
Neurotoxicity towards the peripheral
nervous system which appears clinical-
ly in the form of painful neuropathy is
an essential dose-limiting factor during
the treatment of multiple myeloma. In
this review article different forms of this
painful neuropathy are presented togeth-
er with currently available diagnostic
tools which are usually applied to con-
firm the diagnosis. Also, the most often
used neurological scales estimating
neurological deficit are presented. Spe-
cial attention is paid to the management
of the reversibility of bortezomib-induced
neuropathic pain.
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Introduction

There is growing evidence that introduction of bortezomib to the treatment
of multiple myeloma (MM) not only results in longer survival but also, on the
basis of comparative studies with different pharmacological regimens, en -
hances the percentage of MM patients with complete or partial responses 
[1–3]. One significant factor which limits treatment with bortezomib is its neu-
rotoxicity, especially towards the peripheral nerves, that clinically appears in
a form of painful sensory axonal neuropathy [1, 4–6]. Contrary to subacute or
chronic sensory paraneoplastic axonal neuropathies presenting with pain of
medium intensity, abrupt onset and severe pain are the main features
recorded during interview [7]. The occurrence of pain is strictly related to the
time of introduction of bortezomib. Pain can be preceded by paraesthesia which
subsequently is converted into pain. Painful neuropathy usually occurs with-
in the first 5 cycles of treatment. When subsequent (more than 5) cycles are
applied on a patient, there is only a slight tendency for enhancement in the
incidence of neuropathy [3, 8, 9]. This supports the opinion that the dose effect
of bortezomib is much more associated with the dose-threshold effect than
with the cumulative-dose effect. The clinical and electrophysiological study per-
formed by Stubblefied et al. pointed out that pre-existing damage involving
the peripheral nervous system should also be considered as a risk factor in the
susceptibility to bortezomib-induced neuropathy (BIN) in MM patients [10].

Neurophysiology/neuropathology of bortezomib-induced
neuropathy

Sensory impulses from the periphery are conveyed into the central nervous
system. Each specific sensory modality (superficial sensation such as touch,
pain, and temperature, and deep sensation such as vibration or position sense)
has its own receptors and triggers impulse of determined modality transmit-
ted along nerve fibres [11–14]. After approaching the spinal cord superficial and
deep impulses are conveyed through separated pathways centrally into the cor-
tex. Some impulses (part of deep sensation) which run into the subcortical struc-
tures are utilized to maintain the proper posture, balance, gait, and smooth-
ness of movements. Monitoring of sensory perception can be carried out only
among conscious human subjects. Simultaneous assessment of the activity
of the fibres involved in superficial sensory function in sensory cutaneous nerves
(recorded in the form of evoked potentials on neurograms) and human’s per-
ception of sensation can be performed using the cutaneous nerve block pro-
cedure. In this method a blocking procedure, such as increasing pressure applied
to the skin supplied by the examined nerve, triggers changes in neurograms
in response to standardized electrical stimulus given to this nerve. Simultaneously,
a person who has undergone this blocking procedure determines changes in
sensation in response to the standardized electrical stimulus with increasing
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pressure applied to the skin. It should be emphasized that only
those impulses which reach the cortex and which are sub-
sequently encoded and analyzed in the higher centres of the
cortex are available to be perceived [15].

Morphologically, sensory fibres differs in diameter. Some
of them are covered with myelin while others are unmyeli-
nated. Superficial sensation is transmitted along both un -
myelinated fibres (C), which are mainly responsible for pain
sensation, and also along thin myelinated ones (Aδ) which
propagate thermal and light touch sensation [12, 13]. Deep
sensation is conducted by the large myelinated sensory ones
(Aβ) [14]. In BIN all types of afferent fibres are affected with
a preponderance of unmyelinated and thin myelinated fibres.
This results in pain with or without superficial sensory deficit
on neurological examination.

Pathogenesis of bortezomib-induced
neuropathy

The mechanisms involved in the toxic action against
peripheral nerves are not fully understood. On the basis of
experimental studies it has been hypothesized that damage
in patients treated with bortezomib occurs in the dorsal root
ganglia (DRG) neurons (especially satellite ones) and
Schwann cells [16]. Mitochondria and endoplasmic reticu-
lum are the structures injured in cells. The blood-nerve bar-
rier at the level of DRG does not strictly separate these two
compartments, which allows toxic bortezomib to penetrate
into the nerve compartment, which is not observed along
nerve fibres in the nerve’s trunk. A toxic agent may disturb
the oxidative phosphorylation in mitochondria with subse-
quent dysregulation of calcium homeostasis [16]. Dysregu-
lation of neurotrophins is also taken into consideration. It has
been demonstrated that bortezomib inhibits the activity of
the transcription factor nuclear factor κB (NF-κB) [17]. This
action results in blockade of transcription of nerve growth
factor-mediated neuron survival. Another possibility is that
bortezomib’s neuropathy is associated with immune-medi-
ated mechanisms [18]. This etiology is considered in cases
with clinical findings resembling those typical for polyradicu-
loneuropathy. Suspicion of immune etiology in those cases
is strengthened by a positive response to anti-inflammatory
treatment [18].

Clinical findings in bortezomib-induced
neuropathy

The assessment of BIN is based mainly on an interview
and neurological examination. Symptoms described by
affected patients are characterized by neuropathic pain. Pain
is denominated as burning, shooting, electric-like feeling,
drilling, and/or stabbing [19]. At the beginning paraesthesia
can be prickling in character. The other subjective descrip-
tors connected with unpleasant feeling include so-called “neg-
ative” sensory symptoms such as numbness, tightness, and
coldness [20]. On neurological examination concerning
function of the sensory system, sensory loss to all modali-
ties of superficial sensation is distal, symmetrical in distri-
bution and length-dependent [19, 20]. Length-dependent pat-
tern appears when the primary damage is localized to the
cell soma of neurons. It disrupts structures such as mito-

chondria, which results in lack of energy. This limits protein
transporters’ cargo of neurotransmitters, ions and other sub-
stances along the microtubules to the distal parts of axons.
The most distal parts of the longest axons are affected first,
so clinically symptoms appear first in the foot and then in
fingertips. Symptoms are later experienced in more proxi-
mal parts of extremities. Damage to Aβ fibres is less pro-
nounced in comparison with the injury of Aδ and C ones. 
If present it occurs in abnormal proprioception. Abnormal-
ities in two-point discrimination, astereognosis, can appear.
Patients complain of walking disturbances (walking on
stones/crumpled socks); there is also positive Romberg sign.
Tendon deep reflexes and muscle strength are always nor-
mal in painful sensory neuropathies. They are affected only
in case of Aβ fibres involvement. Rarely the BIN can clini-
cally appear as ganglionopathy [21, 22]. This unit is charac-
terized by loss of sensory neurons in DRG which causes the 
degeneration of short and long peripheral axons and cen-
tral sensory projections in the posterior columns. The pa -
tho logical process leads to a pattern of sensory nerve da -
mage that is not length-dependent. Instead, this pattern is 
patchy in distribution and affects asymmetrically primarily
proximal dermatomes, innervated by shorter axons. Both
superficial and deep sensation are abnormal. On examina-
tion sensory deficit involves dermatomes of face, arms and
trunk, and later can be found on distal parts of limbs. There
is also autonomic impairment in patients with BIN. Prefer-
ential damage occurs in cholinergic and skin vasomotor fibres,
resulting mainly in gastrointestinal and sweating disturbances,
and also in skin discoloration and slight oedema [1, 2]. Ortho-
static hypotension and cardiac arrhythmias are not typical
for small-fibre sensory neuropathies. Later in the course of
neuropathy with the progressive involvement of Aβ fibres gait
unsteadiness may progress to overt ataxia. In BIN, in cases
of not clinically overt disturbances in deep sensation, dam-
age to the Aβ fibres can be revealed by neurophysiological
methods [23].

Diagnostic procedures in monitoring 
of bortezomib-induced neuropathy

Detailed interview together with clinical examination, with
special attention paid to the presence of symptoms and signs
of small-fibre neuropathy, is the first step in the diagnosis
of BIN. The other methods, especially neurophysiological ones,
should also be introduced to strengthen the diagnosis. Stan-
dard neurographic sensory nerve studies are of little sig-
nificance since the damage to small calibre sensory afferents
did not reveal any changes in neurographic parameters. When
changes involve large calibre sensory afferents (Aβ fibres),
that is there is an axonal large-fibre sensory neuropathy, the
lowering or lack of the amplitude of sensory nerve action
potential (SNAP) is expected with no or little changes in con-
duction velocity along the examined nerve. Axonal small-fibre
neuropathy does not affect either the SNAP parameters or
sensory velocity. Recently, quantitative sensory testing
(QST) – a new neurophysiological assessment of function of
sensory afferents – has been introduced in evaluating
small-fibre sensation (Aδ and C fibres) [24]. This method eval-
uates thermal (warm, cold) and pain (cold pain, heat pain)
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thresholds in selected dermatomes. Quantitative sensory test-
ing is simple in use, time-saving, but it needs good cooper-
ation between an examiner and a patient. It should be
stressed that abnormal thresholds can result from the dam-
age located anywhere along the pathway between der-
matomes and cortex, so to establish the proper diagnosis
the QST results ought to be considered together with clin-
ical data. BIN as a preferentially small-fibre neuropathy can
be evaluated immunohistochemistry with the intra-epider-
mal nerve fibre density (IENFD) method [19]. As it is known,
epidermal nerves are the distal terminals of small DRG neu-
rons that cross the epidermal basement to innervate the epi-
dermis. These axons’ terminals are visualized by interaction
of antibodies to neuropeptide protein gene product GPG 9.5
(a ubiquitin hydrolase), the panaxonal marker. Immunoflu-
orescent staining assesses the density of nerve terminals in
skin biopsy. Among healthy subjects, the proximal-distal gra-
dient in density has been established. It means that there
is higher density in IENFD in proximal sites of limbs in com-
parison with the distal ones [25]. In the case of distal, sym-
metrical small-fibre neuropathy this gradient is expected to
be higher than in healthy controls. In bortezomib-induced
ganglionopathy the gradient of extremities is the same as
in healthy subjects [25]. Neurophysiological assessment of
deep sensation is available by examination of the vibrato-
ry threshold with Vibratory System Testing. Pain and other
sensory disturbances experienced by patients depend on dif-
ferent variables such as personality (mainly temperament)
and resilience. Resilience from the psychological point of view
denotes the effective ability to cope with and overcome adver-
sities. Both personality and resilience are inherited features,
so the degree of experienced pain and unpleasant sensation
differs among people. Nevertheless, toxicity to peripheral
nerves leads to limitation of daily activities and more pro-
foundly diminishes the Quality of Life. Finally, treatment of MM
can be discontinued because of adverse events. In order to
trace the progression of disability in the course of neuropathy
secondary to chemotherapy different grading scales have been
introduced. The most widely used is the National Cancer Insti-
tute-Common Toxicity Criteria (NCI-CTC) grading scale [26].
Depending on the type of the affected fibres in the nerve trunk
the sensory or motor scales have been applied. The senso-
ry scale (sNCI-CTC) describes the impact of sensory distur-
bances on a wide range of everyday functions and also indi-
cates to what extent these disturbances interfere with daily
living activities (DLA). The higher the grade, the higher is the
level of disability. Grading in this scale is as follows: 
• grade 1 – asymptomatic, loss of deep reflexes or paraes-

thesia (including tingling) but not interfering with function,
• grade 2 – sensory alteration or paraesthesia (including tin-

gling) interfering with function but not with DLA,
• grade 3 – sensory alteration or paraesthesia interfering

with DLA,
• grade 4 – disabling,
• death. 

The other scale which has been used to monitor painful
BIN is the FACT/GOG-Ntx subscale (Functional Assessment
of Cancer Therapy scale/Gynecologic Oncology Group-Neu-
rotoxicity) [26]. This self-reported questionnaire is used to

determined both the patient’s quality of life (27 questions 
concerning physical, social, emotional and functional pa -
tient’s well-being) and the impact of neurotoxicity on
activity impairment (11 questions). Each answer is graded from 
0 (not at all) to 4 – a distinctly experienced disability (very
much). The examination with the FACT/GOG-Ntx question-
naire in the group of MM patients just prior to introduction
of bortezomib into therapy revealed a correlation between
a high score on this scale and the development of severe neu-
ropathy in the course of bortezomib treatment [9]. Total neu-
ropathy score (TNS) has also been introduced into the eval-
uation of BIN [26, 27]. Total neuropathy score comprises
information concerning sensory, motor, and autonomic
symptoms, selected data (clinical signs) which may be abnor-
mal in sensory painful neuropathy such as pin sensation,
vibration sensibility, strength, and tendon reflexes. Moreover,
data obtained from electrophysiological examinations such
as the amplitude of the SNAP of the sural nerve, and the
amplitude of the compound muscle action potential (CMAP)
of the peroneal nerve as well as QST Vibration Sensation are
also included in TNS.

In both clinical trials “Summit” and “Crest” in which
patients with relapsed/refractory MM were treated with
bortezomib the occurrence of BIN was reported to be as high
as 35% [9]. Results of both these trials also demonstrated that
the degree of sensory nerve dysfunction according to sNCI-CTC
v.2.0 and the percentage of MM patients with overt neuropa-
thy were dose-dependent. In the first group of MM patients who
were treated with a lower dose (1 mg/m2) overt neuropathy
was detected in 21%, while in the second group, treated with
a higher dose (1.3 mg/m2), the proportion of MM patients with
neuropathy was as high as 37%. Moreover, when compared
with the second group (81%), the incidence of neuropathy with
grade 2 and 3 according to sNCI-CTC was lower in the first group
(31%). In the phase III Apex trial MM relapsed patients were
included with neuropathy not exceeding grade 1 according to
sNCI-CTC v.2.0 [28]. They were treated with bortezomib at dosage
1.3 mg/m2. Treatment-induced neuropathy occurred in 37% of
patients, grade 2 or higher was found in 27% of them, grade 3
and grade 4 was assessed in 9% and less than 1% of treated
patients, respectively. Although different treatment schedules
used in MM patients prior to bortezomib therapy can poten-
tiate bortezomib-induced neuropathy, it should be stated that
the MM patients with the initial bortezomib treatment are also
at risk of neuropathy. Richardson et al. in 2009 presented data
concerning the incidence and the severity of bortezomib-induced
neuropathy in newly diagnosed MM patients [1]. Assessment
was performed according to sNCI-CTC v. 3.0., and bortezomib
was administered at the dose of 1.3 mg/m2 per cycle. Prior to
therapy neuropathy was discovered in 20% of patients (grade
1 in 18%, and grade 2 in 2% of patients). At the end of the treat-
ment peripheral nerve palsy was confirmed in 64% of them
(grade 1, 2, and 3 in 36%, 25%, and 3%, respectively).

Therapeutic standards

Painful sensory neuropathy can develop at any time of
bortezomib therapy but the onset of sensory disturbances
usually takes place at the fifth cycle at cumulative dosage
equal to 30 mg/m2. The risk of occurrence of neuropathy of
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severe course, e.g. with grade 3 or higher according to sNCI-
CTC, has been increasing slightly up to the eighth cycle and
thereafter it has revealed a tendency to keep a stable level
[2, 3]. It has been suggested that neurotoxicity towards periph-
eral sensory nerves is related to the threshold-dose rather
than to the cumulative-dose. It has also been verified that
dose-modification schedules for treatment with bortezo -
mib adjusted to the severity of clinically overt sensory neuro -
pathy are able to reverse the neurological deficit. Richardson
et al. investigated the impact of bortezomib dose reduction
or discontinuation in MM patients with treatment-emergent
neuropathy. Thirty-seven percent (91/331) of patients exam-
ined by the cited authors presented sensory neuropathy grade
2 or higher [28]. Dose-modification procedures were highly
effective and resulted in significant improvement in 64%
(58/91) of the patients. This significant improvement includ-
ed resolution of neuropathy to the level as it was prior to the
bortezomib therapy (50 patients) or decrease by at least one
grade on the sNCI-CTC scale (8 patients). Patients who have
achieved such a good result came from 3 groups of differ-
ent types of dose modification (A, B, and C). In group A (grade
no more than 2) with no modification of treatment a sig-
nificant improvement to the level just prior to the treatment
was achieved in 9 out of 19 patients in a median of 106 days.
Group B consisted of 41 MM patients with neuropathy. Dose
reduction or temporary discontinuation of bortezomib was
made. In 71% (29/41) of patients resolution of neuropathy
was achieved in a median of 78 days. In group C, permanent
discontinuation was performed. In this group improve-
ment or resolution of sensory nerve palsy was found in 20
patients (65%) in a median of 122 days. The obtained results
demonstrate that the percentage of improvements depends
on a strategy applied to counteract sensory nerve injury.
A higher proportion of improvement has been achieved with
dose-modification schedules (74% of the affected persons)
in comparison with the treatment with no dose-modifica-
tion strategy (improvement only in 47% of the affected
patients). Dose-modification regimens due to clinical appear-
ance of BIN are presented in Table 1 [according to 9].

Neuropathic pain negatively influences all aspects of DLA
and profoundly lowers quality of life. In BIN the primary site
of attack includes DRG neurons with subsequent sensory fibre
involvement as it is supposed to be in other chemotherapy-
induced neuropathies. Earlier, different pharmaceutical
regimens were given to MM patients, and prior to the intro-
duction of bortezomib therapy into the treatment of MM,
thalidomide (of high neurotoxicity towards sensory nerves)
was widely used. It has been speculated that successive addi-

tion of the new treatment to the old one might potentiate
the level of experienced pain. Data concerning the impact
of the previous treatment with thalidomide on pain during
bortezomib treatment differs. According to Badros et al. the
severity and incidence of BIN depends on the presence of
previously existing thalidomide neuropathy [6]. Similarly, Lan-
zani et al. underline the relationship between previously giv-
en thalidomide and risk level of BIN [27]. Contrary to the cit-
ed authors, Richardson et al. and Cata et al. did not find any
impact of previous thalidomide treatment in MM patients
and BIN [9, 23, 28]. The impact of previously used chemother-
apy regimens on the development of neuropathic pain dur-
ing the treatment with bortezomib was also analyzed by Cor-
so et al. [5]. Cited authors subdivided MM patients treated
with bortezomib into two groups. The first one compris ed MM
patients who had not been treated, while the second one
comprised patients who had been given chemotherapy reg-
imens. Polyneuropathy developed on average within the 4th

cycle with the same incidence in both groups (about 50%
affected in each group). Neuropathic pain, however, was much
more often recorded in the group which was previously treat-
ed with chemotherapy (81%) than in the group which was
not subjected to earlier treatment (50%). After the modifi-
cation of treatment took place, neuropathic pain disappeared
faster in the group without previous treatment (median time
to pain resolution was 35 and 95 days, respectively).

There have been many pharmacological studies assess-
ing alleviation of neuropathic pain in neuropathies of etiol-
ogy different than CIPN, mostly in patients with postherpetic
neuralgia or in patients with painful diabetic neuropathy [29–
32]. On the basis of the results of these studies the first and
the second line of therapies in the treatment of neuropathic
pain in studied diseases are recommended [33–35]. They can
be added to dose-modification schedules of bortezomib, but
it is worth remembering that patients with sensory neu-
ropathy induced by bortezomib could be resistant to them.
The choice of medication in an individual case may depend
on many factors. Among them potential for adverse events
(AEs), drug interactions, and risk of abuse have to be taken
into consideration. In general, data concerning safety, effi-
cacy and tolerability of pain relief therapy have to be rec-
ognized with caution. It should be a rule to introduce small
doses with subsequent slow titration to effective dosage. In
case of an AE the therapy needs to be discontinued. Some
neuropathic patients treated with one class of pain relief med-
ication could respond while other patients could fail to
respond. A partial response to selected first-line therapy can
be changed to a complete response by adding another first-

TTaabbllee  11..  Modification of bortezomib dosage in relation to the severity of painful neuropathy assessed by the sNCI-CTC scale

ssNNCCII--CCTTCC  ssccaallee DDoossaaggee  ooff  bboorrtteezzoommiibb

Grade 1 – paresthesias, loss of reflexes, function prevented, lack of pain no action undertaken

Grade 1 with pain or grade 2 (function difficulties without influence on ADL) dose should be reduced to 1 mg/m2

Grade 2 with pain or grade 3 (influence on ADL) withhold treatment until neurotoxicity resolution takes place
with subsequent introduction of bortezomib at lower dose 
(0.7 mg/m2 once weekly)

Grade 4 (permanent severe sensory dysfunction) permanent discontinuation of treatment with bortezomib
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line therapy (combination therapy). Nevertheless, the dis-
advantage of combination therapy comes from an increased
risk of AEs. The data concerning the period within which the
pain relief treatment should be maintained at a stable lev-
el is difficult to establish. It lasts 4 to 6 weeks, and thereafter
slow lowering of dosage is preferred.

First-line therapies:
1. Calcium channels α2-δ ligands (gabapentin and pregabalin).

Both bind to voltage-gated calcium channels at the α2-β
subunit and inhibit neurotransmitter release. Gabapentin
should be initiated at low doses (100–300 mg) 3 times a day
with gradual increase until pain relief or dose-limiting AE.
The increase by 100–300 mg 3 times daily should be per-
formed every 7 days. Maximal dose is as high as 3600 mg
per day. Pregabalin – beginning dosage has been estab-
lished as 50 mg 3 times daily or 75 mg twice daily. Titra-
tion to effective dose which on average equals 300 mg/
day can be achieved within 1 or 2 weeks. Both have been
used as antiepileptic drugs, but they also possess high pain
relief potential. Renal impairment needs dosage modifi-
cation (in relation to creatinine clearance). Side effects such
as daytime sedation, somnolence, dizziness, gait ataxia,
and gastrointestinal symptoms are mostly observed.

2. Selective serotonin and norepinephrine reuptake inhibitors
(SSNRIs). Duloxetine – initial dose 30 mg per day should
be increased to 60 mg within a week. Venlafaxine – start-
ing dosage 37.5 mg twice a day ought to be increased to
efficacious dosage (150–225 mg) within 2 to 4 weeks or
longer. Side effects of SSNRIs include dizziness, somno-
lence, nausea, and constipation. Venlafaxine can rarely trig-
ger cardiac arrhythmias and arterial blood hypertension.

3. Tricyclic antidepressants (TCAs). This class of medications
is very effective in alleviating pain syndromes. Neverthe-
less, numerous AEs limit their usage. Because of car-
diotoxicity and the negative impact on cognitive functions
they should not be recommended to older patients.
They are contraindicated in glaucoma (increase in intraoc-
ular hypertension). They exert anticholinergic side effects
and also trigger psychotic episodes. Nortriptyline should
be initiated at a low dose of 10 or 25 mg once a day in late
evening. The dose, if necessary, may be increased by 10 or
25 mg every 7 days. The effective dose (if tolerated) is as
high as 100 mg daily. Amitriptyline – the initial dosage and
titration are the same as with nortriptyline. AEs are
much more severe and appear with higher incidence in
comparison with AEs of nortriptyline.

4. Topical lidocaine. The 5% lidocaine patches are recom-
mended especially in well-localized neuropathic pain. No
more than 3 patches daily should be adhered to the painful
region for no more than 12 hours. There are no data indi-
cating that more patches applied to the skin give better
pain relief. Treatment lasts for 3 weeks.

5. Opioid analgesics. Recently, this class of first line-therapy
has not been recommended for the treatment of neuro-
pathic pain unless the other first-line regimens are effec-
tive. Long-term opioid therapy develops physical and psy-
chological dependence. Always sedation, constipation
and nausea accompany. Initial doses should be low; grad-
ual titrating and reduction needs time. For pain relief, tra-

madol has been used extensively. It is a weak µ-opioid recep-
tor agonist which also has the potential to inhibit reuptake
of serotonin and norepinephrine. Initial dosage should be
as low as 50 mg once or twice a day. Titration up to 400 mg
daily can be achieved by increase of the daily dose by 50
to 100 mg every 3 to 7 days. In older patients, at age 70 or
more with renal and hepatic damage lower dosage up to
300 mg per day is recommended.

In summary the authors emphasize that despite the high risk
of BIN currently introduced algorithms of dose-limiting sched-
ules have been successful in pain relief. This allows thera-
py to be continued, which results in a longer life span with-
out deterioration of daily living for MM patients. It is also of
significance that contrary to the previously used regimens
in plasmacytic dyscrasias including alkylating agents, among
them melphalan, bortezomib therapy does not increase the
risk for developing secondary neoplasms [36].

The authors declare no conflict of interests.
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