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Chemotherapy-induced peripheral neu-
ropathy (CIPN) is a toxic neuropathy,
a syndrome consisting of highly dis-
tressing symptoms of various degrees of
severity. It includes numbness of distal
extremities, long-term touch, heat, and
cold dysaesthesia and, in more severe
cases, motor impairment affecting dai-
ly functioning. Each form of the syn-
drome may be accompanied by symp-
toms of neuropathic stinging, burning,
and tingling pain. In the case of most
chemotherapeutic agents, the incidence
and severity of CIPN are dependent on
the cumulative dose of the drug. The syn-
drome described is caused by damage
to the axons and/or cells of the periph-
eral nervous system.
Chemotherapeutic agents have distinct
mechanisms of action in both neoplas-
tic tissue and the peripheral nervous sys-
tem; therefore, CIPN should not be re-
garded as a homogeneous disease
entity. The present article is an attempt
to systematize the knowledge about the
toxic effects of chemotherapy on the pe-
ripheral nervous system.
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Treatment of patients with neoplastic disease is frequently associated with
chemotherapy-induced peripheral neuropathy (CIPN), which is a syndrome
consisting of highly distressing symptoms of varied degrees of severity. Most
commonly, it begins with numbness of distal extremities, and may progress
to long-term touch, heat, and cold dysaesthesias and severe motor impair-
ment affecting daily functioning. The disorders described are commonly
accompanied by stinging, burning, tingling or electric shock-like neuropathic
pain.

Effective anti-tumour therapy improves patients’ survival, thereby increasing
the number of patients struggling with problems resulting from the prior treat-
ment. Therefore, the problem of painful peripheral neuropathy may be assumed
to persist. It should be borne in mind that other forms of anti-tumour ther-
apy may also cause nervous system damage [1].

Currently, no methods are available that are proven and based on evidence-
based medicine for management of these symptoms; it is however optimistic
that the number of publications on their pathomechanism, prevention, and
treatment is constantly increasing. In the case of most chemotherapeutic agents,
CIPN severity depends on the cumulative dose of the drug administered; there-
fore limiting treatment is the most common method for protecting patients
against such symptoms [2-4]. The relevance of such a therapy scheme has
been confirmed by model studies [5]. This certainly cannot be the most op-
timal treatment method, since it involves choosing between its efficacy and
toxicity; still, it seems to be the safest option given the current state of knowl-
edge [6].

Chemotherapeutic drugs are particularly active in organs whose cells un-
dergo frequent divisions; therefore, the side effects of cytostatics are main-
ly manifested in the gastrointestinal tract, skin, and hematopoietic system.

New chemotherapeutic agents display higher selectivity; hence, as might
at least be assumed, they should be less toxic to healthy tissues. Unfortunately,
the endings of nerve fibres and supporting cells of the peripheral nervous sys-
tem are paradoxically very sensitive to this type of medication. Agents act-
ing through disruption of the spindle microtubules impair the microtubule-
dependent axonal transport as well. Toxic effects of chemotherapeutic
agents on the peripheral nervous system may thus be manifested [7].

The effect exerted by a combination of various chemotherapeutic agents
on the incidence and course of CIPN is not known. In most cases, they are ad-
ministered in multi-drug schemes, while monotherapy is relatively rarely em-
ployed. It is probable that their additive or synergistic activity against neoplastic
cells may affect the cells of the peripheral nervous system as well [8, 9]. To
date, no prospective studies addressing the problem have been conducted.
Similarly, there are no clear algorithms for the diagnosis, prophylaxis, and treat-
ment of the syndrome [10, 11].

When CIPN is diagnosed in a patient who was pre-treated with other drugs,
itis very difficult to identify the direct cause of the syndrome. Patients are of-
ten subjected to different modes of therapy that may delay the symptoms.
For instance, dysaesthesia occurs relatively late (even a few months after cis-
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platin therapy); therefore, it is often ascribed to drug toxi-
city or regarded as aggravation of symptoms [12], while ac-
tually it may be an effect of a previously discontinued treat-
ment.

Examination of nerve conduction and electromyography
do not provide precise information about disease occurrence
and severity. This is related to the fact that these examina-
tions are focused on the pathology of larger nerve fibres or
the neuromuscular junction, while the syndrome described
is caused by changes within the thin peripheral bands. There-
fore, the accuracy of these studies is insufficient to evalu-
ate chemotherapy-induced changes. Great expectations are
attached to examination of evoked potentials, yet even so
accurate a diagnosis should be supplemented by peripher-
al nerve biopsy [13].

Any form of damage to the peripheral nervous system,
even if it was diagnosed many years before, is a predisposing
factor. Signs of monoclonal gammopathy may often be the
first symptoms of neuropathy in the course of other disease
entities, e.g. multiple myeloma [14]. The primary cause of the
disease does not seem important, as such regularity has been
found in both hereditary and inflammatory neuropathy [15-
18]. Similarly unimportant is the length of the symptom-free
period before chemotherapy [7]. The mechanism described
has not been found in patients previously suffering from di-
abetic polyneuropathy [19] and the available literature does
not provide a clear explanation of the absence of increased
CIPN incidence in such cases.

Neurotoxicity of particular drug groups

The information about the mechanisms of action of
the drugs presents the aspect of induction of damage to the
peripheral nervous system, rather than their anti-cancer
activity.

Platinum derivatives

The concentration of platinum derivatives in peripheral
nerves is comparable to their concentration in the tumour,
but significantly lower than that in the brain [20-22]. This is
associated with their easy permeation through the capillary
network and impeded delivery to the central nervous sys-
tem [23-25]. Model experiments have revealed a strong affin-
ity of both cisplatin and oxaliplatin to the deoxyribonucleic
acid (DNA) of spinal ganglion cells [26, 27]. Strong binding
of the drug to the DNA structures is an important mecha-
nism of anticancer action, although it is the cause of apop-
tosis of the nervous system cells [28]. In turn, binding of plat-
inum derivatives to mitochondrial DNA is regarded as
a probable cause of neuronal death [29]. According to
some authors, this mechanism is frequently recognized in
patients with Lhermitte’s sign [7, 30].

In this group of drugs, cisplatin has been used the
longest; the frequency of its adverse effects is clearly de-
pendent on the cumulative dose [31-33]. Damage to the pe-
ripheral nervous system is usually diagnosed at the cumu-
lative dose of 400-500 mg/m?2, i.e. after three to six months
of treatment [22, 34, 35]. The clinical symptoms primarily be-
gin with the hand-foot syndrome accompanied by paraes-
thesias and dysaesthesias. Sensory ataxia may sometimes

occur. The question why the side effects sometimes appear
only three to six weeks after discontinuation of cytostatic ther-
apy [36] and may progress gradually over many months [37]
has not been elucidated yet. Symptoms from the autonomic
nervous system are less common and include fatigue, car-
diac arrhythmias, and impotence [7, 38].

The frequency and severity of adverse effects of oxaliplatin
have been shown to be dependent on the drug dose [39, 40],
although the phenomenon is not as severe as in the case of
cisplatin. A large proportion of patients (60-80%) feel un-
pleasant cold-induced paraesthesia especially around the
throat, on the whole face or around the mouth, and on the
hands. It is described as a burning or pinching sensation caused
by contact with a cold surface or cold liquids. It usually ap-
pears during the second or third cycle, persists for approxi-
mately 30-60 minutes, and has a transient character. About
20-30% of patients suffer from similar symptoms when treat-
ed with cisplatin [39, 41, 42]. It was found that this phe-
nomenon was directly related to the cumulative dose [43, 44].

Carboplatin displays significantly lower neurotoxicity
[33], although in higher doses it can induce symptoms sim-
ilar to those produced by cisplatin. A more important fact in
the case of the side effects of this drug is that it is frequently
used in combination with paclitaxel; neurotoxicity may oc-
cur in 20% of patients receiving such treatment [45].

Differential diagnosis is focused mainly on paraneoplas-
tic ganglionopathy [46-48]. Unfortunately, laboratory tests
detecting presence of syndrome-specific antibodies, cere-
brospinal fluid examination, or nerve biopsy do not ensure
conclusive results. It is still necessary to rely on differences
in the clinical course. The paraneoplastic syndrome yields
asymmetrical signs in the upper extremities and face,
whereas CIPN is often symmetrical, more commonly affects
the lower extremities, and the facial symptoms are transient.
Neuropathy is a frequent phenomenon (about 30% of pa-
tients), while the paraneoplastic syndrome occurs relative-
ly seldom.

When chemotherapy is discontinued due to the onset of
peripheral neuropathy, it is possible that the syndrome will
further develop. The fact that the active substance in the drug
is removed from the body within 96 hours after cessation
of drug administration seems irrelevant, as changes in the
nervous system have been initiated, and currently there are
no methods for protecting the patient against progress of
the changes. This phenomenon is called “casting”. Al-
though its existence has been acknowledged, neither its
mechanism nor inhibition methods are known [6, 7, 49].

Inhibitors of the spindle apparatus

The mechanism of anti-tumour action of these drugs in-
volves inhibition of formation of mitotic spindle microtubules.
This reduces the rate of cell divisions, thereby inhibiting tu-
mour growth. Microtubules fulfil an important role in axonal
transport that ensures proper functioning of nerve fibres. In-
hibition of this mechanism leads to functional and structural
abnormalities of the axon and, consequently, to its death.
The damage mechanism specifically affects thin non-myeli-
nated nerve fibres [50]. A correlation has been found between
the level of exposure to toxic agents and incidence of nerve
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ending damage; hence, longer axons exhibit greater sus-
ceptibility: the longer the axon, the greater the risk of CIPN
occurrence. This explains the typical course of neuropathy
that starts in the distal part of the lower extremities and grad-
ually progresses onto the upper parts. Symptoms in the up-
per extremities appear in the subsequent stage. Neuropa-
thy induced by all drugs of this group has sensory, motor,
and autonomous nature. Since the mechanism of its ap-
pearance is typically peripheral (without cell damage),
functioning of the nervous system can be successfully re-
stored in most cases [7].

Vinca alkaloids exhibit low ability to permeate the blood-
brain barrier [51-53]; this restrains the damage to the pe-
ripheral parts of the nervous system with no distinct toxic-
ity to the nerve cell [54-56].

Neuropathy induced by this group of drugs is dose-de-
pendent. Chemotherapy-induced peripheral neuropathy
induced by vincristine and vindesine is more severe, where-
as vinblastine and vinorelbine are characterized by lower neu-
rotoxicity. A higher risk of neurological damage is associat-
ed with administration of vinorelbine in patients pre-treated
with paclitaxel [57]. Symptoms usually begin within the first
three months after therapy initiation. The first symptoms usu-
ally include paraesthesia and pain of the feet and hands ac-
companied by gradually increasing hyperalgesia. Decreased
muscle power, particularly in the wrist and thenar, is a com-
mon symptom. There have been reports of cases of
mononeuropathy of the lower extremities, cranial nerve dam-
age resulting in diplopia, hearing disorders, and vocal fold
palsy [58-61]. The risk of weakened peristalsis accompanied
by adynamic ileus is a life-threatening complication [62]. Blad-
der atony, impotence, orthostatic hypotension and cardiac
arrhythmias are relatively common [63, 64]. A rare compli-
cation, i.e. progressive motor neuropathy leading to quadri-
paresis, has also been reported [65]. Serious complications
—severe symptoms of neuropathy — have been described in
cases where hereditary or inflammatory neuropathy has been
diagnosed previously [15, 17, 18], as mentioned at the be-
ginning of the paper.

Besides CIPN, acute inflammatory demyelinating
polyradiculoneuropathy (AIDP) as well as infiltration of
nerves or nerve roots should also be taken into account in
the differential diagnosis.

A characteristic feature of peripheral neuropathy is sym-
metrical and distal emergence of symptoms accompanied
by slow aggravation of symptoms. Acute inflammatory de-
myelinating polyradiculoneuropathy occurs more proxi-
mally and is associated with an asymmetrical reduction in
muscle power in the area of affected root innervation; symp-
tom development exhibits a higher rate. Nerve root infiltration
has to be taken into account in cases where asymmetrical
pain is the predominant symptom. In turn, infiltration of pe-
ripheral nerves should be suspected in cases of asymmet-
rical mononeuropathies. Cerebrospinal fluid examinations
and diagnostic imaging are useful tools [66].

No algorithms of treatment or prevention of peripheral
neuropathy caused by vinca alkaloids have been devised to
date. Currently, the only way to mitigate the risk of nerve dam-
age is to reduce the chemotherapy dose, although further
development of the syndrome cannot be fully excluded [12].

In mild cases, recovery may be expected within a few months;
in more severe cases, it may be substantially prolonged. It
should be taken into account that the symptoms may be
chronic and persist for years. In the case of neuropathy
accompanied by immense pain, methods of neuropathic pain
treatment should be employed [67-70].

Like vinca alkaloids, taxanes interfere with mitotic spin-
dle microtubules, but unlike the former, the latter induce ex-
cessive stabilization of these structures, thereby preventing
normal cell division. Their effect on functioning of the pe-
ripheral nervous system is similar to that exerted by vin-
cristine. Excessive stabilization of microtubules required for
normal axonal transport results in substantial disturbances
and, consequently, considerable damage to their peripher-
al parts [71]. The clinical effects are not as serious as in the
case of the drugs described previously.

Dose-dependent sensory symptoms appear to be less se-
vere than the symptoms induced by the other drugs in this
group [72]. These include paraesthesias, sensory disturbances,
and foot and hand dysaesthesias. Activities requiring man-
ual precision, such as writing or fastening buttons, may of-
ten pose problems. Tendon reflexes and muscle strength may
be weakened, although these are rather rare cases. Docetaxel
causes a more severe CIPN course than paclitaxel [73]. Since
taxanes are often combined with other drugs exhibiting a high
potential for damaging the peripheral nervous system, it is
difficult to assess which therapy component plays a key role
in the pathology development, as there have been no
studies addressing this issue.

The differential diagnosis is similar to that used in the case
of vinca alkaloids, and the symptoms usually improve
within several weeks after discontinuation of treatment. Re-
duced drug doses together with increased duration of
treatment decrease the incidence of complications.

Complications induced by podophyllotoxin derivatives in-
clude ataxia, encephalopathy, and myelopathy [74]; however,
there is no evidence that therapy with drugs from this group
evokes CIPN. Although epothilone neurotoxicity has been re-
ported [75], it may be ascribed to the toxicity of Cremophor
used to increase the water solubility of these drugs [76].

Bortezomib was introduced in treatment of multiple myelo-
ma due to its unique mechanism of action through pro-
teasome inhibition. The pathophysiology and treatment of
bortezomid- and thalidomide-induced CIPN was described
in detail by Bilinska et al. [77].

Alkylating agents

Cyclophosphamide exerts no significant effect on the emer-
gence of CIPN, and the estimated incidence of this syndrome
induced by ifosfamide is ca. 8% upon administration of el-
evated doses only [78]. The slow onset of symptoms is fol-
lowed by aggravation thereof and emergence of paraesthesias
and foot pain. Tendon reflexes are weakened but excessive
leg fatigability is rare. After treatment discontinuation, the
symptoms disappear slowly (up to several years), but there
is never full recovery.

Procarbazine used in chemotherapy of brain tumours and
in onco-haematology rarely causes severe neuropathy; yet,
cases of myalgia are more common [79].
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Intrathecal administration of thiotepa may lead to
myelopathy [80] or motor neuropathy [81]. High intra-
venous doses may induce encephalopathy [82].

Antibiotics

The group of anti-tumour antibiotics consists of many
drugs widely used in chemotherapy. Damage to dorsal root
ganglion cells induced by doxorubicin has been reported from
model experiments [83, 84]; yet, no severe peripheral neu-
ropathy caused by this group of drugs has been described.
Cardiotoxicity of doxorubicin is most pronounced, whereas
neurotoxicity is observed upon application of the drug in com-
bination with vincristine or thalidomide [7]; therefore, it can
be treated as the effect of the other components of the com-
bination therapy.

Antimetabolites

The mechanism of action of this group of drugs involves
inhibition of synthesis of certain metabolites required for nor-
mal synthesis of ribonucleic acid (RNA) and DNA. Neuropa-
thy diagnosed upon application of these drugs often has a cen-
tral rather than peripheral form. Since only single cases of CIPN
have been reported and no research has been conducted on
larger material, it can be concluded that this is not a common
complication after treatment with antimetabolites.

Intrathecal administration of methotrexate may induce
neurotoxicity of this drug, although peripheral neuropathy
is rare. In the literature, lumbosacral plexopathy has been
reported in both children [85] and adults [86]. It cannot be
excluded that it is caused by a malignant process in the cen-
tral nervous system or concomitant use of other drugs, par-
ticularly vincristine [87-91].

Cytosine arabinoside (Ara-C) in monotherapy and in com-
bination with fludarabine may cause myelopathy or en-
cephalopathy [92]. Peripheral neuropathy is as rare in this case
as in application of other drugs of this group [93, 94]. Reports
on this issue primarily contain descriptions of cases that can-
not be directly compared to clinical practice. Ara-C is still rec-
ommended for meningioma treatment and the risk of pe-
ripheral neuropathy is considered low.

In 10% of patients, gemcitabine may cause side effects,
e.g. subfebrile body temperature, fatigue, myalgia, arthral-
gia, or paraesthesia. No reports of peripheral neuropathy in-
duced by this drug in monotherapy have been found.
A case study including such suggestions involved a carbo-
platin pre-treated patient [95]; therefore, it cannot be excluded
that carboplatin was the source of complications. Gemcitabine
is often combined with taxanes, platinum derivatives, and
vinca alkaloids, i.e. drugs that often induce CIPN. Gemcitabine
monotherapy has not been proved to be associated with the
risk of peripheral neuropathy [96].

Side effects exerted on the central nervous system by
5-fluorouracil (5-FU) were reported in 2-5% of patients
[97]. Few CIPN cases were diagnosed during combined treat-
ment with levamisole [98, 99] and eniluracil [100].

Capecitabine is metabolized to 5-FU; therefore, CIPN is not
commonly diagnosed upon treatment with this therapeu-
tic agent. Single cases of neurological complications have been
described, including foot drop and mouth paraesthesia in pa-

tients undergoing pancreatic cancer treatment. More fre-
quently, the drug is considered to cause palmar-plantar ery-
throdysesthesia, which is associated with local skin redness
and swelling reaction appearing several days after initiation
of therapy. The drug is excreted by the sweat glands of hands
and feet and accumulated under the epidermis, thus caus-
ing inflammation. The syndrome is often accompanied by
such symptoms as burning and stinging located in the same
body parts. However, no permanent damage to the periph-
eral nervous system was found in this case [101, 102], and
the reaction was reversible.

Drugs from different therapeutic groups

Due to its toxicity, suramin is used rather infrequently at
present. Damage to the peripheral nervous system in-
volves the cell body, axon and myelin sheath [9, 103];
therefore, suramin-induced CIPN may assume the form of
both peripheral and demyelinating neuropathy [104].

Lenalidomide is a thalidomide analogue inducing more
severe side effects in the form of somnolescence and neu-
ropathy [105].

Arsenic trioxide, rarely used due to its toxicity, can cause
dose- and axonal length-dependent neuropathies, which are
partially reversible after discontinuation of the therapy
[106]. Tipifarnib is mainly hepatotoxic, while neurotoxicity
is not regarded as its major side effect [106, 107].

Summary

The presented material illustrates the complexity of the
problems associated with the pathophysiology of chemother-
apy-induced peripheral neuropathy. The groups of drugs dis-
cussed here exhibit different mechanisms of anticancer ac-
tion; hence damage to the peripheral nervous system
proceeds in a variety of ways. Therefore, CIPN cannot be con-
sidered a homogeneous syndrome, although the symptoms
are substantially similar. Investigations conducted so far have
not provided conclusive results concerning prophylaxis and
therapy schemes. Currently, the only effective method in the
case of the syndrome is reduction of the dose or discon-
tinuation of chemotherapy followed by symptomatic treat-
ment.

Acknowledgements

I would like to thank Ms Beata Koscianska, MD for her valu-
able comments during preparation of the manuscript.

References

1. Zidtkowska E, Zarzycka M, Meller A, Wisniewski T. Powiktania oczne
po radioterapii nowotworéw regionu gtowy i szyi — przeglad
pismiennictwa. Wspolczesna Onkol 2009; 13: 251-4.

2. Dougherty PM, Cata JP, Cordella JV, Burton A, Weng HR, et al. Taxol-
induced sensory disturbance is characterized by preferential im-
pairment of myelinated fiber function in cancer patients. Pain 2004;
109: 132-42.

3. Flatters SJ, Bennett GJ. Ethosuximide reverses paclitaxel- and vincristine-
induced painful peripheral neuropathy. Pain 2004; 109: 150-61.

4. Flatters SJ, Bennett GJ. Studies of peripheral sensory nerves in pa-
clitaxel-induced painful peripheral neuropathy: evidence for mi-
tochondrial dysfunction. Pain 2006; 122: 245-57.



wspbtczesna /contemporary

5. Bennett GJ. Pathophysiology and animal models of cancer-relat-
ed painful peripheral neuropathy. Oncologist 2010; 15: 9-12.

6. Kaley TJ, Deangelis LM. Therapy of chemotherapy-induced peripheral
neuropathy. BrJ Haematol 2009; 145: 3-14.

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

. Ramirez JJ, Kaufmann SH, Windebank AJ. Paclitaxel potentiates cis-
platin neurotoxicity in dorsal root ganglion neurons. Neurology 1996;
46: A288.

.Sun X, Windebank Al. Hypoxia potentiates suramin neurotoxicity
in rat dorsal root ganglia in vitro. Soc Neurosci 1996; Abstr 22: 948.

10. Pachman DR, Barton DL, Watson JC, Loprinzi CL. Chemotherapy-
induced peripheral neuropathy: prevention and treatment. Clin Phar-
macol Ther 2011; 3: 377-87.

11. Wolf S, Barton D, Kottschade L, Grothey A, Loprinzi C. Chemother-
apy-induced peripheral neuropathy: prevention and treatment strate-
gies. Eur J Cancer 2008; 44: 1507-15.

12. Verstappen CC, Koeppen S, Heimans JJ, Huijgens PC, Scheulen ME,
Strumberg D, Kiburg B, Postma TJ. Dose-related vincristine-induced
peripheral neuropathy with unexpected off-therapy worsening. Neu-
rology 2005; 64: 1076-1077.

13. Casanova-Molla J, Grau-Junyent JM, Morales M, Valls-Solé J. On the
relationship between nociceptive evoked potentials and in-
traepidermal nerve fiber density in painful sensory polyneu-
ropathies. Pain 2011; 152: 410-8.

14. Gajos A, Kielis W, Szadkowska I, Chmielowska E, Niewodniczy A,
Bogucki A. Opis przypadku. Nabyte neuropatie obwodowe w prze-
biegu gammapatii monoklonalnych. Neurologia i Neurochirurgia
Polska 2007; 41: 169-75.

15. Chauvenet AR, Shashi V, Selsky C, Morgan E, Kurtzberg J, Bell B. Vin-
cristine-induced neuropathy as the initial presentation of charcot-
marie-tooth disease in acute lymphoblastic leukemia: a Pediatric
Oncology Group study. J Pediatr Hematol Oncol 2003; 25: 316-20.

16. Graf WD, Chance PF, Lensch MW, Eng LJ, Lipe HP, Bird TD. Severe
vincristine neuropathy in Charcot-Marie-Tooth disease type 1A. Can-
cer 1996; 77: 1356-62.

17. Bakshi N, Maselli RA, Gospe SM Jr, Ellis WG, McDonald C, Mandler
RN. Fulminant demyelinating neuropathy mimicking cerebral
death. Muscle Nerve 1997; 20: 1595-7.

18. Orejana-Garcia AM, Pascual-Huerta J, Pérez-Melero A. Charcot-
Marie-Tooth disease and vincristine. ] Am Podiatr Med Assoc 2003;
93:229-33.

19. Goetz MP, Erlichman C, Windebank AJ, et al. Phase | and phar-
macokinetic study of two different schedules of oxaliplatin,
irinotecan, Fluorouracil, and leucovorin in patients with solid tu-
mors. ) Clin Oncol 2003; 21: 3761-9.

20. Gregg RW, Molepo JM, Monpetit VJ, Mikael NZ, Redmond D, Ga-

dia M, Stewart D). Cisplatin neurotoxicity: the relationship between

dosage, time, and platinum concentration in neurologic tissues, and

morphologic evidence of toxicity. J Clin Oncol 1992; 10: 795-803.

Screnci D, McKeage MJ, Galettis P, Hambley TW, Palmer BD, Bag-

uley BC. Relationships between hydrophobicity, reactivity, accu-

mulation and peripheral nerve toxicity of a series of platinum drugs.

BrJ Cancer 2000; 82: 966-72.

22. Thompson SW, Davis LE, Kornfeld M, Hilgers RD, Standefer JC. Cis-
platin neuropathy. Clinical, electrophysiologic, morphologic, and tox-
icologic studies. Cancer 1984; 54: 1269-75.

23. Anzil AP, Blinzinger K, Herrlinger H. Fenestrated blood capillaries in
rat cranio-spinal sensory ganglia. Cell Tissue Res 1976; 167: 563-7.

24. Jacobs JM. Vascular permeability and neurotoxicity. Environ Health
Perspect 1978; 26: 107-16.

25. Olsson Y. Studies on vascular permeability in peripheral nerves.
IV. Distribution of intravenously injected protein tracers in the pe-
ripheral nervous system of various species. Acta Neuropathol 1971;
17:114-26.

26. McDonald ES, Randon KR, Knight A, Windebank AJ. Cisplatin pref-
erentially binds to DNA in dorsal root ganglion neurons in vitro and
in vivo: a potential mechanism for neurotoxicity. Neurobiol Dis 2005;
18:305-13.

27.Ta LE, Espeset L, Podratz J, Windebank AJ. Neurotoxicity of oxali-
platin and cisplatin for dorsal root ganglion neurons correlates with
platinum-DNA binding. Neurotoxicology 2006; 27: 992-1002.

~

[ee]

NeJ

21

=

NeJ

—

N

[

(o)}

o

—

N

w

[

[e)}

~

O

—

28. GillJS, Windebank AJ. Cisplatin-induced apoptosis in rat dorsal root

ganglion neurons is associated with attempted entry into the cell
cycle. J Clin Invest 1998; 101: 2842-50.

. Podratz JL, Schlattau AW, Chen BK, Knight AM, Windebank AJ. Plat-

inum adduct formation in mitochondrial DNA may underlie the phe-
nomenon of coasting. J Peripher Nerv Syst 2007; 12: 69.

. Eeles R, Tait DM, Peckham MJ. Lhermitte’s sign as a complication

of cisplatin-containing chemotherapy for testicular cancer. Cancer
Treat Rep 1986; 70: 905-7.

. Krarup-Hansen A, Fugleholm K, Helweg-Larsen S, Hauge EN,

Schmalbruch H, Trojaborg W, Krarup C. Examination of distal in-
volvement in cisplatin-induced neuropathy in man. An electro-
physiological and histological study with particular reference to touch
receptor function. Brain 1993; 116: 1017-41.

. Fu KK, Kai EF, Leung CK. Cisplatin neuropathy: a prospective clin-

ical and electrophysiological study in Chinese patients with ovar-
ian carcinoma. J Clin Pharm Ther 1995; 20: 167-72.

. McKeage MJ. Comparative adverse effect profiles of platinum drugs.

Drug Saf 1995; 13: 228-44.

. Ozols RF, Ostchega Y, Myers CE, Young RC. High-dose cisplatin in

hypertonic saline in refractory ovarian cancer. J Clin Oncol 1985;
3: 246-50.

. Walsh TJ, Clark AW, Parhad IM, Green WR. Neurotoxic effects of cis-

platin therapy. Arch Neurol 1982; 39: 719-20.

. Mollman JE, Hogan WM, Glover DJ, McCluskey LF. Unusual pre-

sentation of cis-platinum neuropathy. Neurology 1988; 38: 488-90.

. Grunberg SM, Sonka S, Stevenson LL, Muggia FM. Progressive pares-

thesias after cessation of therapy with very high-dose cisplatin. Can-
cer Chemother Pharmacol 1989; 25: 62-4.

.Hansen RA, Gartlehner G, Powell GE, Sandler RS. Serious adverse

events with infliximab: analysis of spontaneously reported adverse
events. Clin Gastroenterol Hepatol 2007; 5: 729-35.

. Gamelin E, Gamelin L, Bossi L, Quasthoff S. Clinical aspects and mol-

ecular basis of oxaliplatin neurotoxicity: current management and
development of preventive measures. Semin Oncol 2002;
29:21-33.

.Raymond E, Chaney SG, Taamma A, Cvitkovic E. Oxaliplatin: a re-

view of preclinical and clinical studies. Ann Oncol 1998; 9: 1053-71.

. Grothey A. Oxaliplatin-safety profile: neurotoxicity. Semin Oncol 2003;

30: 5-13.

. Lehky TJ, Leonard GD, Wilson RH, Grem L, Floeter MK. Oxaliplatin-

induced neurotoxicity: acute hyperexcitability and chronic neu-
ropathy. Muscle Nerve 2004; 29: 387-92.

. Kiernan MC, Krishnan AV. The pathophysiology of oxaliplatin-in-

duced neurotoxicity. Curr Med Chem 2006; 13: 2901-7.

. Leonard GD, Wagner MR, Quinn MG, Grem JL. Severe disabling sen-

sory-motor polyneuropathy during oxaliplatinbased chemotherapy.
Anticancer Drugs 2004; 15: 733-5.

. International Collaborative Ovarian NeoPlasm Group. Paclitaxel plus

carboplatin versus standard chemotherapy with either single-agent
carboplatin or cyclophosphamide, doxorubicin, and cisplatin in
women with ovarian cancer: the ICON3 randomised trial. Lancet
2002; 360: 505-15.

.Voltz RD, Posner JB, Dalmau J, Graus F. Paraneoplastic en-

cephalomyelitis: an update of the effects of the anti-Hu immune
response on the nervous system and tumour. J Neurol Neurosurg
Psychiatry 1997; 63: 133-6.

Graus F, Keime-Guibert F, Refié R, Benyahia B, Ribalta T, Ascaso C,
Escaramis G, Delattre JY. Anti-Hu-associated paraneoplastic en-
cephalomyelitis: analysis of 200 patients. Brain 2001; 124: 1138-48.

.Bryl M, Ramlau R, Dyszkiewicz W. Postepowanie w zaawan-

sowanych inwazyjnych grasiczakach — przeglad pismiennictwa.
Wspolczesna Onkol 2004; 8: 148-52.

. Albers J, Chaudhry V, Cavaletti G, Donehower R. Interventions for

preventing neuropathy caused by cisplatin and related compounds.
Cochrane Database Syst Rev 2007; CD005228.

. Paulson JC, McClure WO. Inhibition of axoplasmic transport by

colchicine, podophyllotoxin, and vinblastine: an effect on micro-
tubules. Ann N'Y Acad Sci 1975; 253: 517-27.

.Jackson DV Jr, Castle MC, Poplack DG, Bender RA. Pharmacokinet-

ics of vincristine in the cerebrospinal fluid of subhuman primates.
Cancer Res 1980; 40: 722-4.



Chemotherapy-induced polyneuropathy. Part I. Pathophysiology

52.

53.

54.

5

i

56.

5

~

5

co

5

Ne)

60.

6

—

62.

6

w

64.

6

al

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

Greig NH, Soncrant TT, Shetty HU, Momma S, Smith QR, Rapo-
port SI. Brain uptake and anticancer activities of vincristine and vin-
blastine are restricted by their low cerebrovascular permeability
and binding to plasma constituents in rat. Cancer Chemother Phar-
macol 1990; 26: 263-8.

Schaumburg H. Vinca Alkaloids. In: Experimental and Clinical Neu-
rotoxicology. 2nd ed. Schaumburg H, Spencer P (eds.). Oxford Uni-
versity Press, New York 2000; 1232-5.

Pan YA, Misgeld T, Lichtman JW, Sanes JR. Effects of neurotoxic and
neuroprotective agents on peripheral nerve regeneration assayed
by time-lapse imaging in vivo. ) Neurosci 2003; 23: 11479-88.

. Sahenk Z, Brady ST, Mendell JR. Studies on the pathogenesis of vin-

cristine-induced neuropathy. Muscle Nerve 1987; 10: 80-4.
Igbal Z, Ochs S. Uptake of Vinca alkaloids into mammalian nerve
and its subcellular components. J Neurochem 1980; 34: 59-68.

. Fazeny B, Zifko U, Meryn S, Huber H, Grisold W, Dittrich C. Vi-

norelbine-induced neurotoxicity in patients with advanced breast
cancer pretreated with paclitaxel — a phase Il study. Cancer
Chemother Pharmacol 1996; 39: 150-6.

. Burns BV, Shotton JC. Vocal fold palsy following vinca alkaloid

treatment. J Laryngol Otol 1998; 112: 485-7.

. Sanderson PA, Kuwabara T, Cogan DG. Optic neuropathy presumably

caused by vincristine therapy. Am J Ophthalmol 1976; 81:
146-50.

Lugassy G, Shapira A. Sensorineural hearing loss associated with
vincristine treatment. Blut 1990; 61: 320-1.

Kalcioglu MT, Kuku I, Kaya E, Oncel S, Aydogdu I. Bilateral hearing
loss during vincristine therapy: a case report. ] Chemother 2003;
15: 290-2.

Low PA, Vernino S, Suarez G. Autonomic dysfunction in peripher-
al nerve disease. Muscle Nerve 2003; 27: 646-61.

. Hohneker JA. A summary of vinorelbine (Navelbine) safety data from

North American clinical trials. Semin Oncol 1994; 21: 42-7.
Curran MP, Plosker GL. Vinorelbine: a review of its use in elderly
patients with advanced non-small cell lung cancer. Drugs Aging
2002; 19: 695-721.

. Moudgil SS, Riggs JE. Fulminant peripheral neuropathy with severe

quadriparesis associated with vincristine therapy. Ann Pharmacother
2000; 34: 1136-8.

Glantz MJ, Cole BF, Glantz LK, Cobb J, Mills P, Lekos A, Walters BC,
Recht LD. Cerebrospinal fluid cytology in patients with cancer: min-
imizing false-negative results. Cancer 1998; 82: 733-9.

Dworkin RH, O'Connor AB, Backonja M, et al. Pharmacologic man-
agement of neuropathic pain: evidence-based recommenda-
tions. Pain 2007; 132: 237-51.

Finnerup NB, Sindrup SH, Jensen TS. The evidence for pharmaco-
logical treatment of neuropathic pain. Pain 2010; 150: 573-81.
Dworkin RH, O'Connor AB, Audette J, et al. Recommendations
for the pharmacological management of neuropathic pain: an
overview and literature update. Mayo Clin Proc 2010; 85 (3 Suppl):
S3-14.

Dzierzanowski T, Ciatkowska-Rysz A. Neuropathic pain in palliative
care patients. Medycyna Paliatywna 2010; 2: 57-66.

Apfel S. Taxoids. In: Experimental and Clinical Neurotoxicology.
2nd ed. Schaumburg H, Spencer P (eds.). Oxford University Press,
New York 2000; 1135-9.

Postma TJ, Vermorken JB, Liefting AJ, Pinedo HM, Heimans JJ.
Paclitaxel-induced neuropathy. Ann Oncol 1995; 6: 489-94.
Hilkens PH, Verweij J, Vecht CJ, Stoter G, van den Bent MJ. Clinical
characteristics of severe peripheral neuropaty induced by docetaxel
(Taxotere). Ann Oncol 1997; 8: 187-90.

Boillot A, Cordier A, Guerault E, Julliot MC, Balvay P, Billerey C, Bar-
ale F (1989): A rare case of severe toxic peripheral neuropathy: poi-
soning by podophyllin. Apropos of 1 case. J Toxicol Clin Exp 1989;
9: 409-12.

Rogalska A, Marczak A, Szwed M, Gajek A, J6Zzwiak Z. Epotilony —
nadzieja dla pacjentow niewrazliwych na leczenie taksanami. Wspol-
czesna Onkol 2010; 14: 205-10.

Brat DJ, Windebank AJ, Brimijoin S. Emulsifier for intravenous cy-
closporin inhibits neurite outgrowth, causes deficits in rapid ax-
onal transport and leads to structural abnormalities in differenti-
ating N1E.115 neuroblastoma. J Pharmacol Exp Ther 1992; 261: 803-10.

77.

7

0

7

Ne)

80.

8

=

8

N

83.

84.

85.

86.

87.

88.

89.

90.

9

—

92.

9

w

94.

9

2

96.

97.

98.

99.

100.

Bilinska M, Usnarska-Zubkiewicz L, Dmoszynska A. Polineuropa-
tia wywotana talidomidem i bortezomibem u chorych na szpicza-
ka mnogiego, mozliwosci leczenia bélu neuropatycznego. Zalece-
nia Polskiej Grupy Szpiczakowej. Wspolczesna Onkol 2008; 12: 441-6.

. Patel SR, Vadhan-Raj S, Papadopolous N, Plager C, Burgess MA, Hays

C, Benjamin RS. High-dose ifosfamide in bone and soft tissue sar-
comas: results of phase Il and pilot studies — dose-response and
schedule dependence. ] Clin Oncol 1997; 15: 2378-84.

. Spivack SD. Drugs 5 years later: procarbazine. Ann Intern Med 1974;

81: 795-800.

Gutin PH, Levi JA, Wiernik PH, Walker MD. Treatment of malignant
meningeal disease with intrathecal thioTEPA: a phase Il study.
Cancer Treat Rep 1977; 61: 885-7.

Martin Algarra S, Henriquez I, Rebollo J, Artieda J. Severe polyneu-
ropathy and motor loss after intrathecal thiotepa combination
chemotherapy: description of two cases. Anticancer Drugs 1990;
1: 33-5.

. Cairncross G, Swinnen L, Bayer R, et al. Myeloablative chemother-

apy for recurrent aggressive oligodendroglioma. Neuro Oncol
2000; 2: 114-9.

Cho ES. Toxic effects of adriamycin on the ganglia of the periph-
erial nervous system: a neuropathological study. ) Neuropathol Exp
Neurol 1977; 36: 907-15.

Bigotte L, Olsson Y. Retrograde transport of doxorubicin (adriamycin)
in peripheral nerves of mice. Neurosci Lett 1982; 32: 217-21.

Koh S, Nelson MD Jr, Kovanlikaya A, Chen LS. Anterior lum-
bosacral radiculopathy after intrathecal methotrexate treatment.
Pediatr Neurol 1999; 21: 576-8.

Moore BE, Somers NP, Smith TW. Methotrexate-related non-
necrotizing multifocal axonopathy detected by beta-amyloid pre-
cursor protein immunohistochemistry. Arch Pathol Lab Med 2002;
126: 79-81

Boogerd W, Moffie D, Smets LA. Early blindness and coma during
intrathecal chemotherapy for meningeal carcinomatosis. Cancer
1990; 65: 452-7.

Harila-Saari AH, Huuskonen UE, Tolonen U, Vainionpaa LK, Lanning
BM. Motor nervous pathway function is impaired after treatment
of childhood acute lymphoblastic leukemia: a study with moor
evoked potentials. Med Pediatr Oncol 2001; 36: 345-51.
lonasescu VV. Charcot-Marie-Tooth neuropathies: from clinical de-
scription to molecular genetics. Muscle Nerve 1995; 18: 267-75.
Shibutani M, Okeda R, Hori A, Schipper H. Methotrexate-related
multifocal axonopathy. Report of an autopsy case. Acta Neuropathol
1989; 79: 333-5.

Weiss S, Kahn Y. Intrathecal methotrexate causing paraplegia in
a middle-aged woman. Acta Haematol 1978; 60: 59-61.

Kornblau SM, Cortes-Franco J, Estey E. Neurotoxicity associated with
fludarabine and cytosine arabinoside chemotherapy for acute
leukemia and myelodysplasia. Leukemia 1993; 7: 378-83.

. Russell JA, Powles RL Letter: neuropathy due to cytosine arabinoside.

Br Med J 1974; 4: 652-3.
Cheson BD, Vena DA, Foss FM, Sorensen JM. Neurotoxicity of purine
analogs: a review. J Clin Oncol 1994; 12: 2216-28.

.Dormann AJ, Griinewald T, Wigginghaus B, Huchzermeyer H.

Gemcitabine-associated autonomic neuropathy. Lancet 1998;
351: 644.

Colomer R, Llombart-Cussac A, Lluch A, et al. Biweekly paclitaxel
plus gemcitabine in advanced breast cancer: phase Il trial and pre-
dictive value of HER2 extracellular domain. Ann Oncol 2004; 15:
201-6.

Allegra CJ, Grem JL. Antimetabolites. In: Cancer Principles and Prac-
tice in Oncology. 5th ed. De Vita V, Hellman S, Rosenberg SA (eds.).
Lippincott-Raven, Philadelphia 1997; 432-52.

Moertel CG, Fleming TR, Macdonald JS, et al. Levamisole and flu-
orouracil for adjuvant therapy of resected colon carcinoma. N Engl
J Med 1990; 322: 352-8.

Stein ME, Drumea K, Yarnitsky D, Benny A, Tzuk-Shina T. A rare event
of 5-fluorouracil-associated peripheral neuropathy: a report of two
patients. AmJ Clin Oncol 1998; 21: 248-9.

Saif MW, Wilson RH, Harold N, Keith B, Dougherty DS, Grem JL. Pe-
ripheral neuropathy associated with weekly oral 5-fluorouracil, leu-
covorin and eniluracil. Anticancer Drugs 2001; 12: 525-31.



wspbtczesna

/contemporary

10L

102.

103.

104.

105.

106.

107.

Hamilton S. Hand-foot syndrome. 2005; http://www.chemo-
care.com/managing/handfoot_syndrome.asp

Nagore E, Insa A, Sanmartin O. Antineoplastic therapyinduced pal-
mar plantar erythrodysesthesia (“hand-foot”) syndrome. Inci-
dence, recognition and management. Am ] Clin Dermatol 2000;
1: 225-34.

Russell JW, Gill JS, Sorenson EJ, Schultz DA, Windebank AJ.
Suramin-induced neuropathy in an animal model. ) Neurol Sci 2001;
192: 71-80.

Chaudhry V, Eisenberger MA, Sinibaldi VJ, Sheikh K, Griffin JW, Corn-
blath DR. A prospective study of suramin-induced peripheral neu-
ropathy. Brain 1996; 119: 2039-52.

Hussein MA. Lenalidomide: patient management strategies.
Semin Hematol 2005; 42: 22-5.

Hansen RA, Gartlehner G, Powell GE, Sandler RS. Serious adverse
events with infliximab: analysis of spontaneously reported adverse
events. Clin Gastroenterol Hepatol 2007; 5: 729-35.

Robertson MJ, Kahl BS, Vose JM, et al. Phase Il study of enzastaurin,
a protein kinase C beta inhibitor, in patients with relapsed or refractory
diffuse large B-cell lymphoma. J Clin Oncol 2007; 25: 1741-6.

Address for correspondence

Krzysztof Brzezifski

Poradnia Leczenia Bolu

Instytut Medycyny Wsi w Lublinie
ul. Jaczewskiego 2

20-090 Lublin

tel. 605 228 412

e-mail: k.brzezinski@op.pl

Submitted: 14.01.2012
Accepted: 15.02.2012



