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abstract

PURPOSE We sought to evaluate the independent and interactive associations of planned treatment duration,
celecoxib use, physical activity, body mass index (BMI), diabetes mellitus, and vitamin B6 with oxaliplatin-
induced peripheral neuropathy (OIPN) among patients with stage III colon cancer enrolled in a clinical trial.

METHODSWe conducted a prospective, observational study of 2,450 patients with stage III colon cancer enrolled
in the CALGB/SWOG 80702 trial, randomly assigned to 6 versus 12 cycles of adjuvant fluorouracil, leucovorin,
and oxaliplatin chemotherapy with or without 3 years of celecoxib. OIPN was reported using the Common
Terminology Criteria for Adverse Events (CTCAE) during and following completion of chemotherapy and the
FACT/GOG-NTX-13 15-17 months after random assignment. Multivariate analyses were adjusted for baseline
sociodemographic and clinical factors.

RESULTS Patients assigned to 12 treatment cycles, relative to 6, were significantly more likely to experience
higher-grade CTCAE- and FACT/GOG-NTX-13-reported neuropathy and longer times to resolution, while neither
celecoxib nor vitamin B6 intake attenuated OIPN. Exercising $ 9 MET-hours per week after treatment relative
to, 9 was associated with improvements in FACT/GOG-NTX-13-reported OIPN (adjusted difference in means,
1.47; 95% CI, 0.49 to 2.45; P5 .003). Compared with patients with baseline BMIs, 25, those with BMIs$ 25
were at significantly greater risk of developing higher-grade CTCAE-reported OIPN during (adjusted odds ratio,
1.18; 95% CI, 1.00 to 1.40; P5 .05) and following completion (adjusted odds ratio, 1.23; 95% CI, 1.01 to 1.50;
P 5 .04) of oxaliplatin treatment. Patients with diabetes were significantly more likely to experience worse
FACT/GOG-NTX-13-reported neuropathy relative to those without (adjusted difference in means, –2.0; 95% CI,
–3.3 to –0.73; P5 .002). There were no significant interactions between oxaliplatin treatment duration and any
of these potentially modifiable exposures.

CONCLUSION Lower physical activity, higher BMI, diabetes, and longer planned treatment duration, but not
celecoxib use or vitamin B6 intake, may be associated with significantly increased OIPN severity.

J Clin Oncol 41:1079-1091. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Conflicting findings have been reported regarding the
clinical and sociodemographic factors predisposing
patients with colorectal cancer (CRC) to oxaliplatin-
induced peripheral neuropathy (OIPN).1,2 Only
receipt of a higher cumulative dose has consistently
been associated with greater neurotoxicity,2-5 whereas
discordant findings have been reported regarding
the contributions of body mass index (BMI)6-10 and
diabetes mellitus.10-14 Nonsteroidal anti-inflammatory
drug (NSAID) use,15 physical activity,16 and vitamin
B617 have additionally been posited to influence
OIPN in CRC, but little evidence currently exists to
substantiate these hypotheses.

We therefore sought to evaluate the independent and
interactive associations of planned treatment duration,
celecoxib use, physical activity, BMI, diabetes, and
vitamin B6 intake with self-reported OIPN during and
following treatment in a prospective cohort of patients
with stage III resected colon cancer enrolled in a
randomized clinical trial (RCT) of adjuvant fluorouracil,
leucovorin, and oxaliplatin (FOLFOX) chemotherapy.

METHODS

Study Population

Patients in this prospective cohort study were recruited
from the United States and Canada as participants in
the National Cancer Institute (NCI)–sponsored Cancer
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and Leukemia Group B (CALGB; now part of Alliance for
Clinical Trials in Oncology)/Southwest Oncology Group
(SWOG) 80702 adjuvant therapy trial for stage III colon
cancer (ClinicalTrials.gov identifier: NCT01150045). The
trial used a 2 3 2 factorial design to test the primary hy-
pothesis of the superiority of celecoxib compared with pla-
cebo and the secondary hypothesis of the noninferiority of
3 months (six treatments) compared with 6 months (12
treatments) of chemotherapy as part of an international
pooling project.18 The results of the primary and secondary
survival hypotheses have been reported.18-20 Participants
separately consented to a self-administered questionnaire
collecting dietary and lifestyle behaviors twice: once within
6 weeks after random assignment during receipt of adjuvant
therapy (questionnaire 1 [Q1]), and again 14-16 months
after random assignment during the recurrence surveillance
period (questionnaire 2 [Q2]).

Eligibility required patients to have had a histologically
documented, margin-negative resected colon adenocarci-
noma, with tumors having had either at least one pathologi-
cally confirmed positive lymphnode or anN1Cdesignation, as
defined in the seventh edition of the American Joint Com-
mittee on Cancer staging manual.21 Participants had normal
hepatic, renal, and hematologic laboratory values; an Eastern
Cooperative Oncology Group performance status of 0-2; and
no evidence of metastatic disease. Figure 1 describes the
derivation of the final sample sizes of 2,450 and 1,242 pa-
tients included in this study for self-reported neuropathy
analyses using two independent instruments, respectively.

Evaluation of Physical Activity, BMI, Diabetes, and

Vitamin B6 Intake

Physical activity, BMI, diabetes, and vitamin B6 intake were
assessed during both questionnaires 1 and 2, with BMI ad-
ditionally reported by treatment sites at study entry (baseline).
Survey questions regarding physical activity and food intake
have previously been described and validated.22,23 Vitamin B6

intake was calculated by multiplying the vitamin B6 content of
the specified portion of each food item, including supple-
ments, in the questionnaires by consumption frequency and
then summing across all items. Patients self-reported diabetes
diagnoses and use of medications for diabetes management
through the questionnaires. Cumulative averages for physical
activity, BMI, and vitamin B6 intake were calculated using the
following equation, consistent with prior analyses24-26:

�
factor at Q13

time from Q1 to Q2
time from Q1 to CTCAE

�

1

�
factor at Q11 factor at Q2

2
3
time fromQ2 to CTCAE
time fromQ1 to CTCAE

�
:

Neuropathy Assessment

Neuropathy was evaluated through two patient-reported in-
struments. One tool was the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0 criteria, which uses
a five-point grading scale as follows: 0 5 normal;
1 5 asymptomatic, loss of deep tendon reflexes, or pares-
thesia; 2 5 moderate symptoms, limiting instrumental ac-
tivities of daily living; 35 severe symptoms, limiting self-care
activities of daily living; and 4 5 life-threatening conse-
quences, urgent intervention indicated. Assessment oc-
curred every 3 months for 3 years following chemotherapy
commencement, and subsequently every 6 months for
6 years after random assignment or until disease recurrence,
whichever came first. The rating from each reporting period
reflects the worst grade experienced during that term. We
report maximum grades of CTCAE-reported neuropathy (1)
during and (2) after completion of oxaliplatin treatment.

In Q2—completed a median of 12 months (interquartile
range [IQR], 10-13 months) from the last dose of
oxaliplatin—neuropathy was additionally evaluated through
the Functional Assessment of Cancer Therapy/Gynecologic
Oncology Group-Neurotoxicity-13 (FACT/GOG-NTX-13)

CONTEXT
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What are the associations of planned duration of oxaliplatin-based treatment, celecoxib use, physical activity, body mass

index, diabetes mellitus, and vitamin B6 intake with oxaliplatin-induced peripheral neuropathy (OIPN)?
Knowledge Generated
Among patients with stage III colon cancer enrolled in a clinical trial, lower physical activity, higher body mass index,

comorbid diabetes, and longer planned treatment duration correlated with significantly increased OIPN severity. No
significant associations were observed with celecoxib use or vitamin B6 intake.
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subscale,27 which evaluates the degree and impact of
sensory and motor neurotoxicity symptoms in the preceding
7 days. Items are assessed on a five-point scale—ranging
from 0 (not at all) to 4 (very much)—and inverse-summed
such that a higher total score correlates with a lower neu-
rotoxicity burden.

Statistical Analysis

The findings from the CALGB 80702 trial regarding the
primary end point of disease-free survival have previously
been reported,18 and treatment groups were well balanced
for baseline characteristics.

Associations of planned treatment duration, celecoxib use,
diabetes, physical activity, BMI, and vitamin B6 intake with
FACT/GOG-NTX-13-reported neuropathy were estimated
using linear regression. For CTCAE-reported neuropathy,
proportional odds logistic regression was used to evaluate
these associations with the maximum-grade neuropathy
experienced during and after completion of oxaliplatin
treatment. BMI reported at baseline and physical activity
and vitamin B6 intake reported in Q1 were used for during
oxaliplatin treatment analyses; cumulative averaging of
measurements for BMI, physical activity, and vitamin B6
intake were used for post-treatment completion analyses.
BMI was dichotomized to categories of $ 25 kg/m2 (ie,
overweight/obese) or , 25 kg/m2. Physical activity was di-
chotomized to categories of$ 9 or, 9 metabolic equivalent

of task hours per week (MET-h/wk) on the basis of prior
data22 suggesting inflection of a protective hazard ratio at this
level. Interaction tests were performed using theWald test on
the cross-product of the variable of interest and CTCAE- or
FACT/GOG-NTX-13–reported neuropathy. Models were
adjusted for age, sex, tumor-stage, node-stage, performance
status, planned treatment duration (3 v 6months of adjuvant
FOLFOX), and celecoxib addition. Missing covariates were
imputed by recoding into the majority category (tumor-stage)
as the missing proportion was, 5%. All statistical tests were
two-sided, and P values# 0.05 were considered statistically
significant. All analyses were conducted using SAS software
(version 9.4; SAS Institute, Cary, NC).

Patient registration and clinical data collection were
managed and their analyses performed by the Alliance
Statistics and Data Management Center. Statistical ana-
lyses were based on the study database frozen on August
10, 2020. Data quality was ensured through data review by
the Alliance Statistics and Data Management Center and
the study chairs (J.A.M. and A.F.S.) following Alliance
policies.

All patients signed study-specific informed consent, which
was approved by the NCI Cancer Treatment Evaluation
Program and each participating site’s institutional review
board.

RESULTS

Baseline Characteristics According to Planned

Treatment Duration

Table 1 summarizes baseline characteristics of the study
cohort by planned treatment duration. Relative to patients
randomly assigned to six treatments, those randomly
assigned to 12 treatments were more likely to have a more
proximal tumor, report engaging in less physical activity
in Q2, and receive a significantly higher cumulative
oxaliplatin dose.

Within our cohort of 2,450 patients for CTCAE-reported
neuropathy, 99.8% had at least one neuropathy measure-
ment during chemotherapy treatment and 96.3% had at
least one follow-up neuropathy measurement after com-
pletion of oxaliplatin-based therapy. Median post-treatment
follow-up was 58 months (IQR, 40-68 months). One thou-
sand two hundred forty-two patients completed the FACT/
GOG-NTX-13 neurotoxicity measure. Median time from end
of oxaliplatin treatment to Q2 completion was 12 months
(IQR, 10-13 months). Figure 2 shows the distribution of
FACT/GOG-NTX-13 scores by planned treatment duration
(Fig 2A), celecoxib addition (Fig 2B), physical activity
(Fig 2C), BMI (Fig 2D), diabetes (Fig 2E), and vitamin B6
intake (Fig 2F).

Planned Treatment Duration and OIPN

Figure 3A presents the proportion of evaluated patients with
grades 1, 2, or 31 CTCAE-reported neuropathy at each

B
Patients completed

questionnaire 2 (N = 1,323)

Excluded patients who did not
answer question 31 pertaining to
FACT/GOG-NTX-13 total score (n = 81)

Patients included in
the analysis (N = 1,242)

Excluded patients                                 (n = 76)
  Patients in M1 stage                             (n = 2)
  Patients withdrew before beginning (n = 48)
    treatment
  Disease progression                              (n = 2)
  Adverse events                                      (n = 2)
  Death during treatment                        (n = 1)
  Others                                                  (n = 21)

Patients randomly assigned
in CALGB 80702 (N = 2,526)

Included in the
analysis (N = 2,450)

A

FIG 1. Derivation of the study cohort for (A) CTCAE-reported neu-
ropathy and (B) FACT/GOG-NTX-13–reported neuropathy. CTCAE,
Common Terminology Criteria for Adverse Events.
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TABLE 1. Baseline Characteristics of 2,450 Patients With Stage III Colon Cancer by Treatment Duration Arm
Factor Total (N 5 2,450) 6 Cycles (n 5 1,237) 12 Cycles (n 5 1,213) P

Age, years, mean (SD) 60.9 (10.8) 60.8 (10.6) 61.0 (11.0) .61

Sex, female, No. (%) 1,098 (44.8) 557 (45.0) 541 (44.6) .83

Race, No. (%) .67

White 1,944 (79.3) 991 (80.1) 953 (78.6)

Black 305 (12.4) 144 (11.6) 161 (13.3)

Asian 104 (4.2) 52 (4.2) 52 (4.3)

Other 97 (4.0) 50 (4.0) 47 (3.9)

Ethnicity, Hispanic, No. (%) 182 (7.4) 101 (8.2) 81 (6.7) .16

ECOG performance status, No. (%) .18

0 1,741 (71.1) 894 (72.3) 847 (69.8)

1-2 709 (28.9) 343 (27.7) 366 (30.2)

Low-dose aspirin use, No. (%) 525 (21.4) 267 (21.6) 258 (21.3) .85

Extent of invasion through bowel wall, No. (%) .98

T1-2 437 (18.0) 222 (18.1) 214 (17.9)

T3 1,620 (66.8) 818 (66.6) 802 (66.9)

T4 369 (15.2) 188 (15.3) 181 (15.1)

Missing 24 9 15

Nodal stage, No. (%) .98

N1 1,797 (73.3) 907 (73.3) 890 (73.4)

N2 653 (26.7) 330 (26.7) 323 (26.6)

Tumor location, No. (%) .04

Left 1,139 (47.0) 606 (49.4) 533 (44.5)

Right/transverse 1,276 (52.6) 616 (50.2) 660 (55.0)

Multiple 10 (0.41) 4 (0.33) 6 (0.50)

Missing 25 11 14

Risk group, No. (%) .93

Low (T1, T2, T3, or N1) 1,537 (63.4) 779 (63.4) 758 (63.3)

High (T4, N2, or both) 889 (36.6) 449 (36.6) 440 (36.7)

Missing 24 9 15

Assigned oral agent, No. (%) .22

Celecoxib 1,228 (50.1) 605 (48.9) 623 (51.4)

Placebo 1,222 (49.9) 632 (51.1) 590 (48.6)

Physical activity, MET-h/wk, median (IQR)

Questionnaire 1a (n 5 1,743) 5.0 (0.65-17.1) 5.0 (0.65-17.5) 5.0 (0.65-17.0) .92

Questionnaire 2b (n 5 1,315) 9.4 (2.1-26.4) 10.1 (2.4-29.7) 8.0 (2.0-23.0) .05

BMI, kg/m2, mean (SD)

Baseline 28.8 (6.4) 28.8 (6.7) 28.8 (6.1) .36

Questionnaire 2 (n 5 1,122) 30.1 (6.6) 30.0 (6.8) 30.2 (6.4) .14

Cumulative oxaliplatin dose received (mg/m2), median (IQR) 509 (442-775) 497 (424-509) 777 (524-917) , .001

NOTE. P value on the basis of t-test (age and BMI) or Wilcoxon test (physical activity) for continuous variables; or test for categorical variables without
missing category.
Abbreviations: BMI, bodymass index; ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; MET-h/wk , metabolic equivalent of task hours

per week; N, nodal status; SD, standard deviation; T, extent of tumor invasion through bowel wall.
aQuestionnaire 1 was completed within 6 weeks following random assignment.
bQuestionnaire 2 was completed 14-16 months following random assignment.
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follow-up time point by planned treatment duration.
Relative to patients randomly assigned to six treatments,
those randomly assigned to 12 treatments were approxi-
mately four times as likely to experience a higher grade of
CTCAE-reported neuropathy during (adjusted odds ratio
[OR], 4.4; 95% CI, 3.72 to 5.14; P , .001; Table 2) and
after completion (adjusted OR, 3.76; 95% CI, 3.20 to 4.42;
P , .001) of oxaliplatin treatment (Table 3); they were also
more likely to develop worse FACT/GOG-NTX-13-reported
neuropathy severity (adjusted difference in means, –5.0;
95% CI, –6.0 to –4.0; P , .001; Table 4).

Patients randomly assigned to 12 treatments who had de-
veloped any degree of CTCAE-reported neuropathy during
treatment additionally experienced significantly longer times
to resolution (ie, to grade 0) of neuropathic symptoms
(median, 14 months; IQR, 8-27 months) than patients
randomly assigned to six treatments (median, 9 months;
IQR, 3-17.5 months; median difference, 5 months; 95% CI,
4 to 6; P , .001). There were no significant interactions by
planned duration of FOLFOX therapy between CTCAE- or
FACT/GOG-NTX-13-measured neuropathy severity and
celecoxib addition (Pinteraction 5 .61 and .06, respectively),

physical activity (Pinteraction5 .18 and .46, respectively), BMI
(Pinteraction 5 .82 and .23, respectively), diabetes
(Pinteraction 5 .67 and .20, respectively), or vitamin B6 intake
(Pinteraction 5 .47 and .20, respectively).

Celecoxib and OIPN

Patients randomly assigned to receive celecoxib expe-
rienced similar rates of CTCAE-reported neuropathy
during and after completion of oxaliplatin treatment
(Tables 2 and 3) and of FACT/GOG-NTX-13-reported
neuropathy (Table 4). There were no significant differ-
ences over time by celecoxib randomization interaction
analyses (Fig 3B).

Other Potential Mediators of OIPN

As shown in Table 4, patients who exercised $ 9 MET-h/wk
were statistically significantly more likely to experience lower
FACT/GOG-NTX-13–reported neuropathy severity (mean
score, 43.2; standard deviation [SD], 8.5) than those exer-
cising , 9 MET-h/wk (mean score, 41.3; SD, 9.5; difference
in means, 1.47; 95% CI, 0.49 to 2.45; P 5 .003). However,
the association between physical activity and CTCAE-reported
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FIG 2. FACT/GOG-NTX-13 total score at median 12 months (IQR, 10-13 months) from last oxaliplatin dose by (A) planned treatment duration, (B)
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neuropathy grade was nonsignificant during both treatment
and follow-up (Tables 2 and 3).

Compared with patients with a BMI , 25, those with a
BMI $ 25 were more likely to experience higher grade

CTCAE-reported neuropathy during (adjusted OR, 1.18;
95% CI, 1.00 to 1.40; P 5 .05) and after completion
(adjusted OR, 1.23; 95% CI, 1.01 to 1.50; P 5 .04) of

oxaliplatin treatment (Tables 2 and 3). By contrast, we
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observed no significant differences in FACT/GOG-NTX-13–
reported neuropathy severity by BMI (Table 4).

As shown in Table 4, patients with diabetes were significantly
more likely to experience worse FACT/GOG-NTX-13–reported
neuropathy severity (mean, 40.2; SD, 10) relative to those
without diabetes (mean, 42.7; SD, 8.7; difference in means,
–2.00; 95% CI, –3.30 to –0.73; P 5 .002). However, we
observed no differences in CTCAE-reported neuropathy
grade during or after completion of oxaliplatin treatment by
presence or absence of diabetes (Tables 2 and 3).

Compared with patients consuming less than the cohort
median of vitamin B6 intake, those consuming an amount
equal to or greater than it experienced similar grades of
CTCAE-reported neuropathy during and after completion of

oxaliplatin treatment as well as similar FACT/GOG-NTX-13-
measured neuropathy severity (Tables 2–4).

DISCUSSION

In this prospective cohort of patients with stage III resected
colon cancer enrolled in a postoperative adjuvant FOLFOX
chemotherapy clinical trial, we found that longer planned
treatment duration and less physical activity were associated
with both worse CTCAE- and FACT/GOG-NTX-13-measured
OIPN severity, while higher BMI correlated only with the former
and comorbid diabetes mellitus the latter. Celecoxib addition
and vitamin B6 intake were not associated with differential
OIPN outcomes. To our knowledge, this is the first investigation
into the associations of physical activity and vitamin B6 intake
with OIPN in CRC and the largest prospective study on the

TABLE 2. Maximum CTCAE-Reported Neuropathy Grade During Oxaliplatin Treatment by Exposure

Exposures

Maximum CTCAE Neuropathy Grade During Oxaliplatin
Treatment, No. (%) ORs (95% CI)

Grade 0 Grade 1 Grade 2 Grade 31 Univariate Adjusted

Planned treatment duration

6 cycles (n 5 1,235) 190 (15.4) 779 (63.1) 231 (18.7) 35 (2.8) Ref Ref

12 cycles (n 5 1,209) 94 (7.8) 431 (35.7) 414 (34.2) 270 (22.3) 4.3 (3.67 to 5.06) 4.4 (3.72 to 5.14)

P , .001 , .001

Celecoxib addition

Placebo (n 5 1,219) 145 (11.9) 593 (48.7) 335 (27.5) 146 (12.0) Ref Ref

Celecoxib (n 5 1,225) 139 (11.4) 617 (50.4) 310 (25.3) 159 (13.0) 0.99 (0.86 to 1.15) 0.96 (0.83 to 1.12)

P .94 .64

Physical activity, MET-h/wk, Q1a

, 9 (n 5 1,077) 129 (12.0) 496 (46.1) 303 (28.1) 149 (13.8) Ref Ref

$ 9 (n 5 662) 56 (8.5) 352 (53.2) 174 (26.3) 80 (12.1) 0.95 (0.80 to 1.14) 0.95 (0.79 to 1.15)

P .61 .58

BMI, kg/m2, baseline

, 25 (n 5 705) 89 (12.6) 369 (52.3) 168 (23.8) 79 (11.2) Ref Ref

$ 25 (n 5 1,739) 195 (11.2) 841 (48.4) 477 (27.4) 226 (13.0) 1.22 (1.03 to 1.44) 1.18 (1.00 to 1.4)

P .02 .05

Diabetes mellitus, Q1

No (n 5 1,428) 149 (10.4) 691 (48.4) 391 (27.4) 197 (13.8) Ref Ref

Yes (n 5 307) 35 (11.4) 154 (50.2) 87 (28.3) 31 (10.1) 0.87 (0.69 to 1.09) 0.91 (0.72 to 1.16)

P .22 .46

Vitamin B6, mg, Q1

, Median (n 5 872) 96 (11.0) 423 (48.5) 230 (26.4) 123 (14.1) Ref Ref

$ Median (n 5 872) 90 (10.3) 426 (48.9) 250 (28.7) 106 (12.2) 1.00 (0.84 to 1.19) 1.01 (0.84 to 1.21)

P .96 .92

NOTE. N 5 2,444 patients underwent at least one CTCAE neuropathy evaluation during treatment, among whom n 5 1,744 completed Q1. ORs were
estimated from proportional odds logistic regression and represent the odds of developing a worse grade of CTCAE neuropathy. Covariates in the adjusted
model include age, sex, tumor-stage, node-stage, ECOG performance status, planned treatment duration, and celecoxib addition.
Abbreviations: BMI, body mass index; CTCAE, Common Terminology Criteria for Adverse Events; MET-h/wk, metabolic equivalent of task hours per week;

OR, odds ratio; Q1, questionnaire 1.
aQ1 was completed within 6 weeks following random assignment.
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correlations of celecoxib use, BMI, and diabetes with OIPN in
CRC. Our findings highlight key patient, lifestyle, and treatment
risk factors associated with increased OIPN severity.

The literature remains highly conflicted regarding what
factors predispose patients to greater OIPN risk and se-
verity. Increasing cumulative dose is the only characteristic
that has consistently been correlated with greater chronic
neurotoxicity.2-5 We similarly observed that patients ran-
domly assigned to 12 treatments, relative to 6 treatments,
were more likely to experience higher-grade neuropathy
and longer times to resolution.

NSAID coadministration is another iatrogenic factor that may
potentially influence the development of peripheral neu-
ropathy via inhibition of cyclooxygenase 2–dependent
prostaglandin E2.28,29 Indeed, a retrospective analysis of 52
patients with CRC treated with oxaliplatin had found NSAID

use to be associated with improved sensory OIPN.15 How-
ever, in our prospective analysis of significantly greater
statistical power, we found no association between random
assignment to receive celecoxib and OIPN severity.

Little is known about the role of physical activity in mod-
ulating the risk of chemotherapy-induced peripheral neu-
ropathy (CIPN) specifically in the context of CRC; however,
prior studies generally underscore that physical activity may
improve CIPN.30-34 Although similar findings have been
reported in a cohort comprised in part by a small number of
patients with CRC who had received oxaliplatin,16 no study
to date has to our knowledge specifically evaluated the
association between physical activity and OIPN in CRC. To
our knowledge, this study is the first to report that increased
physical activity is associated with decreased rates and
severity of OIPN in CRC, as assessed through two

TABLE 3. Maximum CTCAE-Reported Neuropathy Grade After Completion of Oxaliplatin Treatment by Exposure

Exposures

Maximum CTCAE Neuropathy Grade Following
Oxaliplatin Treatment Completion, No. (%) ORs (95% CI)

Grade 0 Grade 1 Grade 2 Grade 31 Univariate Adjusted

Planned treatment duration

6 cycles (n 5 1,210) 424 (35.0) 616 (50.9) 150 (12.4) 20 (1.7) Ref Ref

12 cycles (n 5 1,149) 175 (15.2) 498 (43.3) 332 (28.9) 144 (12.5) 3.73 (3.18 to 4.39) 3.76 (3.20 to 4.42)

P , .001 , .001

Celecoxib addition

Placebo (n 5 1,174) 304 (25.9) 541 (46.1) 252 (21.5) 77 (6.6) Ref Ref

Celecoxib (n 5 1,185) 295 (24.9) 573 (48.4) 230 (19.4) 87 (7.3) 1.0 (0.86 to 1.16) 0.98 (0.84 to 1.14)

P .97 .76

Physical activity, MET-h/wk, cumulative average

, 9 (n 5 1,040) 269 (25.9) 460 (44.2) 227 (21.8) 84 (8.1) Ref Ref

$ 9 (n 5 411) 90 (21.9) 208 (50.6) 91 (22.1) 22 (5.4) 1.01 (0.82 to 1.25) 0.96 (0.77 to 1.19)

P .90 .70

BMI, kg/m2, cumulative average

, 25 (n 5 500) 146 (29.2) 226 (45.2) 98 (19.6) 30 (6.0) Ref Ref

$ 25 (n 5 1,193) 271 (22.7) 567 (47.5) 266 (22.3) 89 (7.5) 1.32 (1.08 to 1.60) 1.23 (1.01 to 1.50)

P .006 .04

Diabetes mellitus

No (n 5 1,390) 348 (25.0) 637 (45.8) 304 (21.9) 101 (7.3) Ref Ref

Yes (n 5 292) 66 (22.3) 151 (51.7) 58 (19.9) 18 (6.2) 0.98 (0.78 to 1.24) 1.0 (0.79 to 1.27)

P .90 .98

Vitamin B6, cumulative average

, Median (n 5 850) 218 (25.7) 398 (46.8) 171 (20.1) 63 (7.4) Ref Ref

$ Median (n 5 850) 202 (23.8) 397 (46.7) 193 (22.7) 58 (6.8) 1.09 (0.91 to 1.3) 1.1 (0.92 to 1.31)

P .33 .31

NOTE. N 5 2,359 patients submitted at least one follow-up form reporting on CTCAE neuropathy. ORs were estimated from proportional odds logistic
regression and represent the odds of developing a worse grade of CTCAE neuropathy. Covariates in the adjusted model include age, sex, tumor-stage, node-
stage, ECOG, performance status, planned treatment duration, and celecoxib addition.
Abbreviations: BMI, body mass index; CTCAE, Common Terminology Criteria for Adverse Events; MET-h/wk, metabolic equivalent of task hours per week;

OR, odds ratio.

1086 © 2022 by American Society of Clinical Oncology Volume 41, Issue 5

Lee et al



independent patient-reported instruments. Exercise has
been shown to alleviate chronic inflammation35 and may
therefore ameliorate the neuroinflammation necessary for
CIPN pathogenesis.36,37 Physical activity can also induce
functional and morphologic changes in the brain such that
processing of peripheral sensation is altered,38,39 potentially
opposing central sensitization of peripheral neuropathy40

and thereby resulting in decreased CIPN independent of
peripheral neuropathology.41 It should be noted, however,
that as patients did not report the reasons for which they
engaged in specific levels of physical activity, the direc-
tionality of the observed relationship between physical
activity and OIPN is unclear.

Although several studies have previously examined the re-
lationship between BMI and OIPN in CRC, they have re-
ported conflicting findings. One retrospective investigation6

observed an inverse relationship between BMI and OIPN;
however, four prospective studies7-10 of approximately 100
patients with CRC each reported a positive correlation. In our
significantly larger cohort, we similarly demonstrate that a
higher BMI is associated with increased severity of CTCAE-
reported—although not FACT/GOG-NTX-13-measured—
neuropathy. Obesity is not only independently associated
with an increased risk for idiopathic neuropathy42; treatment
doses are typically on the basis of body surface area—a
measure of obesity—and thus the higher doses received by
patients with greater BMIs may be contributing to the ob-
served worse OIPN.

The association between diabetes mellitus and OIPN in
CRC is also unclear. Although one study reported diabetes
to correlate with an increased risk for OIPN,10 others
have found no significant associations.11-13 Interestingly,

TABLE 4. FACT/GOG-NTX-13 Total Score by Exposure

Exposures

FACT/GOG-NTX-13 Total
Score, Q2a Difference in Means (95% CI)

Mean SD Univariate Adjusted

Planned treatment duration

6 cycles (n 5 658) 44.7 7.2 Ref Ref

12 cycles (n 5 584) 39.6 10 –5.1 (–6.1 to –4.1) –5.0 (–6.0 to –4.0)

P , .001 , .001

Celecoxib addition

Placebo (n 5 616) 42.2 9.0 Ref Ref

Celecoxib (n 5 626) 42.4 9.1 0.22 (–0.78 to 1.23) 0.25 (–0.71 to 1.20)

P .67 .62

Physical activity, MET-h/wk, Q2

, 9 (n 5 599) 41.3 9.5 Ref Ref

$ 9 (n 5 642) 43.2 8.5 1.89 (0.89 to 2.89) 1.47 (0.49 to 2.45)

P , .001 .003

BMI, kg/m2, Q2

, 25 (n 5 363) 42.9 8.1 Ref Ref

$ 25 (n 5 879) 42.0 9.4 –0.82 (–1.93 to 0.28) –0.69 (–1.75 to 0.37)

P .14 .20

Diabetes mellitus

No (n 5 1,022) 42.7 8.7 Ref Ref

Yes (n 5 213) 40.2 10.0 –2.6 (–3.9 to –1.2) –2.0 (–3.3 to –0.73)

P , .001 .002

Vitamin B6, mg, Q2

, Median (n 5 621) 42.4 9.2 Ref Ref

$ Median (n 5 621) 42.1 8.8 –0.31 (–1.32 to 0.69) –0.1 (–1.06 to 0.86)

P .54 .84

NOTE. N5 1,242 patients completed Q2. FACT/GOG-NTX-13 total scores range from 0 to 52, with higher scores representing less neuropathy. Differences
in means were estimated from linear regression. Covariates in the adjusted model include age, sex, tumor-stage, node-stage, performance status, treatment
duration, and celecoxib addition.
Abbreviations: BMI, body mass index; MET-h/wk, metabolic equivalent of task hours per week; Q2, questionnaire 2; SD, standard deviation.
aQ2 was completed 14-16 months following random assignment.
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Uwah et al14 observed that patients with diabetes devel-
oped OIPN at a lower cumulative oxaliplatin dose, although
the severity of neuropathy was similar between those with
and without diabetes. The findings from these studies are
limited by their retrospective designs and relatively small
subgroup sizes of patients with diabetes. In our prospective
cohort including a much larger number of patients with
diabetes, we found diabetes to be associated with greater
FACT/GOG-NTX-13-reported, but not CTCAE-measured,
OIPN. Although diabetic neuropathy and CIPN are distinct
entities with independent pathogenic mechanisms, existing
peripheral nerve injury from chronic hyperglycemia43 may
be aggravated by or potentiate the clinical manifestation of
oxaliplatin-associated neurotoxicity.

Vitamin B6 is a key factor in neuronal function and survival,44

and has been reported to improve neurotoxicity among
patients with ovarian cancer receiving cisplatin.45 Although
one prior study17 had examined the impact of a vitamin B
complex supplement on CIPN among patients with cancer,
only two patients in their cohort had colon cancer and the
findings were not delineated to inform on their specific
chemotherapy regimens. To our knowledge, our study is the
first to report that vitamin B6 intake is not associated with
OIPN severity in CRC, as evaluated by two independent
patient-reported instruments.

Assessing OIPN in CRC through an RCT confers several
strengths. By studying patients enrolled in a clinical trial, we
potentially reduced the biases introduced by differences in
access to health care resources unavoidable in population-
based cancer registries. Moreover, as all patients in this
study met the same enrollment criteria and received ad-
juvant FOLFOX-based chemotherapy, confounding by
patient or treatment characteristics was minimized. Finally,
all patients had stage III colon cancer, minimizing the effect
of disease stage heterogeneity.

Our study is not without limitations. Patients who choose to
enroll in clinical trials may differ from the general pop-
ulation: they must meet specific eligibility criteria, be
chosen as appropriate candidates, and have the moti-
vation to participate. However, CALGB 80702 enrolled
patients from both community and academic centers
across North America, thereby lowering the likelihood of
biased sampling. There is additionally no current gold
standard for OIPN evaluation, and certain facets of pe-
ripheral neuropathy—such as motor involvement and
subclinical nerve damage—have been demonstrated to

be suboptimally assessed via commonly used clinical
tools.46,47 CTCAE is a standard tool widely used in the
identification of adverse events in cancer clinical trials,
and the validity of the FACT/GOG-NTX-13 subscale has
been specifically demonstrated in the context of OIPN
measurement among patients with CRC.27 The accuracy
and reliability of symptomatic adverse events have been
shown to be improved when patient-reported, with clini-
cians potentially under-reporting up to 50% of symp-
tomatic adverse events.48-50 Although reporting
neuropathy through the CTCAE was the standard at the
time of when CALGB 80702 was being conducted, the
NCI PRO-CTCAE is now more commonly incorporated in
clinical trials. The presence of other residual confounding
cannot be excluded; however, our findings remained
consistent even after controlling for both known and
suspected patient outcome predictors. We further dem-
onstrate the potential for discordance between different
measures of patient self-reported outcomes, and thereby
emphasize the importance of accurate and comprehen-
sive measurements, given the associated potential for
earlier detection of treatment-related toxicities.51

In conclusion, we observed that several clinical, comorbidity,
and lifestyle factors—including longer planned treatment
duration with oxaliplatin, lower physical activity, higher BMI,
and comorbid diabetes mellitus—are significantly negatively
associated with OIPN severity or duration in this cohort of
patients with stage III CRC treated within an RCT. Notably,
celecoxib addition was not associated with differential OIPN
outcomes. More than 90% of patients with CRC treated with
oxaliplatin may develop OIPN,52 resulting in impairments in
daily functioning, mental health, and quality of life.8,53-55 As
patients with CRC comprise one of the largest groups of
cancer survivors,56 improving our understanding of pre-
venting and managing chronic OIPN is of especially high
importance. Shorter chemotherapy durations in the
management of CRC have been shown to be similarly
effective as longer treatments,22,23,57 and our findings lend
support for potential additional benefits through decreased
chemotherapy-related toxicity and improved treatment ad-
herence and quality of life. Our study highlights the need to
more effectively identify, monitor, and manage the various
patient and treatment risk factors associated with increased
OIPN. Indeed, there is an ongoing randomized phase II/III trial
evaluating the use of duloxetine to prevent OIPN in patients
with CRC (ClinicalTrials.gov identifier: NCT04137107).
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