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Abstract

Background Chemotherapy-induced peripheral neuropathy (CIPN) is a significant and often lasting side effect of cancer treat-
ment, with increasing CIPN severity associated with increasing deficits in balance, gait, and mobility. The 6-min walk test
(6MWT) is a widely validated and utilized measure of general physical functioning and mobility, although its utility in a
CIPN context is unclear. This study aimed to determine the utility of the 6MWT as an assessment of mobility deficits in a
CIPN cohort and utilize the 6MWT to compare mobility data from CIPN patients to those of healthy and clinical populations.

Methods Cancer survivors exposed to neurotoxic chemotherapies (N = 100; mean 17 + 13 months post-treatment; mean age 59

+ 13 years) completed a single cross-sectional assessment of patient-reported and objective CIPN, mobility (6MWT), and
disability.

Results CIPN symptoms were reported in the majority of the cohort (87%). Increasing age, patient-reported and objective CIPN
symptoms, and disability were associated with decreasing 6 MWT distance (.48 <R <.63; p <.001) in bivariate models. Multiple
regression models of 6BMWT distance included age, sex, and patient-reported or objective CIPN severity as significant indepen-
dent correlates (.62 <R<.64; p <.03). 6t MWT distances in patients with CIPN symptom severity above the cohort mean were
consistent with mean values reported in diabetic neuropathy and clinical populations.

Conclusions Increased CIPN symptoms are associated with increased mobility deficits. The 6MWT demonstrates promising
utility as a mobility assessment in a CIPN cohort.

Implications for Cancer Survivors The impact of the progression of CIPN on mobility deficits in survivors emphasizes the need
for effective interventions to treat and prevent CIPN.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a
significant side effect of cancer treatment, producing numb-
ness and tingling in the hands and feet and resulting in deficits
in fine motor function and long-term disability [1, 2]. Up to
40% of survivors treated with neurotoxic chemotherapies
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including taxanes, vinca alkaloids, and platinum compounds
are estimated to be affected by CIPN [3]. The resolution of
CIPN symptoms varies significantly between patients and be-
tween different neurotoxic cancer therapies. CIPN symptoms
may improve in the 6-12 months following the cessation of
neurotoxic therapy, although symptoms may also persist fol-
lowing treatment in a proportion of patients; the percentage of
patients affected by long-term CIPN is still unclear and varies
widely across prior studies [2], but is likely to exceed 30% [1].
Functionally, CIPN is associated with an increased fall inci-
dence and deficits in balance, gait (i.e., gait speed, step length
[4, 5]), and mobility [4-7]. Gait, balance, and mobility deficits
have been shown to be influenced by CIPN severity, with
increasing CIPN symptom severity associated with increasing
balance, mobility, and gait dysfunction [4, 7, 8].

To facilitate high-quality clinical trials in CIPN, a recent
consensus statement has advocated for the inclusion of rele-
vant functional measures into trial designs [9]. To this end, the
6-min walk test (6MWT), an integrated measure of general
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physical functioning and mobility [10, 11], could serve as a
valuable summary outcome measure. Increased neuropathy
severity has been associated with reduced 6MWT distance
in prior studies of childhood cancer survivors [7]. The
6MWT has been demonstrated to be a valid and reliable mea-
sure across a range of cohorts including cancer patients and
survivors [12—15], has established normative values from oth-
er populations available for comparison [16—19], and is a low-
cost assessment requiring no specialized equipment.
However, the ability of the 6MWT to quantify increasing
functional deficits related to increasing CIPN symptoms has
yet to be investigated in adult cancer survivors. Additionally,
6MWT data has yet to be utilized to compare mobility in
CIPN with other cohorts.

The primary aim of this study was to determine the utility
of the GMWT as an assessment of functional mobility deficits
appearing with increasing CIPN symptoms. The secondary
aim of the study was to use the 6MWT to compare mobility
and function in cancer survivors exposed to neurotoxic cancer
treatments to data from healthy and clinical populations.

Methods
Patients

Patients underwent comprehensive neurological testing in-
cluding a 6MWT as part of ongoing exercise or observational
studies from June 2016 to September 2018 (IN FOCUS study;
www.infocusstudy.org.au). Patients were included if they
were 3 months to 5 years post-treatment with known neuro-
toxic chemotherapies (oxaliplatin, cisplatin, docetaxel, pacli-
taxel, nab-paclitaxel, thalidomide, vincristine, vinblastine,
vinorelbine, bortezomib, lenalidomide [2]) and had valid
6MWT data. Eligible patients were identified from oncology
clinic lists and approached by research staff following approv-
al from their treating clinician. The mean time since treatment
completion was 17 months (Table 1). Patients who agreed to
participate were scheduled for testing at the earliest suitable
date. Written informed consent was given by all patients prior
to study participation, and the study was conducted according
to the Declaration of Helsinki. The study was approved by the
Human Research Ethics Committee of South Eastern Sydney
Local Health District and delivered at hospitals in the greater
Sydney and Brisbane areas.

6MWT

Mobility was evaluated using the 6MWT [20]. Patients were
instructed to walk between two markers set 15 m apart as
many times as possible over 6 min. Scripted verbal encour-
agement was given at 1-min intervals. A greater distance
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Table 1 Patient demographics
N=100
Age+SD 58.7 (13.1)
Sex (male:female) 40:60
Months since treatment + SD 17.0 (12.8)
Mean patient-reported CIPN severity (CIPN-20) = SD 23.4(17.9)
Mean objectively assessed CIPN severity (TNSc) £ SD 6.0 (3.7)
Severity of numbness/tingling N %
CIPN symptom index
None 13 13.0
Mild 33 33.0
Moderate 38 38.0
Severe 16 16.0
Chemotherapy type
Paclitaxel 37 37.0
Oxaliplatin 19 19.0
Cisplatin 12 12.0
Vincristine 11 11.0
Docetaxel 7 7.0
Paclitaxel + carboplatin 6 6.0
Carboplatin 3 3.0
Bortezomib 2 2.0
nab-Paclitaxel 2 2.0
Paclitaxel + docetaxel 1 1.0
Cancer type
Breast 38 38.0
Colorectal 18 18.0
Lymphoma 12 12.0
Ovarian 6 6.0
Other 24 24.0

(meters) covered over 6 min indicates greater mobility and
general functioning.

Assessment of CIPN severity

A combination of objective and patient-reported assessments
was utilized as per recommendations from prior study dem-
onstrating that assessment of both domains is required for
comprehensive evaluation of CIPN [21]. All patients were
assessed using both the Total Neuropathy Score, clinical
(TNSc [22, 23]; objective) and EORTC CIPN-20 ( [24] pa-
tient-reported) instruments, as described below.

Total Neuropathy Score, clinical (TNSc)-objective CIPN
assessment

The TNSc includes clinical assessments of muscle weakness
and numbness and tingling in the hands and feet, as well as
pinprick sensibility, vibration sensibility, tendon reflexes, and
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strength assessments. Each item of the TNSc is scored from 0
to 4, with the total score ranging from 0 to 24 points; a higher
score indicates greater neuropathy severity.

EORTC CIPN-20

The EORTC CIPN-20 questionnaire was used to assess
patient-reported neuropathy across sensory, motor, and auto-
nomic domains. Each of the 20 items is scored from 1 (not at
all) to 4 (very much), with and the total questionnaire convert-
ed to a scale from 0 to 100; a higher score indicates increased
symptom burden. Additionally, to measure the extent of sen-
sory symptoms in the feet and hands, a “CIPN symptom
index” consisting of the first four CIPN-20 items was
utilized—items 1 and 2 concern tingling in the hands and feet,
and items 3 and 4 address numbness. CIPN symptom index
scores were classified in the following manner (4-16 possible
points): no symptoms =4 points, mild symptoms = 5-8
points, moderate symptoms = 9—12 points, and severe symp-
toms = 13—16 points.

Assessment of disability
CIPN Rasch-Built Overall Disability Scale

The CIPN Rasch-Built Overall Disability Scale (CIPN-R-
ODS) is a 28-item questionnaire designed to address general
disability, with an emphasis on domains relevant to CIPN
[25]. Patients were asked to indicate whether each of the 28
specified activities was “possible with no difficulty” (2
points), “possible, with some difficulty” (1 point), or “not
possible to perform” (0 points). Scores were converted to a
0-100 scale using previously established methodology [25]; a
lower score indicates greater disability.

Data analysis

Bivariate linear regression analyses were conducted to con-
firm previously reported relations between decreasing 6SMWT
distance and increasing age [16, 17] in the study cohort.
Similarly, an independent-samples ¢ test was conducted to
confirm the relationship between increased 6MWT distance
and male sex [16, 17]. Sex was coded as “1” for male and “0”
for female in all analyses. Bivariate linear regression analyses
were also conducted to determine the relations between
6MWT distance and patient-reported CIPN (CIPN-20 score),
objective CIPN (TNSc), and overall disability (CIPN-R-
ODS). Following confirmation of significant linear relations
or differences with respect to age, sex, and CIPN symptoms, a
stepwise multiple linear regression model was used to deter-
mine the interactions between 6MWT distance and age, sex,
and CIPN severity (patient reported or objective).

6MWT distances for each individual patient were com-
pared with normative values generated based on models from
a large (N =300) study of healthy adults [16]:

Men

6MWT distance (meters)

= (7.57*height,,,)~(5.02%age)~( 176 *weighty, ) -309

Women

6MWT distance (meters)
— (2.11*height,, )—(5.78 *age)—(2.29*weightkg) + 667

Average height and weight statistics for Australia were
used to calculate normative values [26]. Normative values
were compared to individual 6BMWT distances from the study
cohort and also to values generated from multiple linear re-
gression models. Significance was set at = 0.05 for all anal-
yses. The strength of correlations was interpreted as per
Hinkle et al. [27]. All statistical analyses were conducted in
SPSS Statistics 24.0 (IBM; Armonk, NY).

Results
Patient characteristics

Data were available for 100 patients treated with neurotoxic
chemotherapies. Eighty-seven patients reported numbness
and tingling at the time of testing. The majority of patients
were treated for breast cancer (39%), colorectal cancer (18%),
or lymphoma (12%). Other cancer types included appendix,
cervical, endometrial, hypopharyngeal, liver, lung, myeloma,
pancreatic, prostate, testicular, tongue, and urothelial cancers.
Taxanes were the most commonly received class of neurotox-
ic chemotherapies (46%), followed by platinum-based agents
(34%). See Table 1 for full patient demographic details.

All patients completed the 6MWT without incident.
Median 6MWT distance in the cohort was 425.5 m (mean =
416.4 +85.5 m), with distances ranging from 214 to 681 m.
Patient 6MWT distances were 41.2% to 109.0% (median
78.6%) of age- and sex-matched normative values for healthy
individuals.
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Effect of CIPN severity and patient demographics
on 6MWT distance

Increasing CIPN symptom severity, both patient reported and
objectively assessed, was significantly associated with de-
creasing 6MWT distance (.47 <R<.49; p<.001) (Fig. 1).
Increasing age was also associated with decreasing 6MWT
distance (R =.49; p <.001; Fig. 1). 6MWT distance was sig-
nificantly greater in males compared to females (males 447.4

+78.3 m, females 396.8 +87.4; p <.01) (Fig. 1). Decreasing
6MWT distance was also moderately to strongly correlated
with increasing patient-reported disability (R=.62; p <.001;
Fig. 1).

Multiple regression models including age, sex, and patient-
reported or objectively assessed CIPN symptom severity ex-
plained 39-41% of the variance in 6MWT distance, with all
independent variables significantly contributing (p <.03)
(Table 2 and Fig. 2):
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Fig. 1 Bivariate comparisons between 6MWT distance and age, sex, CIPN symptom severity (patient reported and objective), and disability. ** =p <.01
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Patient—reported CIPN
(R2 = 0.41;p < .001;standard error of the estimate = 66.5)

6MWT distance (meters) = (—2.52*age)
+(31.49%sex)
—(1.68*CIPN—20 score)

+591.09

Objectively—assessed CIPN
(R2 = 0.39; p < .001; standard error of the estimate = 67.9)

6MWT distance (meters) = (—2.32%*age)
+ (39.09%sex)—(7.11*TNSc)
+579.90

Based on these models, patients with more severe CIPN
symptoms (CIPN-20 and TNSc scores at or above the mean)
(Table 3) displayed 6MWT distances consistent with mean
values reported in diabetic neuropathy [28], chronic stroke
[29], and mild to moderate chronic obstructive pulmonary
disease [30].

Discussion

This study demonstrates that CIPN is significantly associated
with reduced 6MWT distance in cancer survivors exposed to
neurotoxic chemotherapies, with greater symptom severity
associated with greater mobility deficits. In multivariate
models, increasing age and CIPN severity and female sex
were all independent correlates of decreasing 6MWT distance.
Reductions in 6MWT distance were moderately to strongly
associated with increases in overall patient-reported disability.
Accordingly, this study indicates that the 6MWT

demonstrates promising utility as a means of quantifying func-
tional mobility deficits appearing with increasing CIPN
severity.

Comparisons to 6MWT values from healthy cohorts [16,
17] provide further evidence of functional impairments in the
general survivorship population [31, 32], with even asymp-
tomatic patients displaying reduced mobility compared to age-
and sex-matched reference values [16]. In comparison to pre-
viously reported 6MWT distances in cancer patients and sur-
vivors, the mean distance from the present study (416.4 m) is
near the bottom of the established range (403—594 m) [15,
33-36]. Given the significant impact of CIPN on 6MWT dis-
tance, it is unsurprising that 6BMWT distance was reduced in
our predominantly affected cohort (87% presenting CIPN
symptoms). Similar associations between neuropathy and mo-
bility impairment have been reported in diabetic, chronic in-
flammatory demyelinating polyradiculoneuropathy, and he-
reditary transthyretin amyloidosis cohorts [37-40].
Emphasizing the impact of the functional decline associated
with CIPN symptoms, mobility impairments have been asso-
ciated with increased mortality in both healthy and clinical
populations [41, 42].

The strength of the models presented in the present study,
with age, sex, and CIPN severity explaining greater than 39%
of the variance in 6MWT distance, is consistent with models
from large 6MWT studies of healthy populations [16, 17].
Additionally, the significant association between increasing
CIPN severity and decreasing 6MWT distance in our cohort
of adult cancer survivors was also reported in a cohort of
young adult survivors of childhood cancers [7]. Both provide
a degree of face validity to the models presented, although it
should be noted that our models are primarily indicative of the
impact of CIPN severity on mobility and function and the
utility of the 6MWT in a CIPN setting. They are less likely
to be a basis for prediction of 6MWT distance and mobility
deficits in cancer survivors exposed to neurotoxic chemother-
apies given limitations described below.

Determination of the independent impact of CIPN on
6MWT distance and mobility and functioning is ultimately
limited by the absence of height and weight data obtained

Table2  Results of stepwise linear regression models relating 6MWT distance and age, sex, and objectively assessed (TNSc score) and patient-reported
(CIPN-20 score) CIPN severity. p values correspond to the standardized (3 weights for each variable

R B P R B p
Objectively-assessed CIPN model .62 <.001 Patient-reported CIPN model .64 <.001
Age .49 -.36 <.001 Patient-reported CIPN (CIPN-20 score) .49 -.35 <.001
Objective CIPN (TNSc score) .58 =31 <.001 Age .62 -.39 <.001
Sex .62 23 .005 Sex .64 18 .03
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Fig. 2 Experimental vs. predicted 6MWT distance from patient-reported and objectively assessed multiple regression models. Straight lines represent

theoretical perfect agreement between experimental and predicted values

at the time of assessment. Height and weight have consis-
tently been demonstrated to have a significant impact on
6MWT distance in healthy patients [16—18], with a higher
body mass index (BMI= Weight/(height)z) also associated
with increased CIPN incidence [4, 43, 44]. However, a
multivariate model of 6MWT distances in young adult sur-
vivors of childhood cancers included both BMI and CIPN
severity as significant correlates [7], suggesting that the
effects of BMI and CIPN severity on mobility are additive
rather than redundant. Further research is required to con-
firm the independent influences of CIPN severity and BMI
on mobility. The impact of other known effectors of
6MWT distance such as leg strength and medication usage
also require investigation [10, 43].

Further study is also required to determine the sensitiv-
ity and responsiveness of the 6MWT in cancer survivors
exposed to neurotoxic cancer treatments to inform pro-
spective use in CIPN trials. The results of a recent exer-
cise trial suggest good responsiveness of the 6MWT in
CIPN [45], with an increase in 6MWT distance mirroring
improvements in clinical and patient-reported CIPN fol-
lowing an 8-week exercise intervention. The development
of exercise interventions to simultaneously alleviate both
CIPN symptoms and related balance and mobility deficits

Table 3

is promising [45-47], although investigations have only
been conducted in small cohorts of survivors to date. A
complete understanding of the effects of the only recom-
mended pharmaceutical intervention for CIPN symptom
relief (duloxetine [48]) is presently lacking, as studies
have not included objective functional and neurophysio-
logic outcomes. Accordingly, additional research includ-
ing appropriate symptom, neurophysiologic and function-
al outcomes is needed to assess whether interventions de-
liver maximum value to patients by comprehensively ad-
dressing both CIPN symptom burden and functional
deficits.

In conclusion, the 6MWT demonstrates promising utility
as an assessment of increasing deficits in mobility and general
disability related to increasing CIPN symptom severity.
Comparisons to 6 MWT data from other populations highlight
the functional impact of CIPN; 6MWT distances were re-
duced regardless of CIPN severity compared to healthy pop-
ulations and similar to diabetic neuropathy and other clinical
populations in patients with more severe CIPN. These data
further emphasize the need for effective interventions to treat
CIPN symptoms and related functional deficits, with the
6MWT a potentially valuable endpoint for studies of such
interventions.

6MWT distances (meters) calculated using models generated in the current study and previous study of a healthy cohort [16]. All distances
calculated for a female of average age (58.7 years from the present study)

Study cohort Reference standard (healthy cohort
[16])
Asymptomatic Mean CIPN—1  Mean CIPN Mean CIPN + 1
SD severity SD
6MWT distance (patient-reported ~ 443.2 434.0 403.8 373.8 506.3
model)
6MWT distance (objective model) ~ 443.7 427.4 401.1 374.7
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