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A B S T R A C T

Purpose
Given that the clinical course of oxaliplatin-induced neuropathy is not well defined, the current
study was performed to better understand clinical parameters associated with its presentation.

Methods
Acute and chronic neuropathy was evaluated in patients receiving adjuvant FOLFOX (fluorouracil,
leucovorin, and oxaliplatin) on study N08CB (North Central Cancer Treatment Group, Alliance).
Acute neuropathy was assessed by having patients complete daily questionnaires for 6 days with
each cycle of FOLFOX. Before each dose of FOLFOX and as long as 18 months after
chemotherapy cessation, chronic neurotoxicity was assessed with use of the 20-item, European
Organisation for Research and Treatment of Cancer quality-of-life questionnaire for patients with
chemotherapy-induced peripheral neuropathy.

Results
Three hundred eight (89%) of the 346 patients had at least one symptom of acute neuropathy with
the first cycle of FOLFOX; these symptoms included sensitivity to touching cold items (71%),
sensitivity to swallowing cold items (71%), throat discomfort (63%), or muscle cramps (42%).
Acute symptoms peaked at day 3 and improved, although they did not always resolve completely
between treatments. These symptoms were about twice as severe in cycles 2 through 12 as they
were in cycle 1. For chronic neurotoxicity, tingling was the most severe symptom, followed by
numbness and then pain. During chemotherapy, symptoms in the hands were more prominent
than they were in the feet; by 18 months, symptoms were more severe in the feet than they were
in the hands. Patients with more severe acute neuropathy during the first cycle of therapy
experienced more chronic sensory neurotoxicity (P � .0001).

Conclusion
Acute oxaliplatin-induced neuropathy symptoms do not always completely resolve between
treatment cycles and are only half as severe on the first cycle as compared with subsequent
cycles. There is a correlation between the severities of acute and chronic neuropathies.

J Clin Oncol 33:3416-3422. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Oxaliplatin is associated with a commonly occur-
ring acute neuropathy that is characterized by distal
or perioral paresthesias or dysesthesias. These symp-
toms often occur during or immediately after ox-
aliplatin infusion and have been reported to be
reversible within a few days. In addition, many pa-
tients develop a chronic sensory neurotoxicity that
can substantially affect the quality of life.1-4

While general issues regarding oxaliplatin-
induced neuropathy are well known, a better un-
derstanding of the clinical manifestations of this
toxicity should help in the counseling of patients

and in providing information regarding neuro-
protective strategies. For example, how promi-
nent are the four recognized components of acute
neuropathy (ie, sensitivity to touching cold items,
discomfort swallowing cold items, throat discom-
fort, and muscle cramps) and how do these symp-
toms correlate with each other? Are the symptoms
of acute neuropathy always completely reversible?
Is the grade of acute neuropathy in the first cycle
the same as in subsequent cycles? Do the inci-
dence and severity of the acute neuropathy expe-
rienced following the first dose of oxaliplatin
predict the incidence and severity of acute neu-
ropathy following subsequent doses?
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In addition, a better understanding of chronic peripheral neurotox-
icity is desired. How common and severe are long-term numbness, tin-
gling,andpainsymptoms,andhowdotheyrelate toeachother?Arethese
symptoms, in the oxaliplatin treatment phase and after completion of
therapy, more pronounced in upper or lower extremities? Is there any
associationbetweenacuteandchronicneuropathy,ashasbeenspeculated
in some recent reports?5-7 This article addresses these questions.

METHODS

This study was conducted with use of patient data from North Central Cancer
Treatment Group trial N08CB, a phase III placebo-controlled, double-blind
study that tested the ability of intravenous (IV) calcium and magnesium
(CaMg) to prevent oxaliplatin-induced neuropathy.8 In this trial, patients who
had undergone curative-intent colon cancer resection were scheduled to re-
ceive 12 cycles of FOLFOX (fluorouracil, leucovorin, and oxaliplatin), involv-
ing 85 mg/m2 oxaliplatin every 2 weeks. Patients were randomized
(approximately 115 patients per group) to three treatment groups: IV CaMg
before and after FOLFOX, IV placebo before and after FOLFOX, or IV CaMg
before and IV placebo after FOLFOX. A CONSORT diagram for the patients
involved in this study is provided in the previously published Journal of Clinical
Oncology article.8

Patients were ineligible if they had preexisting peripheral neuropathy, a
family history of a genetic/familial neuropathy, or had received prior treatment
with neurotoxic chemotherapy, such as oxaliplatin, cisplatin, a taxane, or a vinca
alkaloid. The protocol was approved per US federal guidelines, and all patients
provided written informed consent. Other details regarding trial methods have
been previously published.8

To provide data regarding oxaliplatin-associated acute neuropathy, patients
completed daily questionnaires before each cycle of FOLFOX and for 5 consecu-
tive days after the initiation of each 2-week cycle of chemotherapy. Using a vali-
dated methodology,9-12 questions included a 0 (no problem) to 10 (major
problem) numeric rating scale that addressed sensitivity to touching cold items,
discomfort swallowing cold items, throat discomfort, and muscle cramps during
the previous 24 hours. No information was collected regarding analgesic use to
combat any of these symptoms.

In addition, chronic peripheral neurotoxicity was measured at the initiation
of each chemotherapy cycle with use of the 20-item, European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire for patients with
chemotherapy-induced peripheral neuropathy(EORTC QLQ-CIPN20), which
has sensory, motor, and autonomic neurotoxicity subscales. When tested in pa-
tients with cancer who received a variety of chemotherapies, the EORTC QLQ-
CIPN20 was shown to be reliable, valid, and responsive to change.13,14 The
CIPN20 tool was also administered before each dose of chemotherapy, and at 1, 3,
6, 12, and 18 months after the last day of chemotherapy. The EORTC QLQ-
CIPN20 subscales were computed according to the standard scoring algorithm
and then transformed to a 0 to 100 scale, where high scores mean less symptom
burden. In this analysis, descriptive statistics and plots were the primary tools to
summarize the results and findings. Likelihood-based repeated measures models
were used in an exploratory manner, as missing mechanisms remained unknown
and thus may not have been appropriately accounted for. Therefore, the P values
shouldbeinterpretedcautiouslytogivesomequantitativesense,ratherthanreach-
ing confirmative conclusions.

RESULTS

Between June 2010 and June 2012, 353 patients were accrued to the
treatment study. Details of patient characteristics are included in a
previously published article,8 which revealed that the IV CaMg did not
prevent oxaliplatin-induced neuropathy. Consequently, the current
article presents combined data from 346 patients in the total study
population who had neuropathy data available. To confirm that pre-

senting the total population was appropriate, an analysis was also
performed in the placebo group alone and no appreciable difference
was seen when comparing these data.

Oxaliplatin-Induced Acute Neuropathy

Ofthe346patientswhocompletedquestionnaires,308(89%)hadat
least one acute neuropathy symptom with the first cycle of FOLFOX. The
degrees of the acute symptoms are shown in Table 1, along with the
highest degree of symptoms during the 12 cycles of FOLFOX. Most pa-
tients reported moderate/severe symptoms for sensitivity to touching
cold, discomfort swallowing cold liquids, and throat discomfort at some
pointduringtheirtherapy.Only38patients(11%)didnotexperienceany
acutesymptomincycle1,andonlythreepatients(1%)didnotexperience
any acute symptom in all cycles of FOLFOX (only one of these three
patients received 12 cycles of FOLFOX).

Acute neuropathy symptoms appeared within a day after the first
dose of oxaliplatin, peaked in severity at day 3, and then improved (Fig
1). Sensitivity to touching cold items and discomfort swallowing cold
items were rated as more severe problems than throat discomfort or
muscle cramps. In some patients, these symptoms were still present at
the beginning of the second cycle of chemotherapy two weeks later and
were more severe in cycle 2 (P � .001, for comparison of symptom
severity in cycle 1 v cycle 2). Similar to cycle 1, severity of symptoms
peaked around day 3 after oxaliplatin treatment and then improved,
but symptoms did not resolve before the next treatment cycle. Cycles 3
through 12 followed a pattern similar to cycle 2; the severity, on
average, did not increase further.

The relationships between the different acute neuropathy symp-
toms were explored, illustrating moderately strong correlations be-
tween items assessing sensitivity to touching and to swallowing cold
items (r � 0.69), sensitivity to touching cold items and throat discom-
fort (r � 0.61), and discomfort swallowing cold items and throat

Table 1. Severity of Acute Neuropathy Symptoms in Cycle 1 and in Cycles
1 Through 12 Combined

Symptom

No. (%) of Patients With Symptom
Score (N � 346)

Severity Score

None (0) Mild (1-3)

Moderate/
Severe
(4-10)

Sensitivity touching cold
Cycle 1 99 (29%) 137 (40%) 110 (32%)
Cycles 1 through 12� 8 (2%) 66 (19%) 272 (79%)

Discomfort swallowing cold liquids
Cycle 1 100 (29%) 145 (42%) 101 (29%)
Cycles 1-12� 12 (3%) 86 (25%) 248 (72%)

Throat discomfort
Cycle 1 129 (37%) 143 (41%) 74 (21%)
Cycles 1-12� 20 (6%) 123 (36%) 203 (59%)

Muscle cramp
Cycle 1 200 (58%) 104 (30%) 42 (12%)
Cycles 1-12� 66 (19%) 140 (40%) 140 (40%)

Worst of any symptom
Cycle 1 38 (11%) 149 (43%) 159 (46%)
Cycles 1-12� 3 (1%) 53 (15%) 290 (84%)

�May be � 12 cycles if patient stopped treatment early.

Oxaliplatin-Induced Neuropathy
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discomfort (r � 0.69). Muscle cramps, however, were not well corre-
lated with the other three symptoms (all r � 0.25).

Thirty-eight patients (11%) did not experience any acute symp-
toms in cycle 1 (ie, scored 0 on each of the 5 days) Table 1. Patients
without one of the acute symptoms in cycle 1 were less likely to
experience the other acute neuropathic symptoms in cycle 1 and,
when reported, these symptoms tended to be mild.

We also investigated whether the occurrence of oxaliplatin acute
neuropathy symptoms in the first cycle predicted symptoms observed
in subsequent cycles. Figure 2A. Patients who had moderate/severe
sensitivity to touching cold items in the first cycle, on average, had
similar sensitivity to touching cold items in subsequent cycles, whereas
those with mild sensitivity to touching cold items in the first cycle had
similar mild degrees of sensitivity to touching cold items in subsequent
cycles. Those with no sensitivity to touching cold items in the first
cycle, on average, developed mild sensitivity to touching cold items in
subsequent cycles. Similar findings were observed for discomfort
swallowing cold liquids (Fig 2B), throat discomfort (Fig 2C), and
muscle cramps (Fig 2D). However, for the latter two symptoms, pa-
tients with moderate/severe symptoms in the first cycle, on average,
had improved symptoms in subsequent cycles.

Individual patients who did not experience any acute symptoms
in cycle 1 were further studied to better characterize those who devel-
oped symptoms in cycle 2 (Appendix Table A1, online only). Most
patients (74%; 70 of 95 patients) who did not experience sensitivity to
touching cold items in cycle 1 did develop sensitivity to touching cold
items in cycle 2. This sensitivity was mild in 45% (43 of 95 patients)
and, interestingly, became moderate/severe in 28% (27 of 95 patients),
whereas 26% (25 of 95 patients) remained without any symptoms in
cycle 2. Discomfort swallowing cold liquids and throat discomfort
followed a similar pattern, with approximately 60% of patients devel-
oping mostly mild symptoms in cycle 2. Most patients who did not
experience muscle cramps in cycle 1 did not experience them in the
next cycle (65%; 122 of 189 patients).

Oxaliplatin-Induced Chronic Peripheral Neurotoxicity

Symptoms associated with chronic oxaliplatin neurotoxicity are
depicted in Figure 3 as percent changes from baseline in the EORTC
QLQ-CIPN20 subscale during the time that patients were receiving
oxaliplatin. Sensory scores declined by 21 points, motor scores de-
clined by 8 points, and autonomic scores dropped by 5 points. In the
repeated measures model, during the 12-cycle treatment period, the
sensory subscale score (mean score, 84) was observed to capture more
severe symptoms than the autonomic subscale (mean score, 87) and
the motor subscale (mean score, 90; P � .001) on a 0 to 100 quality-
of-life scale in which higher values indicated fewer symptoms.

These sensory neuropathy changes were evaluated in more detail
(Fig 4A) by examining data from the following individual EORTC
QLQ-CIPN20 instrument questions: Do you have tingling fingers or
hands? Do you have numbness in your fingers or hands? Do you have
shooting or burning pain in your fingers or hands? Data from similar
questions regarding toes and feet are also illustrated. With use of the
original 1 to 4 scale of the CIPN questionnaire (corresponding to
answers of none, mild, moderate, and severe), in which higher values
indicated more symptoms, tingling (1.93) was the most highly rated
symptom, followed by numbness (1.74) and pain (1.30; P � .001).
During chemotherapy, symptoms in hands (1.72) were more promi-
nent than in feet (1.59; P � .001). On average, most symptoms wors-
ened for 3 months after treatment completion, but then improved.

Figure 4B illustrates data from all patients who completed ques-
tionnaires after they stopped their chemotherapy, regardless of when
chemotherapy was stopped (ie, not just those who completed all 12
planned cycles of FOLFOX, as shown in Fig 4A). Numbness and
tingling in toes and/or feet, as well as numbness in fingers and/or
hands worsened the most during the first 3 months after completion
of therapy, while tingling in fingers and/or hands was more stable
during this time. On average, all of the symptoms, except for pain,
improved after 3 months, with finger and/or hand symptoms improv-
ing more than those in feet. By 18 months after the completion of
chemotherapy, feet scores were more severe than hand scores were.
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Pain scores did not change much during the 18 months after treat-
ment completion. Function was also evaluated with the CIPN20 ques-
tionnaire, revealing that patients had impairment in some measures of
function, which was more severe in hands versus feet during treatment
and follow-up (Appendix Fig A1, online only).

Appendix Table A2 (online only) provides details regarding the
percent reduction from baseline in the CIPN20 sensory score at end of
treatment, and at months 1, 3, 6, 12, and 18 from the time of chemother-
apycompletion.At18months,50%ofpatientshada�10%reductionin
CIPN sensory scores from baseline, 31% had a 10% to 30% reduction,
and 19% continued to experience severe CIPN symptoms, demonstrated
by a � 30% reduction in CIPN sensory scores.

Appendix Figure A2 (online only) displays individual patient
data for sensory neuropathy commencing with the completion of
chemotherapy, illustrating that, although on average there is worsen-

ing of most symptoms in the first 3 months (Fig 4A and B), some
individual patients do improve during this time. This was also seen
with the autonomic and motor EORTC QLQ-CIPN20 subscales and
with the individual symptoms of numbness, tingling, and pain, in
both fingers and/or hands and toes and/or feet (data not shown).

Association Between Acute Neuropathy and

Chronic Neurotoxicity

To determine whether there was any relationship between acute
oxaliplatin neuropathy and the later appearance of chronic neurotox-
icity, EORTC QLQ-CIPN20 sensory scores were compared between
those patients who, with the first dose of oxaliplatin, had acute scores
of 0 (none) versus 1 to 3 (mild) versus 4 to 10 (moderate/severe) for
any of the four acute neuropathy symptoms. Figure 5 illustrates that
those with more severe acute symptoms with cycle 1, for any of the
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four symptoms, tend to have more trouble with chronic neurotoxic-
ity. The one patient who completed all 12 cycles of FOLFOX without
experiencing any acute neuropathy symptoms did not develop any
chronic neurotoxicity. Similar patterns are seen for each of the indi-
vidual four acute neuropathy symptoms (P � .0001 for repeated
measures analysis of the CIPN20 sensory subscale by maximum of any
of the four acute symptoms during the first cycle).

DISCUSSION

Oxaliplatin-Induced Acute Neuropathy

The current study elucidates five characteristics of oxaliplatin-
associated acute neuropathy that have not previously been recog-

nized in the literature. First, in contrast to the claims that the acute
symptoms associated with oxaliplatin are reversible,6,15 the current
study demonstrates that some patients continued to report resid-
ual symptoms at the initiation of subsequent doses of oxaliplatin,
two weeks after each prior dose, illustrating that these neuropathy
symptoms are not always completely reversible between cycles.
Accordingly, this further supports murine data that illustrate that
oxaliplatin causes long-term cold-induced neurotoxicity.16 Sec-
ond, this study demonstrates that the acute neuropathy symptoms
tend to be more severe with cycle 2 than with cycle 1, and then have
similar patterns for cycles 3 to 12. Third, these data show that the
severity of acute symptoms that are experienced in cycle 1 predicts
the severity of symptoms that will be experienced in the remaining
cycles. Fourth, study data illustrate that most patients who do not
experience any of the acute symptoms with cycle 1 will eventually
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develop symptoms with the remaining cycles, the majority of
which will be mild. Fifth, the study illustrates moderate correla-
tions between sensitivity to touching cold items, discomfort swal-
lowing cold items, and throat discomfort, with a much lower
correlation with muscle cramps, thus pointing to a potentially
different mechanism of action for acute neuropathy and muscle
cramps. Finally, study findings suggest that the majority of patients
will report moderate/severe acute symptoms during their treat-
ment with FOLFOX, supporting the clinical relevance of this syn-
drome and the need for potential interventions to alleviate it.

Oxaliplatin-Induced Chronic Neurotoxicity

The data from the current trial confirm the data from other
studies, supporting the theory that chronic neurotoxicity is pre-
dominantly sensory and worsens over the course of the 12 cycles of
FOLFOX treatment, in relation to the cumulative dose of oxalip-
latin that is administered7,17,18; these data also confirm other re-
ports that suggest that tingling and numbness are higher-rated
symptoms than pain is.19,20 While one might argue that a more
prominently-rated tingling score might actually be less bother-
some to patients than a lower-rated pain score, anecdotal evidence
supports that many patients do claim that tingling is a more both-
ersome symptom than pain is.

The current study’s findings expand on the description that,
during chemotherapy, sensory symptoms are more severe in the
fingers and/or hands than they are in the toes and/or feet, and that
this anatomic severity distribution is reversed in the months fol-
lowing completion of therapy. This phenomenon has been de-
scribed before in the literature, but not in as much detail as in the
current study. The results from a small study of 33 patients receiv-
ing oxaliplatin indicated that, during therapy, symptoms were
more common in hands as opposed to feet.19 Additional data
supporting this phenomenon come from the National Surgical
Adjuvant Breast and Bowel Project Protocol C-07, which com-
pared the efficacy of adjuvant bolus fluorouracil and leucovorin
(FU/LV) versus fluorouracil and leucovorin plus oxaliplatin.17 Pa-
tients receiving oxaliplatin experienced more neurotoxic symp-
toms in their hands, as opposed to feet, during therapy, whereas,
after completing therapy, symptoms were more severe in their feet.
An update on these data, at a median follow-up of 7 years, noted
that patients who received oxaliplatin reported numbness and/or
tingling in both hands and feet; however, foot symptoms were
more prevalent.1 In addition, a recent study assessed neuropathy
symptoms and quality of life 2 to 11 years after diagnosis in survi-
vors of colorectal cancer, 162 of whom had received oxaliplatin.
This study also utilized the EORTC QLQ-CIPN20 instrument and
reported that those treated with oxaliplatin more often reported
tingling, numbness, and pain in toes and/or feet as compared with
those not treated with oxaliplatin; however, there was no statisti-
cally significant difference in these same symptoms in patients’
hands when these patients were compared with patients who either
did or did not receive oxaliplatin.2

The current study’s illustration that neuropathy symptoms
continue to worsen for 3 months after completing the chemother-

apy has often been referred to as “coasting”; this phenomenon is
well described with cisplatin, and it has been proposed that this
might be related to accumulation of the drug in dorsal root ganglia
and its effects on mitochondria.21-24 Coasting has also been re-
ported with oxaliplatin1,15,25; however, the details of the time frame
and the clinical course of the individual sensory symptoms have
not been previously reported. The worsening neuropathy slope in
the current study (Fig 4A) appears to be similar to that seen in the
time before therapy discontinuation, suggesting that there was a
steady progression of neurotoxicity until 3 months after stopping
oxaliplatin, at which time the nerves begin to recover.

Oxaliplatin Acute Neuropathy Predicts

Chronic Neurotoxicity

The current study’s finding that the degree of acute neuropa-
thy appears to predict the development of chronic neurotoxicity
supports the results of previous studies.5-7,26 However, the current
study demonstrates that the relationship between acute neuropa-
thy and more chronic neuropathy lasts throughout 18 months,
while the previous reports only followed patients until 1 month
after the completion of chemotherapy. In addition, the previous
studies assessed acute neuropathy halfway through chemotherapy,
while the current study demonstrates a relationship between acute
symptoms in cycle 1 and chronic neurotoxicity.

Thus, the current report adds to the literature by providing a
number of new findings regarding the clinical manifestations of
oxaliplatin-induced neuropathy that had not previously been re-
ported. In addition, it confirms multiple aspects of the clinical
manifestations of oxaliplatin-induced neuropathy that have been
suggested by other studies. This more in-depth understanding of
the clinical course and features of oxaliplatin neuropathy will allow
clinicians to better counsel patients; accordingly, it may guide
further research to investigate the pathophysiology of this clinical
syndrome with the goal of identifying possible preventative and/or
therapeutic interventions. It also provides data by which this ox-
aliplatin neurotoxicity syndrome can be compared with neuropa-
thy syndromes from other known neurotoxic agents, such as
paclitaxel. Ongoing work will compare and contrast the neuropa-
thy manifestations of oxaliplatin and paclitaxel,27,28 both of which
have been evaluated with use of similar instruments.
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Appendix

Table A1. Frequency of Acute Neuropathy Symptoms During Cycle 2 for Patients Who Reported No Problems for That Symptom During Cycle 1

Symptom

Symptom Severity Score

Cycle 1� Cycle 2

None (0) None (0) Mild (1-3) Moderate/Severe (4-10)

Sensitivity to touching cold items, % (No. of pts) 100% (95) 26% (25) 45% (43) 28% (27)
Discomfort swallowing cold liquids, % (No. of pts) 100% (95) 36% (34) 41% (41) 21% (20)
Throat discomfort, % (No. of pts) 100% (124) 40% (50) 44% (55) 15% (19)
Muscle cramps, % (No. of pts) 100% (189) 65% (122) 25% (48) 10% (19)

�No. of patients refers to patients who provided data for both cycles 1 and 2.

Table A2. Percent Reduction from Baseline in CIPN-20 Sensory Score

Percent Reduction

Time Since Completion of Chemotherapy

End of Treatment
(N � 335)

Month 1
(N � 311)

Month 3
(N � 293)

Month 6
(N � 242)

Month 12
(N � 132)

Month 18
(N � 86)

� 10%, No. of pts (%) 124 (37%) 96 (31%) 83 (28%) 99 (41%) 58 (44%) 43 (50%)
10% to 30%, No. of pts (%) 141 (42%) 110 (35%) 107 (37%) 88 (36%) 52 (39%) 27 (31%)
� 30%, No. of pts (%) 70 (21%) 105 (34%) 103 (35%) 55 (23%) 22 (17%) 16 (19%)

Abbreviation: CIPN-20, 20-item European Organisation for Research and Treatment of CancerQuality-of-Life Questionnaire for patients with chemotherapy-induced
peripheral neuropathy.
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Fig A1. Mean functional subscores from the 20-item European Organisation for Research and Treatment of Cancer Quality-of-Life Questionnaire for patients with
chemotherapy-induced peripheral neuropathy during 12 cycles of oxaliplatin therapy and follow-up. Graphs show results for (A) “Difficulty manipulating small objects
with your fingers,” (B) “Difficulty opening a jar or bottle because of weakness in your hands,” (C) “Problems holding a pen,” (D) “Problems standing or walking because
of difficulty feeling ground,” (E) Difficulty walking because your feet dropped downward,” (F) “Difficulty climbing stairs or getting up out of a chair because of weakness
in your legs,” (G) “Difficulty using car pedals,” and (H) “Difficulty distinguishing between hot and cold water.”
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Fig A2. Changes in chemotherapy-induced peripheral neuropathy sensory scores for individual patients in the time following the last dose of chemotherapy. Higher
values indicate lower severity of symptoms.
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