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ABSTRACT. Objective: Chemotherapy-induced peripheral neuropathy (CIPN) is a common adverse event
experienced by cancer patients. In general, CIPN is evaluated subjectively based on patient self-assessment
or clinician-reported scales; evidence supporting the utility and validity of quantitative sensory tests (QST) is
lacking in this patient population. The aim of this study was to objectively assess CIPN of lower extremities
by QSTs, and to evaluate the concordance between QSTs and subjective assessments. Methods: In this pro-
spective cohort study, outpatients with cancer receiving chemotherapy were recruited at a single university
hospital. We assessed CIPN at the lower extremities at baseline and three months after baseline. The QSTs
were performed by applying a monofilament and a tuning fork to determine touch and vibration thresholds,
respectively, at the affected site. Subjective assessments were performed based on the visual analog scale
(VAS) and the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) toxic-
ity grade. Kappa coefficients were calculated to evaluate the concordance between QSTs and subjective as-
sessments. Results: After exclusion and drop-outs during follow-up, nineteen patients were included in the
analysis. The prevalence of patients with abnormal sensation was 37% based on QSTs, 32% based on the
VAS, and 14% based on CTCAE grading, respectively. Kappa coefficients were 0.32 between QSTs and
VAS, and 0.28 between QSTs and CTCAE. Conclusions: The concordance rates between quantitative and
subjective assessments were low. CIPN should be assessed using both quantitative and subjective assess-
ments.
Key words: chemotherapy-induced peripheral neuropathy, quantitative sensory testing, monofilament, tuning fork,
neoplasms

(Phys Ther Res 23: 166-171, 2020)

Received: January 23, 2020

Accepted: April 30, 2020

Advance Publication by J-STAGE: July 22, 2020

Correspondence to: Takashi Saito, Department of Public Health Sci-
ences, Kobe University Graduate School of Health Sciences, 7-10-2
Tomogaoka, Suma-ku, Kobe, Hyogo 654-0142, Japan

# e-mail: takashi_nepinepi @yahoo.co.jp

doi: 10.1298/ptr.E10027



Assessment of chemotherapy-induced neuropathy 167

Chemotherapy-induced peripheral neuropathy (CIPN) is a
common adverse event” in cancer patients undergoing treat-
ment; the associated toxicity may be dose-limiting. CIPN
manifests as sensory and motor neuropathy in the hands
and feet”. Notably, CIPN of the lower extremities results in
mobility impairments such as gait abnormality and seden-
tary behavior™. CIPN is also a risk factor for falls”, and ne-
cessitates dose-reduction or treatment interruption in pa-
tients receiving chemotherapy®. Therefore, accurately as-
sessing CIPN at patients’” lower extremities is crucial.

In the past, CIPN has been evaluated subjectively
based on patient self-reports or National Cancer Institute
Common Terminology Criteria for Adverse Events
(CTCAE) toxicity grades determined by clinicians**"’,
though there may be a discrepancy between patient-
reported and clinician-assessed CIPN®”. Quantitative sen-
sory tests (QSTs) are objective tools to assess neuropa-
thies'”, though few studies have evaluated their validity and
utility in measuring CIPN at patients’ lower extremities'".
Some studies involving patients with painful symptoms af-
ter the completion of chemotherapy have examined the
CIPN of lower extremities by QSTs"'"”. However, no study
has prospectively assessed the CIPN of lower extremities
by QSTs in asymptomatic patients undergoing chemother-
apy. Moreover, the concordance between quantitative and
subjective assessments for CIPN remains unclear.

The aim of this study was to quantitatively assess
CIPN of the lower extremities by QSTs in asymptomatic
patients undergoing chemotherapy and to determine the de-
gree of concordance between QSTs and subjective assess-
ments.

Methods

Study design and patients

This prospective cohort study was performed at Kobe
University Hospital. Forty-seven outpatients with cancer re-
ceiving chemotherapy, including neurotoxic agents, were
recruited from February to November 2015. Inclusion crite-
ria were: (1) receiving bortezomib, vincristine, taxane-
based, or platinum-based chemotherapy; (2) over 18 years
of age; and (3) able to provide informed consent. Exclusion
criteria were: (1) history of central nervous system disorder,
diabetes mellitus, or spine disease; (2) bone or brain metas-
tasis; and (3) having abnormal threshold to detect touch or
vibration at baseline. All patients were informed of the
study protocol and provided written informed consent be-
fore enrollment. The study was performed in accordance
with the tenets of the Declaration of Helsinki. The study
protocol was approved by the ethics committee of the Kobe
University Graduate School of Health Sciences (approval
number: 323-1).

Assessment

Patient characteristics

Demographic and clinical data were collected on age,
sex, body mass index (BMI), cancer stage and diagnosis,
Eastern Cooperative Oncology Group performance status,
recurrence, and past cancer treatment based on medical re-
cords.

Quantitative assessments

CIPN baselines were assessed twice on the first day of
an arbitrary cycle and on the first day of the treatment cycle
three months later. QSTs were performed in a quiet, parti-
tioned room using a series of Semmes-Weinstein monofila-
ments (SWM) and a tuning fork in accordance with previ-
ous studies"".

The SWMs (Semmes-Weinstein Monofilament SOT-
DMO6A, Sakai Med, Tokyo, Japan) were used to determine
touch detection thresholds. This testing consisted of apply-
ing six monofilaments (whose forces were 0.07, 0.4, 2, 4,
10, and 300 g) to the surface of the skin in an up-down
fashion. Starting with a bending force of 0.07 g, each mon-
ofilament was applied to the skin for approximately 1.5 sec-
onds. We examined touch detection thresholds at three test
sites, including the right plantar hallux, the right plantar-
first metatarsal head, and the right dorsum-ankle as previ-
ously described”. If patients failed to detect the stimulus,
the next higher force monofilament was applied to the same
location. If patients detected the stimulus, the next lower
force monofilament was applied. We continued the test un-
til the same monofilament was detected thrice, and the
force was defined as the touch detection threshold. If the
touch detection threshold was higher than 10 g at any site,
the patients were defined as having an abnormal thresh-
old".

In a separate session, vibration testing was conducted
three times using a 128 Hz tuning fork (Luze c¢128 Hz 01-
008, NITI-ON, Chiba, Japan) according to a previous
study'”. The tuning fork was placed vertically on the medial
malleolus of the right foot, and held in place until the vibra-
tion ceased. We counted the seconds until the patients de-
clared they could no longer feel the vibration. The patients
were defined as having an abnormal threshold if the they
did not feel any vibration. Sensation of vibration was as-
sessed over three trials, separated by approximately ten sec-
ond intervals, and averaged for each patient'®. For analysis,
the patients were defined as having an abnormal sensation
if any of the QSTs showed an abnormal threshold.

Subjective assessments
We asked patients to report the severity of numbness
at the tips of the first toe, the soles of the feet, and the an-
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Figure 1. Flow chart of patient selection

Six patients were excluded before the baseline assessment, and
22 patients were excluded between the baseline and follow-up
period for various reasons indicated in the flow chart. Subjects
excluded for selecting the “best supportive care” chose to forego
aggressive treatment in favor of supportive care to reduce their

pain or other symptoms.

kles by drawing a line across a 100 mm visual analogue
scale (VAS) as previously described”. Higher VAS scores
represent more severe pain symptoms. Patients were de-
fined as having an abnormal sensation if the VAS score was
30 mm or higher”.

The CTCAE toxicity grade version 4.0 was used to as-
sess the severity of CIPN”. The CTCAE grade is a 5-point
Likert scale; a grade of 2 is associated with impairment of
activities associated with normal daily living. We collected
the CTCAE grade from the medical records through the
follow-up period. The patients were defined as having ab-
normal sensation if their CTCAE grade was greater than 1
during treatment.

Statistical Analyses

The Shapiro-Wilk test was performed to examine nor-
mality of all data. Longitudinal changes of CIPN at the
lower extremities were compared by paired t-tests for nor-
mally distributed data or by the Wilcoxon signed rank test
for data that violated assumptions of normality. We evalu-
ated the convergent validity between subjective and quanti-
tative measures by using Spearman’s rank tests to estimate
the correlation coefficients (Spearman’s rho, p), and calcu-
lating kappa coefficients®. Spearman’s rank tests between
QST and VAS or CTCAE grade which were assessed at the
follow-up period were applied to variables at each test site.
Correlation coefficients were interpreted as follows: p = 0-
0.19, very weak; 0.2-0.39, weak; 0.40-0.59, moderate ;
0.60-0.79, strong; and 0.80-1.0, very strong'”. The associa-
tions based on kappa values were interpreted as follows:

kappa < 0.00 was poor, 0.00-0.20 was slight, 0.21-0.40 was
fair, 0.41-0.60 was moderate, 0.61-0.80 was substantial,
and 0.80-1.00 was almost perfect®”. The 95% confidence
intervals (CIs) for correlation coefficients and kappa coeffi-
cients were calculated. For all tests, a p value < 0.05 was
considered statistically significant. All analyses were con-
ducted using Stata version 13.1 (StataCorp, College Sta-
tion, TX, USA).

Results

We recruited a total of 47 patients; 6 were excluded
based on past medical history. Three of the remaining 41
eligible patients were excluded because of missing data
from their QSTs (SWM testing, n = 1; tuning fork, n = 1;
both SWM and tuning fork, n = 1). Fifteen patients were
excluded from the follow-up assessment due to medical
reasons, including change to supportive care, a change in
drug or treatment, a change in hospital, or death. Two pa-
tients refused to participate in the assessment during
follow-up and two patients were not included because we
could not meet them at follow-up. Finally, 19 patients were
included in the analysis. A flow chart of patient selection
and exclusion is shown in Figure 1.

Patient characteristics

Demographic and clinical characteristics are shown in
Table 1. The mean age was 61.5 years and almost half of
patients were male (42%). The mean period from baseline
to the second assessment was 103.3 days. Two patients
(11%) had received chemotherapy inducing neurotoxicity
in the past, and 12 patients (63%) received their first cycle
of chemotherapy at baseline.

Changes of neuropathy and the prevalence of patients with
abnormal sensation

Longitudinal changes of neuropathy are shown in Ta-
ble 2. All QSTs showed significant deterioration manifest-
ing as progressive loss of sensation through the follow-up
period. The touch detection thresholds assessed by SWM
testing increased significantly at all three test sites, and the
vibration perception time at follow-up was significantly
shorter than at baseline. VAS scores became significantly
worse at the tips of the toe and the soles of the feet, while
there was no significant change at the ankles. Seven of 19
patients (37%) were defined as having abnormal sensation
by QSTs. The SWM testing detected 3 of 19 patients (16%)
with abnormal sensation, and the tuning fork detected 6 of
19 patients (32%) with abnormal sensation. Seven (37%)
and three (16%) of nineteen patients were classified as hav-
ing abnormal sensation based on VAS and CTCAE assess-
ments, respectively. All 7 patients defined as having abnor-
mal sensation by QSTs were regarded as normal by
CTCAE, while 3 patients (42.9%) were regarded as having



Assessment of chemotherapy-induced neuropathy 169

Table 1. Characteristics of patients and treatments (n = 19)
Age, years [mean = SD] 61.5+13.3
Sex, n (%)

Male 8 (42)
BMI, kg/m2 [mean + SD] 21.1x£2.6
Stage, n (%)

I 1(7)

T 4(28)

I 7(50)

v 2 (14)

Unknown 5
Diagnosis, n (%)

Colorectal cancer 6 (32)

Esophageal cancer 1(5)

Head & neck cancer 3(16)

Breast cancer 3(16)

Lymphoma 4(21)

Multiple myeloma 2 (10)
Performance status, n (%)

0 737

1 9 (47)

2 2(11)

3 1(5)
Recurrence, n (%) 4(21)
History of treatment, n (%)

Surgery 10 (53)
Radiation 7(32)
Chemotherapy inducing neurotoxicity 2(11)

Regimen of chemotherapy, n (%)

PTX 7(37)

R-CHOP 4(21)

XELOX or FOLFOX 6 (32)

BD 2 (10)
Cycles of chemotherapy at baseline, n (%)

Istcycle 12 (63)

2nd cycle 4 (21)

3rd cycle 2(11)

4t cycle 1(5)
Period from baseline to the second assess- 103.3 +£26.7

ment, days [mean + SD]

SD, standard deviation; BMI, body mass index; PS, perfor-
mance status; PTX, paclitaxel; R-CHOP, rituximab plus cyclo-
phosphamide, doxorubicin, vincristine, and prednisolone; XE-
LOX, capecitabine and oxaliplatin, FOLFOX, leucovorin,
S-flourouracil and oxaliplatin; BD, bortezomib and dexametha-
sone; CIPN, chemotherapy-induced peripheral neuropathy.

normal sensation based on the VAS.

Convergent validity of QST and subjective assessments
Correlations between QST and subjective assessments
are shown in Table 3. All correlation coefficients were
weak or very weak. The Kappa coefficients were calculated
for the 19 patients who had no missing data. The concor-

dance between QSTs and VAS was fair (kappa coefficient
=0.32, 95%CIs —0.11 - 0.76) and that between QSTs and
CTCAE was poor (kappa coefficient = —0.28, 95% ClIs
—-0.51 - -0.05).

Discussion

In this prospective study, we assessed CIPN at pa-
tients’ lower extremities by QSTs, VAS and CTCAE to de-
termine the degree of concordance between objective,
quantitative measures and subjective assessments. The
prevalence of patients with abnormal sensation was 37%
for QSTs, 37% for VAS, and 16% for CTCAE. The corre-
lation coefficients and concordance rates between QSTs
and the subjective assessments were weak and low, respec-
tively.

Both touch and vibration sensory thresholds for which
we objectively measured by QSTs are associated with mo-
bility impairment and falls in healthy individuals and diabe-
tes mellitus patients'*'**"*”. Sensations associated with both
touch and vibration are conducted by A-beta sensory affer-
ent fibers and are perceived by activation of cutaneous
mechanoreceptors, such as the Merkel and the Meissner
corpuscles ***’. These receptors are damaged by che-
motherapeutic agents™*”; therefore, the sensory deficits ob-
served in our cohort may be a result of chemical-induced
neurotoxicity.

In our study, the correlations and concordances be-
tween QSTs and VAS were weak. About two-fifths of pa-
tients defined as having abnormal sensation based on QSTs
were asymptomatic according to the VAS. This discrepancy
has also been found also in a previous study””. Over three-
fourths of subjects diagnosed with diabetic neuropathy
based on the SWM testing are asymptomatic””, so objective
quantitative assessments are recommended in patients with
diabetes mellitus™. Moreover, all patients defined as having
abnormal sensation based on QSTs were identified as nor-
mal by the CTCAE. Quantitative assessments are also rec-
ommended for CIPN, as subjective assessments consis-
tently underestimate sensory impairments in these patients.

This study had several strengths and limitations. To
the best of our knowledge, this is the first study to objec-
tively assess CIPN at the lower extremities in asymptomatic
patients undergoing chemotherapy and evaluated the con-
cordance between quantitative and subjective assessments.
The findings that QSTs are capable of identifying sensory
impairments that were not identified by subjective VAS and
CTCAE scores suggest that the results of previous studies
based on subjective assessments alone should be interpreted
cautiously, as they may have underestimated the preva-
lence. There were some limitations in this study. First,
small sample size and low follow-up rate may cause selec-
tion bias. Second, we assessed only hypoesthesia. Neuro-
toxic agents induce not only hypoesthesia but also hyperes-
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Table 2. Longitudinal changes of neuropathy (n = 19)

Baseline Follow-up P value

SWM test, g [median (IQR) ]

plantar hallux 20.4-2) 2(2-10) 0.01

plantar-first metatarsal head 20.4-2) 2(0.4-4) 0.04

dorsum-ankle 2(12-2) 212-4) 0.03
Tuning fork, seconds [median (IQR) ] 7.6 (6.0-12.3)  4.7(0-7.8) <0.01
VAS, mm [median (IQR) ]

toe 0(0-0) 9.0 (0 - 35) <0.01

sole 0(0-0) 0(0-18) 0.01

Ankle 00-0) 00-0) -
CTCAE grade 22, n (%) 0(0) 3(16) 0.7

IQR, inter quartile rage; SWM, Semmes-Weinstein monofilament; VAS, visual analog
scale

Table 3. Spearman’s correlation coefficient (p) between quantitative sensory tests
and subjective assessments.

VAS-toe VAS-sole VAS-ankle CTCAE grade
SWM test

PH 0.36 -0.12
(=0.13-0.85) (—0.68-0.44)

PFMH 0.08 0.06
(-0.43-0.61) (-0.39-0.52)

DA NA -0.36
(=0.71-0.01)

Tuning fork NA 0.06
(-0.38-0.51)

Data show the p and (95% confidence intervals).

NA: p could not be calculated because all data were zero in VAS-ankle.

NA, not available; SWM, Semmes-Weinstein monofilament; PH, plantar hallux;
PFMH, plantar-first metatarsal head; DA, dorsum-ankle; VAS, visual analog scale

thesia®, so we might underestimate abnormal sensation in
our cohorts. Third, we did not examine any factors related
to mobility. Whether the abnormal sensation evaluated by
QSTs is related to any type of motor impairment remains
unclear. Further studies with a larger sample size, assess-
ments of hyperesthesia, and functional mobility assess-
ments are needed to validate our findings.

Clinical Implications

Present study reveals a discrepancy between subjective
assessments and QSTs, suggesting that sensory abnormali-
ties caused by CIPN precede subjective symptoms during
chemotherapy. Therefore, healthcare professionals should
perform a comprehensive evaluation of CIPN using QSTs
and subjective assessments. Physical therapists should also
assess the symptom burden and the functional limitations
caused by CIPN using these assessments and tests.

Conclusion

The correlation coefficients and concordance rates be-
tween the quantitative and subjective assessments were
weak and low respectively. Therefore, CIPN should be as-
sessed using both quantitative and subjective assessments.
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