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 Introduction

Patients with oncological diseases need to receive the most
effective anti-cancer therapy. To achieve this, usually a com-
bination of surgery, radiotherapy (RT), and chemotherapy,
also with biologicals with an increased use of targeted thera-
pies, is applied. Like most other side effects of therapy, such
as nausea, haematotoxicity can be managed but the increased
use of neurotoxic drugs and the development of CIPN are be-
coming major dose-limiting factors.

Although the biological effects of all neurotoxic substance
classes are known, the precise mode of action on the periph-
eral nerves is not always clear, and much effort has to be made
to develop strategies of prevention and treatment of CIPN.
The morphologic correlates of CIPN are depicted in Figure 1.
This is of particular importance as the number of long-term
survivors has increased due to the success of oncologic treat-
ments and peripheral neurotoxicity becomes a major dose-
limiting factor. Patients can be exposed to dysfunctions im-
pairing their quality of life as well as to neuropathic pain. To
overcome this challenge several approaches are being made.

Several possibilities for common pathways and affected struc-
tures of sensory neurons and peripheral nerves are being dis-
cussed. The impairment of mitochondrial function (suggested
by the loss of mitochondrial mobility in bortezomib, pacli-
taxel, and vinca alkaloid neuropathy) could be one of the key
factors. Mitochondrial failure could be a mechanism causing
axonal injury either by a failure to maintain ionic concentra-
tions, or by the fact that impaired mitochondrial motility re-
sults in mitochondria being unable to move to areas of high
calcium concentration in the axon, resulting in axonal dam-

age. Mitochondria in aged persons could also be a factor in
distal axonal degeneration.

Sensory neurons in the dorsal root ganglia (DRG) seem to be
exposed to several pathologies:
– The blood supply of the DRG by fenestrated capillaries that

allow passage of drugs into the extracellular space around
DRG neurons (blood-nerve-barrier less well-expressed).

– Platinum binding to nuclear DNA appears to stimulate
post-mitotic neurons to enter a state resembling G1 of the
cell cycle which might start processes resulting in apop-
tosis.

– Cutaneous sensory fibres lose their glial ensheathment as
they approach the epidermis and are less protected contrary
to motor fibres.

Abstract: Peripheral neuropathies induced by
chemotherapy (CIPN) are an increasingly frequent
problem. Contrary to haematologic side effects,
which can be treated with haematopoetic
growth factors, neither prophylaxis nor specific
treatment is available, and only symptomatic
treatment can be offered.

CIPN are predominantly sensory, duration-of-
treatment-dependent neuropathies, which de-
velop after a typical cumulative dose. Rarely mo-
tor, autonomic, or CNS involvement occurs. Typi-
cally, the appearance of CIPN is dose-dependent
although in at least 2 drugs (oxaliplatin and

taxanes) immediate effects can appear, caused
by different mechanisms. The substances that
most frequently cause CIPN are vinca alkaloids,
taxanes, platin derivates, bortezomib, and tha-
lidomide. Little is known about synergistic neu-
rotoxicity caused by previously given chemo-
therapies, or concomitant chemotherapies. The
role of pre-existent neuropathies on the develop-
ment of a CIPN is generally assumed, but not
clear.

Neurologists are often called in as consult-
ants for cancer patients suffering from CIPN and
have to assess whether the neuropathy is likely

to be caused by chemotherapy or other mecha-
nisms, whether treatment needs to be modified
or stopped due to CIPN, and what symptomatic
treatment should be recommended.

Possible new approaches for the management
of CIPN could be genetic susceptibility, as there
are some promising advances with vinca alka-
loids and taxanes. Eur Assoc Neurooncol Mag
2012; 2 (1): 25–36.
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tral nervous system, prevention, therapy

Figure 1. Morphologic correlates of CIPN. The DRGs can be the target of cumulative
neurotoxicity as in platinum compounds. Axons, rarely the myelin, can be damaged.
At the neuromuscular transmission site (NMT), the acute toxicity of oxaliplatin oc-
curs. Unmyelinated fibers and terminal nerve arbors are the sites of acute taxane
toxicity. An additional spinal mechanism at the alpha-2-delta-Typ1 subunit in neuro-
pathic pain is assumed.

For personal use only. Not to be reproduced without permission of Krause & Pachernegg GmbH.
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– Disruption of axonal transport also interferes with retro-
grade transport of target-derived trophic factors, recycled
membrane, and other vesicular components. In the near fu-
ture, based on databases containing cancer type, type, and
dose of chemotherapy, phenotyping of patients with CIPN
might become more easily available and provide a basis for
future strategic plans and even individualized therapies.

Concerning the severity and expression of neuropathies, as
well as the frequency of occurrence, there are major prob-
lems. The characterization with scales and scores is heteroge-
neous and is discussed by Cavaletti et al in this issue [1]. The
frequency of neuropathy for each drug is even more complex,
as most series rely on small studies or are the result of larger
medical oncologic studies which report neuropathies only as
side effects. Often, these figures provide no information on
associated diseases, pre-existing neuropathies, previous drug
treatments, and the combination of chemotherapies. Websites
recording individually reported side effects reach large num-
bers, and by and large they seem to list the distribution of
toxic effects, but are not sufficiently evaluated to determine
neurotoxic effects. Several reviews on chemotherapy-induced
neuropathies exist, which rely on the available data [2–6].

 Symptoms, Signs, and Investigations

Clinical Symptoms
Most chemotherapy-induced neuropathies are sensory. As the
CIPNs are duration-of-treatment-dependent, tingling or
numbness in the feet or fingers is an early sign. Patients also
report hypaesthesias, dysaesthesias or paraesthesias and neu-
ropathic pain. Sensory symptoms such as numbness are usu-
ally irritating. But also a “plus” of symptoms, such as tingling,
itching, stabbing, or pain, may occur. When symptoms
progress, the sensory zone widens and progresses from the
tips of the extremities to a stocking-glove-like distribution. At
this stage, patients are usually already disabled: on the upper
extremities by a loss of dexterity and development of clumsi-
ness, on the lower extremities by an addition of instability,
which leads to disturbed balance and falls. Neuropathic pain
is an issue in some CIPNs, allodynia may develop as well.
Platin compounds can induce Lhermitte’s phenomenon,
which can be troublesome. Rarely, also a Tinel-like electric
shock can be induced when the feet touch the ground in a
“stamping” manner, resembling a Hoffmann-Tinel sign.

Rarely encountered symptoms are pruritus, Raynaud’s phe-
nomenon, and muscle pain, which have been observed par-
ticularly in gemcitabine and taxanes. One neglected symptom
is muscle cramps in small foot muscles, which are presumably
a sign of distal motor involvement.

Signs
The signs usually consist of a loss of reflexes and disturbed
sensory qualities such as touch, pinprick, and vibration (the
Rydel-Seiffert tuning fork is recommended) can be noted.
Two-point discrimination is rarely performed but effective.
Also monitoring of the progression with Semmes-Weinstein
elements is useful but may be time-consuming. Conventional
tests of coordination such as finger-to-nose, knee-to-shin, and
the Romberg test can become abnormal. A sensitive test is the

loss of stereotactile recognition of small figures such as coins,
keys etc.

Motor function is usually not an issue in CIPN, apart from
vinca alkaloids, which can induce monopareses and drop
foot, and suramin which has a significant motor involvement
but is infrequently used.

Autonomic signs are rare but can be seen in vinca alkaloids,
resulting in intestinal symptoms, even ileus, and have also
been noted in taxanes and platinum compounds.

Motor symptoms can occur as mononeuropathies or cranial
nerve lesions in vinca alkaloids.

Some drugs cause muscle involvement (Table 1) with myal-
gia, muscle cramps, or weakness [3, 7]. This can be a proxi-
mal myopathy as seen in taxanes [8, 9] and vincristine [10].
Myalgia has been observed in a combination of taxanes and
gemcitabine [11]. Cramps rarely occur, but when they do,
they occur in particular in small foot and hand muscles. The
radiation recall syndrome [12] has been described in
gemcitabine and carboplatinum. Rhabdomyolysis has been
rarely attributed to chemotherapy [13, 14]. Sarcopenia, which
is a common phenomenon in advanced cancer, has also been
related to drug treatment [15]. In myelomas, muscle amyloi-
dosis occurs as well [16, 17], which is characterized by a com-
bination of weakness and pseudohypertrophic muscles.

Nerve Conduction Velocities (NCV)
Nerve conduction velocity and EMG are the standard tests in
clinical neurophysiology. In CIP, NCV usually shows axonal
changes often focused on sensory nerves. There is a correla-
tion in axonal neuropathies with the NCV. The clinical corre-
lation, however, has several caveats:
– The correlation is weaker in drugs affecting the DRG, such

as platinum derivates, and also in small fibre type changes.
– The correlation is poor with regard to temporal changes

within therapy.
– In the clinical situation, the classical examination with a

history and findings is more significant than the NCV re-
sults. The role of imaging of peripheral nerves in CIPN,
such as magnetic resonance techniques and nerve ultra-
sound, has not been determined.

There are some reports of mononeuropathies occurring with
vinca alkaloids and CTS with aromatase inhibitors. For these
lesions, it is suggested to use the common NCV criteria.

Skin Biopsy
The role of skin biopsy in CIPN is currently evolving [18].
There are several reports describing small-fibre changes, in

Table 1. Muscle symptoms related to chemotherapy

Rhabdomyolysis Cytarabine
Proximal weakness Taxanes
Radiation recall phenomenon Gemcitabine
Necrotizing myopathy Vincristine
Myalgia Taxanes, gemcitabine, several

others
Distal cramps Vinca alkaloids (as neuropathy)
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particular in taxane-related neuropathies. Punch skin biopsies
are classified as a minimally invasive procedure. Although
loss of nerve fibre density is an end-stage phenomenon in
neuropathy, early changes and hopefully future markers may
allow to identify prognostic factors. As yet, it can be classified
as investigational in CIPN.

Nerve Biopsy

Although most knowledge of the character of morphological
changes in CIPN derives from morphological studies, whole
biopsies for CIPN are not indicated unless a differential diag-
nosis is required to rule out inflammatory, vasculitic, neoplas-
tic, or amyloid neuropathy. Another exception is a biopsy
within a defined and approved study protocol.

 Clinical Course and Development

Most CIPN are dose-dependent neuropathies, with the cumu-
lative dose (Table 2) varying to some extent intraindividually.
Usually, at the onset of chemotherapy throughout the first 1–
3 cycles, CIPN symptoms appear. From cycle 3–4, usually
symptoms develop. In some drugs, it has been observed that
after a peak of neurotoxicity the increment of CIPN slows af-
ter the 4th or 5th cycle [19, 20]. Due to the length-dependent
mechanism, the feet are usually affected first.

General Phenomena

Two drugs can produce an immediate toxicity, even after the
first dose: (1) oxaliplatin, which has been studied extensively;
its CIPN is caused by channelopathy-like mechanisms. (2)
Acute, painful small-fibre lesions have been described in
taxanes, which are attributed to mitochondrial and small-fibre
changes [21].

Once CIPN has developed and the patient suffers from symp-
toms, the question is usually whether cessation or replace-
ment of the drug is compatible with the oncologic strategy. In
this setting, there are 2 other important aspects:

Coasting
Coasting is an irritating phenomenon. It has been noted par-
ticularly with platinum compounds; even after cessation of
the neuropathy symptoms can progress and there is a consid-

erable time lag until improvement. Coasting can continue for
a few weeks to months. Coasting has also been observed in
vinca alkaloids [22] but does not seem to be a frequent phe-
nomenon in this drug.

Prognosis
The reversibility of CIPN is of increasing importance since
active chemotherapies prolong survival. Although there are
few long-term studies it must be assumed that CIPN is not al-
ways completely reversible. A study with taxanes has shown
that even after several months to years some symptoms re-
main. This is important information in the consultation with
patients.

Other Influential Factors

Pre-existing Neuropathies
The influence of pre-existing neuropathies deriving from dia-
betes mellitus, alcohol abuse, or from a pre-existing heredi-
tary neuropathy on the development of CIPN is considerable.
In older patients, also a small percentage of chronic idiopathic
axonal neuropathies occurs. Commonly, it is assumed that
pre-existing neuropathies, and in particular hereditary neuro-
pathies, may predict a worse course of a neuropathy. In he-
reditary neuropathies, even devastating effects have been ob-
served in patients receiving chemotherapy.

Prior chemotherapy and combinations of chemotherapies are
also an issue, especially since patients often receive second- or
third-line therapies, also with varying drug combinations [23].

 Assessment: Scales and Scores

There are several ways to classify the neurotoxic drugs causing
CIPN. In clinical practice, it is equally important to note that
patients receive non-neurotoxic toxic drugs as well for clinical
decision-making and neurologic advice. For this review, we
listed the substances according to common classifications.

For the clinical assessment, it has been agreed that the general
toxicity scales used in general oncology are too imprecise for
the assessment of CIPN. On the other hand, more complex
neurologic scales, such as the TNS, are too complicated and

Table 2. Cumulative doses. The cumulative dose per square metre is known for several drugs. For many drugs, large series
are available. Acute side effects occur only in 2 drugs, other particular effects are mentioned in “other effects”.

Drug Cumulative dose Large series Acute effects Other effects

Cisplatin 300–400 mg/m2 + Coasting
Carboplatin 600 mg/m2 +
Oxaliplatin 800 mg/m2 Acute toxicity more often Acute toxicity!

described than cumulative
Ifosfamide ? Painful
Gemcitabine ? Myalgia
Vincristine 5–15 mg/m2 + Addition: cranial nerve mononeuro-

pathies, autonomic symptoms,
necrotizing myopathy

Paclitaxel 200 mg/m2 + Acute toxicity likely Myalgia, myopathy
Docetaxel 400–600 mg/m2 + ?
Bortezomib 1–1,3 mg/m2 + Painful, rarely demyelinating
Thalidomide 20 g (total) +
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time-consuming for non-neurologists, in particular medical
oncologists [6, 24–27]. In clinical practice, it would be help-
ful for oncologists to have a small, easily applicable scale that
helps to identify patients with symptoms of neuropathy as
early as possible [19, 20]. Several scores are available such as
the NCI-CTC [24], ECOG [28], Ajani score, TNS [29], and
the modified TNS (sTNS). Patient observations and descrip-
tions are increasingly used and differ from the physicians’ ob-
servation. The frequently used numeric rating scales are
based on an ordinal setting, where differences amounting to
one or two points can actually have dissimilar clinical signifi-
cance. The CI-PeriNoms Study [30, 31] is an ongoing clini-
metric study, which incorporates disability measures, vali-
dates quality-of-life scales, and neurophysiological testing to
ascertain a better assessment of CIPN. An overview by
Cavaletti and the PeriNoms study group depicting this ap-
proach can be found in this issue [1].

 Substance Groups

1. Alkylators
2. Antibiotics
3. Antimetabolites
4. Mitotic spindle inhibitors
5. Topoisomerase inhibitors
6. Proteasome inhibitors
7. Others
8. Biologicals

Alkylators

Platin Derivates
Three members of the drug family are currently used: cis-
platin, carboplatin (mainly in lung, breast, and ovarian can-
cers), and oxaliplatin (in metastatic colon cancer and under-
going clinical trials for the treatment of other gastrointestinal
tract malignancies).

The chemotherapeutic mechanism of platinum compounds is
similar to DNA-binding alkylating agents. If the DNA dam-
age exceeds the ability to cell repair, the cell undergoes apop-
totic cell death. Platinum compounds induce aberrant re-entry
into the cell cycle and apoptosis [32]. Platinum compounds
have a unique effect on neurons. Selective vulnerability of
DRG-sensory neurons depends presumably on the structure
of the blood-nerve-barrier [33, 34]. Also binding of platinum
to mitochondrial DNA has been considered a potential mecha-
nism of cell death [35]. Cell death of the sensory neuron re-
sults in permanent distal sensory loss.

Clinical Features
Each of the compounds produces dose-dependent sensory
symptoms and a sensory neuropathy in relation to the cumula-
tive dose.

Cisplatin
For cisplatin, the development of neuropathies is closely re-
lated to the total cumulative drug dose [36, 37]. In the major-
ity of patients who receive > 400–500 mg/m2 of cisplatin in
typically 3–6 months [38, 39], the neuropathy is predomi-
nantly sensory with initial complaints of paraesthesias in

the distal parts of the extremities. Although all sensory moda-
lities are involved, a loss of large-fibre sensory function is
prominent, which often results in sensory ataxia. Lhermitte’s
phenomenon is common and probably an expression of spi-
nal cord involvement. Coasting is a unique feature in
cisplatin, but can also be observed after spinal radiation.
Many patients experience residual pain after some improve-
ment in their neuropathy. This may last for several years af-
ter discontinuation of the therapy and should be treated with
standard approaches for the management of neuropathic
pain.

Motor involvement is rare, however, autonomic neuropathy is
infrequent and can cause dizziness, palpitations, or impotence
[40].

Retreatment after previous cisplatin chemotherapy does not
seem to be complicated by increased neurotoxicity [41].

Laboratory Studies
Electrophysiological features for platinum compounds are
mostly axonal changes with a predominance of sensory fibres.
Other laboratory studies are not informative. Nerve biopsy
studies have shown a loss of large myelinated fibres [42]. A
typical constellation of clinical and electrophysiological find-
ings is presented in Figure 2.

Prognosis and Treatment
Neuropathic symptoms can progress up to 2 months after ces-
sation of therapy (“coasting”). Then, gradual improvement
may set in. However, because of the underlying pathology

Figure 2. Cisplatinum neuropathy. Clinical and electrophysiological features of a
40-year-old male with an ataxic cisplatinum neuropathy. (a) Despite numbness and
sensory ataxia no motor involvement with normal small-hand muscles. Nerve con-
duction velocity (NCV) measurement shows normal motor NCV, (b) the sensory NCV is
reduced to 1 uV (pathologic). (c) The feet appear normal, neither atrophy nor trophic
changes can be seen. (d) Knee-to-shin is pathologic, vibration perception is absent.
(e) Motor NCVs of peroneal nerves are normal. The sural nerve sensory potential is
absent; (f) the F wave is normal.
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being a ganglionopathy, recovery may be incomplete, espe-
cially in more severe cases.

Carboplatin
Carboplatin is less neurotoxic [43]. In higher cumulative
doses, however, carboplatin also produces a sensory neuro-
pathy, as does cisplatin [44]. In combination with paclitaxel,
20 % of patients develop moderate or severe sensory neuropa-
thies [45].

Oxaliplatin
In addition to dose-dependent neuropathies, about 60–80 %
of patients develop a cold-induced acute toxicity that involves
paraesthesias in the throat, mouth, face, and hands occurring
within 30–60 min after application and also includes muscle
cramps and fasciculations.

The sensations are described as a tingling or burning induced
by contact with cold surfaces or cold liquids. They appear
acutely and typically remit a few days after the infusion is
completed. Also, EMG-spontaneous activity has been ob-
served during the attacks [46].

Oxaliplatin affects voltage-gated sodium channels and inter-
feres with axonal ion conductance [47]. Oxaliplatin is trans-
formed into oxalate, which is an intracellular calcium chela-
tor, which produces similar effects as seen in ethylene glycol
poisoning [48]. Oxalate, which is released intracellularily by
oxaliplatin, chelates calcium and has an effect on inward so-
dium channels [49–51]. Divalent cations modify voltage-
gated sodium channels [52]. Based on this mechanism, iv cal-
cium gluconate and magnesium sulfate lower acute oxali-
platin symptoms [53].

Cumulative toxicity resembles cisplatin-induced neuropa-
thies. Long-term use demonstrates that oxaliplatin is associ-
ated with mild, sensory, and motor axon loss [54]. Oxcarba-
zepine has been shown to be effective in prophylaxis [55].

Platinum Hypersensitivity
In addition to neurotoxicity, other hypersensitivity reactions
such as skin rash, flush, abdominal cramps, itching in the
palms, and severe cardiovascular reactions have been ob-
served [56]. Usually, these will not be confused with neuro-
toxicity, except for itching and pruritus.

Other Alkylating Agents
Other alkylating agents, such as nitrosoureas, procarbazine,
and thiotepa, rarely cause neuropathies, except for ifosfamide.

Ifosfamide
Neuropathy occurs in about 8 % of patients [57–59]. The on-
set is gradual, with paraesthesias and pain in the feet. The type
of sensory loss is panmodal. Pre-existent neuropathies are risk
factors [60]. Neuropathic pain can be an issue; tendon re-
flexes are reduced; weakness is rare. Recovery after termina-
tion of treatment is slow.

Procarbazine
Procarbazine is widely used in haematological malignancies
and in the treatment of brain tumours. Mild peripheral neuro-

pathy has been described but is rarely problematic [61].
Myalgias have also been described.

Thiotepa
Thiotepa is an alkylating agent occasionally used to treat lep-
tomeningeal metastases. Rarely, intrathecal thiotepa causes a
myelopathy [62]. A motor neuropathy has also been described
after intrathecal thiotepa chemotherapy [63]. On the whole,
this is based on single observations and cannot be general-
ized.

Cytotoxic Antibiotics

Several antibiotics have antineoplastic effects. The most
prominent is doxorubicin, which is widely used in several
chemotherapies. Although doxorubicin can induce DRG
changes in animals, this is not an issue in clinical practice.

Other antibiotics, such as actinomycine, anthracyclines,
daunorubicine, valrubicine, idarubicine, epirubicine, bleo-
mycine, plicamycine, and mitamycine, rarely cause periph-
eral neurologic complications.

Antimetabolites

Antimetabolites are compounds which inhibit the synthesis of
key intermediary metabolites. Often, they are enzyme inhibi-
tors and may block RNA or DNA synthesis. Most of the anti-
metabolites are either analogues of nucleotide bases or inter-
fere with folic acid metabolism. They are more commonly
associated with central rather than peripheral neurotoxicity.
CINP is generally not a major side effect.

Methotrexate
Methotrexate (MTX) is a folate antagonist that inhibits dihy-
drofolate reductase, a key enzyme in the synthesis of nucleo-
tides. It is used alone or in combination chemotherapy for
solid tumours and haematological malignancies in a broad
spectrum of dosages (low-to-high dose) and also timings
(acute as well as permanent therapies). Peripheral neurotoxic-
ity is rare. Although IT treatment is a routine procedure it can
be associated with complications, spinal arachnitis, and myelo-
pathy.

Nelarabine is an analogue [64, 65] which does not seem to be
involved in the development of CIPN.

Cytosine Arabinoside
Cytosine arabinoside (Ara-C) is a pyrimidine antagonist that
blocks synthesis of cytosine, thymidine, and uridine. Periph-
eral neurotoxicity is rare. There are several case reports of
various neuropathies associated with the use of high-dose
Ara-C [66] and fludarabine combined with Ara-C [67]. These
are only observational reports and the clinical relevance is not
clear.

Depot Ara-C preparations (depocyte) are increasingly advo-
cated for patients with meningeal carcinomatosis. Recent re-
ports suggest that the drug may cause a cauda equina syn-
drome [68, 69] in some patients. Repetitive IT drug applica-
tion with cytarabine treatment caused demyelination in the
thoracal roots, the cauda equina, and damage to the posterior
columns in a patient treated by the author (Figure 3).
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Gemcitabine
Gemcitabine is a deoxycytidine analogue structurally related
to Ara-C. In many patients, it causes systemic symptoms of
low-grade fever, fatigue malaise, myalgia, and arthralgia with
paraesthesia. In about 10 %, sensory neuropathy with par-
aesthesias can develop. Autonomic involvement has also been
observed.

Muscle symptoms can appear as myalgias or as “radiation re-
call syndrome” in pre-radiated muscle. MRT can show oedema
of the affected muscle and CK can be elevated.

Gemcitabine is often used in combination with taxanes, plati-
num compounds, or vinca alkaloids, all of which cause CINP,
but does not seem to increase the risk of CIPN [70].

5-Fluorouracil
5-Fluorouracil (5-FU) is a pyrimidine antagonist. It is used as
a single agent or in combination regimens for the treatment of
many tumours, especially in the gastrointestinal system. A
small number of cases of CIPN have been reported after treat-
ment with 5-FU (accompanied by radiation and levamisol)
[71] and after 5-FU chemotherapy in combination with folinic
acid and eniluracil [72].

The hand-foot syndrome appears in particular when treatment
consisting of 5-FU and capecitabine is applied.

Capecitabine
Capecitabine is metabolized to 5-FU. Except for observations
from single cases [72], CIPN are unlikely. Cranial nerve le-
sions seem to appear rarely [73, 74].

The “hand-foot syndrome”, or “palmar plantar erythrodys-
aesthesia” (PPE), has been observed in up to 10 % of patients

treated with capecitabine, but is not specific and also appears
in other drugs. Administration of the drug is followed within
days by palmar and plantar paraesthesias and itching followed
by the development of an erythematous and occasionally
bullous palmar and plantar rash. It is thought to be due to a
local skin reaction, but a relationship to neuropathy or dam-
aged small skin nerves is postulated [75].

Mitotic Spindle Inhibitors

Vinca Alkaloids
Vinca alkaloids are mitotic spindle inhibitors, such as taxanes
and podophyllin analogues (etoposide and tenoposide). The
drugs interfere with microtubule assembly and mitotic spindle
formation. They also influence axonal transport [76], struc-
ture, and function at many points. As with most toxic neuropa-
thies, longer axons are more susceptible. Vinca alkaloids do
not enter the blood-brain-barrier [77], which limits their use
in neurological CNS disease.

Vinblastine, vincristine, and their semi-synthetic derivatives,
vindesine and vinorelbine, are predominantly used for the
treatment of haematologic and lymphatic malignancies and
several other conditions. All are given by intravenous infu-
sion. Vinca alkaloids produce a dose-related sensorimotor
neuropathy. Vincristine and vindesine cause the most severe
neurotoxicity, while vinblastine and vinorelbine are less
toxic. A combination of vinorelbine with taxanes can be se-
vere in patients previously treated with paclitaxel and has
been observed in the course of a study monitoring [78].

Clinical Features
CIPN present usually within the first 3 months of treatment.
Early symptoms are paraesthesias and pain in the hands and
feet as well as distally accentuated hyperaesthesia. Weakness
may also occur, in particular in wrist extensors and dorsi-
flexors of the toes [79]. Tendon reflexes are lost early on.
Muscle cramps in distal muscles (eg, feet) are frequent, often
persisting long after treatment cessation. Contrary to most
other CIPN, mononeuropathies (femoral, peritoneal nerves),
cranial nerve lesions (with diplopia, vocal cord paralysis [80],
facial nerve palsy, and sensoneurial hearing loss) have been
described [81, 82]. Autonomic changes can result in gas-
trointestinal symptoms, such as paralytic ileus or megacolon
[83]. Also bladder atony, impotence, orthostatic hypotension,
and cardiac problems have been reported.

Rarely, severe neuropathy with quadriparesis occurs [84].
Inherited neuropathies [85, 86] may aggravate the expression
of neuropathies and need to be considered before starting che-
motherapy.

Laboratory Studies
Nerve conduction studies show axonal neuropathies with a
reduced amplitude of motor and sensory action potentials
with mildly reduced conduction velocities.

Prognosis and Treatment
There are no pharmacologic treatments to reduce or prevent
CIPN induced by vinca alkaloids. A pharmacological approach
with lacosamide has been proposed to reduce pain and allo-

Figure 3. Autopsy of the nerve
roots, cauda equina and posterior
columns of a 74-year-old woman with
breast cancer and suspected menin-
geal carcinomatosis. She received
several cycles of intrathecal cyto-
sine arabinoside (Depo-Cyt®). The
myelin appears blue with a Klüver
staining. (a) Cauda equina. The
nerve roots show loss of myelin with
a patchy damage to nerve fascicles.
(b) Spinal thoracic nerve. Diffuse
demyelination. (c) Spinal cord and
posterior column: Diffuse loss of
myelinated fibres, ballooned dege-
neration of myelinated fibres.



EUR ASSOC NEUROONCOL MAG 2012; 2 (1)

Chemotherapy and Polyneuropathies

31

dynia in animal models [87]. Reducing dose levels and fre-
quency of application may ameliorate the development of
neuropathies. After cessation of therapy, coasting has also been
described [22]. In severe cases, improvement occurs over
months to several years and may be incomplete. A decreased
risk of neuropathy and a more rapid recovery may exist in Afri-
can Americans with at least one CYP3A5*1 allele [88].

Physical therapy and orthoses minimize the effects of motor
deficits. Skin protection and management of neuropathic pain
help patients with sensory deficits.

Inadvertent intrathecal injection of any of the vinca alkaloids
results in severe ascending myeloencephalopathy that is usu-
ally fatal [89, 90].

Taxanes
Both drugs, paclitaxel and docetaxel, are widely used alone or
in combination for the treatment of breast, ovarian, lung, and
many other forms of cancer. Paclitaxel may produce more
neuropathies than docetaxel [91]. Taxanes are frequently used
in combination with other agents that cause CIPN. It is un-
clear whether additive or synergistic neuropathy results from
this combination. There are 2 important issues concerning the
transport vehicle of the drug: the transport mechanism is
cremaphor [92], a non-ionic surfactant and a polysaturated
castor oil which has side effects of its own, in particular aller-
gic reactions; the other transport vehicle is abraxane, a pro-
tein-bound paclitaxel, which avoids the side effects of
cremaphor but unfortunately causes CIPN in this preparation.
Other preparations of paclitaxel are taxoprexin, a DHA pacli-
taxel (omega-3 fatty acid), and xyotax, a PG paclitaxel (poly-
[L]- glutamic acid).

Taxanes hyperstabilize microtubule subunit cross-linking.
This has the effect of increased stability of microtubules and
decreased ability of the cell to dynamically reorganize the
cytoskeleton. Also the formation of crystalline arrays of mi-
crotubule subunits in the cell or axon [93] occurs, which dis-
rupts the axonal transport, the retrograde transport of target-
derived trophic factors, and other vesicular components. Both
processes interfere with axonal transport and result in neuro-
pathy. In addition to microtubule changes, the ubiquitin-
proteasome system (UPS) in axons with local activation of
calpain/caspase cells and apoptosis may also be activated.
Their mode of action is similar to epothilones.

Clinical Features
Sensory symptoms are common and dose-related [94]. Both
drugs induce paraesthesias, loss of sensation, and dysaes-
thetic pain in the feet and hands. Activities of daily life, fine
motor tasks, such as buttoning and writing, can be impaired.
Gait unsteadiness can be a result of sensory ataxia.

At examination, the vibratory threshold increases and percep-
tions of light, touch, and pin decrease in the feet more than in
the hands. Deep tendon reflexes at the ankle may be lost but
more proximal reflexes may be preserved.

Weakness is absent or mild, although motor neuropathies
have been observed [95]. Lhermitte’s phenomenon may ap-

pear. Autonomic symptoms have been described, gastrointes-
tinal symptoms and cardiac arrhythmia may occur.

An acute toxicity, caused by mitochondrial damage and
small-fibre type lesions with up-regulation of PGP9.5 in the
Langerhans cells, has been described and can be attributed to
acute CIPN toxicity [96]. As the lesions are restricted to the
afferent axon’s terminal arbour, it was suggested to name
them “terminal arbour degeneration” [97].

Treatment with taxanes can also cause a proximal weakness
syndrome independently of sensory symptoms. CK is normal
and weakness improves after cessation of therapy. Myalgia/
arthralgia syndromes are more frequent in paclitaxel and re-
lated to drug treatment, beginning 2–3 days after administra-
tion and lasting several days.

Laboratory Studies
Electrophysiological testing typically demonstrates that sural
nerve potentials are reduced or absent in symptomatic pa-
tients with signs of axonal neuropathy.

Concurrent cis-platinum or alcohol abuse increases the risk of
CIPN. ABCB1-allelic variation negatively influences the ef-
fect of docetaxel treatment [98] and the onset of neuropathy
can be delayed which will be possibly a predictive factor for
the development of CIPN.

Prognosis and Treatment
The sensory symptoms can be troublesome and typically re-
mit within several weeks after treatment has been completed.
Lowering the dose and lengthening the treatment may reduce
difficulties in more symptomatic patients. However, long-
term follow-up examinations describe a prolonged effect of
CIPN in individuals with a negative effect on the quality of
life [99, 100].

Other Microtubule-Stabilizing Agents
Epithelones
Epithelones are a group of microtubule-stabilizing agents, in-
cluding epothilone A, epothilone B [101], and epothilone D.
Distal sensory and motor neuropathy, similar to taxanes, have
been reported from phase-III clinical trials [102, 103]. Also a
specific effect on vibration perception has been described.

Eribulin
Eribulin (eribulin mesylate) is a non-taxane microtubule dy-
namics inhibitor with tubulin-based antimitotic activity. It is
used in the treatment of patients with locally advanced or
metastatic breast cancer who have previously been treated
with other chemotherapies. Peripheral neuropathy (incidence
5 %) was the most common adverse event resulting in the dis-
continuation of eribulin treatment. In animal experiments,
eribulin seems less toxic compared to other drugs [104].

Podophyllin
Podophyllin is an alkaloid extracted from the May Apple or
American Mandrake and is considered both a spindle inhibi-
tor as well as a topoisomerase inhibitor.

Etoposide (VP 16) and teniposide (VM 26) are chemothera-
peutic agents derived from podophyllin. They disrupt mitotic
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spindle formation and inhibit topoisomerase II as well. The drugs
are extensively used in many different forms of cancer, often in
combination with drugs that cause CINP. Although peripheral
toxicity is generally accepted, usually by observations and case
descriptions [105], data from large studies are missing.

Topoisomerase Inhibitors

Topoisomerase is an enzyme which interferes with repair of
DNA damage and facilitates apoptosis. Topoisomerase II cuts
and unwinds DNA. Type-I topoisomerase inhibitors are
camptothecins (irinotecan and topotecan), and type-II inhibi-
tors are amsacrine, etoposide, etoposide phosphate, and
teniposide; they are used in several chemotherapies. For topo-
tecan and teniposide, neuropathies of minor extent have been
reported [106, 107].

Proteasome Inhibitors

Bortezomid is a polycyclic derivative of boronic acid that inhib-
its the mammalian 26S proteasome. The 26S proteasome is a
large complex that is part of the ubiquitin degradation pathway.
It regulates the homoeostatic level of many intracellular pro-
teins including those involved in cell-cycle regulation and
apoptosis. The proteasome degrades the intracellular inhibitor
of NFκB (IκB). Bortezomib increases the level of the inhibitor
and decreases the activity of NFκB. This down-regulates the
expression of proteins that promote cell division and prolifera-
tion and enhances apoptosis. Also, secretion of cytokines in the
bone marrow is suppressed. It also enhances oxidative stress by
up-regulation of p53, p21, p27, p38, MAPK, and JNK. Genetic
factors may be implicated in the susceptibility [108].

Carfilzomib is an irreversible proteasome inhibitor with less
neurotoxic side effects [109, 110].

Clinical Features
The neuropathy is dose-related and cumulative. It is predomi-
nantly sensory, distally accentuated, and depends on the dura-
tion of treatment. It often causes neuropathic pain probably
due to small-fibre involvement. Patients experience sensory
loss (numbness) and, due to small-fibre loss, pain which is
perceived as burning, sharp, cold, or electric. This painful as-
sociation is particularly worrying [111, 112].

Also autonomic changes with postural hypotension have been
reported. Increased age is an additional risk factor. In trials,
CIPN occurred in 37–44 % of patients with multiple myeloma
[113]. Usually, it is a reversible duration-of-treatment-depen-
dent neuropathy [114–116].

In a few cases, demyelinating neuropathies [117], which are
probably dysimmune [118], have been observed as well.

Laboratory
Electrophysiological changes demonstrate axonal loss as the
drug has become more widely used, more prevalent, and more
severe cases of neuropathy have been reported [119]. Pre-
treatment with thalidomide is a serious risk factor for the de-
velopment of CIPN.

A demyelinating neuropathy has also been observed [118],
even in combination with thalidomide [119].

Others

Arsenic Trioxide
Arsenic trioxide has recently been introduced for the treat-
ment of refractory forms of cancer [120]. It is an inorganic
arsenic compound that has been known for many years to
cause severe and sometimes fatal peripheral neuropathy. A
recent single-agent trial, however, described few neurotoxic
effects [121].

Thalidomide and Lenalodimide
Thalidomide has a sad record of teratogenic effects due to its
use in pregnant patients in the 1950s and 1960s. Since then it
has been used in erythema nodosum leprosum, and as a potent
VEGF inhibitor in multiple myeloma, Waldenstrom’s macro-
globulinaemia, myelodysplastic syndromes, acute myeloid
leukaemia, myelofibrosis, graft versus host disease, prostate
cancer, renal cell cancer, malignant brain tumours, Kaposi
sarcoma, and cancer.

The type of neuropathy is predominantly sensory, with numb-
ness and pain in hands and feet. All sensory qualities are af-
fected, reflexes may be preserved. Cramps of small foot
muscles occur. Neuropathies develop in 20–40 % of patients
[122, 123]. Frequency of neuropathy increases with age and
cumulative doses or duration of treatment; vulnerability in
aged persons is a also a major concern [124].

Lenalidomide is an analogue (alpha-3-aminophthalimidoglu-
tarimide) and less neurotoxic in the PNS [125–127].

Suramin
Suramin (polysulfonated naphthylurea) has been used for the
treatment of tropical parasitic diseases. It can cause nephropa-
thy and, when used in cancer patients, 2 types of CIPN: a mild
distal axonal neuropathy and an acute form resembling acute
polyradiculitis [128].

Biologicals

In addition to the “classical drugs” causing CIPN, some bio-
logicals are also mentioned, usually when administered in
combination with neurotoxic drugs, which makes it difficult
to assess the true effect and incidence. Three antibodies have
been mentioned to cause CIPN, and except for brentuximab,
where sensory neuropathies have been described, bevacizu-
mab and trastuzumab have been considered as well. An inter-
esting approach to this question is made by http://www.
ehealthme.com [129], where a total of side effects is listed for a
defined period of time.

Antibodies
Bevacizumab
Neuropathy as a side effect of bevacizumab has not made it to
the “top ten” of its most frequent side effects [129]. As of
August 2011, 13,485 persons reported side effects; 16 indi-
viduals (0.12 %) had a sensory neuropathy, which occurred in
the first month, which makes a cumulative effect unlikely.
Other concomitant drugs were also used, which makes it diffi-
cult to evaluate. A possible association with paclitaxel has
been observed. Presently, no clear evidence exists.
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Brentuximab Vedotin (SGN-35)
Brentuximab vedotin is an anti-CD30 monoclonal antibody in
combination with monomethyl auristatin E (an antitubulin
agent). It is used in the treatment of Hodgkin’s lymphoma.
Sensory neuropathies have been described [130]. A general
opinion can not be expressed presently.

Trastuzumab
Trastuzumab was analyzed on http://www.ehealthme.com
[129] with regard to reported side effects. As of August 2011,
64,443 persons reported side effects, among them 8 indi-
viduals (0.012 %) reported a sensory neuropathy. Contrary to
bevacizumab, the neuropathy was most often observed after
one year (50 %) and 2 years (25 %), which makes a cumula-
tive effect likely. Associated drugs were cyclophosphamide,
gabapentine, and femara, but also other drugs, which makes
the interpretation difficult. In combination with conventional
chemotherapies, neuropathies have been described [131].

Interferons
Interferon-α
Interferon-α is used in the treatment of leukaemia and lym-
phoma as well as of hepatitis C. It can cause a distal symmet-
ric sensory neuropathy, which can also cause pain and paraes-
thesia, mild loss of pain and temperature perception [132].
The NCV shows axonal loss.

Hormones
Hormonal treatment has been assessed in comparison with
chemotherapy in breast cancer. A trial of primary endocrine
therapy using aromatase inhibitors (anastrozole and exemes-
tane) in patients with ER-positive and/or PgR-positive breast
cancer showed grade-2 neuropathies occurring in 30 % of pa-
tients receiving chemotherapy, while hormonal treatment was
well-tolerated [133]. Focal neuropathies, such as the carpal
tunnel syndrome, may increasingly occur during aromatase
therapy [134].

Radiosensitizers
Misonidazole
Misonidazole has been used as an adjunct to radiation therapy
as a radiosensitizer. It causes a sensory, often painful neuro-
pathy and is dose-related (cumulative dose > 16–18 g)
[135]. The incidence can be up to 30 % if the cumulative
dose has been reached [135]. The newly used radiosensitizer
motexafin gadolinium has not yet been reported to cause
neuropathies.

Vitamins
Vitamin A and retinoid treatment are used in haematological
diseases. Not only muscle cramps and myalgia but also sen-
sory symptoms have been reported. The mechanisms are not
fully understood.

Conversely, in animal experiments, a protective effect of
retinoids in CIPN has been proposed [136].

Tipifarnib
Tipifarnib is an oral non-peptidomimetic farnesyl transferase
inhibitor used in both solid tumours and haematological ma-
lignancies such as acute myeloid leukaemia [137]. Toxicity is

predominantly haematological, mild neuropathies have been
reported [138].

 Cancer Type and Neuropathy: Myeloma

Two types of malignancy – lung cancer (SCLC) and myeloma –
have several types of disease-associated neuropathies. In lung
cancer, it is a paraneoplastic, subacute sensory neuronopathy
(SSN), which usually appears at the onset of malignancy prior
to chemotherapy. Neuropathies in multiple myeloma can ap-
pear at any time, due to several aetiologies, and have been
subject to reviews [139]. This is of importance as the current
drug treatment has a high potential for the development of
neuropathies, and also because it is generally assumed that a
pre-existing neuropathy may increase the risk for a CIPN.
Possible factors from myeloma and also genetic factors may
be responsible for the expression of a neuropathy [140, 141].

A neuropathy caused by therapy can be dose-limiting in up to
10 % [142]. Although no specific treatment is available, dose
modification needs to be considered in case of paraesthesias
and pain. Treatment should be modified or reduced until tox-
icity resolves. Treatment also consists of symptomatic man-
agement of neuropathic pain, protection against sensory loss,
and physical therapy. Elderly patients may be less able to
withstand the side effects associated with newer treatment
regimens [143].

The rarely observed POEMS syndrome is associated with
several types of neuropathies. Treatment results have been
summarized in a Cochrane review [144].

 Differential Diagnosis

The differential diagnosis of CIPN is mainly based on the vi-
tal question of what chemotherapy the patient has received so
far and if neurotoxicity can be expected from the substance
and its dose. Several drugs applied for chemotherapy do not
cause CIPN, which can be an important factor in discussing a
patient’s symptoms and signs at evaluation.

Differential diagnosis often considers paraneoplastic neuro-
pathies, which tend to appear early in the course of the disease
and often contribute to the detection of cancer.

Acute types of neuropathies, such as the Guillain-Barré syn-
drome and CIDP, have been observed to appear in lymphoma
and Hodgkin’s disease patients [145] and are related to the
tumour type. Demyelinating neuropathies have been described
in suramin treatment, and also in rare cases of bortezombin
administration [117].

Meningeal carcinomatosis rarely presents as a neuropathy
mimic, either as cauda equina presentation or rarely as an as-
cending polyradicular form. Clinically, often the association
with CNS symptoms is helpful. Cauda equina lesions involve
the sphincteric function as well, which is not the case in CIPN.
As a rule, early pain appears.

Neurolymphomatosis [146] is a rare type of lymphomatous
spread in lymphoma. It can occur either isolated in the periph-
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eral nerves or in a combination of peripheral nerves and CSF,
which is a matter of definition. The presenting signs can vary
from a symmetric CIDP type to a multiplex type and solitary
peripheral nerve involvement. The diagnosis is difficult but
imaging may help; finally, a biopsy is necessary. Also intra-
vascular lymphoma can affect peripheral nerves [147].

Neuroleukaemiosis

This is a recently coined term [148] describing often symmet-
ric and diffuse involvement of peripheral nerves. It has also
been noted to appear as a multifocal neuropathy in M4/M5
leukaemia.

Historically, it appears that autopsy series in the pre-chemo-
therapy era, were well aware of this phenomenon.

Cauda Equina Syndrome

Malignant compression of the cauda equina may be caused by
a tumour, vertebral collapse, lipomatosis following steroid
treatment, or chemical injury by intrathecal therapy and has
been reported as a side effect of cytosine arabinoside long-
term application [68]. Usually, additional signs such as a
sphincter’s involvement or back pain make the diagnosis
likely. Intramedullary metastases are extremely rare but they
can also mimic a sensorimotor neuropathy.

 Prevention

Preventive drugs can potentially counteract cancer therapy.
This has been the problem with several previously used pre-
ventive therapies. Several drugs have been used, such as vita-
mins (B and E) [149], gluthation, alpha lipicoic acid, acetyl-
cysteine [150, 151], amifostine, calcium, magnesium, diethyl-
dithiocarbamate [152], dithiocarbamate, Org 2766, oxcarba-
zepine [153], or erythropoetin [154–157]. For platin drugs, a
Cochrane review states that chemoprotective agents do not
seem to prevent CIPN [158].

 Symptomatic Treatment

Despite the failure of drugs to prevent CIPN, several symp-
tomatic treatments are available and should be considered in
each individual case.

Oxaliplatin’s Acute Toxicity

The treatment and prevention of acute oxaliplatin toxicity
have been an issue. Two basic avenues exist: (1) Ca and Mg
administration or (2) carbamazepine or oxcarbazepine, which
impacts on the affected channels.

Neuropathic Pain and Dysaesthesia

Pain and paraesthesia can be a severe effect of some chemo-
therapy regimens, in particular taxanes and bortezomib. The
use of drugs directed against neuropathic pain with anti-
convulsants, antidepressants, in severe cases opioids, and, re-
cently, also topical local anaesthetics has to be decided on ac-
cording to the symptoms of each patient.

Prevention

The question of whether the administration of anticonvulsants
can prevent neuropathies is increasingly discussed. Consider-

ing the concept of action of anticonvulsants this may not be
likely; considering the effect that less grade-3 toxicities ap-
pear during treatment, this effect of subjective improvement
can in a way be regarded as prevention of higher toxicity.

Physical and Occupational Therapies

CIPN, apart from sensory symptoms and pain, often have a
loss of proprioception, which is a highly incommoding effect
in ADLS and gait. These effects are often underestimated. It is
likely that the amplified application of physical and occupa-
tional therapies, which activate other senses (vision, hearing)
as well, can compensate sensory deficits and might improve
them through systematic training [159].

 Rehabilitation and Cancer Rehabilitation

Rehabilitation for cancer patients is increasingly offered [160].
This is a tremendous success since, in the past, cancer in a
patient often banned further rehabilitation. Without dwelling
on the different types of cancer rehabilitation, neuropathies and
sequelae of CIPN deserve particular attention [159]. Further,
it is obvious from several studies (on taxanes) that often CIPN
are not completely reversible and leave the patient distinctly
disabled [161].

 Summary

CIPN caused by cancer treatment is gaining importance, as
several effective therapies damage the peripheral nerves by
various mechanisms. Despite different mechanisms of drugs,
it is hoped that common mechanisms in the structure or func-
tion of peripheral nerves may help to develop preventive strat-
egies.

For the clinician, the knowledge of drugs given to the indi-
vidual patient and the cumulative doses are important. In-
creasingly, also other substances, in particular biological sub-
stances, may play a role by influencing the metabolism.

Symptomatic treatment with regard to sensory and/or motor
symptoms and pain needs to be considered as well as concepts
of rehabilitation to improve a patient’s functions and quality
of life.
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