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Bortezomib is the first proteasome inhibitor drug tested in human patients. Bortezomib
demonstrates a particular clinical utility in the treatment of multiple myeloma (MM), where it
is the only one of the new drugs administered as mono-therapy that prolongs survival. The
significant problem for the consistent pursuit of bortezomib was neurotoxicity, which has
been significantly reduced by registering subcutaneous administration or being administered
once per week. Bortezomib is currently approved for the treatment of patients with
progressive MM in mono-therapy and in combination with prednisone and melphalan in
cases of untreated patients who are not candidates for autologous hematopoietic stem cell
transplantation (AHSCT) and in combination with dexamethasone or dexamethasone and
thalidomide in untreated MM patients, who are candidates for treatment AHSCT. Clinical
research is focused on the combination of bortezomib with other new drugs with the hope
of further optimizing the treatment of patients with multiple myeloma.
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Multiple myeloma (MM) is a hematological
cancer of patients with a median age of
72 years [1], and incidences of it are estimated at
6:100,000/year [2] characterized by clonal prolif-
eration of atypical plasma cells, usually produc-
ing monoclonal protein [3].

Despite intensive clinical research into the
pathogenesis conducted for the purpose of
finding new target points for medicines, and
more widespread introduction of them into
clinical practice in recent years, MM remains
an incurable disease [4–6].

The induction and consolidation chemother-
apy regimens including autologous hematopoi-
etic stem cell transplantation (AHSCT) in MM
patients are well defined [7,8].

Currently, research is being focused on pro-
longed treatment including optimal mainte-
nance treatment [9–14]. The introduction of
immunomodulatory drugs [12–14] but above all,
the first proteosome inhibitor bortezomib [9,10],
has improved survival. In fact, only bortezomib
monotherapy has improved the survival of
patients with relapsed MM [15].

This article discusses the pharmacology of
bortezomib and its clinical effect and toxicity
when administered intravenously and subcu-
taneously as a single drug or in combination
with different agents in patients with MM.

It also raises the issue of the procedure
needed in order to deal with the most
important signs of intolerance to treatment
with bortezomib.

Bortezomib
Chemistry & mechanism of action

Bortezomib is a modified dipeptide boronic
acid analog that reversibly and very specifically
inhibits b-subunit of the 26S proteasome
(FIGURE 1) [9,16]. Bortezomib was the first protea-
some inhibitor tested on humans.

The 26S proteosome is a multicatalytic
enzyme that has been discovered in the nucleus
and the cytoplasm of eukaryotic cells and is
involved in the degradation of the pivotal pro-
teins, which ultimately leads to cell death [17].
Inhibition of the 26S proteasome leads to the
accumulation and disregulation of key proteins
including p21 inhibitors [17] and p27 cyclin-
dependent kinases [18], caspases [19], tumor sup-
pressor p53 [20], B-cell leukemia/lymphoma
2 [21] oncogenes c-Myc, c-Fos and c-Jun [22],
transcription factors E2A, E2F and STAT [23],
Bax [24] and inhibitory kB protein (FIGURE 2) [25].

It was found that bortezomib was cytotoxic
for various tumor cell types, including myeloma
cells, when administered alone as well as in com-
bination with other cytotoxic agents [19,26,27].
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Bortezomib restores the sensitivity of cell lines resistant to
melphalan and dexamethasone [26,27]. In vitro studies bortezo-
mib has a synergistic effect with other chemotherapeutic agents
like melphalan [26], doxorubicin [27], arsenic trioxide [28] and
further increases the activity of dexamethasone [19].

The maximum inhibition of the 20S proteasome occurs within
an hour after the administration of bortezomib, then slowly
decreases and returns to baseline after 72 h, according to the

study of patients with hematological disorders treated with borte-
zomib at 0.4–1.38 mg/m2 twice a week for 4 weeks [29].

Bortezomib also shows an anabolic effect on bone by
inhibiting the activity of human osteoclasts by restraining
their division, activity and resorbing action, and also in stim-
ulating the function of osteoblasts [30–32]. Clinical studies
have shown that bortezomib has a positive effect on bone
formation, as evidenced by an increase in bone-specific alka-
line phosphatase and osteocalcin [32–34], pro-collagen-type I
N-terminal propeptide [34] and the parathyroid hormone lev-
els [33] in the serum.

Pharmacodynamics & pharmacokinetics
Average peak plasma concentrations of bortezomib in serum
(Cmax) after a single intravenous administration of 1.0 or 1.3 mg/m2

were 57 or 112 ng/ml in patients with MM [16,35]. Similar Cmax

levels to those after a single dose were found after repeated
administration of the drug. The time to Cmax was observed
0.1–0.2 h after multiple doses of bortezomib at 1.3 mg/m2.

Cmax was 10-times lower after a subcu-
taneous injection of bortezomib than after
intravenous administration with a longer
exposure time to Cmax (Tmax) 0.5 h (TABLE 1).
An average systemic exposure (AUClast)
was similar after intravenous and subcuta-
neous administration [36]. The mean per-
centage inhibitions of the 20S proteasome
(Emax) and the area under the effect-time
curve (mean AUE72) were also similar in
both methods of administration, and the
time of the maximal inhibition of the 20S
proteasome activity was longer in the used
concentrations, following subcutaneous
administration than intravenous adminis-
tration (2.5 vs 1 mg/ml).

Bortezomib is primarily metabolized
by cytochrome (CYP) P450 CYP3A4,
CYP2C19 and CYP1A2 with a lower
level of metabolism by CYP2D6 and
CYP2C9. The basic metabolic pathway is
‘oxidative deboratation’ which is a form
of two diastereomeric deboronated inac-
tive metabolites then sequentially hydrox-
ylated to other inactive metabolites.

Specific populations
Administration of a single dose of borte-
zomib at 1.0 or 1.3 mg/m2 and the
mean dose-normalized AUC and Cmax

were approximately 25% lower in
26 patients with MM aged <65 years
than in 13 patients aged >65 years [16].

Similar values of dose-normalized
AUC and Cmax were observed in patients
with normal kidney function and renal
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Figure 1. Bortezomib chemical structure.
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Figure 2. Bortezomib activates of c-Jun NH2-terminal kinase, which translocates
to mitochondria and facilitates the release of cytochrome C and the second
mitochondrial activator Kaspar from mitochondria to cytosol, followed by
activation of caspase-9. Bortezomib also induces the activation of caspase-8.
Activation of both caspase-8 and caspase-9 induces effector its sub-caspase-3 and the
cutting of poly (ADP-ribose) polymerase. Blocking JNK, by either dominant-negative
mutant or JNK inhibitor SP600125, abrogates both PK + bortezomib-induced release of
cytochrome c/Smac and activation of caspase-9. Bortezomib-induced apoptosis is not
inhibited by IL-6 and IGF-1. Ectopic expression of Hsp27 induced by bortezomib
suppresses the release of cytochrome c Smac.
Cyto-C: Cytochrome C; DN-JNK: Dominant-negative mutant Jun NH2-terminal kinase;
Smac: Second mitochondrial activator Kaspar.
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impairment, where bortezomib was
administered intravenously twice a week
at 0.7–1.3 mg/m2

[16,35]. The pharmaco-
kinetics of bortezomib was not studied in
patients with liver failure. The pharmaco-
kinetic profile obtained in patients in
Japan after a single dose of bortezomib
and a number of doses were similar to
that observed in Caucasian patients [16].

Interaction
The data on the interaction of bortezo-
mib with other drugs are ambiguous.
When bortezomib was administered dur-
ing treatment with another inhibitor of
CYP3A4, such as ketoconazole, bortezo-
mib AUC increased by 35%. This effect
was not observed, however, during the
administration of another potential
CYP2C19 inhibitor – omeprazole [16].
The administration of bortezomib with
melphalan and prednisone increases bortezomib AUC by 17%,
but it does not translate into clinical effects [16].

Green tea extract epigallocatechin gallate, which had been
expected to have a synergistic effect, was found by Encouse
B. Golden et al. to reduce the effectiveness of bortezomib [37].

Clinical studies on bortezomib
The results of the first clinical trials as well as the first registra-
tion and introduction of bortezomib (Velcade) into clinical
practice were a major breakthrough in the treatment of patients
with MM, significantly improving response to treatment, but
also overall survival (OS) [5,6,38,39].

Phase I trials
In 2002, Orlowski et al. published the results of the first
Phase I study, where bortezomib was given to 27 patients with
refractory hematological diseases at doses of 0.4, 1.04, 1.2 and
1.38 mg/m2 intravenous (iv.) twice weekly for 3 weeks fol-
lowed by a 1 week interval.

Obtaining complete remission (CR) to bortezomib treatment in
one patient with MM, assessed by negative immunofixation, deter-
mined the decision to further clinical studies with bortezomib [38].

Phase II trials
In the first Phase II SUMMIT trial, the patients received borte-
zomib at a dose of 1.3 mg/m2 daily as iv. bolus two-times a
week for two consecutive weeks, followed by a 1 week interval.
Treatment was continued for up to eight cycles and patients
with a suboptimal response received additionally dexametha-
sone from the third cycle. The study enrolled 202 patients
with relapsed or refractory MM. The rate of response to borte-
zomib was 35% [40].

Based on those very impressive results, bortezomib (Velcade)
was approved by the US FDA on 13 May 2003 on an

accelerated basis for treatment of MM patients with relapse
after at least two previous lines of treatment [40].

Phase III studies in relapsed/refractory myeloma
The Phase III APEX trial compared bortezomib at a dose of
1.3 mg/m2 on days 1, 4, 8 and 11 iv. for eight 3-week cycles
followed by treatment on days 1, 8, 15 and 22 for three
5-week cycles with high doses of dexamethasone (40 mg orally)
on days 1–4, 9–12 and 17–20 for four 5-week cycles and on
days 1–4 for five 4-week cycles in 669 patients with relapsed
MM. The study was halted after a partial analysis, which dem-
onstrated that treatment with bortezomib is associated with a
higher level of response 38 versus 18%, longer time to progres-
sion 6.22 versus 3.49 months and improvement of OS after
2 years, 29.8 versus 23.7 months (p = 0.02) [41].

In analyzing the tolerability, it was observed that bortezomib
often causes thrombocytopenia, neutropenia, neuropathy and
diarrhea [41]. It was also confirmed that bortezomib affects
bone metabolism, which is manifested by an elevation in alka-
line phosphatase. The drug inhibits the osteoclast function and
directly induces bone formation [31].

In the next Phase III trial, 646 patients with MM were ran-
domized to receive bortezomib in combination with liposomal
doxorubicin on day 4 or in monotherapy. There was a statisti-
cally significant difference in the effect between the arms of
treatment. Time of progression (9.3 vs 6.5 months,
p = 0.000004) and OS of 15 months (76 vs 65%, p = 0.03)
were better in the liposomal doxorubicin arm [42]. There was a
higher incidence of grade 3/4 adverse events in the combina-
tion group (80 vs 64%). These complications were related to
myelosuppression, constitutional and gastrointestinal symptoms
and hand-foot syndrome [42].

In other studies, in refractory/relapse MM, bortezomib was
combined with each of the classes of drugs with known activity

Table 1. Pharmacokinetic and pharmacodynamic parameters by rout
of administration.

Bortezomib
subcutaneous (n = 17)

Bortezomib
intavenous (n = 14)

Pharmacokinetics

Cmax (ng/ml) 20.4 (8–87) 223 (101)

Tmax (min) 30 (5–60) 2 (2–5)

AUClast (ng/h/ml) 155 (56.8) 151 (42.9)

Pharmacodynamics

Emax (%) 63.7 (10.6) 69.3 (13.2)

TEmax (min) 120 (30–1440) 5 (2–30)

AUE72 (%/h) 1714 (617) 1383 (767)

Data are mean (SD) or median (range).
AUClast: Area under the concentration-time curve from time 0 to the last time point at which bortezomib was
quantifiable; AUE72: Area under the percentage inhibition-time curve from time 0–72 h; Cmax: Maximum
plasma concentration; Emax: Observed maximum percentage inhibition of 20S proteasome activity; TEmax: Time
to Emax; Tmax: Time to Cmax.
Data taken from [36].
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in MM such as steroids (dexamethasone, prednisone), immuno-
modulatory agents (thalidomide, lenalidomide) and conven-
tional chemotherapeutic agents (melphalan, cyclophosphamide)
(TABLE 2). The trials were related to 30–63 patients with refrac-
tory or recurrent MM. The response rates ‡ PR were 66–92%.
The results of the bortezomib combination with cyclophospha-
mide and dexamethasone were particularly promising, where
the ‡ PR was achieved in 82% (CR 16%). Addition of thalido-
mide to this regimen improved ‡ PR 92 and 52% CR. There
are also studies ongoing on the combination of bortezomib
with a variety of new drugs such as perifosine, tanespimycin,
vorinostat, arsenic oxide, samarium SM 153 leksidrondam, sil-
tiximab (CNTO 328) and panobinostat in patients with
relapsed or refractory MM.

Phase III studies in newly diagnosed patients
Clinical research is focused on the effective and well-tolerated
combination of bortezomib with other drugs with proved
action in MM as induction therapy.

The Phase III clinical trial VISTA enrolled 682 previously
untreated patients who were not candidates for AHSCT. The
patients received MP (melphalan + prednisone) or VMP (MP
+ bortezomib).

The overall response rate was 71% for VMP and the MP 35%
with high CR prevalence (respectively 30 vs 4%, p < 0.001) for
both comparisons. All efficacy outcomes were also favorable for
VMP relative to MP: median time to response (1.4 vs
4.2 months), duration of response (20 vs 13 months) and
treatment-free interval (17 vs 9 months). Importantly, an
improvement in the response was observed in all subgroups of
patients, including those who were >75 years of age, in whom
creatinine clearance was <60 and with high-risk cytogenetics
t(4,14), t(14,16) or chromosome 17 deletion [43]. After 5 years of
follow-up, improvement in OS in patients treated with VMP
versus MP was reported (56.5 vs 43.1 months respectively;
p = 0.0004) [44]. The improvement in survival was observed in all
of these subgroups except for patients with confirmed high-risk
cytogenetics [44]. Toxicities ‡ grade 3 were higher in the VMP
arm, including neuropathy (14 vs 0%), nausea, vomiting/diar-
rhea, fatigue/asthenia and herpes zoster, which was observed in
14% of patients treated with VMP versus 4% in the MP arm.
However, it was noted that in patients who received antiviral pro-
phylaxis, only 3% developed shingles. An analysis of the inci-
dence of zoster reactivation in APEX study also showed a
significantly higher incidence of herpes zoster in the arm with

bortezomib to dexamethasone (13 vs 5% respectively,
p = 0.0002) [45]. Based on the above data, antiviral prophylaxis is
recommended for all patients receiving chemotherapy regimens
based on bortezomib. It may be acyclovir 400 mg/day, valacyclo-
vir 250 or 500 mg daily and famciclovir 500 mg/day [46].

Data presented by Mateos et al. during the American Society
of Hematology (ASH) Conference 2013 indicate that a higher
cumulative bortezomib dose, reflecting prolonged treatment
duration and/or dose intensity, is associated with improved
OS [47]. Maintaining patients on bortezomib therapy, using
dose/schedule modifications and adverse event management as
required, is thus important in order to maximize the cumula-
tive dose and to provide better OS [47].

The results of VISTA trial clearly indicate the improving
effect of the VMP treatment without increased long-term toxic-
ity after first-line treatment based on bortezomib.

There are also several Phase III trials evaluating the use of
bortezomib as induction therapy with subsequent AHSCT.

Other two Phase III clinical trials comparing bortezomib in
combination with doxorubicin and dexamethasone (bortezomib–
adriamycin–dexamethason [PAD]) to traditional vincristine,
doxorubicin, dexamethasone (VAD) regimen found improved
levels of CR/near-complete remission (nCR) (30 vs 15%;
p < 0.015) [10]. During the ASH Conference in New Orleans in
2013, Sonneveld et al. presented an update of the study VAD
versus PAD after a median follow-up of 490/835 live patients
74 months and proved better OS after induction chemotherapy
PAD versus VAD was superior after the whole treatment includ-
ing AHSCT and maintenance with bortezomib in PAD arm and
thalidomide in VAD arm (p = 0.03) [48].

This improved treatment efficacy after AHSCT in patients
who were administered bortezomib-based induction therapy is
significant. It was also shown in published, large studies, which
compared the results of single and tandem transplantation that
even if patients did not achieve CR/nCR after the first autolo-
gous transplant, they could benefit from a second transplant [49].

The current standard induction chemotherapy in MM
includes three or four drugs with different mechanisms of action
(TABLE 3). The efforts of investigators are still focused on finding
combinations of drugs forming optimal induction regimens. In
prospective, multicenter Phase II study, DVD regimen (lipo-
somal pegylated doxorubicin, bortezomib, dexamethasone)
proved to be well tolerated and effective in patients with
untreated MM compared with the standard approach [50].
Thirty-five previously untreated MM patients were enrolled.

Table 2. Selected clinical trials of bortezomib in polychemotherapy regimens in relapse/refractory multiple
myeloma patients.

Study (year) Phase Regimen N CR/nCR (%) ORR (%) Ref.

Pineda-Roman et al. (2008) I/II VT ± Dex 85 22 63 [81]

Palumbo et al. (2008) PAD 64 25 67 [82]

Ciolli et al. (2008) II VTDD 42 52 74 [83]

CR: Complete remission; N: Number of evaluable patients; nCR: Near-complete remission; ORR: Overall response rate; PAD: Bortezomib–adriamycin–dexamethason;
VT: Bortezomib–thalidomide; VTDD: Bortezomib–thalidomide–dexamethason–liposomal doxorubicin.
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Dexamethasone iv. 40 mg, bortezomib 1 mg/m2 and PLD
5 mg/m2 were administered on days 1, 4, 8 and 11 of a 4 week
cycle. Patients were treated to their maximum response plus two
additional cycles. The treatment regimen was discontinued after
a maximum of eight cycles. Our modified schedule and dosing
regimen achieved a high overall response rate of 86%, while
showing a marked decrease in the incidence and severity of
peripheral neuropathy, palmar-plantar erythrodysesthesia and
myelosuppression compared with the standard dosing on a
3 week cycle using these drugs [50]. The first results of using one
of the most intensive induction RVDD regimen (lenalidomide,
bortezomib, dexamethasone, doxorubicin, pegylated liposomal) in
untreated MM patients were described by Jakubowiak et al. [51].
Patients received RVDD at four dose levels including the maxi-
mum tolerated dose (MTD). Patients with ‡ very good partial
remission (VGPR) after cycle 4 proceeded to AHSCT or contin-
ued treatment. The primary objectives were MTD evaluation and
response to RVDD after four and eight cycles. Seventy-two
patients received a median of 4.5 cycles. The MTDs were lenali-
domide 25 mg, bortezomib 1.3 mg/m2, pegylated liposomal
doxorubicin 30 mg/m2 and dexamethasone 20/10 mg, as estab-
lished with 3 week cycles. Results of the treatment are very
impressive. Response rates after four and eight cycles were 96 and
95% partial response or better, 57 and 65% ‡ VGPR, and
29 and 35% complete or near-complete response, respectively.
The estimated 18-month progression-free survival (PFS) and OS
were 80.8 and 98.6%, respectively [51].

During the ASH Conference 2013, Kumar et al. presented
very interesting data regarding the outcome of a two-centered,
US-based, retrospective, observational study comparing the
effectiveness and safety of bortezomib–cyclophosphamide–dexa-
methasone (VCD) and Bortezomib–lenalidomide–dexametha-
sone (VRD) as initial treatment for MM in routine
oncology [52]. These data support comparable outcomes in
terms of response, PFS and OS, well-tolerated safety profiles
and lower drug costs per treatment course with VCD com-
pared with VRD as initial therapy in MM. Similar outcomes
were seen despite the higher proportion of patients in the
VCD arm with renal failure, a feature typically associated with
inferior outcomes [52].

This way of thinking, and subsequently of the approach, is
assumed to lead to a maximal therapeutic effect with an accept-
able toxicity in the greatest number of patients at the beginning

of the treatment, which could prevent evaluation of disease
resistance, inhibit the progression and complications and conse-
quently extend the survival rate. Although, it is still hard to
imagine the possibility of the eradication of myeloma clones by
even the most radical treatment.

Maintenance therapy with bortezomib in MM
It is very important to schedule an extended treatment in mye-
loma multiple patients to maintain the effect of initial therapy.
In recent years, a number of studies have been conducted on
maintenance therapy with bortezomib. A randomized Phase III
study PETHEMA group of patients with untreated MM
‡65 years found that the reduction of bortezomib dosing in
subsequent treatments after one cycle of VTP (bortezomib, tha-
lidomide, prednisone) or VMP (thalidomide instead of melpha-
lan) to once per week resulted in a marked reduction of the
neurotoxicity (TABLE 4) [11]. The continuation of initial treatment
was the maintenance therapy with VP or VT, which increased
CR level after induction from 24 to 42% [11]. The authors rec-
ommend a combination of bortezomib with thalidomide in the
procedure for older patients with MM. A marked trend toward
more favorable PFS and OS was noticed, but without reaching
statistical significance [11].

In a randomized Phase III study, HOVON-65/GMMG-
HD4 patients with MM aged <65 years were randomly
assigned to receive induction therapy PAD or VAD with subse-
quent AHSCT. Afterward the PAD arm patients received
maintenance therapy with bortezomib at a dose of 1.3 mg/m2

every 2 weeks and the second arm received thalidomide
50 mg/day for 2 years (TABLE 4) [10]. It was found that the arm
with bortezomib achieved a higher CR – 49 versus 34% in the
second arm, but also a benefit in PFS and most importantly in
OS [10]. A benefit is also related to the lower toxicity of the
bortezomib arm, where due to adverse circumstances, mainte-
nance therapy was discontinued in 9% of patients compared
with 31% in the thalidomide arm.

Sonneveld et al. after a median observation of 41 months
confirmed the favorable PFS and OS for the PAD arm fol-
lowed by maintenance treatment with bortezomib administered
once every 2 weeks [10]. What is particularly important, signifi-
cant improvement in PFS, but also in the OS, was demon-
strated for patients treated with bortezomib versus thalidomide
in maintenance, respectively, 30 versus 13 months (p = 0.004)

Table 3. Selected Phase III trials with bortezomib in previously untreated multiple myeloma.

Study Regimen N CR/nCR ORR (%) Ref.

HOVON-655/GMMG-H4 PAD (vs VAD) 300 23% (vs 9%) 83 [10]

GIMEMA VTD (vs TD) 460 55% (vs 32%) 94 [8]

VISTA VMP (vs MP) 668 30% CR (vs 4%) 71 [43]

GIMEMA VMPT (vs VMP) 354 39% CR (vs 21%) 87 [73]

CR: Complete remission; MP: Melphalan, prednisone; N: Number of evaluable patients; nCR: Near-complete remission; ORR: Overall response rate; PAD: Bortezomib–
adriamycin–dexamethason; TD: Thalidomide, dexamethason; VAD: Vincristine, adriamycin, dexamethason; VGPR: Very good partial remission; VMP: Bortezomib–
melphalan–prednisone; VMPT: Bortezomib–melphalan–prednisone–thalidomide; VTD: Bortezomib–thalidomide–dexamethason.
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and 54 versus 21 months (p = 0.001) in patients with a partic-
ularly poor prognosis with hypercreatininemia >2.0 mg/dl and
a similar advantage of this treatment in patients with deletion
17p13 [10].

Very important data regarding a randomized study bortezo-
mib–melphalan–prednison–thalidomide followed by bortezomib–
thalidomide maintenance (VMPT-VT) versus VMP were pub-
lished this year by Palumbo et al. in not eligible transplantation of
newly MM patients (TABLE 4) [9]. In the initial analysis with a median
follow-up of 23 months, VMPT-VT improved the complete
response rate from 24 to 38% and 3-year PFS from 41 to 56%
compared with VMP. In this analysis, median follow-up was
54 months. The median PFS was significantly longer with
VMPT-VT (35.3 months) than with VMP (24.8 months; hazard
ratio [HR]: 0.58; p < 0.001). The time till the next therapy was
46.6 months in the VMPT-VT group and 27.8 months in the
VMP group (HR: 0.52; p < 0.001). The 5-year OS was greater
with VMPT-VT (61%) than with VMP (51%; HR: 0.70;
p = 0.01). Survival from relapse was identical in both groups (HR:
0.92; p = 0.63) [9]. In the VMPT-VT group, the most frequent
grades 3–4 adverse events included neutropenia (38%), thrombo-
cytopenia (22%), peripheral neuropathy (11%) and cardiological
events (11%). All of these, except for thrombocytopenia, were sig-
nificantly more frequent in the VMPT-VT patients [9]. It was
proved that bortezomib and thalidomide significantly improved
OS in MM patients not eligible for transplantation.

The authors point out a significant reduction in the toxicity of
bortezomib with weekly dosing, without a loss of efficacy [53].

In a study of 49 patients with advanced MM with the use of
effective treatment with bortezomib and subsequently bortezomib
at 1.3 mg/m2 twice a month, with dexamethasone 20 mg/day on
days 1–2, 15–16, very high tolerability was reported. The median
time to progression was 16 months with a PFS of 61% after
1 year. The authors noted that the administration of bortezomib
every 2 weeks was associated with no neurotoxicity ‡ grade 3 [33].

Bortezomib as a component of conditioning chemo-
therapy before AHSCT
In 2010, Lonial et al. published the results of a Phase I/II study,
where bortezomib was added to chemotherapy conditioning
before AHSCT [54]. The study enrolled patients with MM who
had not attained VGPR before AHSCT. Bortezomib was admin-
istered as a single dose 24 h before or 24 h after high-dose mel-
phalan at escalated dose of 1.0, 1.3 or 1.6 mg/m2. The study
included 39 patients. There was no increased toxicity of such
treatment. The response was demonstrated in 87% of patients
and 51% achieved at least a VGPR [54]. This observation encour-
ages one to combine bortezomib with conditioning regimens
before AHSCT as an effective and safe approach.

In 2010, Roussel et al. published the results of the study,
where bortezomib at a dose 1 mg/m2 four-times was added to
the conditioning with melphalan 200 mg/m2 prior to
AHSCT [55]. The study included 54 patients, in which 70%
received at least VGPR and 32% received CR after AHSCT.
There was no increased toxicity or mortality associated with
such an approach [55].

In 2013, authors from Japan published the results of a pilot
study on the combination of bortezomib and high-dose mel-
phalan as a conditioning regimen followed by an AHSCT [56].
The patients received two doses of 1.3 mg/m2 of bortezomib
on days –4 and –1 and 100 mg/m2 of melphalan on days –3
and –2. Such treatment was used in 17 patients, and no nega-
tive impact on the course of AHSCT was observed [56].

Consolidation therapy with bortezomib
There are some observations with consolidation therapy using
bortezomib-based therapy (TABLE 5).

In the first of them, patients achieving at least a very impres-
sive partial response who had an available molecular marker
based on the immunoglobulin heavy-chain rearrangement
received four courses of treatment every month: four infusions

Table 4. Results of prospective clinical trials on the use of bortezomib as a maintenance treatment of
multiple myeloma.

Study (year)/trial Auto-HSCT Bortezomib
in induction

Maintenance N OS (%) PFS (%) PN (%) Ref.

Mateos et al. (2012) No Yes Bortezomib +

prednisone

89 50 (5 y) 32 m (5 y) 3 [11]

Yes Bortezomib +

thalidomide

89 69 (5 y) 39 m (5 y)† 9

Palumbo et al. (2010) No Yes Bortezomib +

thalidomide

139 59 (5 y)† 56 (3 y)† ND [53]

Palumbo et al. (2014) No Observation 139 46 (5 y) 41 (3 y) ND [9]

Sonneveld et al. (2012) Yes Yes Bortezomib 410 28 m (3, 5 y) ND [10]

No Thalidomide 419 p = 0.049 35 m (3, 5 y)† ND

†Differences statistically significant.
Auto-HSCT: Autologous hematopietic stem cells transplantation; m: Months; med.: Median; N: Number of cases; ND: No data; OS: Overall survival; PFS: Progression-free
survival; PN: Peripheral neuropathy; y: Years.
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per month of bortezomib at 1.6 mg/m2, thalidomide at
200 mg/day and dexamethasone at 20 mg/day on days 1–4,
8–11 and 15–18, respectively (TABLE 5) [57]. Patients were studied
with tumor clone-specific primers by qualitative nested PCR
and RQ-PCR. Of 39 patients enrolled, 31 received the
four bortezomib–thalidomide–dexamethasone (VTD) courses.
Immunofixation complete responses increased from 15% after
auto-SCT to 49% after VTD. Molecular remissions were 3%
after auto-SCT and 18% after VTD. The median time to max-
imum response was 3.5 months. So far, no patient in molecu-
lar remission has relapsed (median follow-up, 42 months).
VTD consolidation induced an additional depletion of
4.14 natural logarithms of tumor burden by RQ-PCR. Patients
with a tumor load less than the median value after VTD had
outcomes better than those who had tumor loads above the
median value after VTD (at median follow-up: PFS, 100 vs
57%; p = 0.001) [57].

In a randomized, Phase III study, superior CR/nCR rates
and extended PFS were demonstrated with VTD versus TD as
induction therapy before, and consolidation after, double
AHSCT for newly diagnosed myeloma patients (TABLE 5) [8].
This per-protocol analysis (VTD, n = 160; TD, n = 161) spe-
cifically assessed the efficacy and safety of consolidation with
VTD or TD. Before starting consolidation, CR/nCR rates
were not significantly different in the VTD (63.1%) and TD
arms (54.7%). After consolidation, CR (60.6 vs 46.6%) and
CR/nCR (73.1 vs 60.9%) rates were significantly higher for
VTD-treated patients versus TD-treated patients. VTD consol-
idation significantly increased CR and CR/nCR rates, but TD
did not. With a median follow-up of 30.4 months from the
start of consolidation, 3-year PFS was significantly longer for
the VTD group (60 vs 48% for TD). Grade 2 or 3 peripheral
neuropathy (8.1 vs 2.4%) was more frequent with VTD (grade
3, 0.6%) versus TD consolidation. The superior efficacy of
VTD versus TD as induction was retained despite readminis-
tration as a consolidation therapy after a double autologous
transplantation. VTD consolidation therapy significantly con-
tributed to improved clinical outcomes observed for patients
randomly assigned to the VTD arm of the study [8].

Another retrospective case series analysis included a total of
48 patients with newly diagnosed MM, who achieved CR or
VGPR after bortezomib-based induction and were eligible for
AHSCT. Twenty-four of these patients proceeded with AHSCT
and the other 24 opted out of ASCT and received two additional
cycles of bortezomib therapy as consolidation (TABLE 5) [58]. With a
median follow-up of 28.5 months in the AHSCT group and
29 months in the consolidation group, no significant difference
was seen in PFS and OS. This study may suggest that the contin-
uation of effective chemotherapy as consolidation may promise a
comparable late outcome as AHSCT [58].

Retreatment with bortezomib
In a Phase II study, Petrucci et al. showed that the retreatment
with bortezomib ± dexamethasone may be effective in patients
who relapsed 6 months after the end of treatment and who T
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received in the past eight cycles of therapy with bortezomib [59].
About 40% of patients retreated with bortezomib had a
response. There was no additional cumulative toxicity [59]. Cur-
rently, patients are enrolled to a randomized Phase III study of
extended treatment with bortezomib.

Resistance to bortezomib treatment
In 2011, the results of Phase I/II Perifosine/bortezomib ±
dexamethasone were reported [60]. Perifosine is a novel modula-
tor of a signal transductor which in preclinical studies enhanced
the antimyeloma effect of dexamethasone and bortezomib;
73% were refractory to bortezomib and 51% were refractory to
bortezomib and dexamethasone. Complete response was dem-
onstrated in 41% of patients including 65% in patients with
relapsed MM and 31% with disease refractory to bortezomib.
No significant toxicity and no treatment-related mortality were
reported [60].

Another substance that gives hope in overcoming resistance
to bortezomib is a panobinostat, pan-deacetylase inhibitor.
Phase Ib studies demonstrated that the combination of bortezo-
mib and panobinostat may be effective in patients with refrac-
tory or relapsed MM, also in case of prior resistance to
bortezomib [61,62]. Currently, the next phases of research have
begun to demonstrate the effect of treatment in randomized
patients. Richardson et al. demonstrated in a Phase II study
that the combination of bortezomib, dexamethasone, panobino-
stat is effective in heavily pretreated patients refractory to borte-
zomib. The level of response was 34.5% [61].

Bortezomib in MM patients with renal failure
Renal failure significantly worsens the prognosis in MM. Mild
or moderate renal failure caused by accumulation and deposi-
tion of monoclonal light chains, which forms casts blocking the
distal tubules of the kidney, is a relatively common complica-
tion of MM [63]. Light chains also interact directly toxic to the
proximal renal tubules. In clinical trials, in patients with newly
diagnosed myeloma, and in those with refractory disease, the
treatment based on bortezomib resulted in the improvement of
the renal function, with a rapid withdrawal of renal failure in
many patients [64].

In the Phase III VISTA trial in patients with untreated MM,
the withdrawal of renal failure was shown in 49 of 111 (44%)
patients who received bortezomib with melphalan and predni-
sone compared with 40 of 116 (34%) patients receiving mel-
phalan and prednisone (p = 0.07) [63].

A subgroup analysis dependent on the degree of renal function
in the APEX study showed no difference in the results of the
treatment of patients with creatinine clearance £50 ml/min com-
pared with those who had >50 ml/min in the group treated with
bortezomib. It was different in the group treated with dexameth-
asone, where OS was statistically shorter (p = 0.003) in patients
with CC £50 ml/min. The profile of tolerance did not differ
between patients with varying renal function treated with borte-
zomib. The authors noted that bortezomib is active against MM,
regardless of the degree of renal insufficiency [65].

In 10 patients with a creatinine clearance (GFR) <30 ml/min
who were enrolled in the study SUMMIT and CREST with
the sponsor’s approval, bortezomib was administered at a dose
of 1.0 or 1.3 mg/m2 per dose on days 1, 4, 8 11 in 21 day
cycles. Seven of them completed eight planned treatments. PR
was achieved in two patients with minimal PR in one patient.
The results were similar to those obtained in the whole group
of patients with MM [66].

Ludwig et al. demonstrated in a publication in 2010 that the
combination of chemotherapy: bortezomib 1.0 mg/m2 iv. on
days 1, 4, 8 and 11, doxorubicin 9 mg/m2 iv. on days 1,
4 and dexamethasone 40 mg/m2 iv. on days 1, 4, 8 and
11 may improve renal function in patients with a light-chain
disease and who had begun treatment with a reduced creatinine
clearance <50 ml/min [67]. The median GFR increased from
20.5 to 48.4 ml/min. Improvement of renal function correlated
with the treatment effect, and the greatest improvement of
GFR to 59.6 ml/min was demonstrated in patients with a
treatment effect level CR/nCR/VGPR [67].

Pönisch et al. in 2013 showed that the BPV program, which
is a combination of bortezomib 1.3 mg/m2 administered on
days 1, 4, 8, 11, prednisone 100 mg on days 1, 2, 4, 8,
11 and bendamustine 60 mg/m2 on days 1 and 2, is effective
and well tolerated in patients with refractory/relapsed MM
with renal damage induced by light chains [68]. The treatment
resulted in a response in 67% of the patients and an improve-
ment of renal function in >50% of treated patients. It was also
demonstrated that chemotherapy with bortezomib before and
after AHSCT reduces a worse prognosis in patients with renal
insufficiency and a diagnosis of MM [69].

Bortezomib treatment in the elderly
In the elderly patients, a less intensive approach should be con-
sidered, in the presence of neuropathy, which can significantly
affect the overall condition. In 2012, Sopeña et al. published
the results of an analysis comparing bortezomib administered
weekly in seven studies to the standard approach published in
the VISTA study. It was demonstrated that dosing bortezomib
once a week in elderly patients with relapsed/refractory MM
resulted in lower toxicity without impairing its effectiveness.
There was also the need to modify the treatment and thereby
making such bortezomib treatment possibly more effective in
older patients [70].

Pathophysiology & treatment of toxicity associated
with bortezomib
Neuropathy

Another very significant bortezomib treatment complication is
neuropathy. Clinically, it is important to note a baseline rate of
neuropathy, especially in patients with relapsed/refractory MM.
In the Phase II SUMMIT and CREST study with bortezomib,
more than 80% of patients had symptoms of polyneuropathy,
assessed by questionnaires and neurological examination [71]. It
should be emphasized that serious neuropathy following treat-
ment with bortezomib most frequently developed in patients
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with previously peripheral neuronal damage. In the APEX
study, of the 37% of patients with polyneuropathy, 9%
had ‡ grade 3. The neuropathy was typically sensory although
2% of patients developed motor. It appears that the neuropa-
thy was not dose dependent and typically developed during the
five cycle and reaching a plateau by cycle 8, associated with a
cumulative dose of 26 and 42 mg/m2. It was noted that neu-
ropathy was not related to age, previous treatment (including
Vinca alkaloids and thalidomide) or diabetes.

It is worth noting that in patients who have symptoms of
polyneuropathy, treatment should be matched to limit the pos-
sibility of worsening neuropathy. It is necessary to suitably
combine chemotherapeutic agents and reduce the dose of bor-
tezomib in a single dose, but also the cumulative dose over
time, for example, by administering bortezomib once a week,
which may reduce the risk of neuropathy, without loss of
efficacy [72].

The prevalence of polyneuropathy in grade ‡3 in VMP regi-
men decreased from 14 to 2% when bortezomib was adminis-
tered once, not twice a week, without loss of efficacy [73].

Currently, there is no proven effective prophylaxis for poly-
neuropathy. A variety of drugs are used to relieve the symp-
toms of bortezomib neuropathy including opioids,
anticonvulsants, serotonin–norepinephrine reuptake inhibitors,
nonsteroidal anti-inflammatory agents, vitamins, nutritional
supplements as alpha-lipoic acid, glutamine and L-carnitine [74].
However, supplements should be administered with caution as
there are some data suggesting that agents like vitamin C or
green tea may reduce the effectiveness of treatment with
bortezomib [75].

According to bortezomib neuropathy, results of the studies
where bortezomib were administered subcutaneously became
particularly relevant [36,76,77].

In 2008, the conclusions of a Phase I study were published,
which showed in a group of 24 patients treated in 50% of an
intravenously administered medication and 50% of the drug
administered subcutaneously, similar systemic exposure in both
groups of patients [76]. As a continuation, a multicenter, random-
ized Phase III study was conducted to confirm the hypothesis of
comparable therapeutic effect with a similar toxicity for bortezo-
mib administered intravenously to subcutaneously [36]. The study
enrolled patients with relapsed or refractory, secretory MM. Two
to three lines of treatment were allowed. The exclusion criteria
were previous treatment with bortezomib as well as peripheral
neuropathy ‡ grade 2 or neuropathic pain. Bortezomib was
administered in the classical scheme with dexamethasone. Subcu-
taneous Velcade was prepared in a concentration of 2.5 mg/ml
and then administered in the thigh or abdominal area. Injections
in the same location were forbidden. The program allowed up to
eight cycles of treatment, with the possibility of having two addi-
tional cycles for patients who were not confirmed or lost PR.
Patients were randomized in a 2:1 ratio in favor of subcutaneous
administration.

A tendency was noted to a higher incidence of adverse
events ‡ grade 3 for the intravenous group – 70% compared

with arm A – 57%, which resulted in the necessity of ending
the treatment, respectively, in 27 and 22% of patients and to
reduce the dose in 43 and 31% of patients. Serious adverse
events were reported in a similar proportion of patients in both
groups. In the subcutaneous group, it was 36% and in the
intravenous group – 35% of patients.

The incidence of any symptoms of peripheral neuropathy, as
well as polyneuropathy grades 2 and 3, was lower in the subcu-
taneous group compared with the intravenous, and it was 38%,
24.6 versus 53.41, 16%, respectively. The risk factors of such
complications were balanced for both groups (FIGURE 2).

In 2012, a supplement of the study of subcutaneous versus intra-
venous bortezomib in MM patients was published, demonstrating
no difference in PFS and OS in both groups of patients [77].

On the basis of these studies, the FDA in 23 January
2012 and the Committee for Medical Products for Human
Use of the EMA in 26 June 2012 positively recommended
administration of subcutaneous bortezomib, which was noted
in the drug characteristics [78]. Also based on these studies, sub-
cutaneous administration of bortezomib was registered, and
due to the lower toxicity, it is recommended for all myeloma
patients.

Other toxicities
Thrombocytopenia is a well-recognized problem associated with
bortezomib treatment. In almost all patients, the platelets count
drops during 1 and 14 days of treatment and then recovers to a
baseline level by day 21 of the cycle. The mean reduction in
relapsed/refractory myeloma patients of the platelets is 60%, and
it appears to be independent of the baseline platelet count and
indicators of disease activity. Murine studies showed no cytotoxic
effect on megakaryocytes, therefore suggesting a distinct mecha-
nism, perhaps that of the immune mechanism [79].

There have also been reported cases of acute pancreatitis
induced by bortezomib treatment [80].

Current status
Bortezomib (Velcade) – registered indications

Velcade as monotherapy is indicated for the treatment of adult
patients with progressive MM who have received at least one
prior therapy and who have already undergone or are unsuit-
able for hematopoietic stem cell transplantation.

Velcade in combination with melphalan and prednisone is
indicated for the treatment of adult patients with previously
untreated MM who are not eligible for high-dose chemother-
apy with hematopoietic stem cell transplantation.

Velcade in combination with dexamethasone, or with dexa-
methasone and thalidomide, is indicated for the induction
treatment of adult patients with previously untreated MM who
are eligible for high-dose chemotherapy with hematopoietic
stem cell transplantation.

Expert commentary & five-year view
The introduction of bortezomib for the treatment of MM was
undoubtedly a step forward in managing to extend the life of
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the patients [5,6,38,39]. In recent years, bortezomib has become
an essential element of both the induction as well as consolidat-
ing polychemotherapy of MM patients, when they are candi-
dates for autologous stem cell transplantation as well as in the
elderly and patients with comorbidities [9–11,38,40–43,49–51].
Research has been conducted on the optimization of the
extended maintenance treatment with bortezomib. The chance
for a more consistent bortezomib treatment increased after
results of the studies related to subcutaneous bortezomib
administration, which demonstrated that it is significantly bet-
ter tolerated, particularly with regard to neurotoxicity, and
retains the same pharmacokinetic and pharmacodynamic
parameters and consequently, the same effect [36,77].

Of great importance is the efficacy of bortezomib in patients
with a particularly poor cytogenetics prognosis and renal

failure, regardless of its degree [44,66–69]. The problem that still
remains is resistance to bortezomib treatment in some myeloma
patients, thus research is focused on associations with overcom-
ing agents [60–62]. Further research has been conducted on the
optimization of treatment regimens based on bortezomib using
new therapeutic agents.

Financial & competing interests disclosure

The authors have no relevant affiliations or financial involvement with

any organization or entity with a financial interest in or financial con-

flict with the subject matter or materials discussed in the manuscript.

This includes employment, consultancies, honoraria, stock ownership or

options, expert testimony, grants or patents received or pending, or

royalties.

No writing assistance was utilized in the production of this manuscript.

Key issues

• Bortezomib is the first proteasome inhibitor drug tested in human patients, causing tumor cell death by degradation of key proteins. It

acts in a very selective and reversible way.

• It was approved by the US FDA on an accelerated basis for treatment of relapsed or resistant multiple myeloma patients due to the very

impressive results from Phase II trials, and currently also for the treatment of untreated patients.

• Bortezomib is widely used in induction and consolidation regimens. The research has been conducted on the optimal use in autologous

hematopoietic stem cell transplantation and maintenance therapy.

• Demonstration of less neurological toxicity, particularly through the introduction of the subcutaneous administration of bortezomib,

increases the chance of managing the intended treatment plan, and thus the effectiveness of therapy.

• Currently, further research is being conducted on the combination of bortezomib with new agents in multiple myeloma.
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