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Abstract
Background: Clinical guidelines recommend altering chemotherapy treatment by decreasing, delaying, or
discontinuing dosing in patients who are experiencing chemotherapy-induced peripheral neuropathy. There are
few data available on the clinical use of treatment alteration including the severity of CIPN at the time of
treatment alteration.

Methods: This was a retrospective analysis of patients receiving oxaliplatin on the NCCTG N08CB trial.
Neuropathy severity was assessed at each cycle by clinicians and patients. Patients were classi�ed as 1)
completed treatment without alteration, 2) dose reduction or delay due to neuropathy, 3) discontinuation due to
neuropathy, or discontinuation for other toxicity (4), or another reason (5). Comparisons focused primarily on
patients with alteration due to neuropathy (groups 2 and/or 3) compared with patients who completed treatment
without alteration (group 1).

Results: In 350 participants, 135 (39%) completed treatment without alteration, 70 (20%) had a dose reduction or
delay due to neuropathy, and 35 (10%) discontinued early due to neuropathy. Clinician-assessed neuropathy
severity was greater in patients at the time of dose reduction or delay compared with severity at the end of
treatment in patients without alteration (p<0.0001). Patient-reported neuropathy severity at cycle 4 was worse in
patients who had an alteration as compared with patients who completed treatment without alteration (p=0.017).
 

Conclusions: Treatment alterations due to neuropathy are common in patients receiving oxaliplatin for colon
cancer and are associated with clinician-assessed neuropathy severity. Rapid increases in patient-reported
neuropathy severity indicate a potential need for monitoring and intervention. 

Introduction
One of the characteristic side effects of oxaliplatin, a standard component of adjuvant combination
chemotherapy treatment of colorectal cancer1, 2

,  is chemotherapy-induced peripheral neuropathy (CIPN). CIPN
can present as sensory, motor, and/or painful symptoms in the hands and feet, which can lead to irreversible
discomfort and dysfunction in some patients3. CIPN severity has historically been graded based on clinician-
assessment using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE)
scale.4 CTCAE provides a uniform scale to grade toxicity severity from 0 (none) to 5 (causing death). There is an
ongoing effort to supplement clinician-assessment in clinical research and practice with patient-reported toxicity
collected via questionnaires,5, 6 which can help detect toxicity earlier; such should, hopefully, improve patient
quality of life.7 Patient-reported toxicities are particularly helpful when assessing subjective toxicities, such as
CIPN.8 Multiple CIPN questionnaires have been developed, including the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire-Chemotherapy-Induced Peripheral Neuropathy 20 (EORTC QLQ-
CIPN20)9.

Although CIPN questionnaires may improve monitoring and detection of neuropathy, there are limited effective
interventions once CIPN is identi�ed. Evidence-based practice guidelines from the American Society of Clinical
Oncology (ASCO) do not recommend any pharmacological or behavioral intervention to prevent or treat CIPN,
except for a recommendation to use duloxetine to treat painful CIPN.10 Instead, ASCO guidelines recommend



Page 3/14

considering altering neurotoxic chemotherapy treatment via dose reductions, delays, or early discontinuations in
patients who are experiencing moderate or greater CIPN. Despite this recommendation in clinical practice
guidelines, there is little known about the current practice of treatment alteration due to CIPN. Although studies
have reported rates of oxaliplatin treatment alteration due to CIPN,11, 12 there is a lack of data on the severity of
CIPN at the time of treatment alteration. This information is critical to develop evidence-based practice guidelines
to inform when and how treatment should be altered, based on CIPN. The objective of this retrospective data
analysis was to investigate, in patients receiving adjuvant treatment for colorectal cancer, the incidence of
oxaliplatin treatment alterations, the CIPN severity at which treatment alterations were made, and whether there is
any role for patient-reported CIPN in directing treatment alterations.

Methods

Patients and Treatment
Alliance for Clinical Trials in Oncology A151912 is a retrospective analysis conducted using data from North
Central Cancer Treatment Group (NCCTG) study N08CB; NCCTG is now part of the Alliance. N08CB was a double-
blind randomized placebo-controlled phase III trial testing intravenous calcium and magnesium (CaMg) for
prevention of oxaliplatin-induced neuropathy; that trial has been previously described in detail13. Brie�y, N08CB
enrolled patients with colon cancer, post-resection, who were scheduled to receive 85 mg/m2 oxaliplatin every 2
weeks for 12 cycles as part of �uorouracil, leucovorin, and oxaliplatin (FOLFOX) combination chemotherapy.
Patients with prior neuropathy or who had previously received neurotoxic chemotherapy were ineligible to
participate. All patients provided written IRB-approved, protocol-speci�c informed consent to participate, in
accordance with federal and institutional guidelines. The study was performed in accordance with the ethical
standards as laid down in the 1964 Declaration of Helsinki and its later amendments. Patients were randomized
1:1:1 to one of three arms receiving CaMg or placebo prior to and/or after treatment. Patient enrollment and
matriculation through the study has been previously described and is illustrated in Figure 1. Of particular note for
the current project, dose modi�cations (decreasing doses or discontinuing treatment) were not mandated by this
protocol, although the protocol did suggest consideration of oxaliplatin dose reduction to 65 mg/m2 for patients
who experienced persistent grade 2 sensory neuropathy that did not resolve within 2 weeks and oxaliplatin
discontinuation for patients with persistent grade 3 sensory neuropathy.

Neuropathy Data Collection
CIPN data was collected prospectively within N08CB using both clinician-assessment and patient report. Clinician
assessment was required at the start of each cycle using the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI-CTCAE) version 4.0, employing the standard scale of 0-4 for both motor and
sensory neuropathy. Clinicians were provided sample questions and answers with which to assign CTCAE grades
(See Data Supplement13). CIPN was also collected before each cycle via patient-reported assessment using the
European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Chemotherapy-
Induced Peripheral Neuropathy 20 (EORTC QLQ-CIPN20)9. In the CIPN20, patients indicate the degree to which
they experienced sensory (9 items), motor (8 items), and autonomic (3 items) symptoms during the past week
using a scale of 1 (“not at all”) to 4 (“very much”). The protocol analysis used the sensory subscale without the
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ototoxicity question (CIPN8), as the ototoxicity question has been found to not have adequate correlation with the
rest of the sensory subscale.14 Raw scores for the CIPN8 were scaled to 0-100, with higher scores indicating more
CIPN.

Oxaliplatin Treatment Alteration
Oxaliplatin treatment data including the date and dose of treatment and reasons for treatment alteration was
collected prospectively on N08CB. Treatment alteration was de�ned as any dose reduction (< 81% of the planned
dose), delay (>6 days after planned dose), or discontinuation of oxaliplatin, irrespective of alterations to other
chemotherapy and/or the study agent (CaMg or placebo). Information in the clinical research forms was then
used to classify treatment alterations based on those attributed to CIPN, those attributed to another adverse event
(i.e., non-CIPN adverse event or refused further treatment), and those attributed to any other reason (i.e.,
progression, death, or other/unknown). Based on the number and types of alterations, all patients included in this
analysis were classi�ed into �ve mutually exclusive categories: 1) completed treatment without oxaliplatin
alteration, 2) oxaliplatin dose reduction or delay due to CIPN, 3) oxaliplatin discontinuation due to CIPN, 4)
oxaliplatin discontinuation due to one or more other adverse events (AEs), or 5) oxaliplatin discontinuation for
another reason.

Statistical Analysis
Since CaMg had no effect on CIPN in the primary analysis of N08CB13, this retrospective analysis (A151912) was
conducted by pooling patients from all three study arms, similar to previously conducted secondary analyses of
this cohort15. All �ve treatment alteration groups are reported throughout the manuscript, but comparisons focus
primarily on patients with alteration due to CIPN (groups 2 and/or 3) compared with patients who completed
treatment without an alteration (group 1). Analyses use the data (i.e., CIPN8, CTCAE, or oxaliplatin dose) at the
time of �rst treatment alteration, or the data at the end of treatment in the group of patients who completed
treatment without a treatment alteration (group 1). Demographic data were compared between patients with any
alteration (n=105, groups 2 and 3) and patients with no alteration (n=135, group 1). The CTCAE grade at the time
of treatment alteration was compared among the �ve treatment alteration groups and between individual groups
using chi-squared tests. The odds of any treatment alteration based on CTCAE grade was estimated using
logistic regression (grade 2-3 vs 0-1). Median CIPN8 at the time of treatment alteration was compared across the
�ve treatment alteration groups and between individual groups using Kruskal-Wallis tests. A post-hoc analysis of
the change in CIPN8 from baseline to cycle 4, comparing patients who did not have any treatment alteration with
patients who had alterations, was conducted using Kruskal-Wallis tests. All analyses were conducted by the
Alliance Statistics and Data Center on the study database frozen on February 22, 2020 using SAS 9.4 with an
uncorrected α=0.05. Therefore, all analyses should be considered exploratory.

Results

Patients and Treatment Alterations
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This retrospective data analysis includes 350 N08CB participants who initiated oxaliplatin treatment and had any
clinician-assessed or patient-reported CIPN data (Figure 1). Demographic data for this cohort has been previously
reported15, and is reported here strati�ed by the �ve treatment alteration groups (Table 1). There were 135 (39%)
patients who completed oxaliplatin without a treatment alteration, 70 (20%) who had a dose reduction (n=66) or
delay (n=4) due to CIPN, 35 (10%) who had a dose discontinuation due to CIPN, and 110 who discontinued due to
another AE (n=76, 22%) or other reason (n=34, 10%). The group of patients who experienced alterations due to
CIPN were younger (median 54 vs. 58, p=0.02) and were more likely to be female (61% vs. 44%, 0.008) when
compared to patients who completed treatment without alteration.

Clinician-assessed CIPN at Time of Treatment Alteration
Clinician-assessed CIPN severity by CTCAE grade at the time of treatment alteration, or end of treatment in the no
alteration group, is reported in Table 2. The majority of patients who completed treatment without an alteration
had grade 1 CIPN (68.1%), whereas the majority of patients who had a treatment delay or reduction had grade 2
CIPN (60%). Compared with CIPN severity in patients with no alteration, CIPN severity was greater in patients at
the time of dose reduction or delay (p<0.0001). In the logistic regression model, the risk of treatment alteration
was signi�cantly higher in patients with CTCAE grade 2-3 as compared to 0-1, when measured at the time of the
dose change compared to other patients at a similar timeframe (OR: 4.40, 95% CI: 2.68,7.22, p<.0001).

Patient-reported CIPN at Time of Treatment Alteration
Patient-reported CIPN severity according to CIPN8 at the time of treatment alteration is reported in Table 2 and
depicted in Figure 2. CIPN8 was not different when comparing patients who �nished treatment without alteration
to patients who had a dose reduction, delay or discontinuation, or to this group combined (all p>0.05, Table 2,
Figure 2), understanding that differing amounts of oxaliplatin were received by these patient groups. Lower
CIPN8 in patients with treatment alterations for other reasons should be interpreted with caution since these
patients discontinued treatment early without experiencing CIPN.  However, visual inspection of the change in
CIPN8 from baseline strati�ed by treatment alteration group indicates greater early CIPN trajectory in patients
who eventually had a treatment alteration (Figure 3). Based on this �nding, a post hoc analysis was conducted of
CIPN8 scores at cycle 4, which found greater increase in CIPN8 in patients who eventually had a reduction or
delay as compared with patients who completed treatment without any alteration (median CIPN8 increase 11.5
vs. 7.7, p=0.017).  

Discussion
Alteration of neurotoxic chemotherapy treatment is the only intervention recommended for CIPN prevention or
treatment in ASCO guidelines.10 However, there is a paucity of data on which to base treatment alteration
decisions, including a lack of understanding of when alterations are used in practice. The current analysis of the
real-world use of oxaliplatin for adjuvant treatment of colorectal cancer indicates that treatment alterations due
to CIPN are relatively common. Rapid CIPN8 increases early in treatment are indicative of increased likelihood of
a future need to alter treatment, indicating a potential use of early monitoring and intervention.
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In this cohort of patients receiving standard adjuvant oxaliplatin dosing for colorectal cancer, >50% of patients
had an oxaliplatin dose alteration and approximately 1 in 3 had an alteration due to CIPN. This incidence of CIPN-
related oxaliplatin treatment alteration is similar to the reported 13%-38% reported in other studies11, 12. In the
SCOT trial of patients (n=3,044) with colorectal cancer receiving 3 months of adjuvant FOLFOX (oxaliplatin 85
mg/m2 every 2 weeks) or CAPOX (oxaliplatin 130 mg/m2 every 3 weeks), 14% of patients discontinued
oxaliplatin and 30% had a dose reduction prior to completing treatment, though these were not all attributable to
CIPN.16 Treatment alterations in that prospective clinical trial were mandated by the trial protocol, which may
explain the much lower incidence of early discontinuation compared to the current cohort (42% total, 10% due to
CIPN). In the current study, patients with treatment alteration were more likely to be female and were younger.
Increased treatment alterations in women is likely due to higher CIPN17 , but could also be due to differences in
treatment goals or communication with their oncologist.18 The association with age is somewhat surprising
since older age is often reported to increase CIPN risk.19 It is possible that younger patients are altering treatment
at lower CIPN severity to prevent irreversible toxicity,20 which would have more of an effect on a younger patient
with longer life expectancy.

Investigating CIPN severity at the time of treatment alteration is ideally conducted in patient cohorts with
prospective collection of toxicity data in which the protocol does not mandate treatment alteration, as is the case
for N08CB. As expected, the incidence of treatment alteration increased more than 4-fold in patients with grade 2
or higher CTCAE CIPN.21 Surprisingly, this association was driven by dose decreases and delays, not early
discontinuations, which is consistent with surveys of medical oncologists indicating that treatment
discontinuation is the alteration of last resort for patients with the greatest CIPN severity.22 There was a patient in
our cohort with treatment discontinuations despite grade 0 CIPN and a patient who completed treatment despite
grade 3 CIPN, indicating there are substantial differences  in acceptance of treatment discontinuation due to CIPN
between oncologists and between patients.23 We previously reported a weak relationship between clinician- and
patient-assessed CIPN in this cohort.24 These �ndings add further evidence that patient assessment is collecting
data that are distinct from clinician assessment and decision making, which makes it challenging to de�ne a
clinically relevant change in patient-reported CIPN for use as a clinical trial endpoint.25, 26

One potential use of patient reported outcomes supported by our data is to identify patients early in treatment
who have a trajectory indicating future risk of treatment alteration. Another study previously reported that the
severity of oxaliplatin-induced neuropathy midway through treatment is predictive of CIPN severity at the end of
treatment, but did not include an assessment of treatment alteration.27 A modeling and simulation study using
patient-reported CIPN during taxane treatment suggested that treatment alterations based on CIPN severity after
3 cycles could substantially reduce CIPN severity at the end of 6 cycles of treatment.28 However, prospective
clinical trials are needed to demonstrate the bene�t and understand the risks of decreasing oxaliplatin dosing
based on early indicators of CIPN. Prospective testing of a similar strategy of oxaliplatin treatment alteration
informed by early changes in quantitative sensory testing did not reduce CIPN.29  Perhaps, this different outcome
between patients receiving paclitaxel and oxaliplatin might be related to the coasting phenomenon seen with
oxaliplatin whereby, on average, CIPN worsens for 3 months after oxaliplatin is stopped.

One of the major strengths of this study was the use of prospectively collected data of oxaliplatin dosing, CIPN
assessment by patients and clinicians, and reasons for oxaliplatin alteration, including CIPN. Importantly, this
trial did not mandate treatment alteration, providing a unique opportunity to characterize real-world practice of
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treatment alteration and the corresponding CIPN severity, as de�ned by clinician and patient assessment. There
are also limitations of this study that should be considered, including the retrospective data analysis, which can
allow for unforeseen sources of bias. There is always the possibility that some data were missing or incorrect,
including in our retrospective assignment of treatment alteration categories. Additionally, these results may only
be representative of adjuvant oxaliplatin treatment for colorectal cancer, as treatment alteration decisions are
likely to be dependent on the treatment setting. Oxaliplatin has a well-known coasting effect30, in which CIPN
severity continues to increase after treatment discontinuation, meaning that clinicians may be making treatment
alterations based on their expectation of greater CIPN severity in the future and not the present severity.

In conclusion, this analysis provides further evidence that oxaliplatin treatment alteration due to CIPN is common
and is most strongly associated to the clinician’s assessment of severity, and that rapid early increases in patient-
reported severity may be indicative of high risk of future treatment alteration. Additional research, including
prospective clinical trials, is needed to understand the bene�ts and risks of altering treatment in order to develop
evidence-based guidelines for when and how treatment alteration should be used to prevent long-term CIPN and
maximize treatment outcomes in patients with cancer.
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Tables
Table 1. Demographic and Treatment Information for Patients Included in the Analysis

  No
Alterations
(N=135)

Reductions
or delays
(N=70)

Discontinuation
for Neuropathy
(N=35)

Discontinuation
for Other AE
(N=76)

Discontinuation
for Other
(N=34)

p-
value*

Age
(years)

          0.025

Median
(range)

58 (24-83) 51 (27-77) 56 (39-79) 58 (29-83) 63 (28-83)  

Gender, n
(%)

          0.008

Female 59 (43.7%) 41 (58.6%) 23 (65.7%) 44 (57.9%) 16 (47.1%)  

Male 76 (56.3%) 29 (41.4%) 12 (34.2%) 32 (42.1%) 18 (52.9%)  

Race, n
(%)

          0.22

White 106
(78.5%)

64 (91.4%) 30 (85.7%) 69 (90.8%) 28 (82.4%)  

Black 22 (16.3%) 6 (8.6%) 4 (11.4%) 6 (7.9%) 3 (8.8%)  

Other or
Unknown

7 (5.2%) 0 (0.0%) 1 (2.9%) 1 (1.3%) 3 (8.8%)  

Stage, n
(%)

          0.11

II 27 (20.0%) 7 (10.0%) 6 (17.1%) 19 (25.0%) 7 (20.6%)  

III 96 (71.1%) 61 (87.1%) 26 (74.3%) 55 (72.4%) 24 (70.6%)  

IV 12 (8.9%) 2 (2.9%) 3 (8.6%) 2 (2.6%) 3 (8.8%)  

Data reported as n (%) or median (range).

Table 2: Cumulative Oxaliplatin Dosing, CTCAE, and CIPN8 at Time of Alteration
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  No
Alterations
(N=135)

Reductions
or delays
(N=70)

Discontinuation
for Neuropathy
(N=35)

Discontinuation
for Other AE
(N=76)

Discontinuation
for Other
(N=34)

p-
value*

Cumulative
Oxaliplatin

           

Cycles 12 (12-12) 7 (3-12) 10 (4-11) 6 (1-11) 6.5 (1-11) <0.0001

Dose (mg) 1860
(1230-
2760)

980 (260-
1980)

1570 (426-
2108)

885 (150-2360) 918 (139-1969) <0.0001

CIPN
CTCAE

          <0.0001

Grade 0 12 (8.9%) 2 (2.9%) 1 (2.9%) 23 (30.3%) 6 (17.6%)  

Grade 1 92 (68.1%) 24 (34.3%) 23 (65.7%) 42 (55.3%) 21 (61.8%)  

Grade 2 30 (22.2%) 42 (60.0%) 10 (28.6%) 8 (10.5%) 7 (20.6%)  

Grade 3 1 (0.7%) 2 (2.9%) 1 (2.9%) 3 (3.9%) 0 (0.0%)  

CIPN8            

Mean (SD) 32.6
(17.91)

33.4
(16.35)

28.9 (16.26) 22.5 (14.29) 17.4 (9.62) NR

Median
(Range)

26.9 (7.7-
92.3)

30.8 (7.7-
88.5)

23.1 (7.7-65.4) 19.2 (7.7-73.1) 15.4 (7.7-46.2) 0.91

Dose reported in mean (standard deviation) and cycles reported in median (range)

*P-value comparing patients that completed treatment without alteration (column 1, n=135) with a combination
of patients that had any alteration (i.e., reduction, delay, or discontinuation) due to neuropathy (columns 2 and 3,
n=105)

CTCAE: National Cancer Institute Common Terminology Criteria for Adverse Events

NR: not reported due to skewness in the CIPN8 data. See comparison of CIPN8 medians.  
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Figure 1

CONSORT Diagram: Patients from N08CB were categorized into �ve treatment alteration groups. The main
comparisons of interest were those patients who completed oxaliplatin treatment with no alteration (n=135)
compared to patients who had a reduction or delay for CIPN (n=70) and/or patients who had a discontinuation
for CIPN (n=35). Patients who discontinued for other reasons were reported but were not included in most
analyses because they are less informative. Discontinuation for Other AE included: Refused Further Treatment
(n=28) or non-CIPN Adverse Event (n=48). Discontinuation for Other Reason included: Disease Progression (n=3),
Switch to Alternate Treatment (n=5), Other Medical Problems (n=6), Died on Study (n=3), or Other (n=9)
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Figure 2

CIPN8 at Time of Treatment Alteration. Patient-reported CIPN, de�ned by the sensory CIPN8 (range 0-100, higher
scores indicating greater CIPN), at the time of qualifying event strati�ed by the �ve treatment alteration groups.
The three groups of interest (groups 1-3 from left) were not statistically different.
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Figure 3

Trajectory of CIPN8 During Treatment. Mean patient-reported CIPN, de�ned by the sensory CIPN8 (range 0-100
higher scores indicating greater CIPN) at each treatment cycle, is plotted for each of the treatment alteration
groups. Patients who eventually have oxaliplatin reductions or delays (green) or early discontinuation (yellow)
due to CIPN have faster increases in CIPN8 than patients who complete treatment without any alteration (purple).


