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Abstract

Objectives Oxaliplatin accumulates in dorsal root ganglia,
causing an axonal neuronopathy. Symptoms include numb-
ness, pain and gait disturbance which may persist and impact
on quality of life (QOL). Despite widespread use of this drug,
its late effects and patient satisfaction outcomes have not been
widely reported. Furthermore, there has been limited qualita-
tive research published in this area. The objectives of this
study were to establish the incidence and clinical impact of
chronic peripheral neuropathy.

Methods We conducted a cross-sectional observational study
of patients who started oxaliplatin treatment at least 2 years
prior to study commencement. Patients were assessed in three
ways: clinical assessment encompassing neurological exami-
nation and nerve conduction studies to calculate a total neu-
ropathy score (TNS); self-reported assessment via validated
questionnaires; and assessment by recorded interview. The
clinical and questionnaire-based assessments were analysed
quantitatively and the interview data used for qualitative
assessment.
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Results Twenty-five patients consented to participate. The
mean starting dose of oxaliplatin given was 92 mg/m?. The
cumulative dose received ranged from 375 to 2,400 mg, with a
mean cumulative dose of 1,515 mg. Oxaliplatin was ceased
due to neuropathy in six patients (24 %), after a mean of 9
cycles of treatment. Modified TNS ranged from 1 to 15 with a
mean of 9.5. There was a statistically significant correlation
between cumulative oxaliplatin dose and TNS. Quality of life
and functional impact questionnaires showed mildly lower
physical quality of life, higher pain scores and functional
impairment secondary to sensory deficit. Qualitative analysis
demonstrated variable bio-psycho-social effects of chronic
neuropathy but, importantly, highlighted that many patients
felt they had been insufficiently warned of the risk of neurop-
athy. Despite this, the majority was satisfied with their deci-
sion to receive the drug.

Conclusion Many patients objectively demonstrated mild to
moderate oxaliplatin neuropathy >2 years post-treatment. The
majority of patients did not recall being warned of the risks of
chronic peripheral neuropathy. Many of those who recall
being warned did not feel sufficient emphasis was placed on
the issue. Despite a varying burden of neuropathic symptoms,
the majority of patients were highly satisfied with their deci-
sion to receive oxaliplatin.
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Background

Oxaliplatin is a third-generation organoplatinum compound. It
is most frequently used in the treatment of colorectal cancer,
both in the adjuvant and metastatic setting, but also has
activity in upper gastrointestinal malignancies [1]. Oxaliplatin

@ Springer



862

Support Care Cancer (2015) 23:861-869

induces two clinically distinct forms of peripheral neuropathy.
An acute neuropathy may occur soon after oxaliplatin admin-
istration. The chronic form of oxaliplatin neuropathy is a
symmetric, axonal, distal sensory neuropathy without motor
involvement [2]. Higher cumulative doses of oxaliplatin are
associated with chronic peripheral nerve damage [3]. The
mechanism of chronic oxaliplatin neuropathy may be de-
creased cellular metabolism and axoplasmatic transport sec-
ondary to the accumulation of oxaliplatin in cells of the dorsal
root ganglia [4].

Diagnosis of oxaliplatin-induced chronic peripheral neu-
ropathy (CPN) is based on clinical assessment, using toxicity
grading scales. Its incidence is related to treatment schedule,
dose per cycle, cumulative dose, time of infusion and pre-
existing neuropathy [5]. CPN is a dose limiting toxicity and
when significant, results in oxaliplatin dose modification and,
more frequently, drug discontinuation. With increasing cumu-
lative dose, severe CPN develops in 20-50 % of patients [6].
The clinical syndrome is characterized by distal paraesthesia
and numbness, which can result in significant functional im-
pairment. Given the widespread use of this drug in the adju-
vant setting, and the improved survival for patients with stage
IT and IIT colon cancer, the persistent disability induced by
CPN can have a significant impact on long-term quality of
life. There is limited data on the longer term outcomes for
patients with CPN. Some studies suggest reversibility of CPN
post-treatment cessation [6—8] whilst others report
longstanding toxicity [9—11]. The present study focuses on
the incidence and severity of CPN >2 years post-treatment and
seeks to examine the biopsychosocial impact of CPN on
survivorship.

Methods
Study design

This is a cross-sectional observational study. Patients treated
at the Department of Medical Oncology, Flinders Medical
Centre, were identified from pharmacy records. Patients who
received at least one dose of oxaliplatin >2 years prior to study
commencement and were able to provide informed consent
were deemed eligible. Those who consented to the study were
assessed in three ways: clinical assessment, self-reported as-
sessment via questionnaires and assessment by interview. The
clinical and questionnaire-based assessments were analysed
quantitatively and the interview data used for qualitative
assessment.

Clinical assessments

Case records were reviewed for demographic information,
stage at time of treatment and co-morbidities including
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diabetes and pre-existing neuropathy. Treatment details were
identified, including dose of oxaliplatin per cycle, cumulative
dose, details of dose modifications and treatment cessation.

Neuropathy grade as per the National Cancer Institute
Common Toxicity Criteria (NCI CTC) [12] was
ascertained retrospectively from medical records for the
period during and immediately post-oxaliplatin therapy.
Current neuropathy (at least 2 years since starting
oxaliplatin) was also determined according to the NCI
CTC. Current neuropathy severity was objectively eval-
uated by a single neurologist, using the total neuropathy
score (TNS), which uses symptoms, examination find-
ings and nerve conduction studies (NCS) to evaluate
neuropathy [13]. Sensory NCS were performed on the
left sural nerve, and motor NCS on the left common
peroneal nerve, recording extensor digitorum brevis
(EDB). Quantitative vibration testing was not per-
formed; thus, a modified TNS has been reported in this
study.

Questionnaires

The World Health Organization Quality of Life (WHOQOL
BREF) scale [14], EQ-5D-5L Health Questionnaire [15], and
European Organization for Research and Treatment of Cancer
(EORTC) Chemotherapy Induced Peripheral Neuropathy
questionnaire (QLQ-CIPN20) [16] were used to grade current
QOL, depression, functional status and neuropathic symp-
toms, respectively.

Interviews

A semi-structured interview of nine questions examined the
functional impact of CPN, attempts to ameliorate CPN symp-
toms and the degree of support needed to manage symptoms
(see Appendix 1). The psychosocial effects of neuropathy
were also explored, particularly in relation to discontinuation
of work and recreational pursuits. Patients were also asked to
recall whether or not they were warned of the risk of CPN
prior to the commencement of treatment and more broadly
were asked about their degree of satisfaction with treatment
outcomes. Patients were asked specifically about acceptance
or regret of the decision to receive oxaliplatin (see Appendix

1).
Statistical and qualitative analysis

Data collected was used to correlate treatment with CPN
outcome data. Pearson correlation coefficients were calculated
using STATA 12.0 statistical software [17]. Patient interviews
were recorded and transcribed to enable qualitative analysis,
using N'Vivo [18]. Analysis was conducted using a framework
approach [19].
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Results

Patient characteristics

Thirty-nine eligible cases were identified, and 25 patients
consented to participate. Many patients who had completed
treatment were reluctant to have further intervention with
questionnaires and nerve conduction studies, so each element
of the study was made optional. Of those consented, 25
patients completed questionnaires, 20 were interviewed and
13 underwent neurological assessment. Eighteen patients
were male and 7 female. Of the 25 patients, 20 had colonic
and 5 had rectal carcinomas. At the time of oxaliplatin treat-
ment, 17 had stage III disease and 8 had metastatic disease.
Seven patients had diabetes. Two patients had previous neu-
ropathic symptoms due to diabetic neuropathy. Two patients
had a history of taking medications that could potentially
cause peripheral neuropathy (one taking amiodarone but did
not have any previous history of peripheral neuropathy, the
second patient had a history of taking phenytoin, this latter
patient also had diabetes mellitus and had neuropathic symp-
toms before starting treatment with oxaliplatin). None of the
patients had received prior regimens involving neurotoxic
chemotherapy prior to receiving oxaliplatin. At the time of
the study, none of the patients had spinal metastases, spinal
stenosis or carpel tunnel syndrome. Patients’ characteristics
have been summarized in Table 1.

Treatment characteristics

The mean starting dose of oxaliplatin was 92 mg/m”. Seven
patients underwent dose reduction. The mean oxaliplatin dose
given per cycle was 165 mg. The number of cycles of treat-
ment varied between patients, ranging from 3 to 12 cycles,
with a mean of 9 cycles. The cumulative dose received ranged
from 375 to 2,400 mg, with a mean cumulative dose of
1,515 mg. A complete course of oxaliplatin was given to 13
patients (52 %); oxaliplatin was ceased due to neuropathy in 6
patients (24 %), after a mean of 9 cycles of treatment.

Symptoms of neuropathy

Neuropathic symptoms were explored in 18 patients and
varied considerably. At >2 years post-treatment, seven pa-
tients reported they never had symptoms, two had infrequent
symptoms, six often had symptoms and three always had
symptoms. Current neuropathy grade was assessed using
Common Terminology Criteria for Adverse Event (CTCAE
v 4.03) in 18 patients. Of these, nine did not have CPN
symptoms, five had grade I CPN, one had grade II and three
had grade III. No patients had grade IV neuropathy (see
Fig. 1). Neuropathy grade during treatment was established
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Table 1 Patient characteristics

All patients

Age Range 45-79 Median 66

Sex Male 18 72 %
Female 7 28 %

Disease Colon 20 80 %
Rectum 5 20 %

Stage I 17 68 %
v 8 32 %

Patients who had NCS (n=13)

Age Range 58-79 Median 68

Sex Male 10 77 %
Female 3 23 %

Disease Colon 11 85 %
Rectum 15 %

Stage I 54 %
v 6 46 %

Patients who did not have NCS (n=12)

Age Range 45-74 Median 62

Sex Male 8 67 %
Female 4 33 %

Disease Colon 9 75 %
Rectum 3 25 %

Stage I 10 83 %
v 2 17 %

by case note review. Grade during treatment was unknown in
seven patients, grade I in eight patients, grade II in five
patients and grade I1I in four patients. There was no significant
correlation between those with higher grades of neuropathy
during treatment and CPN of >2 years. Advanced age did not
appear to correlate with risk of CPN. The frequency of neu-
ropathic symptoms was not significantly different in diabetic
patients (p=0.43).

Total neuropathy score

Thirteen patients underwent objective neurological assess-
ment according to TNS. Characteristics of patients who
did have objective neurological assessments are included
in Table 1 as well as patients who did not have the
assessment. Scores for the individual components of
TNS assessments were consistent with the predominantly
sensory features of oxaliplatin-induced CPN; higher
scores (indicating worse deficit) were recorded for pin-
prick and vibration testing. In the cohort of 13 patients
who underwent NCS, the sural nerve sensory action po-
tential was absent in 8 patients, whilst the common pero-
neal muscle action potential was not detected in only 1
patient. In patients with measurable sural nerve potential,
reduced sensory nerve conduction velocity was observed
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Fig. 1 Peripheral neuropathy
grade during and
postchemotherapy
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in two patients, whilst motor conduction velocity was
reduced in only one patient. In our study, modified TNS
ranged from 1 to 15 with a mean of 9.5. There was a
statistically significant correlation between modified TNS
and cumulative oxaliplatin dose (p=0.023), as shown in
Fig. 2.

Quality of life and functional impact

QOL assessment using WHOQOL BREF [14] showed
physical domain scores marginally lower than Australian
population norms [20]. In our study, the mean physical
domain score was 68.7, compared with an Australian
population norm for all ages of 73.5 [21]. Majority of
patients, 18/25, felt physical pain impaired their func-
tion only a little or not at all, whilst 7/25 felt they were

Relationship between cumulative dose of oxaliplatin
and total neuropathy score
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Fig. 2 Relationship between cumulative dose of oxaliplatin and total
neuropathy score
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limited either moderately or very much. A higher bur-
den of neuropathic symptoms was seen to relate to
poorer quality of life; higher TNS was associated with
lower WHOQOL scores, though this did not reach sta-
tistical significance (p=0.091), Fig. 3.

QLQ-CIPN20 [16] was used to examine the experi-
ence of symptoms and functional limitations relating to
CPN. The tool contains three subscales assessing senso-
ry, motor and autonomic symptoms. Patients were more
likely to experience tingling in the feet than hands, and
similarly, burning pain was experienced more often in
the toes and feet than fingers and hands. Higher scores,
implying worse symptoms, were attributed to sensory
rather than motor and autonomic symptoms, findings
that were consistent with TNS results. A study assessing
the validity and reliability of the tool QLQ-CIPN20
compared patients with moderate to severe neuropathy

Relationship between total neuropathy score
and WHOQOL score
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Fig. 3 Relationship between total neuropathy score and WHOQOL
score
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secondary to neurotoxic chemotherapy, with patients
without neuropathy [22]. The mean sensory neuropathy
score in patients with moderate to severe neuropathy
was 20.17, compared with 9.77 in non-neuropathic pa-
tients. In our study, the mean sensory neuropathic score
was 15.4.

EQ-5D-5L [15] was used as a descriptive profile of global
health status. Of 25 patients, 24 reported slight to no impair-
ment in conducting their usual activities, and all reported
being able to achieve personal care with only slight to no
impairment. The greatest burden of symptoms reported was in
relation to pain and discomfort, with 8 patients reporting no
pain, 11 slight pain, 5 moderate and 1 severe pain. There was
no significant correlation between self-reported CPN symp-
toms and functional impairment scores.

Patient interviews

Twenty patients participated in interviews, which were
analysed qualitatively to examine the bio-psycho-social im-
pact of CPN, depicted in Fig. 4. Many patients described
ongoing neuropathic symptoms, though the majority did not
feel that neuropathy directly affected their daily function. Of
19 patients, 12 did not recall being warned of CPN (Fig. 5). A
number of those who were able to recall prior warning felt the
issue was inadequately emphasised.
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Fig. 4 Mindmap of bio-psycho-social experience of CPN
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experience

Due to symptoms of CPN, a minority of interviewees
were unable to continue working, though most found
they could continue their hobbies. The majority of pa-
tients felt that neuropathy had not adversely affected
their QOL. Patients had tried varied strategies to man-
age their symptoms and were most likely to seek help
from their GP. Few patients had sought patient support
groups, though none had attended.

Despite some patients having significant neuropathic
symptoms, majority felt satisfied with their decision to receive
oxaliplatin (Fig. 6). The only patient who reported regret had
experienced disease relapse.

Discussion

This study combines clinical assessment by oncologists, self-
assessment via questionnaires, objective neurological assess-
ment and patient-reported outcomes through the application of
a semi-structured interview. It provides a comprehensive view
of the long-term neuropathy experience after treatment with
oxaliplatin. Assessment of patients using these methods has
enabled the collection of data on oxaliplatin-induced CPN
from biological, psychological and social perspectives. Our
analysis demonstrates the variability of neuropathic symptoms
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Fig. 5 Mindmap of patient
recollections of prior warning of
CPN risk

"No, no | wasn't"

"I probably was but
you get warned
about a lot of things
and you just take it
in your stride"

and impact 2 years after treatment. Many patients reported
lowered QOL scores, and symptom scales showed varying
degrees of functional impairment. Objective measures of neu-
ropathy identified through TNS testing strongly correlated
with cumulative oxaliplatin dose (p=0.023). Sensory nerve
action potentials were more frequently absent than muscle
action potentials. These findings are consistent with the
known axonal toxicity of platinum-based treatments [23,
24]. In our study, modified TNS ranged from 1 to 15 with a
mean of 9.5. In a study examining the validity and reliability
of TNS, healthy controls were compared with patients with
diabetic polyneuropathy. In healthy controls, the TNS mean+
SD was 0.4+0.5; in patients with mild diabetic neuropathy 12
+5.2; and those with severe neuropathy 25+7.4 [13].

The present study did not show a significant association
between age and risk of CPN, nor with pre-existing diabetes
and CPN; it must be noted that the small sample size could
limit the power of this observation in identifying the signifi-
cance of some variables. This is consistent with other reports
confirming that advanced age and diabetic status should not
preclude oxaliplatin treatment [25-27]. Vincenzi et al [25]
identified several factors that predicted the incidence of
oxaliplatin CPN, namely pre-treatment anaemia,
hypoalbuminaemia and hypomagnesaemia, as well as alcohol
consumption. These clinical features are easily accessible and
may inform risk counselling.
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Through the interview process, patients described a broad
range of neuropathic symptoms, though importantly, the ma-
jority was able to continue to function normally. Patients did
not require significant input from family members to support
them with daily activities and, consequently, were able to
maintain independence. A small number of patients were
unable to resume work and expressed significant regret about
losing their skills, and to a degree, identity and livelihood.
Given the potential impact on social, psychological and finan-
cial wellbeing, awareness of this potential risk and its impli-
cations is critical.

Surprisingly, a substantial proportion of patients described
a lack of adequate information about the risk of CPN. The
majority of patients denied or were unable to recall any
discussion of the expected, dose-dependent side effect prior
to treatment. This is in stark contrast with expected practice;
each patient treated with oxaliplatin should receive pre-
treatment education about its risks and benefits. Whilst it is
possible that patients were not warned of the risk of neurop-
athy, it may be more likely that methods used to inform
patients of the risk were ineffective, and thus, information
was poorly retained.

Despite the broad ranging impact of neuropathy, patients
generally felt satisfied with their decision to be treated with
oxaliplatin. Patients were grateful for receiving oxaliplatin, as
they attributed their survival to the drug. One patient who
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Fig. 6 Mindmap of patient
attitudes toward receiving
oxaliplatin, given resultant CPN
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reported regret experienced disease relapse, and felt
oxaliplatin had caused CPN, without preventing recurrence.
Despite the fact that many patients with resectable colon
cancer are cured by their surgery, interviewees frequently
believed they would have succumbed to cancer had they not
received oxaliplatin.

There are a number of factors that may confound our
results. The present study did not show a significant associa-
tion between age and risk of CPN, nor with pre-existing
diabetes and CPN, though this study had low power to deter-
mine this. Due to a small sample size, statistical significance
was difficult to report on. Many patients who had completed
treatment were reluctant to have further intervention, and
given patients did not complete all parts of the study, our data
set is incomplete and there is the potential for selection bias.

There are a limited number of studies examining
patient perspectives on the impact of chemotherapy-
induced CPN [28-31], though ours is the first to com-
bine subjective and objective quantitative measures, with
exploratory qualitative research. Despite an awareness of
the consequences of CPN, ongoing systematic assess-
ment of these symptoms has not been widely adopted.
Furthermore, attention to pre-treatment counselling and
a focus on effective strategies of providing informed
consent are of paramount importance. The various tools
used in this study were straightforward to apply and
provide a comprehensive assessment of the impact of
neuropathy. Whilst the WHOQOL BREF [14] and EQ-
SD-5L [15] give an insight into the longer term effects

“the treatment — "
has taken away “It really saved
my cancer, so my life.”
that is the
main thing”

on global health measures, the QLQ-CIPN20 [16] can
provide clinicians with a standardized assessment of
acute and chronic neuropathic symptoms and may be
useful in the clinic setting to evaluate the current impact
and portend future symptoms of neuropathy. Despite
patients’ acceptance of this long-term toxicity, more
effective strategies to prevent and manage this predict-
able and potentially disabling toxicity are needed.

Appendix 1
Interview questions

1. How is this affecting your life?

2. How is this affecting your work?

3. How does your family support you with symptoms of
peripheral neuropathy?

4. Were you well informed about the risk of chronic periph-
eral neuropathy before receiving the treatment?

5. Do you find that there are enough resources to support
groups for chronic peripheral neuropathy?

6. Have you tried anything to make the symptoms go better?
Has any of your attempts worked

7. How do you feel about living with chronic peripheral
neuropathy?

8. Do you feel that having symptoms of peripheral neurop-
athy outweighs clinical benefit of oxaliplatin? Do you
regret receiving this treatment?
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Key points

* Mild to moderate oxaliplatin-induced neuropathy >2 years post-
treatment is common.

* The psychosocial impact of chronic peripheral neuropathy is significant
and varies considerably.

» Majority of patients did not recall being warned of the risks of chronic
peripheral neuropathy. Many of those who recall being warned did not
feel sufficient emphasis was placed on the issue.
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