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Opinion statement

Chemotherapy-induced peripheral neuropathy (CIPN) is a common toxicity associated with 

treatment with platinum-based agents, taxanes, vinca alkaloids, and other specific agents. The 

long-term consequences of this condition can result in decreased patient quality of life and can 

lead to reduced dose intensity, which can negatively impact disease outcomes. There are currently 

no evidence-based preventative strategies for CIPN and only limited options for treatment. 

However, there are several strategies that can be utilized to improve patient experience and 

outcomes as more data are gathered in the prevention and treatment setting. Before treatment, 

patient education on the potential side effects of chemotherapy is key, and although trials 
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have been limited, recommending exercise and a healthy lifestyle before and while undergoing 

chemotherapy may provide some overall benefit. In patients who develop painful CIPN, our 

approach is to offer duloxetine and titrate up to 60mg daily. Chemotherapy doses may also need 

to be reduced if intolerable symptoms develop during treatment. Some patients may also try 

acupuncture and physical therapy to help address their symptoms, although this can be limited 

by cost, time commitment, and patient motivation. Additionally, data on these modalities are 

currently limited, as studies are ongoing. Overall, approaching each patient on an individual level 

and tailoring treatment options for them based on overall physical condition, their disease burden, 

goals of care and co-morbid health conditions, and willingness to trial different approaches is 

necessary when addressing CIPN.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a serious potential side effect of 

treatment with a number of chemotherapeutic agents, including taxanes, platinum-based 

compounds, vinca alkaloids, epothilones, and bortezomib, and CIPN affects between 30 to 

40% of patients treated with these agents [1, 2]. Symptoms of CIPN result from damage 

to dorsal root ganglion neurons or their axons, leading to physical findings of a sensory 

peripheral neuropathy including sensory loss, paresthesia, ataxia, and allodynia [2, 3]. Nerve 

conduction studies in patients with CIPN show that both small and large motor and sensory 

nerve fibers undergo axonal degeneration, leading to these often debilitating symptoms [4].

CIPN can result in a significant dose reduction in chemotherapy. For example, in patients 

receiving oxaliplatin at cumulative doses of more than 540–850mg/m2, CIPN symptoms 

required dose reductions in oxaliplatin by up to 62.5% [5, 6]. CIPN also reduces patient 

quality of life, increasing the long-term risk of falls and functional impairments [3, 7–11]. 

The incidence of CIPN is highest within the first two years following exposure to cytotoxins, 

making it a common concern for recent cancer survivors [12]. Additionally, symptom 

severity can vary widely among patients [2]. In spite of the severity of the impact of CIPN, 

evidenced-based management options are limited, with current approaches aimed at either 

preventing the development of CIPN or managing symptoms once they develop.

The 2020 ASCO guideline update does not recommend any specific agents for the 

treatment of CIPN other than the potential limited benefit of duloxetine for painful 

CIPN [1]. In information provided to patients who develop CIPN, home safety measures 

like using handrails and burn prevention are recommended, and the potential permanent 

nature of symptoms are discussed, but treatment options continue to be described as 

limited [13]. Additionally, patient-reported symptom severity may be even higher than 

neuropathy grades given by physicians based on standard scoring mechanisms [14–16]. 

Patient outcome measures, including the patient-reported outcome (PRO) measure and 

the European Organisation for Research and Treatment of Cancer (EORTC) Quality of 
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Life Questionnaire Chemotherapy-Induced Peripheral Neuropathy scale (QLQ-CIPN20), are 

questionnaires that focus on physical, emotional, and cognitive function and provide benefit 

in identifying better CIPN intervention trials in finding successful strategies for CIPN 

prevention and treatment [17–19]. The EORTC-CIPN20 [20–23] and FACT/GOG NTx [22, 

24, 25] are the most commonly utilized Patient-Reported Outcome Measures (PROMs) 

in published studies of CIPN. The discrepancy between patient-reported outcomes and 

physician scoring highlights the urgency with which continued multimodal, evidence-based 

treatment regimens are needed for this condition and shows that patient-reported outcomes 

will be the gold standard in effectively managing this condition

In a 2019 National Cancer Institute clinical trials planning meeting, CIPN was demonstrated 

as a high priority for symptom management that warrants further exploration [17]. Given 

the limited management guidelines available, this article will summarize current treatment 

methods available for CIPN symptoms and highlight potential emerging therapies with the 

goal of assisting those treating patients suffering from CIPN in developing multimodal 

strategies to address this disorder.

Treatment options

Diet and lifestyle

Diet—In general, there is no evidence that specific foods or diets will prevent or treat 

CIPN, and studies examining dietary patterns have not elucidated clear results. For 

example, analysis of patients enrolled in the Pathways study, which used a population-based 

prospective cohort of 4,505 women with newly diagnosed invasive breast cancer, showed 

that patients with a higher intake of fruits, vegetables, and dietary fats actually experienced 

more neuropathy symptoms, although their self-reported physical well-being scores were 

higher [26]. Studies relying on patient-reported data show that multivitamin and magnesium 

use before and during treatment may be associated with a lower risk of CIPN or with less 

severe symptoms, although the data varies widely from patient to patient and is subject 

to recall bias in some cases [27–29]. Studies examining supplement use remain small and 

require additional testing, although some have reported positive results in the reduction 

of pain and neuropathic impairment in initial trials [30]. In general, however, the use 

of supplements other than a multivitamin in cancer patients requires additional study to 

determine both safety and efficacy, and ASCO guidelines currently recommend against the 

use of supplements due to the lack of evidence supporting their benefit [1, 31]. Additionally, 

recent trial data highlights that some supplements can be associated with poorer disease-free 

survival and, in the case of acetyl-L-carnitine, can even worsen CIPN symptoms [31, 32].

In a recent study using a mouse model of paclitaxel-induced peripheral neuropathy, a 

fenofibrate-enriched diet did show promise in that it had some ability to prevent the 

development of mechanical hypersensitivity, prevented cold hypersensitivity, and prevented 

a reduction in sensory nerve action potential in mice treated with four intraperitoneal 

injections of paclitaxel [33]. This will obviously take time to extrapolate to human studies 

of CIPN. Theoretically, flavonoids are another potential option for managing CIPN based 

on their mechanism of action and animal models, but human studies are again needed 

[34]. Additionally, the use of any supplement during chemotherapy must be shown to be 

Mezzanotte et al. Page 3

Curr Treat Options Oncol. Author manuscript; available in PMC 2023 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



safe in terms of potential interactions with chemotherapy agents and must not decrease the 

effectiveness of chemotherapy.

Exercise—Exercise is the most common intervention for CIPN with a varied combination 

of sensorimotor exercise, yoga, aerobic, strength, balance training and physical activity 

[35–39]. Overall, there is a lack of high-quality evidence to support specific interventions 

in CPIN [39], but exercise and exercise rehabilitation strategies play important roles in 

improving the strength, balance, and lessening symptom progression in CIPN patients [40].

Recent trials suggest that balancing and muscle strengthening exercises can improve quality 

of life and reduce CIPN pain; however, the trial sample sizes were small, and it should be 

noted that patients in the intervention group had a larger body surface area and received 

higher doses of chemotherapy than the placebo group in initial studies [21, 37, 41, 42]. A 

randomized controlled trial also determined that, although patients reported higher quality 

of life scores on assessment, there was no significant difference in their sensory or motor 

symptom scores after completing a dedicated exercise program [23].

Several potential mechanisms that may explain the beneficial effects of exercise on CIPN 

symptoms include the ability of exercise to reduce chronic inflammation and to change how 

sensations are processed by the brain to the hands, feet, and the rest of the body [43]. Recent 

growing evidence also suggests that exercise can prevent CIPN [20, 23, 37, 44], although we 

need larger phase II and phase III studies to minimize the limitations of the current available 

data. Overall, ASCO does not have any formal recommendations regarding the benefit of 

exercise in preventing or treating CIPN, although a general consensus appears to agree that 

exercise is in no way detrimental to the management of this disease [45].

Pharmacologic treatment

Class of drugs

Specific drugs

Antidepressants

Serotonin-norepinephrine reuptake inhibitors: Duloxetine and venlafaxine: The agent 

with by far the most evidence behind its efficacy in the treatment of CIPN and the only 

agent currently recommended by ASCO for the treatment of CIPN is duloxetine, a SNRI. 

Smith et al.’s 2013 phase III trial showed a significant improvement in pain control between 

patients taking duloxetine versus placebo after just five weeks [46]. This does not appear 

to be completely unique among the SNRIs, as comparative studies examining duloxetine 

versus venlafaxine showed that duloxetine was more effective in decreasing overall motor 

neuropathy and neuropathic pain grade scores after four weeks in patients suffering from 

CIPN [47]. Interestingly, venlafaxine did have some reduction in pain compared to a placebo 

group, and it was suggested that the least expensive agent should be trialed first prior to 

changing to a more expensive agent on an individual basis [47]. Of note, however, the doses 

used in this trial were 37.5mg venlafaxine and 30mg duloxetine, where previous studies, 

including Smith et al.’s, have determined that 60mg duloxetine is the most effective dose 

to treat CIPN, so further trials should be pursued to test different therapeutic doses of the 
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two agents instead of comparing the efficacy of the two agents to one another [46–49]. In a 

current ongoing trial through Alliance for Clinical Trials in Oncology, Dr. Ellen M. Lavoie 

Smith is examining the best dose of duloxetine for CIPN prevention in colorectal cancer 

patients undergoing treatment with oxaliplatin.

In general, the side effects of duloxetine are mild, and most commonly include mild 

nausea, poor appetite, constipation, drowsiness or insomnia, and sexual side effects [47, 

50]. Although laboratory monitoring is not required, it can cause transient elevations of liver 

enzymes and can increase serum cholesterol, and it should not be given to patients with a 

creatinine clearance of less than 30 mL/min. The use of SSRIs and SNRIs is also cautioned 

in patients taking tamoxifen, as these medications can decrease the hepatic metabolism of 

tamoxifen into its active metabolite [47]. In general in the U.S., if duloxetine is not covered 

by a patient’s insurance, the high monthly cost of therapy may preclude treatment, as well.

Tricyclic antidepressants: amitriptyline, despiramine, and nortriptyline: Tricyclic 

antidepressants are not recommended for the treatment of CIPN, and two small double-

blind, placebo-controlled trials examining amitriptyline and nortriptyline did not show any 

benefit of these agents in treating patients with CIPN symptoms [51, 52]. Given the vast side 

effect profile and potential for overdose, the routine prescription of these medications is not 

recommended [53].

Gabapentinoids: gabapentin and pregabalin: Gabapentin and pregabalin are commonly 

used to treat neuropathic pain, but they are not useful in CIPN and have the risk of 

side effects and, in the case of pregabalin, high cost. A phase three double-blind placebo-

controlled trial failed to show any benefit from the use of gabapentin to treat CIPN 

symptoms in patients who received vinca alkaloid, platinum-based, or taxane chemotherapy 

[54]. A placebo-controlled trial addressing the utility of pregabalin in preventing CIPN also 

showed no difference in neuropathy symptoms or pain between treatment and control groups 

in patients undergoing treatment with paclitaxel [55]. We should note, however, that the 

use of these medications in patients with neuropathic cancer-related pain, not CIPN, can be 

effective, with pregabalin having the most significant improvement in cancer-related pain 

scores and sparing the use of opioids in patients with active malignancy [56].

Opioid analgesics: Although often medically necessary to treat active cancer-related pain, 

opioids are not recommended for the treatment of CIPN and risk unnecessary side effects, 

potential addiction, and increased cost to the healthcare system [57–59]. As a salvage option, 

however, the European Society for Medical Oncology (ESMO) does note that opioids may 

be an option for CIPN, with no specific opioid being better than another [60].

Additional agents: Table 1 details additional agents occasionally used to treat CIPN. It 

should be noted that none of these agents are recommended by ASCO or have shown 

statistically significant efficacy in the treatment of CIPN in clinical trials.

Interventional procedures

The majority of available interventional procedures aim to prevent CIPN and will be 

described briefly here, but three procedures in particular, acupuncture, neurofeedback 
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therapy, and botulinum toxin injections have limited evidence suggesting their roles in 

treatment of this condition and warrant further investigation.[68]

Specific interventional procedures

Acupuncture: After an initial case series involving five patients treated with acupuncture 

showed improvement in CIPN symptoms [78], additional trials sought to show the benefits 

of this therapy in CIPN patients. A small pilot study showed improvement in five of six 

patients with CIPN treated with acupuncture [79], and a small retrospective study of breast 

cancer patients also suggested the benefit of this practice for improving CIPN symptoms 

[80]. A recent randomized controlled pilot trial of forty women treated with taxanes 

for breast cancer who developed CIPN showed that those who underwent an eight-week 

acupuncture treatment regimen had significant improvement in neuropathic pain and sensory 

symptoms [81]. In general, the availability and cost of acupuncture may be challenging 

for patients seeking treatment, but the overall positive nature of these studies indicates that 

larger randomized controlled trials are needed to assess the effectiveness of acupuncture as 

a treatment for CIPN, especially given the limited options for medical management of this 

condition. Larger randomized studies in acupuncture are currently ongoing, with Dr. Ting 

Bao from Memorial Sloan Kettering Cancer Center currently leading a trial examining the 

benefits of acupuncture and acupressure for CIPN.

Cryotherapy and compression therapy: Cryotherapy involves cooling the skin surface 

in an attempt to limit local effects of chemotherapy. This can involve limb-induced 

hypothermia or cooling gloves or socks, and it is often combined with compression therapy, 

a process that utilizes elastic stockings or surgical gloves to apply diffuse pressure to the 

skin surface [82]. Used for the prevention of CIPN, prophylactic cryotherapy has been 

shown to reduce the risk of dose reduction of taxane-based chemotherapy [83]. Additional 

studies have sought to determine its ability to prevent CIPN symptoms. Compression 

therapy can be used with or without cryotherapy for prevention of CIPN, although it is 

much less expensive than cryotherapy when used alone. Prospective and phase II trials have 

shown the benefit of cryotherapy in preventing peripheral neuropathy in patients undergoing 

neurotoxic chemotherapy [84, 85], although it should be noted that studies of cryotherapy 

and compression therapy showed that compression therapy alone appears to be just as 

effective as cryotherapy [82]. All of these studies were limited by sample size and warrant 

further investigation with multi-institution, randomized controlled trials in the future. These 

studies are currently under development.

Neurofeedback: Electroencephalogram (EEG) neurofeedback involves a brain/computer 

interface and provides auditory and visual feedback to help participants modify the source 

of their pain perception in real time [86, 87]. This effectively allows patients to change 

the interpretation of their neurological pain signals. In a randomized controlled trial in 

which the treatment group of cancer survivors underwent twenty sessions of neurofeedback 

therapy, patients in the treatment group showed a statistically significant reduction in pain 

scores with corresponding EEG changes that predicted improvement of symptoms [86]. 

Follow up with the same patient cohort at four months showed continued effectiveness of 

neurofeedback [87]. Although this study had a small sample size, and will require longer-
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term follow up, the overall improvement in symptoms of CIPN and duration of improvement 

suggests that neurofeedback warrants further investigation. Of note, this procedure requires 

both a significant time and cost commitment from patients and the healthcare system, so 

systemic administration of neurofeedback therapy may be limited in the future regardless of 

long-term outcomes.

Physical therapy and other specific therapies

Physical therapy—In a recent RCT examining the utility of physical therapy for the 

treatment of CIPN, the authors found improved grip dynamometry and pain pressure 

thresholds as well as decreased pain over time in the treatment group (of note, this study 

only examined a small cohort of patients up to six months post-chemotherapy) [88]. 

It should be noted, however, that patients who reported more exercise in general also 

had improved heat pain thresholds and vibratory sensation compared to more sedentary 

individuals [88]. It may be, therefore, that physical therapy can be considered for patients 

with specific functional mobility deficits at risk of developing CIPN, but there may be 

more evidence for the benefit of general exercise and strength training compared to physical 

therapy alone.

Specific therapies

Sensorimotor training and whole-body vibration training:  In a promising prospective 

RCT, patients in the intervention groups reported subjective improvement of CIPN 

symptoms and also had objective improvement in tendon reflexes and pain control in the 

sensorimotor training and whole-body vibration training groups, respectively [89]. The 

benefit of this study is that patients with known CIPN were targeted verses other studies 

examining patients undergoing chemotherapy at risk of developing CIPN. With a small 

sample size (forty patients), the potential benefits of sensorimotor training and whole-body 

vibration therapy warrant further investigation, especially since, as the authors note, both 

therapies require relatively little time and effort to complete.

Other treatments

Scrambler therapy: Scrambler therapy involves the use of a device that delivers 

electrocutaneous stimulation to the skin and is designed to replace endogenous pain signals. 

In single arm trials, scrambler therapy seemed to effectively treat painful CIPN [90, 91]; 

however, data from randomized controlled trials has been mixed and is less promising [92, 

93]. Additional studies in this area are needed.

Surgical management: There are not currently any recommended surgical management 

options for CIPN.

Emerging therapies

Several emerging therapies are under evaluation seeking a novel approach to the prevention 

or treatment of CIPN. Hu et al. assembled a comprehensive review of such therapies in 2019 

[3].
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Axonal Degeneration—Axonal degeneration has been implicated in the development of 

CIPN symptoms. There are several proposed mechanisms of axon destruction, and trials 

evaluating their inhibition are ongoing.

One source of axonal degeneration is the expression of sterile alpha and TIR motif-

containing protein (SARM-1). When activated, SARM-1 leads to rapid breakdown of 

nicotinamide adenine dinucleotide (NAD+) which ultimately results in axonal destruction. 

The primary suggested therapy to counteract the destructive activity of SARM-1 is driving 

increased NAD+ synthesis in vivo [94]. Another proposed source of axonal degeneration is 

an aggregation of cis-platinum in dorsal root ganglion (DRG) neurons. Ethoxyquin (EQ) is 

an antioxidant that has been used as a food preservative for decades [95]. EQ has been found 

to mitigate CIPN symptoms in mice via modulation of HSP90 without obstructing the anti-

tumor effect of cisplatin [95]. A third source of axonal destruction results from inhibition 

of BCL-w translation by paclitaxel. When active, BCL-w binds IP3R1 and preserves axonal 

integrity. It has been proposed that a BCL-w mimetic in sufficient concentration could 

overcome the effects of paclitaxel [96].

Botulinum Toxin Injections—Although not yet studied in humans, a botulinum toxin-

neuropeptide conjugate was tested in a murine model of taxol-induced neuropathy [97]. In 

this study, an injection of the conjugate molecule decreased pain, suggesting that the use 

of botulinum toxin-neuropeptide conjugates may be a potential future therapy for humans 

suffering from CIPN [97].

Ganglioside-Monosialic Acid—Ganglioside-monosialic acid (GM1) is a 

glycosphingolipid involved in nerve development, differentiation, and repair. In CIPN 

studies, patients were provided with oxaliplatin and GM1 concurrently or oxaliplatin alone. 

Patients that received GM1 experienced neuropathy symptoms at levels near to the control 

group; however, the severity of their symptoms was significantly lower [98]. Clinical trials 

evaluating GM1 utility are ongoing.

Mitochondrial Enzyme—Mitochondrial injury has been identified as a possible 

correlative with CIPN. It has been proposed that injury stems from oxidative stress, 

and possible treatments are currently being evaluated in clinical trials. One promising 

study is assessing the activity of a manganese superoxide dismutase mimic known as 

calmangafodipir, which combats reactive oxygen species and thereby prevents nerve injury 

[99].

Immunomodulation—Taxanes, platinum-based agents, and proteasome inhibitors 

have been known to dysregulate sphingolipid metabolism. The result is an increase 

of Sphingosine 1-Phosphate (S1P), which binds and activates the sphingosine-1-

phosphate receptor (S1PR1). This CIPN-causing pathway seems to be inhibited by the 

immunomodulating drug fingolimod. Fingolimod is FDA-approved for the treatment of 

multiple sclerosis and has known adverse side effects including bradycardia and hypotension 

[100].
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Another medication with a similar downstream effect to fingolimod is nicotine. Nicotine 

may promote the nicotinic acetylcholine receptor-mediated pathway, ultimately resulting in 

prevention or treatment of CIPN. However, the possibility that nicotine may also encourage 

tumor growth supports the need for further study [101].

Neuronal Transporter Inhibition—Two types of transporters allow for accumulation 

of chemotherapy agents in the dorsal root ganglia: organic anion transporting polypeptides 

(OATP), and organic cation transporters (OCT). Knockout of these transporters in mice has 

been found to protect against symptoms of CIPN [102].

Targeting Endonuclease Function—Nerve injury can also occur when sensory 

neuron DNA is damaged by chemotherapeutic agents. When this occurs, apyrimidinic 

endonuclease/redox effector factor (APE1) clears the damaged DNA. Studies show that 

reduction in APE1 levels in neuronal samples treated with cisplatin or oxaliplatin lead to 

increased neurotoxicity [103]. Studies evaluating the efficacy of an APE1 targeting agent, 

APX2009, are ongoing [104].

Conclusions

CIPN presents numerous challenges: it can lead to dose reductions in chemotherapy and can 

significantly affect patient quality of life. Our treatment options for CIPN remain limited 

in spite of numerous trials assessing the utility of different medications and multimodal 

treatment strategies. Research in the field, however, remains promising, with both in vivo 
studies and early-stage clinical trials showing the potential benefit of a number of different 

treatment methods. As studies begin to incorporate larger sample sizes and gain greater 

power, our hope is that we will soon have a better regimen of treatment options and 

preventative strategies for this debilitating condition.
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Table 1:

Additional medication treatment options for CIPN

Mechanism Drugs References

Sodium channel blockers Lacosamide, mexiletine, tocainide, parenternal lidocaine [3, 61]

NMDA receptor antagonists Ketamine (topical) [62, 63]

GABAA receptor agnoists Clonazepam (and other benzodiazepines) [64]

GABAB receptor agonists Baclofen [62, 65]

Alpha-2 adrenergic agonists Tizanidine [66]

Anticonvulsants Oxcarbazepine, lacosamide [67, 68]

Cannabinoids Nabiximols, dronabinol [69]
Animal models: [70–72]

Topical agents Capsaicin [73, 74]

Lidocaine [75]

Menthol [76, 77]
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