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Bortezomib has demonstrated significant
activity in clinical trials, mainly against
recurrent or newly diagnosed multiple
myeloma (MM). Peripheral neuropathy is
a significant toxicity of bortezomib, requir-
ing dose modification and potential
changes in the treatment plan when it
occurs. The mechanism underlying
bortezomib-induced peripheral neuropa-
thy (BIPN) is unknown. Metabolic changes
resulting from the accumulation of bor-
tezomib in the dorsal root ganglia cells,
mitochondrial-mediated disregulation of
Ca�� homeostasis, and disregulation of

neurotrophins may contribute to the
pathogenesis of BIPN. It is increasingly
recognized that BIPN may be a protea-
some inhibitor class effect, producing
primarily a small fiber and painful, axonal,
sensory distal neuropathy. Incidence of
BIPN is mainly related to various risk
factors, including cumulative dose and
evidence of preexisting neuropathy. As-
sessment of BIPN is based primarily on
neurologic clinical examination and neu-
rophysiologic methods. To date, apart
from the use of dose reduction and sched-
ule change algorithm, there is no effec-

tive treatment with neuroprotective agents
for BIPN. Analgesics, tricyclic antidepres-
sants, anticonvulsants, and vitamin
supplements have been used as symp-
tomatic treatment against bortezomib-
associated neuropathic pain with some
success. This review looks critically
at the pathogenesis, incidence, risk
factors, diagnosis, characteristics, and
management of BIPN, and highlights ar-
eas for future research. (Blood. 2008;112:
1593-1599)

Introduction

The ubiquitin-proteasome system is the major intracellular protein
degradation pathway in eukaryotic cells, playing an important role
in transcriptional regulation of the key transcription factor, nuclear
factor-�B (NF-�B). The 26S proteasome, an adenosine triphosphat-
e–dependent protease, is fundamental for the ubiquitin-proteasome
pathway.1 Proteasome inhibition induces apoptosis, cell adhesion,
transcription, and angiogenesis of cancer cells, exerting at the same
time a nontoxic effect on most normal cells.2

Bortezomib, a boronic acid dipeptide, is a 20S proteasome
complex inhibitor that acts by disrupting various cell signaling
pathways, thereby leading to cell cycle arrest, apoptosis, and
inhibition of angiogenesis. The hallmark of bortezomib action is
the inhibition of NF-�B, thereby interfering with NF-�B–mediated
cell survival, tumor growth, and angiogenesis.3

Bortezomib monotherapy was approved by the US Food and
Drug Administration in 2003 for the treatment of refractory
multiple myeloma (MM) after 2 prior treatment schedules.
A year later, the European Medicines Agency granted approval
for the use of bortezomib against MM, subject to annual
reassessment of the pros and cons. In addition to MM, the use of
bortezomib has a solid rationale against nonhematologic
malignancies.4

Peripheral neuropathy (PN) is a significant dose-limiting toxic-
ity of bortezomib that typically occurs within the first courses of
bortezomib, reaches a plateau at cycle 5, and thereafter does not
appear to increase.5 We herein review and discuss the pathogenesis,
incidence, risk factors, diagnosis, characteristics, and management
of bortezomib-induced peripheral neuropathy (BIPN). We also
highlight areas of future research to pursue.

Search strategy and selection criteria

References for this review were identified by searches of
PubMed from 2000 until March 2008 with the terms “pro-
teasome inhibitors,” “proteasome inhibitors and peripheral neuro-
pathy,” “Velcade,” “bortezomib-induced neurotoxicity,” “bortezomib-
induced peripheral neuropathy,” and “chemotherapy-induced
peripheral neuropathy.”

Pathogenesis of peripheral neuropathy

Current knowledge of the mechanism underlying BIPN is very
limited.5 Mitochondrial and endoplasmic reticulum damage seems
to play a key role in BIPN genesis, since bortezomib is able to
activate the mitochondrial-based apoptotic pathway.6 It has re-
cently been reported that cotreatment with a panel of Ca��-
modulating agents identified the mitochondrial uniporter as a
critical determinant in bortezomib cytotoxicity in myeloma cell
lines. This fact supports the view that mitochondrial-mediated
disregulation of Ca�� homeostasis is a critical regulator of
bortezomib cytotoxicity.7

Disregulation of neurotrophins has also been proposed as
another important mechanism of BIPN genesis, since the main
action of bortezomib is the inhibition of NF-�B activation, thereby
blocking the transcription of nerve growth factor-mediated neuron
survival.8 It is increasingly recognized that BIPN may be a
proteasome inhibitor class effect and that autoimmune factors and
inflammation may also trigger BIPN.2,3,9,10
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To our knowledge, only one full paper published to date
describes neurophysiologic and pathologic findings after bor-
tezomib administration in animal models.11 In this study, spinal
cord was morphologically normal. The sciatic nerve examination
and morphometric determinations demonstrated mild to moderate
pathologic changes involving predominantly the Schwann cells and
myelin, although axonal degeneration was also noted. Bortezomib-
induced changes were also observed in dorsal root ganglia (DRG)
neurons, being represented by satellite cell intracytoplasmatic
vacuolization due to mitochondrial and endoplasmic reticulum
damage. Considering the trophic supportive role that satellite cells
may have in toxic DRG damage, these changes support that
secondary neural dysfunction may occur.12

Another preliminary in vivo (mice) and in vitro (PC-12 cells/rat
pheochromocytoma cell line) study, presented as a meeting ab-
stract, demonstrated that the primary target for proteasome inhibitor-
associated peripheral neuropathy was the DRG neuronal cell
bodies.13 In vivo, proteasome inhibition resulted in chromatolysis
of DRG neurons, followed by cytoplasmic accumulation of eosino-
philic material. Evidence of neurofilaments and juxtanuclear
electron-dense cytoplasmic deposits were also noted within the
DRG neurons. Both in vivo and in vitro lesions after proteasome
inhibition appeared to be related to blood and cellular proteasome
inhibition levels of 70% to 80%.13

Finally, results from a neurophysiologic study applying quanti-
tative sensory testing in patients receiving bortezomib for treatment
of either MM or non-Hodgkin lymphoma demonstrated that
bortezomib-induced pain is associated with deficits of all 3 major
fiber types, ie, A�, A�, and C caliber primary afferent fibers.14 In
any case, both the pathogenesis of BIPN and the anatomical
structures that are primarily or secondarily affected by bortezomib
are vaguely defined, and further studies are warranted before
definite conclusions can be drawn.

Diagnosis

Assessment of BIPN is based primarily on different approaches
of clinical examination, summarized by several comprehensive
neurotoxicity grading scales. The most widely used grading
systems for assessing neurotoxicity are the National Cancer
Institute–Common Toxicity Criteria [NCI-CTC],15 Eastern Co-
operative Oncology Group criteria,16 Ajani,17 and the World
Health Organization criteria.18

Most of the published studies assessing BIPN19,20 have used
either the NCI-CTC version 2 or 3 criteria or the 11-item

neurotoxicity subscale (FACT/GOG-Ntx) developed in the late
1990s by the Gynecologic Oncology Group (GOG) so as to
measure neurotoxicity secondary to the administration of regimens
consisting of doxorubicin/cisplatin/paclitaxel.21 The Ntx subscale
covers from the clinical point of view sensory, motor, and hearing
neuropathy and dysfunction associated with neurotoxicity,22 whereas
the NCI-CTC version 2 or 3 criteria crudely evaluate the extent of
sensory and motor peripheral nerve damage secondary to chemo-
therapy administration.

Despite the different scales, accurate grading of BIPN is still a
matter of debate, mainly because the degree of BIPN is subjective
and dependent on patients’ reporting, thereby resulting in variances
in interpreting clinical aspects and poor reliability. Limitations also
result from intra- and interobserver variation of scales.23

Recently, the Total Neuropathy Score (TNS), a composite
measure that includes symptoms, signs, ability aspects, and electro-
physiologic measures, has been shown to have good validity with
the second version of the NCI-CTC, the Eastern Cooperative
Oncology Group, and the Ajani score in patients having
chemotherapy-induced peripheral neuopathy (CIPN).24 Further-
more, compared with NCI-CTC, TNS showed a higher sensitivity
to CIPN changes in a more recent study of the same group, thereby
proposing TNS as a reliable method for assessing both the severity
and course of CIPN.25 Table 1 describes the components of the TNS
scoring system. Laboratory analyses such as cerebrospinal fluid
(CSF) examinations do not provide any additional information and
are not helpful in anticipating the severity of neurotoxicity.
Therefore, their use is not recommended.

Our group favors a grading scale using both clinical and
electrophysiologic evaluation, such as the TNS. We strongly
support the view that clinical examination and electrophysiologic
measures are capable of objectively assessing both the severity and
course of peripheral nerve damage secondary to the toxic effect of
chemotherapeutic agents.26 However, we acknowledge that electro-
physiologic examination is not always available in the general
hematology/oncology setting, and therefore may be difficult to
apply in practice. Considering that TNS does not include an
evaluation of pain intensity, the assessment and grading of BIPN
using the TNS and the pain Visual Analog Scale (VAS) or the
11-point pain intensity numerical scale (PI-NRS) may represent, in
our opinion, the optimal method.

To our knowledge, TNS score has been used in a single study
that assessed BIPN in 27 patients treated with bortezomib and
thalidomide for newly diagnosed MM.27 Thus, it is acknowl-
edged that TNS is not an established measure in BIPN and that
its validity and reliability should be tested further in future

Table 1. Components of the Total Neuropathy Score (TNS)

Component

TNS parameters

0 1 2 3 4

Sensory symptoms None Limited to fingers or toes Extend to ankle or wrist Extend to knee or elbow Above knees/elbows

Motor symptoms None Slight difficulty Moderate difficulty Require help/assistance Disabled

Autonomic symptoms, n 0 1 2 3 4 or 5

Pin sensation Normal Reduced in fingers or toes Reduced up to wrist/ankle Reduced up to elbow/knee Reduced above elbow/knee

Vibration sensibility Normal Reduced in fingers or toes Reduced up to wrist/ankle Reduced up to elbow/knee Reduced above elbow/knee

Strength Normal Mild weakness Moderate weakness Severe weakness Paralysis

Tendon reflexes Normal Ankle reflex (AR) reduced AR absent AR absent, other reflexes

reduced

All reflexes absent

QST vibration sensation Normal to 125% ULN 126%-150 % ULN 151%-200 % ULN 201%-300 % ULN �300% ULN

Sural a-SAP Normal or reduced �5% 76%-95% of LLN value 51%-75% of LLN value 26%-50% of LLN value 0%-25% of LLN value

Peroneal a-CMAP Normal or reduced �5% 76%-95% of LLN value 51%-75% of LLN value 26%-50% of LLN value 0%-25% of LLN value

a-SAP indicates amplitude of sensory action potentials; a-CMAP, compound muscle action potential; LLN, lower limit of normal; and ULN, upper limit of normal.
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studies assessing neurotoxicity in patients treated with bor-
tezomib. Preliminary studies using a detailed clinical and
electrophysiologic examination combined with scales for grad-
ing pain intensity have been conducted and presented at various
meetings.28 In any case, because the need for a simple, widely
usable, and effective grading system is clear, further systematic
clinimetric studies are warranted to accurately detect and grade
the incidence, severity, and course of BIPN.

Incidence, severity, and risk factors

Current knowledge shows that peripheral nerve damage is one
of the most significant nonhematologic toxicities of bortezomib,
which often leads to dose modification and impact on clinical
endpoints and quality of life (QOL) of patients. Grades 1 and 2
BIPN can occur in up to 75% and 33% of patients with recurrent
or newly diagnosed disease under bortezomib therapy, respec-
tively, whereas grades 3 and 4 neurotoxicity may affect up to
30% of patients with recurrent disease and up to 18% of patients
with newly diagnosed disease.20,29,30 Fatal grade 4 sensorimotor
and autonomic neurotoxicity has also been reported in a single
case report.31

The results of the SUMMIT32 and CREST33 phase 2 trials
accurately provide data about the incidence, severity, and risk
factors of BIPN. SUMMIT, a multicenter, open-label nonrandom-
ized trial, enrolled 202 patients with relapsed and refractory MM
treated with 1.0 or 1.3 mg/m2 of IV bortezomib twice weekly for
2 weeks, in cycles repeated every 3 weeks for a maximum of
8 cycles.32 The CREST trial33 applied a similar study design and
treatment schedule in 54 patients. Pooled safety data from these
trials showed that BIPN was one of the most common and
important drug-related adverse events. Peripheral neuropathy was
diagnosed in 90 of 256 (35%) enrolled patients. Grade 1 or
2 neuropathy occurred in 22% of patients, whereas grades 3 and
4 BIPN occurred in 13% and 0.4%, respectively. Dose reduction
due to neurotoxicity was required in 12% of patients, and 5% of
patients discontinued treatment.19

Other similar studies published subsequently confirmed the
results of the latter analysis. In a multicenter study enrolling
27 patients with relapsed or refractory Waldenstrom macroglobu-
linemia, bortezomib has been administered at a dose of 1.3 mg/m2

for 8 cycles. Sensory BIPN represented the most common grade
3/4 toxicity, followed by leukopenia, neutropenia, dizziness, and
thrombocytopenia. Therapy discontinuation resulted in improve-
ment or complete resolution of BIPN.34 In a study of similar design
and sample size, Chen et al35 reported that 20 of 27 patients
(74%) manifested new or worsening BIPN. Five of them developed
grade 3 neurotoxicity leading to dose modification. No grade
4 BIPN was noted.

In another interesting report, Badros et al20 retrospectively
reviewed the incidence, severity, and risk factors of BIPN in
78 patients with recurrent and/or refractory MM who were treated
with bortezomib alone or in combination with thalidomide and/or
chemotherapy. PN affected 52% of patients, including grade 3 and
4 neurotoxicity in 15% and 7%, respectively. Nine patients stopped
bortezomib, and dose reduction was applied in 11 patients because
of BIPN. Grade 4 neurotoxicity was observed in 6 patients that was
either sensory (n � 4) or sensorimotor (n � 2). The retrospective
design and the elevated number of patients with preexisting
neuropathy or diabetes mellitus (DM) were the main limitations of
this study and may have biased the interpretation of results.

The incidence of chemotherapy-induced neurotoxicity is usu-
ally related to risk factors including treatment schedule, time of
infusion, and preexisting peripheral neuropathy from hereditary or
nutrition-associated medical conditions of paraneoplastic nature,
DM, alcohol abuse.36 In line with this, several studies have
consistently associated the cumulative dose amount of the first
5 therapy courses and preexisting neuropathy with increased
incidence of BIPN.

In the study by Richardson et al,19 treatment-emergent peripheral
neuropathy was reported in 21% of patients receiving bortezomib at a
single dose of 1.0 mg/m2 and 37% in patients receiving bortezomib at
1.3 mg/m2. Maximum BIPN usually occurred at a cumulative dose of
30 mg/m2 (approximately at course 5), and thereafter remained consis-
tent until course 8. Cumulative bortezomib dose was significantly
correlated with the FACT/GOG-Ntx score (r � 0.108; P � .004). From
a clinical point of view it should be emphasized that BIPN typically
occurs within the first 5 cycles of bortezomib administration and is rare
thereafter, suggesting a dose threshold rather than a classic cumulative
dose effect of bortezomib.

Baseline neuropathy and comorbidities such as DM that evoke
peripheral nerve damage may also predict the occurrence of BIPN
and are usually correlated with its severity.19,20 In addition, a
preliminary report of bortezomib safety in patients with relapsed/
refractory MM indicated that less heavily pretreated patients in an
earlier stage of disease manifest milder BIPN.37 Prolonged admin-
istration of bortezomib is not significantly associated with in-
creased incidence and severity of BIPN.22

One could suggest that treatment schedules consisting of
thalidomide plus bortezomib would lead to increased incidence and
severity of neurotoxicity, because of the well-known neurotoxic
effect both drugs exert. However, in opposition to this hypothesis, a
correlation analysis of several studies according to prior or
concomitant thalidomide administration did not reveal any signifi-
cant relationship to the incidence or severity of treatment-emergent
peripheral neuropathy.19,20 On the contrary, thalidomide may play a
protective role against BIPN, in that responding patients who were
treated with bortezomib plus thalidomide had decreased rates of
early withdrawals because of toxicities and the required minimal
dose reductions.20 The reason for this result is unclear, but one
possible suggestion is that the anti-inflammatory action of thalido-
mide may protect against BIPN.

We would concur with the view that the severity of BIPN with
this combination is less than what would be expected, yet the
overall cumulative peripheral neuropathy incidence rate is consid-
erable, with reports of approximately 60% over time.20 In our
opinion, the use of bortezomib and thalidomide as a combination is
of great clinical interest, but clearly using 2 neurotoxic agents
simultaneously has limitations.

In contrast, the use of bortezomib and lenalidomide, an analog
of thalidomide, has been associated with lower accumulated rates
of BIPN.20 Preliminary results may show there was no evidence of
grade 3 or 4 BIPN after a treatment regimen consisting of this
combination approach, which may be attributable primarily to the
abbreviated doses of bortezomib that were used in this study and/or
the anti-inflammatory action of lenalidomide.38 In any case, further
larger studies are needed to support the finding of symptomatic
improvement of BIPN after lenalidomide administration.

Furthermore, intriguing studies involving tanespimycin, a heat
shock protein (HSP)–90 inhibitor, have emerged as exciting
opportunities for the reduction of BIPN, possibly through the
up-regulation of HSP70, thereby constituting an exciting new
perspective in the field.38,39
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According to published data, the incidence of grade 3 or 4
neurotoxicity was 14% for patients aged less than 75 years and
25% in older patients, thereby supporting the view that elderly
patients may be more prone than younger patients to manifesting
increased incidence and severity of BIPN.40 Our experience
indicates that the incidence and severity of chemotherapy-induced
neurotoxicity in patients having solid cancer is not differentiated
according to age.41 Other studies assessing BIPN in hematologic
malignancies have reached to the same conclusion.20,42 Hence,
considering the relative small sample size of Mateos et al, study40

and published data,20 we suggest that the inclusion of advanced age
as a triggering factor of BIPN merits further exploration.

It has been also reported that BIPN may be associated with
impaired renal function and worst creatinine clearance in patients
with MM.43 Drug metabolism and abnormal liver function may
also trigger BIPN and therefore their role as risk factors for BIPN
induction should be explored in future studies.

Over the past years, bortezomib has demonstrated a signifi-
cant anticancer activity against several solid tumors, including
metastatic prostatic, breast, renal, and ovarian cancers.4 Current
knowledge, shows that the use of bortezomib in solid malignan-
cies is associated with lower rates of BIPN as opposed when
administered for MM.44

Considering that in a preliminary report, a significant portion
(15%) of chemotherapy-naive patients with newly diagnosed MM
were found to have neuropathy at baseline, the disease itself may
represent another contributing factor to BIPN genesis.27 Further-
more, even higher rates of peripheral neuropathy were reported by
other investigators. Peripheral neuropathy at baseline was seen in
more than 20% of patients with newly diagnosed MM scheduled to
be treated with single-agent bortezomib therapy.45 This fact could
potentially explain the favorable toxicity profile of bortezomib in
solid tumors compared with what is seen with MM.

Clinical and electrophysiologic
characteristics

Symptoms and signs of BIPN are clinically characterized of
evidence of neuropathic pain, distal sensory loss to all modalities in
the lower more than in the upper limbs, suppression of deep tendon
reflexes (DTR) in proportion to sensory loss and changes in
proprioception. These clinical findings are in keeping with a
painful neuropathy due to dysfunction of sensory nerves.5 Pain,
positive sensory symptoms in a stocking-and-glove distribution,
and proprioception changes usually do not subside between courses
of therapy and may severely affect normal daily living activities.46

Grades 1 through 3 motor neuropathy, consisting of mild to severe
distal weakness in the lower limbs, may occur in up of 10% of
patients.35,47 There are rare reports of cases experiencing life-
threatening grade 4 motor and autonomic neurotoxicity.31

The cardinal symptom of BIPN is neuropathic pain, located
mainly in the fingertips and toes. The intensity of pain ranges from
very mild to very severe. In a recent study, bortezomib-induced
pain was rated in the majority of patients as moderate to severe,
according to VAS. Pain had a mean rating of 7.8 (on a score scale of
0 for no pain and 10 for worst imaginable pain) with 11 of
16 patients rating their maximum daily pain at a score of 8 or more.
Elevated sharpness detection threshold and lower skin temperature
are specific characteristics of pain regions as compared with
nonpainful areas of skin.14

From the electrophysiologic point of view, nerve conduction
study predominantly reveals low amplitude of sensory action
potentials, in keeping with a distal, sensory, axonal neuropathy. The
sural nerve is predominantly affected.19 Prolonged latency or loss
of the H-reflex (the electrophysiologic correlate of the ankle-jerk
reflex) represents another sensitive electrophysiologic marker of
sensory fiber involvement. Reduced amplitude of compound
muscle action potentials, indicating axonal motor involvement, has
also been reported.35,48

Mild distal slowing of sensory and motor conduction velocities
and increase in distal motor latencies may also occur, in keeping
with a primary or secondary demyelination process due to primary
myelin–Schwann cell damage or degeneration of fast-conducting
fibers. Demyelination neuropathy has been reported as being
pronounced in the distribution of ulnar nerves.20 Active denervation
changes in distal muscles of the lower limbs with fibrillation
potentials and increased size and complexity of motor unit
potentials may also be evident in electromyographic testing with
concentric needle electrodes.5

Finally, the neurophysiologic approach with quantitative sen-
sory testing in patients receiving bortezomib reveals increased
touch thresholds, increased slotted pegboard time, abnormal cold
pain thresholds, and reduction in sharpness detection, implying that
BIPN is associated with dysfunction in all 3 major fiber types (A�,
A�, and C) in sensory nerves.14 Table 2 describes the overall
clinical and electrophysiologic characteristics of BIPN.

Outcome and natural course of BIPN after
discontinuation of treatment

The manifestation of severe neurotoxicity often leads to dose
modification or even to therapy discontinuation. The most reliable
report on the outcome of BIPN comes from a recent study that
assessed 256 patients enrolled in the SUMMIT and CREST
studies.19 In this analysis, 90 patients experienced treatment-
emergent peripheral neuropathy. Thirty-five of them experienced
either grade 3 or 4 neuropathy and/or neuropathy leading to
discontinuation of treatment. BIPN-induced discontinuation of
treatment was noted in 5% of patients (14/256). BIPN-
associated dose reduction was required in12% of patients

Table 2. Clinical and electrophysiologic features of BIPN

Clinical symptoms Electrophysiologic findings

Often, mild to moderate distal sensory loss, suppression of deep tendon NCS: Reduction of a-SAPs and CMAPs. Mild distal slowing of sensory and motor

reflexes, proprioception abnormalities conduction velocities and increase in distal motor latencies.

Mild to very severe pain, mainly at fingertips and toes EMG: Active denervation changes with fibrillation potentials and increased size and

Usually, mild motor weakness in distal muscles of the lower limbs; rarely, complexity of motor unit potentials from distal muscles of the lower limbs.

severe distal and proximal weakness QST: Increased touch thresholds, increased slotted pegboard time, cold pain thresholds at

Very rarely, autonomic failure abnormally warm levels and reduction in sharpness detection

BIPN indicates bortezomib-induced peripheral neuropathy; NCS, nerve conduction study; a-SAPs, amplitude of sensory action potentials; CMAPs, compound muscle
action potentials; EMG, electromyography; and QST, quantitative sensory testing.
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(31/256), representing 34% of patients (31/90) who developed
new or worsening neuropathy. In 7% of patients (19/256), at
least one course of bortezomib was withheld because of
peripheral neuropathy, representing 21% of patients (19/90)
with new or worsening neuropathy.19

In another multicenter retrospective monitoring of adverse
events in patients treated with bortezomib for MM, it was
reported that 8 of 95 patients (7.5%) stopped therapy because of
neurotoxicity. Neuropathy greater than grade 2 was more
frequent in patients who received 4 or more prior therapy
regimens than in those who received 3 or fewer courses of
treatment.49 Similar rates of therapy discontinuation because of
BIPN were reported in another phase 2 study testing the efficacy
of bortezomib plus dexamethasone as first-line therapy in
patients with MM. Grade 2 or 3 BIPN was observed in 7 cases
(14%). However, in 3 patients experiencing grade 3 neurotoxic-
ity, neuropathic symptoms improved significantly after drug
withdrawal or dose reduction.50

Data from large, well-conducted controlled studies per-
formed thus far support the view that symptoms of BIPN
improve or completely resolve in most patients after a median
interval of 3 months after discontinuation of bortezomib treat-
ment.19,20,32 However, there are reports in which the recovery
from pain and other sensory neuropathic symptoms required up
to 2 years after bortezomib discontinuation.35 In a recently
published study, detailed clinical assessment and neurophysi-
ologic examination was performed in 35 patients with advanced
MM experiencing grade 3 BIPN after completion of bortezomib
therapy. The results of this study showed that neuropathic pain
and other sensory symptoms of BIPN completely resolved or
improved in 31% of patients (11/35) with clinically significant
neuropathy. Ten patients did not experience improvement in
painful peripheral neuropathy after the final dose of bortezomib
and were lost at follow-up. Overall, the median duration from
therapy discontinuation to resolution or improvement of BIPN
was 47 days (range, 1-529 days).19

To our knowledge, there is a paucity of data concerning the
reversibility of subclinical electrophysiologic abnormalities after
the discontinuation of bortezomib administration. However, the
evidence of clinical improvement is considerable, in contrast with
other forms of neurotoxicity in MM patients, especially after
thalidomide treatment.51,52 At present, relevant literature contains
no report of delayed appearance of BIPN in asymptomatic patients
after completion of therapy.

Options for neuroprotection

To date, there is no effective prophylactic treatment against BIPN
and treatment is merely symptomatic. The armamentarium of
pharmacologic agents commonly used for symptomatic treatment
of painful sensory BIPN includes various opioids, tricyclic antide-
pressants, anticonvulsants, serotonin-norepinephrine reuptake in-
hibitors, nonsteroidal anti-inflammatory agents, vitamins, and
nutritional supplements.53 Table 3 outlines the pharmaceutical
interventions for the symptomatic treatment of bortezomib-induced
neuropathic pain.

Several studies attempted to test the efficacy of all the above-
mentioned treatment strategies, alone or in combination, in reliev-
ing the painful symptoms of BIPN. Disappointingly, only modest
pain relief was observed after the administration of such over-
loaded analgesic treatment schedules.14,20 In contrast, the clinical

experience from other study groups is different; in them, analgesic
regimens were important and helped with symptomatic BIPN.19

Considering the discrepancy between results, further studies of this
important topic are clearly warranted before definitive conclusions
can be drawn.

Existing recommendations concerning the use of nutritional
supplements favor their administration at low doses, since there is
robust evidence that the administration of pyridostigmine (vitamin
B6) and vitamin C at high doses may be harmful and therefore
should definitely be omitted. Vitamin B6 can cause additional
sensory neuropathy in patients with impaired renal function and in
association with a protein-deficient diet.54,55 Vitamin C may
interfere with bortezomib metabolism and may also abrogate
bortezomib-mediated inhibition of proteasome activity; therefore,
its concomitant use with bortezomib should be avoided.56

Interestingly, intravenous immunoglobulin (IVIG) administra-
tion has been proposed by a preliminary report as an effective
therapy for the symptomatic management of BIPN. In this study,
9 patients received IVIG for management of treatment-emergent
BIPN and improvement of at least 1 grade was observed in all of
them. Surprisingly, salvage therapy with IVIG (2 g/kg divided over
4 days) improved grade 4 neurotoxicity to grade 2 neurotoxicity in
1 patient, who also became pain-free within 2 days after comple-
tion of IVIG courses.9 However, it should be mentioned that the
results of this study have been reported only as a meeting abstract
and no peer-reviewed publication about this case has subsequently
appeared. Therefore, considerable caution is recommended with
this reference9 both in terms of the incidence reported and the
use of IVIG.

Among nonpharmacologic approaches, dose and treatment
schedule modifications are the mainstays of treating BIPN. Use of
the dose reduction algorithm has resulted in a significant reduction
of BIPN severity and duration.57 Therefore, adherence to dose
modification guidelines (Table 4) developed in the CREST and
SUMMIT studies and validated in the prospective Assessment of
Proteasome Inhibition for Extending Remissions (APEX) trial57,58

are clearly warranted to prevent treatment-emergent BIPN and
allow treatment to continue.59 In any case, because no pharmaco-
logic medications exist for convincingly relieving neuropathic
symptoms of BIPN, further prospective studies on the topic are
clearly warranted. Further studies are also needed to help identify
an effective and safe neuroprotective agent that would not interfere
with the impressing cytotoxic activity of bortezomib.

Conclusions and future research
perspectives

Peripheral neuropathy is a common and important nonhematologic,
dose-limiting adverse effect of bortezomib-based chemotherapy,

Table 3. Medications for symptomatic relief of painful BIPN

Medication class Medications

Opioids Oxycodone, hydrocodone, morphine, fentanyl

Tricyclic antidepressants Amytriptiline, nortriptiline, desipramine

Anticonvulsants Gapabentin, oxcarbazepine, pregabalin

SNRIs Duloxetine

NSAIDs Celecoxib, rofecoxib, ibuprofen, acetaminophen

Vitamins Vitamin B6, vitamin C

Nutritional supplements �-Lipoic acid, glutamine, L-carnitine

BIPN indicates bortezomib-induced peripheral neuropathy; SNRIs, serotonin-
norepinephrine reuptake inhibitors; and NSAIDs, nonsteroidal anti-inflammatory drugs.
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obviously lessening the QOL of patients with hematologic and
solid malignancies. However, despite the increasing number of
patients exposed to bortezomib therapy, there is a relative paucity
of data concerning BIPN. Because combination approaches in the
treatment of MM have been associated with lower rates of BIPN,
further studies testing such approaches will also be helpful.

Studies using a detailed clinical and electrophysiologic exami-
nation combined with a grading scale of pain intensity are needed
to determine the exact characteristics of BIPN. The pathogenesis of
BIPN is still unknown and, therefore, further in vitro studies and
animal models would provide an improved understanding of the
pathophysiologic mechanism of BIPN. To date, apart from the use
of dose reduction and schedule change algorithms, there is no
effective treatment with neuroprotective agents against BIPN.
Hence, the elucidation of BIPN pathogenesis would also facilitate
the identification of effective and safe neuroprotective agents
against BIPN.

Second-generation proteasome inhibitors such as carfilzomib
and salinosporamide A (NPI-0052) have demonstrated tolerability
and antitumor activity in vivo in studies using human MM
xenografts60 and represent another important area for future
research. These novel agents exhibit a highly selective mechanism
of action for the proteasome, and it is believed that this selectivity
may reduce toxicities seen with bortezomib, including neurotoxic-

ity.61 Carfilzomib is currently being tested in a phase 2 clinical trial,
building on the positive safety data and encouraging evidence of
activity observed to date in a phase 1b trial; peripheral neuropathy
has been reported but has not been severe.

Overall, BIPN remains a very challenging area in the field.
Compared with other neurotoxic drugs in oncology (ie, taxanes,
platinums, and thalidomide), work with BIPN has in fact been
intensive, for which some credit to both the investigators and the
manufacturer (Millennium Pharmaceuticals, Cambridge, MA), as
bortezomib toxicity has been taken very seriously from the earliest
phases of bortezomib development.

Authorship

Contributions: All authors collected data, wrote the manuscript,
and approved the final version. H.P.K. provided overall supervision.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

Correspondence: Haralabos P. Kalofonos, MD, PhD, Depart-
ment of Medicine-Division of Oncology, University Hospital,
University of Patras Medical School, Rion-Patras 26504, Greece;
e-mail: kalofon@med.upatras.gr.

References

1. Lenz HJ. Clinical update: proteasome inhibitors in
solid tumors. Cancer Treat Rev. 2003;29(suppl
1):41-48.

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

3. Jackson G, Einsele H, Moreau P, Miguel JS. Bor-
tezomib, a novel proteasome inhibitor, in the
treatment of hematologic malignancies. Cancer
Treat Rev. 2005;31:591-602.

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

5. Windebank AJ, Grisold W. Chemotherapy-
induced neuropathy. J Peripher Nerv Syst. 2008;
13:27-46.

6. Pei XY, Dai Y, Grant S. Synergistic induction of
oxidative injury and apoptosis in human multiple
myeloma cells by the proteasome inhibitor bort-
ezomib and histone deacetylase inhibitors. Clin
Cancer Res. 2004;10:3839-3852.

7. Landowski TH, Megli CJ, Nullmeyer KD, Lynch
RM, Dorr RT. Mitochondrial-mediated disregula-
tion of Ca2� is a critical determinant of
Velcade(PS-341/bortezomib) cytotoxicity in my-
eloma cell lines. Cancer Res. 2005;65:3828-
3836.

8. Richardson PG, Hideshima T, Anderson KC. Bor-
tezomib (PS-341): a novel, first-in-class protea-
some inhibitor for the treatment of multiple my-
eloma and other cancers. Cancer Control. 2003;
10:361-369.

9. Teoh G, Tan D, Hwang W, Koh LP, Chuah C, Ng
HJ. Use of immunoglobulin infusions in the man-

agement of bortezomib-induced peripheral neu-
ropathy in multiple myeloma. Blood (ASH Annual
Meeting Abstracts). 2006;108:Abstract 5097.

10. Chaudhry V, Cornblath DR, Corse A, Freimer M,
Simmons-O’Brien E, Vogelsang G. Thalidomide-
induced neuropathy. Neurology. 2002;59:1872-
1875.

11. Cavaletti G, Gilardini A, Canta A, et al. Bortez-
omib-induced peripheral neurotoxicity: a neuro-
physiological and pathological study in the rat.
Exp Neurol. 2007;204:317-325.

12. Corsetti G, Rodella L, Rezzani R, Stacchiotti A,
Bianchi R. Cytoplasmic changes in satellite cells
of spinal ganglia induced by cisplatin treatment in
rats. Ultrastruct Pathol. 2000;24:259-265.

13. Silverman L, Csizmadia L, Kadambi VJ, et al.
Model for proteasome inhibition associated pe-
ripheral neuropathy [abstract]. Toxicologic Pathol.
2006;34:989.

14. Cata JP, Weng HR, Burton AW, Villareal H, Giralt
S, Dougherty PM. Quantitative sensory findings
in patients with bortezomib-induced pain. J Pain.
2007;8:296-306.

15. National Cancer Institute: Common Toxicity Crite-
ria version 2.0, 1999. Available from http://ctep.
cancer.gov/forms/CTCv20.

16. Oken MM, Creech RH, Tormey DC, et al. Toxicity
and response criteria of the Eastern Cooperative
Oncology Group. Am J Clin Oncol. 1982;5:649-
655.

17. Ajani JA, Welch SR, Raber MN, et al. Compre-
hensive criteria for assessing therapy-induced
toxicity. Cancer Invest. 1990;8:147-159.

18. Miller AB, Hoogstraten B, Staquet M, Winkler A.

Reporting results of cancer treatment. Cancer.
1981;47:207-214.

19. Richardson PG, Briemberg H, Jagannath S, et al.
Frequency, characteristics, and reversibility of
peripheral neuropathy during treatment of ad-
vanced multiple myeloma with bortezomib. J Clin
Oncol. 2006;24:3113-3120.

20. Badros A, Goloubeva O, Dalal JS, et al. Neuro-
toxicity of bortezomib therapy in multiple my-
eloma: a single-center experience and review of
the literature. Cancer. 2007;110:1042-1049.

21. Cella D. F.A.C.I.T. Manual: Manual of the func-
tional assessment of chronic illness therapy
(FACIT) scales (version 4). Center on Outcomes,
Research and Education (CORE). Evanston
Northwestern Healthcare and Northwestern Uni-
versity, 1997.

22. Calhoun EA, Welshman EE, Chang CH, et al.
Psychometric evaluation of the Functional As-
sessment of Cancer Therapy/Gynecologic Oncol-
ogy Group-Neurotoxicity (Fact/GOG-Ntx) ques-
tionnaire for patients receiving systemic
chemotherapy. Int J Gynecol Cancer. 2003;13:
741-748.

23. Postma TJ, Heimans JJ, Muller MJ,
Ossenkoppele GJ, Vermorken JB, Aaronson NK.
Pitfalls in grading severity of chemotherapy-
induced peripheral neuropathy. Ann Oncol. 1998;
9:739-744.

24. Cavaletti G, Bogliun G, Marzorati L, et al. Grading
of chemotherapy-induced peripheral neurotoxicity
using the total neuropathy scale. Neurology.
2003;61:1297-1300.

25. Cavaletti G, Frigeni B, Lanzani F, et al. The Total

Table 4. Dose modification guidelines for BIPN

Severity of BIPN Action

Grade 1 (paresthesias or areflexia without pain or loss of function) Continue as scheduled

Grade 1 with pain or grade 2 (interferes with function but not with DLA) Reduce dose per course to 1.0 mg/m2

Grade 2 with pain or grade 3 (interferes with DLA) Withhold bortezomib treatment until BIPN resolves, then reinitiate at a dose of

0.7 mg/m2 once weekly

Grade 4 (sensorimotor neuropathy that significantly interferes with DLA) Discontinue therapy

BIPN indicates bortezomib-induced peripheral neuropathy; and DLA, daily living activities.

1598 ARGYRIOU et al BLOOD, 1 SEPTEMBER 2008 � VOLUME 112, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/112/5/1593/1486876/zh801708001593.pdf by guest on 02 June 2024



Neuropathy Score as an assessment tool for
grading the course of chemotherapy-induced pe-
ripheral neurotoxicity: comparison with the Na-
tional Cancer Institute-Common Toxicity Scale. J
Peripher Nerv Syst. 2007;12:210-215.

26. Argyriou AA, Polychronopoulos P, Koutras A, et
al. Peripheral neuropathy induced by administra-
tion of cisplatin and paclitaxel-based chemo-
therapy. Could it be predicted? Support Care
Cancer. 2005;13:647-651.

27. Borrello I, Ferguson A, Huff CA, et al. Bortezomib
and thalidomide treatment of newly diagnosed
patients with multiple myeloma: efficacy and neu-
rotoxicity. Blood. (ASH Annual Meeting Ab-
stracts), 2006;108:Abstract 3528.

28. Briemberg HR, Richardson PG, Wen P, Esseltine
D, Anderson K, Amato AA. A prospective study of
bortezomib-induced peripheral neuropathy.
Neuro-Oncol. (Society of Neuro-Oncology Annual
Meeting Abstracts), 2004;6:371.

29. Caravita T, Petrucci MT, Spagnoli A, et al. Neu-
ropathy in multiple myeloma patients treated with
bortezomib: a multicenter experience. Blood.
(ASH Annual Meeting Abstracts), 2007;110:Ab-
stract 4823.

30. Jagannath S, Durie BG, Wolf J, et al. Bortezomib
therapy alone and in combination with dexameth-
asone for previously untreated symptomatic
multiple myeloma. Br J Haematol. 2005;129:
776-783.

31. Gupta S, Pagliuca A, Devereux S, Mufti GJ,
Schey S. Life-threatening motor neurotoxicity in
association with bortezomib. Haematologica.
2006;91:1001.

32. Richardson PG, Barlogie B, Berenson J, et al. A
phase 2 study of bortezomib in relapsed, refrac-
tory myeloma. N Engl J Med. 2003;348:2609-
2617.

33. Jagannath S, Barlogie B, Berenson J, et al. A
phase 2 study of two doses of bortezomib in re-
lapsed or refractory myeloma. Br J Haematol.
2004;127:165-172.

34. Treon SP, Hunter ZR, Matous J, et al. Multicenter
clinical trial of bortezomib in relapsed/refractory
Waldenstrom’s macroglobulinemia: results of
WMCTG Trial 03-248. Clin Cancer Res. 2007;13:
3320-3325.

35. Chen CI, Kouroukis CT, White D, et al., National
Cancer Institute of Canada Clinical Trials Group.
Bortezomib is active in patients with untreated or
relapsed Waldenstrom’s macroglobulinemia: a
phase II study of the National Cancer Institute of
Canada Clinical Trials Group. J Clin Oncol. 2007;
25:1570-1575.

36. Chaudhry V, Chaudhry M, Crawford TO,
Simmons-O’Brien E, Griffin JW. Toxic neuropathy
in patients with pre-existing neuropathy. Neurol-
ogy. 2003;60:337-340.

37. Jagannath S, Barlogie B, Berenson J, et al. A
phase II multicenter randomised study of the pro-
teosome inhibitor bortezomib (VELCADE, for-
merly PS-341) in multiple myeloma (MM) pa-
tients. Blood (ASH Annual Meeting Abstracts).
2002;100:Abstract 812a.

38. Richardson PG, Mitsiades C, Schlossman R,
Munshi N, Anderson K. New drugs for myeloma.
Oncologist. 2007;12:664-689.

39. Mitsiades CS, Mitsiades NS, McMullan CJ, et al.
Antimyeloma activity of heat shock protein-90
inhibition. Blood. 2006;107:1092-1100.

40. Mateos MV, Hernández JM, Hernández MT, et al.
Bortezomib plus melphalan and prednisone in
elderly untreated patients with multiple myeloma:
results of a multicenter phase 1/2 study. Blood.
2006;108:2165-2172.

41. Argyriou AA, Polychronopoulos P, Koutras A, et
al. Is advanced age associated with increased
incidence and severity of chemotherapy-induced
peripheral neuropathy? Support Care Cancer.
2006;14:223-229.

42. Richardson PG, Sonneveld P, Schuster MW, et
al. Safety and efficacy of bortezomib in high-risk
and elderly patients with relapsed multiple my-
eloma. Br J Haematol. 2007;137:429-435.

43. Jagannath S, Barlogie B, Berenson JR, et al;
SUMMIT/CREST Investigators. Bortezomib in
recurrent and/or refractory multiple myeloma. Ini-
tial clinical experience in patients with impared
renal function. Cancer. 2005;103:1195-1200.

44. Roccaro AM, Vacca A, Ribatti D. Bortezomib in
the treatment of cancer. Recent Patents Antican-
cer Drug Discov. 2006;1:397-403.

45. Anderson K, Richardson P, Chanan-Khan A, et al.
Single-agent bortezomib in previously untreated
multiple myeloma (MM): Results of a phase II
multicenter study. J Clin Oncol. 2006;24:7504
(abstr).

46. Cavaletti G, Nobile-Orazio E. Bortezomib-
induced peripheral neurotoxicity: still far from a
painless gain. Haematologica. 2007;92:1308-
1310.

47. El-Cheikh J, Stoppa AM, Duran S, et al. Features
and risk factors of peripheral neuropathy during
treatment of advanced multiple myeloma with
bortezomib. Blood. (ASH Annual Meeting Ab-
stracts), 2006;108:Abstract 5098.

48. Umapathi T, Chaudhry V. Toxic neuropathy. Curr
Opin Neurol. 2005;18:574-580.

49. Bang SM, Lee JH, Yoon SS, et al. A multicenter
retrospective analysis of adverse events in Ko-
rean patients using bortezomib for multiple my-
eloma. Int J Hematol. 2006;83:309-313.

50. Harousseau JL, Attal M, Leleu X, et al. Bor-
tezomib plus dexamethasone as induction treat-
ment prior to autologous stem cell transplantation
in patients with newly diagnosed multiple my-
eloma: results of an IFM phase II study. Haema-
tologica. 2006;91:1498-1505.

51. Mileshkin L, Stark R, Day B, Seymour JF, Zeldis
JB, Prince HM. Development of neuropathy in
patients with myeloma treated with thalidomide:
patterns of occurrence and the role of electro-
physiologic monitoring. J Clin Oncol. 2006;24:
4507-4514.

52. Palumbo A, Facon T, Sonneveld P, et al. Thalido-
mide for treatment of multiple myeloma: 10 years
later. Blood. 2008;111:3968-3977.

53. Cleary JF. The pharmacologic management of
cancer pain. J Palliat Med. 2007;10:1369-1394.

54. Levine S, Saltzman A. Pyridoxine (vitamin B6)
toxicity: enhancement by uremia in rats. Food
Chem Toxicol. 2002;40:1449-1451.

55. Levine S, Saltzman A. Pyridoxine (vitamin B6)
neurotoxicity: enhancement by protein-deficient
diet. J Appl Toxicol. 2004;24:497-500.

56. Catley L, Anderson KC. Velcade and vitamin C:
too much of a good thing? Clin Cancer Res.
2006;12:3-4.

57. San Miguel JF, Richardson P, Sonneveld P, et al.
Frequency, characteristics, and reversibility of
peripheral neuropathy (PN) in the APEX trial.
Blood. 2005;106:366a.

58. Richardson PG, Sonneveld P, Schuster MW, et
al. Assessment of proteasome inhibition for ex-
tending remissions (APEX) investigators. bor-
tezomib or high-dose dexamethasone for re-
lapsed multiple myeloma. N Engl J Med. 2005;
352:2487-2498.

59. San Miguel J, Bladé J, Boccadoro M, et al. A
practical update on the use of bortezomib in the
management of multiple myeloma. Oncologist.
2006;11:51-61.

60. Kuhn DJ, Chen Q, Voorhees PM, et al. Potent
activity of carfilzomib, a novel, irreversible inhibi-
tor of the ubiquitin-proteasome pathway, against
preclinical models of multiple myeloma. Blood.
2007;110:3281-3290.

61. Dikic I, Crosetto N, Calatroni S, Bernasconi P.
Targeting ubiquitin in cancers. Eur J Cancer.
2006;42:3095-3102.

BORTEZOMIB-INDUCED PERIPHERAL NEUROPATHY 1599BLOOD, 1 SEPTEMBER 2008 � VOLUME 112, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/112/5/1593/1486876/zh801708001593.pdf by guest on 02 June 2024


