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Neuropathic cancer pain (NCP), commonly

Although from a pathophysiological perspective NCP may

encountered in clinical practice, may be cancer-related,
namely resulting from nervous system tumor invasion, surgi-
cal nerve damage during tumor removal, radiation-induced
nerve damage and chemotherapy-related neuropathy, or
may be of benign origin, unrelated to cancer. A neuropath-
ic component is evident in about 1/3 of cancer pain cases.

Address correspondence and reprint requests to: Athina Vadalouca,
MD, PhD, FIPP, Associate Professor of Anaesthesiology, 1st Anaesthesiol-
ogy Clinic, Pain Relief and Palliative Care Unit, Aretaieion University Hos-
pital, University of Athens, Lefkon Oreon Street, PC 15344, Gerakas,
Greece. E-mail: athinajv@ath.forthnet.gr.

Disclosure: This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors. Dr Athina
Vadalouca has been a consultant for, has received honoraria from, and
has conducted clinical research supported by the following: Pfizer Inc.,
and Prostrakan. Dr Efklidis Raptis used to be a Scientific Associate of the
Pain Relief and Palliative Care Center of Aretaieion Hospital and is cur-
rently employed in Pfizer Hellas.

Submitted: March 6, 2011; Revision accepted: May 19, 2011

DOI. 10.1111/j.1533-2500.2011.00485.x

© 2011 The Authors
Pain Practice © 2011 World Institute of Pain, 1530-7085/12/$15.00
Pain Practice, Volume 12, Issue 3, 2012 219-251

differ from chronic neuropathic pain (NP), such as noncan-
cer-related pain, clinical practice, and limited publications
have shown that these two pain entities may share some
treatment modalities. For example, co-analgesics have been
well integrated into cancer pain-management strategies
and are often used as First-Line options for the treatment
of NCP. These drugs, including antidepressants and anticon-
vulsants, are recommended by evidence-based guidelines,
whereas, others such as lidocaine patch 5%, are supported
by randomized, controlled, clinical data and are included in
guidelines for restricted conditions treatment. The vast
majority of these drugs have already been proven useful in
the management of benign NP syndromes. Treatment deci-
sions for patients with NP can be difficult. The intrinsic diffi-
culties in performing randomized controlled trials in cancer
pain have traditionally justified the acceptance of drugs
already known to be effective in benign NP for the man-
agement of malignant NP, despite the lack of relevant
high quality data. Interest in NCP mechanisms and
pharmacotherapy has increased, resulting in significant
mechanism-based treatment advances for the future. In this
comprehensive review, we present the latest knowledge
regarding NCP pharmacological management.
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INTRODUCTION

Following EFIC’s (European Federation of IASP Chap-
ters) declaration in 2001, pain is not a symptom but a
disease in its own right, necessitating appropriate treat-
ment. The word pain usually refers to a discrete sen-
sory experience, triggered by an identifiable set of
“painful” stimuli, acting on a unique or stable “pain”
pathway and eliciting an invariant sensation. However,
pain, and particularly neuropathic pain (NP) can also
exist as a diverse group of complex phenomena of
unpleasant and distressing nature. NP encloses numer-
ous complicated neurobiologic constituents and reflects
potentially dynamic mechanisms, interacting at multi-
ple neuraxial sites."

Modern neurobiological techniques have led to tre-
mendous progress in the exploration of pain pathoge-
netic mechanisms.>™ Research indicates that pain can
be produced in multiple ways, at different locations,
co-existing between and across various pathological
conditions.”® Novel therapeutic targets have been dis-
covered and are used by the pharmaceutical industry
for the construction of highly specific molecules, acting
as potential innovative analgesics. Recent targets’
application, specific to precise NP mechanisms, will
very soon enable treatment to be focused at particular
mechanisms, introducing a mechanism-based therapy,
instead of the classical signs and symptoms-based
treatment.”

NP is the pain initiated or caused by a primary
lesion/dysfunction in the nervous system and is often
difficult to be controlled, posing numerous clinical
challenges. Similarly to all intractable pains, it has dev-
astating consequences on the overall quality of life; not
only it deranges patients’ ability to perform daily func-
tions and their ability to manage their disease, but it
also amplifies the anxiety and the distress of the
affected patient and family.”™

NP is commonly presented in cancer patients and is
considered a well-established entity for more than
20 years. Approximately, 1/3 of cancer patients experi-
ence NP, usually mixed with nociceptive components,
or, occasionally, as a single, autonomous entity.'®!!
As advances in cancer early diagnosis and management
prolong life expectancy, there is increasing effort to

ameliorate patients’ quality of life. New approaches
are desperately required in controlling cancer pain.
Neuropathic cancer pain’s (NCP) severity follows dis-
ease progress, requiring miscellaneous types of analge-
sics, at different time-points.'> NCP mechanisms have
not yet been elucidated, despite the fact that some of
them may share common features with noncancer NP.
Animal models have been created to facilitate studies
on these mechanisms. In the future, these models will
definitely offer better understanding of the main
aspects of cancer pain, regarding its variety from
patient to patient, tumor to tumor, and even from site
to site. However, up to now, results are rather confus-
ing than enlightening.'*~"°

Cancer pain results from mixed mechanisms, since
it rarely presents as a pure neuropathic, visceral or
somatic pain syndrome, but rather as a complex one,
with inflammatory, neuropathic, and/or ischemic com-
ponents, often at multiple sites.”'® Even within pure
NCP syndromes, pain presentation, and evolution are
affected by pre-existing, noncancer damage, as well as
by subsequent interventions, and disease relapse.
An absolute distinction between cancer and noncan-
cer-related NP is difficult, and possibly artificial. NCP
pathophysiology basically remains similar to noncan-
cer NP, with common cross-referencing between the
two conditions.”!” Research on NCP showed distinct
differences in the signature of neuroreceptors/transmit-
ters” alterations and that neuronal function is disrupted
or damaged. NCP has unique characteristics, exhibit-
ing an incomparable molecular signature. However,
therapy similarities to noncancer-related
pathies,””'®'? may explain the ability of drugs (eg,
gabapentinoids) to treat cancer pain, indicating possi-
ble neuropathic components.”*°

Despite significant progress in cancer exploitation,
NCP basic neurobiology and underlying mechanisms
are poorly comprehended. Consequently, treatment is
often inadequate and patients suffer needlessly. Under-
standing of NCP pathophysiology, expertise in assess-
ment techniques, familiarity with the NCP states and
focus on new pharmacologic modalities would ideally
alleviate pain.*' Such insights might result in new ther-

apeutic tools, altering the methods of cancer pain con-
1.12

neuro-

tro

NCP remains a complex situation, often refractory
to treatment. Current therapeutic strategies depend on
pharmacotherapy, mainly with the inclusion of adju-
vants. At present, variable agents are used to treat
NCP, but despite the advances in pathophysiology
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understanding, management is still suboptimal.*'-**

Intractable NCP remains an important epidemiologi-
cal, clinical and economical burden worldwide, posing
significant societal impacts.??

The aim of this comprehensive review is to provide
the most recent knowledge regarding NCP systemic
pharmacological management, focusing on evidence-
based data, deriving from simple and randomized con-
trolled trials (RCTs), consensus and expert committee
reports, literature recommendations, and published
guidelines. Apart from a brief reference of basic
knowledge regarding terminology, definitions, epide-
miology, classification, etiology, pathophysiological
mechanisms and diagnosis, our scope is to present and
analyze established, new or future pharmacological
approaches that are or may become the mainstay in
NCP treatment, mainly targeting at nociceptive inputs
reduction, modulation of pain transmission to central
nervous system (CNS) or alteration of pain central per-
ception.

Our literature search was systematic and compre-
hensive, initially including major literature databases,
such as Medline, Pubmed, Cochrane Library and
other electronic ones. Additionally, it was expanded
by checking reference lists published in meta-analysis,
review articles, RCTs and clinical reports, supple-
mented by personal knowledge of the literature as
well, in order to identify material relevant to develop-
ing treatment recommendations for patients with
NCP. The databases and reference lists were searched
from January 1st 1980 to April 1st 2011, also includ-
ing articles electronically published ahead of print.
In addition, abstracts from conferences (European Asso-
ciation of Palliative Care—EAPC, International Con-
gress of Neuropathic Pain Interest Group—NeuPSIG,
International Symposium of Regional Anaesthesia and
Pain Therapy, International Pain Clinic of World
Society of Pain Clinicians—WSPC, International Sym-
posium of World Institute of Pain—WIP, ALGOS)
were extensively hand-searched between 2004 and
2010.

To identify relevant articles with the most recent
available data, our search was performed using the
terms Neuropathic Pain, Neuropathic Cancer Pain,
Mechanisms, Diagnosis, Pharmacological Manage-
ment, Pharmacotherapy and Treatment Recommenda-
tions. Our principal effort is to outline current
pharmacological modalities for NCP relief, generated
either empirically by clinicians, or through new
insights into NCP mechanisms from cancer pain

animal models, all discussing the development,
evolution and evaluation of current clinical guidelines.
Studies that enrolled patients with NP due to any ori-
gin or cancer pain with a neuropathic component were
included. Studies of any design, quality or sample size
were also included and qualitatively assessed. Only
publications in English or with available abstracts in
English were taken into account. These criteria were
applied to both citations retrieved from databases and
hand-searching. The decision for inclusion was ini-
tially made using the titles and abstracts of the arti-
cles, followed by obtaining full text articles, with
those being clearly irrelevant excluded at this stage.
A team of reviewers independently determined the eli-
gibility of each publication by applying the inclusion/
exclusion criteria. Each publication was reviewed by
two reviewers and any discrepancies in the decision
for inclusion between these two were resolved by a
third reviewer.

DEFINITIONS

Despite lengthy pain research history, it was not until
the International Association for the Study of Pain
(IASP) was founded in 1973 that attention focused on
NP etiology and therapy.?* IASP published its first list
of pain terminology in 1979.%>¢ NP was defined and
subsequently included in the list in 1994. Neuropathy
results from function disturbance or pathologic change
in nerves: in one nerve, mononeuropathy; in several
nerves, mononeuropathy multiplex; if diffuse and
bilateral, polyneuropathy.?” According to the IASP
definition, NP refers to all pain types initiated or
caused by a primary lesion or dysfunction or transitory
perturbation in peripheral or CNS, disrupting impulse
transmission and sensory input modulation.?***® NP is
a sub-entity, where transitory perturbation is omitted,
and hence it refers to irreversible, long-term condi-
tions. This broad definition acknowledges that nerve
damage and subsequent alterations within neuronal
pathways lead to chronic pain, despite the absence of
continuing stimulus. Although this theory has now
gained general acceptance, it was initially revolution-
ary, renouncing the Cartesian model of nociception
and pain.**

This definition has been a discussion and contro-
versy subject, mostly because of the term ‘“dysfunc-
tion”. The TASP definition does not specify the kind
or nature of lesion and doubts exist about the utility
of the term ‘dysfunction”, since it is applied to
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most, if not all, pain conditions. It is accepted that
the lesion should involve the somatosensory path-
ways, with small fibers derangement in peripheral
nerves, or the spino-thalamo-cortical system in
CNS.”® If IASP definition is strictly applied, the
clinician needs only to demonstrate nerve damage/
dysfunction in a patient suffering from pain to diag-
nose NP. However, nerve damage and/or dysfunc-
tion may present either as or/and as
positive symptoms (eg, sensory loss and hyperalgesia
respectively).

In 2002 and 2004 a new definition arose, according
to which NP is defined as the pain caused by a lesion
in peripheral or CNS.***° Perhaps it is easier to under-
stand this narrow definition; however, the previous
one may be rewarding, being more useful under certain
Studying the mechanisms, it is
obvious that nervous system’s hyperexcitability and
plasticity are major determinants of chronic pain, and
that treatment efficacy depends more on the underlying
pathogenesis than on etiology."*®*® Testing the
validity of a narrow vs. a broad definition might be
significant in future studies. Meanwhile, according to
the European Federation of Neurological Societies
(EFNS) guidelines (European Federation of Neurologi-
cal Societies) the narrow definition is suggested, with
the classification to be retained, due to overestimation
risk and as it is more easily understandable.*®

In 2008, neurology and pain community experts
introduced a more precise definition; NP is the pain
type arising as direct consequence of a lesion or disease
and affecting the somatosensory system.>® This defini-
tion fits into the nosology of neurological disorders
and the reference to the somatosensory system is
derived from a variety of NP conditions, from painful
neuropathy to central poststroke pain.

Regarding NCP definition, it does not differ from
that of noncancer NP. Many disease-free cancer survi-
vors live with chronic pain syndromes and neuropa-
thies, induced by treatment or by cancer itself.
Sometimes such conditions resolve over time, but
irreversible tissue and nerve damage can cause pain
persistence, or even progression.”” Across NCP classifi-
cations and studies, some controversies are recognized.
For example, herpes zoster pain presenting in cancer
patients is classified as cancer pain in one study, since
cancer-related immune system impairment may be the
cause, and as cancer-unrelated to another study.
Among different specialties, a consistent definition is
necessary.

negative

circumstances.>®

EPIDEMIOLOGY

Chronic NP is common in clinical practice causing
considerable suffering and deterioration in patients’
health-related quality of life.”~>>1-**> NP, as part of the
neurological disease spectrum, is a common disability
and expresses serious medical pathology. Apart from
traumatic nerve injury, numerous diseases may be
accompanied by NP. Patients, with conditions as
diverse as diabetic polyneuropathy, human immunode-
ficiency virus (HIV), sensory neuropathy, poststroke
syndromes, herpes zoster, myelopathy, multiple sclero-
sis or cancer, frequently experience daily pain. NP has
complicated disguises and can be mimicked by non-
neurological pain conditions.?%*’

NP true prevalence is undetermined, as comprehen-
sive epidemiological studies have not taken place. It is
estimated that 1% to 1.5% of the general population
is affected.®® In the United States 1 and 3 million of
people suffer from post herpetic neuralgia (PHN) and
painful diabetic (PDN) respectively;
whereas, in Europe 6% to 7.7% of population refers
chronic NP at some point in its lives.>*** Five percent
of patients with traumatic nerve injury suffer from
neuropathy,®® whereas central NP is reported in
patients with multiple sclerosis, syringomyelia, spinal
cord injury and stroke in percentages of 28%, 75%,
60-70% and 8% respectively.?”>’

Additionally, pain experienced by patients with can-
cer, degenerative diseases, or neurological conditions
(eg, Parkinson’s disease), could have neuropathic com-
ponents, which still remain unnoticed. Such states are
most prevalent in the elderly; since the aging popula-
tion size is increasing worldwide, NP, inevitably, will
pose a progressively demanding burden on health care
resources, necessitating its potential treatment.”* With
advancing age, the nociceptive pathway undergoes
degenerative adaptation, which is mainly axonal loss.
This potentially contributes in NP development, and
probably explains why elderly tend to under-report
pain in many medical conditions including myocardial
infarction, fractures and arthritis.*°

Despite the fact that the exact prevalence of NCP
remains unknown, available data demonstrate that a
neuropathic component is present in about 30% of
cancer pain cases. Although as much as 9% of cancer
patients have solely NP, many have a mixed pain syn-
drome, a challenge to treat.'®'"*! Pain may be the
first sign of cancer and 30 to 50% of such patients
42746 occurring in

neuropathy

experience moderate to severe pain,
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50% to 70% of those in active treatment.*” Cancer
can cause pain at any time during the disease evolution
and at least 15% to 20% of patients are likely to suf-
fer from NCP. An even higher proportion of patients
experiences NCP of increased intensity at advanced
disease stages.*® In fact, 75% to 95% of patients with
metastatic or advanced-stage disease will experience
cancer-induced pain,**™* with 2/3 of it because of
tumor infiltration and 1/4 as a consequence of cancer
treatment.*”**>! It is reported that 45% of cancer
patients have inadequate and undermanaged pain con-
trol, mostly because of treatment-associated side
effects.’*> It is also suggested that 50% of all difficult
to control cases is neuropathic.'®** However, various
extrapolations can be drawn to underline the problem
enormity. For example, up to 20% of patients with
herpes zoster (common phenomenon in cancer), will
develop PHN, and up to 80% of people with limb
amputation will suffer from phantom limb pain.?>°

In an epidemiological study, which took place in
Spain in 2010, after screening 8.615 cancer patients
almost 30% of them suffered from pain. Out of them,
33% and 19% were experiencing NCP, according to
investigators and DN4 test respectively. Pain decrease
at 1 month was greater in patients with metastases. >°

The overall incidence of chemotherapy-induced
peripheral neuropathy (CIPN) and of associated NP is
high (30% to 70%).%>°7 Radiation can present with
numerous clinical painful manifestations, ranging
between 25 and 47%.2”°® Following radiotherapy, the
prevalence of NP in oncology units is increased, lead-
ing to sleepiness, anxiety and depression.’® Diagnostic
or therapeutic surgery may lead to NCP, with inci-
dence reaching high rates (60% to 90%) in some cases,
such as after surgery for breast cancer, or after thora-
cotomy.?>?”  Postmastectomy pain syndrome is
reported in about 20% of women,®® may be particu-
larly troublesome and could consequently affect
patients’ quality of life.””

Metastatic cancer-induced bone pain (CIBP) is a
serious problem, often inadequately treated by current
analgesics. Eighty five percent of patients with bone
metastases experience significant pain, complicated
with increased morbidity, decreased performance sta-
tus, intense anxiety and depression, and poor quality
of life.*>*1=%3 Tumors that most often result in meta-
static CIBP originate from breast, lung, and prostate
cancers.**® CIBP is a complex pain syndrome involving
background pain (usually opioid responsive), described
as a dull ache of increased intensity with disease pro-

gression.*” Certain individuals with cancer may also
suffer from multiple painful syndromes of diverse cau-
sation and underlying mechanisms.

CLASSIFICATION & TYPES OF NCP—ETIOLOGY—
PATHOPHYSIOLOGY—MECHANISMS

Cancer pain patients commonly experience more than
one type of pain. Pain may be constant, persistent,
intermittent, or acute, superimposed on chronic back-
ground. Clinicians describe cancer pain as acute,
chronic, nociceptive (somatic), visceral, or neuropath-
ic. One other suggestion identifies three basic catego-
ries: nociceptive, neuropathic and psychogenic.*”®¢
Multiple pain taxonomies exist, including a research-
oriented and a treatment-based
groups together patients with similar pain mecha-
nisms.®” Clearly, no individual classification is optimal
in capturing such a multidimensional phenomenon.
Clinically, patients experience pain of varying inten-
sity, frequency, anatomic location, duration, and body
system involvement. They may describe both nocicep-
tive and neuropathic features, rather than distinct ele-
ments of a single process. Thus, it is instructive to
adopt common terminology, applied to cancer pain
patients.*’

NCP arises following damage or inflammation of
peripheral or central neurons, in a similar manner to
pain arising from a noncancer injury. It can be divided
in peripheral NCP (directly from tumor nerve infiltra-
tion/compression, or indirectly by cancer therapy such
as radiotherapy, chemotherapy and PHN) and central
NCP (poststroke or tumor involvement of spinal cord).
Suggested mechanisms include peripheral sensitization,
ectopic foci of hyperexcitability in neuron, maintained
sympathetic activity, loss of inhibition of dorsal horn
neuron, central sensitization, rewiring of synaptic con-
nection in the dorsal horn and phenotypic
switch.'#21:234 NCP could be nondisease related, dis-
ease related, or treatment induced.'* Additionally,
chronic pain conditions, such as low back pain, that
were present prior to cancer may continue to be prob-
lematic. Psychological factors such as depression, anxi-
ety and cognitive status influence pain perception and
contribute to pain intensity.?"***’ Common NCP syn-

classification that

dromes are listed in Table 1.

Numerous and complex elements can lead to NCP.
Thus, NCP may result from direct damage (directly
tumor-related pain) because of tumor expansion and
pressure on surrounding organs, from compression or
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Table 1. Common Cancer-related Neuropathic Pain (NP)
Syndromes

Common Cancer-related NP Syndromes

Cancer-related NP
Brachial plexus neuropathies—Plexopathies
Cranial neuropathies
Metastatic cancer-induced bone pain
Cancer therapy-induced NP
Chemotherapy-induced peripheral neuropathy
Postradiation NP
Plexopathies
Tissue fibrosis
Mucositis
Surgical neuropathies
Phantom limb pain
Postmastectomy syndrome
Post-thoracotomy syndrome

direct infiltration of nerves, plexuses, bones, ligaments
and soft tissues (entrapment, nerve tissue damage) by
the growing tumor, from hollow viscera stretching and
solid organs capsule distortion, followed by mucosa
inflammation/ischemia/necrosis  (visceral nociceptors
activation) and from rapid weight loss, muscle hyp-
ercatabolism, immobilization, or increased muscular
tension, causing muscular pain.*"*’

Secondarily, NCP may derive from neuronal milieu
alterations, due to cancer growth and from the conse-
quent local and systemic inflammatory response, such
as tissue acidosis, tumor secretion of pro-inflamma-
tory, inflammatory and pro-hyperalgesic mediators,
production and release of tumor algogens or circulat-
ing chemokines and cytokines.”?” These inflammatory
events facilitate pain transmission and in NCP are
likely to be more common and important than in other
neuropathies; in these, an acute tissue response sub-
sides, restricted neuropathic mechanisms
within peripheral nerve and CNS.”

Under this concept and regarding directly tumor-
related NCP, cancer cells can cause invasion of
mechanically sensitive tissues (eg, visceral pain) or
nerve entrapment and injury (eg, NP). Tumors contain
immune system cells releasing factors, including endo-
thelin, prostaglandins, and tumor necrosis factor alpha
(TNF-a), which excite or sensitize peripheral nocicep-
tive primary afferents. Tumors release protons, causing
local acidosis, with similar effects. The ongoing pain is
induced and is partially maintained by central sensiti-
zation. Proteolytic enzymes produced by tumor cells
can damage sensory and sympathetic nerve fibers,
causing NP.'?

Metastatic spread of cancer to bone is one of the
most important causes of NCP and painful muscle

leaving

spasm,®® whereas breakthrough pain (defined as
transitory flare of pain occurring on a background of
relatively well-controlled baseline pain) may be preva-
lent, due to numerous etiological factors (bone metas-
tases, triggering pain on movement).®” Infiltration and
injury of sensory neurons that innervate the bone
marrow cause pain. Alterations in normal bone turn
over occur, with loss of mechanisms that normally
regulate the balance between osteoclast and osteoblast
activity. As disease advances, the bone loses mechani-
cal strength and is subject to osteolysis, pathological
fracture, and microfractures. Mechanical distortion of
the periosteum may also be a major source of
pain. 6170

NCP can arise as a consequence of cancer-directed
therapy, such as surgery, radiotherapy and chemother-
apy (treatment-related therapy).”””'™"*
adverse effects include joint pain following chemother-
apy and hormonal therapy and/or painful mucositis
due to radiotherapy and chemotherapy with certain
agents. It has been widely reported that drugs such as
paclitaxel, vincristine, cisplatin and bortezomib may
produce sensory neuropathies. Surgical interventions
can give rise to nerve damage and chronic postopera-
tive pain. Mastectomy and debulking tumors’ excision
often result in deafferentiation pain. Postmastectomy
patients report constellation of symptoms. Radiother-
apy can induce injury, leading to microvascular insuffi-
ciency and fibrotic changes (radiation-induced
fibrosis), affecting peripheral nerves and perineural tis-
sues (eg, brachial plexus fibrosis) and causing chronic
NP that begins months to years following treat-
ment.”*””* Depending on structures involved, cancer
neuropathies can present as mononeuropathies, poly-
neuropathies, radiculopathies, plexopathies or opioid-
induced hyperalgesia, following surgery, chemotherapy
or radiation.”™”* Additionally, debilitated patients are
more likely to suffer from secondary infections, such
as herpes zoster and bacterial or fungal infections,
directly leading to neuropathic damage, or further
hypersensitivity.

Chemotherapy associated NP has been widely
reported in controlled and uncontrolled studies. On
one hand, more patients experience the excellent out-
comes of chemotherapy, with prolonged survival. On
the other hand, increasing numbers of patients are
unable to complete full treatment because of CIPN
development. Long-term pain management is therefore
a challenging treatment aspect for neurologists, oncol-
ogists and pain specialists.'>>”7¢

Treatment
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CIPN incidence is rising due to neurotoxic agents’
increased number and because patients live longer,
receiving multiple chemotherapy drugs. The severity of
peripheral neuropathy varies with the type of agent
used, the cumulative dose, and the treatment duration.
Serious painful sensory disturbances tend to occur in
patients who are more vulnerable, because of pre-exist-
ing nerve disorders, associated for example with diabe-
tes mellitus or alcoholism. Patients experience sensory
symptoms that are quite similar, regardless of the che-
motherapeutic agent. CIPN onset is progressive,
although some patients may describe rapid symptoms
onset following chemotherapy. CIPN symptoms are
often under-recognized, in part because of difficulties
in diagnosis, in addition to patients’ underreporting.
CIPN is documented frequently with vincristine, tax-
anes and platinum-based agents, as it is depicted in
Table 2.77%77

Vincristine is a frontline plant-derived, anticancer
agent, being very effective in a number of lymphoid
malignancies. However, its use can be limited by
peripheral neuropathy onset, which is sometimes severe
enough to require a lower dose, resulting in a less effec-
tive treatment, or even termination of chemotherapy
altogether. Pain in the hands and feet, muscle cramps,
numbness and tingling in the finger tips and toes have
been reported in over 50% of patients receiving vincris-
tine therapy.”® Recovery from neuropathy may take up
to 2 years, may worsen after vincristine is stopped, and
is not always reversible. Decreasing dose may minimize
toxicity. However, there is no other known effective
prevention of peripheral NP caused by vincristine.”"

Since the introduction of cisplatin treatment, mortal-
ity from testicular cancer has been drastically reduced

with a cure rate above 80%. Unfortunately, significant
peripheral neuropathy occurs in patients who receive
more than 400 to 500 mg/m?, generally 3 to 6 months
into treatment. Neuropathy affects predominantly
the large sensory fibers, with patients complaining of
paraesthesias in extremities, due to loss of large fiber
sensory function. Symptoms may also continue for
months or years after therapy discontinuation.”*!%3-¢1

Oxaliplatin, a newer platinum compound, effective
in advanced colon cancer, as well as in gastric, ovar-
ian, breast and lung cancers, causes two types of neuro-
toxicity: an early acute reaction of dysaesthesia within
hours of treatment in up to 90% of patients, and a
chronic sensory neuropathy similar to that seen with
cisplatin. Signs of oxaliplatin chronic neuropathy con-
sist of proprioception alterations, which do not disap-
pear between treatments. If severe, this problem can
make daily activities (writing, buttoning shirts or pick-
ing up objects) extremely difficult.”-*%°!

Taxanes are indicated for the treatment of lung,
breast and ovarian cancer, prolonging emissions and
improving survival. Taxanes affect many sensory neu-
rons and especially nerve fibers that conduct vibration
sensation and proprioception, reducing the quality of
life of cancer patients. Paclitaxel induces paresthesias,
sensation loss and dysaesthetic pain in feet and hands.
This neurotoxicity is dose related.”*! Pre-existing neu-
ropathy and co-administration of other chemothera-
peutics enhance NCP risk.”*

Certain malignancies (such as breast, kidney,
thyroid cancer & multiple myeloma) are frequently
complicated by metastatic disease or lytic lesions,
affecting bones. Bone metastasis affects more than half
of the women with breast cancer during their disease’s

Table 2. Neuropathies Associated with Specific chemotherapeutic Agents and Biological Therapies

Chemotherapy Neuropathy Type (Incidence)

Onset Time

Duration and Recovery Type of Cancer Treated

Chronic—30% severe

pain in hands/feet muscle
cramps numbness/tingling
paraesthesias common

Vinca alkaloids

2 to 3 weeks (+)

1 to 3 months up to 2 years Lymphoid malignancies

Testicular cancer

Platinum Compounds Chronic
Cisplatin
Carboplatin
Platinum Compounds Cold induced
Oxaliplatin Acute (90%) chronic
Taxanes Chronic

Bortezomide
Thalidomide

More CIPN with Frequent Dosing

Chronic (35%)
Chronic

1 month up to 3 to
6 months (+)

Acute: hours chronic:

1 month (+)

Within days (+)

Any time (+)
Any time (+)

Some resolution in 80%
over months/years

Chronic: as Cisplatin

6 to 24 months

19% complete recovery

25% no recovery

71% some recovery at 2 years
Recovery less likely

Colon cancer
Gastric cancer
Ovarian cancer
Breast cancer
Lung cancer
Lung cancer
Breast cancer
Ovarian cancer
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course, with pain management being challenging.
Tumors that compromise bone or nervous structures
due to bone destruction process may be very painful
and direct tumor invasion of bone or osseous metasta-
ses development contribute to persistent bone pain.
Pain occurs as a result of bone devastation and, as
more destruction continues, increased pain is experi-
enced. Functional limitation and neurological impair-
ment may be additional problems. Bone metastases are
not necessarily painful, with pain often being dispro-
portionate to radiological findings.*>*"

Although it is not strictly a neuropathic injury,
CIBP consists a unique state with features of both neu-
ropathy and inflammation. Recent studies demon-
strated that osteoclasts damage peripheral nerves,
leading to deafferrentiation. Glial cell activation and
neuronal hyperexcitability within the dorsal horn are
similar to neuropathy.”'>”*8% Nociceptive afferents
are mostly concentrated in the periosteum, whereas
bone marrow and cortex are less sensitive to pain.
Some of the mechanisms contributing to CIBP include
periosteum stretching by tumor expansion, bony dis-
tortion by local microfractures, nerve compression due
to collapsed vertebrae or direct tumor encroachment,
and algesic substances local release from the bone mar-
row 2372:81,82

CIBP perhaps best illustrates the complexity of
malignancies, clinically demonstrating a hallmark of
cancer pain, with presence of painless disease at some
sites and severely painful at others.” Bone pain has
been correlated with osteoclastic activity.®® In normal
bone, the net activity of bone-resorbing cells (osteo-
clasts) equals the net activity of bone-forming cells
(osteoblasts). In metastatic disease, there is evidence
of increased osteoclastic activity. Both tumor and
humoral factors, including prostaglandins, cytokines,
local growth factors, and parathyroid hormone,
enhance osteoclastic activity and act locally to stimu-
late nociceptors. Despite increased osteoclastic activity,
bone formation also increases. Consequently, the pro-
portion of immature bone increases and likelihood of
fractures is higher. Bone metabolic activity is a pre-
dominantly surface-based phenomenon. Since cancel-
lous bone provides a large surface area compared with
the cortical one, it is not surprising that neoplastic dis-
orders of bone remodeling are expressed earlier at can-
cellous sites.**172

NCP is characterized by spontaneous burning, with
intermittent sharp, stabbing, or lancinating characteris-
tics, hyperalgesia and allodynia. Relationship between

mechanisms and symptomatology is complex. The
underlying mechanisms can be different for the same
symptom, while the same mechanism can result in dif-
ferent symptoms. Whatever the etiology of NCP is, it
definitely arises from changes initiating in the damaged
nerves, which in turn alter spinal cord and brain func-
tion, leading to altered plasticity at a number of sites.”
Much of our knowledge on NP is based on peripheral
and spinal originating events of hyperexcitability, with
little known about central NP in patients with persis-
tent pain.”®>** A long-term pathological state of cen-
tral sensitization can be maintained via central feed-
forward loops, with or without continued peripheral
input. These multiple NCP mechanisms are the basis
for the application of combinations of agents, attack-
ing more than one sites, thus, providing the possibility
of synergy in controlling difficult pain states.”-*'~*’

NCP may arise from several different mechanisms,
some of which have been investigated in animal mod-
els. However, in clinical practice all causes may arise
simultaneously or sequentially in patients, adding new
complexity to neuronal signatures. NCP may be con-
sidered the result of a multistep process, with each
causative factor contributing to neuronal sensitization
in a different way. The final event that triggers NCP
initiation or maintenance will differ between individu-
als. This may, in some way, explain the diversity of
clinical presentations.”

Similarities and differences between cancer and non-
cancer NP have been explored up to a point. The neural
pathways, ion channels, receptors and neurotransmit-
ters that are potentially altered in both neuropathies,
are the same; however, nature of injury, timing,
repeated injuries and co-existence of simultaneous non-
NP states lead to potential unique constellations of neu-
roreceptor and neurotransmitter expression in the con-
text of cancer pain. This in turn may lead to different
clinical presentation and to specific treatment options.
Since cancer and appropriate treatment result in mixed
pain mechanisms, the resulting neuronal and higher
center stimulation induces a complexity and “chaos,”
producing a unique signature, on a familiar back-

DIAGNOSIS

NP diagnosis is based on detailed medical history, ana-
lytical systems’ review, meticulous physical and neuro-
logical examination, magnetic resonance imaging,
electrophysiological and appropriate laboratory studies
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(blood/serological tests). In some instances, nerve or
skin biopsy is necessary to directly visualize nerve
fibers.?"2*%5 Diagnosis of peripheral or central NP is
made only when history and signs are indicative of
neuropathy, in conjunction with neuroanatomically
correlated pain distribution and sensory abnormalities
within the area of pain. Cornerstones of the diagnostic
work-up in NP, which also aim at disclosing the etiol-
ogy of this pain type, are depicted in Table 3 and can
be easily applied in NCP patients.>$:>%-31:8¢

NP diagnosis can be difficult. Physicians should
keep in mind that psychosocial factors are a major
component of chronic pain experience and should be
routinely addressed when patients are evaluated. Psy-
chological processes may influence pain report and
could potentially produce exaggerated
However, sincere communication, with the patient’s
pain being seriously taken, would minimize the possi-
bility of unreliable or noninterpretable neurological
examination due to psychological processes. Proper
diagnosis is the key for effective treatment, and com-
plex patterns of signs and symptoms demand multiple
medical specialties involvement.>**8-2%-87

The most reliable methods for NP assessment are
laser-evoked potential (LEP) recordings and skin
biopsy, which selectively assess nociceptive pathways,
obtaining a rapid diagnosis and hence determining
treatment.*” To find out whether LEPs also provide a
useful neurophysiological tool for assessing antinoci-
ceptive drug efficacy, the group of Truini measured, in
a double-blind, placebo-controlled study, changes
induced by tramadol on LEPs, in 12 healthy subjects.®®
They found that tramadol decreased LEPs amplitude,

responses.

Table 3. Cornerstones of the Neuropathic Cancer Pain
Diagnostic Work-Up

Basic Components of Detailed Workup-Neurophysiological

Diagnostic Work-up

Testing

Careful medical history
Detailed clinical examination
Motor, sensory,
autonomic system
Pain drawing

Word descriptors

Questionnaires/Scales

Comprehensive neurological
examination

Survey of somatosensory
functions

Electroneurography
Electromyography
Microneurography

Somatosensory evoked
potentials

Quantitative sensory testing

Magnetic resonance imaging

Positron emission tomography

Functional MRI
Pharmacological fMRI

Laser-evoked potentials
Skin biopsy

whereas placebo left LEPs unaltered. The opioid antag-
onist naloxone partially reversed the tramadol-induced
LEP amplitude decrease. They concluded that LEPs
may be reliably used in clinical practice and research,
in order to assess antinociceptive drugs efficacy.

NCP diagnosis is based more on word descriptors
and less on scales or questionnaires, although some of
the latter can be sensitive and specific for NCP diagno-
sis in specific cancer types.®” For head and neck can-
cers, Leeds Assessment of Neuropathic Pain Symptoms
and Signs was successful; however there was some crit-
icism that it cannot be used for symmetrical neuropa-
thies and that patients with central NP may score low,
leading to several clinical disadvantages, as published
studies show methodological weaknesses.”® Other
scales (Northwick Park Neck Pain Questionnaire,
NPQ; Neuropathic Pain Questionnaire Short Form,
NPQ-SF; Neuropathic Pain Symptom Index, NPSI)
have been evaluated as useful tools to facilitate
communication between physicians.”’ Limited data
supporting the use of DN4 scale for diagnosing NCP
exist.”

Diagnosing NCP still remains problematic and
many factors are responsible for this. Cancer patients
often experience more than one types of pain simulta-
neously, making NP difficult to be distinguished.
Another barrier in CIPN assessment is that many on-
cologists believe that treatment-induced pain will
improve over time, in such a way that pain’s issue
tends to be underestimated. When assessment does
take place, the current grading system is too broad to
adequately detect changes in neuropathy. Additionally,
tools to measure painful peripheral neuropathy have
been validated in patients with diabetic or post her-
petic neuropathy, but rarely in patients with CIPN.”>””

In the past, NCP was under-diagnosed. Nowadays,
it may be hyper-diagnosed. As our awareness of the
possibility for a neuropathic element in cancer pain is
raised, clinicians try to diagnose NCP in the same way
they do for noncancer NP. In part, they are successful.
This is an easy way to diagnose all the “certain” cases
of NCP, as well as to rule out cases where neuropathic
elements are absent. However, by using these tech-
niques, they tend to enlarge the “gray zone” of doubt-
ful NCP cases.

In noncancer patients, NP stands alone, just waiting
for the clinician to diagnose it. In cancer, NP is often
paired with nociceptive and bone pain, making clinical
picture difficult to elucidate. Considering the possibil-
ity that certain descriptors or signs, such as those
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relevant to hyperalgesia, may in fact be the result of
opioid administration and not of NP per se, diagnosis
becomes more complicated. A practical way to diag-
nose “gray zone” NCP is to administer drugs alleviat-
ing NP, such as anticonvulsants and antidepressants,
although a trial of NP-specific drugs is usually manda-
tory. Cancer is a dynamic entity with pain characters
progressing over time and whatever until now was
considered just nociceptive pain, in the future may
grow, presenting neuropathic features. Therefore, clini-
cal alertness is necessary and re-evaluation of the
patient is warranted.”!

PHARMACOLOGICAL TREATMENT

As few studies specific to cancer patients have been
conducted, NCP therapeutic options remain largely the
same with those for nonmalignant NP. In cancer pain
therapy, opioids have a definite place, when this is not
so clear for chronic noncancer pain. NCP does respond
to opioids, but usually higher doses are needed.”’ In
the following paragraphs, data regarding NP therapy
in general (regardless etiology) are presented, as some
of the available treatment options may also be applied
to cancer patients, suffering from pain characterized
by neuropathic elements. During NCP management,
an important recommendation in initiating pharmaco-
logical therapy is to introduce one drug at a time, with
gradual upward titration, according to patient’s
response. Administering several agents together pre-
cludes determination of the most effective one or
which caused the side effects that might occur.?!

Even though historically the earliest NP treatment
strategies were invasive in nature, none of them was
consistently successful.>* The heterogeneity of aetiolo-
gies, symptoms and underlying mechanisms leads to
poor response to conventional therapy and makes NP
a challenging condition to treat. The complexity of this
phenomenon limits the clinicians’ awareness of the evi-
dence-based options, thus making available data diffi-
cult in interpretation.”?

Another obstacle is that agents in NP
treatment are commonly classified according to their
original therapeutic category (antidepressants, anticon-
vulsants, etc.), and this confuses physicians not famil-
iar with NP. Such a classification may be misleading,
since with its interpretation administration of other
drugs belonging to the same category (antidepressants,
anticonvulsants) may be considered comparable to
those with proven efficacy.”?

used

Recent studies have

shown that most of NP patients, including those with
malignant disease, were receiving medication of unpro-
ven efficacy, or suboptimum doses of the appropriate
medication.”®”* It is accepted that with appropriate
therapy a significant percentage of patients report sub-
stantial pain alleviation. Another reason for NP treat-
ment failure is that it is used in a uniform fashion
across a patient population. Consequently, a drug
shown to be useful in one group of patients is actually
used to treat patients, whose NP is caused by a com-
pletely different pathology.”?

Improvement in NP pharmacotherapy can be
accomplished only with treatment tailored to the indi-
vidual patient based on the corresponding underlying
pain mechanisms.®®' NP management currently aims
to treat underlying mechanisms as opposed to disease
modifying therapy. However, at present, this is neither
readily feasible, nor totally achievable. The difficulty
lies in the underlying mechanisms’ identification. The
clinicians’ main indications are usually based upon the
symptoms generated by the mechanisms, which, how-
ever, are not equivalent to the mechanisms.”*

Up until the year 2000, no official consensus on the
optimal NP therapeutic management existed, with
practices varying among therapists. Possible explana-
tions include difficulties in developing common diag-
nostic protocols and co-existence of neuropathic,
nociceptive and, occasionally, idiopathic pain in the
same patient. As mentioned before, NP had historically
been classified according to its etiology, without regard
for the potential mechanism(s), underlying the specific
symptoms. Management was empirical and consisted
of various therapeutic approaches, including both inva-
sive and noninvasive strategies.”* However, specific
and sensitive diagnostic tools revealing clear-cut
evidence of the nature of the particular pathophysio-
logical process have more recently appeared in litera-
ture, 1:21:61,93

In 2000 and early in 2003, the first treatment algo-
rithms were published.?*”® Recommendations for NP
treatment in general, as well as for NP management
associated with specific syndromes, such as PDN °7-?8
and trigeminal neuralgia,”® were published based on
anecdotal evidence or clinical trials showing efficacy of
a therapy in some patients. Additionally, many of these
early trials randomized small numbers of patients and
were often poorly designed.

It is generally accepted that pharmacotherapy
remains the mainstay of NP management. It soon
became apparent that, as NP may be partially or
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completely unresponsive to primary analgesics, applied
therapies had to involve adjuvant analgesics, such as
antiepileptic drugs (AEDs), antiarrythmics and antide-
pressants. Table 4 summarizes the pharmacological
treatment recommendations that were suggested in
2003, by the faculty members of the 4th International
Conference of the Mechanisms and Treatment of NP.
These recommendations were based on positive results
from multiple RCTs, a single RCT and inconsistent
results of multiple RCTs.%”

The percentage of patients with NP who do not
respond to 1 of the 5 First-Line medications, but who
then experience satisfactory pain relief from a different
one is unknown. Even within a class of drugs, patients
fail to respond to one medication but then respond to
another. Drug selection depends on clinician’s experi-
ence, patient needs and side effects. Current under-
standing of NP is consistent with the existence of
multiple mechanisms, each of which may produce a
different response to medications having diverse
actions. Therefore, on both empirical and theoretical
grounds it can be recommended that nonresponders to
1 of these 5 First-Line medications may be treated with
a different drug.?”1%°

When partial response to a single drug is observed,
combination with other agents should be considered.
Existing data on NP combination drug therapy are still
inadequate; pain management by combining drugs is

Table 4. First-Line, Second-Line and Beyond Second-
Line Treatment Recommendations for Neuropathic Pain

Neuropathic Pain

Beyond
First-Line Second-Line Second-Line
Gabapentin Other Antiepileptic Capsaicin
Drugs (AEDs) Clonidine
Lamotrigine Dextromethorphan
Carbamazepine Mexiletine

Levetiracetam
Oxcarbazepine

Tiagabine
Topiramate
Zonisamide
5% Lidocaine patch Other Antidepressants
Opioid analgesics Paroxetine
Tramadol Citalopram
hydrochloride Bupropion
Tricyclic Hydrochloride
Antidepressants Venlafaxine
(TCAs) Hydrochloride

Nortryptiline
hydrochloride

Desipramine
hydrochloride

entirely empirical. The guiding principle in drug selec-
tion is their additional therapeutic effects, rather than
their adverse events. Combination therapy can be tried
at the beginning of therapy in order to increase the
likelihood of a beneficial response or whenever an
agent requiring titration is used.

The interest in NP pharmacotherapy can be esti-
mated by reviewing the number of NP medication pat-
ents that are filed. Before 2000 there were fewer than
27. In 2002 there were 54; in 2003 104; and in 2004
about 100 applications were filed. These agents include
cannabinoid receptor antagonists, a2-adrenergic agon-
ists, NMDA receptor antagonists, lysine B antagonists,
NR2B-selective agents, glycine antagonists, nicotinic
receptor agonists, NK1 receptor antagonists, bradyki-
nin B1 receptor antagonists, vanilloid VR1 receptor
antagonists, cholocystokinin antagonists, oral TNF
antagonists, interleukin antagonists, neuroimmuno-
modulators and many others.®>!°192 Completely new
drug classes, which derived from exotic animal sources
like conotoxins from a marine snail family and epita-
dine from a species of frog, seem to modulate neuronal
transmission in pain pathways.'%® Innovative pathways
in therapeutic aspects include development of gamma-
aminobutyric acid (GABA) and serotonin secreting
neuron grafts for spinal cord injury pain and the use of
herpes simplex or HIV-like viruses as drug or gene
vectors to transport therapeutic agents into the dorsal
root ganglion or dorsal horn. Although efficacy, side
effects and cost are crucial, it will be fascinating to see
if we can further improve pain relief, compared to the
present options.®’

In 2006 and 2007, new treatment guidelines and
recommendations were published, presented in Table §
194 and Table 6.'°° Table 7 summarizes the most
recent guidelines on the pharmacological treatment of
NP, 106

For these guidelines the authors used top-level stud-
ies, from 2005 to 2009, found in the Cochrane
Library, Medline and other electronic databases. The

Table 5. EFNS Guidelines on Pharmacological Treatment
of Neuropathic Pain

First Line Second Line Third Line
Pregabalin Topical lidocaine (PHN) Strong opioids
Gabapentin Tramadol

TCAs (tricyclic Venlafaxine
antidepressants)
Duloxetine

(especially for PDN)

PDN, painful diabetic neuropathy; PHN, post herpetic neuralgia.
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Table 6. Recommendations for the Pharmacolocical

Management of Neuropathic Pain

First Line Second Line Third Line
Pregabalin Tramadol NMDA antagonists,
Gabapentin Strong opioids Mexiletine
TCAs Topical capsaicin
SNRIs
Topical lidocaine

for PHN

TCAs, tricyclic antidepressants; NMDA, N-methyl-p-aspartic acid; SNRIs, serotonin-nor-
epinephrine reuptake inhibitors.

Table 7. Guidelines on Pharmacological Treatment of
Neuropathic Pain

Pharmacological Treatment

Second Line
Tramadol (200 to
400 mg/day)

First Line for various conditions
TCAs (25 to 150 mg/day)
Gabapentin (1200 to 3600 mg/day)
Pregabalin (150 to 600 mg/day)
First Line for restricted conditions
Lidocaine plaster (up to three
plasters/day): PHN
Duloxetine (60 to 120 mg/day): PDN
Venlafaxine (150 to 225 mg/day): PDN
Capsaicin 8% patch: PHN, HIV
neuropathies
Cannabinoids: MS
Pregabalin SCI
First Line for neuropathic cancer pain
Gabapentin
Tramadol, TCAs level B of evidence
Combination therapy
Gabapentin & TCAs
Gabapentin & opioids

Second or Third Line
Opioids

TCAs, tricyclic antidepressants; PHN, post herpetic neuralgia; PDN, painful diabetic
neuropathy; MS, multiple sclerosis; SCI, spinal cord injury; HIV, human immuno-
deficiency virus.

authors also extracted information regarding efficacy
on pain, symptoms/signs, quality of life, sleep, mood
and side effects. The recommended agents, with level
A evidence (tricyclic antidepressants [TCAs], pregaba-
lin and gabapentin) can be used in various conditions
(except trigeminal neuralgia). Drugs specific to
restricted conditions with level A evidence, include
duloxetine and venlafaxine for DPN, and topical lido-
caine plaster 5% and capsaicin 8% patches for PHN.
For cancer pain relief, basic principles of pharmacolog-
ical management should follow the World Health
Organisation (WHO) guidelines,'®” which, in special-
ists’ units, relieve 80% of cancer pain.'*%~'1°

ADJUVANT ANALGESICS

NCP and especially CIBP can be controlled with diffi-
culty during cancer pain therapy. Even though most

complex cancer pain types have more than one
component, there is usually a dominant one.''" NCP
can be poorly responsive to opioids because higher
doses are often required, which in turn increase the
likelihood of unacceptable side effects, therefore limit-
ing dose escalation.!’*™"'* The widely used adjuvants
represent a major aspect in our NCP armamentarium.
These include gabapentinoids (gabapentin, pregabalin),
AEDs, antidepressants (TCAs, duloxetine, venlafax-
ine), corticosteroids, bisphosphonates, NMDA antago-
nists, canabinoids and other substances.!!*11¢

An adjuvant analgesic is an agent, whose primary
indication is other than pain, exerting analgesic effects
in certain painful conditions."'” Apart from the
adjuvants’ importance per se, they also impart opioid-
sparing effects. All adjuvants have a number-needed-
to-treat (NNT) of about three (NNT = 3). This means
that of every three patients treated, one is likely to get
pain relief; their selection is not based on potency
superiority.''® Selection depends on individual’s likely
sensitivity to a specific side-effect profile and choice
should be based on appropriate identification of the
exact nature of pain, guided by a precise diagnosis.*®

The use of adjuvants that are effective in NP in gen-
eral is justified in NCP patients as the difficulties in
performing RCTs in them lead to evidence insuffi-
ciency. However, antidepressants and anticonvulsants
are recommended by evidence-based guidelines in NCP
therapy.!'” Adjuvants can be added at any stage of the
WHO ladder and are selected following underlying
pain pathophysiology, although it is common to be
generally prescribed early during NCP treatment.'' At
present, a number of approaches target at reducing
levels of cancer-related pain. Therapies that aim to
decrease tumor size are often effective and include
radiation, chemotherapy and/or surgery—but these are
usually complicated, burdensome and accompanied by
significant side effects. Moreover, medications that
may reduce inflammation-associated pain, such as
NSAIDs or opiates, are also characterized by numer-
ous side effects. The relative ineffectiveness of current
treatments reflects the fact that therapies have not
changed for decades. It is challenging to develop new
approaches to relieve NCP, as the neurobiological
basis for pharmacological treatment is largely empiri-
cal and based on scientific studies of painful conditions
other than cancer.'?

EFNS Task Force has suggested specific guidelines
on NCP pharmacological treatment. These are the first
ever recommendations for NCP, according to which
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gabapentin is an agent with level A evidence, Tram-
adol and TCAs are drugs with level B evidence and
valproate is considered inefficient.'0*196-120-122 N re-
over, according to the recent ESMO (European Society
of Medical Oncology) clinical recommendations on
management of cancer pain, nonopioid and opioid
analgesics may be combined with antidepressants or
neuroleptics, or even AEDs, in the case of NCP.'??

ESMO recommends that NCP should be treated not
only with TCAs, pregabalin, and gabapentin, but also
with the selective serotonin reuptake inhibitor fluoxe-
tine (in doses of up to 80 mg/day), neuroleptics (halo-
peridol, chlorpromazine) and the antiepileptic
carbamazepine. However, we should mention that the
recommendation of potentially using high dosages of
fluoxetine, which have not been tested in NP patients,
holds the increased risk of serotonin syndrome if used
in combination with tramadol. Carbamazepine is rec-
ommended as a first choice in the classical trigeminal
neuralgia and not in NCP. Neuroleptics are ineffective
in NCP management on the basis of good quality
RCTs.

Long-lasting pain, especially of neuropathic etiol-
ogy, may cause psychological problems that should be
specifically addressed. Steroids should be considered in
cases of nerve compression. There is sufficient evidence
supporting bisphosphonate use for refractory bone
pain, but not for general use as First-Line therapy of
CIBP.

Tricyclic Antidepressants

TCAs inhibit norepinephrine and serotonin reuptake,
followed by augmentation of biogenic amine activity.
Their action includes sodium channel modulation in
the periphery and NMDA antagonism. As a result,
TCAs enhance dorsal root inhibition and reduce
peripheral sensitization,'**!?

Paoli was one of the first physicians to administer
antidepressants for chronic pain treatment in 1960.
Many scientists have described TCAs as effective for
NP treatment over the last 30 years. According to their
trial results, TCAs may exert a direct analgesic action,
although some of these trials were uncontrolled or
complicated by co-administration of an adjuvant.**
Basic evidence for TCAs efficacy in NP alleviation
(peripheral origin) results from meta-analysis of many
old and relatively small-scale trials, which conclude
that approximately 30% of patients were responders
(> 50% relief), 30% complained of minor side effects

and 4% suffered from major ones, leading to therapy
interruption.

Trials of patients with HIV sensory neuropathy, pain
from spinal cord injury and cicplatin-induced neuropa-
thy report minor improvement of NP by amitryptiline
when compared with placebo. Additionally, a Cochra-
ne review provided a valuable summary regarding
current evidence on TCA administration in nonmalig-
nant NP, suggesting that these drugs provide at least
moderate pain relief (NNT = 3.6).67-87:111,126-129

TCAs are started with a low bedtime dose (10 to
25 mg), which is gradually increased or titrated
weekly, every 3 to 7 days (10 to 25 mg/day incre-
ments), usually up to 150 mg, or until further dose
increase is forbidden due to adverse effects.”® Although
TCAs analgesic properties probably occur at lower
dosages than those for an antidepressant effect, no sys-
tematic evidence supporting this assumption exists.
Some data suggest a possible dose-response relation-
ship. An adequate trial of a TCA should have duration
of 6 to 8 weeks, with at least 1 to 2 weeks at the maxi-
mum tolerated dosage. For NP, dosing escalation to
antidepressant blood levels is advised for 4 to
6 weeks.?>87

Common side effects of TCAs are sedation, anticho-
linergic (dry mouth, constipation,
postural hypotension and weight gain).”® In one large-
scale study, TCA long-term administration was associ-
ated with a 2.2-fold greater relative risk of myocardial
infarction and a 1.7-fold increase in overall mortality,
compared with placebo."*® Thus, caution is necessary
when TCAs are prescribed in the elderly, especially if
cardiovascular risk factors or preexisting conduction
abnormalities are present. A screening ECG is recom-
mended prior to therapy initiation. The secondary
amines nortryptiline and desipramine are safer than
the parent drugs amitryptiline and imipramine
respectively. TCAs are also contraindicated in cases of
glaucoma, urinary retention or autonomic neuropa-
thy.2*858793 Recent studies conducted in cancer
patients demonstrate only slight analgesic effects from
amitryptiline and nortryptiline. 231132

consequences

Other Antidepressants (ADs): SSRIs, SNRIs
(Venlafaxine, Duloxetine), NDRIs (Bupropion)

Selective serotonin reuptake inhibitors (SSRIs) produce
less side effects and are better tolerated than TCAs.
Paroxetine and citalopram resulted in significantly bet-
ter pain relief than placebo in patients with PDN,
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whereas fluoxetine was no more efficacious compared
to placebo. Although fluoxetine occasionally induces
antinociception in animal models of NP, it exerts
minor or no analgesic effect on its own and is effective
only in patients with peripheral NP and co-morbid
depression. At present, in NCP treatment the evidence
to support the use of SSRIs is not sufficient.*!

Sustained release bupropion, a norepinephrine and
dopamine reuptake inhibitor (NDRI) was more effec-
tive than placebo in patients with NP of peripheral
and central origin. It has a low incidence of sexual dys-
function and is associated with weight loss. Side effects
include agitation and insomnia. For NP it is given at a
dosage of 150 to 300 mg daily.%-87-133

Venlafaxine, with a different chemical structure
compared to TCAs and SSRIs, inhibits norepinephrine
and serotonin reuptake (SNRI) at a dose > 150 mg
daily. Recent data support the use of venlafaxine in NP
states (NNT = 3.6).'"" In a randomized, 3-period,
crossover trial of venlafaxine and imipramine adminis-
tered in patients with painful polyneuropathy, both an-
tidepressants resulted in superior pain relief, compared
with placebo, with no differences between them.'?*
Venlafaxine at doses > 150 mg/day improved pain in
PDN while a dose of 75 mg daily was ineffective.'®’
Side effects of venlafaxine include hypertension, espe-
cially in cases of pre-existing hypertension. Further tri-
als on venlafaxine titration are required as are trials
with antiepileptics combined with this antidepressant.®’

Duloxetine, a newer antidepressant agent, belongs
to SNRIs and is FDA approved for PDN treatment.'?’
Duloxetine doses range between 60 and 120 mg/day,
without any significant differences between the two
doses, but with better efficacy vs. placebo. Improve-
ment should be noted within 2 weeks at 60 mg before
increasing the dose further.®*'*® Duloxetine’s efficacy
in PDN was confirmed in three large-scale trials'>”'%*
and its effects were reported to persist for one year.'?’
It has minimal or no effect on blood pressure and body
weight, with few sexual adverse effects in studies pub-
lished up to now. Frequent adverse events observed
were nausea, somnolence, dry mouth, constipation,
diarrhea, hyperhidrosis and dizziness, and discontinua-
tion rates were 15% to 20%."*" Duloxetine induces
little or no cardiovascular side effects, but rare cases of
hepatotoxicity have been reported.

The advantage of venlafaxine and duloxetine appli-
cation in NCP treatment is that, apart from pain relief,
they can serve a useful therapeutic role for clinical
depression.'"! Venlfaxine may be more effective in

ameliorating neuropathies in cancer patients, %2

although it appears to have more side effects, com-
pared with duloxetine. Venlafaxine significantly
reduced the incidence of postmastectomy pain syn-
drome 6 months after breast cancer surgery.'*?

Antiepileptic Drugs—Gabapentinoids

Similar to epilepsy, the pathophysiological basis of NP
is neuronal hyper-excitability. Thus, multiple AEDs
have been effectively included in NP management due
to their ability in suppressing neuronal excitation, ulti-
mately resulting in optimal pain relief.'®® The first
published trial of an AED for the NP therapy appeared
in 1942 when Bergouignan used phenytoin to treat tri-
geminal neuralgia, based on the observation that this
condition was similar to the neuronal hyper-excitabil-
ity seen in some epilepsy models.'**'** Later on, car-
bamazepine and phenytoin were used for trigeminal
neuralgia and PDN alleviation respectively.'** Cur-
rently, gabapentinoids (gabapentin and pregabalin) are
commonly used as adjuvants, although so far they do
not provide a lower NNT compared to older anticon-
vulsants,'!1-118

Gabapentin is an AED, holding the broadest evi-
dence for efficacy in NP treatment, due to central sen-
sitization reduction. Loss of inhibitory regulation in
the dorsal horn contributes to spontaneous firing of
nociceptive pathways through complex mechanisms.
Levels of GABA, a dorsal horn inhibitory transmitter,
are reduced, and GABA receptors in dorsal horn neu-
rons are down-regulated. Gabapentin, an anticonvul-
sant structurally related to GABA and not acting on
GABA receptors, is efficacious for the treatment of NP
of various etiologies.'*® 47

Gabapentin is characterized by its antihyperalgesic
properties, acting as an inhibitor of voltage-gated cal-
cium channels, which control neurotransmitter release
on peripheral sensory neurons. Thus, it is widely used
in the management of pain originating from peripheral
nerve injury.>>14¢148-150 Gahapentin exerts its action
directly in the brainstem via a glutamate-dependent
mechanism, which stimulates descending inhibition,
producing antihypersensitivity after peripheral nerve
injury."! Furthermore, it may produce its antiallody-
nic effects through microglial cell function alter-
ation, 152153

It has an FDA-approved indication for PHN in the
United States and it is licensed for the treatment of NP
in the UK. 87105-15%155 At Jeast eight published double
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blind, placebo controlled, RCTs of gabapentin for
chronic NP therapy exist in literature. These studies
examined patients with PHN, PDN, mixed NP syn-
dromes, phantom limb pain, Guillain-Barre syndrome
and acute or chronic pain from spinal cord
146,147,156-161 - Gabapentin at dosages up to
3600 mg/day significantly reduced pain vs. placebo;
improvement in sleep, mood, and quality of life were
also reported in some trials.®” This agent yielded opti-
mistic results not only in PHN and PDN,'**162:163 ¢
also in a broad range of NP conditions such as CRPS,
radiculitis, poststroke, postoperative and postthoracot-
163 as well as in cancer-related and multiple
sclerosis-related NP, at doses up to 3600 mg/
day.'®*'®>  Gabapentin combined with morphine
achieved better analgesia at lower doses of each drug
than either as a single agent, with constipation, seda-
tion, and dry mouth reported as the most frequent
adverse effects.'®® According to a meta-analysis,
including 15 studies and 1,468 participants, gapapen-
tin is effective in treating NP, with a NNT of 2.9 and
3.9 for PDN and PHN respectively and a Number-
Needed-to-Harm of 3.7.15%15°

Basic experimental studies, employing animal can-
cer pain models, as well as clinical ones, con-
firmed that gabapentin is effective in treating
NCPp.2316%167-181 1y 5 study investigating the efficacy
and safety of gabapentin monotherapy in the manage-
ment of CIPN, 75 cancer patients, who had previ-
ously received chemotherapy and had experienced at
least one symptom of NP, were included in the inter-
vention group. They received a fixed low dose of
gabapentin (800 mg daily). The control group con-
sisted of 35 cancer patients with similar treatment his-
tory and symptomatology, who refused treatment
with gabapentin and, therefore, received a fixed-dose
combining naproxen and codeine/paracetamol.
Patients were grouped in three categories according to
the severity of their neuropathic symptoms at base-
line: mild, moderate, and severe. Analgesic efficacy of
the study drug was assessed by means of a patient-
answered questionnaire. Four stages of analgesic
response were established: complete, partial, minor,
and no response. In the intervention arm, gabapentin
led to a complete response in 25.3%, partial response
in 44%, minor response in 25.3%, and no response
in 5.3% of patients. The response to gabapentin cor-
related with the severity of the underlying neurotoxic-
ity. In the control group, none experienced complete
response, while partial, minor, and no response were

injury.

omy pain,

observed and 48.6%,
tively.'8?

Gabapentin has also been studied in a multicenter,
randomized, double-blind, placebo-controlled trial,
including 121 cancer patients with NCP. Patients had
ineffective analgesia with opioids and they were started
on gabapentin at a dose of 600 to 1800 mg/day. The
authors concluded that gabapentin is effective in
improving analgesia in NCP patients already treated
with opioids.'®* In addition, results from a systematic
review (eight studies: five RCTs and 465 patients),
controlling the efficacy of either antiepileptics or an-
tidepressants when added to opioids for cancer pain,
suggest that adjuvants improved pain control within 4
to 8 days when added to opioids and the strongest evi-
dence supported gabapentin.'®® Similarly, low dose
of gabapentin (400 mg) has been characterized as
useful adjuvant to opioids for NCP when combined
with low dose of imipramine (40 mg), leading to a

significant reduction of pain and severe adverse
184

in 5.7%, 45.7%, respec-

events.

In a recent study 818 NCP patients were treated
according to the WHO analgesic ladder, having a fol-
low-up of 6 months.'®® The researchers used adjuvant
drugs such as amitryptiline (29.9%), gabapentin
(29.9%), gabapentin and dexamethasone (19.9%) and
dexamethasone (20.2%). Opioids such as tramadol,
codeine and morphine were used; 52% of patients
received morphine as rescue analgesic. Results pointed
out that 53.2%, 41.9% and 4.9% of patients had no
pain, mild pain and moderate pain respectively. The
authors concluded that NCP can be relieved by multi-
modal treatment following WHO guidelines, as the
majority of cancer patients experienced more than one
type of pain. This conclusion was in agreement with a
previous study on NCP.'8¢

Gabapentin can be particularly helpful in patients
with NCP (burning pain, shooting pain, allodynia),
particularly when pain does not respond to opioids,
leading to a reduction of opioids dose. Additionally,
combination of gabapentin with morphine results in
improvement of sleep, daily activity, mood and quality
of life in patients with cancer-related pain syn-
dromes,'6H175-18018LI87 Bith pain and  dysesthetic
symptoms respond well to this drug, which also has an
opioid-sparing effect.'”> Gabapentin has been also
helpful in relieving abdominal pain from upper
abdominal malignancies, such as pancreatic cancer
infiltrating the celiac plexus, thus sparing the need for
blockade of the latter structure.'”® It is helpful in
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reducing pain associated with painful procedures in
cancer patients,'”? as well as in reducing myoclonic
movements associated with the use of high doses of
opioids in cancer pain.'”® Furthermore, evidence-based
approaches to pain in advanced cancer support the use
of gabapentin and single fraction radiation for neuro-
pathic cancer and bony pain respectively.'®® It has also
been reported that intrathecal co-administration of
gabapentin and clonidine, in the LS spinal-nerve
ligated rats, exerted a synergistic action on the
mechanical antiallodynic effect.'®’

Effective doses range between 100 and 3600 mg
daily, according to the results of eigth published dou-
ble-blind, placebo-controlled, randomized trials pub-
lished in 2003. Side effects of gabapentin include
somnolence, dizziness and less commonly gastrointesti-
nal symptoms and mild peripheral edema. All these
effects require close monitoring and dosage adjust-
ment, but usually not drug discontinuation.

To limit adverse effects and increase patient adher-
ence to treatment, gabapentin should be commenced
at low dosages (100 to 300 mg as single dose at bed-
time or 100 to 300 mg three times daily) and then
titrated every 1 to 7 days by 100 to 300 mg, as toler-
ated. Although three times daily is the target, more
rapid titration can be accomplished if most of the
daily dose is initially given at bedtime to minimize
daytime sedation. A dose achieving complete pain
relief or developing unacceptable adverse effects, not
resolving promptly, is considered to be the final.
Dworkin et al. suggested that gabapentin be used as a
First-Line medication for NP with a 3 to 8 week titra-
tion period to allow development of tolerance to
adverse effects, plus 1 to 2 weeks at the maximal tol-
erated dosage.®”

Pregabalin has been FDA approved for PHN and
PDN and its action is similar to that of gabapentin,
with a significantly greater affinity for the a2-8 subunit
of voltage-gated calcium channels vs. gabapentin. Pain
improvement is noted from the second day. Although
pregabalin is not metabolized by the liver and impor-
tant pharmacokinetic drug-drug interactions do not
occur, the dosage must be adjusted for patients with
renal dysfunction. Its side effects are mild to moderate
(dizziness, somnolence, headache, dry mouth and
peripheral edema). During the first 3 days 150 mg
daily are prescribed, followed by 300 mg daily for the
next 4 days. From the beginning of the second week
600 mg/day are usually prescribed to patients, whose
creatinine clearance is more than 60 mL/minute (max

dose 300 mg twice a day).35?319%1%1 pregabalin

discontinuation rates range from 0 (150 mg/day) to
20% (600 mg/day).'®* Patients with chronic pain of
peripheral neuropathic origin receiving pregabalin,
both in monotherapy and as add-on therapy, showed
substantial improvements in severity of pain and in the
spectrum of associated symptoms, such as sleep distur-
bances, mood disorders, disability, and health-related
quality of life.'”?

In a recent prospective, open-label study, the admin-
istration of pregabalin in cancer patients with a NP
component was studied.'”® One hundred-two cancer
patients with definite NCP resistant to a combination
of paracetamol, codeine, NSAIDs and methylpredniso-
lone were randomly divided into two groups (pregaba-
lin vs. opioids). In the first group, pregabalin was
added and titrated up to 600 mg/day until significant
pain relief or poor tolerability where observed (which-
ever occurred first). In the second group, TTS fentanyl
25 pg/hour was added and the dose was escalated by
25 pg/hour every 72 hours, up to a maximum dose of
125 pg/hour, until significant pain relief or problematic
tolerability. The conclusion was that pregabalin pre-
scription in NCP patients provided significant pain
alleviation and minimized the need for rescue opioids,
thus reducing opioid-induced adverse effects and toler-
ance.

Apart from gabapentinoids, lamotrigine is effective
in treating HIV sensory neuropathy, PDN, central
poststroke pain, as well as pain from spinal cord injury
due to incomplete spinal cord lesions, when gabapen-
tin presents negative results.'”>™'"? Lamotrigine is not
considered as a First-Line drug for NP treatment
because of the slow and careful titration required and
the associated risk of severe rash and Stevens-Johnson
syndrome (occurring in up to 10% of patients). Dos-
age of lamotrigine for NP is < 200 mg twice daily.?*%”

All other AEDs in the context of a clinical trial
showed variable and sometimes discrepant results.
Evaluation of the efficacy of other second-generation
anticonvulsants (levetiracetam, oxcarbazepine, tiaga-
bine, topiramate, zonisamide) for NP treatment must
await publication of the results of RCTs. Although
several AEDs block sodium channels, available anti-
different multiple
mechanisms. Therefore, lack of response to one anti-
convulsant not necessarily predict lack of
response to all AEDs.®” Despite the wide application
of anticonvulsants in NP management, only few trials
show analgesic efficacy in cancer cases, with one study

convulsants have and often

does
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identifying considerable relief in pediatric oncological
patients suffering from NCP.*%°

TRAMADOL HYDROCHLORIDE

Tramadol is a norepinephrine and serotonin reuptake
inhibitor, centrally acting analgesic, which has direct,
but weak opioid action (the M1 metabolite being
responsible for its p-opioid agonist effect) and indirect
monoaminergic action (like TCAs). It is also devoid of
immunosuppressive activity.””! RCTs have yielded
positive results from tramadol and tramadol/acetami-
nophen combination®*?2%* in PDN,?°* PHN?% and
various NP states.??® In all trials, tramadol, titrated to
a maximum dosage of 400 mg/day significantly
relieved pain compared with placebo. Beneficial effects
on allodynia and quality of life are also reported.

The NNT with tramadol, compared to placebo, to
reach at least 50% NCP relief was 3.8. Tramadol has
also been used with good results for mild to moderate
cancer pain, with a NNT of 3.4 for musculoskeletal
and NCP states.”?"?%” Accordingly, tramadol is a ther-
apeutic option for NCP control, improving quality of
life in such patients. Changes in anxiety, depression
and nervous system function do not affect the analge-
sic effect of tramadol.'?°

A common starting dose is 100 mg/day titrated up
to 200 to 400 mg daily (in divided doses, four times
daily). Efficacy in NP treatment is usually evident at
250 mg/day in divided doses. It has a low abuse liabil-
ity and the development of tolerance and dependence
during long-term treatment is usually uncommon.

The most frequent side effects of tramadol include
dizziness, nausea, constipation, somnolence and ortho-
static hypotension. These occur more frequently when
the dosage is escalated rapidly, with concurrent admin-
istration of other drugs presenting similar side effects.
Seizures could also appear, whereas serotonin syn-
drome can occur with simultaneous prescription of
SSRIs (fluoxetine or sertraline) or monoamine oxidase
inhibitors (MAOIs). Tramadol may cause or exacer-
bate cognitive dysfunction in the elderly.?*:87-%3

In order to decrease the likelihood of adverse effects
and increase patients’ adherence to treatment, tram-
adol can be initiated at lower dosages (50 mg once or
twice daily) and then titrated every 3 to 7 days by 50
to 100 mg/day in divided doses, as tolerated. The max-
imum dosage of tramadol is 100 mg 4 times/day (in
patients above 75 years of age, 300 mg/day) and ade-
quate 4-week trial period is necessary.®”

OPIOID ANALGESICS

Opioids act through the descending inhibitory path-
ways, modulating nociceptive impulses in the dorsal
horn. Until recently, the role of opioids in NP manage-
ment was considered controversial.”>2%%215 In the
past, NP was often referred to as “opioids—nonre-
sponsive pain” and for many years opioids were
excluded from the treatment of any type of NP syn-
drome. Today, there is increasing positive evidence
regarding efficacy of oral opioids in chronic NP treat-
ment.?”>?® Few trials on oral opioids for NP that have
been published present promising results.??*=21* If an
adequate dose is used, at least a partial result may be
observed,208:210.212

In the spinal cord, mu, delta, and kappa opioid
receptors are found in presynaptic sites on the afferent
nociceptive fiber terminal and postsynaptic sites,
located on the secondary neuron of nociceptive cir-
cuitry. The highest concentration of opioid receptors is
around the C-fiber terminal zone, in laminae I and II,
and greater than 70% of mu receptors are on the affer-
ent presynaptic terminals.”'® Peripheral nerve section
will lead to loss of presynaptic opioid receptors. This
is likely to result in marked reduction of opioid recep-
tors pool at the spinal level, and it contributes to the
opioid insensitivity in NP states.”!” Another transmit-
ter, cholecystokinin (CCK), also exerts control in opi-
oid sensitivity at spinal and supraspinal levels. CCK

3

application can selectively decrease the analgesic
actions of morphine, whereas antagonists of the CCK-
B receptor enhance morphine analgesia. CCK is also
up-regulated after nerve damage or in NP mod-
els 218219

Although the insensitivity can be relative, the
greater dose of opioids can produce intolerable or
unmanageable adverse effects that render opioids ther-
apy undesirable. In contrast, intrathecal administration
of morphine produces greater dose-dependent inhibi-
tion of neuronal responses to noxious and C-fibers
evoked stimuli, compared with those by the systemic
route in spinal nerve ligated rats.>?° The problem of
opioid responsiveness in NP states may not simply be
that of a reduced opioid sensitivity, but rather the fail-
ure to deliver a sufficiently high concentration of sys-
temic opioids to the spinal cord in the absence of
adverse effect.”*°

This is probably why in the early 1990s, opioids
were re-examined in relation to NP, with trials show-
ing that up to 50% of patients with certain types of
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NP might respond to opioids.>"**>75 Recent studies
suggest that opioids may be effective in relieving
NP, 21214221 ygually in higher doses. Scheduled dosing
is suggested, starting with a low dose and gradually
titrating upward. Due to the wide variability in
response, failure to respond to one opioid should not
eliminate them as a possible treatment; rather, rota-
tion/switching to another should be considered.?***%
In most cancer patients, pain is successfully treated
with pharmacological measures such as opioid analge-
sics or with opioid rotation.”*®> An opioid with lower
potency might be better tolerated compared to another
more potent drug, allowing higher dosing and treat-
ment customization.”! Increase in opioid dosage,
whenever pain is inadequately controlled, still remains
a current practice. Unfortunately, in the case of NCP,
this practice often shows poor results and increased
burden of side effects. As with any use of opioids,
attention must be given to prevention and management
of potential side effects, particularly constipation.

In patients with PHN, controlled-release oxycodone
hydrochloride titrated to a maximum dosage 60 mg/
day significantly relieves pain, disability and allodynia
compared with placebo.”'? In patients with PDN, con-
trolled-release oxycodone titrated to a maximum dos-
age of 120 mg/day significantly pain,
performance of daily activities and sleep, compared
with placebo, with an average dose of 37 mg/
day,?9%2% whereas a maximum dose of 40 mg/day in
PDN proved to be effective, by improving pain and
quality of life.?*” Controlled-release morphine titrated
to a maximum dose of 300 mg/day was found to be
superior to placebo in patients with phantom limb
pain.?'! The efficacy of methadone and levorphanol in
the treatment of NP was demonstrated in trials, includ-
ing patients with mixed peripheral and central
NP.2132'*  Morphine combined with gabapentin
achieved better analgesia, at lower doses of each drug,
than either as a single agent, with constipation, seda-
tion and dry mouth as the most frequent adverse
effects.'®®

The role of opioids has been re-evaluated during
NCP therapy. Controlled-release oxycodone has been
applied, because it is safe, well tolerated and effec-
tive,>*° although it is unlikely that opioids will replace
antidepressants and AEDs for NCP therapy.”*® How-
ever, co-administration of oxycodone and paracetamol
resulted in a low-dose synergic combination in differ-
ent pain types. It has been reported that such a combi-
nation can be useful in cancer-related pain, including

improves

those situations that are complicated by a neuropathic
component.*?”

CIBP definitely responds to opioids. In sarcoma-
injected mice, acute treatment with fentanyl, sufenta-
nil, and morphine, were effective in reducing CIBP and
related behaviors, in a dose-dependent manner.*?®
Nevertheless, this analgesic response is rather poor
compared to the ones in other types of pain.**” Clini-
cally, opioids provide effective relief of cancer pain,
although occasionally high doses must be adminis-
tered, to suppress ‘“breakthrough” pain or pain from
nerve involvement. Their direct effect on tumor growth
has been investigated in vitro and in vivo. In vitro
morphine has an inhibitory effect on growth of several
human cancer lines, suppressing tumor promoters,
such as TNF-0.?>?3° On the other hand, morphine
may increase tumor growth in animals inoculated with
tumor cells through immunosuppression,”®' and can
reduce survival of rats with tumors.?3?

The most common adverse effects of opioids are
constipation, sedation, drowsiness and nausea. These
effects lead to the high withdrawal rates, found in the
placebo-controlled trials. In elderly patients cognitive
impairment and problems with mobility can occur.
Most patients become tolerant to the adverse effects,
although constipation often persists. Opioids must be
used carefully in patients with a history of substance
abuse or attempted suicide, since accidental death or
suicide may occur with overdose. Opioid abuse must
be distinguished from the appropriate desire to con-
tinue receiving medication that effectively relieves pain
and from apprehension about not having adequate
access to medications that are often difficult to obtain.
Concerns about causing a substance abuse disorder,
when there is no history of one, do not justify refrain-
ing from using opioid analgesics in patients with
chronic NP. Even though patients treated with opioids
may develop analgesic tolerance, in responsive patients
a stable dosage can usually be achieved. All patients
receiving opioids develop physical dependence and
must be advised not to discontinue their medication
abruptly,85:87:100,233

Numerous short- and long-acting opioids are avail-
able and multiple diverse opinions regarding the
administration algorithms exist. One approach recom-
mends to begin with a short-acting opioid (oxycodone,
hydrocodone) at dosages equianalgesic to the oral
administration of morphine at § to 15 mg, every four
hours as needed, in combination with acetamoniphen,
aspirin, or ibuprofen. After 1 to 2 weeks of therapy,
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the patient’s total dosage of the short-acting opioid
can be converted to an equianalgesic daily dosage of
the long-acting one (CR-morphine, CR-oxycodone,
TTS fentanyl, levorphanol, methadone).

Limited access to short-acting medication for break-
through pain may be appropriate. Once the patient is
receiving a stable dosage of a long-acting opioid, an
adequate trial requires 4 to 6 weeks to access both
pain and function. With careful titration and monitor-
ing, there is no clear maximum dosage of opioids.
However, evaluation by a pain specialist should be
considered when morphine equianalgesic dosages
exceeding 120 to 180 mg/day are reached, as the bene-
fits of such doses in patients with NP have not been
established in double-blind trials.®>-87-1°

Methadone, a drug that has been thoroughly exam-
ined, is a synthetic opioid and a NMDA-antagonist. It
was originally developed in Germany as an analgesic
and was introduced in the sixties as the treatment of
choice for opioid addiction. Since then, there is an
increase in methadone prescriptions in both U.S. and
UK.

Recently, according to a systematic review of
35 years, conducted by WHO (2005), due to its favor-
able analgesic properties and low cost, methadone has
been recognized as an important agent in the treatment
of both nociceptive and NP and has been characterized
as an essential analgesic in cancer pain management.
Methadone is believed to bind not only to opioid
receptors, but also to be an antagonist at the NMDA
receptor as well. As a result, this opioid is often
selected when treating NP and NCP. Candidates for a
trial of methadone might include, but are not limited
to, patients with poor pain control, who have received
an adequate trial of other strong opioids, especially if
NP components are obvious, patients experiencing
severe or multiple toxicities to other strong opioids
and patients receiving high opioids doses that are diffi-
cult to swallow, due to numerous tablets per dose.”!

One needs to monitor patients on methadone care-
fully because it may accumulate systematically, unless
titration is done carefully. The recommendation is to
adjust the dose no sooner than every 3 to 4 days. In
patients with NP and a coexistence of drug addiction,
methadone can be prescribed for pain treatment, in
addition to the maintenance dose for addiction. This
strategy obviously requires coordination with the
patient’s counselor at the addiction program. The
patient would continue in the program, where he
receives his addiction dose on a daily or weekly basis,

with the pain practitioner prescribing methadone
solely for the treatment of pain. This additional
amount of methadone can be titrated to pain and side
effects, independently of the maintenance dose, which
may remain constant.?’

The use of opioids for NP remains controversial,
partly because published studies are small, providing
ambiguous results by not establishing opioids risk-ben-
efit ratio. Large variability in trial design in terms of
the type of NP treated, the type of opioid administered
and the duration of treatment have yielded contradic-
tory conclusions. Concerns about adverse effects and
potential for abuse, addiction, hormonal abnormali-
ties, dysfunction of the immune system, and sometimes
a paradoxical hyperalgesia, often discourage opioid
use in NP states. >33

Short-term studies provide only equivocal evidence
regarding opioid efficacy in treating NCP. Intermedi-
ate-term studies demonstrate significant efficacy of
opioids over placebo, which is likely to be clinically
important. Reported adverse effects are common, but
not life threatening. The practitioner who prescribes
opioids should obtain a signed opioid agreement and is
sometimes advised to use random urine screening to
check for compliance. Follow-up discussions on side
effects and treatment results should be documented.
Further RCTs are needed to establish opioid long-term
efficacy, safety, addiction potential and interaction on
quality of life. 28523

NON-OPIOID ANALGESIC DRUGS

Non-opioids, such as NSAIDs and acetaminophen,
have limited role in the management of
NCP.?!23:236:237 However, some patients who use
them, report relief, so a trial is indicated. Many
patients have concomitant neuropathic and nociceptive
pain, which may respond to non-opioids.*!

TOPICAL ANTINEURALGICS
Lidocaine 5% Patch

Topical lidocaine is available as a 5% patch or gel.
Three studies of the 5% lidocaine patch for NP have
published positive results, two in PHN 23%237 for
which the patch is FDA approved, and one in focal NP
syndromes.?*? In these studies patients reported greater
pain relief with lidocaine patch vs. vehicle-controlled
patches containing placebo.
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The efficacy of the lidocaine patch has been
demonstrated only in patients with PHN and focal NP
syndromes, expressed with allodynia, without con-
trolled studies being conducted for other pain condi-
tions. Anecdotal evidence of a beneficial effect in
patients who have other NP types has been pub-
lished.>*' In our department, we have used the 5%
lidocaine patch in 36 patients (17 PHN, 6 post-thora-
cotomy pain, four postmastectomy pain, two PDN,
five CRPS, two peripheral ischemia) in an open, obser-
vational study, for the treatment of NP of diverse ori-
gin. The therapy had a 2-month to 4-year duration,
resulting in good and very good analgesia in 50% of
patients.**?

Topical lidocaine is effective in approximately 25%
of patients with localized peripheral NP. It can be used
alone or in combination with other medications.'!?
Although systemic absorption from the patch is mini-
mal, local skin absorption is believed to modulate
sodium channels, by blocking them at the periphery.
Blood levels of the drug are minimal and accumulation
does not occur, even with application of three patches
for 12 hours daily. The only side effects reported
include mild skin reactions (erythema, rush) in some
patients. Systemic absorption from the patch must be
considered in patients receiving oral class I antiarryth-
mic drugs (eg, mexiletine). Titration of the patch is not
and an adequate trial should last
2 weeks.?%7%3 Lidocaine patches are generally safe,
because of their low systemic absorption, and well-tol-
erated adverse events (mild skin reactions such as ery-
thema or rash).2*324

Lidocaine patches have been used in NCP where
allodynia exists.''® It has also been used for central
NCP in a patient with metastatic epidural spinal cord
compression, with promising results, offering new
treatment options.>*> However, lidocaine patch appli-
cation did not reduce pain intensity ratings signifi-
cantly or related secondary endpoints in cancer
patients with persistent incisional pain.**®

necessary,

Capsaisin 8% Patch

A high concentration capsaicin patch (8%), applied to
the skin for 60 minute in 402 patients, was found to
be more effective in treating NP vs. a low concentra-
tion patch (0.04%).%*-**% Adverse effects were primar-
ily attributable to local capsaicin-related reactions at
the application site. The patch has also been used for
the treatment of painful HIV neuropathy.?** Although

one study (post surgical NP) supports the use of
topical capsaicin, other studies in noncancer patients
suggest that the pain associated with the application of
this drug precludes its use,?">>0-252

CORTICOSTEROIDS

Despite the absence of RCTs, corticosteroids have long
been used to treat a variety of NP states, particularly
those related to cancer, regarding the sense of general
well-being.?%128:253:25% Dexamethasone has the least
mineralocorticoid effect, and, due to its long duration
of effect, dosing can be scheduled once per day.
Choosing afternoon or evening administration fosters
adherence and prevents sleep disturbances, resulting
from its stimulant effects. Unfortunately, immunosup-
pressant and endocrine effects limit long-term use.
Proximal muscle wasting can also occur after 4 to
6 weeks of therapy.?!

LOCAL ANESTHETICS

Local anesthetics inhibit pain primarily by blocking
sodium channels and are particularly useful in NP syn-
dromes. Sodium channel blockers are the mainstay in
treating NP. There are two types of sodium channels
—sensitive and insensitive to tetrodotoxin, a potent
puffer-fish toxin. Sodium channels, sensitive to tetro-
dotoxin, exist in all sensory neurons, while channels
insensitive to tetrodotoxin are found only on nocicep-
tive sensory neurons and are implicated in pathological
pain states.”>® After nerve injury, sensory afferents
may display ectopic discharge properties due to accu-
mulation of sodium channels in the injured and unin-
jured neurons, with the tetrodotoxin-insensitive ones
particularly implicated in the latter. Sodium channel
blockers that are currently available are not selective
enough, with their clinical use resulting in undesirable
CNS and cardiovascular system side effects.

Oral lidocaine analogs, such as mexiletine, are effec-
tive in some patients. Intravenous lidocaine infusions
are gaining acceptance in a variety of pain-manage-
ment settings.”>>® A bolus intravenous dose of lidocaine
(1 to 2 mg/kg) is given over 15 to 30 minutes. If effec-
tive, it may be followed by a continuous infusion of 1
to 2 mg/kg/hour. In some patients, the effects can be
quite prolonged, gaining weeks of relief. An early
warning sign of potential toxicity is perioral numbness.
Hepatic dysfunction and significant cardiac conduction

abnormalities are contraindications to treatment,
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depending upon patient’s prognosis and goals of care.
Epidural or intrathecal administration of local anes-
thetics, alone or in conjunction with an opioid, may
provide relief in patients who cannot receive systemic
delivery.”-?1:23

NMDA ANTAGONISTS: KETAMINE,
DEXTROMETHORPHAN, AMANTADINE,
MAGNESIUM

The N-methyl-p-aspartate (NMDA) receptors within
the spinal cord play a significant role in the pathophys-
iology of chronic NP. NMDA receptor antagonists
have been used in an attempt to abolish wind-up at the
spinal cord level. The role of excitatory amino acids
in hyperalgesia and the development of tolerance to
opioids were recognized 20 years ago.”>” Additionally,
the benefits of simultaneous administration of opioids
and dextromethorphan in animal models have been
explored.”*® Based on these observations, several clini-
cal trials were designed utilizing a variety of NMDA
antagonists alone or in combination with opioids, but
the results were disappointing.*!

The NMDA receptor antagonists ketamine and dex-
tromethorphan are being explored for relieving NP.
Evidence exists for ketamine use, either orally or
parenterally.>*”*¢° Ketamine is a potent analgesic at
subanesthetic doses, by reducing hypersensitivity in the
dorsal horn.?®! Recently, it has been suggested that ke-
tamine and amantadine reduce opioids resistant
NCP.?¢1-262 Therapeutic synergism is seen when keta-
mine is added to morphine, probably explained by
their differing actions on wind-up.”> However, despite
promising case reports and evidence-based original
protocols on intravenous ketamine as adjuvant for
NCP management, it often produces adverse effects
(dissociative reactions, hallucinations), which have lim-
ited its use.'?%:2%3

Magnesium has been administered intravenously to
patients with NCP, with reported pain relief.*** More-
over, magnesium and calcium infusion, 1 g of each,
before and after oxaliplatin infusion, is the only
approach that appears effective for the prevention of
neurotoxicity of oxaliplatin. Minerals are an economi-
cal treatment and do not interfere with chemotherapy.
A recent trial of calcium and magnesium infusion
described a significantly decreased oxaliplatin-induced
neuropathy, associated also with improved patient-
reported quality of life, with regards to muscle cramps,
numbness in fingers and toes, and swallowing

discomfort.?®® Since more than half of patients with
metastatic colon cancer discontinue oxaliplatin because
of neurotoxicity, we need strategies to allow patients to
remain on therapy longer. One option that has been
studied is to give oxaliplatin to patients intermittently,
as opposed to continuously. This procedure does appear
to decrease neuropathy and allows similar survival
probabilities. Of course, additional studies are needed.

OPIOID ANTAGONISTS: NALTREXONE

Crain and Shen observed that ultra-low doses of nal-
trexone (opioid antagonist for reverting opioids over-
dose) can potentiate the effect of many opioids
tested.>®®%¢” This bimodal effect is the result of the
simultaneous activation of opioid-mediated excitation
(caused by ultra-low doses of opioids) and inhibition
(elicited by the ‘“pharmacological” dose of the same
opioids). Thus, (hyperalgesia)
blocked with ultra-low doses of an antagonist, result-
ing in inhibition’s potentiation. The mechanism could
be mediated by a Gsa protein, via intrathecal adminis-
tration of antisense oligonucleotides, directed against
the Gso. mRNA.?*® These results agree with in vitro
experiments performed by Crain and Shen.*®® The
notion of two systems mediating hyperalgesia in NP
suggests that successful intervention will occur only if
both systems are shut down simultaneously. Clinical
trials focusing on concomitant blockade of NMDA
receptors and ultra-low doses of opioid antagonists
will test this model.

excitation can be

SYMPATHETIC BLOCKADE

Sympathetic activity has been implicated in NP genera-
tion. Specific treatments such as sympathetic block,
intravenous regional guanethidine block, nonselective
a-antagonists and selective a2-agonists have been used
widely. However, evidence to support their use is lim-
ited, and only a small proportion of patients benefit
from these treatments.”®’

BISPHOSPHONATES

Apart from treating cancer itself, pain relief from bone
metastases is also based on radiotherapy, conventional
analgesics (opioids and/or NSAIDs), adjuvants and
specific drugs, such as bisphosphonates (pamidronate,
clodronate, zoledronate or zoledronic acid), and calci-
tonin or radioactive agents.>*>”°
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In the mouse bone cancer pain model it has been
demonstrated that bisphosphonate compounds inhibit
osteoclast-mediated bone resorption and suppress asso-
ciated pain behaviors,>> making them important thera-
peutic tools in treating CIBP and tumor-related
hypercalcaemia. A review regarding their clinical effi-
cacy in treating CIBP, quality of life and survival
included 21 randomized studies.””! In women with
advanced breast cancer and clinically evident bone
metastases, bisphosphonates use decreased the risk of
developing an adverse skeletal event or fracture. The
most effective bisphosphonate in reducing such risks
by 41% was intravenous zolendronate (4 mg). Bis-
phosphonates may also significantly reduce bone pain
in women with advanced breast cancer and bone
metastases, thus improving global quality of life. Nev-
ertheless, such treatment does not necessarily affect
patients’ survival with advanced disease. Bisphospho-
nates toxicity is generally mild and infrequent.”?

Zoledronic acid exerts analgesic effects in experi-
mental models of peripheral neuropathy and inflamma-
tion, whereas pamidronate and clodronate are not
effective, independently of their bone-preserving
action.”’? In a review that included 1,955 patients
from 10 RCTs, the bisphosphonates efficacy in reliev-
ing CIBP from prostate cancer was studied.””
Response rates to therapy were higher for the treat-
ment group, showing a trend toward improved pain
relief in the bisphosphonate group, while the rates for
skeletal events and pathological fractures were also
lower in this group. The only adverse effect that the
bisphosphonates group experienced more, compared
to placebo, was nausea. There was no statistically sig-
nificant difference between the bisphosphonate and the
control group in terms of prostate cancer death, dis-
ease progression, radiological response and prostate
specific antigen levels.”> The data about the bisphosph-
onate agent, exact dose and route of administration,
are still not sufficient. Therefore, bisphosphonates are
a potential option for patients with metastatic prostate
cancer, for refractory CIBP treatment and for fracture
prevention, but further studies are needed for selection
guidance, optimal treatment schedule and cost-benefit
comparisons.*’

Results of a recent meta-analysis of 11 RCTs (1,113
patients with multiple myeloma vs. 1,070 patients
under placebo or no treatment) suggest that bis-
phosphonate addition to standard therapy decreases
skeletal-related morbidity, skeletal-related mortality
and overall mortality.””* The authors determined the

effects of bisphosphonates on pain, quality of life and
incidence of hypercalcaemia. According to the analysis,
bisphosphonates are beneficial in preventing pathologi-
cal vertebral fractures and in providing adequate pain
relief. The benefit was most evident with clodronate
and pamidronate. However, there was no significant
effect of bisphosphonates on mortality, on decrease of
nonvertebral fractures, or hypercalcaemia incidence.
No significant side effects were reported.

CALCITONIN

The hormone calcitonin, by limiting osteoclastic activ-
ity, potentially relieves nonmalignant chronic pain
(complex regional pain syndrome, Paget’s disease,

osteoporosis)*>2”7 or cancer-induced pain®*’® and
retains bone density, leading to fractures risk
reduction.

Martinez et al. evaluated the efficacy of calcitonin
in controlling metastatic CIBP and in decreasing bone
complications rates in patients with bone metastases
(hypercalcaemia, pathological fractures and nerve
compression).””” From the two studies examined, the
first showed a nonsignificant effect of calcitonin in
the number of patients with total pain reduction, and
the second provided no evidence of minimized analge-
sics consumption due to hormone administration.

Overall, calcitonin was not efficacious in controlling
complications due to bone metastases, nor in improv-
ing quality of life or patients’ survival. Furthermore,
more adverse effects were observed in subject who
received calcitonin. In conclusion, the limited evidence
currently available does not support calcitonin admin-
istration for metastatic CIBP pain control. Neverthe-
less, individually selected patients might be benefit if
other treatment options are unsuccessful.>?

OTHER DRUGS: BACLOFEN, CANNABINOIDS,
ZICONOTIDE, ANTIOXIDANTS, VITAMINS,
TAPENTADOL

Other medications occasionally prescribed for NP
management include baclofen, cannabinoids, zicono-
tide, antioxidants, vitamins and the recently released
tapentadol. According to the existing clinical experi-
ence and due to inconsistent results of clinical trials,
these medications could potentially be effective under
specific circumastances.!

Baclofen, a GABA-B agonist, is an antispasmodic
that might contribute in NP relief, although no studies
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in cancer patients are available.?®° Cannabinoids are
valuable adjuvants in pain and palliative care set-
tings.”®' A recent randomized, placebo-controlled,
double-blind study concluded that vitamin E (400 mg/
day) exerts neuroprotective effects in patients treated
with cisplatin.?'**? This finding should be replicated
and the safety of vitamin E needs better evaluation in
patients receiving cytotoxic chemotherapy before such
treatment is routinely applied in clinical practice.
Neuropathy and NCP prevention create a potentially
promising area. For example, both laboratory and clin-
ical studies are under way to evaluate glutamine and
glutathione use for CIPN prevention.*83-284

Tapentadol is the first FDA-approved centrally act-
ing analgesic, having both p-opioid receptor agonist
and norepinephrine reuptake inhibition activity, with
minimal serotonin reuptake inhibition. Because of the
combined mechanisms of action it offers a broad ther-
apeutic spectrum for pain pharmacotherapy and it
makes it particularly useful in acute nociceptive, acute
and chronic inflammatory, as well as in chronic NP
treatment, such as PDN. Using several preclinical
approaches it was shown that the noradrenergic com-
ponent of tapentadol interacts with the opioid compo-
nent and that both synergistically contribute to the
analgesic effect of the substance. In comparison to
known drugs with only one of the two modes of
action, tapentadol, despite its high potency, has an
improved tolerability profile in relevant animal models
and in clinical settings, particularly with regard to gas-
trointestinal and central side effects. Tapentadol acts
directly without metabolic activation and without for-
mation of analgesically relevant metabolites, providing
a safe pharmacodynamic-pharmacokinetic profile.
Tapentadol has not yet been studied in cancer
patients. 857287

BEYOND PHARMACOLOGICAL THERAPY

Despite the numerous analgesic modalities in clini-
cians’ armamentarium and a 66% increase in the num-
ber of relevant published trials, NCP often persists
with a limited NP improvement with 10% to 15% of
patients being refractory to pharmacotherapy.''® Con-
sequently, a large proportion of NP patients are not
sufficiently relieved.?®® Treatment decisions may be
tough
should be based on positive results from multiple
RCTs.%¢ After exhausting all available monotherapy
options, combination therapy of drug classes should be

and available treatment recommendations

attempted carefully. More large-scale drug compara-
tive trials should be conducted to determine the value
of combination therapy.!°®!*! Meticulous monitoring
of patients initiated with combination of medications
is strongly recommended to avoid severe side effects or
occurrence of drug interactions. Such patients should
consult pain clinicians, where additional interventional
techniques can be applied.'®® When a specialized phy-
sician conducts pharmacologic approach toward a
mechanism-based NP therapy, pain relief can be
achieved.?®’

Clinicians should always keep in mind that in NCP
management, the WHO analgesic ladder should be
used alongside other strategies such as chemotherapy,
radiotherapy and nonpharmacological pain treatment
modalities. Clearly, a small number of patients will
need anesthetic interventions and even though these
are classified in Step 4 of the analgesic ladder, we may
consider them at any appropriate point. Despite the
proper use of all treatment options by multidisciplin-
ary teams, a considerable number of patients will still
have uncontrolled pain, unacceptable side effects, or
both. Such patients, carefully selected, should be
scheduled for invasive analgesic techniques, such as
simple nerve blocks or more invasive methods (regio-
nal or neurodestructive blocks and spinal delivery drug
systems). The choice of technique is influenced by
patients’ expectations, prognosis, required analgesia
duration, pathology, expertise and availability of
trained staff. A basic rule is that the technique with
the least likelihood of severe side effects should be
selected and that interventional techniques should be
reserved for when other measures have failed or when
life span is obviously limited."""

Cancer pain treatment is integral to the successful
management of such patients. The WHO analgesic lad-
der principles should be followed and integrated with
other aspects of care. NCP can be a clinical challenge.
Early involvement of a pain specialist with an interest
in NCP is critical in cases, where pain remains uncon-
trolled. Refractory NCP is associated with marked
changes in CNS (central wind-up), which may result in
opioid resistance. Such patients need complicated
pharmacological or interventional analgesia more
often. At all points, management of general distress
will have a positive effect on pain control, through a
direct influence on pain pathways (Figure 1).

Taking into account the potential for variability in
efficacy of various therapeutic tools, logical and suc-
cinct treatment algorithms are required to successfully
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Figure 1. Integration of interventions
according to the World Health Orga-

nization (WHO) analgesic ladder
during neuropathic cancer pain treat-
ment.

manage symptoms of chronic NP. Such algorithms
have been developed and published, providing physi-
cians with sequential guide for planning therapeutic
strategies, bearing in mind that the multifactorial nat-
ure of NP, together with patients’ dynamic needs, may
alter the available therapeutic options.'°® These evi-
dence-based algorithms are usually supported by avail-
able RCTs and mostly refer to peripheral NP
pharmacotherapy.''® Since few studies exist regarding
central NP, a treatment algorithm for these conditions
needs to be based partly on the experience in periph-
eral NP conditions, until further studies are published.
Despite the limited number of trials in NCP, a variety
of pharmacologic therapies have been suggested as
effective in relieving nonmalignant NP and algorithms
have been published accordingly. Such algorithms,
however, can be easily applied for NCP manage-
ment.”" Additionally, algorithms specific to CIBP have
turned up, providing an overview of the recommended
current therapeutic modalities.®!

CONCLUSIONS—FUTURE DIRECTIONS

In conclusion, NCP is a complex pain problem that is
often refractory to treatment. Its pathophysiology may
involve diverse aetiologies, which can vary with the
evolution and progression of the disease, although, fun-
damentally they include peripheral sensitization, hype-
rexcitability sympathetic

in neurons, maintained

activity, loss of inhibition of dorsal horn neuron, cen-
tral sensitization, rewiring of synaptic connections in
the dorsal horn and phenotypic switch. NCP can be
cancer related, noncancer related or treatment induced.
Skilled assessment and awareness of various NCP syn-
dromes will lead to exact diagnosis and rapid treatment
initiation. Present therapeutic strategies rely heavily
upon pharmacotherapy. Combination of drugs, with
completely different mechanisms of action is the ideal
approach. Such observations support the notion of
polypharmacy for NCP treatment. Polypharmacy
within the same group of agents might be beneficial as
simultaneous administration of certain opioids can
result in synergistic analgesia. Research is needed to
identify new techniques and therapies that will not only
relieve pain and suffering, but also prevent neuropathy.

For the first time, cancer pain animal models begin
to mirror the clinical picture of humans with NCP.
Such models over the last years have significantly
enriched our current knowledge on the pathophysio-
logicy and pharmacology of NCP, especially from met-
astatic to bones disease. Generated data provide
significant information about mechanisms that induce
and maintain different types of cancer pain. These
models offer insight into one of the main conundrums
of NCP, such as the variability in severity from patient
to patient, tumor to tumor and even site to site. These
models are useful tools in guiding current pharmaco-
logical management by providing a testing ground for
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mechanism-based novel therapeutic approaches. Ulti-
mately, gaining insight into the exact mechanisms will
lead to the design of specific and effective analgesics
for NCP, such as osteoprotogerin, endothelin-receptor
antagonists, VR1 or purinergic-receptor antagonists,
and others.'?

Despite the increasing availability of efficient thera-
peutic possibilities, NCP treatment often remains frus-
trating for the patient and the physician. The interest
in mechanisms and therapy has fortunately increased,
resulting in significant treatment advances for the
future. These advances will achieve to go beyond
the determination of treatment efficacy and far beyond
the identification of drugs that are effective on an indi-
vidual basis. Progress in basic science will lead to a
greater understanding of NCP pathophysiology.
Important goals for clinical research are the discovery
of methods to reliably identify specific NCP mecha-
nisms, the capacity to reverse these mechanisms and
the targeted therapy.
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