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Abstract
Purpose Chemotherapy-induced peripheral neuropathy (CIPN) is a major side effect of neurotoxic cancer treatment, often
impacting treatment tolerability and patient functioning. Factors predicting an individual’s vulnerability for developing CIPN
remain ill-defined. However, patient characteristics may contribute to CIPN risk, with obesity being a prevalent patient comor-
bidity. This study was aimed at evaluate if being overweight (BMI ≥ 25 kg/m2) was associated with worse symptomatic, clinical,
and functional CIPN following neurotoxic cancer treatment.
Methods Three hundred seventy-nine cancer survivors were assessed 5 (IQR 3–5)months post oxaliplatin or paclitaxel treatment
via comprehensive patient-reported, clinical, and functional CIPN measures. Patients classified as overweight (BMI ≥ 25 kg/m2)
were compared to those within the normal BMI range (< 25 kg/m2). Multilinear regression was conducted to evaluate the
association between patient clinical factors and CIPN severity.
Results Most patients reported CIPN symptoms (78%), with deficits evident on clinical examination. Overweight patients (n =
242, 63.8%) had significantly worse CIPN across symptomatic, objective clinical, and functional outcomes compared to those
with a normal BMI (p < .05). In multivariate linear regression, older age (B = .088, 95%CI = .053–.122, p < .001), larger waist
circumference (B = .030, 95%CI = .001–.059, p < .05), and larger BSA (B = 2.41, 95%CI = .34–04.48, p < .05) were associated
with CIPN. Diabetes and BMI were significant on univariate analysis but not in the final models.
Conclusions Overweight patients represent a large proportion of cancer survivors who may be particularly impacted by CIPN,
requiring closer monitoring and referral to supportive services. Accessible data such as a patient’s general and abdominal obesity
status may aid in formulating personalized treatment.
Implications for Cancer Survivors Identifying routinely measured patient characteristics which may contribute to an individual’s
CIPN risk profile could assist with informing treatment decisions.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a
dose-limiting side effect of neurotoxic cancer treatments in-
cluding oxaliplatin and paclitaxel which are routinely used to
treat common cancers [1]. CIPN can be irreversible, causing
functional impairment and detriment to long-term quality of
life [2]. Despite the prevalence and persistent impact of CIPN,
there is a paucity of effective prevention and treatment [3].
Dosemodification is currently the only recommended strategy
available to clinicians to mitigate CIPN [4]. However, dose
modification may reduce treatment efficacy [5, 6] and the
impact of dose modification on long-term CIPN outcomes
remains poorly characterized. Additionally, a spectrum of
CIPN onset and severity can occur amongst homogenously
treated cohorts, suggesting a role for individual risk factors
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[7]. However, risk factors which contribute to an individual’s
vulnerability to develop CIPN remain ill-defined, in part due
to the lack of a comprehensive quantitative CIPN assessment
to validate putative risk factors [8]. Regardless, patient char-
acteristics, comorbidities, and lifestyles have been increasing-
ly indicated as potential risk factors. In particular, conditions
associated with metabolic syndrome have emerged as proba-
ble candidates, due to their association with type 2 diabetes
mellitus, a known etiology of peripheral neuropathy [9].

Of the conditions associated with metabolic syndrome,
obesity is the most prevalent, reaching pandemic levels [10]
with 39% of adults being overweight or obese worldwide
[11]. Although obesity is a frequent comorbidity of type 2
diabetes [10], evidence from animal models and patient stud-
ies has suggested that obesity may induce peripheral nerve
dysfunction in normoglycemic conditions[12, 13]. Further,
centralized fat distribution has been specifically identified as
contributing to greater neuropathy risk in non-oncological
populations [12–14], possibly indicating neurotoxic effects
associated with obesity.

A recent systematic review evaluating CIPN risk factors in
taxane- and oxaliplatin-treated patients highlighted the discord
around the role of obesity, mostly defined using body mass
index (BMI), in the development of CIPN [15]. Though some
studies demonstrated an association between obesity and great-
er CIPN prevalence and severity [16–18], other investigations
failed to find any association [19–22]. These discrepancies like-
ly reflect heterogeneity in patient populations, timing of assess-
ment, and definitions of CIPN. Moreover, though no standard
CIPN measure was utilized across all studies, patients were
commonly assessed using clinician grading scales [16–18]
which display poor sensitivity and lack of concurrence with
patient reports and objective CIPN measures [23, 24].

Further, though CIPN can result in functional impairment,
investigations into the additional impact obesity may have on
patient function are lacking. As such, the association between
obesity and CIPN outcomes remains ill-defined.

Given the prevalence of obesity, it is important to clarify
the impact being overweight may have on CIPN outcomes.
Therefore, this study was aimed at evaluating if being over-
weight was associated with worse symptomatic, clinical, and
functional CIPN outcomes following treatment with two of
the most commonly utilized neurotoxic chemotherapies,
oxaliplatin and paclitaxel.

Methods

Patients and study design

Patients who received oxaliplatin or paclitaxel treatment were
referred from July 2015 to February 2020 for comprehensive
cross-sectional clinical and functional assessments 3–12 months

post completion of neurotoxic treatment. Patients were eligible
for inclusion if they were still receiving non-neurotoxic cancer
treatment such as trastuzumab or 5-fluorouracil at the time of
assessment. Written informed consent was obtained in accor-
dance with the Declaration of Helsinki, with studies approved
by the Sydney Local Health District and South Eastern Sydney
Local Health District Human Research Ethics Committees.

Neuropathy assessment

Patients reported symptomatic CIPN burden via the
Functional Assessment of Cancer Therapy/Gynecologic
Oncology Group-Neurotoxicity (FACT-GOG-Ntx, range 0–
52) [25, 26], with lower scores indicating greater burden.
Items 1 “I have numbness or tingling in my hands” and 2 “I
have numbness or tingling in my feet” were used to describe
specif ic pat ient-reported symptoms and severi ty
(Supplementary methods) [27].

CIPN was clinically assessed via the Total Neuropathy
Score clinical version (TNSc © Johns Hopkins University),
a composite grading score of patient symptom report and clin-
ical neurological examination, which addresses some of the
limitations of unimodal CIPN assessment [1, 28, 29]
(Supplementary methods), with greater CIPN severity indicat-
ed by higher scores (range 0–24) [28, 29]. von Frey monofil-
aments and two-point discrimination were preformed to assess
distal sensation in the upper and lower limbs respectively
(Supplementary methods). Similarly, functional assessments
were undertaken using the grooved pegboard test as a measure
of upper limb manual dexterity [30]. Lower limb functioning,
indicated by standing balance was assessed via postural sway
using a Swaymeter (Neuroscience Research Australia,
Sydney) [31, 32]. Balance conditions were combined into a
summed postural sway path length, with longer length indi-
cating greater deficits [33] (Supplementary methods).

Clinical information and body composition
measurements

Clinical and treatment information was retrieved from medical
records in addition to pre-treatment height (m) and weight (kg).
Body mass index (BMI) was calculated using weight (kg) di-
vided by height (m) squared. Patients were classified as having
normal weight (BMI < 25 kg/m2) or overweight (BMI ≥ 25 kg/
m2) [11]. Normal body surface area (BSA) was classified as
≤1.9 m2 for males and ≤ 1.6 m2 for females calculated via the
Mosteller equation [34]. Chemotherapy dose was prescribed
based on uncapped BSA. Dosing information was used to cal-
culate relative dose intensity (RDI,%) by dividing the total dose
of administered chemotherapy treatment by planned total dose
originally [35]. Metastatic cases were managed according to
Australian government cancer treatment protocol guidelines,
supplemented by clinician notes [36].
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During CIPN assessments, additional anthropometric mea-
surements were taken in a subset of patients (n = 149). Hip
measurements (cm) were taken from the largest part of the
buttocks, with waist measurements (cm) taken in line with
the navel [12]. Abdominal obesity was defined as elevated
waist circumference (males ≥ 94 cm, females ≥ 80 cm) based
on published consensus guidelines [37]. Further measures for
abdominal obesity were defined by the waist-to-hip ratio
(WHR), calculated as waist circumference divided by hip cir-
cumference (males ≥ 0.95, females ≥ 0.80) [38].

Data analysis

Chi-square or independent samples t tests were used to com-
pare categorical or continuous clinical factors and CIPN out-
comes between oxaliplatin- and paclitaxel-treated patients.
Additionally, CIPN outcomes were compared between pa-
tients classified as having normal weight or overweight based
on BMI. Overweight patients (BMI between 25 and 29 kg/m2)
and obese patients (BMI ≥ 30 kg/m2) were combined and
compared to patients within the normal BMI range.
Bootstrapping was performed based on 1000 bootstrap sam-
ples. Results are presented as the mean with standard devia-
tion or median with interquartile range (IQR) as appropriate.

Linear regression was utilized to assess the association be-
tween measurements of obesity (BMI, BSA (uncapped), waist
circumference, and waist-to-hip ratio) and clinical factors
(age, sex, diabetic status, time since treatment, cumulative
dose, relative dose intensity) with CIPN severity based on
the TNSc. Missing data was handled using listwise deletion
with results indicating complete case analysis. Variables iden-
tified as significant (p < .05) in univariate analysis were in-
cluded in multivariate models. Factors not contributing to the
model (p > .1) were eliminated during backward stepwise
regression, with the remaining significant variables retained
in the final multivariable model being reported. To avoid vi-
olating collinearity, two models were constructed substituting
generalized measures of obesity (BSA and BMI) [14]. Q-Q
residual plots were used to check normality and variance of
the data. All analyses were performed using SPSS (Version
25, IBM) with significance indicated as p < .05.

Results

Patient characteristics

The cohort consisted of 379 patients (age 57.9 ± 12.5 years,
female 77.8%, n = 295) who had completed neurotoxic cancer
treatment 5 (IQR 3–8) months previously (Table 1). The most
common cancer types were breast (40.6%), colorectal
(27.7%), and ovarian (12.9%). Paclitaxel- (n = 245) and
oxaliplatin-treated participants (n = 134) were comparable in

age and diabetic status, but differed significantly in time since
treatment completion, relative dose intensity, and sex, with
more paclitaxel-treated patients being female, receiving a
higher dose intensity, and assessed at a longer time since treat-
ment completion (p < .05; Supplementary Table 1).

Of the total cohort, 63.8% (n = 242) were overweight (BMI
≥ 25 kg/m2), with 45.5% (n = 110) of these overweight pa-
tients having a BMI ≥ 30 kg/m2. Based on sex-specific values,
79.3% (n = 298) had abnormal BSA. Of those with measures
of central obesity (n = 149), 85.2% (n = 127) had abnormal
waist circumference and waist-to-hip ratio (WHR) (Table 2).
There was no difference in the proportion of patients with
abnormal waist circumference, BMI, or BSA between
oxaliplat in- and pacl i taxel- t reated groups (N.S. ,
Supplementary Table 1), with the proportion of oxaliplatin-
and paclitaxel-treated patients being comparable in the over-
weight (BMI ≥ 25 kg/m2) and normal weight groups.

Symptomatic, clinical, and functional CIPN severity

Clinical, functional, and patient-reported neurological assess-
ment outcomes for the whole cohort are presented in Table 3.

Table 1 Patient characteristics

Demographic and clinical data

Age (years)

Mean ± SD (range) 57.9 ± 12.47 (28–87)

Sex, female (n, %) 295 (77.8)

Diabetes (n, %) 34 (9.2)

Cancer type (n, %)

Breast 154 (40.6)

Colorectal 105 (27.7)

Ovarian 49 (12.9)

Endometrial 34 (9.0)

Upper gastrointestinal 19 (5.0)

Pancreatic 15 (4.0)

Cervical 3 (0.8)

Cancer stage (n, %)

I 27 (7.1)

II 105 (27.7)

III 144 (38.0)

IV 80 (21.1)

Unknown 23 (6.1)

Time since treatment (months)

Median (IQR) 5 (3–8)

Relative dose intensity (%)

Mean ± SD (range) 86.86 ± 13.16 (50–100)

Cumulative dose (mg/m2)^ Mean ± SD (range)

Paclitaxel 851.78 ± 227.12 (160–1440)

Oxaliplatin 729.22 ± 204.68(159–1105)
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Oxaliplatin-treated patients demonstrated greater CIPN severity
compared to paclitaxel-treated patients, across patient-reported,
clinical, and functional outcomes, suggesting greater symptom-
atic and objective CIPN in this cohort (Supplementary Table 2).

In total, CIPN symptoms were reported by the majority of
the total cohort (78.5%, n = 296), with mild to moderate se-
verity on patient-reported and clinical outcome measures
(Table 3) in line with previous reports [39, 40]. More patients

reported persistent numbness and tingling in the feet (74.5%;
n = 281) compared to the hands (66%; n = 250).

During clinical examination, reduced deep tendon reflexes
(64.8%, n = 239) and deficits in pinprick sensibility (61.5%, n
= 227) were most frequently observed, with vibration sensi-
bility being reduced in 34.1% of patients (n = 126). Manual
muscle testing was normal for most patients (91.6%, n = 338),
consistent with a sensory predominant neuropathy.

Table 2 Mean (± SD)
anthropometric measures for
males and females with the total
number of abnormal cases

Males Females Total abnormal cases

% n

Height (m) 1.74 ± .08 1.62 ± .06 -- --
Range 1.38–1.87 1.46–1.81

Weight (kg) 82.14 ± 14.81 72.63 ± 16.93 -- --
Range 47.00–125.00 42.9–140.00

Body mass index (kg/m2) 26.7 ± 4.49 27.45 ± 6.48 63.8 242
Range 19–38 16–51~

Body surface area (m2)^ 1.99 ± .20 1.8 ± .21 79.3 298
Range 1.43–2.52 1.34–2.54

Waist circumference (cm) 100.02 ± 10.05 96.7 ± 15.74 85.2 127
Range 79–117 67–150

Hip circumference (cm) 102.63 ± 9.81 104.86 ± 16.11 -- --
Range 82.50–118 68–164

Waist to hip ratio .98 ± .08 .93 ± .15 85.2 127
Range .84–1.17 .52–1.39

Table 3 Mean (± SD) CIPN
outcomes for the total cohort,
normal, and overweight patients
based on BMI

Total cohort

n = 379

BMI

Normal (n = 135)
(mean ± SD)

Overweight (n = 242)
(mean ± SD)

p
value

Patient symptom report

FACT-GOG-Ntx 41.58 ± 8.86 43.80 ± 8.35 40.20 ± 8.93 .004*
Range 16–52 18–52 16–52

Clinical and sensory assessment

TNSc 4.41 ± 2.90 3.71 ± 2.85 4.85 ± 2.86 .036*
Range 0–14 0–14 0–14

Upper limb sensory discrimination

von Frey monofilament
detection threshold (mN)

1.75 ± 6.61 1.49 ± 7.98 1.93 ±.5.59 .736

Range .12–90.51 .12–90.51 .12–51.98

Lower limb sensory discrimination

Two-point discrimination
threshold (mm)

12.03 ± 3.85 11.99 ± 3.76 12.03 ± 3.90 .933

Range 2–15 4–15 2–15

Upper limb functional assessment

Pegboard (s) 77.84 ± 25.45 72.75 ± 24.43 80.94 ± 25.72 .010*
Range 40.06–208.32 42.73–173.30 40.06–208.32

Balance assessment

Postural sway path length (mm) 778.92 ±
265.51

723.47 ± 235.79 824.26 ± 281.89 .009*

Range 232–1683 232–1306 358–1683
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CIPN outcomes for patients classified as overweight

Overweight patients (BMI ≥ 25 kg/m2) had greater overall
patient-reported symptom burden compared to patients classi-
fied as having normal weight (FACT-GOG-Ntx; nor-
mal:43.80 ± 8.35, overweight 40.20 ± 8.93, p < .01,
Table 3) Specifically, overweight patients were more likely
to report symptoms of numbness and tingling in the hands
(X2(1, N = 375) = 14.33, p < .001) and feet (X2(1, N = 375)
= 16.60, p < .001, Fig. 1), with a significantly larger propor-
tion also reporting greater severity of CIPN symptoms in the
feet compared to patients with normal weight (X2(1, N = 375)
= 5.04, p < .05, Fig. 1).

Compared to those with normal weight, overweight indi-
viduals (BMI ≥ 25 kg/m2) demonstrated significantly worse
deficits on clinical examination (TNS; normal weight 3.71 ±

2.85, overweight 4.85 ± 2.86, p < .05). Moreover, though they
did not differ in specific tests of distal sensation, consistent
with patient report, overweight individuals were more likely
to demonstrate functional deficits in the upper limbs
(pegboard; normal weight 72.75 ± 24.43 s, overweight 80.93
± 25.72 s, p < .05) as well as significantly greater balance
deficits (postural sway; normal 723.48 ± 235.79 mm, over-
weight 824.26 ± 281.88 mm, p < .01; Table 3).

Association between clinical factors, generalized and
centralized obesity measures, and CIPN

Linear regression was conducted to evaluate the association
between patient and clinical variables, including measures of
general and central obesity, with CIPN severity (TNSc).
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Fig. 1 The percentage of
overweight (BMI ≥ 25 kg/m2) and
normal weight patients reporting
CIPN symptoms and functional
impairment in the hands and feet
based on items from the FACT-
GOG-Ntx, *p < .05

Table 4 Multivariate linear regression evaluating the association between patient and clinical variables, including measures of general and central
obesity and CIPN severity (TNSc)

Univariate Multivariable

p values BMI
B (95%CI)

p value BSA
B (95%CI)

p value

Measure of general obesity (BMI and BSA) <0.001 Exc. >.1 2.409 (.340-4.478) .023

Waist circumference (cm) .018* .030 (.001-.059) .046 -- --

WHR .204 -- -- -- --

Age (years) <0.001* .063 (.041–.086) <0.0001 .096 (.061–.130) <0.001

Sex .008* Exc. >.1 Exc. >.1

Diabetic status .005* Exc. >.1 Exc. >.1

Chemotherapy type .015* Exc. >.1 Exc. >.1

RDI (%) .154 -- -- -- --

Cumulative dose (mg/m2) .154 -- -- -- --

Months post treatment .181 -- -- -- --

*Significant univariate clinical factor included in multivariate models. To avoid violating the assumption of collinearity, BMI and BSA (uncapped) were
evaluated in two separate models. Significant multivariates with B, 95% confidence intervals, and p values retained in the final model are indicated in
bold. Exc. variables inputted into the multivariate model but excluded (p > .1) by backwards regression from the final models

227J Cancer Surviv (2022) 16:223–232



Univariate obesity measures and clinical variables associ-
ated with CIPN are presented in Table 4. WHR, cumulative
dose, relative dose intensity, and months post treatment were
non-significant factors in univariate analysis and not included
in multivariate models (N.S.).

Two multivariable models were constructed based on each
measurement of generalized obesity (model 1: BMI, model 2:
BSA). In the first multivariate model (F(2,134) = 15.91, p <
.001, r2 = .19), older age (B = .088, 95%CI = .053–.122, p <
.001), and larger waist circumference (B = .030, 95%CI =
.001–.059, p < .05) were significantly associated with worse
CIPN severity. However, BMI, sex, chemotherapy type, and
diabetic status did not contribute to the final model and were
excluded during backwards regression.

In the second model (F(2,134) = 16.66, p < .0001, r2 =
0.20), older age (B = .096, 95%CI = .061–.130, p < .001)
was also associated with worse CIPN severity, as was larger
BSA (B = 2.409, 95%CI = .340–4.478, p < .05). Waist cir-
cumference, chemotherapy type, diabetes, and sex were non-
significant factors in the final model (N.S.).

Discussion

This study was aimed at evaluating if being overweight (BMI
≥ 25 kg/m2) was associated with worse symptomatic, clinical,
and functional CIPN following neurotoxic cancer treatment.
Most of the cohort reported residual CIPN symptoms, with
deficits also evident on clinical examination. Patients who
were classified as overweight had significantly worse CIPN
across symptomatic, objective clinical, and functional out-
comes compared to those with a normal BMI. In multivariate
linear regression, older age, larger waist circumference, and
BSA were the main factors associated with CIPN. Diabetic
status and BMI were significant on univariate analysis but
failed to contribute to the final models.

Across western populations, obesity is highly prevalent
with 71% of American and 67% of Australian adults having
a BMI ≥ 25 kg/m2 [41]. In the current Australian cohort,
63.8% of cancer survivors were overweight, with 29% having
a BMI ≥ 30 kg/m2. Previously, 22–55% of paclitaxel- and
oxaliplatin-treated patients have been classified as obese
(BMI ≥ 30 kg/m2) [9, 16, 42] likely reflecting heterogeneity
in obesity rates between international populations [11].
Though BMI is used widely to report obesity, waist circum-
ference has been highlighted as a more reliable estimator of
adiposity and predictor of chronic diseases such type 2 diabe-
tes [11, 43]. In the USA, more than 70% of women over the
age of 50 exceed the waist circumference threshold (≥80 cm)
for abdominal obesity, with the rate increasing with age [44,
45]. Similarly, 83% of Australian women over the age of 65
years were classified as having abdominal obesity [41],

comparable to the rates of elevated waist circumference in
the current female predominant study (85.2%).

Symptomatic, clinical, and functional CIPN outcomes
for overweight cancer survivors

Comparable with other studies utilizing patient report [9, 21],
the majority of the cohort (78.5%) described some level of
residual CIPN symptoms, withmost patients expressing great-
er severity of symptoms in the feet. Correspondingly, a large
proportion of patients demonstrated deficits in clinical exam-
ination suggestive of sensory predominant neuropathy, con-
sistent with previous reports [39, 40]. Overweight patients
(BMI ≥ 25 kg/m2) were more likely to report CIPN symptoms
and describe greater lower limb severity and worse overall
symptom burden. Consistent with these observations, obesity
has been identified as a predictor of patient-reported CIPN
symptom burden in a large prospective study of breast cancer
patients [9]. Similarly, patients reporting lower limb CIPN
following platinum or taxane treatment were more likely to
be obese [46]. However, patient report alone may be con-
founded by the increased mechanical force exerted on
weight-bearing extremities in overweight individuals, poten-
tially influencing patient perception of CIPN symptoms [42].
Consequently, additional CIPN assessment may mitigate the
limitations of unimodal patient report.While two small studies
have previously utilized clinical examination to quantify
CIPN in paclitaxel-treated breast cancer patients, BMI was
not found to be an independent risk factor for CIPN incidence
[5, 47]. Further, there was no evidence of worsened vibration,
cold perception, or light touch in objective examination of
sensation in overweight cancer survivors with CIPN [42].
Similarly, this study did not identify measurable differences
in sensory function in the upper or lower limbs. However,
significant differences in a validated clinical assessment tool
(TNSc) for CIPN were identified, suggestive of objective neu-
rological deficits.

Importantly, this study assessed functional impairment as-
sociated with obesity and CIPN utilizing objective assessment
including quantifying balance impairments. In the present co-
hort, overweight patients demonstrated increased postural
sway, an objective indicator of balance deficits [32].
Consistent with these findings, overweight survivors with
CIPN have previously reported significantly greater balance
deficits compared to patients with CIPN and a normal BMI,
with obese survivors also demonstrating worse balance scores
on functional scales [42]. Similarly, in the present cohort,
functional impairment in the hands were reflected in increased
pegboard times, indicating reduced manual dexterity for over-
weight patients. In addition to greater functional burden asso-
ciated with increased CIPN severity, being overweight may
exacerbate functional deficits, with balance impairment re-
ported to occur in overweight individuals without cancer

228 J Cancer Surviv (2022) 16:223–232



[48].Moreover, there is growing evidence supporting exercise
as a strategy to ameliorate CIPN symptoms and related bal-
ance deficits [31, 49, 50]. Though physical activity levels were
not recorded in this study, overweight individuals are less
likely to meet recommended guidelines for physical activity,
potentially forgoing some benefits for CIPN [51]. Given that
cancer survivors with CIPN are nearly twice as likely to ex-
perience falls [33, 46], overweight individuals experiencing
symptoms may be at particular risk and may benefit from
supportive services such as referrals to occupational therapists
and physiotherapists.

Factors associated with CIPN severity

In the present study, older age, larger waist circumference,
and BSA were the main factors associated with CIPN.
Diabetic status and BMI were significant on univariate anal-
ysis but failed to contribute to the final models. Multiple
previous studies have demonstrated more severe patient-re-
ported, clinician-graded, and objective CIPN with older age
[5, 16, 52]. Similarly, large population studies have identi-
fied obesity based on BMI as an independent risk factor for
CIPN [9, 16, 53], though these findings are not universal
[19, 20]. Variability may be partly attributed to many earlier
studies utilizing unimodal CIPN assessment such as a 4-
point clinical-grading scale, with most analyses being con-
ducted retrospectively. Interestingly, in the present study,
waist circumference and BSA, not BMI, were associated
with greater CIPN severity based on a validated clinical
assessment tool (TNSc).

Waist circumference is a reliable measure of adiposity
and indicator of poor body composition, which may influ-
ence the pharmacokinetics of neurotoxic treatment [11, 54].
Accordingly, when BSA was included in the model, waist
circumference was no longer a significant predictor. BSA is
used to calculate chemotherapy dose as it mitigates variabil-
ity in adiposity distribution to a greater degree than BMI
[55]. However, body composition may impact the pharma-
cokinetics of cancer treatment. Specifically, individuals
with greater adiposity may be exposed to neurotoxic agents
for a longer period [18] as lipophilic agents, including pac-
litaxel and oxaliplatin, accumulate in adipose tissue and
have the potential to be re-released [56, 57]. Moreover, as
anti-cancer drugs are generally metabolized within lean
metabolic tissues, patients with larger BSA and lower lean
body mass may essentially receive higher doses of neuro-
toxic cancer treatment and consequently experience greater
dose-limiting toxicities such as neuropathy [58]. While
CIPN prevalence and severity are broadly associated with
cumulative dose [59], surprisingly, relative dose intensity
was not a significant predictor in either model, suggesting
that individual characteristics may be playing a more signif-
icant role than crude measures of dose. As such, more

accurate evaluation of body composition and subsequent
normalizing of dosing could assist in reducing toxicity
[58]. Though imaging methods such as computed tomogra-
phy scans provide an accurate estimation of body composi-
tion [18], waist circumference may offer an alternative esti-
mation of centralized adiposity and body composition
which can be easily implemented in routine clinical
practice.

In this study, diabetic status was not associated with CIPN
severity in the final models. Though some investigations have
identified diabetes as a risk factor for CIPN [7, 17, 60], others
have failed to find an association [5, 22, 46, 61]. However,
diabetes is a common exclusion criterion for many CIPN trials
and may be underrepresented as a risk factor. Moreover, the
presence of diabetic neuropathy, time of diagnosis, or extent
of diabetic control may better characterize the contribution of
diabetes to CIPN vulnerability and need to be addressed in
future trials.

Though the contribution of glycemic status to CIPN risk
needs to be further elucidated, there is a growing body of
evidence for obesity-related neuropathy amongst
normoglycemic obese individuals without cancer [12, 14,
62]. Specifically, larger waist circumference has been associ-
ated with neuropathy risk in normoglycemic obese individuals
independent from BMI [14], with inflammatory processes
suggested as the primary pathophysiological mechanism [63,
64]. It is also possible that systemic metabolic and inflamma-
tory processes linked to centralized obesity mediate the asso-
ciation with neuropathy risk [14]; however, these mechanistic
relationships require further investigation in neurotoxic-
treated cancer population.

Given the prevalence of obesity, overweight patients rep-
resent a large proportion of cancer survivors who may be
particularly affected by CIPN and benefit most from support-
ive services, such as referrals to exercise physiologist, and
occupational and physiotherapists. The factors identified in
this study should be verified in large-scale trials, conducted
longitudinally with baseline neuropathy assessment to con-
firm whether obese patients are impacted more severely by
CIPN. Nevertheless, this study highlights the potential utility
of routinely measured patient characteristics which may con-
tribute to an individual’s CIPN risk profile and may assist with
informing treatment decisions. Specifically, easily accessible
data regarding general and central obesity status may aid in
formulating a personalized approach to treatment through
more nuanced dosing and by identifying patients warranting
closer neurological monitoring to detect developing impair-
ment and alter regimen prior to irreversible long term clinical
disability.

^Cumulative dose based on uncapped BSA
^BSA not capped at 2 m2

Normal body mass index (BMI; n = 377) < 25 kg/m2;
overweight ≥ 25 kg/m2; *p < .05, comparison between normal
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and overweight patients. Bootstrapping was conducted based
on 1000 bootstrapped samples
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