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iagnosis, Management, and Evaluation of
hemotherapy-Induced Peripheral Neuropathy

rederick H. Hausheera, Richard L. Schilskyb, Stacey Baina, Elmer J. Berghorna,
nd Frank Liebermanc

Peripheral neuropathy induced by cancer chemotherapy represents a large unmet need for
patients due to the absence of treatment that can prevent or mitigate this common clinical
problem. Chemotherapy-induced peripheral neuropathy (CIPN) diagnosis and management
is further compounded by the lack of reliable and standardized means to diagnose and
monitor patients who are at risk for, or who are symptomatic from, this complication of
treatment. The pathogenesis and pathophysiology of CIPN are not fully elucidated, but
there is increasing evidence of damage or interference with tubulin function. The diagnosis
of CIPN may present a diagnostic dilemma due to the large number of potential toxic
etiologies and conditions, which may mimic some of the clinical features; the diagnosis
must be approached with care in such patients. The incidence and severity of CIPN is
commonly under-reported by physicians as compared with patients. The development of
new and reliable methods for the assessment of CIPN as well as safe and effective
treatments to prevent this complication of treatment would represent important medical
advancements for cancer patients.
Semin Oncol 33:15-49 © 2006 Elsevier Inc. All rights reserved.
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hemotherapy-induced peripheral neuropathy (CIPN)
involving sensory and motor nerve damage or dysfunc-

ion is a common and serious clinical problem that affects
any patients receiving cancer treatment. This condition
ay pose challenges for the clinician to diagnose and man-

ge, particularly in patients with coexisting conditions or
isorders that involve the peripheral nervous system.
Many chemotherapeutic agents used today are associated

ith the development of serious and dose-limiting CIPN that
an adversely affect the administration of planned therapy
nd can impair quality of life by interference with the pa-
ients’ activities of daily living. The most important clinical
bjective in the evaluation of patients with CIPN is to deter-
ine their level of functional impairment involving activities

f daily living. These findings are used to make medical de-
isions to continue, modify, delay, or stop treatment. The
rugs most commonly reported to cause CIPN include tax-
nes, platinum agents, vinca alkaloids, thalidomide, and
ortezomib (Table 1).
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The diagnosis of CIPN must be approached with care,
articularly in patients with potential coexisting or prior con-
itions that involve or predispose to peripheral neuropathy,
nd in these patients, diagnostic efforts should be directed at
lucidation and differentiation of CIPN from other potential
auses of peripheral neuropathy (Table 2).

Currently, there is no standard treatment for the preven-
ion, mitigation, or management of CIPN. Consequently, the
evelopment of this toxicity can result in treatment delays,
ose modifications and, in severe cases, discontinuation of
reatment. Such modification, interruption, or cessation in
atient therapy may partially or completely alleviate symp-
oms of CIPN, but such maneuvers may adversely affect pa-
ient outcome, especially if the patient’s malignancy is re-
ponding to treatment. The development of safe and effective
nterventions to prevent or mitigate CIPN would represent an
mportant medical advancement for cancer patients.

Emerging evidence suggests that the incidence of CIPN is
ubstantially under-reported in clinical trials due to impor-
ant limitations in the available grading scales that are com-
only used to assess CIPN. The challenges in diagnosing and

ssessing the extent of functional impairment in a reliable
nd reproducible manner is a paramount consideration for
he clinician in practice for medical decision-making as well

s in clinical trials involving the prospective evaluation of
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16 Chemotherapy-induced peripheral neuropathy
eurotoxic chemotherapy or interventions aimed at the pre-
ention or mitigation of CIPN.

The clinical manifestations of CIPN are subjective and pre-
ominantly manifest as pure sensory symptoms, and they are
ost commonly reported as progressive distal symmetrically
istributed symptoms of numbness, tingling, pins and nee-

able 1 Agents Reported to Cause Peripheral Neuropathy: C
indings

Sensory Motor Sensory and M

lmitrine �-bungarotoxin Acrylamide
torvastatin Alcohol (ethanol)
ortezomib Botulism Allopurinol
admium Gangliosides Allyl chloride
arboplatin Latrotoxin Arsenic
hloramphenicol Lead Ara-C, Ara-A, Ara-
isplatin Mercury Cadmium
ioxin Misoprostol Captopril
idanosine Tetanus Carbon disulfide
thambutol Tick paralysis Chlorphenoxyl
thionamide Ciguatoxin
toposide* Colchicine
lecanide Cyanide
emcitabine Dapsone
lutethimide Disulfiram
ydralazine Docetaxel

fosfamide* DMAPN
nterferon-�* Epothilonesi

soniazid
amuvidine
ead
eflunomide
etronidazole
isonidazole
itrous oxide
xaliplatin
henytoin
rocarbazine
ropafenone
yridoxine
tavudine
uramini

halidomide
alcitabine

Sulfasalaizine
Tacrolimus
Enalopril
Ergots
Ethylene oxide
Hexamethylmelam
Indomethacin
Lithium
Methyl bromide
Nitrofurantoin
Organophosphates
Penicillamine
Paralytic shellfish poi
Podophyllin
PCBs
Saxitoxin
Spanish toxic oil
Paclitaxel (all form
Tetrodotoxin
Thallium
Trichloroethylene
TOCP
Vacor (PNU)
Vincristine
Vinblastine
Vinorelbine
Vindesinei

OTE. Bold � chemotherapeutic or radiation therapy agents.
Chemotherapy agents with uncommon or rarely reported associati
Investigational.
les, burning, decreased or altered sensation, or increased a
ensitivity that may be painful in the feet and hands.1-7 The
rimary clinical objective in assessing patients is to determine
he presence and severity of CIPN-associated symptoms that
esult in interference with activities of daily living, because
his finding is critical for treatment decisions. Symptoms of
otor weakness due to CIPN are less commonly reported,

fication According to Predominant Clinical and Pathologic

Demyelinating
Demyelinating and

Axonopathy

Buckthorn Amiodarone
Chloroquine Ethylene glycol
Diphtheria 1,1=-Ethylidinebis [tryptophan]
FK506 Gold
(tacrolimus) n-Hexane
Hexachlorophene Methyl n-butyl ketone
Muzolimine Na� cyanate
Perhexiline Suramini

Procainamide Toluene
Tellurium
Zimeldine

ons)
lassi

otor

G*

ine

soning

ulati

on.
nd when present, are observed in patients with more persis-
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able 2 Differential Diagnosis of Disorders Involving Peripheral Neuropathy

I. Acquired
Abnormal metabolic conditions

Diabetes mellitus
Neuropathy secondary to renal disease
Hypothyroidism
Primary biliary cirrhosis
Vitamin deficiency states (deficiencies of vitamin B1, B6, pantothenic acid, �-tocopherol or B12)
Excessive doses of pyridoxine (B6)
Primary (and familial) amyloidosis
Acromegaly

Immune-mediated
Myasthenia gravis
Guillain-Barré syndrome
Chronic inflammatory demyelinating polyneuropathy (CIDP)

Vasculitis (polyarteritis nodosa; Churg-Strauss syndrome)
Systemic vasculitis associated with connective tissue diseases: rheumatoid arthritis; lupus erythematosus; Sjögren’s

syndrome
Monoclonal antibody neuropathy: Waldenström’s macroglobulinemia, myeloma
Plexitis-cervical and lumbosacral
Multifocal motor neuropathy

Infectious
Herpes zoster (sensory)
Cytomegalovirus (motor)
HIV
Sarcoid
Lyme disease
Mycobacterium leprae
Camphylobacter jejuni
Polio (motor)
Hepatitis B or C (vasculitic)

Cancer-related
Eaton-Lambert myasthenic syndrome
Lymphoma, carcinoma-related
Paraneoplastic sensory neuropathy
Horner’s syndrome
Paraneoplastic motor neuropathy (rare)

Drug or toxins (Table 1)
Chemotherapy-induced
Other medications
Alcohol (ethanol)
Heavy metal and industrial toxins
Shellfish, marine, arthropod toxins and venoms

Mechanical/compressive/physical
Radiculopathy
Mononeuropathy
Ionizing radiation

Unknown etiology
Cryptogenic sensory and sensorimotor neuropathy
Amyotrophic lateral sclerosis

II. Hereditary
Charcot-Marie-Tooth disease
Riley-Day syndrome
Familial amyotrophic lateral sclorosis
X-linked spinobulbar muscular atrophy
Gowers distal myopathy
Hereditary motor sensory neuropathy
Hereditary neuropathy with predisposition to pressure palsies
Familial brachial plexopathy
Familial amyloidosis
Acute porphyria
Other peripheral neuropathies (rare)
Fabry’s disease, metachromatic leukodystrophy, adrenoleukodystropy, Refsum’s disease
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18 Chemotherapy-induced peripheral neuropathy
ent and severe sensory findings.1 Isolated motor weakness
ith the complete absence of sensory involvement due to
IPN has not been reported, and if such findings are ob-

erved in a patient, consideration should be given to other
onditions that may produce pure motor weakness including
teroid myopathy (proximal), Eaton-Lambert myasthenic
yndrome, diabetic neuropathy, cachexia with decreased ac-
ivity level, paraneoplastic motor neuropathy, and unmasked
harcot-Marie-Tooth (CMT) disease. If the patient has coex-

sting diabetes, it can be quite difficult to differentiate the
nset or progression of diabetic neuropathy from CIPN,
hich may be mitigated in some instances if the physician
as carefully evaluated and recorded the patient’s baseline
eurologic findings and symptoms prior to initiation of the
eurotoxic chemotherapy. Diabetic neuropathy can be asym-
etrical or symmetrical, focal or diffuse, or manifest as
ononeuritis multiplex in its involvement and has many
ifferent clinical forms. The most common form of diabetic
europathy, distal symmetrical polyneuropathic form, has
linical symptoms similar to CIPN.

The onset of CIPN is usually gradually progressive, but
ome patients have rapid onset following administration of
eurotoxic chemotherapy. CIPN must be differentiated from
he symmetrical, distal neurosensory manifestations that are
ssociated with paraneoplastic sensory neuropathy and dia-
etic neuropathy or toxic/metabolic neuropathies. This dif-
erentiation should be based on history and comparison to
aseline findings and the time course of new neurosensory
ndings, recognizing that asymmetric, focal, or proximal in-
olvement, or complete loss of sensation are indicative of
ther etiologies.
The most commonly observed clinical findings of CIPN

re symmetrical progressive onset of the following sensory
ymptoms and findings in a stocking-glove distribution: par-
sthesias, hyperesthesias, hypoesthesias, and dysesthesias,
hich more commonly appear earlier and with more pro-
ounced symptoms in the toes and feet, with later involve-
ent of the fingers and hands. Concurrent loss of deep ten-
on reflexes (loss of distal usually earlier than proximal) in
he affected extremities with sensory deficits is an important
iagnostic sign associated with greater neurosensory damage.
ensory findings, including diminished or absent proprio-
eption, vibration, touch, two-point discrimination, sharp/
ull discrimination, temperature, and touch/pain are typi-
ally diminished in the stocking-glove distribution in
ymptomatic patients.

The most important and challenging diagnostic assess-
ent in patients with CIPN is to determine the degree of

unctional impairment in the patient’s activities of daily living
ince these findings alone determine the need for modifica-
ion, interruption, or discontinuation of the neurotoxic treat-
ent. When sensory symptoms of CIPN are severe, the pa-

ient commonly expresses symptoms of functional
mpairment of important activities of daily living such as
eing unable to walk, button clothing, drive, type, or write.8

here can be challenges in eliciting such information and
ndings in some patients, which may be facilitated by inter-

iewing a family member or friend who regularly observes m
he patient’s activities. It is important to consider that the
ubjective nature of the patient symptoms and the degree of
mpairment by CIPN are analogous to patient symptoms of
ausea, pain, and depression. Accordingly, a clinical ap-
roach must be taken that enables reliable, convenient, and
on-invasive assessment of CIPN for the day-to-day manage-
ent of the patient, as well as to apply such methods in

linical trials of interventions for the prevention or mitigation
f CIPN.
Many therapies have been evaluated experimentally and in

linical trials as potential neuroprotective agents for CIPN
ncluding amifostine, glutathione, glutamine/glutamate, cal-
ium/magnesium infusions, neurotrophic factors, gabapen-
in, and carbamazepine. Some promising results have been
eported from phase I and phase II trials with these interven-
ions, but no definitive conclusions can be drawn regarding
hese approaches because all of these studies are underpow-
red for their endpoints or employ nonrandomized and/or
ncontrolled trial designs. None of these empiric CIPN pre-
ention or management therapies has become a standard of
are or has otherwise documented evidence of benefit in the
revention, mitigation, or treatment of CIPN. Additionally,
any of these empiric therapies are associated with adverse

ffects that may limit their utility in patients, and it is pres-
ntly unknown if there is any concurrent interference with
he antitumor activity of chemotherapy by these approaches.

This article is aimed at a comprehensive review and eval-
ation of the common and serious clinical problem of CIPN,

ts pathogenesis and pathophysiology, the relationship to
eurotoxic chemotherapeutic agents, and the clinical chal-

enges in the assessment and management of this important
ondition. We also discuss potential neuroprotective ap-
roaches and new developments currently undergoing eval-
ation in clinical trials for the prevention or mitigation of
IPN and describe the requirements for the design of pro-

pective adequate and well-controlled trials for the evalua-
ion of neuroprotective agents. This discussion will also in-
lude the evaluation of new cytotoxic agents that are reported
o be potentially less neurotoxic relative to others in the same
lass.

athogenesis and
athophysiology of CIPN

he underlying pathophysiologic mechanism(s) for the de-
elopment of CIPN has not been fully elucidated. A variety of
roposed mechanism(s) are reported in the literature.9-37 A
omplete mechanistic understanding of CIPN has not been
chieved. However, it is apparent that CIPN has a high degree
f similarity in the pattern and spectrum of clinical manifes-
ations caused by different chemotherapeutic agents (eg,
inca alkaloids, platinum agents, thalidomide, bortezomib,
nd taxanes), which includes the length-dependent, symmet-
ical stocking-glove distribution with predominantly sensory
ymptoms noted by the patient. CIPN generally arises as a
onsequence of the disruption of axoplasmic microtubule-

ediated transport, distal axonal (Wallerian) degeneration,
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F.H. Hausheer et al 19
nd direct damage to the sensory nerve cell bodies of the
orsal root ganglia (DRG).3,9-14,16-18,22-31,35,38-43 Demyelina-
ion (diffuse or segmental) secondary to chemotherapy is an
ncommon finding (but occasionally observed with cispla-
in, and reported for suramin, an investigational agent), and
hen observed, it is typically a secondary and isolated find-

ng relative to the extent of axonal and DRG pathological
ndings. It is important to recognize that CIPN commonly
ollows the administration of chemotherapeutic agents that
annot appreciably distribute across the blood-brain barrier
eg, taxanes, platinum agents, vinca alkaloids, thalidomide,
nd bortezomib).3,16,43

One of the important anatomical targets for neurotoxic
hemotherapeutic agents is the DRG and the afferent and
fferent axons, which are located outside of the CNS.9 In
ontrast to the CNS, the DRG and peripheral axons lack an
fficient neurovascular barrier, which allows the facile diffu-
ion of large molecular weight compounds in the interstitium
urrounding the DRG and along the axon filaments. This
bsence of a vascular barrier may play an important role in
IPN development, by allowing the DRG and the peripheral
xons to be exposed to the unimpeded distribution of neu-
otoxic agents from the plasma. In addition to capillary fen-
strations in the vascular supply to the DRG and axons, there
re open junctions between adjoining endothelial cells of the
eripheral epineural blood vessels that contain and allow
roteins and drugs to pass readily from the blood into the
xtracellular space. Protein-bound and unbound forms of
rugs can gain access to the epineurium and can readily
iffuse along the nerve fascicles, a process that is facilitated by
ositive hydrostatic capillary pressure. The endoneural fasci-
les also lack lymphatics, which prevent removal of toxic
ubstances in the endoneural fluid. Autopsy and experimen-
al studies have shown high concentrations of platinum in the
RG and high concentrations of taxanes in the peripheral
xons as compared to significantly lower levels of these sub-
tances in the brain and spinal cord.9-14,22-31,41

Cisplatin and carboplatin neurotoxicity have been reported
o be the result of direct toxic damage to the DRG in animal
odels.13,44 Investigators have shown that cisplatin also sub-

tantially interferes with and disrupts axonal microtubule
ssembly, vesicular axonal transport, and inhibits neurite
utgrowth from neurons.14,31,45-52 DRG neurons exposed to
isplatin in vitro demonstrated nuclear condensation, cell
hrinkage, and fragmentation with maintenance of plasma
embrane and intracellular organelle integrity. These studies
emonstrated that cisplatin-treated DRG neurons continued
o enter the cell cycle before any detectable morphological
easure of cell death was observed as well.9-14 Cisplatin has

een observed to directly cause axonal degeneration, thereby
nterfering with the supply of nutrients to distal axons medi-
ted by fast anterograde axoplasmic flow; tubulin and micro-
ubulin function are critical for normal axoplasmic transport.
n rat models, carboplatin induces a highly similar pattern of
istopathological (DRG and axonopathy with evidence of
allerian degeneration) and neurosensory damage that ap-

ears to be indistinguishable from cisplatin, suggesting that

hese drugs act on a common intracellular target.11,26,29,41,44 r
Neurotoxicity from the taxanes and vinca alkaloids is also
eported to involve the disruption of microtubule structure
nd function in peripheral nerve axonal filaments.23,24,28 A
ommon feature of the underlying neuropathophysiology of
IPN for taxanes, cisplatin, carboplatin, and vinca alkaloids
ppears to involve disruption and dysfunction of axoplasmic
icrotubules, and an increasing number of experimental
ndings point to the disruption of tubulin function by neu-
otoxic medications as a potential mechanism. Tubulin
erves a critical function in normal anterograde (fast and
low) and retrograde axoplasmic transport of peripheral ax-
ns. The role of tubulin and the associated axoplasmic motor
roteins (eg, kinesin and actin) in the function of peripheral
erves poses some challenges for mechanistic studies involv-

ng chemotherapeutic and neuroprotective agents, but there
as been an increasing level of progress in the development of
ammalian peripheral nerve models that may allow further

lucidation of the pathogenesis and pathophysiological
echanisms underlying CIPN.31-34,53

The clinical diagnostic hallmark of dose-limiting CIPN is a
istal symmetrical sensory neuropathy, which may be ac-
ompanied in some patients with disproportionately dimin-
shed motor symptoms, but more commonly motor symp-
oms are completely absent.3-5 The relative predominance of
eurosensory symptoms with partial or complete sparing of
otor function observed in CIPN has not been characterized

n a pathophysiologic or pharmacologic basis. None of the
eported studies of CIPN have advanced a mechanistic ratio-
ale for the predominance of the neurosensory component.
We postulate the following neuropathologic and neuro-

harmacologic mechanisms that may explain the predomi-
ance of the neurosensory relative to the neuromotor clinical
resentation and manifestations of CIPN: (1) the most com-
only associated neurotoxic cancer chemotherapeutic

gents associated with CIPN cannot cross the blood-brain
arrier in appreciable concentrations, which largely excludes
central neurotoxic process for the pathogenesis of CIPN; (2)

he nerve cell bodies of lower motor neurons are located in
he anterior gray horn of the spinal cord, and this region of
otor nerve cell body distribution is highly protected from
eurotoxic drug exposure by the blood-brain barrier, leaving
nly the efferent portion of peripheral motor axons with ex-
osure to neurotoxic chemotherapy; (3) the nerve cell bodies
nd axons of the neurosensory neurons for touch, position,
emperature, pressure, vibration, and tendon stretch recep-
ors are all located outside of the CNS in the DRG, and thus
ll anatomic components (nerve cell bodies and axons) of the
eripheral sensory nerves can be fully exposed to neurotoxic
hemotherapy without any pharmacologic barrier; (4) the
xons of motor neurons are more heavily myelinated (type
-�, the largest diameter fibers), which, in addition to poten-

ially different protein composition, may also provide greater
olerance and/or sparing of the degree of drug-induced motor
xon damage relative to the damage to smaller diameter my-
linated (eg, type A-� -�, and - � and type B and C) sensory
bers; and (5) with neurotoxic damage to the peripheral
eurosensory neurons and axons, the relative sparing of neu-

omotor function could be explained in part on the basis of
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20 Chemotherapy-induced peripheral neuropathy
n intact upper motor neuron function, as well as a protected
ower motor neuron cell body in the spinal gray matter.

It is also important to consider that the CIPN does not
ppear in a diffuse or dermatomal or focal distribution, and
he characteristic length-dependent distal symptoms and
igns of CIPN are associated with damage/dysfunction in-
olving only the longest peripheral nerve fibers. This physical
attern of involvement suggests that the peripheral neurons
ith the greatest length may have the greatest proportional

urface area for drug toxicity, as well as containing the great-
st amounts of tubulin, kinesin, and actin and other neural
roteins that may result in greater susceptibility to the acute
r cumulative neurotoxicity that is observed with CIPN.

linical Diagnostic Features
f Chemotherapy-Induced
eripheral Neuropathy

he onset of CIPN is, in general, gradually progressive, but
ome patients have rapid onset following administration of
eurotoxic chemotherapy. CIPN must be differentiated from
he symmetrical distal neurosensory manifestations that are
ssociated with paraneoplastic sensory neuropathy and dia-
etic neuropathy or toxic/metabolic neuropathies. This dif-
erentiation is based on history and comparison to baseline
ndings and the time course of new neurosensory findings,
ecognizing that asymmetric, focal or proximal involvement,
r complete loss of sensation are indicative of other etiologies
Tables 2, 3, and 4).

The essential diagnostic features of CIPN include: (1) dis-
al length-dependency for the longest peripheral nerve seg-
ents (eg, glove and stocking distribution); (2) symmetrical
istribution of involvement; (3) temporal onset following
dministration of neurotoxic chemotherapy with (a) progres-
ive onset with temporary resolution or progressive worsen-
ng of sensory symptoms (axonopathy) or (b) rapid onset

able 3 Symmetrical Neuropathic Disorders With Purely or
redominantly Sensory Symptoms

Cancer chemotherapy
Other medications
Paraneoplastic sensory neuropathy
Sjögren’s syndrome
Idiopathic sensory neuronopathy
Vitamin deficiency or excess (pyridoxine)
HIV-related sensory neuronopathy
Toxins and venoms

able 4 Symmetrical Neuropathic Disorders With Purely or P

otor neuron disease
ultifocal motor neuropathy
uillain-Barré syndrome*
hronic inflammatory demyelinating neuropathy*
aton-Lambert myasthenic syndrome
myotrophic lateral sclerosis
Usually accompanied by sensory signs and symptoms.
fter chemotherapy administration of sensory symptoms
neuronopathy); (4) signs and symptoms of neurosensory
ysfunction, which may include paresthesias, dysesthesias,
ypesthesias, hyperesthesias, and hypoesthesias, and pain;
nd (5) relative sparing of motor function with mild to mod-
rate motor weakness that may be accompanied by myo-
trophy in the same distal distribution as the sensory find-
ngs.3-5,15-18,21,35,38,42-43,54-71 An essential diagnostic feature of
IPN is the disproportionate degree of sensory symptoms

eported in relationship to motor symptoms and findings.
he acute form of oxaliplatin-related neuropathy has unique
linical features from these findings and will be discussed
ater.

The clinical evaluation of CIPN is focused on the location
nd distribution of the patient’s symptoms and the temporal
elationship to chemotherapy initiation, and the presence,
haracter, and severity of sensory symptoms with particular
ttention to interference with activities of daily living. Local-
zed areflexia (distal with progression to proximal involve-

ent) in the affected extremities may be present as a helpful
iagnostic sign of more advanced CIPN. Complete symmet-
ical loss of distal deep tendon reflexes (eg, Achilles or bra-
hioradialis) of the affected extremities can be confirmed by
aving the patient perform reinforcement maneuvers by iso-
etric voluntary muscle contraction in the upper or lower

xtremities in the opposite anatomic area of interest. The
bsence of reflexes with reinforcement testing is a reliable
onfirmatory sign of the true absence of deep tendon reflexes
n the affected extremities. Clinical examination of symptom-
tic patients commonly demonstrates impairment of touch/
ain, two-point discrimination, sharp/dull, proprioception,
emperature, and vibration in a symmetrical stocking-glove
istribution that corresponds to anatomic area(s) involving
he patient’s clinical symptoms of CIPN. Many patients with
IPN will demonstrate an abnormal Romberg test and may
lso have ataxia. The Romberg test may be abnormal due to
abyrinthine, cerebellar as well as dorsal column dysfunction
r damage, and weakness. Ataxia is a nonspecific sign that
ay be observed in patients with CIPN. However, if present
ith neurosensory findings and other symptoms of CIPN,

taxia can be an important sign of more severe functional
mpairment.

Prior to initiating neurotoxic chemotherapy, consideration
f coexisting diabetes, nutritional deficiency (eg, atrophic
astritis, pyridoxine, or alpha-tocopherol deficiency), or pyr-
doxine intoxication, past history of neuropathy, prior neu-
otoxic chemotherapy treatment, and family history of hered-
tary neuropathies should be ascertained. It is also important

inantly Motor Symptoms

Infections, toxins, and venoms (Table 1)
Acute porphyria*
Charcot-Marie-Tooth disease*
Hereditary motor neuropathy
Myasthenia gravis
redom
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F.H. Hausheer et al 21
o determine if there are prior or co-existing medical condi-
ions (eg, diabetes, HIV, alcoholism, paraneoplastic neurop-
thy) or medications that may confound or exacerbate the
everity of CIPN (Table 2). Many common medications, in-
luding metronidazole, misonidazole, colchicine, sulfasala-
ine, nitrofurantoin, tacrolimus, nucleoside analogs (zalcita-
ine, didanosine, stavudine, and lamivudine), hydralazine,
henytoin, isoniazid, perhexiline, and disulfiram have all
een reported to produce peripheral neurotoxicity, and they
ay confound the management of patients who are subse-

uently treated with neurotoxic chemotherapy (Table 1).
Prior to the administration of potentially neurotoxic che-
otherapy, the treating physician should perform and doc-
ment the patient’s baseline clinical neurologic examination,
ecording any sensory and motor abnormalities that may be
resent. In patients with pre-existing neurologic conditions
r disorders, evaluation by a neurologist may be invaluable in
he future management of these patients.

In the evaluation of patients prior to the administration of
otentially neurotoxic chemotherapy, particularly with vin-
ristine, it is important to evaluate for the presence of CMT
isease, usually an autosomal dominant hereditary motor
nd sensory disorder that affects the nerves and muscles of
he distal extremities. Patients with type I CMT disease
resent in middle childhood with footdrop and slowly pro-
ressive distal muscle atrophy, producing “stork legs” due to
eroneal atrophy. Intrinsic muscle wasting in the hands has a

ater onset. These patients may have other degenerative dis-
ases (eg, Friedrich’s ataxia) as well. These patients have a
tocking-glove distribution of impaired vibration, pain, and
emperature sensation with absent deep tendon reflexes.
hey have relatively normal nerve conduction velocities but
ave low amplitude evoked potentials. Biopsy demonstrates
allerian degeneration of the distal axons. These patients

xhibit increased sensitivity to neurotoxic chemotherapy,
articularly reported with vincristine, which if used at all,
ust be given with great caution so as to avoid the develop-
ent of severe and potentially irreversible CIPN that can
imic Guillain-Barré syndrome in these patients.

iagnostic
lassification of CIPN

IPN is most commonly characterized as a distal axonopa-
hy, less commonly as a neuronopathy, and may simulta-
eously manifest with both forms in some patients. Distal
xonopathy is an abnormality in peripheral nerve function
hat affects axonal function and transport, resulting in a ret-
ograde Wallerian type of degeneration of the terminal re-
ions of sensory axons and to a lesser extent, motor axons,
hich propagate proximally toward the DRG. Neuronopathy

s the result of direct toxic damage involving neuronal cell
odies in the DRG. In neuronopathies the DRG cells are
eriously damaged or die, and the axons degenerate in an
nterograde manner, resulting in axons that fail to regener-
te.4,9-14,30,40,42,57,60
The clinical features of CIPN neuronopathy are character- o
zed by the rapid onset of a length-dependent symmetrical
istal sensory neuropathy in a stocking-glove distribution
hat temporally follows neurotoxic chemotherapy adminis-
ration (Table 5). The clinical manifestations simultaneously
ffect the upper and lower extremities, as well as cranial
erves, and are accompanied by the rapid loss of all deep
endon reflexes.4,17-18,21,30,39,40,54,57,60,62-63 Important clinical
eatures of CIPN neuronopathy include the temporal onset of
ore severe and persistent sensory symptoms that are ac-

ompanied by symmetrical and complete loss of deep tendon
eflexes in the extremities. These findings occur shortly
within hours to several days) following one or two treat-
ents, usually with higher doses of neurotoxic chemother-

py. The sensory symptoms and findings of CIPN neu-
onopathy are persistent and are not progressive or waxing
nd waning, from their onset. The patient’s sensory symp-
oms are usually permanent, which may be due to the loss of
erve cell bodies in the DRG leading to anterograde Walle-
ian degeneration of the peripheral axons. Motor weakness
nd muscular atrophy may be found in the affected extrem-
ties, but CIPN neuronopathy generally spares motor func-
ion disproportionately relative to the sensory abnormali-
ies.3-5 Taxanes and platinum therapy have been reported in
ssociation with the development of CIPN neuronopathy,
articularly with higher doses or when combined therapy is
dministered.3,15,21,40,54,60,66,67

Distal axonopathy is the most common clinical presenta-
ion of CIPN.3,5,15-19,35,38-40,42-43,55-58,61,63,64,68,72 The clinical
eatures of CIPN axonopathy include progressive onset fol-
owing the administration of neurotoxic chemotherapy, usu-
lly following multiple cycles of treatment, characterized by a
istal symmetrical length-dependent sensory neuropathy
hat manifests as paresthesia, dysesthesia, burning, pain, or
umbness that more commonly initially involves the lower
xtremities, followed by the upper extremities in a stocking-
love distribution. The neurosensory symptoms can progress
nd can eventually be accompanied by the progressive sym-
etrical loss of distal deep tendon reflexes. The sensory

ymptoms and interference with function may wax and wane
etween treatments, but they commonly progress with addi-
ional treatment and may eventually become persistent be-
ween treatment cycles or with the passage of time, even after
reatment is interrupted or discontinued. The waxing and
aning of neurosensory symptoms is likely due to partial or

emporary recovery from disrupted microtubule function
nd/or Wallerian regeneration of the terminal axons. The
nding of motor weakness and atrophy in the affected ex-
remities is variable and is usually mild or moderate. Symp-
oms of distal weakness are less commonly reported by pa-
ients in proportion to the sensory symptoms that may be
ufficiently severe to interfere with their activities of daily
iving. Distal symmetrical weakness may be detected in pa-
ients with CIPN axonopathy and may be accompanied by
igns of myoatrophy. The important diagnostic features of
ssociated motor weakness that are commonly observed with
IPN distal axonopathy include: (1) motor findings not per-
eived or reported by the patient at all, but they may be

bserved on clinical examination by the physician; (2) distal
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22 Chemotherapy-induced peripheral neuropathy
eakness or decreased muscle mass, if present, is mild to
oderate and is not typically interfering with functional ac-

ivity; (3) the sensory abnormalities and resulting interfer-
nce with functional activities that the patient is experiencing
re far more disturbing to the patient than the motor findings;
nd (4) it is not uncommon for patients to grow increasingly
oncerned with the progressively worsening or persistent na-
ure of their symptoms. The crescendo pattern and severity of
eurosensory and neuromotor symptoms and potential in-
erference with function may worsen with the continuation of
reatment and may progress after complete cessation of treat-
ent with agents such as cisplatin, carboplatin, oxaliplatin,

halidomide, or taxanes.73-76

Pure motor neuropathy, manifested as isolated weakness
nd/or atrophy with complete absence of sensory symptoms
r signs of impairment, has not been reported for CIPN. The

able 5 Diagnostic Approach to Chemotherapy-Induced Perip

1. System involvement: nature of symptoms
*Sensory: paresthesias, dysesthesias, hypoesthesia, burn
Motor: weakness, atrophy, gait, activities (specific)
*Combined sensory and motor
Autonomic: diaphoresis, postural weakness, anhydrosis, o

2. Distribution of symptoms
*Symmetrical
Asymmetrical, focal, dermatomal
*Distal: stocking glove
Proximal
Combined proximal and distal

3. Presence or *absence of upper motor neuron involvemen
Sensory deficit absent
*Sensory deficit present

4. Temporal onset and duration of symptoms
Acute (hours to days)
Persistent
Waxing and waning
Temporal relationship of preceding events, recent/prior m

5. Medication history
Review medications: non–oncology-related and oncology
Prior neurotoxic chemotherapy
Medication start/stop, duration, establish temporal relatio

6. Evidence of acquired or hereditary neuropathy
Diabetes, renal disease, hypothyroidism
Prior history of neuropathy, alcohol
HIV status
Amyloid, sarcoid, vasculitis
Family history of neuropathy
Skeletal deformities

7. Degree of symptom interference with activities of daily li
*Ambulation, use of hands, dressing, eating, driving, slee
*Do these symptoms interfere with your ability to perform
*If yes, describe the level of interference:

“Sometimes”, “most of the time”, or “all of the time”
Elucidate activities patient cannot perform without disc

8. Neurologic examination (distal symmetrical stocking-glov
*Neurosensory: light touch, pin, dull/sharp, vibration/prop
Neuromotor: signs of atrophy, extensor/flexor muscle stre
*Absent/decreased reflexes: distal symmetrical; reinforcem

Symptoms and/or signs that are present in CIPN; other findings m
resence of such symptoms in a cancer patient would suggest p
ther etiologies, including paraneoplastic motor neuropathy
r myopathy (rare), steroid (proximal involvement is more
ommon) or drug-induced myopathy, myasthenia gravis,
aton-Lambert myasthenic syndrome and poor nutritional
tatus, toxic neuropathy, or cachexia and debilitation (Table
). The insidious onset of symmetrical, distal sensory loss
ith proximal muscle weakness (especially in the hips and

highs), which is characterized by increasing strength with
epeated contraction (facilitation) and may be accompanied
y autonomic disturbances and occasional ocular involve-
ent, are the key diagnostic features of the Eaton-Lambert
yasthenic syndrome. The Eaton-Lambert myasthenic syn-
rome is most commonly reported in patients with small cell

ung cancer and is less frequently reported in patients with
on–small cell lung cancer (NSCLC), lymphoma, malignant
hymoma, and carcinomas of the breast, stomach, colon,

Neuropathy

ain

tatic

ion/toxin/venom/infection

ent–related

to symptoms

limbing stairs, others
activities?

, interference, or complete disability
ormalities in CIPN
tion
grip, gait
aneuvers

present or suggest other etiologies.
heral

ing, p

rthos

t

edicat

treatm

nship

ving
ping, c

daily

omfort
e) abn
riocep
ngth,
ent m
rostate, bladder, kidney, or gall bladder. In patients treated
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F.H. Hausheer et al 23
ith taxanes and/or vinca alkaloids there may be myalgias
hat are severe and persistent enough to lead to disuse and
ome degree of muscular atrophy, which may coexist with
IPN in patients.
Progressive, symmetrical, distal length-dependent ax-

nopathy is the most commonly reported clinical presenta-
ion of CIPN for all classes of neurotoxic chemotherapy, in-
luding platinum, vinca alkaloid, and taxane therapy. The
linical features of thalidomide and bortezomib are also con-
istent with CIPN axonopathy, and in some cases, particu-
arly with higher doses of these agents, are consistent with
IPN neuronopathy. Some patients may initially develop

ymptoms and signs of CIPN axonopathy and then may sud-
enly develop symptoms and signs of CIPN neuronopathy. If
he degree of axonal damage is mild, the terminal axon may
egenerate, thereby allowing partial or complete restoration
f sensory function, which may be manifested by partial or
omplete clinical recovery between longer treatment cycles,
reatment delays, or treatment cessation. Terminal axonal
egeneration and axonal microtubule disruption are the
ost common pathological processes observed in CIPN and
ave been reported in association with exposure to vinca
lkaloids, platinum agents, taxanes, thalidomide, suramin,
nd others. Peripheral myelin degeneration (diffuse or seg-
ental) has been reported in association with other agents

uch as perhexiline, hexanes, and amiodarone. However, de-
yelination is far less commonly reported in CIPN, and the
amage to myelin appears to be a secondary finding as com-
ared to damage to the terminal axon or disruption of the
xonal microtubulin architecture.

It is well recognized that taxanes and epothilones induce
bnormal tubulin polymerization by preventing tubulin de-
olymerization, whereas the vinca alkaloids depolymerize
ubulin. Monohydrated platinum has been demonstrated to
irectly disrupt the ability of tubulin to polymerize, which is
ost likely due to denaturation of tubulin by the formation of
latinum-tubulin adducts involving the accessible cysteine
esidues on tubulin.31,77-78 These findings suggest that tubu-
in may be a primary target in the pathogenesis and patho-
hysiology of CIPN. Tubulin is a ubiquitous cellular protein
hat is highly abundant in most cells and has many structural
nd transport functions, and plays a critical role in normal
RG and axonal physiologic functions. Because of the high
egree of similarity in the clinical manifestations and symp-
oms of CIPN by different drugs, a common underlying
echanism is suggested, involving a direct toxic effect of

axanes, platinum agents, vinca alkaloids, and other neuro-
oxic chemotherapeutic agents that may be mediated largely
y toxic interactions with neuronal tubulin.

he Common and Serious
linical Problem of
hemotherapy-Induced
eripheral Neuropathy
any of the most commonly used chemotherapeutic agents
re associated with dose-limiting CIPN, including, but not c
imited to, taxanes (docetaxel and all formulations/deriva-
ives of paclitaxel), platinum agents (cisplatin, carboplatin,
nd oxaliplatin), and vinca alkaloids (vincristine, and less
ommonly vinblastine, vindesine, and vinorelbine).69,73,79-82

ore recently, the use of thalidomide and bortezomib has
een reported to have an association with the development of
IPN, which can be dose-limiting.74,83

The incidence and prevalence of CIPN in patients under-
oing chemotherapy as well as the proportion of patients
ith persistence or resolution of CIPN following treatment

re not known, but the occurrence of CIPN is widely reported
n various controlled and uncontrolled studies in association
ith the administration of various chemotherapeutic

gents.3,17,18,43,61,71,72,84-86 In addition, the proportion of pa-
ients who experience treatment delays or discontinuation
econdary to CIPN is rarely reported in clinical studies, and
here is a lack of well-controlled clinical data regarding the
ime to onset, duration, and resolution or persistence of CIPN
n the medical literature. More recent studies of CIPN symp-
oms that compare patient-based reporting methods to phy-
ician-based assessments consistently demonstrate that phy-
icians under-report the severity and incidence of CIPN
ymptoms, compared to patients.87-93 These findings suggest
hat CIPN is an under-reported and under-recognized med-
cal problem, possibly due to several factors including the
ack of: (1) reliable and standardized diagnostic methods for
IPN; (2) methods that allow reliable quantifiable medical
ecision making and reporting; and (3) approved safe and
ffective medical treatment to prevent or mitigate the devel-
pment of CIPN.
Most of the earlier clinical studies for drugs such as cispla-

in, carboplatin, oxaliplatin, paclitaxel (including the pacli-
axel-containing formulations Abraxane [American Pharma-
eutical Partners, Schaumburg, IL], Tocosol [Sonus
harmaceutical, Bothell, WA], and Xyotax [Cell Therapeu-
ics, Seattle, WA]), epothilones, and docetaxel report sub-
tantially lower incidences of more severe CIPN, in contrast
o later studies involving larger patient populations. This ap-
arent under-reporting of CIPN in earlier stages of drug de-
elopment may be due in part to the absence of sufficiently
ensitive and reliable diagnostic instruments for the assess-
ent and reporting of CIPN. Another contributing factor
ay include the under-assessment and the high degree of

ariability of the reported incidence and severity of CIPN
ssociated with the currently available diagnostic and report-
ng methods used in these trials. In addition, comparison of
IPN incidence rates and outcomes becomes difficult across

tudies when different assessment methods are employed.
The importance of CIPN has increased with the advent and

ncreased utilization of newer neurotoxic medicines, and
upportive care interventions to prevent or mitigate toxicities
f other organs (eg, neutropenia), along with the increased
tilization of dose-dense and weekly treatment regimens and
rug combinations involving more than one neurotoxic com-
ound. The incidence and severity of CIPN depends on the
ose, schedule, and duration of neurotoxic agent(s) admin-

stered to the patient, as well as any coexisting or pre-existing

onditions that may predispose the patient to an increased
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24 Chemotherapy-induced peripheral neuropathy
ncidence of more severe forms of CIPN. The use of multi-
odal neurotoxic therapy involving the combination of

gents such as taxane and platinum agents, which has re-
ulted in improved patient survival, has also resulted in a
reater reported incidence of CIPN.70,71,85 In addition, the
se of weekly taxane therapy in patients with metastatic
reast cancer was recently reported to result in a significantly
igher objective tumor response rate, time-to-progression,
nd overall survival as compared with the standard every-3-
eek regimen.94 The use of dose-dense and weekly taxane

egimens is accompanied by an increased incidence and
revalence of CIPN, which further underscores the need for
iagnostic methods for management and reporting as well as
safe and effective intervention.95-109

linical Features of
IPN Associated With
ommonly Used Oncology
herapeutic Agents
latinum Agents (cisplatin,
arboplatin, oxaliplatin)
ll platinum-containing chemotherapeutic agents are associ-
ted with the development of treatment-related CIPN that is
ose-dependent, cumulative, and predominantly sensory in
ature. Platinum agents are most commonly associated with
he development of axonopathy, but platinum-induced neu-
onopathy may be observed, particularly with higher doses of
latinum therapy.

isplatin
isplatin is a widely used chemotherapeutic agent and has
ntitumor activity for a wide cross-section of cancers. Along
ith its potent anticancer properties, cisplatin is also as-

ociated with significant toxicities, which can limit the
linical utility and present certain risks to patients under-
oing treatment. The reported incidence of CIPN for single
gent cisplatin ranges from 49% up to 100% depending on
he dose, schedule, and combination of other drugs em-
loyed.6,19,40,54,60,67,79,110

The development of cisplatin neuropathy is dose-related
nd generally noted after cumulative doses in excess of 300
g/m2.40,60 Significant factors in the development of cisplatin
europathy include dose, treatment duration, and schedule
f administration. Cisplatin-induced neuropathy presents
redominantly as sensory neuropathy that is manifested as
aresthesias and numbness in a symmetrical stocking and
love distribution, which may be accompanied by progres-
ively reduced or absent reflexes in the affected extremities.
lthough less common, cisplatin neuropathy can include
otor weakness, as well as other central and autonomic neu-

opathic symptoms and findings, including Lhermitte’s sign,
eizures, dorsal column myelopathy, bilateral jaw pain, and
utonomic neuropathy.6,40,111

Cisplatin neuropathy generally occurs progressively after
everal treatment cycles (axonopathy), but some patients re-

ort a rapid onset of neuropathy symptoms (neuronopathy) e
fter the administration of a single dose of cisplatin, particu-
arly with higher doses (eg, 100 mg/m2 or more).7 Symptoms
nd signs of cisplatin neuropathy usually occur during treat-
ent. However, it is important to recognize that the cispla-

in-induced neuropathy may occur up to several weeks after
he last administered dose of cisplatin and the patient’s symp-
oms may continue to progress even after cisplatin therapy
as been discontinued. The CIPN symptoms associated with
isplatin may be irreversible and may be more frequent and
evere when the drug is used in combination with other
eurotoxic drugs (eg, cisplatin or carboplatin with pacli-
axel).

arboplatin
arboplatin is associated with the development of CIPN that

s clinically indistinguishable from cisplatin. The carboplatin
abel reports an incidence of CIPN ranging from 13% to
2%.69 Carboplatin is reported to be less neurotoxic that
isplatin, but several controlled studies comparing carbopla-
in and cisplatin suggest that the incidence and severity of
IPN may be similar for these two agents.71,85 Carboplatin
europathy is experimentally and clinically indistinguishable
rom cisplatin neuropathy.44

xaliplatin
xaliplatin is structurally different from both cisplatin and

arboplatin and has proven to be effective in the treatment of
atients with advanced colorectal cancer. The most common
nd dose-limiting toxicity reported for oxaliplatin adminis-
ration is a persistent sensory peripheral neuropathy, which
as been reported in association with all oxaliplatin dose

evels and schedules.112 The development of dose-limiting
xaliplatin neuropathy is primarily related to the total cumu-
ative oxaliplatin dose. Oxaliplatin-induced neuropathy has
een characterized into two distinct clinical forms: (1) an
cute and usually transient and predominantly sensory dis-
urbance in 85% to 95% of patients, which may be aggra-
ated or precipitated by cold exposure, and has a rapid onset
f hours to days following treatment and which may regress
etween treatment cycles but frequently recurs with further
reatment; and (2) a persistent sensory CIPN that is gradually
rogressive in onset and is related to the cumulative oxalipla-
in dose and characterized by sensory paresthesias, dysesthe-
ias, and hypoesthesias that can interfere with daily activities
nd is reported to occur in up to approximately 16% to 21%
f patients.
Neurologic symptoms and abnormalities are clinically ob-

erved in up to 97% of patients receiving oxaliplatin-based
reatment.111,113,131 The acute form of oxaliplatin neurotoxic-
ty presents as paresthesia, dysesthesia, and hypoesthesia in
ands, feet, perioral area, or throat. Pharyngolaryngeal dys-
sthesia is reported by a small percentage of patients and is
haracterized by subjective sensations of dysphagia or dys-
nea and/or jaw spasm, which is unaccompanied by laryn-
ospasm, bronchospasm, or stridor. Pharyngolaryngeal dys-
sthesias and myotonia (eg, myotonic inability to release grip
rom objects, similar to hyperkalemic periodic paralysis) can
e very disturbing to patients and can be precipitated or

xacerbated by exposure to cold ambient temperature, drink-
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F.H. Hausheer et al 25
ng cold liquids, or handling cold objects. The cumulative
ersistent oxaliplatin-induced neurotoxicity is similar to
ther forms of platinum- and taxane-induced neuropathy
ommonly manifested as symmetrical paresthesias, dysesthe-
ias, and/or hypoesthesias in the distal extremities. Such def-
cits can interfere with Activities of Daily Living (ADLs). The
ersistent form of oxaliplatin neuropathy generally occurs
ore than 14 days following dosing and can become persis-

ent between treatment cycles with progression of the sever-
ty of symptoms.111,113,115,120,121,123

One hypothesis suggests that the acute CIPN secondary to
xaliplatin may be related to the rapid chelation of calcium
y oxalate released from oxaliplatin with consequent effects
n sodium channels in neural membrane and synapses,29,120

hile the chronic or persistent deficits may reflect the well-
ocumented neurotoxic effects of the gradual accumulation
f platinum in dorsal root ganglion cells. Although the un-
erlying pathophysiologic mechanisms may differ, a linkage
etween the acute and persistent deficits is suggested by the
necdotal reports that the persistent, dose-limiting form of
xaliplatin neuropathy may be prevented or delayed by ade-
uate treatment of the acute form of oxaliplatin neuropathy.
his hypothesis should be confirmed in controlled clinical

rials.
Dysesthesias that are precipitated with cold air, cold ob-

ects, cold drinks, or ice occur in approximately 68% of pa-
ients with 1% to 2% of patients reporting pharyngolaryngeal
ysesthesia. Paresthesias without pain occur in 65% of pa-
ients and paresthesias with pain occur in approximately
1% of patients. Approximately 13% to 28% of patients re-
eiving oxaliplatin doses ranging from 85 mg/m2 to 130
g/m2 experienced severe neurosensory adverse effects with

unctional impairment.111,113,131

In a recent study of oxaliplatin neurotoxicity, there was a
eported 13% to 16% incidence of severe persistent neuro-
oxicity (grade 3) in patients receiving the FOLFOX 4 and
OLFOX 6 regimens (FOL � fluorouracil, F � folinic acid
leucovorin), OX � oxaliplatin). The reported median time
o the onset of oxaliplatin neuropathy was 23 weeks, and the
edian time to recovery was 12 weeks, with the reported
robability of recovery of 82% by 26 weeks and 88% after 34
eeks.111,113,115,131

It is important to note that, similar to cisplatin, some pa-
ients develop delayed onset or worsening of the persistent
orm of oxaliplatin-induced neuropathy, even after treatment
s discontinued.111,113,131 Severe (grade 3) oxaliplatin neurop-
thy is reported to be reversible, with partial to complete
isappearance of symptoms. However, oxaliplatin-induced
europathy is a considerable problem because of its frequent
ccurrence, the severity of symptoms, and the functional
mpairment that can adversely affect the patient’s quality of
ife for a prolonged period of time. The persistent form of
xaliplatin-induced neuropathy commonly results in treat-
ent delays, and in severe cases, discontinuation of treat-
ent.
Persistent sensory CIPN is the dose-limiting toxicity of

xaliplatin.115,131 Neurologic deficits are dominated by sen-

ory impairment of peripheral neural function, including e
ronounced dysesthesias and paresthesias. Sensory symp-
oms demonstrate a clear length-dependent, distal-to-proxi-
al gradient and usually progress in both intensity and du-

ation as a function of cumulative dose. Eventually,
eurologic signs and symptoms will persist between treat-
ent cycles. It is clinically important to note that the onset of

umor response with oxaliplatin-based therapy usually oc-
urs before a cumulative oxaliplatin dose of 700 mg/m2 has
een reached. The dose-limiting neurotoxicity, in contrast,
evelops somewhat later. It is estimated that approximately
0% to 15% of patients have a moderate neuropathy after a
umulative dose of 780 to 850 mg/m2.115,117,122,131 This fact
llows for a clinical decision to continue or stop oxaliplatin in
iew of the observed efficacy of treatment, but in patients
ho are responding to treatment the development of dose-

imiting CIPN can pose a major challenge to the physician
nd patient to continue treatment. The persistent form of
xaliplatin-induced neuropathy is reported generally revers-
ble with a median time to recovery from grade 3 toxicity of
3 weeks.115,118,131 Such treatment delays may adversely af-
ect patients who have demonstrated a partial response to
reatment by the interruption of treatment.

axanes (paclitaxel, docetaxel,
remophor EL-free, and nanoparticle
lbumin formulation of paclitaxel)
he taxanes are widely used and have demonstrated activity
gainst various types of malignancies. They are used both as
ingle agents and in combination with other chemotherapeu-
ic agents.

aclitaxel
aclitaxel is currently approved for use in patients with met-
static carcinoma of the ovary after failure of first-line therapy
nd in patients with metastatic breast cancer or AIDS-related
aposi’s sarcoma. The standard approved doses and sched-
le of paclitaxel in these patient populations are 135 or 175
g/m2 administered over 3 hours once every 3 weeks. How-

ver, administration of paclitaxel using a weekly schedule
s an increasingly widespread practice. Although neutro-
enia historically has been the dose-limiting toxicity for
aclitaxel in the past, and hypersensitivity reactions have
een frequent, both toxicities can be prevented or mitigated
ith the administration of concomitant supportive medica-

ions.6,7,133 Paclitaxel-induced neuropathy, manifested pri-
arily by peripheral sensory neuropathy with relative spar-

ng of motor function, is a common side effect that can be
ose-limiting.4-5,21,58,65-66,134 Paclitaxel neuropathy is dose-
nd schedule-dependent and cumulative in nature, and the
ose appears to be the most significant risk factor for CIPN.
aclitaxel-induced neuropathy has been reported for all
oses and schedules.15

Various doses and schedules for paclitaxel have been ex-
ensively explored in an effort to maximize antitumor activity
nd minimize associated toxicities. Despite these efforts, the
ptimal dose and schedule for the taxanes is not known.
ome recent phase I and II studies have been conducted to

valuate the use of weekly paclitaxel in patients with com-
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26 Chemotherapy-induced peripheral neuropathy
on types of solid tumors.98,100-109,135 These studies demon-
trated promising results in terms of objective tumor re-
ponse rates ranging from 20% to 78%. Although these
tudies were not large multicenter, randomized, placebo-
ontrolled designs, the results suggested that paclitaxel given
n a weekly schedule was potentially more effective than
tandard paclitaxel-containing regimens given every 3 weeks
nd was generally well tolerated with respect to hypersensi-
ivity reactions and myelosuppression. The most commonly
eported dose-limiting toxicity for the earlier weekly pacli-
axel regimens was CIPN, with the overall reported incidence
f CIPN ranging from 59% to 78%.95-98

Paclitaxel-induced neuropathy is reportedly more pro-
ounced when the drug is administered via a short infusion
chedule (1 hour v 3 hours v 24 hours). Recently, a random-
zed open label study of 1-hour versus 3-hour infusions of
eekly paclitaxel (100 mg/m2) administration in patients
ith solid tumors was conducted for the purpose of evaluat-

ng the relative neurotoxicity between the two different pac-
itaxel infusion schedules.136 In this study, 92 of the 121
nrolled patients were evaluable for CIPN, and there was no
ignificant difference in the incidence of CIPN between the
wo paclitaxel infusion schedules. It is notable that after 12
eeks of treatment, 75% of patients had developed CIPN,
ased on a standardized neurologic evaluation. The number
f patients in each treatment group who had 25% dose re-
uctions in paclitaxel due to the development of CIPN was
imilar (1-hour group, 10 patients; 3-hour group, 9 patients),
nd the number of patients experiencing treatment delays
onger than 14 days was also similar (1-hour group, 7 pa-
ients; 3-hour group, 5 patients). Twelve patients experi-
nced treatment delays exceeding 14 days. Three patients on
he 1-hour regimen discontinued treatment due to CIPN
hereas none of the patients on the 3-hour regimen discon-

inued therapy secondary to CIPN; this result was not statis-
ically different. The findings from this small study suggest
hat the duration of the paclitaxel infusion by itself does not
ppear to have a significant effect on the incidence or severity
f paclitaxel-induced neuropathy, but this study is under-
owered to detect differences in the incidence of CIPN of less
han 50%. It appears likely that there is a greater incidence of
IPN with paclitaxel administration using weekly and dose-
ense schedules (eg, every 2 weeks) as compared to admin-

stration every 3 or every 4 weeks.
Weekly paclitaxel administration schedules may allow less

ime for neurologic recovery and may lead to a higher inci-
ence of CIPN due to greater accumulation of paclitaxel in
he peripheral nerves and greater disruption of peripheral
xonal transport. However, this adverse outcome may be
ffset by greater efficacy of the weekly paclitaxel regimen.
his was observed in a phase I study of weekly paclitaxel
onducted by Seidman et al in patients with metastatic breast
ancer where 9.5% of patients receiving �100 mg/m2 weekly
nd 56% of patients receiving 110 to 120 mg/m2 weekly
xperienced grade 3 neuropathy.96 The overall response rate
as 53% (10% complete responses and 43% partial re-

ponses). Although in this study a median of 12 weekly pac-

itaxel infusions elapsed before the occurrence of neurotox- t
city, paclitaxel neuropathy can also occur after a single
ose.58

A large multicenter, randomized, phase III study was con-
ucted by Cancer and Leukemia Group B (CALGB) to inves-
igate the effectiveness of weekly paclitaxel compared with
onventional administration every 3 weeks (CALGB study
840).94 Patients were stratified according to the line of ther-
py and HER2 status. Approximately 580 patients were ran-
omized to four possible treatment arms and received either
eekly paclitaxel at 80 mg/m2 or paclitaxel every 3 weeks at
75 mg/m2 with or without trastuzumab, based on HER2
tatus. The initial study design included administration of
eekly paclitaxel at 100 mg/m2 for the first 6 weeks followed
y weekly paclitaxel at 80 mg/m2 thereafter, but due to the
igh incidence of severe sensory peripheral neuropathy (30%
f patients with grade 3) the regimen was revised to include
aclitaxel 80 mg/m2 weekly throughout the trial.
The majority of patients (approximately 80%) were receiv-

ng paclitaxel as first-line therapy, and the treatment arms
ere well balanced for baseline characteristics (eg, perfor-
ance status, extent of disease). The tumor response rate was

tatistically significantly higher in the group receiving weekly
aclitaxel (40% v 28%, P �.017). In addition, the weekly
egimen produced a longer time to progression (9 months v 5
onths, P �.0008). Although the study was not powered to

etect a difference between treatment groups for overall sur-
ival, there appeared to be a trend toward improved patient
utcome with weekly paclitaxel (24 months v 16 months, P

.17). The toxicity profile for weekly paclitaxel administra-
ion compared with conventional every 3 weeks was signifi-
antly lower for myelosuppression (5% v 15%, P �.013), but
ignificantly higher for neurotoxicity (23% v 12%, P � .001).
his study clearly demonstrates that weekly paclitaxel is an
ffective regimen with advantages in terms of both efficacy
nd safety. The development and approval of a chemopro-
ective agent that can effectively prevent or mitigate severe
eurotoxicity associated with weekly paclitaxel may allow
urther optimization of this new regimen.

Paclitaxel-related neuropathy is most commonly mani-
ested as a sensory neuropathy that may be accompanied by
otor neuropathy in some instances, but both axonopathy

nd neuronopathy clinical patterns have also been re-
orted.4,5,58,66,137 All formulations of paclitaxel (Taxol [Bris-
ol-Myers Squibb, Princeton, NJ], Abraxane, Xyotax, and To-
osol) have been reported to produce CIPN, which may be
ose-limiting.138,139 Similar to platinum-induced CIPN, pac-

itaxel neuropathy manifests as a symmetrical progressive,
ength-dependent stocking-glove distribution of paresthe-
ias, numbness, tingling, burning pain, dysesthesias, and de-
reased vibration and proprioception, which in more ad-
anced stages is accompanied by the symmetrical loss of deep
endon reflexes with initial involvement of distal reflexes and
ater involving proximal reflexes.

In patients with preexisting neuropathies and/or receiving
igh doses of paclitaxel, paclitaxel neuropathy can include
otor and autonomic dysfunction and acute encephalopa-
hy, resulting in coma and death.4,66,133,134 The reversibility of
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F.H. Hausheer et al 27
aclitaxel neuropathy has not been characterized in a large
tudy, but it is reported to be partially reversible.4,7,66,133

remophor EL: Level of Evidence
or a Causal Relationship to CIPN
ome investigators have suggested that Cremophor EL
polyoxyethylated castor oil), a vehicle used to formulate
aclitaxel, is responsible for the CIPN associated with pacli-
axel administration.140-142 The level of medical and scientific
vidence supporting the claim that Cremophor EL is directly
nvolved in the pathogenesis of CIPN is very limited based on
he following considerations: (1) the molecular weight of
remophor EL is approximately 3,000, which generally lim-

ts tissue absorption and diffusion of this excipient, and the
bserved volume of distribution of Cremophor EL in humans
nd animals is very low, suggesting that the actual tissue
istribution of intravenously administered Cremophor EL is

imited due to the substantial inability of Cremophor EL to
gress from the central vascular compartment142-144; (2) in
itro studies of Cremophor EL demonstrate that the vehicle is
eurotoxic to cultured mammalian dorsal root ganglion and
eurons, but this finding appears to be inconsistent with all
eported in vivo clinical studies and human studies of Cre-
ophor EL, which may be due to the absence of an intact

asa nervorum component to the in vitro dorsal root ganglion
r neurite growth models, acting as an anatomic and physi-
logic barrier to the diffusion of Cremophor EL in vivo142-144;
3) the level of evidence that the taxane (paclitaxel and do-
etaxel) itself is highly neurotoxic appears to be compelling
iven the fact that paclitaxel has been observed to undergo
apid uptake and accumulation in mammalian dorsal root
anglion neurons in culture and that microtubule disruption
n axons by paclitaxel has been observed; (4) none the avail-
ble toxicology studies in animals demonstrate evidence of
eurotoxicity for intravenously administered Cremophor EL;
5) the fact that other taxanes formulated in Cremophor EL-
ree solutions (including docetaxel, Abraxane, Xyotax, and
iposomal paclitaxel) all produce severe dose-limiting CIPN
ith the same clinical manifestations and a similar incidence

o Cremophor EL-formulated paclitaxel and some of these
gents appear to have at least equivalent, and possibly more
eurotoxicity, because higher doses of paclitaxel can be ad-
inistered.16,35,38,54,138,139 All the evidence supports the fact

hat the taxane moiety itself is a neurotoxin in vivo, whereas
remophor EL is not.

ocetaxel
ocetaxel, a semisynthetic analog of paclitaxel, reportedly
as a toxicity profile different from paclitaxel. Some studies
eport that docetaxel is associated with minimal or mild neu-
otoxicity, yet some patients experience more severe neurop-
thy with cumulative docetaxel doses over 400 mg/

2.16,35,38,54,59 Hilkens et al found moderate to severe
europathy in 27% of patients who received more than 600
g/m2 of docetaxel.38 Docetaxel-induced neuropathy is clin-

cally indistinguishable from paclitaxel-induced neuropathy,
nd manifests as a symmetrical progressive, length-depen-
ent sensory neuropathy often accompanied by paresthesia,

ain, numbness, loss of dexterity, unsteady gait, sensory loss, t
otor weakness, and loss of the distal deep tendon re-
exes.16,35,54 Vibration and light touch are the most affected
ypes of sensation. A higher incidence of docetaxel-induced
europathy has been noted in schedules exceeding 36 mg/
2/wk.6,16,35,54 In metastatic breast cancer studies, dose levels

etween 75 and 100 mg/m2 result in 5% to 14% grade 3 or 4
eripheral neuropathy.99 In phase II trials the incidence of
ocetaxel neurologic toxicity ranged from 6% to 59% for
oses ranging between 75 to 100 mg/m2.54,99,104 The label
eports the overall incidence of docetaxel-induced neuropa-
hy ranging from 20% to 58%. Docetaxel-induced neuropa-
hy is reported to be reversible in 95% of patients, although
IPN has been reported predominantly by the use of Na-

ional Cancer Institute Common Toxicity Criteria (NCI-
TC) or similar methods, which have limitations that will be
iscussed below.

braxane (nanoparticle
lbumin formulation of paclitaxel)
braxane is a recently approved, albumin-stabilized nano-
article formulation of paclitaxel designed to overcome poor
ater solubility and the hypersensitivity reactions associated
ith paclitaxel. Originally, there were reports that Abraxane
as less neurotoxic than conventional paclitaxel formulated
ith Cremophor EL. In a controlled randomized phase III

tudy, Abraxane in a dose of 260 mg/m2 administered as a
0-minute infusion every 3 weeks was associated with a sig-
ificantly higher incidence of severe CIPN compared to pac-

itaxel formulated with Cremophor EL administered at 175
g/m2 in a 3-hour infusion every 3 weeks. In this study, 10%

f the patients treated with Abraxane experienced severe
IPN compared to 2% of the patients (P �.001) who re-
eived paclitaxel formulated with Cremophor EL.145 Patients
ho experience CIPN with Abraxane have clinical symptoms

nd findings that are indistinguishable from CIPN due to
dministration of Cremophor EL-formulated paclitaxel. In
atients who experienced NCI-CTC grade 3 sensory neurop-
thy from Abraxane, the reported median time to resolution
as 22 days, with subsequent Abraxane dose reduction to
20 mg/m2, which allowed continued treatment at this

evel.145 The high incidence of severe CIPN was partially
ffset by the significantly decreased incidence of hypersensi-
ivity reactions and myelosuppression.

isplatin Versus Carboplatin and Paclitaxel Versus
ocetaxel: Which Is Less Neurotoxic and What Is

he Level of Medical Evidence?
t is commonly reported that carboplatin is similar to cispla-
in in terms of antitumor efficacy but that carboplatin admin-
stration is associated with a significantly lower incidence of
IPN. In making this type of claim, it is important to consider

he dose level and schedule of administration for the agents
sed in the studies, as well as whether or not a randomized,
ontrolled study design was employed to allow valid compar-
sons. Recent randomized controlled studies demonstrate
hat carboplatin may be similar or less efficacious and equally
eurotoxic to cisplatin.
A study conducted by Rosell et al85 demonstrated a statis-
ically significant survival improvement in favor of cisplatin
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28 Chemotherapy-induced peripheral neuropathy
ersus carboplatin, given in combination with paclitaxel, and
imilar incidence of CIPN (58% cisplatin; 59% carboplatin).
n this study both treatment groups received 200 mg/m2 of
aclitaxel and either carboplatin AUC �6 or cisplatin 80
g/m2.
Another randomized phase III study compared paclitaxel

t 135 mg/m2 (24-hour infusion) plus cisplatin 75 mg/m2 vs.
aclitaxel at 175 mg/m2 (3-hour infusion) plus carboplatin
UC �7.5 in patients with optimally resected stage III ovar-

an cancer.71 This trial was designed to assess the non-inferi-
rity of recurrence-free survival for the carboplatin regimen
ompared to the cisplatin regimen in 792 evaluable patients.
rade 2 to 4 neurologic toxicity was observed with similar

requency in both groups: 31% in the cisplatin arm and 28%
n the carboplatin arm. There were no significant differences
etween the two treatment groups in progression-free or
verall survival. The incidence of severe leucopenia and gran-
locytopenia was significantly higher in the cisplatin treat-
ent group, whereas the incidence of thrombocytopenia and

he incidence of grade 1 or 2 pain were significantly higher in
he carboplatin treatment group. Assuming this study em-
loyed previously evaluated standard combinations of pacli-
axel and cisplatin and paclitaxel and carboplatin, it would be
ifficult to conclude that carboplatin is actually less neuro-
oxic than cisplatin, particularly since the difference in the
aclitaxel dose levels in the two treatment groups is 23%.
Several studies have been conducted to investigate differ-

nces in efficacy and safety between docetaxel and paclitaxel
n patients with advanced ovarian cancer and advanced
SCLC. In general, it appears that progression-free and over-

ll survival are similar between the two compounds, while
he reported safety profile is different in that docetaxel is
ssociated with more frequent myelosuppression and pacli-
axel is associated with more frequent neuropathy.

A phase III trial (the Scottish Randomized Trial in Ovarian
ancer [SCOTROC]) involving 1,077 patients was con-
ucted to evaluate potential differences in efficacy and safety
etween docetaxel and paclitaxel administered in combina-
ion with carboplatin in patients with advanced ovarian can-
er. Patients were randomized to receive one of two treat-
ents every 3 weeks for six cycles: (1) 75 mg/m2 docetaxel

dministered over 1 hour in combination with carboplatin;
r (2) 175 mg/m2 paclitaxel administered over 3 hours in
ombination with carboplatin.146-148 No apparent statistical
ifferences were noted in the efficacy parameters (eg, objec-
ive tumor response, progression-free survival, or overall sur-
ival), but differences were observed with respect to the tox-
city profiles. The differences in the overall incidence of all
rades of sensory and motor neuropathy for paclitaxel and
arboplatin and docetaxel and carboplatin were highly statis-
ically significant in this study. In the paclitaxel-carboplatin
roup, an increased incidence of sensory neuropathy and
otor neuropathy was noted (sensory: 30% v 11%; motor:

% v 3%). This very large randomized, controlled study
trongly supports the observation that docetaxel is substan-
ially less neurotoxic than paclitaxel.

A randomized study of paclitaxel (135 mg/m2) and cispla-

in (75 mg/m2), gemcitabine (1,000 mg/m2) and cisplatin a
100 mg/m2), docetaxel (75 mg/m2) and cisplatin (75 mg/
2), and paclitaxel (225 mg/m2) and carboplatin (AUC �6)

n 1,207 patients with advanced NSCLC demonstrated no
ignificant differences between any of the four treatment
roups in Eastern Cooperative Oncology Group (ECOG)
rade 3 CIPN.149 The incidence of grade 3 CIPN was the
reatest for the patients treated with paclitaxel plus carbopla-
in (10%), while the reported incidence of grade 3 CIPN was
dentical for patients treated with paclitaxel and cisplatin ver-
us those treated with docetaxel and cisplatin (5% each).

A prospective phase III trial of adjuvant docetaxel or pac-
itaxel, with or without preceding doxorubicin and cyclo-
hosphamide treatment (four treatment groups), in 1,200
atients with early-stage breast cancer is currently ongoing in
apan. The results of this study will be important in terms of
fficacy outcomes as well as the ability to make a direct com-
arison regarding the relative incidence of medically impor-
ant CIPN associated with docetaxel and paclitaxel adminis-
ration based on a controlled trial using standard dosages of
he two taxanes in the adjuvant setting.

inca alkaloids (vincristine,
inblastine, vinorelbine, vindesine)
incristine commonly produces sensory CIPN, but auto-
omic neuropathy and demyelination are also reported. The
evelopment of severe motor neurotoxicity accompanied by
eurosensory impairment due to vincristine is rare,17 most

ikely because treatment is discontinued before severe motor
eakness develops. The dose level and cumulative dose are

he most significant risk factors for the development of severe
incristine-induced neuropathy. The peak incidence occurs
to 3 weeks following injection of vincristine. Recovery gen-

rally occurs 1 to 3 months after treatment cessation or after
ithholding drug or reducing the dosage, but CIPN symp-

oms may persist or worsen following vincristine therapy.
ommon symptoms experienced by patients on vincristine

nclude symmetrical length-dependent paresthesias, pain in
he hands and feet, muscle cramps, numbness and tingling in
he hands and feet, loss of deep tendon reflexes, postural
ypotension, urogenital dysfunction, and distally accentu-
ted hyperesthesia.17 Sensory symptoms, most commonly re-
orted as tingling paresthesias in the fingertips and the toes
ccur in virtually all patients treated with vincristine, al-
hough clinically detectable sensory loss is often present in
arly stages. Loss of ankle stretch reflexes is an early and
lmost universal sign, and with continued therapy all reflexes
ay diminish or disappear. Weakness in the form of a length-
ependent symmetrical, progressive distal axonopathy is the
ost common clinical presentation. When vincristine ax-

nopathic weakness is mild, patients lose the ability to walk
n their heels and lose strength in wrist extensors. More
everely affected patients manifest footdrop and have a foot
lapping gait. Motor weakness from vincristine can become
evere enough to render the patient immobile, and treatment
hould be discontinued well in advance of the development
f such marked weakness. Vincristine neurotoxicity gener-

lly appears after cumulative vincristine doses of 6 to 8 mg.150
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F.H. Hausheer et al 29
considerable increase in the incidence and severity of vin-
ristine-induced neuropathy occurs with total cumulative
oses above 15 to 20 mg, and severe neurotoxicity occurs at
umulative doses greater than 30 mg. In patients with pre-
xisting hereditary neuropathy (particularly CMT disease),
here are reports of severe, vincristine-induced paralysis at
otal doses lower than 30 mg. This toxicity can be severe and
ay mimic Guillain-Barré ascending paralysis. The toxicity

f vincristine is believed to occur through its binding to tu-
ulin and its subsequent disruption of microtubule polymer-

zation, which causes mitosis to arrest in metaphase.18 This
ubulin disruption causes primary axonal degeneration
hrough interfering with axonal transport and secretory func-
ion.

In addition to vincristine, three other vinca alkaloids are
sed clinically: vinblastine, vindesine, and vinorelbine. The
rimary dose-limiting toxicity of vinblastine and vinorelbine

s neutropenia. While vinblastine and vinorelbine are all re-
orted to cause CIPN that is clinically similar to that of vin-
ristine, the incidence appears to be lower than for vincris-
ine.151

halidomide
halidomide is an oral immunomodulatory agent used in the

reatment of patients with multiple myeloma. The mecha-
isms of action of thalidomide are not fully characterized, but
hey may involve the suppression of tumor necrosis factor-
lpha production and down-modulation of selected cell sur-
ace adhesion molecules involved in leukocyte migration.
halidomide-induced CIPN is a common and potentially se-
ere side effect of therapy that may be permanent. Thalido-
ide causes distal axonal degeneration without demyelina-

ion. The incidence of thalidomide CIPN in larger studies is
pproximately 30%, and it is often reported as a dose-limit-
ng outcome. Thalidomide-induced neuropathy generally
ccurs following chronic use over a period of months, but
here are reports of thalidomide-induced neuropathy that
ave occurred after relatively short periods of therapy. Unlike
ther chemotherapeutic agents, there is no clear correlation
etween the cumulative dose of thalidomide and the devel-
pment of CIPN. In addition, CIPN symptoms may occur
ome time after thalidomide treatment has been stopped, and
hese symptoms may resolve slowly or continue to persist.

The clinical signs and symptoms of thalidomide-induced
europathy include numbness and tingling, which can be
ainful and occur in a symmetrical distribution in the hands
nd feet. Patients should be periodically monitored for signs
f CIPN during thalidomide treatment and should be coun-
eled and questioned specifically for CIPN symptoms. If
ymptoms of thalidomide-induced neuropathy develop, it is
ecommended that thalidomide treatment be immediately
iscontinued to limit further damage, if clinically indicated.
halidomide treatment may be resumed if the symptoms and
ndings of CIPN have resolved to baseline status. Other an-
itumor agents known to produce CIPN (eg, platinum, tax-

nes, and vincristine) should be used with caution in patients n
eceiving thalidomide treatment. The mechanism of thalido-
ide neuropathy is not known.76

An analysis of long term toxicity of thalidomide in 40
atients with multiple myeloma who received salvage ther-
py with thalidomide (200 to 400 mg/d) with or without
examethasone (40 mg for 4 days every 4 weeks) for more
han 12 months revealed that CIPN was the most trouble-
ome and frequent toxic effect observed, with an incidence of
5%. Among the 30 patients with thalidomide-induced neu-
opathy, six patients had grade 1 (15%), 13 patients had
rade 2 (32.5%), which required dose reductions of thalido-
ide, and 11 patients had grade 3 (27.5%), which required

nterruption of treatment despite treatment response. Quan-
itative sensory testing (QST) demonstrated a predominantly
ensory neuropathy with minor motor involvement. The de-
elopment of CIPN was not related to the thalidomide dose
evel, but it was clearly related to the duration of treatment in
his study. These investigators reported that the benefits of
halidomide were offset by the frequency and severity of tha-
idomide neuropathy, particularly in responding patients,
nd that close neurologic monitoring should be considered
andatory for the management of patients treated with this

gent.152

The development of CIPN was reported to be the most
requent important dose-limiting toxicity in 59 patients with
ultiple myeloma who were treated with thalidomide 100 to

00 mg/d plus melphalan 0.2 mg/kg/d for 4 days every 28
ays. CIPN developed in 39% of the patients, and a median
halidomide dose of more than 150 mg/d was significantly
ssociated with a higher frequency of CIPN and actuarial risk
f CIPN. There was no benefit in terms of greater response at
halidomide dose levels of greater than 150 mg/d.153

ortezomib
ortezomib is an intravenous medication also used for the
reatment of multiple myeloma. The reported mechanism of
ction involves the reversible inhibition of the 26S protea-
ome in mammalian cells, which is a large protein complex
hat degrades ubiquitinated proteins. Inhibition of the 26S
roteasome prevents the targeted proteolysis in cells, which
ffects multiple signaling cascades in the cell and can lead to
ytotoxicity. In a large randomized study bortezomib admin-
stration was associated with the development of CIPN in
pproximately 37% of patients, with 14% experiencing grade
neuropathy.83 This toxicity is predominantly sensory in

ature, although cases of accompanying motor involvement
ave been reported. Patients with preexisting CIPN may ex-
erience a worsening of peripheral neuropathy with the ad-
inistration of bortezomib. The most commonly reported

ymptoms of bortezomib-induced CIPN include burning
ensation, hyperesthesias, hypoesthesias, paresthesias, and
iscomfort from neuropathic pain. Dose reductions for bort-
zomib-induced neuropathy are reported to result in im-
rovement or resolution of symptoms in the majority of pa-
ients, but the time course of this toxicity has not yet been
ully characterized. The development of bortezomib-induced

europathy was the most commonly reported adverse event
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30 Chemotherapy-induced peripheral neuropathy
eading to discontinuation of treatment in 331 patients, and it
ccurred in 8% of the patients.83

rocarbazine, Cytarabine,
toposide, and Alfa-Interferon
rocarbazine is associated with the development of CIPN in
0% to 20% of treated patients. Procarbazine-induced neu-
opathy characteristically is manifested by neurosensory fea-
ures that are similar to those produced by other chemother-
peutic agents.

Cytarabine may cause CIPN, particularly with higher dose
evels (eg, 1 g/m2) and in conjunction with the administration
f other neurotoxic agents such as fludarabine.154 One case of
atal peripheral neuropathy was reported following adminis-
ration of cytarabine and fludarabine therapy.155 Cytarabine-
nduced neuropathy is characterized by a symmetrical,
ength-dependent sensory and motor involvement, which

ay be permanent. Peripheral neuropathy associated with
ytarabine has been characterized in both upper and lower
xtremities as muscle weakness, gait disturbances, walking
ifficulties, paresthesias, numbness, hypoalgesia, hypoesthe-
ia, and myalgia.154 The mechanism of this CIPN is not
nown.
Etoposide is occasionally reported to cause peripheral

europathy (incidence: 1% to 2%). Patients with preexisting
europathy or patients receiving concomitant neurotoxic
hemotherapy (eg, vincristine) may be at greater risk for this
oxicity.156

Alfa-interferon is associated with a very low incidence of
eripheral neuropathy (�1%).157

linical Challenges in the
iagnosis and Quantification
f Chemotherapy-Induced
eripheral Neurotoxicity

or Clinical Trials
he symptoms of CIPN are largely subjective in nature, and

herefore the diagnosis and quantification of this clinical
roblem can be challenging for many reasons. Given the

nformation known about CIPN, one may believe that a phy-
ician would be able to identify and diagnose the more severe
orms of CIPN (grades 3 and 4) more consistently than less
evere forms of CIPN (grades 1 and 2). However, several
tudies reported in the literature contradict this tenet and
emonstrate not only disagreement among two different cli-
icians, but also increasing disagreement between physicians
nd patients with increasing symptom severity.89,91-92,158

The diagnosis and grading of CIPN is not always straight-
orward, despite the fact that there are several instruments
vailable for this purpose, because there is no universally
ccepted or standardized method currently used for this as-
essment and many of the known grading scales used in
linical studies contain serious limitations with respect to the
dentification and clinical grading of CIPN. These consider-

tions are not surprising given the fact there is currently no
pproved treatment or intervention available for the preven-
ion or mitigation of this common and serious toxicity. To
ate, a successful standardized clinical diagnostic approach
as not been defined and implemented, nor has there been
pproval of a compound for the prevention or mitigation of
IPN based on adequate and well-controlled clinical trials.
A more reliable method for the identification and quanti-

cation of CIPN is needed in order to accurately evaluate
otential neuroprotective agents. To obtain a new drug ap-
roval, regulatory agencies, such as the Food and Drug Ad-
inistration (FDA), require substantial evidence of effective-
ess generally from two adequate and well-controlled clinical
rials,159-161 as well as demonstration of patient safety. Specif-
cally, the assessment of treatment response (efficacy) must
e well-defined and quantified by reliable diagnostic meth-
dologies.

election, Standardization,
nd Determination of Reliability
f CIPN Evaluation Methods

he use of patient-reported outcomes or health-related qual-
ty of life for the evaluation of a new drug must involve the
ame rigorous scientific methods and principles in terms of
tudy design and analysis as traditional end points of survival
nd objective response rates.162 When selecting and applying
reliable method for the assessment of CIPN in clinical trials,
everal factors must be taken into account in addition to the
onsiderations described above: (1) the symptoms (numb-
ess, paresthesias, dysesthesias, and pain) and severity of
IPN are subjective in nature, which is clinically analogous

o the symptoms of depression, pain, or nausea (ie, there is no
aboratory or physical examination test that can grade their
everity, other than history and observation); (2) a primary
europrotection end point in a clinical study must be clini-
ally meaningful and quantified by a reliable methodology;
nd (3) the diagnostic method employed must be sufficiently
ensitive, specific, and able to reliably detect the presence of
IPN, as well as the detection of increased or decreased
rades of CIPN. The use of diagnostic methods for CIPN
ssessment should be practical and convenient for patients
nd health care providers and should not require any inva-
ive procedures or large amounts of time and resources to
erform.
The development and validation effort for a medical as-

essment instrument for use in the quantification of subjec-
ive symptoms is a comprehensive and long-term pro-
ess.163,164 We formulate and propose several important
esign and analysis parameters that should be evaluated dur-

ng the development of a CIPN assessment instrument in-
luding the following.

(1) sensitivity—the ability to detect the presence or ab-
sence of, and reliably distinguish, medically important
grades of CIPN in patients and thereby enable deter-
mination of the overall incidence of CIPN and subsets

of CIPN grades in defined patient populations;
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(2) compliance—the method should be used without
omissions or patient refusal in a high proportion
(�80%) of evaluations.

(3) specificity—the ability to detect CIPN reliably versus
other neurologic disorders in defined patient popula-
tions, unless such patients are excluded due to medi-
cal risks (eg, diabetes). It is important to recognize the
improbability that any assessment method will be
100% specific for CIPN, because there are many other
conditions or toxicities that may mimic some or all of
the symptoms and signs of CIPN;

(4) reliability—the ability of the assessment method when
administered to the same patient at separate but con-
temporaneous time points (intra-patient variability),
and when used by different examiners (inter-examiner
variability), to produce the same reported result. Reli-
ability is further determined by the inter-trial and
multi-institutional reproducibility and concordance
of the method being applied to populations of simi-
larly treated patients;

(5) responsiveness–the ability of the method to detect a
true increase or decrease in the level of patient symp-
toms as a function of dose level, the number of treat-
ments, duration of treatment, or following the com-
pletion of treatment;

(6) the method should demonstrate correlation of the se-
verity grade of CIPN with cumulative neurotoxic ex-
posure (if appropriate) and by correlation of severity
grades of CIPN with medical outcomes, particularly
with modification, delays, or cessation of treatment;

(7) the method should identify the presence or absence of
symptoms of potential functional impairment of the
patient’s activities of daily living, and when symptoms
are present, the method should further identify the
specific type of activities of daily living that are im-
paired or interfered with; and

(8) the method should have clear demarcation for medical
decisions to modify dose, withhold or discontinue
neurotoxic treatment based on the level of symptom-
atic functional impairment, and should identify the
difference between such clinically important neuro-
toxicity as an endpoint versus less severe
neurotoxicity.

The foregoing are difficult standards to achieve, and pres-
ntly there are no reliable diagnostic methods to assess CIPN
hat have been advanced into medical practice and incorpo-
ate all of these parameters. For the purpose of this review, we
ill apply the foregoing parameters as definitions for assess-

ng the reliability of diagnostic, management, and reporting
ethods for CIPN.
The ability to diagnose and assess the severity of CIPN

ccurately and predictably regarding symptoms that interfere
ith patients’ activities of daily living, as differentiated from

ess severe forms of CIPN, is a key primary objective for the
uture medical management of patients with cancer, as well
s for reporting or as a primary endpoint for CIPN from

ontrolled studies. In practice the evaluation and manage- n
ent decisions of patients with CIPN are made by the treat-
ng physician, who must decide if the CIPN is severe enough
o modify, delay, or discontinue neurotoxic treatment, all of
hich may affect outcome of therapy.
There is currently no gold standard for the assessment of

IPN. One major challenge with the accurate assessment and
uantification of CIPN is that various scales and methods are
vailable for use without a universal or standardized ap-
roach that is consistently or precisely implemented. Several
ypes of instruments used for the assessment of CIPN include
hysician-based instruments such as the National Cancer In-
titute Common Toxicity Criteria for Adverse Events (NCI-
TCAE), World Health Organization (WHO), ECOG, and
jani criteria, and quantitative sensory tests (QST) such as
ibration perception threshold (VPT), nerve conduction ve-
ocity tests (NCV), nerve biopsy, or electrophysiologic mea-
urements such as electromyography (EMG), which have
sually been applied in combination with neurologic evalu-
tions. There are many studies that report the use of objective
ssessments of CIPN including neurologic evaluation, QST,
lectrophysiological testing, and nerve biopsy in an attempt
o diagnose and objectively quantify CIPN. The limitations of
hese approaches include the lack of standardization, poor
orrelation of objective findings with patient reported symp-
oms and severity, the additional time and resources to per-
orm the testing, and the fact that some (eg, NCV testing) are
nvasive and painful to patients. Another important consid-
ration for the assessment of CIPN is that it may be unrea-
onable to expect an objective method or proxy could reliably
iagnose or quantify the severity of a predominantly subjec-
ive medical condition. The clinical assessment of pain, de-
ression, and nausea, which are analogous to the subjective
ature of CIPN, are most commonly and reliably assessed by
atient-based questionnaires and scales that have been dem-
nstrated to be reliable and convenient for patients and
heir providers.165,166 We will review these approaches,
ecause they are illustrative of the fact that there appears
o be no clinical advantage, earlier detection, or ability to
chieve greater reliability in using objective diagnostic
ethods, proxies, or physician-based methods to assess
IPN.55-57,64,65,88,89,91,92,158

uantitative Sensory Tests and
lectrophysiologic Measurements in
ombination With Neurologic Evaluations
any studies reported in the literature employed the com-

ined use of clinical neurologic evaluation and QST such as
PT or electrophysiologic measurements (EPM) such as
CV, nerve biopsy, or EMG in the assessment of
IPN.15,42,55-57,64,72,137,167-171 Inconsistent results have been

eported from studies with these types of tests. However, in
eneral, poor correlation between the measures and clinical
ymptoms and severity of CIPN were documented. The di-
gnostic value of these types of tests for CIPN has not yet been
roven. These methods also do not permit earlier diagnosis of
IPN as compared to patient reporting or physician exami-

ations.55,56,64,172 It is not an unforeseen observation that
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32 Chemotherapy-induced peripheral neuropathy
uch objective measurements of peripheral nerve function do
ot appear to correlate with the clinical manifestations of
IPN, given the fact that the symptoms of CIPN are subjec-

ive.
Although used occasionally in the assessment of diabetic

europathy,173,174 QST and EPM are not routinely used to
ake treatment decisions for patients with CIPN, and none

f these assessments would meet the criteria we have pro-
osed for diagnosis, management, and reliability in this pa-
ient population, either in practice or as endpoint assess-
ents of CIPN. In addition, no adequate and well-controlled

tudies have been presented using these measurements as the
rimary endpoint for the assessment of CIPN. None of the
tudies involving QST, biopsy, and EPM have been subjected
o adequate well-controlled reliability determination as de-
cribed above in the evaluation of CIPN. Many of the studies
eported in the literature are comprised of small sample sizes
nd are underpowered for the end points or employed un-
ontrolled study designs. There are many studies that report
igh intra-patient variability and the inability to reproduce
eliable results with the available instruments. In general,
one of these studies have demonstrated that QST and EPM
eliably diagnose clinical symptoms of CIPN, and more im-
ortant, none of these studies provide any description of the
eliable identification of patients with clinically important
unctional impairment secondary to CIPN for the purpose of

edical decision making.
One important aspect of EPM such as NCV assessments is

oor patient compliance due to a high incidence of discom-
ort during the procedure. It is not uncommon for patients to
ithhold consent to repeat NCV measurements, which fur-

her limits the utility of this approach. In addition, the major
imitation of NCV testing is that it measures velocity and
mplitude in the largest diameter and fastest conducting
erve fibers and therefore does not provide reliable data on
he small-sized fibers. A possible more important consider-
tion is the fact NCV and nerve biopsy are commonly applied
o anatomic regions that are proximal to the anatomic stock-
ng-glove distribution of CIPN, which may partially explain
he apparent poor correlation and diagnostic utility of these
ethods. It has also been reported that NCV testing reflects

he status of the best surviving nerve fibers, and the NCV may
emain normal if even a few fibers are unaffected by a disease
rocess. Thus, a normal NCV test result can still occur de-
pite extensive nerve damage. The most sensitive neurologic
igns of CIPN are the presence of impaired vibration sensa-
ion, proprioception, as well as impaired epicritic (two point
iscrimination) touch. VPT testing is a direct measurement of
he objective impairment in these sensory parameters. How-
ver, the electronic instruments used to assess VPT are not
idely available, and decreased vibration perception is not
00% specific for CIPN (eg, dorsal column disease).
Objective measures of assessing CIPN, including NCV
easurements, EMG, nerve biopsy, and detailed neurologic

xaminations, have not demonstrated sufficient clinical reli-
bility in the assessment of CIPN and are not routinely used
o make clinical decisions in the management of patients. The

se of NCV, EMG, nerve biopsy, and other neurophysiologic s
valuations may be helpful if there is another neurologic
isorder (eg, diabetes) that may be coexistent or another
otential diagnosis (eg, B1, B12, or pyridoxine deficiency, pyr-

doxine intoxication, or other etiologies). The diagnosis of
IPN should be made in part by careful exclusion of other
otential etiologies.
Berger et al conducted a study in 14 cancer patients who

ad received at least one to seven courses of paclitaxel and
isplatin therapy (the cumulative doses for each drug ranged
rom 175 mg/m2 to 1,225 mg/m2 and 100 mg/m2 to 700

g/m2, respectively).55 Patients underwent neurologic exam-
nations conducted by one physician, which included the use
f a standardized evaluation of sensory symptoms, vibration
ense (with a tuning fork), strength, and deep tendon re-
exes. In addition, sensory potentials were obtained from
atients who underwent electrophysiologic measurements
NCV) of the peroneal nerve. The patient distal latencies
msec), conduction velocities (m/s), and amplitudes (mV)
ere measured in this study. Of the 14 patients, 12 (86%)

xperienced sensory neurotoxicity, predominantly numb-
ess or paresthesias in a stocking and glove distribution.55

he authors reported that the use of EPMs did not result in an
arlier detection of neurosensory symptoms of CIPN as com-
ared to the clinical neurologic examination alone.
Forsyth et al conducted a study in 37 patients with meta-

tatic breast cancer who had failed prior chemotherapy.64

atients received either 200 mg/m2 or 250 mg/m2 of pacli-
axel every 3 weeks given in a 24-hour infusion until disease
rogression. The patients completed neurologic examina-
ions and underwent QST during treatment. The average
umber of treatment cycles received was 7.3, with an average
uration of 20.1 weeks. A total of 34 patients underwent the
ST measurements where VPT and temperature threshold

TT) testing were performed, and the results were compared
o normal healthy controls. A total of 31 patients (84%) de-
eloped symptoms of CIPN after an average of 1.7 treatment
ycles (average cumulative paclitaxel dose of 371.5 mg/m2).
lthough abnormal results were noted in the VPT and TT
easurements, CIPN identified and quantified by QST was

ound to be less sensitive than the clinical examination and
atient history. No significant correlation was observed be-
ween the cumulative dose of paclitaxel and changes in any of
he QST parameters.64

du Bois et al conducted a study to evaluate paclitaxel-
nduced CIPN as a function of cumulative dose, treatment
uration, and infusion schedule.56 A total of 38 cancer
atients receiving either a 3-hour or 24-hour paclitaxel

nfusion at 135 mg/m2 or 175 mg/m2 were included in the
tudy and were compared to a control group of 140
ealthy female volunteers. A total of 227 chemotherapy
reatments were administered with an average of 6 treat-
ents per patient. A patient questionnaire and QST mea-

urements were performed including VPT. Approximately
6% of the patients in the paclitaxel treatment group ex-
erienced symptoms and signs of CIPN. A disproportion-
te lack of sensitivity in VPT measurements was observed
n the paclitaxel treated patients in that 71% reported

ymptoms of paresthesias and numbness as assessed by



p
a
o
a
t
b
m
m
a

r
w
t
a
i
t
c
s
t
c
T
t
n
t
c
t
t
s
d
d
fi
fl
w
l
t
c
p
o
V
d

t
m
r
o
b
p
e
c
n
s
t
g
p
m

Q
c

t
t
c
s
m
w
o
c
n
u
b
C

P
o
P
T
C
e
i
m
a
r
i
i

t
A
b
e

r
5
r
g
a
a
t
t
s
d

m
g
t
s
c
U
t

e
s
o
t
d
p

F.H. Hausheer et al 33
atient questionnaire, while only 48% these patients had
n increase in VPT, representing a 23% under-assessment
f CIPN by VPT. These results indicate that VPT methods
ppear to under-assess paclitaxel-induced CIPN substan-
ially. In addition, no significant correlation was observed
etween cumulative paclitaxel dose and impaired VPT
easurements. The authors emphasized the need for a
ore reliable, sensitive, and accurate methodology for the

ssessment and quantification of CIPN.56

Chaudhry et al reported clinical and electrophysiologic
esults from a single institution in 32 patients who under-
ent treatment with paclitaxel and cisplatin in combina-

ion, with paclitaxel doses of 135 mg/m2 up to 350 mg/m2

nd cisplatin doses of 75 mg/m2 up to 100 mg/m2.42 These
nvestigators employed a total neuropathy scoring system
hat included physician-based assessment of the quantifi-
ation of taxane-platinum CIPN by sensory symptoms, pin
ensibility, strength, tendon reflexes, and vibratory
hreshold by QST, and by electrophysiologic testing in-
luding the measurement of sural and peroneal amplitude.
hirty of the 32 patients underwent neurologic evalua-

ions before receiving the chemotherapy. Nine (30%) did
ot have follow-up evaluations and were excluded from
he analysis. No explanation was given for this high per-
entage of patients failing to complete follow-up. During
reatment, 16 (76%) of 21 patients complained of pares-
hesias or numbness in the feet, and 12 (57%) developed
imilar symptoms in the fingers. A patient with diabetes
eveloped disabling symptoms after a single treatment
ose. Twenty (95%) patients had at least one abnormal
nding on examination, with absent or reduced ankle re-
exes being the most frequent (19 patients; 90%).42 VPTs
ere elevated in the toes of 17 (81%) patients, and distal

oss of pinprick sensation was observed in 11 (52%) pa-
ients. The severity of the sensory loss was reported to
orrelate with the cumulative paclitaxel dose. In 18 (86%)
atients, motor examination showed mild distal weakness
f the toe extensors. Nerve conduction testing and sensory
PT testing in these patients demonstrated significant re-
uction in nerve function from baseline.42

The investigators concluded that approximately 95% of
he evaluable patients in their study developed a sensory,
otor, axonal, length-dependent, and symmetrical pe-

ipheral neuropathy that was observed when higher doses
f paclitaxel (up to 350 mg/m2) were administered in com-
ination with cisplatin (75 or 100 mg/m2).42 Most of the
atients’ symptoms were sensory in nature, but physical
xamination and EPM demonstrated that the paclitaxel-
isplatin CIPN commonly had sensory and motor compo-
ents. Although the severity of the CIPN reported in this
tudy was clearly related to the cumulative dose of pacli-
axel, the study also suggested that the paclitaxel dose
iven each course was an important factor, particularly in
atients who received a total dose of paclitaxel �300
g/m2 at each cycle.
In summary, the medical literature demonstrates that
ST, nerve biopsy, and EPM measurements by themselves
annot reliably assess the severity of CIPN. Therefore, u
hese methods should not solely be used for diagnosis and
reatment decisions. Unfortunately, the most important
linical objective appears to be unaddressed by all of these
tudies in that none employ a method that reliably deter-
ines when a patient’s level of functional impairment
ould justify dose modification, treatment interruption,
r discontinuance.15,24,55-57,64,72,87,90-92,137 In addition, be-
ause the medical diagnostic value of QST and EPM has
ot been established, the costs of these methods when
sed in the assessment of CIPN are currently not reim-
ursed by US healthcare companies (eg, Aetna) or the
enters for Medicare and Medicaid Services (CMS).175

hysician-Based Methods
f Assessing Chemotherapy-Induced
eripheral Neuropathy
here are many physician-based assessment methods for
IPN published in the medical literature, that are often used
ither alone or in combination with QST and EPM. It is
mportant to review and evaluate these physician-based

ethods to achieve a clear perspective on the development
nd actual level of medical and scientific evidence as to their
eliability and utility in the diagnostic assessment and report-
ng of CIPN in clinical practice as well their suitability for use
n controlled clinical trials.

The most widely recognized physician-based approaches
o assess CIPN include the NCI-CTCAE, ECOG, WHO, and
jani criteria (Table 6). These types of assessments require
oth patient cooperation and physician skill to obtain the
ssential diagnostic information regarding CIPN.

In general, physician-based grading systems typically
ange from grade 0 (indicating normal findings) to grade 4 or

(indicating most severe symptoms or findings or death,
espectively). The clinical differences between grade 1 and
rade 4 CIPN are conceptually straightforward, but the reli-
bility in assessing all grades of CIPN, in particular grades 2
nd 3, appears to be far more challenging due to the subjec-
ive nature of CIPN and the potential ambiguity of interpre-
ations of the grading definitions. The most widely used phy-
ician-based grading scale is the NCI-CTCAE, which will be
iscussed in detail.
Studies in the literature report that physician-based assess-
ents of subjective symptoms such as numbness and tin-

ling are associated with a high proportion of variability be-
ween examiners as well as variability between the physician
core and the reported patient score. This variability in-
reases as the observed severity of CIPN symptoms increases.
nder-assessment of the incidence and severity of CIPN by

he physician are also noted.91,92

Postma et al158 conducted an important clinical study to
valuate the inter-examiner and inter-test reliability between
everal widely used physician-based CIPN assessment meth-
ds. They included a prospective analysis of the differences in
he severity of the CIPN grade assigned to patients by two
ifferent neurologists in the same institution who had inde-
endently and contemporaneously performed examinations

sing the different physician-based CIPN assessment meth-



o
c
s
s
p
p
N
t
(
b
u
a
o
(
4

1
t
i
l

a
p
s
o
i
C
8
s
g

T

N

E

A

W

A

34 Chemotherapy-induced peripheral neuropathy
ds.158 The study included patients who received neurotoxic
hemotherapy and who had symptoms and signs of CIPN. A
tandardized approach for the neurologic examination was
pecifically not employed in an effort to mimic the clinical
ractice setting. The neurologist grading of CIPN in each
atient was made by the following assessment methods: (1)
ational Cancer Institute of Canada-Common Toxicity Cri-

eria (NCIC-CTC; adapted from the NCI-CTC); (2) WHO;
3) ECOG; and (4) Ajani criteria. The two neurologists were
linded to each other’s independent neurologic assessment
ntil the conclusion of the study and completion of data
nalysis. The concordance between the two different neurol-
gists was evaluated and expressed as percentage agreement
or disagreement) for each grade of severity (grade 0 to grade

able 6 Physician-based Neuropathy Grading Scales

Scale Grade 1 Grade 2

CI-CTCAE (version 3.0)
Neuropathy: sensory Asymptomatic: loss

of deep tendon
reflexes or
paresthesia
(including
tingling) but not
interfering with
function

Sensory alter
or paresthe
(including
tingling),
interfering
function bu
interfering
ADL

Neuropathy: motor Asymptomatic,
weakness of
exam/testing only

Symptomatic
weakness
interfering
function bu
interfering
ADL

COG
Sensory Mild paresthesias;

loss of deep
tendon reflexes

Mild or mode
objective
sensory los
moderate
paresthesia

Motor Subjective
weakness; no
objective findings

Mild objectiv
weakness
without
significant
impairment
function

jani
Sensory Paresthesia,

decreased deep
tendon reflexes

Mild objectiv
abnormality
absence of
deep tendo
reflexes, mi
moderate
functional
abnormality

HO
Paresthesias and/

or, decreased
deep tendon
reflexes

Severe
paresthesia
and/or mild
weakness

bbreviation: ADL, activities of daily living.
) of each CIPN assessment scale. A total of 37 patients and r
48 observations (four ratings per patient) were included in
he analysis. The majority of patients were women with ovar-
an cancer who had previously received treatment with pac-
itaxel and cisplatin.

There was disagreement between the two neurologists on
t least one of the four different grading scales in 80% of the
atient evaluations (complete agreement on all grades of all
cales was noted in only 20% of the patients). The percentage
f overall interobserver agreement on all grades of CIPN us-
ng the four grading scales ranged from 46% to 84% (NCIC-
TC � 46%, Ajani � 57%, ECOG � 76%, and WHO �
4%). A statistically significant difference (P �.01) in mean
cores (overall grades) for both the NCIC-CTC and Ajani
rading systems was noted between the two examining neu-

Grade 3 Grade 4 Grade 5

Sensory alteration
or paresthesia
interfering with
ADL

Disabling Death

Weakness
interfering with
ADL: bracing or
assistance to
walk indicated

Life-threatening: disabling
(eg, paralysis)

Death

Severe objective
sensory loss of
paresthesias
that interfere
with function

— —

Objective
weakness with
impairment of
function

Paralysis —

Severe
paresthesia,
moderate
objective
abnormality,
severe
functional
abnormality

Complete sensory loss,
loss of function

Intolerable
paresthesias
and/or marked
motor loss

Paralysis
ation
sia

with
t not
with

with
t not
with

rate

s;

s
e
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F.H. Hausheer et al 35
In this study a comparison of the different grading scales
howed that the overall (grades 0 to 4) interobserver agree-
ent was lowest using the NCIC-CTC grading scale at

5.9%, while the exact agreement on severe (grade 3) neu-
opathy using the NCIC-CTC grading scale was only 42%
58% disagreement). The proportion of agreement between
eurologists using the ECOG criteria for grade 3 CIPN was
0% and was 0% for the WHO and Ajani criteria. Although
rade 3 CIPN was most often reported with the use of the
CIC-CTC grading scale, it is notable that two different neu-

ologists disagreed 58% of the time on the diagnosis of grade
CIPN that is considered severe enough to interfere with

atient function.158

Importantly, this study demonstrates that the evaluation
riteria and scoring for physician-based scales are not inter-
reted the same way by different examiners, and therefore a
igh variability in the scoring of CIPN is possible. The au-
hors state that the disagreement in grading CIPN resulted
rom differences in the interpretation of patient signs and
ymptoms related to “interference with function.” This study
lso noted that “If one is interested in incorporating the pa-
ient’s own subjective experience of daily living functional
mpairment in such evaluations, it is clear that the existing
rading symptoms are insufficient.”158 This study highlights
he importance of developing a reliable assessment method
or CIPN and further that findings of CIPN reported using
ifferent medical assessment methods should be interpreted
ith caution because there is a great deal of variation in the
IPN scores among methods.
Although physician-based instruments are widely used in

he assessment of CIPN for the purpose of treatment deci-
ions, there are several important limitations that must be
onsidered and discussed when evaluating this approach for
se as the primary efficacy end point in a clinical trial with a
otential neuroprotective agent. The most commonly used
IPN assessment scales are the physician-based NCI-CTCAE
rading system that involves patient evaluation and does not
ontain standardized or defined evaluation parameters for
IPN.
The NCI-CTCAE is a physician-based grading system that

ncludes criteria and definitions for quantifying and grading
IPN (both neurosensory and neuromotor components), but

t currently contains no clear demarcation of clinically impor-
ant neuropathy, which may in part contribute to the high
nter-examiner variability reported with the use of this grad-
ng scale. The NCI-CTCAE grading scale has been modified
ver time and although currently references no interference
grade 2) versus interference (grade 3), no specific ADLs are
efined. This grading scale comprises a sensory and motor
ssessment that utilizes a 5-point scale ranging from grade 1
findings are normal) to grade 5 (death) as shown in Table 6.

Although the NCI-CTCAE system is widely used, there are
ajor considerations that limit its utility and reliability and

hose of other similar grading systems in assessment of CIPN.
he evaluation parameters for each NCI-CTCAE CIPN grade
re not clearly defined, including specific neurologic exami-
ation parameters. Particularly, the “loss of deep tendon re-

exes” in the definition of grade 1 sensory neuropathy is not r
pecified and does not describe the anatomic locations for
uch reflexes which must be absent to qualify for grade 1 or
igher grades of CIPN (the problem is not the location but
hether this means loss of just any or all DTRs to qualify as
rade 1). The authors have found highly variable responses
hen physicians are asked which reflexes must be absent and
hat sensory or motor findings or levels of functional impair-
ent must be present in grade 1 or higher grades using the
CI-CTCAE. Some respondents report only absence of
chilles reflexes, while others suggest absence of all major
eflexes as an appropriate test. The description of “sensory
lteration” in the definition of grades 2 and 3 sensory neu-
opathy does not categorically define whether the degree of
ymptoms is an increase or decrease in sensory functioning of
he affected locations, or how it is determined (eg, by history
r by a standardized neurologic examination). The diagnostic
rovision of “interfering with function, but not interfering
ith activities of daily living” appears to be ambiguous and
ay be interpreted inconsistently by patients and physicians.
dditionally, although the interference with activities of daily

iving is stated, the specific activities and level of function that
re compromised are neither defined nor captured as part of
his assessment instrument. There are no sensory or motor
esting criteria (eg, pin-prick, pain, vibration, propriocep-
ion, or distal muscle strength testing; with particular atten-
ion to the glove and stocking distribution) specified or uti-
ized in the NCI-CTCAE.

These limitations clearly are important in the consider-
tion of applying the NCI-CTCAE and similar grading scales
n clinical decision making and in clinical trials to assess
IPN as a primary efficacy or toxicity endpoint. Clinical trial
ndpoints must have clear definitions for each grade, and to
e useful and interpretable they must reliably identify and
emarcate a clinically important toxicity level from clinically
llowable toxicity levels. In addition, it is important to rec-
gnize that the reliability of NCI-CTCAE and other similar
hysician-based grading scales has not been determined by a
rospective study.
In using the NCI-CTCAE system for CIPN the physician
ust elicit, assess, and record the patient’s symptoms and

igns and determine their severity and degree of functional
mpairment as well as other supportive findings. In practice,

any physicians would agree that the presence of NCI-
TCAE grade 3 CIPN would be justification for treatment
elay, dose modification, or treatment cessation. However,
he previously described variability between physicians, and
ven neurologists, in determining the NCI-CTCAE numeri-
al value would make the justification for treatment delay,
odification, or cessation ambiguous at best. In addition,

cute onset oxaliplatin CIPN cannot be reliably assessed or
aptured with the use of NCI-CTCAE, because no provisions
or the acute neurotoxicity symptoms associated with oxali-
latin have been devised (eg, pharyngolaryngeal dysesthesias
r myotonia provoked or exacerbated by cold). Based on the
bove-mentioned limitations of the NCI-CTCAE, it remains
ifficult to quantify the incidence and severity of CIPN accu-

ately in cancer patients, and it is especially challenging to
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36 Chemotherapy-induced peripheral neuropathy
ompare the incidence and severity across different clinical
tudies.

Due to the absence of means to assess acute oxaliplatin-
nduced neurotoxicity, a specific oxaliplatin neurotoxicity
cale was developed (Table 7) in an attempt to quantify the
ncidence and severity of neuropathy associated with this
gent, including the unique features of the acute form of its
oxicity as well as its cumulative and more persistent
orm.115,116,120

Similar limitations as described above for the NCI-CTCAE
cale also apply to the oxaliplatin specific scale and there are
dditional considerations: (1) the concept that grade 1 (re-
ression) or grade 2 (regression) (persistence) of dysesthesias
nd paresthesias is not linked to functional impairment or
nterference with activities of daily living, and may be incor-
ect from a patient perspective; (2) functional impairment is
ot clearly defined and could be interpreted as ranging from
ny impairment, such as difficulty fastening a small clip, to
nterference with activities of daily living. In the event that
he physician fails to elicit the presence, persistence, or pro-
ression, and the severity and symptoms regarding func-
ional impairment, this instrument may miss potentially im-
ortant CIPN due to oxaliplatin.

atient Based Methods
f Assessing Chemotherapy-Induced
eripheral Neuropathy
ased on these and other considerations, we developed a new
atient-based instrument for CIPN associated with cisplatin,
arboplatin, and taxane therapy, as well as a modified version
f this questionnaire to include the important clinical and
hysical attributes affected by the development of acute ox-
liplatin neuropathy for assessment and quantification of
IPN.
Recently it has been reported that the Functional Assess-
ent of Cancer Therapy/Gynecologic Oncology Group-Neu-

otoxicity (FACT/GOG-Ntx) and the FACT-Taxane patient-
ased instruments have been studied in patients with
IPN.176-178 These patient questionnaires are more discern-

ng but contain questions that are not specific for the assess-
ent of CIPN (eg, I have trouble hearing, I get ringing in my

ars). Most notably there is not a score level that demarcates
he presence or absence of severe symptoms involving im-
airment of prespecified activities of daily living that would
id the physician in medical decision making for dose mod-
fication, treatment delay, or discontinuation. These ques-
ionnaires are not designed to capture the clinical features
ssociated with the acute form of oxaliplatin CIPN.

able 7 Oxaliplatin-Specific Neurotoxicity Grading Scale Use

Grading Scale Grade 1

xaliplatin-specific
neurotoxicity
scale

Dysesthesias or paresthesias
that completely regressed
before the next cycle of
therapy

Dys
p
o

In an effort to address these unmet needs, we developed a
ew patient-based questionnaire called the Patient Neuro-
oxicity Questionnaire (PNQtaxane/cisplatin/carboplatin) for taxanes
nd cisplatin or carboplatin, and a modified version of this
nstrument for oxaliplatin (PNQoxaliplatin) (Figs 1 and 2). The
NQ instrument is a simple self-administered patient ques-
ionnaire that was designed and developed at BioNumerik
harmaceuticals, Inc (Frederick Hausheer and Elmer Berg-
orn), facilitated by extensive discussions with FDA staff and
ther physicians and nurses familiar with CIPN, for the spe-
ific purpose of determining the incidence of clinically sig-
ificant CIPN functional impairment in registration trials
onducted to evaluate the potential efficacy of chemoprotec-
ive agents. Specifically, the PNQ was developed for use as
he primary neuroprotection end point for pivotal studies
valuating the effectiveness of BNP7787, an investigational
europrotective agent for the prevention of CIPN caused by
axane and platinum therapy. We were also concerned with
vercoming the high degree of variability, under-assessment,
nd under-reporting of CIPN, discussed previously and with
he failure of other instruments to adequately assess the de-
ree of functional impairment of daily living activities in pa-
ients at risk for development of CIPN.

It is well recognized that patient-reported symptoms and
unctional impairment due to CIPN are predominantly sub-
ective and involve functional impairment of daily activities
ssociated with the use of the feet and/or hands.

Other available patient questionnaires (eg, FACT/GOG-
tx and FACT-Taxane) do not define the demarcation or

coring of medically important CIPN functional impair-
ent of activities of daily living that can be ascertained by

his instrument. These questionnaires report an overall
umerical score that is the sum of several subscores, which

nclude neurosensory, neuromotor, and autonomic symp-
oms. This summation of subscores leads to a total score
hat does not demarcate the absence or presence of clini-
ally important CIPN. In addition, no medical interpreta-
ion of functional impairment of activities of daily living is
rovided by this scoring system. A larger numerical score
rom this instrument suggests greater neurotoxicity or de-
reased quality of life, or both. The FACT/GOG-NTX is a
seful instrument that can be complimentary to other ap-
roaches. These considerations as well as others provided
he stimulus to develop a new patient-based instrument
or CIPN assessment that was aimed at determining and
apturing the presence or absence of functional impair-
ent secondary to CIPN in the form of defined activities of
aily living, and to create a simple questionnaire that had

linical Trials

Grade 2 Grade 3 Grade 4

sias or paresthesias
ng between courses
py

Dysesthesias or
paresthesias
causing
functional

Not applicable
d in C

esthe
ersisti
f thera
impairment
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F.H. Hausheer et al 37
ewer questions, thereby allowing greater compliance and
educed omissions in reporting and convenience for pa-
ients and providers.

The primary impetus for designing the PNQ was the
oted inability of the NCI-CTC and similar physician-
ased grading scales to reliably assess and quantify CIPN
nd in particular distinguish the presence or absence
f medically important symptoms. Further, when CIPN
ymptoms are present, it is important to be able to identify
hether or not the patient is experiencing interference
ith activities of daily living, which are specifically de-
ned in the instrument. The PNQ is comprised of specific

 Patient Neurotoxic

Taxanes, Cispla
Item 1. 

 A B

I have no 
numbness, pain or 

tingling in my 
hands or feet. 

 I have mild 
tingling, pain or 
numbness in my 

hands or feet.  
This does not 

interfere with my 
activities of daily 

living.

I have
tinglin
numbn

hands o
does not i
my activ

li

Item 2. 

A B

I have no 
weakness in my 

arms or legs 

 I have a mild 
weakness in my 

arms or legs.  This 
does not interfere 
with my activities 

of daily living. 

 I have
weakn

arms or
does no
of my a

daily

* Please indicate by placing an X in the box or writing in th
with as a result of therapy. 

My ability to: 

Button clothes  Open doors 

 Use a knife  Put in or remove contact lenses

 Use a fork  Dial or use telephone

 Use a spoon  Operate a remote control

 Other eating utensils, etc 

Figure 1 Patient Neurotoxicity Questio
uestions designed to obtain specific information directly (
rom the patient regarding the incidence and severity of
IPN, using a clearly defined breakpoint between no in-

erference versus interference with defined activities of
aily living. This demarcation is specifically between PNQ
rades C and D, which corresponds to the absence (grade
or less) or presence (grade D and higher) of neurosen-

ory and neuromotor symptoms that either do or do not
nterfere with activities of daily living. Another purpose in
eveloping the PNQ was based on many published reports
hat document the fact subjective symptoms of numbness,
ain, paresthesias, and weakness are commonly under-
eported by physicians and further that a high percentage

uestionnaire (PNQ) 

nd Carboplatin 

D* E*

rate 
 or 

 my 
This 
e with 
 daily 

I have moderate 
to severe tingling, 
pain or numbness 

in my hands or 
feet.  This 

interferes with 
my activities of 

daily living. 

I have severe 
tingling, pain or 
numbness in my 
hands or feet.  It 

completely prevents 
me from doing most 

activities of daily 
living.

D* E*

ate 
my 
This 
fere 
s of 
. 

 I have moderate 
to severe 

weakness in my 
arms or legs.

This interferes 
with my activities 

of daily living. 

 I have severe 
weakness in my 
arms or legs.  It 

completely prevents 
me from doing most 

activities of daily 
living.

e provided which activity or activities have been interfered

sten buckles  Write  Sew

ep  Walk  Work

imb stairs  Put on jewelry  Tie shoes

pe on a keyboard  Knit  Drive

rform activities of importance to me, specify: 

____________________________________

©
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25% to 50%) of physicians report lower degrees of sever-
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38 Chemotherapy-induced peripheral neuropathy
ty of these patient symptoms relative to obtaining this
nformation directly from the patients themselves through
patient questionnaire.87-92,179,180

 Patient Neurotoxicit

Oxa
Item 1. 

 A B C

I have no numbness, 
pain, burning, 

tingling or change in 
my sense of touch in 
my hands/fingers, or 
feet/toes or mouth 

area

 I have mild 
numbness, burning, 

pain, tingling or 
change in my sense 

of touch in my 
hands/fingers, or 

feet/toes or mouth 
area. This does not 
interfere with my 
activities of daily 

living.

 I have m
burning, n

pain, tin
change in m

touch 
hands/fin

feet/toes 
area. This
interfere 
activities

livi

Item 2. 

A B C

I have no difficulty 
in swallowing, 

breathing, drinking 
or chewing food, or 

muscle spasms in my 
mouth/jaws,

hands/fingers or 
feet/toes. 

 I have a mild 
difficulty in 
swallowing,

breathing, drinking 
or chewing food, or 

muscle spasms in my 
mouth/jaws,

hands/fingers or 
feet/toes.  This does 
not interfere with my 

activities of daily 
living.

 I have m
difficu
swallo

breathing, d
chewing

muscle spa
mouth

hands/fi
feet/toes.  
not interfe
activities

livi

* Please indicate by placing an X in the box or writing in the
with as a result of therapy. 

My ability to: 

 Button clothes  Zippers  

 Use a knife  Put in or remove contact lenses  

 Use a fork  Dial or use telephone  

 Use a spoon  Operate a remote control  

 Swallowing  Use other eating utensils  

 Open doors  Other eating utensils, etc  

     _

Figure 2 Patient Neurotox
The PNQ has been recently validated in a 300-patient t
tudy conducted in Japan involving patients receiving ad-
uvant paclitaxel or docetaxel, with or without doxorubi-
in or cyclophosphamide therapy.93 This large prospec-

estionnaire (PNQ) 

tin 

D* E*

e 
ss, 
r 
e of

r 
th 
ot 
y 

ly 

 I have moderate to 
severe burning, 
numbness, pain, 

tingling or change in 
my sense of touch in 
my hands/fingers, or 
feet/toes or mouth 

area.  This interferes 
with my activities of 

daily living. 

 I have severe 
numbness, pain, 

tingling or change in 
my sense of touch in 
my hands/fingers, or 

feet/toes or mouth area. 
It completely prevents 
me from doing most 

activities of daily 
living.

D* E*

e 

g or 
r 

 my 

r 
oes 

y 
ly 

 I have moderate to 
severe difficulty in 

swallowing,
breathing drinking 
or chewing food, or 
muscle spasms in 
my mouth/jaws, 
hands/fingers or 
feet/toes.  This 

interferes with my 
activities of daily 

living.

 I have severe difficulty 
in swallowing, 

breathing, drinking or 
chewing food, or 

muscle spasms in my 
mouth/jaws,

hands/fingers or 
feet/toes.  It 

completely prevents 
me from doing most 

activities of daily 
living.

provided which activity or activities have been interfered

 buckles  Write  Sew

 Walk  Work

stairs  Put on jewelry  Tie shoes

n a keyboard  Knit  Drive

/chewing  Drinking liquids  Shortness of breath

or perform activities of importance to me, specify: 

_________________________________

©

uestionnaire: oxaliplatin.
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oderat
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/jaws,
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ng.
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Fasten

Sleep

Climb 

Type o

Eating

Work 

_____
ive, controlled study in a defined patient population
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eceiving neurotoxic and non-neurotoxic treatment dem-
nstrated that the PNQ is a reliable, sensitive, and respon-
ive instrument in the diagnosis and grading of CIPN with
reater sensitivity than the FACT/GOG-Ntx and NCI-
TC. The level of reporting compliance by patients and
hysicians was very high (�95%) in this study. A substan-
ially lower incidence of more severe forms of CIPN was
eported by physicians based on the NCI-CTC and the
dministration of the patient questionnaire to the physi-
ian independently of the patient. This finding strongly
upports the fact that CIPN appears to be substantially
nder-reported by physicians. The results of this PNQ
alidation study and the comparative performance of the
NQ, in quantifying the incidence and severity of do-
etaxel and paclitaxel CIPN in patients, and other impor-
ant findings will be reported in detail elsewhere.

The FDA has accepted and supported the use of the
NQ as the primary end point to assess the incidence and
everity of CIPN in phase II and phase III trials in the
nited States, and this instrument is currently in use by

ome of the US cooperative groups. The PNQ has also
een used in a total of four ongoing or completed registra-
ion trials of an investigational neuroprotective agent as a
rimary end point assessment. European and Japanese
ealth regulatory agencies have also accepted the PNQ,
nd it is being used as the primary neuroprotection end
oint assessment in phase III clinical trials in other coun-
ries. The results achieved thus far indicate this instru-
ent will reliably capture patient’s symptoms and the

everity of functional impairment in a format that is ap-
ropriate for a neuroprotection end point. In addition,
his instrument, a convenient and time-saving question-
aire, may assist the treating physician in the management
f patients with CIPN. When used as a primary end point
n clinical trials, the PNQ sensory score (item 1) is given
he greatest weight in the analysis, because neurosensory
ymptoms are the diagnostic hallmark for CIPN and the
rimary symptoms linked to functional impairment in pa-
ients with CIPN.

revention and Treatment
f Chemotherapy-Induced
eripheral Neurotoxicity

he development of CIPN may interfere with activities of
aily living, causing patients to have difficulty dressing, eat-

ng, and walking and leading to a decrease in physical inde-
endence. The costs associated with the development of
IPN have been studied on a limited basis. It has been re-
orted that an event of CIPN results in lost work and costs for
ome care that amount to approximately $4,908 per
vent.181,182 Accordingly, the prevention of these common
nd serious complications of chemotherapy will also have
ubstantial economic impact.

Several agents have been evaluated for potential use as
hemoprotective agents, but none have proven effective for

he prevention of CIPN.183 There are several medically im- O
ortant properties of an ideal neuroprotective agent that
hould be considered during the evaluation of potential neu-
oprotective or less neurotoxic drug candidates including: (1)
he ability to prevent or mitigate CIPN associated with che-
otherapy; (2) absence of interference with the antitumor

ctivity of cytotoxic agents (prevention of neuropathy while
lso decreasing chemotherapy efficacy is not clinically ac-
eptable); and (3) a lack of significant additional toxicity
ssociated with administration of the neuroprotective agent,
hereby avoiding the substitution of CIPN prevention by an-
ther adverse effect.184

erve Growth
actor and Analogs
ne of the agents undergoing investigation for possible an-

ineuropathy activity is nerve growth factor (NGF). It has
een postulated that NGF can effectively prevent cisplatin-

nduced neuropathy. Hol and Bär19 found that NGF is effec-
ive in protecting a DRG model from cisplatin-induced tox-
city. Others have reported that NGF reverses the down
egulation of several putative neurotransmitters in sensory
eurons, including substance P and calcitonin gene-related
eptide (CGRP), and that NGF can prevent the up regulation
f vasoactive intestinal polypeptide (VIP), galanin, and neu-
opeptide Y (NPY). Gill found that NGF prevents cisplatin-
nduced apoptosis in PC12 cells and DRG neurons, but not
olon cancer cells. When PC12 cells are exposed to NGF, it
alts cell division and causes differentiation into a neuron-

ike cell. PC12 expresses high (gp140TrkA) and low (p75)
ffinity NGF receptors, but it does not express other neuro-
rophic receptors. Gill’s findings suggest that NGF may pre-
ent cisplatin-induced CIPN through the gp140TrkA receptor
nd initiation of downstream signal cascade elements in-
olved in cell survival or differentiation. In cancer cells with-
ut a high affinity for NGF receptors, chemotherapy-induced
poptosis was not prevented. In contrast to earlier reports,
indebank reported that excess NGF had no effect on cis-

latin inhibition of neurite outgrowth in embryonic DRG
ultures.185-187

A randomized prospective study was conducted to evalu-
te the potential safety and efficacy of subcutaneously admin-
stered rhNGF in 1,019 patients with diabetic neuropathy.188

atients were randomized to receive either recombinant hu-
an (rh)NGF or placebo three times weekly for 12 months.
hanges from baseline neuropathy score were assessed and
ompared between the two treatment groups via quantitative
ensory tests, NCV studies, and the Neuropathy Impairment
core (NIS) and Neuropathy Symptoms and Change (NSC),
s well as a monofilament test. The study demonstrated no
ignificant benefit of rhNGF compared to placebo in terms of
he primary and secondary efficacy end points.

The ACTH analog, Org 2766,189-192 which is in the same
amily as NGF, is one of the neurotrophic factors studied for
revention of CIPN. NGF and Org 2766 are substances that
romote survival of neurons exposed to toxic chemotherapy.

rg 2766 has been observed to be effective against cisplatin-
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40 Chemotherapy-induced peripheral neuropathy
nduced neuropathy in animal experiments and in cases of
mpaired sensory nerve conduction velocity. van der Hoop’s
tudy reported that Org 2766 prevents cisplatin-induced
europathy. However, Roberts et al reported that van der
oop’s study had important limitations, noting that the lat-

er’s study treatment was not continued long enough to de-
ect CIPN development. Roberts conducted long-term fol-
ow-up on 18 of the 55 women reported in the van der Hoop
t al study. Hovestadt found cisplatin-induced CIPN actually
o worsen for up to 4 months after treatment had been dis-
ontinued. Roberts’ study confirmed this post-treatment
nding; this study demonstrated a lack of benefit from Org
766. The latter study found that cisplatin-related CIPN con-
inued to worsen for a minimum of 3 months after the drug
herapy was completed.22,37,173,184,187,188,193

mifostine
mifostine was approved by the FDA in 1996 for use in
educing the cumulative renal toxicity associated with re-
eated administration of cisplatin-based therapies in patients
ith advanced ovarian or NSCLC. Amifostine has also been

valuated for potential use in the prevention of other impor-
ant chemotherapy-induced toxicities including cisplatin-
nd paclitaxel-induced peripheral neuropathy. Inconsistent
ndings regarding the potential efficacy of amifostine for pre-
ention of CIPN have been reported in studies to date. Vari-
bility in the interpretation of clinical results with amifostine
ed to the development of a clinical practice guideline issued
y the American Society of Clinical Oncology describing the
ecommended uses for this agent in patients not participating
n clinical trials.194 In general, the studies have demonstrated
o benefit of amifostine in the prevention of CIPN. Promising
esults were reported from early phase I and II studies, but no
ulticenter, randomized, placebo-controlled phase III stud-

es have been conducted to confirm these results.
Gelmon et al conducted a multicenter, randomized, open

abel study in 40 patients with metastatic breast cancer to
valuate the potential efficacy of amifostine in preventing or
educing peripheral neuropathy induced by high-dose pacli-
axel (250 mg/m2) given every 3 weeks.195 All patients were
dministered questionnaires and were evaluated using a stan-
ard neurologic evaluation as well as objective assessments
power and vibration sense) to assess changes from baseline
n symptoms of CIPN. Generally, no differences in reported
oxicity were observed between the two treatment arms, ex-
ept nausea was reported more often in the amifostine arm (P

.031). Neuropathy was reported in 100% of patients in
oth treatment arms. There were no differences observed in
ny of the neuropathy assessments in patients treated with
mifostine, demonstrating that in this study, amifostine pro-
ided no benefit in preventing or reducing paclitaxel-in-
uced peripheral neurotoxicity.
A phase II study in patients with various gynecologic can-

ers was conducted to evaluate the potential efficacy of ami-
ostine in preventing or mitigating clinically important neu-
otoxicity associated with the administration of paclitaxel

175 mg/m2) and cisplatin (75 mg/m2) given every 3 weeks. G
atients had a baseline neurologic evaluation as well as sub-
equent evaluations consisting of the NCI-CTC, FACT/GOG-
tx neurotoxicity questionnaire, and VPT testing to assess

ymptoms and limitations associated with the development
f peripheral neuropathy. A total of 27 patients were assess-
ble for response and toxicity. The study was closed early
ecause the prospectively defined threshold for neuropathy
vents was exceeded when 4 patients developed NCI-CTC
rade 2 to 4 CIPN. The level of observed efficacy of amifos-
ine in this trial was insufficient to warrant a Phase III study.
t was also observed that VPT measurements were less sensi-
ive for detecting the development of CIPN relative to the
atient questionnaire.196

Patients with advanced breast cancer receiving high-dose
aclitaxel (725 mg/m2 over 24 hours) in combination with
oxorubicin (165 mg/m2 over 96 hours) and cyclophospha-
ide (100 mg/kg over 2 hours) were studied on two autolo-

ous peripheral blood stem cell transplant protocols, one
ith and the other without amifostine (740 mg/m2) admin-

stered over 10 minutes before and 12 hours after initiation of
he paclitaxel infusion. Patients were evaluated pretreatment
nd 20 to 40 days later with neurologic evaluations, a com-
osite peripheral neuropathy score, peroneal and sural nerve
onduction studies, and QST. All patients developed neuro-
ensory impairment, and there was no significant benefit of
mifostine in preventing or mitigating CIPN induced by
igh-dose paclitaxel in this study.15

A single-center, randomized placebo-controlled study was
onducted by Leong et al to evaluate the use of amifostine in
he reduction of CIPN. A total of 60 patients with advanced
SCLC were randomized to receive either amifostine or pla-

ebo in addition to paclitaxel 175 mg/m2 and carboplatin
UC �6, followed by thoracic radiotherapy with concurrent
eekly paclitaxel 60 mg/m2. Patients were evaluated clini-

ally by a physician and by objective assessment, including
CV measurement pre- and post-treatment. This study also

ound no significant reduction in paclitaxel- or carboplatin-
nduced CIPN by the administration of amifostine.197

Another study was conducted in 44 patients with meta-
tatic breast cancer treated with cisplatin (120 mg/m2 over 30
inutes) preceded by the administration of amifostine (910
g/m2 over 15 minutes); all patients received saline hydra-

ion and mannitol diuresis. Patients were treated every 3
eeks with this regimen. Neurologic toxicity was observed in
2% of patients, and there was also no evidence of amifostine
europrotective efficacy in this study.198 Makino et al also
onducted a taxane-related study and found that amifostine
id not have any impact in preventing or mitigating do-
etaxel-induced CIPN.199

lutathione
he administration of reduced glutathione (GSH) in sulfhy-
ryl or ester forms has been reported to be beneficial in the
revention of platinum-induced CIPN in experimental mod-
ls and limited clinical trials.200-218 Although there are reports
f randomized double-blind, placebo-controlled trials of

SH for the prevention of cisplatin- and oxaliplatin-induced
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F.H. Hausheer et al 41
IPN, these studies were underpowered for the reliable as-
essment of safety and efficacy end points.201

A single randomized, double-blind, placebo-controlled
rial investigated the neuroprotective effects of intravenously
dministered GSH for the prevention of oxaliplatin-induced
IPN. After the eighth cycle of a regimen containing oxali-
latin at 100 mg/m2/cycle, nine of 21 assessable patients in
he GSH treatment group developed CIPN versus 15 of 19 in
he placebo arm, suggesting neuroprotective efficacy of GSH.
ne of the limitations of this study was the use of the NCI-
TC to assess CIPN, which (as discussed previously) may
ave large inter-examiner variability in the assessment of
IPN. The objective tumor response rates and progression-

ree survival rates were similar in the two treatment groups.
owever, the study included only a small sample size (n �
2) and therefore was substantially underpowered for this
nd point, as well as for the assessment of potential tumor
rotection by GSH. GSH is not an approved medicament in
he US or in most European countries, which limits its utili-
ation in current practice.

lutamine and Glutamate
he administration of glutamine to prevent CIPN has been
eported in nonclinical studies and in a study of patients
reated with high-dose paclitaxel.219,220 In a nonrandomized,
pen-label study, Vahdat et al reported the results of gluta-
ate administration 10 g orally three times daily for 4 days,
hich was initiated 24 hours after administration of pacli-

axel 825 mg/m2 over 24 hours.219,220 The first cohort of
atients (n � 33) did not receive glutamate, while the second
ohort (n � 12) received glutamate. The investigators re-
orted significant reductions in the patient reported symp-
oms of CIPN, but there was no significant difference in the
eduction in numbness and paresthesias of the fingers and
oes, nor in the neurophysiologic evaluations of these pa-
ients. This study has important limitations for interpretation
ue to the nonrandomized, unblinded design, the absence of
lacebo control, and the small sample size, which is substan-
ially underpowered for the assessment of CIPN. The safety
nd efficacy of glutamate administration for the prevention
nd mitigation of CIPN needs to be tested using a double-
lind, placebo-controlled method and should be adequately
owered to assess neuroprotection, through the use of a pa-
ient-based instrument, and tumor protection.221

The administration of glutamate, which is considered to be
n excitotoxic neurotransmitter in the CNS, has been studied
or the prevention of paclitaxel-, cisplatin-, and vincristine-
nduced CIPN.219,220 Early investigation of glutamate in rat

odels demonstrated evidence of neuroprotective efficacy
ithout tumor protection.222,223 The mechanisms of action of
lutamate for neuroprotection are not known.

abapentin
abapentin has been evaluated in phase III trials for use in

he management of pain and other symptoms associated with
IPN. A randomized, double-blind, placebo-controlled

hase III trial of gabapentin was conducted in 115 patients e
ith CIPN to evaluate its use for improvement in pain inten-
ity and sensory neuropathy.224 A total of 57 patients were
andomized to receive gabapentin for 6 weeks followed by a
ross-over to placebo for 6 weeks. The co-primary end points
sed for the study were the average daily pain intensity score
0 to 10 where 0 � no pain and 10 � worst pain) and ECOG
rading scale for sensory neuropathy (grade 0 to grade 3).
he results of this study demonstrated that gabapentin did
ot significantly improve either pain intensity or sensory
europathy.
A nonrandomized phase II study was conducted by Mitch-

ll et al to evaluate the use of gabapentin as a neuroprotectant
gainst oxaliplatin-induced peripheral neurotoxicity in pa-
ients with advanced colorectal cancer.225 A total of 81 pa-
ients were enrolled (40 patients on FOLFOX alone and 41
atients on FOLFOX in combination with gabapentin). Ob-

ective tumor responses were observed in 48% of patients. No
tatistically significant differences were noted between treat-
ent arms in the incidence and severity of neurotoxicity

FOLFOX: grade 2 or 3, 51%; FOLFOX � gabapentin: grade
or 3, 56%). Based on these findings, it appears that gaba-

entin does not improve or reduce the incidence or severity
f oxaliplatin-induced peripheral neuropathy.

xaliplatin/Carbamazepine
atients with acute sensory symptoms from oxaliplatin dis-
lay little or no axonal degeneration, suggesting a specific
ffect of this agent on sensory neurons and motor neurons
hat is not observed with other agents. The acute form of
xaliplatin-induced CIPN has features that are reported to be
imilar to a “channelopathy,” whereby there is dysfunction of
he ion channels in the neurosensory or neuromuscular cell
embranes. Recent data indicate that oxaliplatin may act on

he voltage-gated sodium channel to increase the excitability
f sensory neurons, an action that is blocked by carbamaz-
pine.226 This hypothesis appears to be either incomplete or
nconsistent due to the apparent lack of clinical efficacy of
arbamazepine administration to prevent or treat acute ox-
liplatin-induced CIPN and suggests other mechanism(s)
ay be involved.
Incubation of rat DRG neurons with oxaliplatin increased

he amplitude and duration of compound action potentials
nd lengthened the refractory period of peripheral nerves,
uggesting an interaction with voltage-gated sodium chan-
els. Carbamazepine was observed to antagonize the effect of
xaliplatin, and these investigators suggested that carbamaz-
pine might be used to reduce the neurotoxic side effects of
xaliplatin based on this observation.
Conflicting results have been reported with the use of car-

amazepine for the management of oxaliplatin neuropathy.
n a study conducted by Wilson et al, patients received 130
g/m2 oxaliplatin given over 2 hours in combination with

apecitabine oral therapy.227 Patients were evaluated for neu-
otoxicity symptoms using a neurologic examination that in-
luded EMG and nerve conduction studies. Carbamazepine
as administered to 12 patients. Based on the clinical and
lectromyographic findings, no apparent benefit was notable
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42 Chemotherapy-induced peripheral neuropathy
n terms of prevention or mitigation of oxaliplatin-induced
eurotoxicity. Another study conducted by Lersch et al dem-
nstrated promising results of carbamazepine in patients
ith colorectal cancer who received oxaliplatin 85 mg/m2 in

ombination with fluorouracil/leucovorin weekly for 6
eeks.228 No patient experienced moderate to severe neurop-

thy after cumulative doses were achieved that are known to
ause grade 2 to 4 neuropathy. Randomized controlled stud-
es with adequate statistical power are needed to fully evalu-
te the safety and efficacy of carbamazepine for the preven-
ion of oxaliplatin CIPN.

alcium/Magnesium
Ca/Mg) Infusions for
cute Oxaliplatin Neuropathy

a/Mg infusions have been studied for the management of
he acute form of oxaliplatin-induced peripheral neuropathy.
n open label, non-randomized study of 101 patients with
dvanced colorectal cancer tested the efficacy of Ca/Mg infu-
ions involving three different oxaliplatin-based protocols.120

total of 63 patients in this study received calcium gluconate
g and magnesium sulfate 1 g infusions before and after

xaliplatin administration, and the remaining 38 patients did
ot receive these infusions. The results indicated that the
a/Mg-treated patients achieved a higher cumulative oxali-
latin dose (910 mg/m2 v 650 mg/m2), experienced fewer
reatment discontinuations for neurotoxicity (5% v 56%),
ad a lower incidence of oxaliplatin-induced CIPN of any
rade (27% v 75%), a lower incidence of laryngopharyngeal
ysesthesia (1.6% v 26%), less grade 3 neurotoxicity (5% v
6%), and a greater likelihood of treatment durations greater
han 9 months (15% v 9%) compared to the untreated patient
opulation. The overall antitumor efficacy of the regimens
id not appear to be adversely affected, and patients were
ble to stay on therapy for a longer period of time, thus
otentially deriving prolonged benefit from oxaliplatin-
ased therapy. Larger randomized, controlled clinical trials
f Ca/Mg infusions for the prevention and mitigation of ox-
liplatin-CIPN, particularly the acute form, are currently in
rogress.

avocept
disodium 2,2=-dithiobisethane
ulfonate, BNP7787, dimesna)

NP7787 is an investigational new drug that was designed to
revent and mitigate common and clinically important toxicities
ssociated with taxane- and platinum-type chemotherapeutic
gents including CIPN. The mechanism(s) of action, safety, ef-
ectiveness, and potential for tumor protection of this agent have
een evaluated extensively using in vitro and in vivo models.
he investigational agent appears to be chemically and mecha-
istically distinct from other sulfur-containing drugs that have
een studied for the purpose of preventing or reducing toxicities

ssociated with platinum type chemotherapy.229 e
Results from preclinical studies conducted in rat models
how that under the applied experimental conditions, this agent
xerts a protective effect against the neurotoxicity induced by
ultiple administrations of cisplatin or paclitaxel.230,231 Studies

onducted in human tumor xenografts demonstrated that the
gent does not interfere with the efficacy of chemotherapy.232

Three phase I studies were conducted with BNP7787 to iden-
ify the most appropriate dose for future studies as well as to
haracterize the safety and potential efficacy of the investiga-
ional agent for use in the prevention or mitigation of
IPN.233-235 The treatment regimen employed in these phase I

tudies included paclitaxel and/or cisplatin (paclitaxel 175
g/m2 � cisplatin 75 mg/m2 every 3 weeks). Results from these

linical studies demonstrated that the number of patients expe-
iencing neurotoxicity appeared less than expected based on
ndings from other studies reported in the literature using sim-

lar treatment regimens. No treatment-related grade 3 or 4 CIPN
as reported in any patient enrolled on the phase I studies with
NP7787, including patients treated with as many as nine cycles
f chemotherapy. Major objective tumor responses were ob-
erved, but these were all uncontrolled study designs. These
nitial results appear promising, but confirmation from ade-
uately powered multicenter, randomized placebo-controlled
rials are required to support the fact that the agent is safe and
fficacious for the prevention of CIPN. This investigational agent
s currently undergoing clinical development worldwide for the
revention and mitigation of clinically important CIPN associ-
ted with taxane and platinum agents in several randomized,
ulticenter, double-blind, placebo-controlled phase III trials in
atients with metastatic breast cancer and advanced NSCLC.

esign and Endpoint
onsiderations for Clinical
rials to Establish Safety and
fficacy of Neuroprotective
gents: Neuroprotection
r Reduced Neurotoxicity

here are several important considerations for the design and
onduct of prospective clinical trials to evaluate the safety
nd efficacy of neuroprotective agents as well as for chemo-
herapeutic agents in the same class (eg, a new formulation of
he same active ingredient) that are purported to have a lower
ncidence or prevalence of clinically important CIPN.

A fundamentally important trial design objective is to
emonstrate convincing evidence of neuroprotective efficacy
r attenuated neurotoxicity of a treatment regimen. This de-
ign objective requires well-defined control and treatment
roups that are representative of the standard of care for
reatment. The primary endpoint for the assessment of neu-
oprotective efficacy must be medically justified and clearly
efined. We have previously discussed the important limita-
ions in employing physician-based and objective QST/EPM
ssessments that appear to be less reliable in contrast to pa-
ient-based assessments in assessing primary neuroprotective

fficacy. The end point demonstration of neuroprotective ef-
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cacy must involve the analysis of prevention or mitigation of
edically important CIPN as demonstrated by a significant

eduction in the proportion of patients in the treatment
roup who experience CIPN that interferes with defined ac-
ivities of daily living as compared to the control population.

multicenter, randomized, double-blind, placebo-con-
rolled trial with two prospectively defined primary end
oints (neuroprotection and tumor protection assessment) is
he most straightforward approach that can provide the req-
isite level of evidence of safety and efficacy of the interven-
ion or neurotoxicity attenuation.

The primary neuroprotection or neurotoxicity reduction
ndpoint should rely on a patient-based assessment since
IPN is subjective and requires direct assessment of interfer-
nce with defined activities of daily living. As we have de-
cribed herein, it is well documented that physician-based
nstruments and objective assessments such as QST and
PM, consistently under-assess the incidence and severity of
edically important CIPN. The primary neuroprotective end
oint should compare the overall incidence of medically im-
ortant CIPN in the treatment group and control group, un-

ess there is reason to believe that the efficacy of the neuro-
rotective agent is subject to tachyphylaxis or will delay, not
revent, the onset of medically important CIPN. If a neuro-
rotective agent or neurotoxic therapy is believed to act by
elaying the onset of CIPN, rather than preventing its devel-
pment, the primary neuroprotection efficacy end point
hould involve a defined time to onset of a prespecified med-
cally important level of CIPN that is assessed by a patient-
ased instrument. The statistical methodology for the analy-
is of the neuroprotection end point should employ a
uperiority design and analysis based on a two-sided test and
ignificance level of .05, and the sample size of the popula-
ion should have adequate statistical power to detect clini-
ally important differences in the incidence of CIPN. Second-
ry end points to assess potential neuroprotection may
nclude supportive measurements such as physician-based
nstruments, quality of life questionnaires, and time to onset
f neuropathy, duration of neuropathy, and the assessment
f the incidence of treatment delays or discontinuations due
o CIPN as an efficacy end point.

The primary tumor protection endpoint should rely on the
se of objective tumor response rate using standardized
ethods (eg, Response Evaluation Criteria in Solid Tumors

RECIST] criteria), because this measurement is a direct pa-
ient outcome that is solely due to the effect of chemotherapy
eg, objective tumor responses do not occur in the absence of
hemotherapy). Therefore, potential interference with this
bjective outcome can be readily quantified at an earlier stage
elative to other possible tumor protection end points. In
ome patient populations objective tumor response rates are
ot as reliable, and in these patient groups the use of progres-
ion-free survival or time-to-progression should be used as a
rimary tumor protection end point, relying on standardized
ethods and time points for disease assessment. Objective

umor response rate is the most specific indicator of tumor
rotection compared with time-to-event measurements such

s time-to-progression or survival, and as an ethical and
afety consideration, this end point would also provide ear-
ier evidence of the presence or absence of tumor protection
n the course of treatment in a clinical trial involving a che-

oprotective agent. The statistical methodology for assess-
ent of the tumor protection end point should be comprised

f a non-inferiority design and analysis with a two-sided sig-
ificance level of .05 and have adequate statistical power to
etect prespecified and clinically important reductions in an-
itumor activity. It is important to recognize that non-inferi-
rity designs require pre-specification of the non-inferiority
argin and that to meet the criteria of non-inferiority where

he lower bound of the 95% confidence interval for response
r time-to-event in the active treatment group must lie
holly to the right of the margin. The defined margin is
etermined by the observed objective tumor response or
ime-to-event in the control population. Non-inferiority de-
igns are sometimes misunderstood to mean that it is accept-
ble for the average value of the treatment group to lie any-
here to the right of the margin, neglecting the value of the
5% confidence interval. For registration trials, the non-in-
eriority tumor protection assessment margin to be used in a
rial should be discussed and settled with regulatory agencies
rior to the initiation of the clinical trial, because the sample
ize increases or decreases as a function of this parameter.

losing Remarks
hemotherapy-induced peripheral neuropathy is a common
nd serious problem that can present diagnostic and thera-
eutic challenges and, most important, can materially inter-
ere with the patient’s quality of life and the administration of
heir cancer treatment. Although there is no currently ap-
roved safe and effective treatment for CIPN, current and
uture efforts to develop and implement improved diagnostic
nd therapeutic measures hold the promise of benefit for the
any patients who experience this important clinical prob-

em.20,25,27,36,114,119,124-130,132
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