bortezomib and dexamethasone is a National Comprehen-
sive Cancer Network recommended alternative option for
relapsed or refractory MM. However, a phase III study is
needed to confirm the place of the elotuzumab/bortezomib/
dexamethasone combination in relapsed/refractory patients
with MM.

The pomalidomide, bortezomib, and low-dose dexameth-
asone (PVD) regimen has been also investigated in a rand-
omized trial (OPTIMISMM study) and has shown promising
activity (Table 2) [84]. The OR rate was 85.9% with PVD
vs. 50.8% with VD in the patients refractory to lenalidomide
(» < 0.001) and 95.7% vs. 60.0% in patients not refractory
to lenalidomide (p < 0.001). Median PFS was 17.8 months
with PVD and 9.5 months with VD in patients refractory to
lenalidomide. In lenalidomide-nonrefractory patients, PFS
was 22.0 and 12.0 months, respectively. The most common
AEs were neutropenia, thrombocytopenia, and anemia and
were more common with PVD than VD.

5 Bortezomib in Light Chain Amyloidosis

Light-chain (AL) amyloidosisis is a plasma cell disorder
characterized by the production of monoclonal light chains,
usually 4 type, which results in the formation of amyloid
aggregates [90]. The disease is caused by the formation of
a pathological plasma cell clone leading to the deposition
of amyloid fibrils in the kidney, heart, liver, nerves, and
other tissues. Pre-clinical studies have documented that the
plasma cells of patients with AL amyloidosis are highly sen-
sitive to bortezomib [91]. Subsequently, several studies have
documented that bortezomib with or without dexametha-
sone is an effective regimen for the treatment of this disease
(Table 3) [92-98].

A study of 94 previously treated patients with AL amy-
loidosis from three national centers treated with bortezomib
alone or combined with dexamethasone found bortezomib
treatment to yield rapid and good-quality responses [92]. A
hematologic OR was achieved in 71% of patients includ-
ing 25% CRs. The previously untreated patients obtained a
47% CR rate and a cardiac response was observed in 29%.
The 1-year survival rate was 76% and median survival has
not been reached. Toxicity mostly consisted of neuropathy,
orthostasis, peripheral edema, and constipation or diar-
rhea, but was manageable. In addition, a recent systematic
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review and meta-analysis of eight studies and 617 patients
demonstrated that bortezomib treatment improves OR rate,
CR rate, cardiac response rate, survival rate, and the risk
of neuropathy compared with controls without bortezomib
therapy [98]. Two other studies also evaluated the use of the
VCD combination [95, 99]. The OR rates ranged from 81%
to 94%. However, many of these patients were treated with
twice-weekly bortezomib and dexamethasone, 20—40 mg per
week, which seems to be too toxic in AL amyloidosis.

Currently, VCD is recommended as a first-line treatment
in AL amyloidosis. However, it is not clear whether the addi-
tion of cyclophosphamide to VD is important in newly diag-
nosed, previously untreated patients; indeed, the addition
of a third agent to VD may not improve outcomes but may
increase toxicity, especially in older patients with significant
comorbidities. A recent study compared the effects of treat-
ing 101 patients with AL amyloidosis with VD (59 patients)
or VCD (42 patients). The results indicate that for the VD
regimen, low dexamethasone doses were equally as effective
as higher doses; furthermore, efficacy was not improved by
the addition of cyclophosphamide (VCD) [96]. A hemato-
logic response was achieved in 68% of patients treated with
VD and 78% treated with VCD (p = 0.26). The CR plus
VGPR rate was achieved in 47% of VD-treated patients and
35% of VCD-treated patients. In addition, no difference was
observed in early mortality. Importantly, the administration
of higher doses of dexamethasone or twice-weekly borte-
zomib was not associated with any improvement in obtain-
ing CR plus VGPR. Median survival was also similar (33
vs. 36 months, p = 0.45).

The European collaborative group reported “real-word”
study results of 230 unselected patients treated frontline
with VCD at two referral centers [77]. Hematologic OR was
achieved in 60% of the patients with measurable disease and
at least VGPR was observed in 43%. Venner et al. compared
VCD with risk-adapted cyclophosphamide, thalidomide,
and dexamethasone in previously untreated patients with
AL amyloidosis [95]. The CR rate was higher in the VCD
arm (40.5%) than in the cyclophosphamide, thalidomide,
and dexamethasone arm (24.6%) (p = 0.046). However, the
OR rate and the 1-year OS rate were similar for VCD and
cyclophosphamide, thalidomide, and dexamethasone.

Palladini and colleagues compared the outcome of
patients treated with bortezomib, melphalan, and dexameth-
asone with those treated with melphalan and dexamethasone
[100]. A higher CR rate was observed with bortezomib, mel-
phalan, and dexamethasone (42%) than with melphalan and
dexamethasone (19%), but OS was similar in the two groups.

Israeli investigators reported the outcome of 73 consecu-
tive, non-selected ‘real-world’ patients with AL amyloi-
dosis treated with first-line bortezomib-based induction,
mostly with concurrent administration of alkylating drugs
(68%) [101]. Hematologic response was obtained in 77% of
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patients, including 33% VGPR and 19% CR. Patients receiv-
ing an alkylating agent and those with organ response dem-
onstrated significantly improved survival. In addition, the
combination with alkylating drugs did not increase toxicity.
A recent study examining the effects of bortezomib/dexa-
methasone as first-line treatment found that patients with AL
amyloidosis with #(11;14) demonstrated poorer hematologic
event-free survival (median, 3.4 months) than those without
#(11;14) (median 8.8 months; p = 0.002) [102]. The OR rate
was 23% vs. 47%, respectively (p = 0.02), and median OS
was 8.7 months vs. 40.7 months, respectively (p = 0.05).
Similarly, a multi-institutional study of VCD used as upfront
therapy in patients with high-risk cardiac AL amyloidosis
(Mayo Clinic stage III) by Jaccard et al. [103] found a 1-year
OS of 57% among 41 tested patients at a median follow-up
of 16 months. These results compare favorably with previ-
ously reported data.

The above studies indicate that these bortezomib regi-
mens are effective treatments for AL amyloidosis, even when
the dose of dexamethasone is low. However, it is not clear
whether higher doses of dexamethasone and the addition of
alkylating agents markedly improve the therapeutic effect of
bortezomib. In addition, the presence of #(11;14), is asso-
ciated with lower efficacy of bortezomib-based regimens.
Further studies are needed to establish the optimal use of
bortezomib in the treatment of this disease.

6 Bortezomib in Lymphoplasmacytic
Lymphoma/Waldenstrom
Macroglobulinemia

Bortezomib as a single drug is active in patients with
untreated or relapsed lymphoplasmacytic lymphoma/Wal-
denstrom macroglobulinemia (WM) in schedules based on
twice-weekly administration in 2 of 3 weeks [104, 105]. In
a phase II study, bortezomib was given at a dose of 1.3 mg/
m? intravenously on days 1, 4, 8, and 11 in a 21-day cycle
in patients with untreated or relapsed WM [106]. The OR
rate was 26% among 27 included patients. The most com-
mon AE was peripheral neuropathy, including five patients
with grade 3 events. A higher OR rate with a similar dosing
schedule was observed by Treon et al. in 27 patients with
relapsed/or refractory disease [107]; they report an OR rate
of 85%, with ten patients achieving minor responses and
13 major responses. The median time to progression was
7.9 months. The most common grade III/IV toxicities were
sensory neuropathies (22.2%), leukopenia (18.5%), and
neutropenia (14.8%). Bortezomib is more effective when
administered once weekly for 4 weeks in combination with
other agents [108]. Ghobrial et al. treated 27 patients with
relapsed or refractory WM with bortezomib 1.6 mg/m? intra-
venously per week on days 1, 8, and 15, every 28 days for
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six cycles, and with rituximab 375 mg/m? weekly on cycles
1 and 4 [108]. Responses were observed in 81% of patients,
including two CR/near CR and 17 (46%) partial responses
(PR). The median PFS was 15.6 months and the median OS
has not been reached to date. Importantly, no grade 3 or 4
neuropathy was seen with the weekly bortezomib schedule.
Other bortezomib combinations have also been evaluated in
relapsed/refractory WM [109, 110].

Bortezomib is even more effective in previously untreated
patients with MW. Treon et al reported the results of bort-
ezomib, dexamethasone, and rituximab in 23 patients with
symptomatic untreated WM [104]. The OR rates were 96%
and major response rates were 83% with three CR. With
a median follow-up of 22.8 months, 18 of 23 patients
remained free of disease progression. The European Mye-
loma Network also reported outcomes of bortezomib, dexa-
methasone, and rituximab treatment in previously untreated
patients with WM [111]. The response rate was 85% includ-
ing 3% CR, 7% VGPR, and 58% PR. The median PFS was
42 months, and the 3-year OS was 81%. Peripheral neuropa-
thy was seen in 46% of patients. After a minimum follow-up
of 6 years, median PFS was 43 months and OS at 7 years
was 66% [112].

7 Mantle Cell Lymphoma

Mantle cell lymphoma is an incurable subtype of non-Hodg-
kin lymphoma (NHL) characterized by an advanced stage
at diagnosis, most frequently stage III or IV, with extensive
lymphadenopathy and splenomegaly. Two treatment options
widely used in newly diagnosed patients with MCL ineligi-
ble for intensive chemotherapy and ASCT are cyclophospha-
mide, doxorubicin, vincristine, and prednisone in combina-
tion with rituximab (R-CHOP), and bendamustin combined
with rituximab. Single-agent bortezomib has demonstrated
clinical efficacy in relapsed and refractory MCL [113]. In
previously untreated patients, the addition of bortezomib to
induction chemotherapy is also promising [113].

7.1 Bortezomib in Previously Untreated Mantle Cell
Lymphoma

Although bortezomib was found to demonstrate some activ-
ity in previously untreated MCL patients when given as a
single agent [114], most trials have investigated its use in
combination with other agents. In an initial prospective
phase I/II study, bortezomib was combined with R-CHOP
in 36 previously untreated patients with MCL [115]. Over-
all response was achieved in 91% of patients and CR was
achieved in 72% of patients. Median PFS was 23 months,
and median OS was not reached. Similar results were
observed in the SWOG phase II study, in which R-CHOP

was combined with bortezomib induction in 65 previously
untreated patients with MCL, with bortezomib then given
as maintenance therapy [116]. After 2 years, PFS was 62%
and OS was 85%. Tolerability was acceptable with mainly
hematologic toxicity noted.

A more recent paper examined the effect of replacing vin-
cristine with bortezomib in R-CHOP therapy (VR-CAP) for
previously untreated patients with MCL unsuitable for bone
marrow transplantation as part of a large, randomized, phase
IIT LYM-3002 study (Table 4) [117-120]. Eligible patients
were randomized to receive six to eight 21-day cycles of
R-CHOP or VR-CAP. In the VR-CAP regimen, bortezomib
was given intravenously on days 1, 4, 8, and 11. The CR rate
was 53% in the VR-CAP arm and 42% in the R-CHOP arm
(p = 0.007). Progression-free survival was 24.7 months and
14.4 months, respectively (p < 0.001), when evaluated by
the independent review committee. The median treatment-
free interval was 40.6 months in the VR-CAP arm and 20.5
months in the R-CHOP arm (p < 0.001) [117]. Similar dif-
ferences were noted in the median time to next therapy: 44.5
vs. 24.8 months, respectively (p < 0.001). In addition, with
a median follow-up of 82 months, median OS improved sig-
nificantly, and was approximately 3 years longer in the VR-
CAP (90.7 months) than the R-CHOP group (55.7 months;
p = 0.001) [120]. Serious AEs were observed in 38% of
the patients treated with VR-CAP and 30% of the patients
treated with R-CHOP. Hematologic toxicity was also more
common in the VR-CAP arm than the R-CHOP arm. Grade
>3 neutropenia was noted in 85% of patients in the VR-CAP
arm and 67% in the R-CHOP arm, and grade >3 thrombocy-
topenia was observed in 57% (VR-CAP) and 6% (R-CHOP)
of patients.

Another study evaluated bortezomib combined with
rituximab and cyclophosphamide, doxorubicin, vincristine,
and dexamethasone followed by maintenance rituximab
in previously untreated patients with MCL [121]. The OR
rate was 95%, CR was 68%, and the 3-year PFS was 72%.
Recently, Gressin et al. presented results of a prospective,
multicenter, phase II study evaluating rituximab, bendamus-
tine, bortezomib, and dexamethasone in previously untreated
patients with MCL aged 65 years or older (Table 4) [122].
After six cycles of treatment, 87% (47/54) of responding
patients were negative for peripheral blood residual disease.
With a median follow-up of 52 months, the 2-year PFS was
70%.

7.2 Bortezomib in the Treatment of Relapsed
and Refractory Mantle Cell Lymphoma

As a single agent, bortezomib has shown substantial clini-
cal activity in relapsed and refractory patients with MCL
with response rates of up to 46% in phase II trials (Table 4)
[123-129]. In the pivotal, multicenter, international
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Table 4 Larger trials with bortezomib containing regimens in mantle cell lymphoma

Study Regimen Design N OR CR Median PFS Median OS
duration

O’Connor 2009 Bortezomib Multicenter 40 Relapsed/ 50% 6/40 53 m -

[98] phase II clini- refractory

cal trial

Goy 2009 [99]  Bortezomib Phase Il multi- 155 Relapsed/ 32% 8% 6.5m 23.5m
PINNACLE center study refractory
Morrison 2015  Lenalidomide + Phase Il multi- 53 Relapsed/ 39.6% 21.1% 7m 26 m

[110] bortezomib center study refractory
CALGB 50501
Till 2016 [119] R-CHOP + Phase Il multi- 65 Untreated and 5-year PFS: 5-year OS: 66%
SWOG S0601 bortezomib center study relapsed 28%
Robak et al. R-CHOP vs. Phase Il rand- 243 vs. 244 Untreated, 89vs.92 42% vs. 53% PFS: 104 mvs. OS: 557 m vs.

2015; 2018 VR-CAP omized trial transpland 24.7 m 90-7m (p =
[32, 35] ineligible 0.001)
LYM-3002
Gressin et al. RiBVD Prospective, 74 Untreated, > 65 84% 75.5% 4-year PFS: 4-year OS:

2019 [122] multicenter years 57.6% 71.3%

phase II trial

Chang 2014 VcR-CVAD Multicenter, 75 Previously 95% 68% 3-year PFS: 3-year OS: 88%

[124] E1405 induction + open-label untreated 72%

maintenance phase II study
rituximab

CR complete response, m months, NA not available, NR not reached, OR overall response, OS overall survival, PET positron-emission tomog-
raphy, PFS progression-free survival, R-CHOP rituximab + cyclophosphamide + doxorubicin + vincristine + prednisone, RiBVD rituximab,
bendamustine, bortezomib, and dexamethasone, VcR-CVAD modified hyper-cyclophosphamide, doxorubicin, vincristine, and dexamethasone,

VR-CAP

single-arm, phase I M34103-053 (PINNACLE) study, bort-
ezomib was given at a dose of 1.3 mg/m® on days 1, 4, 8, and
11 of a 3-week cycle, for up to 17 cycles [126.127]. A total
of 155 subjects with a median age of 65 years were enrolled
at 35 study centers. The OR rate was 33%, CR was 8%, and
median PFS was 9.2 months. Grade 3 or higher AEs were
peripheral neuropathy (13%), fatigue (12%), and thrombo-
cytopenia (11%). The updated results after a median follow-
up of 26.4 months confirmed that single-agent bortezomib
offers substantial activity in patients with relapsed or refrac-
tory MCL [127]. Median OS in all patients was 23.5 months
and median OS in responding patients was 35.4 months.
Combining bortezomib with other agents increases its
efficacy (Table 4) [128—-138]. Furtado et al. evaluated the
combination of bortezomib with cyclophosphamide, dox-
orubicin, vincristine. and prednisone (CHOP) in relapsed
MCL [133]. The treatment significantly improved outcome
with a manageable increase in toxicity. The CHOP regimen
combined with bortezomib 1.6 mg/m? was also compared
with CHOP alone, with OR rates of 82.6% achieved in the
CHOP-bortezomib arm and 47.8% in the CHOP arm (p =
0.01) and respective CR rates of 34.8% and 21.7%. Median
OS values were 35.6 months in patients treated with CHOP
plus bortezomib and 11.8 months in patients treated with
CHOP (p = 0.01). Importantly, neuropathy was not found to
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be significantly higher in the CHOP-bortezomib arm (6.5%)
than the CHOP arm (4.3%).

In other studies, bortezomib was combined with benda-
mustine and rituximab in heavily pretreated patients with
relapsed or refractory MCL and indolent NHL [130]. The
OR rate was found to be 83%, including 15 patients with CR
and 47% displaying 2-year PFS. Bortezomib was also com-
bined with chemotherapy comprising fludarabine, liposomal
doxorubicin, and rituximab in patients with relapsed MCL,
[135] yielding an OR rate of 73.3% including a 60.0% CR
rate. Other small phase II studies of bortezomib combina-
tions have also been performed, including combinations with
high-dose cytarabine (Ara-C) and dexamethasone, gemcit-
abine, obatoclax mesylate, or lenalidomide [131, 136, 138].
However, the promising results achieved in these small tri-
als require confirmation with larger numbers of patients. In
addition, preclinical experiments indicate synergistic action
of bortezomib with other targeted drugs including rituximab,
lenalidomide, ibrutinib, and other agents. The early results
of clinical trials suggest that these combinations are effec-
tive [139-142]. Bortezomib was approved by the FDA in
December 2006 for the treatment of patients with MCL who
have received at least one prior therapy, and in 2014, in both
USA and the European Union for patients with previously
untreated MCL (Table 5).
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ClinicalTrials.
gov identifier

Sponsor

Design

Phase Regimen

Table 5 (continued)

Disease
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NCT02542111

DLBCL non-GCB subtype, previously Ruijin Hospital

Bortezomib + gemcitabine + dexametha-

11

Diffuse large B-cell lymphoma

treated with only 1 chemotherapy regi-

men

sone

NCTO03590171

Charite University

1st relapsed precursor B- or T-cell ALL in

Bortezomib + ALL R3 protocol during

I

Acute lymphoblastic leukemia

children <18 years

induction

AL light chain, ALL acute lymphoblastic leukemia, DLBCL diffuse large B-cell lymphoma, GCB germinal center B-cell-like, /PI international prognostic index, /V intravenous, MM multiple

myeloma, R-CHOP rituximab + cyclophosphamide + doxorubicin + vincristine + prednisone, RD lenalidomide + dexamethasone, SC subcutaneous, VMP bortezomib + melphalan + pred-

nisone

8 Bortezomib in Indolent B-cell
Non-Hodgkin Lymphomas

Indolent NHL may comprise approximately 25% of all
new NHL cases. The most common is follicular lymphoma
(FL), representing 75% of indolent NHLs. Rarer forms
include marginal zone lymphoma, small lymphocytic lym-
phoma, and lymphoplasmacytic lymphoma [125]. In most
cases, indolent NHL is not curable. When used as a single
agent, bortezomib demonstrates activity in patients with
relapsed/refractory FL and in heavily pretreated patients
with relapsed/refractory indolent lymphoma. A large study
conducted on patients with relapsed/refractory FL returned
an OR rate of 50% after bortezomib monotherapy given
at adose of 1.5 mg/m2 on days 1, 4, 8, and 11 [126, 127].
In previously-untreated indolent NHL, bortezomib/rituxi-
mab therapy is well tolerated and has resulted in long-term
survival rates similar to those associated with standard
immunochemotherapy regimens. Bortezomib combined
with rituximab displayed feasibility, long-term efficacy,
and good tolerability in patients with relapsed FL. In a
phase II study, 45 patients received a total of six cycles of
therapy [133]. The OR rate at 5 years was 64%, the PFS
was 34%, and OS was 70%. Results from a recent, large,
randomized phase III study (LYM-3001) of rituximab
alone vs. rituximab and bortezomib for relapsed/refractory
FL showed higher OR and CR rates and prolonged PFS
for bortezomib-rituximab: median PFS was 12.8 months
for bortezomib-rituximab and 11.0 months for rituximab
alone (p = 0.039) [131]. The combination also resulted in
a significantly greater OR rate (63%) and CR rate (25%)
than rituximab alone (OR 49%, p = 0.0004; CR 18%, p =
0.035). In addition, high-risk patients with FL treated with
bortezomib-rituximab showed a significantly higher OR
rate and longer PFS than those receiving rituximab alone;
the clinical benefit was greater than in the overall study
population [134]. However, after a median follow-up of
33.9 months, OS between arms was similar.

The effect of replacing bortezomib-rituximab with vin-
cristine-rituximab in the treatment of relapsed or refrac-
tory patients with FL or marginal zone lymphoma was
examined in a phase II study [135]. The patients received
six 21-day cycles of bortezomib 1.6 mg/m? (days 1, 8),
rituximab 375 mg/m? (day 1), cyclophosphamide 1000 mg/
m? (day 1), and prednisone 100 mg (days 1-5) (VR-CP),
or bortezomib, rituximab, and prednisone as in VR-CP
plus cyclophosphamide 750 mg/m? and doxorubicin 50
mg/m? (day 1) (VR-CAP). With VR-CP, the OR rate was
77% and the CR rate was 27%. After a median follow-up
of 10.9 months, 40% of patients had relapsed/progressed
or died. The median OR was 21.9 months and PFS was
14.9 months.
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9 Bortezomib in Diffuse Large B-cell
Lymphoma

Diffuse large B-cell lymphoma (DLBCL) constitutes
30-58% of all patients with NHL, with an incidence
of 3.8/100,000/year [140, 141]. There are two distinct
molecular subtypes of DLBCL: germinal center B-cell like
(GCB) and activated B-cell like (ABC) DLBCL, with non-
germinal center B-cell-like DLBCL (non-GCB DLBCL)
having a worse prognosis and shorter survival after first-
line immunochemotherapy. In early studies, bortezomib
has shown activity in DLBCL, especially in the non-
GCB DLBCL subtype. Dunleavy et al. investigated bort-
ezomib alone followed by bortezomib and doxorubicin-
based chemotherapy in patients with relapsed/refractory
DLBCL [142]. While bortezomib alone had no activity
in DLBCL, bortezomib combined with chemotherapy
induced a significantly higher OR in the ABC subtype than
the GCB DLBCL (83% vs. 13%, respectively; p <0.001).
Median OS was also longer in the ABC DLBCL subtype
(10.8 months) than in the GCB subtype (3.4 months; p =
0.003). These results indicated that bortezomib enhances
the activity of chemotherapy in relapsed patients with the
ABC but not GCB DLBCL subtype. Ruan et al. evalu-
ated bortezomib plus standard R-CHOP in 76 previously
untreated patients with aggressive NHL including 40
patients with DLBCL and 36 with MCL [143]. For patients
with DLBCL, the OR rate was 100% with 86% CR/CR
unconfirmed; the 2-year PFS was 64% and the 2-year OS
was 70%. Importantly, non-GCB and GCB subtypes had
similar results.

The R-CHOP regimen, with or without bortezomib, has
recently been compared as part of a randomized phase
IT study in 183 previously untreated patients with non-
GCB DLBCL [144]. Patients randomly received up to six
21-day cycles of standard R-CHOP alone or R-CHOP plus
bortezomib 1.3 mg/m? intravenously on days 1 and 4 (VR-
CHOP). In this study, the outcome was not significantly
improved by adding bortezomib to standard R-CHOP.
Two-year PFS rates were observed in 77.6% of patients
treated with R-CHOP and 82.0% treated with VR-CHOP.
The OR rate was 98% for R-CHOP and 96% for VR-CHOP.
Two-year survival rates were also similar: 88.4% and
93.0%, respectively.

Offner et al. compared frontline VR-CAP with R-CHOP
in previously untreated patients with non-GCB DLBCL
in a phase II study [145]. However, in contrast to MCL, it
was found that substituting bortezomib for vincristine in
frontline R-CHOP therapy did not improve the efficacy of
therapy in this type of DLBCL. No significant differences
were observed between VR-CAP and R-CHOP with regard
to the OR rate (93.4% and 98.6%, respectively; p = 0.11),

CR rate (64.5% and 66.2%, respectively; p = 0.80), or OS
(p = 0.75). The two types of therapy also demonstrated
similar rates of grade >3 AEs (88%, 89%), serious AEs
(38%, 34%), and grade >3 peripheral neuropathy rates
(6%, 3%).

10 Plasmablastic Lymphoma

Plasmablastic lymphoma is a rare, aggressive, and usu-
ally CD20-negative subtype of DLBCL, often associated
with human immunodeficiency virus infection NHL [146].
Although there are no treatment recommendations or stand-
ards of care for this disease, the combination of bortezomib
with chemotherapy may be an effective treatment option in
some patients with plasmablastic lymphoma. Despite the
small number of patients, the available results are encourag-
ing and offer hope for the clinical use of bortezomib-based
regimens in patients with plasmablastic lymphoma [147].

11 Acute Lymphoblastic Leukemia

Acute lymphoblastic leukemia (ALL) is the most common
malignant disorder in patients aged younger than 15 years,
accounting for 26% of all cancers and 78% of leukemias in
this age group, and for approximately 20% of adult acute
leukemias [148]. A recent study investigated the use of
bortezomib in re-induction chemotherapy with dexametha-
sone and vincristine in relapsed or refractory pediatric ALL
[149]. The drug was randomly given at a dose of 1.3 mg/
m?, either early or late, to a dexamethasone and vincris-
tine backbone. After one cycle, eight of 25 (32%) patients
obtained CR with incomplete blood count recovery (CRi);
seven patients (28%) obtained a PR, half of whom improved
to CR after a second cycle. Better results were achieved in
the Therapeutic Advances in Childhood Leukemia & Lym-
phoma Consortium T2005-003 study. Patients who failed at
least two prior regimens received bortezomib combined with
dexamethasone, vincristine, doxorubicin, pegylated aspara-
ginase, and doxorubicin, yielding a CR rate of 64% [150]. In
another study that used the same regimen, five out of seven
patients with T cell-acute lymphoblastic leukemia achieved
CR or CRi [151].

12 Acute Myeloid Leukemia

Acute myeloid leukemia is the most common acute leukemia
diagnosed in adults, with an annual incidence of approxi-
mately 22,000 cases in USA in 2017 [152]. Early studies
have indicated that bortezomib is potentially useful in the
treatment of AML. However, when bortezomib was used as
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single agent in relapsed/refractory patients with untreated
AML or relapsed/refractory patients with AML, unsuitable
for conventional chemotherapy, its activity was low [153].
Attar at al. evaluated bortezomib therapy administered in
addition to standard 3 + 7 daunorubicin and cytarabine
induction chemotherapy followed by consolidation with
bortezomib and intermediate-dose cytarabine in patients
with CR [154]. Escalating doses of bortezomib (0.7 mg/m?,
1.0 mg/m?, and 1.3 mg/m?) were evaluated in previously
untreated elderly patients with AML, with an encourag-
ing CR rate of 65% and four CRi observed in 95 evaluated
patients. Grade 3 sensory neuropathy was observed in 11
patients.

Walker et al. combined azacitidine with bortezomib in 23
adults with relapsed or refractory AML in a phase I study
[155]. Five of 23 patients responded, including two with
morphologic and cytogenetic CR and three with CRi. Three
of four CR/CRIi responders with cytogenetic abnormalities
at baseline achieved cytogenetic CR. The combination of
azacitidine and bortezomib was tolerable and active in poor-
risk previously treated patients with AML.

13 T-cell Lymphomas

T-cell lymphomas include several rare lymphoid malignan-
cies such as cutaneous T-cell lymphoma and peripheral
T-cell lymphoma. Peripheral T-cell lymphoma is a hetero-
geneous group of aggressive lymphomas with a poor OR
rate and shorter PFS than B-cell lymphoma. Peripheral
T-cell lymphomas include angioimmunoblastic T-cell lym-
phoma, anaplastic large cell lymphomas, peripheral T-cell
lymphoma, not otherwise specified, and intestinal T-cell
lymphomas [156]. In these disorders, bortezomib can be
considered as therapy for refractory or relapsed disease
[157]. In one study, bortezomib was evaluated in 12 patients
with relapsed or refractory cutaneous T-cell lymphoma and
peripheral T-cell lymphoma, not otherwise specified with
isolated skin involvement [158]. Bortezomib was used as a
single agent at a dose of 1.3 mg/m? intravenously on days 1,
4,8, and 11, every 21 days for a total of six cycles. The OR
rate was 67%, including CR in two patients.

In other phase II study performed in 46 patients with
peripheral T-cell lymphoma with different histological sub-
types, bortezomib was combined with CHOP [159]. Bort-
ezomib was administered on days 1 and 8 at a dose of 1.6
mg/m?, in addition to CHOP every 3 weeks for a total of six
cycles. The OR was 76% including the 65% CR. Periph-
eral T-cell lymphomas, not otherwise specified, angioim-
munoblastic T-cell lymphomas, and anaplastic large cell
lymphomas demonstrated an 87% OR rate and a 73% CR
rate. However, the treatment efficacy for extranodal natural
killer/T-cell lymphoma, nasal type was poor, with a CR rate
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of only 30%. The 3-year PFS was 35% and the OS was 47%
owing to the frequent relapses after remission. These results
appear to be superior to treatment with CHOP alone. The
most common toxicity was neutropenia, which was mainly
associated with CHOP chemotherapy.

14 Conclusions

Bortezomib demonstrates antiproliferative and antitumor
activity via the inhibition of the proteasomal degradation of
several regulatory ubiquitinated proteins. The drug has been
found to have proven clinical efficacy in MM, MCL, WM,
T-cell lymphomas, and other lymphoproliferative disorders,
both as a single agent and in combination with other drugs.
In these diseases, bortezomib acts synergistically with sev-
eral chemotherapeutic agents and targeted drugs. In 2003,
bortezomib was approved for the treatment of refractory/
relapsed MM and in 2006 for refractory/relapsed MCL. Sub-
sequently, bortezomib was approved for previously untreated
patients with these diseases. Multiple ongoing studies are
currently evaluating combination regimens involving either
cytotoxic or targeted therapies, with the ultimate goal of
prolonging survival in lymphoid malignancies. A better
understanding of the mechanisms of bortezomib resistance
is required for the development of novel therapeutic strat-
egies, particularly for refractory and relapsed patients. In
addition, the introduction of newer proteasome inhibitors
(e.g., carfilzomib, ixazomib, or marizomib) with activity in
bortezomib-resistant disease and reduced toxicity may be
also of value.
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