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Recent advances in the development and administra-
tion of chemotherapy for malignant diseases have led
to prolonged survival of patients and the promise of
a return to normal lives. The cost of progress comes
with a price, however, and the nervous system is fre-
quently the target of therapy-induced toxicity. Unlike
more immediate toxicities that affect the gastrointes-
tinal tract and bone marrow, chemotherapy-induced
neurotoxicity is frequently delayed in onset and may
progress over time. In the peripheral nervous system,
the major brunt of the toxic attack is directed against
the peripheral nerve, targeting the neuronal cell body,
the axonal transport system, the myelin sheath, and
glial support structures, resulting in chemotherapy-
induced peripheral neuropathy.

Introduction

The era of cancer chemotherapy began in the 1940s,
and since then, cancer drug development has become
a multibillion-dollar industry. Chemotherapy has been
efficacious against a wide array of human cancers,
providing prolonged survival and, in some instances,
a cure, but such success comes at a price. By its very
nature, conventional chemotherapy is controlled cyto-
toxicity, with the goal of destroying rampant cancer
cells before chemotherapy causes irreparable harm to
the patient. The central and peripheral nervous systems
frequently bear the brunt of this “innocent bystander”
toxicity. This brief review addresses the peripheral ner-
vous system toxicity resulting from chemotherapy of
solid and hematologic neoplasms.

Signs and Symptoms of Chemotherapy-
induced Peripheral Neuropathy

Although the clinical spectrum of symptoms and adverse
outcomes may appear stereotypical, mechanisms, patient
susceptibilities, and responses to chemotherapy vary
considerably. Clinical similarities discussed in the follow-
ing text are manifestations of the limited responses by
the peripheral nervous system to the assortment of toxic
insults provided by various chemotherapy agents.

Several patterns of chemotherapy-induced peripheral
neuropathy (CIPN) are commonly recognized. The first is
early sensory symptoms, such as paresthesias and numb-
ness, occurring usually between the first and third cycles of
therapy. Motor weakness usually develops in a delayed fash-
ion, and this is explained by the fact that sensory neurons
and axons that transmit pain perception are unmyelinated
and lightly myelinated fibers and are more susceptible than
motor fibers to damage from exogenous toxins.

It is not uncommon for symptoms, and in particular
sensory symptoms, to persist or even develop weeks to
months after discontinuation of the chemotherapy. This
phenomenon, known as “coasting,” was first recognized
with the vinca alkaloid vincristine. Sensory loss typical of
axonal neuropathies, including diabetes or alcoholic neu-
ropathy, manifests as a “stocking-glove” sensory loss to
pin, touch, or both. It is an example of a length-dependent
dying-back neuropathy and is felt to be due to the distal
degeneration of sensory axons [1,2]. Injury to a neuron or
its axon will impact the most distal portions of the neuron
first, where axons are farthest from the cell body and most
vulnerable to disruption of the nutritional cytoplasmic
supply chain [1,3]. Patients will first notice paresthesias,
pain, or both, in the toes and feet that with time and
continued insult will advance proximally. By the time the
fingertips are affected, a tear-drop pattern of sensory loss
and dysesthesias has appeared on the abdominal wall, and
sensory distortion will have migrated proximally up the
leg, approaching or passing the knee. Myalgias are another
presentation of neuropathic pain, and patients complain of
muscle cramps and aching that are frequently exacerbated
by activity. Autonomic signs and symptoms can be promi-
nent because the fibers carrying these signals are likely
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poorly myelinated and thus vulnerable. Dysautonomia may
present as dry mouth, constipation, disorders of bladder
emptying, and orthostatic intolerance [4,5]. Additionally,
patients with pre-existing neuropathies of any kind (eg,
diabetic, paraneoplastic, alcoholic, or hereditary) show an
increased propensity to develop neuropathy when treated
with neurotoxic agents used in cancer treatment [6-8].

Pathology and Pathogenesis of CIPN
Chemotherapy’s toxic effects target the structures and func-
tions of the peripheral nervous system, including the axon,
myelin sheath, neuronal cell body, and supporting glial struc-
tures. Most toxic neuropathies affect axons, resulting in an
axonopathy and causing distal, symmetric, sensory-predom-
inant neuropathy that exhibits a “dying-back” pattern. The
distal branches are the most vulnerable to axonal transport
flow disruption, and like the farthest branches on a diseased
tree, are the first to die; hence, the stocking-glove pattern of
sensory loss. In its most severe form, it will lead to walle-
rian (or secondary) degeneration of the surrounding nerve
sheath (ie, demyelination) distal to the injury, very similar to
the more familiar, severe form of diabetic polyneuropathy.
Neuronal cell body damage results in neuronopathies and
manifests as global nerve cell failure.

When the myelin sheath of the Schwann cell is the
target, the result is demyelination that initially spares the
axon and results in disordered impulse conduction. In a
mild or self-limited form, it may lead to segmental dam-
age only. When the damage is severe, secondary axonal
degeneration may occur, and the process can take on the
appearance of a severe form of immune-mediated, acute
inflammatory demyelinating polyneuropathy (ie, Guil-
lain-Barré syndrome). Such a process has been reported
with the chemotherapeutic agent suramin [9ee].

The mechanisms of axonal and nerve cell damage are
incompletely known, but laboratory models have allowed
some insight. At the cellular level, similar to their effects
on cancerous cells, chemotherapies that interfere with DNA
replication and metabolic function of the neurons lead to
apoptosis and irreparable mitochondrial injury. To inhibit
tumor cell division, the plant alkaloids (the taxanes, vinca
alkaloids, and podophyllotoxins) all function as microtu-
bular poisons of mitosis, which explains the disruption of
axonal transport. In the peripheral nervous system, vincris-
tine and other vinca alkaloids disrupt microtubular transport
down axons. In contrast, the taxane derivatives (paclitaxel
and docetaxel) promote assembly of large, disordered arrays
of microtubules in dorsal root ganglion (DRG) neurons,
axons, and Schwann cells. The platinum agents bind DNA
in the DRG and trigger apoptosis of neurons. Access to
the DRG is gained through a peripheral nerve-blood bar-
rier that is less restrictive than the central nervous system’s
blood-brain barrier. The experimental agent suramin is
a reverse transcriptase inhibitor with a very long half-life;
exposure to concentrations above 350 ug/mL can lead to an

acute demyelinating neuropathy or a dose-dependent axonal
neuropathy. Thalidomide, the recently reintroduced agent
with activity against multiple myeloma, has antiangiogenic
properties, but the mechanism for its axonal neuropathic
effect remains unexplained.

Evaluation of Peripheral Neuropathy

Concern regarding permanent chemotherapy-induced
neuropathic damage has spawned interest in the devel-
opment and validation of reliable grading systems and
predictive tools [10,11]. These grading systems utilize
bedside clinical tools, noninvasive testing devices (includ-
ing formal neurophysiologic testing), and even biopsies
of the skin and nerve, all with the goal of detecting neu-
rologic impairment in time for either dose limitations,
discontinuation of the protocol, or institution of repara-
tive therapy. The National Cancer Institute Common
Toxicity Criteria (NCI-CTC) [3] and other grading scales
were developed to allow oncologists to grade neurologi-
cal toxicity (Table 1), but guidelines for use are needed
to accurately predict which symptoms are more likely
to be associated with permanent deficit [12-14]. Unfor-
tunately, the subjective nature of patients’ complaints
makes these measures less accurate. A comparison of
the World Health Organization and Eastern Cooperative
Oncology Group (ECOG) scales, developed for assessing
global functioning of a cancer patient, with the National
Cancer Institute of Canada Common Toxicity Criteria
(NCIC-CTC) found discrepancies in over one third of
the patients assessed. Many groups are attempting to
remedy this glaring deficiency [14,15].

Recently, the Total Neuropathy Score (TNS) was vali-
dated against the NCI-CTC and ECOG oncologic grading
scales for peripheral neurotoxicity in a multicenter study
(Table 1). An unselected population of 428 cancer patients
was evaluated at 11 different centers using a composite.
This study’s findings supported the TNS as a reliable
tool for accurately grading and reporting CIPN, with the
additional support of a formal comparison against better
known and more commonly used toxicity scales. The TNS
represents a valid alternative if neurophysiologic examina-
tion is not feasible [16°]. Quantitative sensory testing (QST)
is currently used to carefully measure sensory thresholds
to touch, pain, and temperature. It requires specialized
equipment and a trained technician and is currently lim-
ited to major centers, but it is easily tolerated by patients.
It has been introduced to enhance what clinicians bring to
the bedside and has demonstrated utility in patients with
CIPN, at least for the purposes of research [12]. In one
study of paclitaxel-induced peripheral neuropathy, QST
demonstrated altered soft-touch threshold (A-B or heavily
myelinated nerve fiber function) in the area of ongoing pain
and sensory disturbances, combined with altered sharp
appreciation (A-8 or lightly myelinated fiber function).
Heat thresholds were not altered, even in areas of ongoing
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pain, indicating preserved unmyelinated nerve fiber func-
tion (C-fiber function). The conclusion was that paclitaxel
neuropathy preferentially affected myelinated nerve fibers
and spared C-fibers [17]. This approach has been extended
to other chemotherapeutic agents, including vincristine,
CDDP (cis-diamminedichloroplatinum), and bortezomib.
Vincristine and CDDP demonstrated unaffected heat
thresholds and C-fiber function. Bortezomib demonstrated
elevated heat pain thresholds and C-fiber dysfunction [4].

In an older study, QST did not fare any better than clin-
ical evaluation with careful neurologic testing of patients
with paclitaxel-induced peripheral neuropathy [18]. This
study prospectively investigated patients treated with
paclitaxel in doses less than 275 mg/m? per cycle, a dose
considered the threshold for severe and dose-limiting neu-
ropathy. Some patients received paclitaxel in combination
with other potentially neurotoxic drugs. The authors found
that QST changes (heat and vibration threshold) occurred
at the time patients developed symptoms and a bedside sign
of neuropathy, and that QST was no more sensitive than
clinical examination. In addition, QST, as performed by the
authors, did not detect subclinical neuropathy diagnosed
on the basis of impaired neurophysiologic studies [18].

Laboratory- or office-based clinical neurophysiologic
studies remain the most accessible and best studied of all
available tests to confirm a clinical diagnosis of CIPN
[14,19]. Nerve conduction studies and electromyography
allow a specially trained physician to evaluate the elec-
trical conductance properties of nerves and the motor
responses of muscles to spontaneous and iatrogenically
provided nerve impulses. The techniques have existed for
nearly a half century in investigating various neuropathic
and myopathic conditions. Compound motor action
potentials (CMAPs) and sensory nerve action potentials
(SNAPs) are considered the indicator studies for the
diagnosis of axonal dysfunction, whereas impairment of
nerve conduction velocities is an indicator of myelin dis-
orders. The EMG electrode study, on the basis of type and
amount of spontaneous recordable muscle activity during
muscle activation, is able to 1) distinguish neuropathic
from myopathic dysfunction, 2) detect different types
of muscle disorders, and 3) differentiate neuromuscular
transmission disorders (eg, myasthenia gravis, Eaton-
Lambert syndrome) [14].

In the future, punch skin biopsy may assume a role
in the assessment and management of CIPN due to its
facility, the ease of performing serial biopsies, and the
information provided. This procedure is particularly
well suited to the evaluation of sensory neuropathies,
such as painful and autonomic neuropathies, where
small unmyelinated and lightly myelinated fibers are
expected to be the target of the pathologic process
[20,21]. Until this procedure is well studied in patients
with CIPN, sural nerve biopsy will remain the proce-
dure of choice to correlate SNAP amplitude findings
with large fiber morphology [14,20,21].

Chemotherapeutic Agents

Associated with CIPN

Some degree of iatrogenic neuropathy is tolerable in
malignancies. However, the effect of paresthesias, pain,
and weakness on quality of life should not be underes-
timated. Most agents discussed in the following text are
neurotoxic in a dose-dependent manner, either with a
single high dose or with cumulative lower doses over a
long duration of treatment. This raises the clinically chal-
lenging issue of whether to reduce the dose at the risk of
potentially reducing treatment efficacy, especially when
therapeutic and toxic mechanisms are the same. Another
complicating factor is that some malignancies can produce
neuropathy directly or indirectly through paraneoplastic
processes. Table 2 lists the agents discussed in this section.
Vincristine and the vinca alkaloids are plant-derived drugs
used extensively in the treatment of lymphoproliferative
diseases. Vincristine causes an axonal neuropathy due to
disruption of microtubular transport along the axon, and
this is reflected in diminution of the amplitude of CM APs
and SNAPs. Delayed neurophysiologic testing may show
slowing of the nerve conduction studies, the result of sec-
ondary demyelination of the axon. Other vinca alkaloids,
such as vinblastine, vindesine, and vinorelbine, are less
neurotoxic. The first symptoms are paresthesias, which
occur early after the initiation of treatment, and early
loss of ankle jerks. Autonomic neuropathy, presenting as
constipation or ileus, can occur in up to one third of all
patients; in a smaller percentage, severe neuropathies are
associated with motor weakness. Weakness preferentially
affects the extensors of the upper and lower extremities.
Although the neuropathy is frequently reversible, recov-
ery may take up to 2 years and coasting may occur. Pain
generally is not a prominent feature at any stage of the
neuropathy [5,7,14,22,23].

The taxane derivatives paclitaxel and docetaxel are
responsible for a predominantly sensory, axonal neuropa-
thy [24]. This class of drug targets the microtubular system
of cancer cells and axons of the peripheral nervous system
and inhibits microtubular depolymerization. It is esti-
mated that 70% of patients who receive paclitaxel develop
dose-related neurotoxicity [14], and the neuropathy is
particularly sensitive to the dose per cycle. Patients will
develop paresthesias soon after initiation of treatment and
it will partially remit before the next cycle 3 weeks later.
If treatment is continued without dose adjustment or other
intercession, symptoms and signs may accumulate and
weakness may develop. Risk factors for the development
of neuropathy include not only cumulative dosing (nearly
95% of patients exposed to 500-800 mg/m? will develop
a persistent neuropathy), but also pre-existing neuropathy
and co-administration of other neurotoxic chemicals [14].

The neuropathology is that of a symmetric, predomi-
nantly sensory neuropathy, with greater axonal than
demyelinative damage [25]. Extensive pharmacokinetic
studies of paclitaxel, using time versus concentration
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(area under the curve) profiling, have confirmed the
fact that the more prolonged the systemic exposure, the
greater the hematologic and neurologic toxicity [26].
Docetaxel, a related taxane, exhibits the same toxicity
profile as paclitaxel, but spontaneous recovery following
discontinuation is common [27].

The taxanes are commonly combined with carbopla-
tin because both drug families exhibit efficacy against
similar tumors (eg, lung cancer, ovarian cancer, and
head and neck cancer) [28]. Although the combined
therapy has been beneficial, their respective toxicities at
the level of the neuron target different sites of cell func-
tion and amplify each drug’s neurotoxicity [29]. It has
not been established whether the enhanced toxicity is
additive or synergistic [25].

The platinum complexes cisplatin, carboplatin, and
oxaliplatin are a group of highly active antitumor agents
that affect the DRG neurons where they cross-link and
damage DNA, leading to premature neuronal cell death.
The result is a neuronopathy affecting the entirety of the
sensory neuron but frequently presenting with symptoms
in the most distal axonal branches [2]. The neurotoxic-
ity also exhibits coasting; the full impact is not realized
until after the completion of chemotherapy or near its
end [14,22,23]. The clinical features, similar to other
neurotoxicities, are sensory in most cases, with numb-
ness and paresthesias in the feet and hands that spread
proximally with dose accumulation. Some patients may
have pain, but foremost is the loss of vibratory sensa-
tion followed by loss of stretch reflexes. The sequence
eventually may lead to severe sensory ataxia, whereas
motor weakness occurs less often. Superficially, the
presentation can look like the sensory neuronopathy
associated with paraneoplastic syndromes, which is
not surprising because this CIPN is a neuronopathy as
well. Electrophysiologically, there is attenuation or loss
of SNAP amplitude with relative preservation of nerve
conduction velocities, indicative of axonal damage [22].

Carboplatin is less neurotoxic then cisplatin, but at high
doses its toxic features resemble those of cisplatin. Oxali-
platin is unusual in its neurotoxicity. Similar to cisplatin,
it exhibits dose-limiting neurotoxicity at a dosage higher
than 200 mg/m?. The chronic cumulative neuronopathy
also resembles that of cisplatin electrophysiologically. A
more interesting phenomenon is the acute syndromes that
may develop, such as cold-induced paresthesias or dyses-
thesias, laryngospasm, and muscle contractions resembling
neuromyotonia. Current evidence suggests that these may
be the result of a voltage-gated channelopathy induced by
the oxaliplatin [30,31].

Suramin is an experimental chemotherapeutic agent
used to treat non-Hodgkin’s lymphoma and adrenal,
ovarian, and renal cell carcinoma. Its neurotoxic effects
can present as a dose-dependent axonal sensorimotor
neuropathy or a subacute demyelinating polyneuropathy
resembling Guillain-Barré syndrome. The latter presen-

tation can be catastrophic, with 25% of cases requiring
ventilation. Proximal weakness greater than distal weak-
ness can occur over 2 to 2.5 months, and the syndrome
may progress despite protocol discontinuation (coast-
ing). Toxicity appears to be related to cumulative doses
greater than 157 mg/kg over an 8-week period [32].

Miscellaneous agents
Initially developed as an agent for insomnia and later
removed from the market due to its harmful fetal effects
in pregnant women, thalidomide has experienced resur-
gence over the past few years as a treatment option for
patients with relapsed or refractory myeloma. It is also
being studied in newly diagnosed myeloma patients. Doses
of less than 50 mg/d and up to 800 mg/d have been used in
patients with myeloma. Thalidomide is capable of produc-
ing a primarily sensory neuropathy, especially in the distal
limbs, which is generally mild but may progress with con-
tinued therapy. Rates of incidence and severity are difficult
to quantify for thalidomide-induced neurotoxicity [33].
Bortezomib is a new proteosome inhibitor agent
approved for the treatment of multiple myeloma. Its neu-
rotoxicity differs in that it affects small fibers, such as
thermally sensitive C-fibers, resulting in burning causalgic
pain [5,27]. The induction of a neuropathy appears to be
idiosyncratic and occurs in 3% to 30% of treated patients.
Symptoms include distal paresthesias and sensory loss, and
the EMG is consistent with axonal damage [22,33].

Treatment Strategies

Treatment is focused on ways to eliminate or reduce drug-
induced CIPN and on palliative management once CIPN is
established. Once CIPN is established, options to eradicate
the neurologic deficits are limited and supportive care is
indicated. Table 3 has guidelines for treating patients with
CIPN or those at risk of acquiring it.

Prevention of CIPN

There is a growing body of literature on measures used to
prevent the development of CIPN. This literature deals with
protective agents that would prevent neurotoxic side effects
and obviate any need for dose reduction or discontinuation
of chemotherapy. Enabling full-dose chemotherapy poten-
tially would lead to improved tumor control and translate
into improvement in quality of life and even cure. The
criteria for an effective neuroprotective agent have been
itemized as follows: 1) the agent must be well tolerated and
without debilitating adverse effects, 2) the agent should not
impede antitumor efficacy, and 3) the agent should effec-
tively prevent the development of CIPN [23].

Certain potential neuroprotective agents showed prom-
ise in the laboratory but were found not to be effective in
the clinic. These include the adrenocorticotropic hormone
analogue Org 2766 [34,35], the free radical scavenger
amifostine [34], and the leukemia-inhibitory factor (LIF)



Malik and Stillman 61

Chemotherapy-induced Peripheral Neuropathy

saisdoiq ansau

[eIns ul uoiyeulAWp

[ejuawdas ‘Ayjedouoxe
UM uoneurAwaq

uoneAlausp
Jo sugis arey

sadreyosip oAl
-nadau xa|dwod
‘UOIFEAIDUSP JO
sugis ‘sodreyosip
21U0)OAW

umouun juanba.y ssa

Ddd syi Ul ssipog
(|92 Y1 01 d3ewrep
‘SIaq]l} B| pareul[aAw
931e| Jo adewep Ay

-edouoinau pue -ouoxy QUON

Ddd sy} ut saipoq

[192 2y} 0} a3ewep
‘s19q]ly e| payeuljpAw
93| jo adewep Ayy

-edouoinau pue -ouoxy QUON

uonesauadal jeuoxe
91| ‘uoneuljAwap
Alepuodas pue Aydoure
[eUOXE ‘SSO| Jaq[l} dAISU sajosnwi [e3sip
219A9s ‘Ayyedouoxe Ul UOIJEAIBUSP JO
pue -uoJnau paulquio) sudis Juanbaly ssa

adewep Dy pue
‘adAy xoeqg-3uikp ays
JO SSO| [euoxe ‘uone
-ul[Awap ‘Aypedouoxe
Yam uoneurpAwag

ajosnw [eisip
Ul uoleAlaUSP
Jo sugis arey

sagueyp d13ojoydiopy Suipuly D3

320|q uondNPUOD
pue Suimojs
ADN 1uanbauy ssa
apnydwe
paonpal {IM ADN
A10SUDS JO SUIMO]S
‘Buiiy aAnnadau
AJoJes ‘soAlaU Jojow
pue A10osuas Jo p|o
-ysaiyy moj| Juanbaly

x9|J21-H
Juasqe 1o paguojoid
‘apmijdwe paonpai
yum ADN Alosuas jo
duimols ‘s3nup Jay1o
UM UOIeUIGUIOD
pue sasop y3iy Joye
Ajuo juanbauy ssa

Xo[Jol-H
wasqe 1o paduoid

‘opnyiidwe paonpai
YIM ADN Alosuas
Jo 3uimos uanbaiyg

ADN [eWLIOU Jsow|e
dvD lojow pue

Alosuas jo apnyijdwe
paonpau jusnbaiy

apmijdwe paonpai
yum ADN Alosuas jo
3uimols uanbauy ssa

Suipuy SON

umouun

umoudun

umouun

uoie|n3aisAp
d11BISOYLIo aley

elwylAyle
‘uoisuajodAy

213eIS0Y}I0
‘onAjesed aiey

uorsuajodAy

[eamsod ‘snaj

onAesed
wanbaiy

swo)dwAs
Jlwouony

ainjoid ayj1|—awoup

-UAs aureg-ure|inn
B YiMm sisated

219A35 Juanbaly ssa7

ssouyeaM d[dsnw

AjoJel ‘wseds diuels
‘eluojoAw ‘sdwesd

9|osnw Juanbauly ssa

Wwasqy

sased alel

Apwanxa

Ul SSoUXeaM
9|2SNW Ju3sqy

AyredoAw jo
9sed aJel ‘seidjeAw
‘sisased Jewixoud Jo

/pue [elsIp aalssaidoid

Juanbayy ssa

sa[osnuw [e1sip
Ul SSOUMBIM DIBASS
‘sdwresd ajasnw asey

swoldwiAs 10joy

(‘[g] SunyeH pue yoyisend) wo.y pardepy)
"AJID0[9A UOINPUOD dAIBU AJOSUIS—ADNS ‘[enuajod uonoe aalau A1osuas—dyNS ‘A1D0]oA
UOoMINPUOD dAIBU—ADN ‘ApNIs uoRONPUOD dAIBU—SDN ‘WeldoAwonosje—DN] ‘uotjSued joo. [esiop—y ‘sjenusiod uonoe tojow punodwod—dyIAD ‘[enusjod uonoe xajdwodr—dvD

asuas uonisod

ol pue uoneiqia [9A9)
pairedw ‘soxa|jal uopua} ewse|d
JO $SO| 199} pue Spuey JO  WNWIXEW

Sui8un ‘eisayisased pue Juw/Sw
®IS9Y1SaSAP p|iw Juanbai 05¢€ <
une|dsid Japun uaas susis
[eaidAy uaje| ase ured pue
©IS9U1SasAp ‘elsayisaled sasop
Aq payeneid3de lo/pue  dAnRE[NWND
pa1a831y ‘pjod A|snoau <w/3w
-ejuBISUl JSowW e SAeM|y 00€ <
ugis s,enIWIaY| pue ‘eIxeje
‘asuas uomisod juiof
pue uoneiqiA pairedul sasop
‘SOXa§a1 UOPUS) JO SSO|  dANE|NWND
199} pue puey jo durjdun wy/3w
“e1saysared Apuanbaly ssaq 00t <
u8Is s,aIWIay| pue eixeje

‘dsuas uonisod juiof

pue uoneiqia paireduw sasop
‘SOX3§21 UOPUB) JO SSO|  dANE|NWND
199} pue spuey jo 3uldun -wy/3w
‘seisayisaled Juanbaig 00€ <
uted pue ‘ugis

s,oNIWIdY| ‘seIsayisasAp sasop
[ngured ‘asuas uonisod  aAlre|NWND
ol Jo ssoj| ‘“ersayisased Lw/3w

[edr1owwWAS [e3sip Jusanbaly  007-5/1 <

uted pue
‘Xa|}o1 UOpUa) S3||Iyoe
JO SSO| 199} pue spuey Jo asop
dunjdun pue sssuquinu Jo  dARE[NWND
uone)sajiueW AjJea sAeM|y 3wy <
swo)dwAs A10suag asop
JI1X0}04N3N

ulweling

une|dijexO

unejdogle)

uneldsiy

auexe|

QUIISLIDUIA

punodwo)

Ayyedoanau jesaydiiad paonpui-Adesayjowayd yo swoydwAs pue sugis pajejps-punodwo) g 3jqeL




62 Nerve and Muscle

(‘[g] SunyeH pue yoyisen®) wo.y pardepy)
"AJID0[9A UOIONPUOD dAIBU AIOSUSS—ADNS ‘[enuajod uonoe aalau A1osuas—dyNS ‘AHD0[oA

uondNPUOd dAIBU—ADN ‘APNIS UOIIINPUOD dAIU—SDN ‘weidoAwondse—nINg ‘uoljdued joos [esiop—nDyd ‘sjenuajod uonoe Jojow punodwod—dy D ‘enuajod uonoe xa|dwoo—dyD

DY@ utl padewep
SuOINaU My
‘Ayredouoxe ppiy

Ayredoinau jeuoxy

sagueyp d13ojoydiopy

umouun

QUON|

Suipuy DW3

ADNS Ui p/33/3w

asealdap edyudis umouun umouun umouun 070< qlwozaliog

uted pue

ol apjue uoneiqia patredu

dVWD pue paonpai pue ‘dwesd ajpsnw 499y pue
dVNS ul uononpay umousun SsaudeaM PIN Spuey ul eIsaylsaled p/Sw OGI< oplwopljey ]
Suipuly SON swo}dwiAs swo)dwAs 10jopy swo)dwAs A10suag asop punodwo)

J1wouolny JI1X0}04N3N

(panunuoy) Ayyedoanau esaydiiad paosnpur-Adesayjowayd jo swoydwAs pue sudis pajejas-punodwo) g ajqey




Chemotherapy-induced Peripheral Neuropathy

Malik and Stillman 63

Table 3. Guidelines for treating patients with CIPN
or those at risk of acquiring it

1. Be aware of patients at risk for CIPN, including patients
with hereditary sensorimotor neuropathies or pre-existing
neuropathic disorders such as diabetes, alcoholism, amy-
loidosis, or nutritional deficiencies. When possible, correct
any treatable condition if the patient must be exposed to
neurotoxic chemicals.

2. Avoid concurrent medicinal neurotoxic agents when
possible, including G-CSF, isoniazid, nitrofurantoin,
and other neurotoxins.

3. When chemotherapy-induced neurotoxicity appears,
attempt to limit or eliminate the offending agent. However,
this may not be realistic because many chemotherapeutic
agents damage the nerves in a delayed fashion, well after
the exposure.

4. Do not forget to address patients’ disabling symptoms,
even if they have been separated from the neurotoxic
agent or are starting to recover.

CIPN—chemotherapy-induced peripheral neuropathy;
G-CSF—granulocyte colony-stimulating factor.

[23,35-37]. The recently published study of LIF has been
criticized for design flaws but, in light of the negative
results, it is unlikely LIF will ever be studied again [23,35].

Despite these failures, a considerable number of agents
continue to show promise as neuroprotective agents, and
well-designed studies are being mounted to investigate
their potential. One such study targets the unique neuro-
toxicity of oxaliplatin, the cold-induced dysesthesias and
muscle contractions. It is thought that oxalate, a metabolite
of oxaliplatin, causes the acute chelation of ionized calcium
and magnesium, precipitating a neuronal voltage-gated Na*
channelopathy. Investigators used calcium and magnesium
infusions to obviate this toxic phenomenon and eliminated
the sensorimotor symptoms to a significant degree without
affecting the antitumor potency of oxaliplatin [38].

Capitalizing on the fact that CDDP neurotoxicity
resembles vitamin E deficiency and that low vitamin E
levels have been found in patients with CDDP neurotox-
icity, several researchers have studied vitamin E therapy
in small groups of patients using an open-label design.
Dosing and the chemotherapy regimen were not identical
between the two groups; nevertheless, both populations
who were given vitamin E fared significantly better than
control patients [39,40].

Acetyl-L-carnitine (ALC), an ester of L-carnitine, is
presumed to play a role in neural protection by acetylating
intracellular tubulin, ensuring the availability of acetyl-
CoA in the mitochondria and enhancing the availability
of neuronal nerve growth factor. In a nonrandomized,
nonplacebo-controlled study, ALC given at 1 g three times
daily was administered to 25 patients with grade 3 or
higher neuropathy from concurrent paclitaxel or CDDP
therapy or patients with grade 2 or higher neuropathy
persisting for at least 3 months after discontinuing che-
motherapy. Sensory neuropathy grade improved in 60%

of patients, motor neuropathy grade improved in 80%,
and SNAP amplitude improved in 88%. Randomized con-
trolled studies of this treatment are warranted [41,42].

Glutamine, at a dose of 10 g three times daily for 4
days, was studied as a neuroprotective agent in patients
receiving high-dose paclitaxel in a nonrandomized trial
of 46 patients. It initially was given to prevent myalgias
but was found to attenuate CIPN. The glutamine group
suffered less weakness, less vibratory loss, and less toe
numbness than the nonglutamine group. There was a
trend for less impairment of the CMAP and SNAP on elec-
trophysiologic studies that did not reach significance [43].

In a well-designed study, glutathione was studied
to assess protection against oxaliplatin-induced neuro-
toxicity. The cumulative dose used in this population of
colorectal cancer patients was 1200 mg/m?2, and patients
were assessed after four, eight, and 12 cycles of chemo-
therapy. Glutathione was provided in doses of 1500 mg/m?
before each dose of oxaliplatin, and the patients were fol-
lowed with the NCI-CTC criteria and neurophysiology
(sural nerve conductions and SNAP amplitudes). After the
twelfth cycle, significantly more patients in the placebo
arm suffered grade 2 to grade 4 toxicity compared with
the glutathione arm; neurophysiologic tests showed deteri-
oration only in the placebo arm. Glutathione had no effect
on the response rate of oxaliplatin. The putative mecha-
nism was thought to be the prevention of accumulation of
platinum adducts in the DRG. The investigators concluded
that glutathione is a promising agent for the prevention
of oxaliplatin-induced neuropathy. It may show similar
promise in reducing the neurotoxicity of other platinum-
based chemotherapy [44].

In a recently published study of rats with experimen-
tal CDDP-induced peripheral neuropathy, erythropoietin,
along with its carbamylated derivative, was found to be
neuroprotective. CIPN was measured both neurophysio-
logically, using SNAP amplitudes, and histologically, using
a biopsy of intraepidermal nerve fiber density; both large-
fiber function and small-fiber morphology were, therefore,
effectively studied. Neuroprotection was not associated
with any difference in CDDP concentrations in the DRG,
and the mechanism was believed to be due to upregulation
of erythropoietin receptors in injured nerve tissue [45].
Human phase III studies have yet to be reported.

Pain management and other palliative measures

The patient afflicted with CIPN is likely to suffer from
sensory loss, which is a “negative” symptom, and pain
and paresthesias, which are “positive” sensory symptoms.
Motor loss is less common but very disabling. It cannot
be stressed how important physical therapy and occupa-
tional therapy are for this group of patients. Therapists
are trained to evaluate patients with similar disabilities
from other disease processes and are the greatest resource
for ordering the appropriate activity program and orthot-
ics. Many are well trained to assist in managing the pain
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that so commonly accompanies neuropathy. In some
instances, a patient may be considered a suitable candi-
date for admission to a rehabilitation unit, where physical
therapy and occupational therapy play an invaluable role.

The role of counseling and psychological support
also cannot be underestimated in these patients. It is not
difficult to see how patients may feel victimized, having
escaped death only to be burdened with disabling pain,
weakness, and sensory loss. As difficult as pain is to mea-
sure, it is even more difficult to gauge emotional suffering.
Spiritual and psychological counseling may be necessary.

Treatment of neuropathic pain

Unfortunately, no medications exist for relieving the sen-
sory and motor loss associated with advanced, established
CIPN; therapy is merely supportive. However, there is
now a robust body of literature on the analgesic approach
to the disturbing pain associated with neuropathy. An in-
depth discussion is beyond the scope of this article, and
the reader is urged to read one of the reviews on the sub-
ject [46,479¢]. One only needs to review one recent study
to recognize the current level of interest in the pharma-
cologic management of neuropathic pain, including that
associated with CIPN [48]. The authors describe success-
ful use of low-dose venlafaxine or topiramate in relieving
oxaliplatin-induced neuropathic pain. Prospective studies
using rigorous scientific technique are sure to follow.

Conclusions

The appearance of a growing body of literature on the
clinical and basic science of CIPN attests to a growing
recognition of the problem. Though CIPN is often pre-
dominantly sensory, its effects can be quite disabling, and
the delay in its development after a cure seems to have been
achieved serves only as a cruel reminder to the patient.
New research in measuring CIPN has helped stimulate an
interest in finding neuroprotective agents, but much more
work needs to be done.
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