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Background

Paclitaxel-induced peripheral neuropathy (PIPN) is a disabling side effect of paclitaxel with few effective preventive strategies. We aim to determine the efficacy of pharmacological and non-pharmacological neuroprotective interventions in preventing PIPN incidence.



Methods

Biomedical literature databases were searched from years 2000 to 2021 for trials comparing neuroprotective interventions and control. Meta-analysis was performed using the random-effects model. The primary outcome was the incidence of PIPN.



Results

Of 24 relevant controlled trials, 14 were eligible for meta-analysis. Pooled results from seven non-pharmacological trials were associated with a statistically significant 48% relative reduction of PIPN risk with low heterogeneity. Conversely, pooled results from six pharmacological trials were associated with a significant 20% relative reduction of PIPN risk with moderate heterogeneity. Both pharmacological and non-pharmacological approaches appear effective in reducing PIPN incidence in the treatment arm compared to control (pooled RR < 1).



Conclusion

Current evidence suggests that both interventions may reduce PIPN risk. Non-pharmacological interventions appear more effective than pharmacological interventions.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN), a severe dose-dependent toxicity, often results in chemotherapy dose reduction or cessation, adversely affecting efficacy of chemotherapy itself. The resulting neurotoxicity profoundly impacts the quality of life of survivors. With increasing survival rates of cancer patients, there has been an emerging research interest in addressing the detrimental dose-limiting and long-term effects of CIPN (1, 2).

Paclitaxel, a taxane, is used to treat various cancers, including ovarian, breast, and lung carcinomas. Paclitaxel-induced peripheral neuropathy (PIPN) presents as predominantly sensory peripheral neuropathy, while motor and autonomic neuropathy occur to a lesser extent. A recent study showed that up to 80% of patients had neuropathic symptoms for up to 2 years post-treatment, with approximately 25% reporting severe symptoms of numbness and/or discomfort in their hands and feet (3, 4). Existing treatment is limited to dose management and symptomatic cure i.e. pain killers (1). Prevention of these toxic neuropathies impels clinical impact by delivery of the appropriate chemotherapy dose and improved quality of life.

Neuroprotective strategies are being explored to address this unmet medical need. Several interventions have been reported for preventing PIPN. Despite extensive research efforts and successfully reported preclinical studies, there is paucity of high-quality, consistent evidences of clinical successes (2). Trial designs vary in several parameters. Moreover, the absence of a standardized CIPN assessment approach contributes to the lack of clarity of outcomes reported (3).

Prevention of PIPN is crucial to ensure effective delivery, hence maximal benefit, of paclitaxel. PIPN is often irreversible and deteriorates the quality of life of affected patients financially (unemployment and medications), psychologically, and physically, leading to economic and healthcare costs (5). Interventions reducing incidence of CIPN could be key adjuncts to future oncological treatment using such neurotoxic chemotherapeutic agents.

The objective of this systematic review and meta-analysis was to determine the effectiveness of pharmacological and non-pharmacological interventions in reducing the incidence of PIPN. This meta-analysis is designed to better assess the potential efficacy of such neuroprotective interventions currently tested in humans and provides a better understanding of the current state of neuroprotectants. With more interventions (pharmacological and non-pharmacological) gaining recent focus towards the prevention of this disabling side effect, this systematic review aims to consolidate available evidence to help identify promising directions and address factors that would propel development of more wholesome future clinical trials for PIPN prevention.



Methods


Inclusion Criteria

Only controlled trials were included—randomized controlled trials (RCTs) and internal controls (to accommodate non-pharmacological studies). Studies with adult participants, of either sex and diagnosed with any cancer or stage, and scheduled to undergo paclitaxel chemotherapy were included. The intervention arm would include pharmacological or non-pharmacological interventions. The control arm comprised participants assigned to the placebo or control arm. Self-controlled studies were also included, where an intervention was administered unilaterally/one limb and the PIPN burden compared between the two limbs, e.g., frozen gloves applied to one hand per participant. The primary outcome was incidence of PIPN. Studies that investigated symptomatic treatment of pre-existing peripheral neuropathy were excluded. i.e., only studies that excluded patients with pre-existing grade 1 neuropathy were accepted. Studies that investigated combinations of antineoplastic drugs (which included paclitaxel) were excluded.



Search Method

We searched MEDLINE (via PubMed), Embase, and Scopus from January 2000 to Sept 2021. The search strategy included the medical subject headings “paclitaxel neuropathy” with “clinical” and “oncology” filter. The full search string may be found in Supplementary Table 1. The results were hand-searched for eligible studies, and their reference lists were searched for any other relevant studies.



Data Collection and Analysis


Selection of Studies

All titles and abstracts retrieved by electronic search were downloaded to a reference management database, duplicates were removed, and the remaining references were examined independently by two review authors (AL and DY). Studies that failed to meet the eligibility criteria were excluded and copies of the full texts of potentially relevant references were obtained. The eligibility of the retrieved papers was assessed independently, and disagreements were resolved by discussion between the two authors.



Data Extraction and Management

Two reviewers (AL and DY) independently extracted the data on characteristics of patients (inclusion criteria, age, primary cancer histology, paclitaxel administration schedule, and number enrolled in each arm) and interventions (pharmacological or non-pharmacological therapies, dose and administration routes of pharmacological agents), risk of bias, duration of follow-up, and primary outcome for all included studies.

For the primary outcome, the number of patients in the treatment and control arms who experienced PIPN and that of patients assessed at the endpoint was extracted to estimate a risk ratio (RR) and 95% confidence interval (CI). For studies that reported participant numbers at different chemotherapy cycles, the last data point was extracted. To avoid heterogeneity introduced by studies that used different CIPN evaluation questionnaires, the participant numbers across neuropathic grades were summed for studies that reported patient numbers stratified by grade of neuropathy.



Assessment of Risk of Bias

Two authors independently assessed risk of bias of included studies using Cochrane Collaboration’s risk of bias tool on the following domains: allocation sequence generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessment; incomplete outcome data and selective reporting (6). Differences were resolved by discussion.



Assessment of Heterogeneity

Visual inspection of forest plots, chi-square tests, and the I2 statistic assessed heterogeneity between studies. A p-value higher than 0.10 for the chi-square test and an I2 value lower than 25% was interpreted as a low level of heterogeneity.



Data Synthesis

When sufficient clinically similar studies were available, their results were pooled in the meta-analysis. For the primary outcome, the RR for each study was calculated and combined using the random-effects model based on the Mantel-Haenzsel method (7). An RR of less than 1 indicated an advantage for the neuroprotective intervention.



Subgroup Analyses

Subgroup analyses determined a priori were performed for routes of administration of pharmacological agents (oral versus parenteral). Additional subgroup analyses were conducted including studies deemed to have clinically similar interventions. Any statistically significant differences in primary outcome measure between subgroups was determined by testing for heterogeneity.



Quality of Summarized Evidence

We determined the quality of evidence using Grading of Recommendations Assessment, Development and Evaluation (GRADE) criteria for the following domains: risk of bias of included studies; inconsistency; indirectness, imprecision, and publication bias.





Results


Search Strategy Results

Database search identified 2,473 records, of which following de-duplication and screening, 46 full-text articles were retrieved for further assessment and 24 RCTs met the inclusion criteria (Figure 1). Of these, 14 (seven pharmacological and seven non-pharmacological) were included in quantitative synthesis (meta-analysis).




Figure 1 | Flow chart describing the search and selection of studies according to the PRISMA guidelines.



To evaluate the presence of neuropathy, 11 studies used validated questionnaires based on self-reported symptoms (8–18). Seven studies used objective measures such as nerve conduction studies, electrophysiological studies, sensory testing, or balance scores (19–25). Six studies used a combination of questionnaires and objective measures (26–31). The studies primarily included breast cancer patients treated with paclitaxel.



Characteristics of Included Studies

Of the 24 included studies, 12 investigated pharmacological agents while the other 12 investigated non-pharmacological interventions (Tables 1 and 2).


Table 1 | Characteristics of included studies describing pharmacological interventions to reduce the incidence of paclitaxel-induced peripheral neuropathy.




Table 2 | Characteristics of included studies describing non-pharmacological interventions to reduce the incidence of paclitaxel-induced peripheral neuropathy.



For the 12 pharmacological RCTs, median sample size was 64. The age of included participants ranged from 30 to 74 years. Six RCTs included only female patients with breast cancer. The pharmacological interventions include gabapentin (19), omega-3 fatty acids (20, 21), vitamin E supplementation (alfa-tocopheryl acetate) (20, 27), minocycline (8), pregabalin (9), glutathione (10), glutamate (26), amifostine (11), recombinant human leukemia inhibitory factor (rhuLIF) (22), Acetyl-L-carnitine (12), and N-acetylcysteine (13).

For the 12 non-pharmacological controlled trials, median sample size was 43.5. The age of included participants ranged from 23 to 74 years. Nine trials included only female patients with breast cancer. The non-pharmacological interventions included cryotherapy (14–16, 23, 24, 28–30), classical massage (31), compression therapy (17, 18) and sensorimotor exercises (25).



Risk of Bias of Included Studies

The risk of bias for the selected studies is summarized in Figures 2 and 3.




Figure 2 | Risk of bias summary for studies investigating pharmacological approaches to prevent PIPN. Green circles represent low risk of bias, yellow circles represent unclear risk of bias, and red circles represent high risk of bias for their corresponding component categories.






Figure 3 | Risk of bias summary for studies investigating non-pharmacological approaches to prevent PIPN. Green circles represent low risk of bias, yellow circle represents unclear risk of bias, and red circle represents high risk of bias for their corresponding component categories.



Of the 12 selected pharmacological RCTs (Figure 2), four had unclear risk of selection bias as their methods for random sequence generation were not reported, while five had an unclear risk of selection bias with respect to the lack of reporting on allocation concealment. Blinding of participants and personnel was not reported in five trials, hence judged to have unclear risk of performance bias. Similarly, seven trials had an unclear risk of detection bias as blinding of outcome assessors was not reported. Two trials had an unclear risk, and three trials a high risk of attrition bias as more than 30% of the study participants were not included in the analysis for various reasons including loss of follow-up or disease progression. All trials were judged to have low risk of reporting bias, except one with an unclear risk.

Of the 12 non-pharmacological trials (Figure 3), two studies were at high risk of selection bias as the intervention was conducted on the participants’ dominant hands. Two studies were at high risk of selection bias as allocation was not concealed. All except one study had an unclear risk of performance bias as the blinding of the participants and study personnel was not reported. All except two studies had an unclear risk of detection bias the studies did not describe the blinding of outcome assessment. Two of the studies were at high risk of attrition bias as both studies had a 34% dropout rate, while all the other studies were at low risk. All the studies were at low risk of reporting bias.



Pharmacological Interventions

12 controlled trials investigated the effect of pharmacological interventions on the prevention of neuropathy (Table 1).


Meta-Analysis

A meta-analysis including seven of the 12 pharmacological controlled trials was pursued (10, 12, 13, 20, 21, 26, 27) as they reported the number of participants corresponding to each grade of neuropathy, which allowed pooling of data. Three studies reported a significant reduction in the risk of neuropathy, while four studies did not find any statistically significant reduction. Pooling these estimates, we found a small reduction in the risk of peripheral neuropathy (RR 0.80, 95% CI 0.60–1.06) (Figure 4). The GRADE quality was judged to be low due to high risk of bias in the methodological components of the included studies and inconsistency and imprecision for the pooled results (Table 3). There was significant heterogeneity between individual trial results (chi-square p value = 0.003, I2 = 69%). There were insufficient studies to pursue sub-group analysis stratified by intervention method (oral and parenteral).




Figure 4 | Forest plot comparing the incidence of PIPN between the experimental (pharmacological approaches) and control (placebo) arms. Black diamonds are the estimated pooled hazard ratio for each meta-analysis; blue box sizes reflect the relative weight apportioned to studies in the meta-analysis.




Table 3 | GRADE score on the quality of summarized evidence comparing the incidence of peripheral neuropathy between the experimental (pharmacological approaches) with control (placebo) arms.





Interventions That Reduced the Incidence of PIPN

The study by Aghili et al. (19), which investigated the effect of gabapentin, showed a statistically significant difference between intervention and placebo groups in terms of neuropathic grade based on the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0 questionnaire (CTCAE v4.0) and sensory nerve conduction. However, patient-reported symptoms varied across the different chemotherapy cycles. The study by Anoushirvani et al. (20) reported a significant difference between patients receiving Omega-3 or Vitamin E as compared to placebo, although no significant difference was seen in the electrophysiological variables measured and the study was limited by the small sample size (n = 21) per intervention. The study by Argyriou et al. (27) showed that patients who received Vitamin E were at lower risk of developing PIPN, although it is worth noting that the trial was limited by its small intervention sample size (n = 18) and lack of placebo. The study by Ghoreishi et al. (21) showed that patients who received Omega-3 fatty acid supplements were at lower risk of incidence of peripheral neuropathy, and a significantly higher (better) sural sensory action potential amplitude. It is worth noting, however, that the trial was limited by its relatively small sample size in the intervention group (n = 35). The study by Khalefa et al. (13) showed that patients who received N-acetylcysteine had a statistically significant reduction in the incidence of Grade 3 peripheral neuropathy. Similarly, however, the study was also limited by small intervention sample size (n = 42).



Interventions That Did Not Reduce the Incidence of PIPN

The study by Davis et al. (22), which investigated the effect of rhuLIF, showed that it was not effective in preventing, delaying, or diminishing CIPN caused by carboplatin and paclitaxel. The study by Hilpert et al. (11) showed that while Amifostine did show some protective effects in that a significantly delayed onset and accelerated recovery was observed, there were no differences in self-reported sensory or motor symptoms, which led the authors to conclude that Amifostine should not be routinely recommended. Leal et al. (10) showed that Glutathione did not have any statistically significant effect on the development of CIPN. Loven et al. (26) showed that long-term glutamate supplementation did not have any statistically significant effect on neurological examinations, questionnaires and nerve conduction studies. The study by Pachman et al. (8) showed that minocycline was able to reduce the pain score attributed to Paclitaxel acute pain syndrome, but no statistically significant difference was seen in CIPN scores as defined by European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire CIPN20 (EORTC QLQ-CIPN20) sensory scores. Similarly, Shinde et al. (9) showed that patients treated with pregabalin did not find a statistically significant difference in the pain score associated with Paclitaxel acute pain syndrome and CIPN as determined by EORTC QLQ-CIPN20.



Interventions That Increased the Incidence of PIPN

Only one study showed that patients were at higher risk of PIPN. Hershman et al. (12) showed that patients who were co-administered Acetyl-L-Carnitine during chemotherapy on average had worse peripheral neuropathy as determined by the neurotoxicity component of the Functional Assessment of Cancer Therapy-Taxane (FACT-NTX) symptom module. The CIPN also persisted throughout the two-year period following Acetyl-L-Carnitine discontinuation.




Non-Pharmacological Interventions

12 controlled trials investigated the effect of non-pharmacological interventions on the prevention of neuropathy (14–18, 23–25, 28–31) (Table 2).


Meta-Analysis

A meta-analysis was pursued for studies that used non-pharmacological interventions, as per our protocol. Seven studies were included in the meta-analysis as they reported the number of participants corresponding to each grade of neuropathy. Six studies reported a reduced relative risk of neuropathy, while one study did not find any difference. Pooling these estimates, we found that non-pharmacological interventions were able to halve the risk of developing neuropathy (pooled RR = 0.52, 95% CI = 0.38–0.70, p < 0.001, I2 = 29%) (Figure 5A).




Figure 5 | (A) Forest plot comparing the incidence of PIPN between the experimental (non-pharmacological approaches) with control (placebo) arms. (B) Forest plot comparing the incidence of PIPN between experimental (cryotherapy) and control (placebo) arms. Black diamonds are the estimated pooled hazard ratio for each meta-analysis; blue box sizes reflect the relative weight apportioned to studies in the meta-analysis.



The GRADE quality was judged to be moderate due to serious risk of bias in the methodological components of included studies but there were no serious inconsistencies between studies (Table 4).


Table 4 | GRADE score on the quality of summarized evidence comparing the incidence of peripheral neuropathy between the experimental (non-pharmacological approaches) with control (placebo) arms.





Cryotherapy

Limb cryotherapy was the most investigated intervention, with eight studies included in this analysis (14–16, 23, 24, 28–30). Six of these studies used frozen or cooled gloves to cool limbs (14, 15, 24, 28–30), one study used a thermoregulatory device (23), and one study involved immersing the patient’s cotton gloved hands into an ice bucket (16). Of these, one study did not find any difference in the incidence of neuropathy, while four studies found a reduced incidence (Figure 5B).

A subgroup meta-analysis including five of the eight studies was conducted. Pooling these estimates (Figure 5B), it was found that non-pharmacological interventions were able to significantly reduce the incidence of neuropathy (pooled RR = 0.47, 95% CI = 0.35–0.63, p < 0.001, I2 = 0%). Additional sensitivity analysis also revealed that no single study had a substantial effect on the CI.



Compression Therapy

Two studies explored the effect of peripheral compression (through wearing smaller glove sizes) during chemotherapy infusion (17, 18). The study by Tsuyuki et al. (17) found that hands compressed using surgical gloves had significantly lower mean grade of neuropathy as compared to non-treated hands. Conversely, the study by Kotani et al. (18) found that surgical glove compression therapy was not effective in preventing the incidence of peripheral neuropathy. The limited number of studies precluded a meta-analysis.

Kanbayashi et al. (15) evaluated efficacy of compression therapy via surgical glove and cryotherapy via frozen gloves, and found that they showed comparable efficacy in preventing CIPN.



Other Therapies

Izgu et al. showed that classical massage therapy prior to chemotherapy infusion showed a significantly reduced relative incidence of neuropathy at week 12 of infusion, although the effect was not preserved at week 16 (31). Vollmers et al. showed that sensorimotor exercise during treatment period improved strength and balance, although the improvements were not statistically significant (25).





Discussion

CIPN is a critical issue affecting delivery of chemotherapy and quality of life of survivors; hence, prevention is imperative. This meta-analysis assesses clinically explored neuroprotectants for reducing incidence of PIPN, aiming to interpret their therapeutic efficacy and identify promising directions. Importantly, this study includes newer non-pharmacological trials not included in previous similar reviews. This study evidences a relatively higher efficacy of non-pharmacological than pharmacological interventions in reducing the incidence of PIPN in the treatment arm compared to the control.

Overall, when comparing the forest plots, non-pharmacological interventions displayed a lower pooled RR of 0.52 compared to 0.80 for the pharmacological (Figures 4 and 5), supporting higher efficacy of non-pharmacological interventions in reducing PIPN incidence. Among the non-pharmacological interventions, there was a notable benefit observed by the subgroup of studies investigating cryotherapy with a pooled RR of 0.47. This suggests that cryotherapy, through its vasoconstrictive effects, may have the potential to reduce the incidence of peripheral neuropathy by limiting initial exposure damage during the chemotherapy infusion.

The inconsistency in study design across the pharmacological and non-pharmacological studies was substantial. Though the evaluated studies demonstrated low heterogeneity, a low GRADE score was observed when comparing the incidence of PIPN in the treatment to control arms for pharmacological interventions. However, a high GRADE score was observed for the non-pharmacological interventions (Tables 3 and 4). Placebo control was a commonly used standard in all pharmacological studies except one. In the non-pharmacological studies, most used internal controls, while one used a placebo to demonstrate efficacy. The non-possibility of relevant placebos in physical interventions is important to recognize and consider.

A variety of outcome measures was used to assess PIPN incidence and treatment efficacy in preventing PIPN. Of the included pharmacological studies, the most commonly reported outcome measure was nerve conduction studies, while the most commonly used outcome in non-pharmacological studies was the EORTC QLQ-CIPN20 questionnaire. Majority of the studies reported adverse events as per CTCAE criteria. The diversity of CIPN assessment methods is concerning, with implications in clinical trial design, result interpretation, and practice (3, 32). Several consortiums have been formed to address this and propose a standardized approach (33). This study further emphasizes the importance of a gold standard objective approach to assess and report CIPN outcomes.

Apart from the efficacy of the interventions in the prevention of neuropathy, it is also important to consider the limitations, in terms of their safety and tolerability. In this review, majority of studies did not observe a large dropout rate due to direct concerns of safety. However, in the field of cryotherapy, there have been reports of frozen gloves used for limb hypothermia being recalled over concerns of frostbite and patient intolerance (34). In the studies that investigated compression therapy, limitations such as the patient physique and amount of required compression were raised (18). Thus, further studies investigating the safety, tolerability, and reproducibility (across various population cohorts) of the proposed interventions are imperative.


Study Limitations

While mitigated through a systematic search, there is a risk of sampling bias due to exclusion of gray or non-English literature. Studies that investigated combinations of antineoplastic drugs (which included paclitaxel) were not included. The included studies often reported the incidence of PIPN using varying assessment tools. This precluded further investigation of the effect of these interventions on a reduction in the severity of neuropathy. Furthermore, methodological heterogeneity was observed across studies and inconsistencies in reporting were observed, which limits the conclusion strength for pharmacological interventions.



Practice Implications

The included neuroprotective interventions are promising approaches in development. Low-to-moderate quality evidence suggests that non-pharmacological interventions are more efficacious than pharmacological agents explored in this study in reducing the incidence of PIPN. Specifically, subgroup analysis has revealed that limb cryotherapy appears to hold promise as a potential intervention for the prevention of PIPN. However, the strength of evidence is weak due to the small number of evaluable studies with small sample size. Considering the diversity in clinical and methodological aspects, the results should be interpreted with caution, and no absolute or general recommendations can be made.



Research Implications

Relatively few clinical studies have explored non-pharmacological interventions for PIPN prevention. Some emerging ones include combination therapies such as cryocompression, and behavioral interventions such as acupuncture and exercise therapy (35–38). Larger multi-center, well-designed trials should investigate the effects of these promising agents for more conclusive evidence. Future trials may also consider the combination of strategies—pharmacological, non-pharmacological, or both, in the prevention of peripheral neuropathy. Trials should use standardized objective assessment methods and well-defined primary and secondary outcomes to ensure validity. Experimental studies uncovering the mechanisms of action of these methods are required. These can advance treatment by incorporation of optimal therapeutic parameters.




Conclusion

This meta-analysis assessed neuroprotectants for preventing PIPN and highlights the emergence of non-pharmacological interventions (especially cryotherapy and compression therapy). Evidence from the selected trials demonstrate a greater efficacy of non-pharmacological than pharmacological interventions in reducing the incidence of PIPN. The quality of evidence from the evaluated studies is overall low, and sample size is small. Meticulous planning of trial design and standardizing CIPN assessment techniques will greatly improve outcome reporting and ease judgement of prospective interventions for incorporation into clinical practice.
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97.6)
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placed on top of both hands if
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To assess for the presence of
peripheral neuropathic pain
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To determine the difference in
the incidence of Grade > 2
CIPN (motor/sensory) between
the study and control side.

To determine proportion of
participants reporting Grade C-
E symptoms on Patient
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2 weeks after 12 cycles of
weekly paclitaxel.

To assess the EORTC QLQ-
CIPN20 score and measure
Area Under Curve of EORTC
QLQ-CIPN20 sensory scores
over the 12 weeks of
paclitaxel, adjusted for baseline
scores.

To assess the percentage of
patients with a significant
decrease in their FACT-NTX
score.

To observe differences in nerve
conduction studies carried out
at baseline, 1 month into
treatment, the end of
treatment, and 3 months post-
treatment.

To assess the incidence of
nab-PTX-induced peripheral
neuropathy grade 2 or higher
between the compression
surgical gloves-protected
hands and control hands using
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Primary endpoints were sway
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Secondary endpoints were
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strength and the scores on
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2. Secondary
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of life, tolerance of
frozen gloves usage
and dose reduction
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for symptoms of
neuropathic pain

2. Brief Pain Inventory
for pain severity
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2. Tactile  sensation
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5. Vibration perception
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signs
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8. Pharmacokinetics
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neuropathic
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signs and EORTC
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assessed at
baseline and weeks
4,8,12, and 16.

2. Nerve  conduction
study findings—
baseline and week
12

1. Patient
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both groups
measured
thermographically
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Outcomes
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administered at

baseline prior to
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2. Electrophysiological
assessments
conducted at
baseline, 1-2
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months post-
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Studies and
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2. Area Under Curve
of EORTC QLQ-
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rank-sum test)
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1. Patient
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Questionnaire
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3. FACT-NTX score

QLa-

1. Nerve  conduction
studies
2. Total  Neuropathy

Score (safety and
tolerance measures)

3. Visual analog pain
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4. Subjective tolerance
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5. Shivering
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1. CTCAE v4.0

2. Patient
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8. Temperature
changes of the tip
of each finger using
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. Posturometry

2. Chair Rising Test

3. Fullerton Advanced
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CIPN, Chemotherapy-Induced Peripheral Neuropathy; CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events; EORTC QLQ, European Organization for Research
and Treatment of Cancer Quality-of-Life Questionnaire; FACT-NTX, Neurotoxicity component of the Functional Assessment of Cancer Therapy-Taxane; nab-PTX, Nanoparticle albumin-bound

paclitaxel.
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9 (100) 69 (100)

409
(100)

409 (100)

2(100) 0(0)

65 (100) 65 (100)

150 (81) Not

reported

3 (100) 0(0)

45 (100) 45 (100)

46 (100) 46 (100)

Intervention

Gabapentin dose Placebo
(intervention group) or
placebo capsules, orally
prescribed —300 mg for
the 1st day, 600 mg for
the 2nd day, and 900
mg divided into three
doses for the 3rd up to
the 14th day of each
cycle.

Omega-3 capsules of
640 mg three times a
day while receiving
taxol, or vitamin E
supplements at a dose
300 mg twice daily, or
placebo capsules for
the same period.

Placebo

Oral supplementation of = Standard

synthetic DL-alfa- of care
tocopheryl acetate (Eviol
soft gelatin capsules) at
a dose of 300 mg/day
twice daily during
chemotherapy and up
to 3 months after its
suspension.

Study drug was given
subcutaneous daily for
7 days starting the day
before chemotherapy.
Patients were
randomized to receive
low-dose rhuLIF (2 mg/
kg), high-dose rhuLIF (4
mg/kg), or placebo.

Placebo

Omega-3 fatty acid oral ~ Placebo
supplements as soft
gelatin capsules at a
dose of 640 mg three
times a day during
chemotherapy with
paclitaxel and one
month after the end of
therapy or placebo of
Sunflower soft gelatin
capsules.

Six active capsules, Placebo
each containing 590 mg
of Acetyl-L-carnitine
hydrochloride (provides
500 mg of Acetyl-L-
carnitine) and 10 mg of
cellulose, were given to
the intervention arm,
while the control arm
received six capsules
containing 600 mg of
celllose.

1V. premedication with
amifostine
(thiophosphate
cytoprotectant) 740 mg/
m? or placebo.

Placebo

For the intervention
groups, the low-dose
group received
paclitaxel in addition to
N-acetylcysteine 600
mg twice daily for 12
weeks while the high-
dose group received N
—acetylcysteine 1,200
mg twice daily for 12
weeks. The control
group received
paclitaxel only.

of care

Patients received Placebo
glutathione 1.5 g/m? or
placebo (100 ml of
0.9% saline)
intravenously over 15
min immediately before
second dose of
chemotherapy.

On the first day of
chemotherapy, every
participant received one
batch containing eight
bottles of either
glutamate 500 mg or
identical-looking
placebo capsules: 6
bottles for 6 cycles of
chemotherapy, and 2
bottles for
supplementation when
capsules of a previous
bottle were not enough
due to delay of
chemotherapy.

1 capsule 3x daily,
either half an hour
before or 2 h after a
meal, starting on that
day.

This supplementation
treatment was
continued throughout
the period of 6 cycles of
chemotherapy and until
3 weeks later.

200 mg of minocycline
(x2 100 mg capsules)
on Day 1 followed by
100 mg twice daily or
matching placebos until
the 12 weeks of
chemotherapy were
completed.

Pregabalin 75 mg or
placebo twice daily,
starting on the first night
of chemotherapy and
continuing through the
planned 12 weeks of
chemotherapy. During
the 13th week, the
dose was decreased to
once a day at bedtime,
after which patients
went off-study.

Placebo

Placebo

Placebo

Type of
control

Standard

Primary outcomes

Incidence of both subjective
and objective neuropathy.

To assess the efficacy of
omega-3 and vitamin E on
preventing PIPN via
electrophysiological nerve
studies and clinical
evaluation.

To estimate the efficacy of
vitamin E supplementation in
preventing PIPN by
determining significant
differences in PIPN
occurrence between study
arms.

To observe a change in
neurologic assessments,
measured using standardized
composite peripheral nerve
electrophysiology score, from
baseline to the end of cycle
4.

To evaluate Reduced Total
Neuropathy Score as a
measure of the existence and
severity of PIPN in patients.

To determine the FACT-NTX
score at each time point (1
and 2 years).

To assess whether amifostine
reduces chemotherapy-
induced neurotoxicity of a
first-line therapy with
standard carboplatin/
paclitaxel or with additional
epirubicin in advanced
ovarian carcinoma in
comparison with a placebo
treatment, as determined by
the measurement of vibration
perception thresholds and
vibration disappearance
thresholds before cycle 4 and
after the end of treatment.

To determine the incidence of
grade Il or more PIPN at 12
weeks.

To measure sensory
chemotherapy-induced
peripheral neuropathy as
measured repeatedly by the
sensory subscale of the
EORTC QLQ-CIPN20 during
the first 6 cycles of
chemotherapy.

To achieve a 65% reduction
in the rate of patients with
CIPN in the Glutamate group
as compared with Placebo
group as defined either by
the rate of patients with signs
and symptoms
corresponding to severity
scores 2-3 or by the rate of
appearance of impaired
electrophysiological features.

Obtain pilot data regarding
the possible effect of
minocycline on the prevention
of PIPN and Paclitaxel acute
pain syndrome.

To assess the effectiveness
of pregabalin on the
Paclitaxel acute pain
syndrome via the maximum
of the worst pain scores for
the week following the first
cycle of paciitaxel
administration, as measured
by a question on the daily
post-paclitaxel questionnaire.

Outcome
Measures

1. Relative frequency of
neuropathy (subjective)

2. Change in Nerve Conduction
Velocity in electrophysiological
nerve studies (objective)

1. Clinical and
electrophysiological evaluation
before the onset of
chemotherapy and at months 1
and 3; presence of neuropathy
and its progression was
recorded by the neurologist

1. Peripheral Neuropathy score
2. Neurological Symptom
Score

2. Neurological Disability Score
2. Hughes’ Functional Grading
Scale

1. Standardized composite
peripheral nerve
electrophysiology score; based
on nerve velocities and
amplitudes

2. Vibration perception
threshold

3. H-reflex latency

4. Symptom scores

5. Quantitative assessment of
neurologic signs

6. NCI CTC

7. Production of rhulIF
antibodies (For toxicity)

1. Reduced Total Neuropathy
Score (subjective sensory
symptoms, pin sensibility, deep
tendon reflexes, and nerve
conduction studies of sural and
peroneal nerves)

2. Nerve conduction study
unilaterally using Nicolet/
VIASYS Viking Quest
electromyography Machine
based on standard methods,
Serum levels of omega-3 fatty
acids

- Motor conduction
assessment: Distal motor
latency, peak to baseline
amplitude of compound muscle
action potential and motor
conduction velocity for tibial,
peroneal, and ulnar nerves

- Sensory nerve conduction of
sural and ulnar nerves: peak-
to-peak amplitude
measurement of sensory action
potentials and sensory
conduction velocity (antidromic
technique)

11-item FACT-NTX symptom
module as a continuous
measure (range = 0-44); a
lowering in the FACT-NTX
score (worse CIPN) of more
than 10% or five points is
considered clinically significant

1. Vibration perception
thresholds and Vibration
disappearance thresholds
before cycle 4 and after the
end of treatment

2. Patella and Achilles tendon
reflex activities

3. Two-point-discrimination
[back of the hands, 10, 5, 3,
and 1.5 cm separation; tibia
(vertical), 10 and 4 cm
separation]

4. Specific sensory symptoms
and fine and global motor
activities, surveyed via a patient
questionnaire

5. EORTC QLQ-C30
questionnaire

6. Toxicity including sensory
neuropathy and pain categories
according to NCI-CTC

1. CTCAE v4.0, assessed
weekly for 12 weeks

2. Modified Total Neuropathy
Score at baseline and after 6
and 12 weeks

3. FACT/Gynecologic Oncology
Group-NTX subscale assessed
at baseline and after 6 and 12
weeks

4. Blood samples withdrawn
from patients at baseline and
after 12 weeks to evaluate
serum levels of
malondialdehyde and nerve
growth factor using commercial
spectrophotometric and ELISA
kits, respectively

1. EORTC QLQ-CIPN20

1. FACT for Patients with
Ovarian Cancer assessments
3. CTCAE v4.0

1. Rate of patients with signs
and symptoms corresponding
to severity scores 2-3

2. Rate of appearance of
impaired electrophysiological
features

3. Standard sensory-motor
nerve conduction study using a
Dantec Keypoint or Nicolet
Voyager Electromyography

4. Specially designed
questionnaire regarding the
presence of tingling,
numbness, pain, and muscle
weakness

1. Daily average Area Under
Curve pain score

1. Acute pain syndrome
questionnaire daily during
chemotherapy to measure
Paclitaxel acute pain syndrome
1. EORTC QLQ-CIPN20
questionnaire

1. EORTC QLQ-CIPN20
questionnaire

2. Patient-reported acute pain
syndrome questionnaire

3. Maximum of the worst acute
pain scores

4. Adverse events per CTCAE
criteria

CIPN, Chemotherapy-Induced Peripheral Neuropathy; NCI-CTC, National Cancer Institute Common Toxicity Criteria; CTCAE, National Cancer Institute Common Terminology Criteria for
Adverse Events; ELISA, Enzyme-linked immunosorbent assay; EORTC QLQ, European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire; FACT-NTX,
Neurotoxicity component of the Functional Assessment of Cancer Therapy-Taxane; PIPN, Paclitaxel-Induced Peripheral Neuropathy; rhulIF, recombinant human leukemia

inhibitory factor.
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