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Abstract

Purpose—Oxaliplatin and paclitaxel are commonly used chemotherapies associated with acute
and chronic neuropathies. There is a need to better understand the similarities and differences of
these clinical syndromes.

Methods—Neuropathy data were pooled from patients receiving adjuvant oxaliplatin and weekly
paclitaxel or every 3 weeks of paclitaxel. Patients completed daily questionnaires after each
chemotherapy dose and the European Organization for Research and Treatment of Cancer quality-
of-life questionnaire for patients with chemotherapy-induced peripheral neuropathy before each
chemotherapy cycle and for 12 months post-treatment.

Results—Acute neuropathy symptoms from both drugs peaked around day 3. Acute symptoms
experienced in cycle 1 predicted occurrence in subsequent cycles. Paclitaxel-induced acute
symptoms were similar in intensity in each cycle and largely resolved between cycles. Oxaliplatin-
induced acute symptoms were about half as severe in the first cycle as in later cycles and did not
resolve completely between cycles. Both drugs caused a predominantly sensory chronic
neuropathy (with numbness and tingling being more common than pain). Oxaliplatin-induced
neuropathy worsened after the completion of treatment and began to improve 3 months post-
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treatment. In contrast, paclitaxel-induced neuropathy began improving immediately after
chemotherapy cessation. During treatment, the incidence of paclitaxel sensory symptoms was
similar in the hands and feet; with oxaliplatin, the hands were affected more than the feet. Both
paclitaxel- and oxaliplatin-induced acute neurotoxicity appeared to predict the severity of chronic
neuropathy, more prominently with oxaliplatin.

Conclusions—Knowledge of the similarities and differences between neuropathy syndromes
may provide insight into their underlying pathophysiology and inform future research to identify
preventative treatment approaches.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a common and distressing symptom
that lacks many effective preventative or treatment options. Although studies have
investigated CIPN characteristics and patterns, few describe agent-specific variations in
CIPN signs, symptoms, and recovery patterns. In addition, the lack of a gold-standard CIPN
measurement tool leads to difficulties conducting comparisons of neuropathy syndromes.
Recent publications regarding the natural history of two commonly used neurotoxic
chemotherapy agents, oxaliplatin [1] and paclitaxel [2, 3], used an identical tool for
measuring chronic neuropathy, allowing for a comparison of the neuropathies caused by
these two drugs.

It has long been known that oxaliplatin is associated with two distinct forms of
neurotoxicity. The first is an acute neuropathy characterized by altered sensitivity to
touching cold items, sensitivity to swallowing cold items, throat discomfort, and muscle
cramps, which has been reported to be reversible [4]. The second is a chronic sensory-
predominant neurotoxicity that can last for months after treatment discontinuation [5-8].
Paclitaxel is associated with an acute syndrome characterized by aching pain, which has
commonly been referred to as paclitaxel-induced arthralgias and myalgias. However, it has
been proposed that this syndrome is more likely a form of acute neurotoxicity, as opposed to
injury to joints and/or muscles; this has been referred to as the paclitaxel-associated acute
pain syndrome (P-APS) [2, 3, 9]. In addition, paclitaxel is also associated with a sensory-
predominant chronic neuropathy.

The purpose of this analysis was to compare the acute neuropathy syndromes as well as the
chronic neurotoxicity associated with paclitaxel and oxaliplatin. Specific questions to
address included the following: How similar are the acute neurotoxicity syndromes in terms
of timing, severity, and incidence? How are the clinical characteristics (numbness versus
tingling versus pain) and temporal patterns of the two neurotoxic syndromes similar or
different? Does the relationship between the acute and chronic neurotoxicity syndromes
differ between paclitaxel and oxaliplatin?
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Insight into the similarities and differences between these neurotoxic syndromes may lead to
a better understanding of the underlying pathophysiology and thereby allow for more
focused investigation for potential treatment/prevention strategies.

This study utilized data from two previously conducted North Central Cancer Treatment
Group (NCCTG) clinical trials, NO8C1 and NO8CB. NCCTG is now part of the Alliance for
Clinical Trials in Oncology. Every participant in each trial signed an IRB-approved,
protocol-specific informed consent in accordance with federal and institutional guidelines.

Data from the NCCTG/Alliance trial NOSBCB were used to evaluate oxaliplatin neurotoxicity.
NO8CB was a phase Il placebo-controlled, double-blind study designed to test the ability of
intravenous (1V) calcium/magnesium (Ca/Mg) to prevent oxaliplatin-induced neurotoxicity
[10]. In this trial, patients with colon adenocarcinoma, who had undergone curative-intent
resection, were scheduled to receive 12 cycles of adjuvant infusional fluorouracil,
leucovorin, and oxaliplatin (FOLFOX) involving 85 mg/m? oxaliplatin every 2 weeks.
Patients were randomized to receive one of three treatments (approximately 115 patients per
group): (1) IV Ca/Mg before and after FOLFOX, (2) IV placebo before and after FOLFOX,
or (3) 1V Ca/Mg before and 1V placebo after FOLFOX. Patients from all three of these study
arms were used for the current analysis, as there was no outcome difference seen between
the treatment arms. Patients were ineligible if they had pre-existing peripheral neuropathy, a
family history of a genetic/familial neuropathy, or had received prior treatment with
neurotoxic chemotherapy. Data were not collected on other risk factors for neuropathy, such
as diabetes or alcohol use. Other details regarding study methods for this trial have been
previously published [10].

In NO8CB, patients completed daily questionnaires prior to each cycle of FOLFOX and for 5
consecutive days after the initiation of each 2-week cycle of chemotherapy, to provide data
regarding oxaliplatin-associated acute neuropathy. Using a validated methodology [11-13],
questions included 0 (“no problem™) to 10 (“major problem”) numeric rating scales
addressing “sensitivity touching cold items,” “discomfort swallowing cold items,” “throat
discomfort,” and “muscle cramps” during the previous 24 h. Additionally, chronic peripheral
neurotoxicity was measured at the initiation of each chemotherapy cycle and at 1, 3, 6, and
12 months after completion of chemotherapy using the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire CIPN-20 (EORTC CIPN-20).

The EORTC CIPN-20 is a 20-item self-report questionnaire designed to supplement the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire.
It contains nine items assessing sensory function, eight items assessing motor function, and
three items assessing autonomic function. Items are scored from 1 to 4 with 1 representing
“not at all” and 4 representing “very much.” In the current analysis, the EORTC CIPN-20
subscales were computed according to the standard scoring algorithm and then depicted on a
0-100 quality of life scale, where a high score means less symptom burden and better
quality of life.
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The EORTC CIPN-20 has been tested in cancer patients receiving a variety of chemotherapy
agents and has been shown to be reliable, valid, and responsive to change. Cronbach’s alpha
coefficients for the three subscales are 0.82, 0.73, and 0.76, respectively [14]. In addition,
the validity of the EORTC CIPN-20 instrument and its relationship with the objective
presence of symptoms and signs of CIPN was demonstrated by the CIPN outcome measure
standardization study [15]. Recent data also support that the findings from this instrument
correlate with clinician tools such as the National Cancer Institute—Common Toxicity
Criteria sensory scale and the clinical sensory items of the Total Neuropathy Score [16].

NCCTG NO08C1/Alliance, which explored the P-APS and paclitaxel neuropathy, involved
different cohorts of patients. Data from two cohorts have been published, including data
from a cohort of patients receiving paclitaxel alone at a dose of 70-90 mg/m?2 weekly [2] and
a cohort of patients receiving paclitaxel at a dose of 175 mg/m? every 2—4 weeks in
combination with carboplatin [3]. Study participants were at least 18 years old, able to
provide informed written consent, and able to complete study questionnaires. Eligible
patients had a life expectancy greater than 6 months and an Eastern Cooperative Oncology
Group performance status of 0 or 1. Exclusion criteria included prior diagnosis of pre-
existing neuropathy, fibromyalgia, prior paclitaxel or other neurotoxic chemotherapy, and
any plan to receive concurrent neutrophil colony-stimulating factor therapy. The methods for
testing neuropathy symptoms in the paclitaxel study group were as follows. P-APS
symptoms were measured by asking patients to keep a daily symptom log, comprising 10
items regarding pain symptoms, and the use of pain medications on days 27 following each
paclitaxel dose. These items asked about aches and pain and anchored these directly to the
paclitaxel treatment. A 0-10 numeric analog scale where 0 represented no aches/pains and
10 represented aches/pains “as bad as can be” was utilized. One question asked participants
to “Please rate any aches/pains that are new since your last dose of paclitaxel, and that you
think might be related to your chemotherapy treatment by circling one number that best
describes your aches/pains at its WORST in the last 24 h.” Two similar questions replaced
the word “WORST” with “LEAST” and “AVERAGE.” The remaining 7 questions asked
about pain mediation use and allowed for other comments. A 22-question summary
questionnaire regarding symptom quality, location, alleviating/aggravating factors, and
medication use was given on the 8th day following each paclitaxel dose. These instruments
used validated methodology [11-13], which defined this syndrome in previous publications
[2, 3, 9]. Chronic neuropathy was measured using the EORTC CIPN-20 instrument which
was administered at baseline, prior to each dose of chemotherapy, and at monthly intervals
for 12 months after the completion of chemotherapy.

In this comparative analysis, descriptive statistics and plots were the primary tools used to
summarize the results and findings. Statistical tests were derived from repeated measure
models. Statistical analyses were conducted by the Alliance Statistics and Data Center.

The current study presents the data from 337 patients who participated in trial NO8CB and
176 patients from NO8C1 who had neuropathy data.
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Acute neurotoxicity

Acute neuropathy during individual cycles—The acute neuropathy symptoms
associated with the first 6 cycles of oxaliplatin are shown in Fig. 1a. Acute neuropathy
symptoms appeared within a day after the first dose of oxaliplatin, peaked in severity around
day 3, and then improved. Symptoms did not fully resolve between cycles and were still
present at the time of the beginning of the second cycle of chemotherapy. In addition,
symptoms were more severe in cycle 2; mean severities in subsequent cycles were similar to
those observed in cycle 2.

Figure 1b demonstrates the P-APS scores for the first 6 cycles for patients receiving every 3
weeks as well as weekly paclitaxel. Similar to with oxaliplatin, symptoms started within a
day of receiving paclitaxel and peaked around day 3. Symptoms improved by day 6 and then
appeared to return to baseline. Symptoms during cycle 2 were similar to those during cycle
1, as opposed to worsening in cycle 2, as was observed with oxaliplatin. Overall, patients
receiving weekly paclitaxel had less severe symptoms of P-APS compared to those receiving
larger paclitaxel doses every 3 weeks.

Acute symptoms in cycle 1 predict symptoms with subsequent cycles—We
then explored whether symptoms experienced in cycle 1 could predict those experienced in
subsequent cycles. In patients receiving oxaliplatin, the level of severity of sensitivity to
touching cold items in cycle 1 tended to predict the level of severity of this symptom in
subsequent cycles. However, those with no sensitivity to touching cold items in the first
cycle, on average, developed mild sensitivity to touching cold items in further cycles. An
overall similar trend was seen with discomfort swallowing cold items, throat discomfort, and
muscle cramps; however, those patients with no muscle cramps in the first cycle tended to
remain without symptoms in the remaining cycles. (Fig. 2a).

Figure 2b demonstrates that with weekly paclitaxel, the few (seven) patients who had severe
symptoms during cycle 1 tended to have less severe symptoms in the remaining cycles
(potentially due to more opioid use in subsequent cycles, as was allowed by the protocol),
while those with moderate or mild symptoms during cycle 1 had similar levels of symptoms
with subsequent cycles. Those with no symptoms in cycle 1 tended not to develop symptoms
in the remaining cycles. Correspondingly, mean worst pain score severites associated with
the first cycle of paclitaxel appeared to predict pain difficulties with subsequent paclitaxel
doses in patients receiving paclitaxel every 3 weeks, as demonstrated in Fig. 2c. In addition,
similar to oxaliplatin, those with no symptoms in cycle 1 still tended to develop mild
symptoms in the remaining cycles.

Chronic neuropathy

EORTC-CIPN 20 score—autonomic, motor, sensory—Figure 3 demonstrates the
chronic neurotoxicity associated with both oxaliplatin and paclitaxel, measured with the
CIPN-20 questionnaire. This figure illustrates that both oxaliplatin and paclitaxel
neurotoxicities are predominantly sensory neuropathies that worsen over the course of
treatment. Oxaliplatin sensory neurotoxicity continues to worsen after the completion of
treatment, but then starts to improve after about 3 months post-treatment. In contrast,
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paclitaxel sensory neuropathy does not generally worsen after treatment completion, but,
rather, appears to improve soon after drug discontinuation. The follow-up data for every 3-
week paclitaxel was not reported due to small patient numbers, as this regimen was usually
used in patients with metastatic cancer, as opposed to in an adjuvant chemotherapy setting,
for which the other two regimens were used.

CIPN-20 sensory symptoms: numbness, tingling, pain—The sensory impairment
was then explored in more detail, with regard to numbness, tingling, and burning pain in the
hands and feet; these data are illustrated in Fig. 4. With both oxaliplatin and paclitaxel, pain
was a less severe problem than was numbness and/or tingling, during ongoing treatment and
during the months following completion of chemotherapy. As with the sensory neuropathy
score, numbness and tingling became worse, on average, for the first 3 months after
completion of chemotherapy with oxaliplatin, but improved in those 3 months with
paclitaxel. With oxaliplatin, all three symptoms were worse in the upper extremities,
compared to the lower extremities, during the first few months of treatment, but this was not
seen with paclitaxel. With both oxaliplatin and paclitaxel, the upper extremities improved
more rapidly than did the lower extremities.

Figure 5 further explores the findings displayed in Figs. 3 and 4; that oxaliplatin
neurotoxicity tended to worsen in the 3 months after treatment completion while this did not
happen with paclitaxel. This figure illustrates the changes from treatment end until 3 months
later for each individual, showing that some patients with both drugs improved during the 3
months following the end of treatment, but, with oxaliplatin, many more initially worsened.

Relationship between acute and chronic neurotoxicity—To determine whether
there was any relationship between acute neuropathy and the later appearance of chronic
neurotoxicity, EORTC QLQ-CIPN20 sensory scores were compared between those patients
who, after the first dose of oxaliplatin or paclitaxel, had acute scores of 0 (none) versus 1-3
(mild) versus 4-6 (moderate) versus severe (7—10) for any of the acute neuropathy
symptoms. Figure 6a illustrates that those with more severe acute symptoms during cycle 1
of oxaliplatin tended to have more trouble with chronic neurotoxicity. Figure 6b
demonstrates these data for those treated with weekly paclitaxel, showing that those with
more severe symptoms with cycle 1 did have more problems with chronic neuropathy;
however, this difference did not seem to last through follow-up, as symptoms tended to
improve. Figure 6¢ also illustrates that for patients who received paclitaxel every 3 weeks,
the severity of symptoms with cycle 1 predicted the severity of chronic neuropathy
symptoms.

Discussion

This contrasting and comparing of the acute and chronic sensory involvement associated
with the two most commonly utilized neurotoxic chemotherapy drugs enables clinicians to
better explain expected neurotoxicities to patients initiating treatment with these drugs
and/or patients who are suffering from this toxicity. The findings may allow us to better
understand the underlying mechanisms for these symptom complexes.
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Acute neuropathies

In trying to understand the reasons for the acute neuropathy similarities and differences for
oxaliplatin and paclitaxel, it is worth reviewing the current understanding of the pathologic
mechanisms for these toxicities. Oxaliplatin-induced acute neuropathy has been proposed to
be due to the presence of an oxalate group that interferes with ion transport/activity by
chelating ions, such as Ca** and Mg**, which could interrupt Na* channel kinetics [17-20].
This is supported by the fact that acute neuropathy symptoms are not observed in patients
receiving other platinum agents, such as cisplatin and carboplatin. Interestingly, oxalate does
not appear to have a role in the chronic neurotoxicity since it does not inhibit neurite
outgrowth or induce cell death in sensory neurons, which was demonstrated in a study in
which dorsal root ganglion neurons were directly exposed to oxalate to varying
concentrations through various time courses and these neurons survived with no change in
neurite length and an absence of cell death [21].

On the other hand, the acute neuropathy caused by paclitaxel may be related to a pathologic
process noted in dorsal root ganglions seen within 24 h of a dose of paclitaxel, which has
been demonstrated in an animal model [22]. Substance P, a neurotransmitter that is known to
be involved in the regulation of nociception and neuropathic pain, may be related to the
acute neuropathy syndrome differences. It has been shown that substance P is released
during paclitaxel, but not oxaliplatin, treatment as blocking receptor neurokinin 1 and
neurokinin 2 reverses the painful behaviors in neuropathy observed with paclitaxel but not
with oxaliplatin [23, 24]. Given these different proposed pathologic mechanisms for the
acute neuropathies from these two different drugs, it is not surprising that the clinical
manifestations are unique. It is of interest, however, that both acute neuropathy syndrome
symptoms peak at about 3 days after each dose.

Chronic neuropathies

In contrast to the acute neuropathies, the manifestations of chronic neurotoxicity are more
similar among the two drugs. Both primarily induce a sensory impairment, as opposed to a
motor or autonomic neuropathy, and both cause more trouble with numbness and tingling
than shooting/burning pain. Their shared common pathophysiological mechanisms of
chronic neurotoxicity may include disruption of axonal transport, neuronal injury and
inflammation, oxidative stress, and mitochondrial damage [25].

Why oxaliplatin causes more hand toxicity during treatment and paclitaxel causes similar
problems with upper and lower extremities is unclear. Interestingly, the hand symptoms
improve faster with both drugs, after chemotherapy is discontinued, such that lower
extremity neuropathy is a more persistent long-term problem with both drugs.

A potential explanation for why worsening of symptoms after end of treatment is more
prominent with oxaliplatin may relate to the properties of oxaliplatin and other platinum
compounds that can cause neuronal apoptosis via nuclear DNA damage and mitochondrial
damage [26, 27]. In mouse models, it has been demonstrated that cisplatin binds directly to
mitochondrial DNA and inhibits mitochondrial gene replication and transcription [28]. This
may lead to progressive neurologic damage for several months after a dose of chemotherapy.
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Additionally, this condition may take a substantially longer time to resolve than might be
seen with paclitaxel neuropathy, which likely is mediated by stabilizing microtubules and
altering mitochondrial dynamics that can cause a “dying back axonopathy,” but not neuronal
cell death [29].

Relationship between acute and chronic neuropathy severities

Although the current analysis illustrates that there is a positive relationship between acute
and chronic neuropathies from these two drugs, as has been previously described in the
literature [2, 3, 30-33], it has not been established that there is a causal relationship between
acute and chronic neuropathies. It may be that the peripheral nervous system of persons who
develop more severe acute symptoms is, for some unexplained reason, more prone to be
damaged by neurotoxic drugs or that there is a pharmacogenomic issue whereby patients get
exposed to more active drug or that some patients are more prone to pain syndromes. The
reason that there appears to be a more prominent relationship with paclitaxel given 175
mg/m? every 3 weeks (Fig. 6¢), as opposed to 80 mg/m? once weekly (Fig. 6b), might be the
higher single dose, which is better able to reach a “threshold” for the onset of acute
symptoms. This has been proposed with bortezomib in that those treated with 1V bortezomib
had more severe neuropathy and had higher mean maximum plasma concentrations versus
those treated with subcutaneous bortezomib [34].

The findings presented here provide valuable information that can be used to inform patients
and families about what to expect regarding neurotoxic side effects of paclitaxel and
oxaliplatin. Patients may be comforted to know that if acute neuropathy symptoms are
relatively minor in early cycles, they can expect a similar degree of discomfort with
subsequent cycles. On the other hand, if they are suffering from more severe acute
neuropathy symptoms, then caution will need to be used as they appear at increased risk for
more severe chronic neuropathy. This evidence supports the need for further research
exploring whether pre-emptive treatments will diminish symptom severity for patients who
will likely experience escalating symptoms over time, based on what occurs during cycle 1.
In addition, further research is needed comparing other neurotoxic agents, such as cisplatin
and bortezomib, utilizing a standardized neuropathy assessment, as this may continue to
provide insight into the underlying pathophysiology and inform future research to identify
preventative treatment approaches.
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Fig. 1.
Mean score of the acute neuropathy symptoms during treatment. Higher values indicate

more severe symptoms. a Acute neuropathy— oxaliplatin. b Acute neuropathy—paclitaxel.
Abreviation: P-APS stands for paclitaxel-acute pain syndrome
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Higher values indicate more severe symptoms. Abreviation: P-APS stands for paclitaxel-

acute pain syndrome
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Mean sensory scores for oxaliplatin and weekly paclitaxel after completion of treatment and

for 3 months of follow-up, for individual patients. Higher values indicate less severe
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