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Pain is one of the most common and distressing symptoms 
experienced by both human and veterinary oncology patients 
with advanced cancer. In humans, unrelieved pain can disrupt 
and interfere with activities of daily living, quality of life, and 
mood,26,173 and domestic animals typically are euthanized when 
pain is no longer adequately controlled.138 New developments in 
cancer detection and therapy have occurred over the past decade. 
These developments are contributing to longer life expectancies 
and have raised important issues related to quality of life, as at-
tention has focused increasingly on how to manage cancer pain 
effectively.91,115,134 This increased attention is true in the fields of 
both human and veterinary medicine. Human cancer patients 
who are in advanced stages of the disease, particularly those with 
bone metastasis, report that they experience significant pain, and 
pain intensity appears to be related to the degree of bone destruc-
tion. Similarly, pain secondary to cancer in domestic animals is 
a key concern in veterinary practice and should be addressed 
promptly to alleviate suffering, stress, and anxiety and to improve 
quality of life. Not only do cancer patients have to deal with 
persistent pain, they also often experience ‘breakthrough pain.’ 
Breakthrough pain—intermittent episodes of extreme pain—oc-
curs spontaneously or after movement or weight-bearing of the 
affected leg.114,133 Canine osteosarcoma has many clinical and 
biological similarities to human osteosarcoma, and affected dogs 
show signs of both ongoing and breakthrough pain.37

In addition to cancer-induced pain, human patients also expe-
rience pain caused by the very therapies used to treat the cancer. 

Almost 30% of adult cancer patients and 60% of pediatric cancer 
patients who have undergone treatments that include radiation, 
chemotherapy, or surgery also have experienced pain resulting 
from these therapeutic procedures.49,174 Whether radiation treat-
ment and chemotherapy also induce pain in domestic animals 
is virtually impossible to address, because carefully controlled 
studies have not examined this issue.

Pain intensity varies among cancer patients and is dependent 
on a patient’s pain sensitivity, the type of cancer, and the tumor 
location.48,49 Cancer treatment guidelines provided by the World 
Health Organization have been used in oncology and pain treat-
ment clinics.20,25,92,113,117,119,163 Treatment of human cancer patients 
include the use of opioids, nonsteroidal antiinflammatory drugs 
(NSAIDs), corticosteroids, local anesthetics, antidepressants, and 
anticonvulsants either alone or in combination. Similarly in vet-
erinary medicine, the goal of palliative therapy in cancer patients 
is to control pain from an incurable tumor and to support overall 
quality of life.165 Therefore, opioids, NSAIDs, and bisphospho-
nates are used in addition to surgery and radiation therapy and 
are the drugs of choice in treating domestic animals with cancer 
pain, particularly those suffering from osteosarcoma and other 
forms of bone cancer.108 Although these medicinal treatments are 
the best drugs available at the current time, they often fail to con-
trol pain effectively in many terminal cancer patients or they have 
significant side effects: for example, opioids may cause sedation, 
respiratory depression, and interfere with gastrointestinal motil-
ity; NSAIDs can interfere with coagulation pathways or cause 
gastric ulcers and renal toxicity.45,55,84,90,147,172 Clearly more effec-
tive treatments with greater efficacy for cancer pain are needed.

Animal Models of Cancer Pain

Cholawat Pacharinsak1,* and Alvin Beitz2

Modern cancer therapies have significantly increased patient survival rates in both human and veterinary medicine. Since cancer 
patients live longer they now face new challenges resulting from severe, chronic tumor-induced pain. Unrelieved cancer pain sig-
nificantly decreases the quality of life of such patients; thus the goal of pain management is to not only to alleviate pain, but also 
to maintain the patient’s physiological and psychological well-being. The major impediment for developing new treatments for 
cancer pain has been our limited knowledge of the basic mechanisms that drive cancer pain and the lack of adequate animal cancer 
pain models to study the molecular, biochemical and neurobiological pathways that generate and maintain cancer pain. However 
this situation has recently changed with the recent development of several novel animal models of cancer pain. This review will 
focus on describing these animal models, many of them in rodents, and reviewing some of the recent information gained from the 
use of these models to investigate the basic mechanims that underlie the development and maintenance of cancer pain. Animal 
models of cancer pain can be divided into the following five categories: bone cancer pain models, non-bone cancer pain models, 
cancer invasion pain models, cancer chemotherapeutic-induced peripheral neuropathy models, and spontaneous occurring cancer 
pain models. These models will be important not only for enhancing our knowledge of how cancer pain is generated, but more 
importantly for the development of novel therapeutic regimes to treat cancer pain in both domestic animals and humans.

Abbreviations: COX2, cyclooxygenase 2; DRG, dorsal root ganglion; NSAID, nonsteroidal antiinflammatory drug; TRPV1, transient 
receptor potential vanilloid 1

Received: 1 Nov 2007. Revision requested: 29 Nov 2007. Accepted: 18 March 2008.
1Department of Comparative Medicine, Stanford University School of Medicine, Stanford, 
CA and 2Department of Veterinary and Biomedical Sciences, College of Veterinary 
Medicine, University of Minnesota, St Paul, MN

*Corresponding author. Email: beitz001@umn.edu

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



221

(or a combination) of the following anatomic mechanisms: com-
pression of bone, soft tissue, or peripheral nerve; vascular occlu-
sion; and tumor infiltration. In addition, cancer pain can arise as 
a result of diagnostic or therapeutic surgical procedures (such as 
biopsies and resection) or, particularly in people, as a side effect 
of toxicity relating to therapies used to treat cancer (for example, 
chemotherapy and radiation therapy). Although anatomic factors 
including compression, vascular occlusion, and tumor infiltration 
provide a mechanistic rationale that explains the basis of tumor-
induced pain in gross pathologic terms, they fail to address the 
basic biochemical, molecular, and neurobiologic mechanisms that 
underlie the production of pain in patients with cancer. In this 
regard, tumor pain, particularly that from bone cancer, represents 
1 of the most severe types of chronic pain in both humans and 
animals. Unfortunately because the mechanisms that generate 
cancer pain were poorly understood until recently, the manage-
ment of cancer pain has been largely empirical and based on sci-
entific studies of noncancerous conditions such as inflammatory 
pain, where knowledge of the nociceptive mechanisms is quite 
extensive.

During the past decade, this lack of knowledge of the molecu-
lar, biochemical, and neurobiologic mechanisms that generate 
cancer pain has begun to be addressed, with the recent develop-
ment of cancer pain models,72,110,148,154,171,175,179,181,183,184 which 
are described in more detail later. These studies have resulted in 
the beginning of a mechanism-based understanding of the fac-
tors that generate and maintain cancer-induced pain. In this re-
gard, it is now recognized that tumor cells themselves release a 
number of mediators that directly affect primary afferent pain 
fibers.6,11,61,179,180 However, in addition to cancer cells, tumors 
contain inflammatory cells and blood vessels, which often are 
found in close proximity to primary afferent nociceptors and re-
lease mediators that affect these nociceptors. Therefore cancer 
cells, inflammatory cells, and vascular cells release a variety of 
products, including prostaglandins, ATP, bradykinin, cytokines, 
chemokines, nerve growth factor, and several vascular factors 
including endothelin 1 and vascular endothelial growth factor 
(VEGF), that either excite or sensitize the nociceptor. Once the 
nociceptor is activated, it sends an excitatory signal to the spinal 
cord where the nociceptive information is processed and then 
relayed via the spinothalamic and spinocervicothalamic tracts 
to higher centers of the brain. Based on the recently acquired 
knowledge of nociceptive mediators released at the tumor site, 
newer studies using animal models of cancer pain have dem-
onstrated that blocking tumor-associated mediators, including 
TNF ,180 endothelin,179 calcitonin gene-related peptide,178 nerve 
growth factor,151 or cyclooxygenase 2 (COX2),143 significantly 
reduces tumor-induced nociception. Although this information 
holds promise for the development of new therapies for cancer 
pain, blocking these mediators individually is not sufficient to 
block cancer pain completely, indicating that tumor-induced 
pain is produced by multifaceted mechanisms. Several recent 
reviews28,40,60,61,70,101-104,114,137,145,169,170,183 focus on the mechanisms 
of cancer pain and the mediators involved, and the reader is re-
ferred to these excellent sources for more complete summaries of 
this information.

Methods Used to Quantify Pain in Animals
Numerous behavioral tests are used to quantify pain in rats 

and mice, and some of these tests recently have been adapted 

New Approaches Using Animal Models
Despite the need for new treatments, one of the great impedi-

ments for discovering novel analgesics is our inadequate under-
standing of the basic neurobiology of cancer pain generation and 
maintenance. Over the past 20 years, several new animal models 
have been developed and used to further investigate cancer pain, 
neuropathic pain, and inflammatory pain.100 Study of experimen-
tal animal models has provided insight into the mechanisms that 
drive bone cancer pain and provides an opportunity for develop-
ing targeted therapies. In this review, we will first summarize 
recent findings related to the mechanisms that drive cancer pain, 
then briefly discuss the methods used to quantify pain in animals, 
and finally describe the different types of animal models of cancer 
pain that have been developed. We have divided our discussion 
to address models for pain due to bone cancer, nonbone cancer, 
cancer invasion, cancer chemotherapy-related peripheral neu-
ropathy; and spontaneously occurring cancer.19,76,100,185 The most 
commonly used animal models of cancer pain have been devel-
oped in rodents, and therefore much of this review focuses on 
rodent models. However, recently described naturally occurring 
tumor models in dogs and cats have been developed, and these 
models also will be presented.

Literature Identification
This systemic review was performed by searching the following 

databases: PubMed, AMED (Allied and Complementary Medi-
cine Database), CancerLit, and ILAR Animal Models. Where pos-
sible, searches were performed from 1980 to 2008. The databases 
were searched by using the words ‘cancer pain’ or ‘tumor nocice-
ption’ as the main search terms in the title, abstract, or key words 
of an article. Searches were performed by using the terms ‘cancer 
pain’ or ‘tumor nociception’ alone or in combination with 1 or 
more of the following terms: animal models, veterinary medicine, 
domestic animals, rodent models, mice, rats, dogs, cats, survey, 
cross sectional, follow-up, prospective, longitudinal, case control, 
and control group. The following journals were searched manual-
ly: Pain, Journal of Pain, European Journal of Pain, and the Journal of 
Cancer Pain and Symptom Palliation. In addition, cancer sites on the 
Internet were investigated for more up-to-date information on the 
most recent cancer pain publications. When papers were found, 
they were hand searched for cross-references. To avoid problems 
with understanding a language other than English and different 
categorization of animal models of cancer pain, we included only 
papers in English. The data primarily were extracted by 1 of the 
authors (CP) and were checked by the other author (AJB).

Papers were excluded from this review if they: 1) did not de-
scribe original studies; 2) did not have a well-defined control 
group; 3) did not include a statement indicating that the study 
was approved by an IACUC committee;53 or 4) were not focused 
on mechanisms of cancer pain. Inclusion in the review was based 
on the following criteria: 1) the study was well-controlled and 
included a well-defined control group; 2) the study involved a 
distinct animal model of cancer pain as compared with models 
of tumor growth or metastasis; 3) the study provided mechanistic 
data relevant to understanding the causes of cancer pain.

Mechanisms that Drive Cancer Pain
During the past 25 y, many references in the clinical literature 

have indicated that cancer pain is generated and maintained by 1 

Animal models of cancer pain
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which is difficult to treat with standard therapies,114 can occur 
during weight-bearing on or movement of the affected bone. Thus 
animal models that mimic both bone tumor pain and remodeling 
hold promise for understanding the mechanisms contributing to 
the development of tumor-induced bone pain. In this regard, a 
key advantage of recently developed animal models of bone can-
cer pain is that they share many characteristics that occur in the 
human bone cancer conditions, including the pain and skeletal 
remodeling that accompanies metastatic bone cancer.33,115 These 
bone cancer pain models are based on intramedullary injection of 
cancer cells directly into bone. Consequently the location of the 
resulting bone tumor can be carefully controlled, unlike after sys-
temic or intracardiac administration of tumor cells. In addition, 
these models allow easier assessment of tumor growth over time, 
as well as radiographic imaging, bone destruction observation, 
assessment of histopathologic changes, accurate site-specific be-
havioral analyses, and appraisal of both neurochemical and neu-
roanatomical changes that occur at the tumor site, in the dorsal 
root ganglion (DRG), and within the spinal cord and other levels 
of the CNS. Animal models of bone cancer pain have been devel-
oped in both mice and rats, and these models will be discussed 
separately. Because of their small bone size, mouse models usu-
ally are generated by surgically implanting tumor cells directly 
into the bone (that is, femur or humerus). In contrast, rat models 
generally are produced by percutaneous injection of cancer cells 
into bone, such as the tibia.60 These models are summarized in 
Table 1.

Mouse models of pain from bone cancer. The first animal model 
of cancer pain was developed in 1998. In this mouse model, 105 
(20 l) fibrosarcoma cells (NCTC 2472) were implanted directly 
into the femur. A crucial component of this model is that the tu-
mor cells are confined to the marrow space of the injected femur 
and do not invade adjacent soft tissues.148 After injection, both 
ongoing and movement-evoked pain-related behaviors increase 
as the cancer cells proliferate and the tumor develops. These be-
haviors are correlated with the progressive tumor-induced bone 
destruction that ensues, and they seem to mimic those of patients 
with primary or metastatic bone cancer.103 This model was used 
to obtain new information about the mechanisms that generate 
bone cancer pain.148,182,183 This femur bone cancer model has been 
used to examine tumor-induced bone destruction, pain behaviors, 
and spinal cord neurochemical changes in the mouse (B6C3-Fe-
a/a and C3H/HeJ).72,148 The animals with intramedullary femur 
tumors showed nocifensive behaviors (vocalization and guard-
ing of the affected limb) and mechanical allodynia (a response to 
nonnoxious mechanical stimuli, such as light touch or palpation). 
This model also revealed important neurochemical changes in 
the spinal cord including 1) an increase in dynorphin (a prohype-
ralgesic neuropeptide) expression in deep laminae of the spinal 
cord dorsal horn; 2) an increase in c-fos expression (a marker of 
neuronal activation) in spinal cord lamina I; and 3) an internaliza-
tion of substance P (an important neurotransmitter in nocicep-
tion) receptors in the ipsilateral tumor-injected side of the spinal 
cord.72,148 These spinal cord changes are normal after application 
of a noxious stimulus, but they also are present in cancer-affected 
animals after nonnoxious stimuli (in this case, palpation).

Another unique finding in tumor-bearing mice was massive 
astrocyte hypertrophy in the spinal cord dorsal horn, which is 
uncommon in inflammatory or neuropathic pain conditions 
and thus represents a unique signature of cancer pain. Although 

to test pain in dogs and cats. The 2 most common tests are the 
radiant heat paw-withdrawal test64 and the von Frey test.177 The 
radiant heat paw-withdrawal test is used to assess thermal sensi-
tivity. In this test, a noxious stimulus, a high-intensity beam from 
a projector lamp bulb located below an unheated glass floor, is 
aimed at the plantar surface of the mid-hindpaw. The latency 
in seconds to withdrawal or pain behavior (vigorous shake) is 
measured and recorded as a measure of tumor-induced thermal 
hyperalgesia (an increased response to noxious heat stimuli) or al-
lodynia (an increased response to nonnoxious heat stimuli). In the 
von Frey test, filaments of various thicknesses are applied against 
the central edge of the hindpaw. Paw withdrawal caused by the 
stimulation is registered as a response. Several other behavioral 
tests have been used to measure pain in animals, but because of 
lack of sufficient space to cover this topic adequately, we refer the 
reader to several papers and reviews14,19,77,88,120,121 that address 
methods used to quantify pain in animals.

For measuring chronic pain conditions like tumor pain, vari-
ous other measures have been proposed: self-administration of 
analgesic; conditioned place aversion; gait or weight-bearing dis-
turbance; grip or bite force; grooming (scratching, licking, and bit-
ing) behavior; guarding (abnormal positioning); hindpaw lifting, 
flinching, or shaking (nocifensive behaviors); hypolocomotion; 
hypophagia and weight loss; inattention to novel stimuli, and 
ultrasonic vocalization. Unfortunately such spontaneous mea-
sures of chronic pain have only been used in a handful of studies 
involving animal models of cancer pain. As some authors have 
pointed out, “The greater practical demands associated with 
measuring spontaneous nociception in animals, combined with 
the lack of consensus over exactly which behavior(s) to measure, 
have conspired to favor the continuing and virtually exclusive 
measurement of hypersensitivity states.”120 If one agrees with the 
contention that spontaneous pain is a more serious clinical prob-
lem than hypersensitivity, then it seems logical that incorporating 
measures of spontaneous pain in the analysis of tumor pain in 
animal models would be more clinically relevant.97

Models of Cancer Pain
Bone cancer produces one of the most painful conditions that 

affects humans and animals. The pain from bone cancer also rep-
resents the most common pain in human patients with advanced 
cancer, because most common tumors, including breast, prostate, 
and lung cancers, have a remarkable propensity to metastasize 
to bone.62,113 The first animal models developed to study cancer 
pain were models of primary and metastatic bone tumors. This 
advance was followed by the development of nonbone cancer 
pain models that mimic other types of malignant lesions, includ-
ing pancreatic cancer and squamous cell carcinoma, as well as, 
benign, but painful, neuromas. In addition animal cancer pain 
models have been developed that replicate the pain caused by 
tumor invasion of peripheral nerves and the pain produced by 
cancer chemotherapy-related peripheral neuropathy. Finally nat-
urally occurring tumors that arise spontaneously in animals are 
being used as more natural models of cancer pain. Each of these 
different models will be discussed in more detail in the following 
sections.

Models of bone cancer pain The most common presenting 
symptom of bone cancer is bone pain; the tumor grows, the pain 
becomes more severe.32 As bone pain becomes more severe, bone 
remodeling occurs; as remodeling progresses, breakthrough pain, 
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astrocyte hypertrophy) that occurred in cancer-inoculated mice.69 
Further, a recent study has shown that activation of the transient 
receptor potential vanilloid 1 (TRPV1) receptor plays a critical 
role in the generation of bone cancer pain. Bone cancer increases 
the expression of this protein within a distinct subpopulation of 
DRG neurons in mice with femur tumors.125 This result, coupled 
with the finding that destruction of DRG neurons containing the 
receptor for TRPV1 in rats and dogs completely inhibits bone 
cancer pain in these animals, suggests that the development of 
drugs targeting these receptors will be effective in relieving bone 
cancer pain.78

Several studies have now examined the efficacy of morphine in 
treating bone cancer pain as compared with inflammatory pain. 
In human patients, systemic morphine dose-dependently attenu-
ates pain-related behaviors. In mice with bone tumors, the effec-
tive morphine dose required to relieve tumor-induced pain was 
10 times higher than that required to relieve inflammatory pain 
induced by injection of mice with complete Freund adjuvant, an 

this massive astrocyte hypertrophy was evident in the mouse 
femur bone cancer model, whether this increase is related to the 
generation or maintenance of bone cancer pain remains unclear. 
These profound neurochemical changes and reorganization of 
the spinal cord may be involved in central sensitization.72,148 In 
human cancer patients, pain seems to relate closely to the degree 
of bone destruction.101,104 Because osteoclast activity is crucial 
for bone resorption,28,101,104 if osteoclast activity causing bone 
destruction could be inhibited, cancer-induced pain might be 
relieved.30,60,69,70,164 On the basis of this concept, several investi-
gators demonstrated that they could administer the novel anal-
gesic osteoprotegerin ligand and successfully treat cancer pain 
in male C3H/HeJ mice.69 Osteoprotegerin ligand is a member 
of the tumor necrosis factor family and blocks osteoclast activity 
that causes cancer-induced bone destruction. The study found 
that osteoprotegerin ligand inhibited both the pain-related be-
haviors and the neurochemical changes (increased dynorphin, 
c-fos expression, internalization of substance P receptors, and 

Table 1. Models for pain from bone cancer

Model Cancer type Location Reference(s)

Mouse 
 (C3H/He; C3H/HeJ, B6C3-Fe-a/a, 
C3H/HeNCrl, Nude)

Sarcoma Femur 45, 57, 58, 63, 69, 71, 82, 97, 98, 
130, 148, 175

Mouse 
 (C3H/He, B6C3fe/1)

Fibrosarcoma 
Melanoma

Calcaneous 81, 179, 180

Mouse 
 (C3H/HeJ, B6C3fe/1)

Fibrosarcoma 
Melanoma 

Osteosarcoma

Humerus 21, 79, 176, 181

Mouse 
 (C3H-SCID, C3H/HeJ)

Sarcoma 
Melanoma 

Colon adenosarcoma 
4T1 breast cancer cells

Femur 46, 143, 144

Mouse 
 (Swiss CD1)

XC Rous sarcoma virus-transformed rat 
fibroblasts (XC cells)

Intraplantar region 11

Mouse 
 (C3H/HeJ)

Sarcoma Tibia 111, 112

Mouse 
 (C3H/HeJ)

Hepatosarcoma 
Sarcoma

Thigh, dorsum of the foot, intra-
plantar region

5, 89, 129, 149

Rat 
 (Sprague Dawley, Wistar)

Mammary gland carcinoma cells 
(MRMT1, Walker 256)

Tibia 
Intraplantar region

13, 18, 50, 105, 110, 123

Rat 
 (Sprague Dawley)

Mammary gland carcinoma cells 
(MRMT1)

Tibia 41, 42, 171, 172, 184

Rat 
 (Copenhagen)

Prostate cancer cells 
(AT3.1, R3327)

Tibia 93, 192

Rat 
 (Nude)

Breast cancer cells 
 (MDA-MB 231) 

Human prostate cancer 
 (CWR22)

Femoral artery 3, 12

Animal models of cancer pain
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cizumab together with radiation therapy reduced the frequency 
of pain-associated behaviors, decreased levels of nociceptive pro-
tein expression in the spinal cord, maintained cortical integrity 
and decreased the density of microvessels as compared with the 
effects of single-modality treatments.195

In addition to murine models of bone cancer that use injection 
of cancer cells into the femur or the humerus, another model in-
jects tumor cells directly into the calcaneous bone of the mouse 
hindpaw.21,179 The advantages of this model are that it allows easy 
quantification of hyperalgesia, better microperfusion access to 
measure the release of pain mediators from the tumor, and easier 
electrophysiologic recordings of nerves innervating the tumor. It 
is extremely difficult to record from nerves innervating tumors lo-
cated in the femur or humerus. This hindpaw bone tumor model 
has been used to record electrophysiologically from primary af-
ferent fibers innervating the calcaneous tumor in male mice.21,81 
Mice with calcaneous tumors showed pain-related behaviors and 
mechanical hyperalgesia (an increased pain response to a me-
chanical stimulus that is normally painful), which could be mea-
sured easily. Electrophysiologic recordings from primary afferent 
fibers in control and hyperalgesic mice with tumor revealed the 
development of spontaneous activity in 34% of pain fibers (C 
fibers) adjacent to the tumor 9 to 17 d after implantation. The 
development of spontaneous activity and a decrease in thermal 
thresholds for activation in C fibers of mice with calcaneous bone 
tumors suggest activation and sensitization of a population of C 
fibers, which contribute to the observed behavioral hyperalge-
sia.21 Central sensitization likely also occurs in these mice as well 
as in dogs and other domestic animals that have bone tumors, 
and this sensitization is probably maintained by the spontaneous 
activity of pain-transmitting C fibers.

When fibrosarcoma or osteosarcoma cells were implanted into 
the calcaneous bone of male B6C3fe/1 mice, these mice devel-
oped cancer-related bone destruction (similar to findings from 
the murine femur and humerus after implantation of fibrosar-
coma cells into these bones) and thermal hyperalgesia.179 Studies 
that have examined the mediators released at the tumor site have 
identified a large number of potential algogenic (pain-causing) 
substances released by the tumor itself or by the bone that is be-
ing broken down. For instance, the peptide endothelin 1, which is 
expressed by numerous tumor types, is release by fibrosarcoma 
cells and contributes to bone cancer pain.6,34,86,179,193 High levels of 
endothelin 1 were found and activation of primary afferent fibers 
occurred in mice with calcaneous fibrosarcoma tumor but not in 
control mice implanted with nonpainful melanoma cells into the 
calcaneous bone.179 The finding that hyperalgesia occurred only 
in fibrosarcoma-implanted mice and not in melanoma-implant-
ed mice suggests that endothelin 1 contributes to cancer-related 
pain associated with fibrosarcoma tumors.66,130,179 Fibrosarco-
ma-implanted mice also exhibited a significantly elevated level 
of TNF , a proinflammatory cytokine released by fibrosarcoma 
cells as well as various other cell types.180 Intraplantar injection 
of TNF  caused mechanical hyperalgesia in naive mice and in-
creased hyperalgesia in mice implanted with fibrosarcoma cells 
into the calcaneous bone. Importantly intratumor injection of the 
soluble TNF  receptor antagonist blocked tumor-induced me-
chanical hyperalgesia in these mice indicating that TNF  is an 
important mediator involved in the development of bone tumor-
induced mechanical hyperalgesia. This fact raises the possibility 

algesic agent.98 This need for an increased dose is due to down-
regulation of  opioid receptors in the DRG of tumor-affected 
animals compared with those with inflammatory pain, in which 
expression of  opioid receptor actually is increased.191

Similarly, in a model that may be more relevant for canine os-
teosarcoma patients, implantation of fibrosarcoma cells into the 
humerus of mice produced forelimb hyperalgesia and required a 
3-fold higher dose of morphine to effectively treat hyperalgesia as 
compared with the dose needed to reduce hyperalgesia induced 
by the injection of the algesic agent carrageenan into the hu-
merus.175,181 In addition to morphine, other  agonists including 
fentanyl45 and sufentanyl,45 as well as antinerve growth factor,63 
effectively reduce pain-related behaviors in a dose-dependent 
manner. Cancer-induced hyperalgesia can also be attenuated by 
peripheral opioids112 or cannabinoid receptor antagonists.79 Al-
though morphine seems to be relatively effective for the treatment 
of bone tumor-induced pain in these animal models, a recent 
study of chronic morphine administration using a mouse bone 
fibrosarcoma model found that chronic administration of mor-
phine increased osteoclast activity, osteolysis, spontaneous frac-
ture, quantities of the proinflammatory cytokine IL1 , and pain 
in mice with sarcoma.82 Therefore long-term use of morphine to 
treat bone tumor pain may have the detrimental effect of increas-
ing bone destruction and thereby causing additional pain. More 
investigation is necessary to determine whether this result also 
occurs in domestic animals.

The effects of radiotherapy on tumor-induced pain have been 
studied in mice implanted with sarcoma cells into the humer-
us.176 Sarcoma cells (2  105 in 5 l) were implanted into humeri 
of female C3H/HeJ mice. Seven days after 6-Gy radiation, the 
performance of tumor-implanted mice on both the rotarod and 
grip force tests showed significant improvement. A similar result 
was obtained when using the COX (cyclooxygenase) inhibitor, 
ketorolac. In addition, after radiation, the increased dynorphin 
levels and astrocyte hypertrophy seen with other mouse cancer 
pain models were both reduced.176 When sarcoma cells (105 in 
20 l) were implanted into mouse femurs to examine the effects 
of 20-Gy and 30-Gy radiation as a means to control cancer pain, 
these radiation therapies effectively decreased cancer-induced os-
teolysis, reduced tumor size by 75%, and decreased bone cancer-
related pain.57-59 Radiation therapy also successfully controlled 
pain and skeletal fractures associated with femoral implantation 
of 4T1 breast carcinoma cells into mice.59 These studies demon-
strated that radiation therapy effectively decreased cancer-in-
duced pain by direct effects on tumor cells.57,58 Support for the 
effects of radiation therapy also comes from studies in which 
transplantable hepatocellular carcinoma cells, HCa-1, were in-
jected into the periosteal membrane of the foot dorsum in C3H/
HeJ mice.129,149 In these studies, mice treated with radiotherapy 
showed decreased objective levels of pain (decrease mechanical 
hyperalgesia) beginning 3 d after irradiation compared with that 
in control nonradiated mice. Moreover, radiotherapy dramatical-
ly decreased expression of calcitonin gene related peptide in the 
spinal cord. Because this protein is known to play an important 
role in the development of hyperalgesia, the radiation-induced 
reduction of calcitonin gene related peptide correlates well with 
the decrease in tumor-induced pain and provides a mechanism 
by which radiation therapy is effective in reducing cancer pain. 
Finally, a recent study used a mouse bone tumor model to dem-
onstrate that administration of the antiangiogenic inhibitor beva-
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Ondansetron significantly decreased responses to mechanical 
and thermal, but not electrical, stimuli in both tumor and naive 
animals, suggesting that descending serotonergic pathways can 
effectively modulate tumor-induced pain at the level of the spinal 
cord.42 In MRMT1-injected rats, the antihyperalgesic drug gaba-
pentin effectively attenuated pain-related behaviors, and elec-
trophysiologic recordings of the spinal cord indicated reduced 
responses to electrical and mechanical but not thermal stimuli.41 
Although gabapentin is used widely to treat neuropathic pain, 
consistent but perhaps less compelling clinical evidence supports 
its use also for cancer pain. Therefore gabapentin should be con-
sidered as an alternative to standard opiates and NSAIDS.

Glial cells in the spinal cord reportedly play a role in enhancing 
pain and in the process of central sensitization.150,186,187 There-
fore, implantation of AT3.1 prostate cancer cells (3  105 in 10 l) 
into the tibia of male Copenhagen rats was used to study spinal 
glial activation under conditions of bone cancer pain. The animals 
with implanted prostate cancer cells demonstrated several char-
acteristics: pain-related behaviors including thermal hyperalge-
sia, mechanical hyperalgesia, and flinches; bone destruction 1 wk 
after tumor implantation; massive astrocyte hypertrophy in the 
ipsilateral side of the spinal cord; and upregulation of spinal cord 
IL1 , a proinflammatory cytokine.192 Therefore studies in both 
mouse and rat models of bone cancer pain indicate that glial cell 
activation plays a critical role in the development of the chronic 
pain state associated with bone cancer. Because inhibition of spi-
nal cord glial cell activation remarkably reduces neuropathic pain 
in several animal models,95,116,127 the development of novel glial 
cell inhibitors likely will result in improved treatment of bone 
cancer pain within the next decade.

Skeletal metastasis is a serious complication of certain neoplas-
tic diseases, including breast, prostate, and lung cancer.16,31 To 
investigate metastatic bone cancer, MDA-MB231 human breast 
cancer cells (5  105 in 1 ml) were injected into the femoral arter-
ies of nude rats.12 Osteolytic lesions occurred exclusively in the 
femur, tibia, and fibula of these animals, and if the tumor cells 
were preincubated with an antibody against bone sialoprotein, 
osteolytic lesion size was reduced significantly. In contrast, R3327 
prostate cancer cells were injected directly into the left cardiac 
ventricle, intravenously, or intraosseously into male Copenhagen 
rats for observation of metastatic lesions and their relationship 
to pain.93,94 Bone lesions were observed in bone scans after in-
traosseous injection but not after intraventricular or intravenous 
injections of prostate cancer cells. The investigators concluded 
that the intraosseous administration of R3327 prostate cancer cells 
represents a useful and effective osteoblastic bone lesion model. 
Although these rat models mimic what occurs in metastatic can-
cer in both humans and domestic animals, they suffer from the 
fact that the tumors involve multiple bones at multiple sites and 
therefore the nociceptive responses and pain are difficult to evalu-
ate.93,94

Compared with the mouse femur cancer model, the tumors in 
the rat models described above do not affect the joints, muscles, or 
ligaments, which offers some advantages. The rat model in which 
3  103 MRMT1 cells are implanted into the tibia may be a more 
suitable cancer pain model than the mouse femur model because 
both mechanical allodynia and hyperalgesia developed in the 
rat model without significant undesirable side effects during the 
study’s 20-d time course.110 Moreover injection of tumor cells into 
rat bones is far easier than into mouse bones because of the rat’s 

that TNF  receptor antagonists may be useful in treating bone 
cancer pain.

Rat models of pain from bone cancer. A rat model of bone can-
cer pain was developed in 2002 by using mammary gland carci-
noma cells.110 In this model, 3  103 or 3  104 syngeneic MRMT1 
mammary gland carcinoma cells were implanted into the tib-
ias of female Sprague–Dawley rats. Animals inoculated with 
MRMT1 cells gradually showed signs of mechanical hyperalge-
sia in weight-bearing tests and developed mechanical allodynia 
as measured by using von Frey monofilaments on days 10 to 12 
and 12 to 14 postimplantation, respectively. In MRMT1-injected 
rats, bone destruction was evident by day 15. The numbers of tar-
tarate-resistant acid-phosphatase–positive polykaryocytes, which 
were activated by prostaglandins, cytokines, and growth factors 
from tumor cells, were also increased. Similar to findings from 
mouse cancer models, astrocyte hypertrophy was evident by day 
17 based on the increased expression of glial fibrillary acidic pro-
tein, a marker of astrocyte activity, and this increased activation 
was specific to bone cancer. In this study,110 rats implanted with 3 

 104 MRMT1 cells were euthanized on day 16 due to bone dete-
rioration. No significant changes were found in either heat-killed 
MRMT1- or vehicle-treated groups, and weight loss and body 
temperature were unchanged in all groups. Because previous 
findings of bisphosphonate-induced reduction of bone pain sug-
gested that osteoclasts play a critical role in bone pain, this model 
was used to address that question. The acidic environment cre-
ated by osteoclasts, at least in part, contributes to the induction of 
hyperalgesia associated with bone tumors, due to upregulation of 
the acid-sensing channel ASICS in DRG neurons.123

With respect to the pain produced by the implantation of 
MRMT1 cells into the rat tibia, morphine dose-dependently at-
tenuated mechanical allodynia and hyperalgesia, whereas the 
COX2 inhibitor celecoxib was ineffective, suggesting that prosta-
glandins may not contribute to cancer pain in the rat MRMT1 car-
cinoma model.110,184 This ineffective COX2 treatment differs from 
other results, which showed that the COX2 inhibitor lumiracoxib 
administered twice daily for 10 d attenuated mechanical hype-
ralgesia and bone destruction in this tibia bone cancer model.50 
Although reconciling the findings of these 2 studies is difficult, 
the fact that the structure of lumiracoxib differs from those of 
standard COX2 inhibitors (for example, celecoxib) may account 
for the differences. In support of a positive effect of COX2 inhibi-
tors on cancer pain, COX2 inhibitors have also been shown to 
attenuate pain in the femur bone cancer mouse model.143 Because 
COX2 expression is upregulated in canine appendicular osteosar-
comas,122 COX2 inhibitors represent a reasonable first-line treat-
ment for bone cancer pain in domestic animals.

In addition to behavioral studies in the rat tibia model, electro-
physiologic recordings of MRMT1-injected animals showed that 
the receptive field size for superficial spinal cord neurons was 
enlarged and that nociceptive-specific neurons in the spinal cord, 
which normally only respond to noxious stimuli, were excited by 
nonnoxious stimuli.171 The responses of superficial wide dynamic 
range neurons (WDR), generally excited by both nonnoxious and 
noxious stimuli, were dramatically enhanced, whereas deeper 
WDR neurons showed minimal changes, suggesting involvement 
of both ascending and descending facilitation pathways.171,172 To 
further study central descending serotonergic pathway modula-
tion in this model, a serotonergic receptor antagonist, ondanse-
tron, was administered intrathecally in MRMT1-injected rats. 

Animal models of cancer pain
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Other models of nonbone cancer pain include squamous cell 
carcinoma124 and benign neuromas.43,167 In the rat orofacial cancer 
model, squamous carcinoma cells are injected into the subpe-
riosteal tissue of the lower gingiva. Inoculation of cancer cells 
induces marked mechanical allodynia and thermal hyperalgesia 
in the ipsilateral maxillary and mandibular nerve, and these ef-
fects are associated with increased expression of calcitonin gene 
related peptide, substance P, P2X3 receptors, and TRPV1 in the 
trigeminal ganglia.124 Clearly identification of the upregulation of 
these proteins may lead to the development of novel therapeutics 
for the treatment of orofacial cancer.

In the tibial neuroma transposition model of neuroma pain, the 
tibial nerve is ligated and placed just superior to the lateral mal-
leolus, and a neuroma is allowed to form.43,167 Mechanical stimu-
lation of the neuroma produces a profound withdrawal behavior 
in these rats. Although this model might be more representative 
of neuropathic pain than tumor pain, it does provide a useful tool 
to investigate the various mechanisms underlying the tender-
ness of the neuroma and mechanical hyperalgesia associated with 
neuropathic pain. Because tumors often invade nerves and estab-
lish neuropathic pain, the tibial neuroma transposition model is 
not an unreasonable model for investigating the mechanisms by 
which tumor-induced nerve injury causes pain.

Models of pain due to cancer invasion Cancer invasion of pe-
ripheral nerves often occurs in patients with vertebral metastasis 
or malignant lymphomas and during tumor progression as the 
tumor invades surrounding nerve bundles. Each of these condi-
tions can lead to tumor-induced neuropathic pain syndromes.106 
Therefore, animal models that mimic cancer-induced neuropathic 
pain have been developed and can be broadly classified as can-
cer invasion pain models.153 In an initial study from our group, 
we showed that implantation of fibrosarcoma cells near the sci-
atic nerve produced significant mechanical allodynia 11 to 23 d 
postimplantation, correlating with perineural invasion by tumor 
cells.183 In a similar experimental design, MethA sarcoma cells 
were used to induce cancer-related nerve injury or neuropathy by 
implantation of these cells in close proximity to the sciatic nerve 
in male BALB/c mice. This model benefited from the slow pro-
gression of this rather destructive tumor,153 but more importantly 
this experiment illustrated that cancer-related neuropathy causes 
spontaneous pain (paw lifting and guarding), thermal hyperal-
gesia, and allodynia. These responses are consistent with the in-
creased pain that is associated with tumor invasion of nerves in 
human patients.194 In addition, mechanical allodynia present on 
day 10 of the model changed to mechanical hyposensitivity by 
day 14. Damage to both myelinated and nonmyelinated fibers 
were more extensive in this cancer-induced neuropathy mod-
el than in the sciatic nerve ligation (chronic constriction injury) 
model, suggesting cancer-associated nerve compression differs 
mechanistically from nerve ligation. Similar to other previous 
mouse cancer models, animals injected with MethA cells showed 
upregulation of dynorphin, c-fos expression, and substance P in 
the spinal cord.154

Models of pain due to chemotherapy-related peripheral neu-
ropathy As advances in cancer detection and treatment have in-
creased the life expectancy of cancer patients, more attention to 
improving both human and animal patient quality of life is re-
quired. The major sources of cancer-induced pain in these patients 
are not only the cancer itself but also side effects of the various 
therapeutic treatments used, including radiation therapy, surgery, 

larger bone size. However, the mouse models are advantageous 
because tumor experiments can be performed on knockout mice 
or transgenic mice that over- or underexpress various proteins to 
determine the role of these proteins in cancer-induced pain. Col-
lectively, studies from both mice and rats suggest that different 
bone cancer models have different underlying mechanisms de-
pending on species, tumor types, and tumor location and that the 
most appropriate model will depend on the experimental design 
and the questions addressed by a particular investigation. None-
theless these recently introduced models of bone cancer pain are 
not only providing insight into the mechanisms that drive bone 
tumor pain but also are guiding the development of novel mech-
anism-based therapies to treat the pain and skeletal remodeling 
associated with both primary and metastatic bone cancer.

Models of pain from nonbone cancer Several models of cancer 
pain arising from tumors located outside of bone have been de-
veloped and are summarized in Table 2. These include models of 
pancreatic cancer, squamous cell carcinoma and neuroma. With 
respect to pancreatic cancer, the source of visceral cancer pain 
is often difficult to detect, and the clinical symptoms associated 
with visceral cancer usually are not noticed until the cancer has 
progressed to an advanced stage. Pancreatic cancer typically is 
detected during its late stages, and pain management becomes a 
factor in maintaining the quality of life for pancreatic cancer sur-
vivors. In humans, pancreatic cancer represents about 2% of new 
cancer cases.74 Pancreatic cancer is slightly more common in cats 
than dogs, and there is no known underlying cause. A transgenic 
mouse model of cancer pain was developed recently in which 
pancreatic cancer arises due to expression of the simian virus 40 
large T antigen under control of the elastase 1 promoter.96 By use 
of this transgenic mouse model with spontaneous pancreatic can-
cer development, pain-related behaviors (hunching and vocaliza-
tion) were quantified at early, intermediate, and late stages of 
cancer to investigate the involvement of the endogenous opioid 
system. Precancerous cellular changes were evident at 6 wk in 
these mice and included increases in microvascular density, mac-
rophages that expressed nerve growth factor, and the density of 
sensory and sympathetic fibers that innervated the pancreas.96,152 
Changes in pain-related behaviors, such as morphine-reversible 
severe hunching and vocalization only became evident at 16 wk 
of age, by which time the pancreatic cancer was highly advanced; 
this pattern mimics what is observed in human patients, in whom 
pain typically is not evident until the cancer is quite advanced. 
Importantly, administration of the CNS-penetrating opioid an-
tagonist naloxone, but not of an opioid antagonist incapable of 
crossing the blood brain barrier into the CNS, led to overt pain-
related behaviors in mice with early-stage pancreatic cancer. The 
investigators concluded that a CNS opioid-dependent mecha-
nism tonically modulates early- and late-stage pancreatic cancer 
pain.51,96,152 Understanding the mechanisms that mask this pain 
in early-stage disease and drive this pain in late-stage disease 
may facilitate improved diagnosis, treatment, and care of patients 
with pancreatic cancer.

Pancreatic cancer cells that infiltrate the perineurium of local 
intrapancreatic nerves might cause pancreatic neuropathy24 and 
therefore visceral pain. What actually causes pain in pancreatic 
cancer is unknown currently, but the generation and maintenance 
of pancreatic cancer-related pain may involve neurogenic inflam-
mation,38 and administration of vanilloid receptor antagonists 
might be an effective treatment of choice.65
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whereas cold allodynia occurred 1 wk after the infusion.99 This 
mechanical hyperalgesia could be attenuated by morphine or 
lidocaine administration126 but not by the  opioid agonist DAM-
GO.1 Because vincristine treatment produces different results in 
different experimental paradigms—hyperalgesia, hypoalgesia 
and allodynia, its mechanisms of action remain to be identified. 
However, recent work in human patients has shown that chronic 
vincristine-induced pain is associated with dysfunction in A -, 
A -, and C-caliber primary afferent fibers.44 Deficits in A  fibers 
appear to precede and presage deficits in the other fiber types, 
whereas deficits in A  and C fiber function appear to be specifi-
cally associated with the generation of pain.

Models of pain due to paclitaxel-related peripheral neuropathy. 
Another chemotherapeutic drug that causes neuropathy is pacli-
taxel, which is used to treat various cancers including breast can-
cer, nonsmall cell lung cancer, head and neck cancer, melanoma, 
and ovarian cancer.83,139,140,142,146,156,188 Numerous cancer patients 
who are treated with paclitaxel complain of tingling, numbness, 
and burning pain.23,83,128,132,139,141,142,158,168,189 Paclitaxel, which is 
a vinca alkaloid, binds to tubulin blocking the polymerization of 
microtubules and interfering with mitosis, and reported side ef-
fects include myelosuppresion and sensory or sensory–autonomic 
neuropathy.35,73,83,85,132,136

In laboratory settings, paclitaxel-induced neuropathy lasted 
for several weeks and was mostly limited to peripheral nerves, 
with the adult rats showing no clinical systemic toxicity.23,132 In 
addition, this agent induced mechanical and thermal hyperalge-
sia without motor deficits in Sprague–Dawley rats.131,132 In con-
trast, in a different study paclitaxel produced motor neuropathy, 
gait disturbances, and abnormal rotarod performance during the 
light and dark cycles within 2 wk of treatment.17 Electrophysi-
ologic recording revealed decreases in H-wave amplitudes in the 
hindlimb and in action potentials in sensory nerves in the tail; 
paclitaxel affected all sensory modalities, especially those medi-
ated by thick myelinated nerve fibers27,136 and the effect could 
be blocked by intraperitoneal injection of gabapentin.107 In ad-
dition, paclitaxel-treated animals demonstrated severe axonal 
degeneration and hypomyelination of the dorsal roots but not 
the ventral roots. This model revealed that paclitaxel produced 
minimal effects on the general health of the rats, similar to the 
pattern in human patients treated with the drug.27 A recent study 
of the responses of 10 inbred mouse strains to paclitaxel injections 
showed that virtually all strains developed statistically significant 
mechanical allodynia, with 1 strain, DBA/2J, exhibiting especially 
robust changes. DBA/2J and C57BL/6J mice showed comparable 
cold allodynia, but neither strain showed evidence of thermal 
hyperalgesia.155 In CD1 mice, paclitaxel reduced both peptide 
neurotransmitters, including substance P, in DRG and the action 
potential amplitude of the caudal nerve. These neurotoxic effects 
were prevented by administration of nerve growth factor.4 Glu-

and chemotherapy.68 Treatment-associated pain can impede the 
cancer patients’ quality of life during the course of cancer treat-
ments and, in the case of chemotherapy, may result in limiting the 
dose of the treatment. Patients may develop chemotherapy- or 
radiation-induced peripheral neuropathies that are as painful or 
more so than the original cancer that they were designed to treat. 
In addition, chemotherapy-induced neuropathy may persist well 
beyond the discontinuation of treatment (coasting).136

Chemotherapy-induced neuropathy varies depending on dose, 
treatment duration, and other concurrent or preexisting conditions 
of the patients. Because its underlying cause remains poorly un-
derstood, an additional type of cancer pain model was developed 
to investigate cancer chemotherapy-related pain; these models 
are summarized in Table 3. These models involve the induction 
of peripheral neuropathy by chemotherapeutic agents and were 
developed to elucidate the mechanistic-based pathophysiology 
of chemotherapeutic agent-induced neuropathy. The well-known 
cancer chemotherapeutic drugs vincristine,1,159 paclitaxel,22,23,118 
and cisplatin22,157 are used in both human and veterinary medi-
cine and all yield neuropathic pain after extended use.131 This 
portion of the review will focus on the models that involve these 
3 chemotherapeutic agents.

Models of pain due to vincristine-related peripheral neuropa-
thy. One of the most commonly used chemotherapeutic agents is 
vincristine, which belongs to the vinca alkaloid family,67 and one 
of the main limiting complications of vincristine is that it causes 
painful peripheral neuropathy. Vincristine binds to intracellular 
tubulin and alters microtubular structures, causing a dose-depen-
dent neuropathy. The signs of neuropathy start with paraesthesia, 
followed by hyperesthesia.136 A dose of vincristine as low as 50 

g/kg produces mechanical hyperalgesia, allodynia, and thermal 
hypoalgesia in rats.7 Intravenous vincristine induced mechanical 
hyperalgesia within 2 wk after initiation of the chemotherapy 
regimen in Sprague-Dawley rats.1 However, 2 wk after discontin-
uation of vincristine, the signs of mechanical hyperalgesia were 
ablated.1 Vincristine caused greater mechanical hyperalgesia in 
female than in male rats75 and increased electrophysiologic re-
sponses to suprathreshold stimuli in C fiber nociceptors; both 
C and A fiber mean conduction velocities were slower; and no 
histopathologic changes were evident.159,160 Therefore vincristine 
does not impair nociceptor function per se but rather interferes 
with mechanisms underlying responsiveness to suprathreshold 
stimuli.160 Histopathologic examination of samples from ani-
mals treated with vincristine revealed a significant increase in 
the cross-sectional area of myelinated axons, a dramatic decrease 
in the number of axonal microtubules, and disorganization of 
microtubules of myelinated axons.166 Continuous infusion of vin-
cristine led to dose-dependent mechanical allodynia but not ther-
mal hyperalgesia.126 Mechanical allodynia started after 1 wk of 
vincristine infusion and returned to the baseline values by 4 wk, 

Table 2. Models for pain from nonbone cancer

Model Cancer type Location Reference(s)

Mouse 
 (Transgenic)

Pancreatic cancer Pancreas 96, 152

Rat 
 (Fisher)

Squamous cell carcinoma Gingiva 124

Rat 
 (Sprague Dawley)

Neuroma Tibia 
Sciatic nerve

43, 167

Animal models of cancer pain
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This study was conducted by targeting DRG axons expressing 
TRPV1. The hypothesis behind this investigation was that se-
lectively ablating the DRG neurons expressing TRPV1 receptors 
would control chronic bone cancer pain, while leaving other sen-
sory functions intact. The potent TRPV1 agonist resiniferatoxin 
(a capsaicin analogue) was administered intrathecally to target 
the TRPV1-expressing axons in the spinal cord dorsal horn, leav-
ing other primary afferent neurons unaffected. After intrathecal 
administration, resiniferatoxin produced significant analgesia for 
as long as 14 wk postadministration in dogs with spontaneous 
bone cancer.19 The concept of selective DRG neuron ablation to 
treat cancer pain is intriguing and has been used to target other 
neurons2. Such approaches have shown no serious side effects in 
either rats80 or dogs19 and represent novel future approaches for 
treatment of pain resulting from various types of cancer.

Conclusions
Experimental animal models are useful representations of the 

pain induced by human and veterinary tumors and thus allow 
the dissection of the molecular and cellular mechanisms contrib-
uting to cancer pain. The use of cancer pain models has provided 
insights into the mechanisms driving cancer pain and opportuni-
ties for developing targeted therapies. Because the development 
of cancer pain is a dynamic process, alleviating cancer pain based 
on disease progression may be more effective than simply ad-
ministering analgesic drugs at the late stages of the process. At 
the beginning of tumor growth, as tumors start to proliferate, 
pronociceptive factors such as prostaglandin E2 and endothelin 
ET, are released. Therefore, drugs such as COX inhibitors or ET 
antagonists may be effective treatments during this early period. 
Depending on the tumor type, cytokines and chemokines are re-
leased either from the tumor cells themselves or by the infiltrated 
immune cells.190 Because many cytokines and chemokines can di-
rectly effect primary afferent pain fibers at the tumor site, knowing 
which cytokines are released by various tumor types enables the 
development of tumor-specific cancer pain therapies. Moreover, 
growing tumors often compress surrounding nerve bundles, and 
at this point, neuropathic pain medications such as gabapentin 
may provide improved analgesia. At later stages of bone tumor 
growth, osteoclasts typically proliferate, at which point medica-
tions blocking osteoclast activity, such as OPG and bisphospho-
nates, may yield effective pain attenuation.15,29,52 When tumors 
fill the intramedullary canal and some tumor cells start to die, 
producing an acidic environment, TRPV1 or Acid-Sensitive Ionic 
Channel (ASIC) receptor antagonists may be advantageous in 
controlling cancer pain. As bone destruction becomes evident, 
ATP antagonists may block movement-related pain.101,104,123

tamate also may have a neuroprotective effect in preventing the 
neuropathy induced by paclitaxel administration.17

Models of pain due to cisplatin-related peripheral neuropathy. A 
chemotherapeutic drug commonly used for treating ovarian can-
cers and small cell lung cancer is cisplatin, which causes not only 
ototoxicity and nephrotoxcity but also neurotoxicity, such as pe-
ripheral polyneuropathy, mechanical hyperalgesia, and allodynia, 
in rats.8 These neuropathy symptoms are described as numbness 
and tingling, and these symptoms can be severe with increasing 
cumulative doses.56 Polyneuropathy caused by cisplatin can last 
for more than 10 y, and the severity of the resulting neuropathy 
depends on the dose and duration used.157 In an animal model 
designed to mimic the condition in human patients, rats received 
3 different cisplatin injections at a cumulative dose of 15 mg/kg. 
These animals showed mechanical allodynia and hyperalgesia 
that lasted as long as 15 d after injection.8 Moreover this treatment 
regimen caused gait disturbance within 8 wk of administration.17 
The advantage of this particular rat model is that the animals 
were in good health throughout the study and that the cisplatin-
induced sensory peripheral neuropathy symptoms progressed 
rapidly,8 mimicking what is observed in human patients.

Other studies of cisplatin-induced neuropathy have shown 
impairment of rotarod analyses only during dark cycles, sug-
gesting some proprioceptive loss, and glutamate was protective 
against these side effects.17 Electrophysiologic recording revealed 
significant reduction of sensory nerve conduction velocity, but 
motor nerve conduction velocity was unaffected.36 Histologically, 
cisplatin affects large axons with normal myelin levels, but has no 
effects on nonmyelinated axons. In addition, DRG apoptosis (cell 
death) may contribute in part to cisplatin neurotoxicity, which can 
be blocked by administration of a high dose of nerve growth fac-
tor. This result indicates that cisplatin induces apoptosis through 
mitochondrial stress pathways.47,109 Cisplatin-induced neuropa-
thy also was blocked by treatment with neurotrophic factor, the 
ACTH4-9 analog ORG 2766,36,56 and recombinant human glial 
growth factor 2,162 and the survival of large-fiber sensory neurons 
can be induced by administration of neurotrophin 3.135 Although 
cisplatin-induced neuropathy progressed for 6 wk after discon-
tinuation of the drug and slowly reversed over 3 mo, this side 
effect could be prevented by early decompressive surgery.161

Models of pain from spontaneous cancer A natural model of 
cancer pain involves using animals that have spontaneously oc-
curring tumors. Such models have been used recently to evaluate 
improved therapeutic approaches to treating cancer pain. In this 
regard a spontaneous osteosarcoma canine model has been used 
to examine the effectiveness of targeting specific nociceptive neu-
rons in the DRG as a novel method to treat bone cancer pain.54,78 

Table 3. Models for pain from peripheral neuropathy due to cancer chemotherapy

Model Drug References

Rat 
 (Sprague Dawley)

IV vincristine 1, 7, 67, 75, 99, 126, 159, 160, 166

Mouse 
 (CD1,ddY,C3H/He, C57BL/6, 129P3, A, AKR, 
 C57BL/10, CBA, DBA/2, RIIIS, SM, BDF1)

IP paclitaxel 4, 107, 118, 155

Rat 
 (Sprague Dawley, Wistar, Dark Agouti)

IP paclitaxel 9, 17, 23, 27, 39, 131, 132

Rat 
 (Sprague Dawley, Wistar, CD1, Dark Agouti)

IP cisplatin 8, 10, 17, 36, 161, 162
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Although further investigations clearly are needed to eluci-
date the biochemical and molecular mechanisms contributing to 
cancer pain, new therapies such as resiniferatoxin and substance 
P–saporin2, which were developed in light of our current under-
standing of these mechanisms, appear promising cancer pain 
treatments. In addition, the recently constructed pain genes data-
base, based on the ‘knock out’ of individual mouse genes, allows 
investigators to study pain-related phenotypes associated with 
specific genes. This new database therefore represents a useful 
and easy-to-use tool allowing pain researchers to generate novel 
hypotheses regarding the roles of these genes and their protein 
products in pain processing and modulation. Such information 
will be crucial to developing novel therapeutic drugs that specifi-
cally target particular genes for specific types of cancer pain.87

The development of these cancer pain animal models has come 
at a time when cancer patients are surviving longer, so cancer 
pain has become an important quality-of-life issue. Use of these 
models has revealed numerous features associated with pain-
related behaviors and has provided insight into the neurochemi-
cal and neurophysiologic mechanisms that underlie cancer pain. 
Many of the features observed in these animal models are shared 
by human cancer patients that experience tumor pain. Some of 
these shared features include bone destruction, primary afferent 
neuron sensitization, and the reorganization and development of 
central sensitization in the spinal cord. Animal models of cancer 
pain have been developed to increase our basic knowledge of 
tumor pain in terms of anatomy, neurobiology, neurophysiology, 
genetics, psychology, pharmacology, and molecular mechanisms. 
These animal models will allow investigators and clinicians to 
gain new information, leading to improved understanding of the 
factors generating and maintaining cancer pain. This increased 
understanding of cancer pain mechanisms undoubtedly will lead 
to the development of novel therapeutic approaches and mecha-
nism-based pharmacotherapeutic treatments.
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