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Abstract

Purpose—CIPN is a common, debilitating, and dose-limiting side effect of chemotherapy. Here,
we describe characteristics of patients with CIPN using both patient-reported outcomes (PRO) and
quantitative sensory testing (QST).

Methods—ABreast cancer survivors with persistent moderate to severe CIPN defined by a rating
of 4 or greater on a 0-10 Numeric Rating Scale (NRS) from two ongoing clinical trials were
included. PROs included the Neuropathic Pain Scale (NPS) and Functional Assessment of Cancer
Therapy-Gynecologic Oncology Group/Neurotoxicity (FACT/GOG-Ntx). QST included tactile
and vibration detection threshold measurements. Data were analyzed using descriptive statistics
and Spearman correlation coefficients.

Results—49 female patients with a mean age of 61 years were assessed; 63% were Caucasian.
Mean NRS scores were 4.2, 5.7, and 4.3 on 0-10 scale for pain, numbness, and tingling,
respectively. Mean NPS score was 41.0 on a 0-100 scale, and the mean FACT/GOG-Ntx score
was 25.8 on a 0-44 scale. QST showed mild to moderate impairments in tactile and vibration
perception. The FACT/GOG-Ntx subscale for numbness was negatively correlated with tactile and
vibration thresholds in both hands and feet (both p < 0.05). NPS was positively correlated with
tactile thresholds in the hands and feet (p < 0.05).

Conclusion—Patients with moderate to severe CIPN report moderate pain, numbness, and
tingling, and exhibit reduced tactile and vibration perception on QST. Weak to moderate
correlations were observed between PRO and QST. These data suggest that QST outcomes are
associated with CIPN symptoms and may be useful in helping monitor and manage CIPN
treatment.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is one of the most common and
significant side effects of taxane-based chemotherapy [1]. Taxanes are an established
treatment that greatly improves survival rates among breast cancer patients [2, 3]. However,
as a neurotoxic agent, taxanes often cause CIPN symptoms that significantly impact patient
quality of life and functional ability [4—6]. Though symptoms may subside upon completion
of chemotherapy in some, 30-60% of patients have persistent CIPN beyond treatment [1, 7].
Taxane-induced peripheral neuropathy can manifest in any of the three divisions of the
peripheral nervous system—motor, sensory, and autonomic—depending on the site of
action. Thus, affected patients can demonstrate a large variance in symptom presentation
such as numbness, tingling, and pain in a ‘glove and stocking’ distribution, decreased
positional, vibratory, and temperature perception, as well as weakness [8-11]. Due to the
large variability in symptom presentation, CIPN can be difficult to characterize and monitor
in breast cancer patients.

Identifying symptoms and accurately assessing functional disability are crucial for achieving
timely intervention and improving the management of CIPN. Currently, CIPN symptoms are
graded mostly based on patient-reported outcomes (PRO), which are prone to subjectivity
and inconsistency. By comparison, quantitative sensory testing (QST) semi-quantifies gains
and losses in somatosensory function by measuring detection and pain thresholds for
standardized and systemically delivered sensory input [12]. For example, thinly myelinated
A fibers (A8) are assessed by cool temperature and pinprick stimuli, and larger fibers (Aa
and Ap) are assessed through mechanical touch (e.g., von Frey filaments) and vibratory
stimuli [13]. Several studies have established the validity of using QST in the assessment of
chronic pain conditions as well as in the analysis of pain mechanisms [14-16]. A few studies
found significant associations between subjective neuropathic pain reports with QST
measures in patients with diabetic neuropathy, HIV neuropathy, chronic ischemic
neuropathy in Peripheral Artery Disease, and trigeminal neuralgia [17-20]. These findings
suggest that using PROs alongside QST may provide a more comprehensive and accurate
approach in assessing CIPN symptoms for improved monitoring of treatment response in
clinical care and in clinical trials for CIPN interventions. However, further study is needed to
understand how QST can be integrated with PROs for the management of CIPN. A previous
study found significant association between PROs and QST measures in breast cancer
survivors treated with adjuvant paclitaxel chemotherapy [21]. However, the study only
compared one component of PROs (FACT/GOG-Ntx) with QST in a population with
varying degrees of CIPN. In this study, we undertook a cross-sectional analysis of PROs
(NRS, NPS, and FACT/GOG-Ntx) and QST in breast cancer survivors with moderate to
severe CIPN symptoms to determine the efficacy of employing both methods to improve
CIPN symptom management.

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhietal.

Methods

Page 3

Study participants

Baseline data of breast cancer survivors with moderate to severe CIPN from two ongoing
Institutional Review Board (IRB) approved clinical trials at Memorial Sloan Kettering
Cancer Center (MSKCC) were extracted for cross-sectional analysis. Moderate to severe
CIPN was defined as patient-reported symptoms of pain, numbness, or tingling that were
rated four or greater on a (0—10) numeric rating scale (NRS) at least 3 months after
completion of neurotoxic chemotherapy. English-speakers over the age of 18 with no
evidence of disease following treatment for stage I-111 breast cancer, and not taking any anti-
neuropathy medications, were eligible for the study. In total, our analysis included 49
eligible female patients who provided informed consent and completed PRO questionnaires
and QST. Both trials were approved by MSKCC IRB and registered at clinicaltrials.gov (, ).

Patient-reported outcomes

QST

CIPN severity was assessed using a three-item questionnaire that uses a 0-10 NRS to
quantify the patient’s CIPN symptoms (pain, numbness, tingling) within the last 24 h of
completing the survey.

Neuropathic Pain Scale (NPS) is a ten-item questionnaire that uses a 0-10 numeric rating
scale to quantify global pain intensity, unpleasantness, and eight other descriptive qualities
of neuropathic pain [22, 23]. NPS distinguishes neuropathic pain from non-neuropathic pain
[24]. A higher NPS score indicates more severe symptoms with a score range of 0-100. This
measure has been validated in patients with neuropathic pain and specifically in patients
with taxane-induced CIPN [22, 25]. In this study, patients with ratings between 0 and 30
were considered to have mild pain, ratings between 31 and 70 were considered to have
moderate pain, and ratings between 71 and 100 were considered to have severe pain.

Functional Assessment of Cancer Therapy-Gynecologic Oncology Group/Neurotoxicity
subscale (FACT/GOG-Ntx) is a questionnaire that assesses sensory, motor, and hearing-
related neurotoxic symptoms. There are 11 questions in total, each rated on a 04 scale. A
lower score indicates more functional disability and more severe neurotoxicity with a 0-44
total score range. This questionnaire has been validated with its reliability assessed in
multiple studies of CIPN [26-28]. In this study, symptom severity was categorized based on
patient response to each individual question with a score of 0-1 considered mild, 2
considered moderate, and 3—4 considered severe.

A trained research study assistant (RSA) conducted QST in a quiet room with minimal
environmental stimuli. Participants were asked not to take any pain, stimulant, or sedative
medications at least 12 h prior to the testing session.

Tactile Detection Threshold (TDT) was determined using a set of 20 Von Frey filaments
(Touch Test Sensory Evaluators, North Coast Medical, Inc), calibrated to generate a force in
grams (g) within a 5% standard deviation. The subjects were asked to close their eyes so that
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the examination was not influenced by visual input. TDT was assessed at the dorsum of the
distal interphalangeal joint of the right and left middle fingers and the right and left big toes.
Starting with the smallest size filament, an RSA touched the testing site at 90° angle until
the filament bent. The RSA then repeated with ascending filament size until the patient
reported tactile sensation at the test site. The force at which touch is perceived was recorded
as the tactile threshold [29]. Thresholds for categories of tactile perception were defined by
the filament manufacturer as follows: Normal (0.008-0.07 g); Diminished light touch (0.16—
0.4 g); Diminished protective sensation (0.6-2 g); Loss of protective sensation (4-180 g);
Deep pressure sensation only (300 g) [14]. From this point forward, we will use the
following categorical labels: Normal Perception Threshold (0.008-0.07 g), Mild Loss of
Perception (0.16-0.4 g), Moderate Loss of Perception (0.6-2 g), and Severe Loss of
Perception (4-300 g) for consistency in discussing tactile and vibration thresholds.

Vibration Detection Threshold (VDT)was assessed by a hand-held biothesiometer (Bio-
Medical Instrument Company; Newbury, Ohio) at the dorsum of the distal interphalangeal
joints of the right and left index fingers and the right and left big toes. The amplitude of
device vibration (microns) was gradually increased (1 V/s) until participants first perceived
vibratory sensation. Average of three perception thresholds at the dorsal interphalangeal
joint of the dominant big toe was recorded as the vibration threshold [30]. The
biothesiometer operating manual defines vibration perception for normal subjects to be at
0.42 microns on the index finger and 0.84 microns at the big toe. Based off the distribution
of thresholds seen in the study, the following categories for vibration were defined by study
authors: Mild Loss of Perception (index finger 0.43—-4.0 microns, big toe 0.84-4.0 microns),
Moderate Loss of Perception (index finger > 4 microns, big toe 4.0-11.8 microns), and
Severe Loss of Perception (only observed at big toe, > 11.8 microns).

Biostatistics analysis

Results

We performed statistical analyses using STATA 15.0 (Stata-Corp, College Station, TX). We
summarized and reported demographic and clinical variables as well as study outcomes
using standard descriptive statistics. Left- and rightsided QST measurements were averaged
since left and right are not distinguished in PRO reports. Spearman’s rank-order correlation
was used to determine the association between various PRO scores and QST thresholds for
hands and feet, including NPS total score with TT, NPS total score with VT, FACT/GOG-
Ntx numbness and tingling subscore items with TT, and FACT/GOG-Ntx numbness and
tingling subscore items with VVT.

Study participants

Baseline data for 49 patients enrolled in both ongoing clinical trials who completed PRO
questionnaires and QST between July 2017 and June 2018 were included. The mean subject
age was 61.6 years (range 35.5-86.0) and 63.3% of subjects self-identified as Caucasian.
The average BMI of subjects was 27.8 (range 19.1-44.7). 89.8% of subjects received taxane-
based therapy and 10.2% received both taxane and platinum-based chemotherapy agents.
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The median time from chemotherapy completion is 3 (0.26-18) years. Baseline
demographic and clinical characteristics of participants are shown in Table 1.

Among 49 participants, the mean NRS scores (0-10 scale) were 4.2 (SD 2.6) for pain, 5.7
(SD 2.3) for numbness, and 4.4 (SD 2.7) for tingling. The mean total NPS score (0-100
scale) for neuropathic pain was 41.0 (SD 22.4) with 57.1% of patients reporting moderate
CIPN pain (scores of 31-70) and 16.3% reporting severe CIPN pain (scores of 71-100)
(Table 1 and Fig. 1a). The mean FACT/GOG-Ntx score assessing neurotoxicity was 25.8
(SD 6.8) on a 0-44 scale, with lower scores indicate worse CIPN symptoms (Table 1). The
FACT/GOG-Ntx subscores indicate that 69.4% and 85.7% of participants experienced
moderate to severe numbness or tingling in the hands and feet, respectively. 59.2% and
87.8% of participants reported moderate to severe discomfort in the hands and feet,
respectively (Fig. 1b). Up to 40% patients had moderate to severe functional disabilities
including trouble buttoning (36.7%), trouble feeling small objects (30.6%), and trouble
walking (38.8%).

Tactile perception—10% of patients had normal tactile perception in upper and lower
extremities. Mild loss of tactile perception (or diminished light touch) was seen in 34.7%
and 51.2% of right and left hands, respectively, and 28.6% and 32.7% of right and left toes,
respectively. Majority of patients had moderate loss (or diminished protective sensation):
57.1% and 36.7% of right and left hands, respectively, and 46.9% and 40.8% of right and
left toes, respectively. In our study group, severe loss of tactile perception was observed only
in 2% of right and left middle fingers but in 14.3% and 16.3% of patients in the right and left
big toe, respectively (Fig. 2a).

Vibration perception—Loss of vibration perception was worse in lower extremities
compared to upper extremities. Vibration perception was normal in 45% of right and 65% of
left finger, whereas vibration perception was preserved in only 18% of right and 20% of left
big toe. Mild loss of vibration was observed in 53% and 33% of right and left fingers,
respectively, versus 39% and 43% in right and left toes, respectively. Moderate losses of
vibration were seen in 2% of both hands, with no severe loss detected in the upper
extremities. In contrast, 27% and 20% of right and left toes had moderate loss of vibration,
respectively, and 16% in both left and right toes had severe vibration perception loss (Fig.
2b).

Correlation—Statistically significant, weak to moderate correlations were found between
PRO and QST measures (Table 2). A negative correlation was found between tactile
perception and FACT/GOG-Ntx numbness scores in both upper and lower extremities (7=
- 0.30, r= - 0.32, respectively, with p< 0.05). A negative correlation was found between
vibration perception and FACT/GOG-Ntx numbness in both upper and lower extremities (7
=-0.41, rs= - 0.41, respectively, with p < 0.05) as well. There was a positive correlation
between tactile perception and NPS scores in both upper and lower extremities (rs= 0.30, r;
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= 0.29, respectively, with p< 0.05). No statistically significant correlation was identified
between NPS and vibration perception.

Discussion

Chemotherapy-induced peripheral neuropathy is a common and disabling adverse effect of
lifesaving cancer treatment. Consistent with past clinical reports, our study showed
significantly impacted daily functionality in breast cancer patients with moderate to severe
CIPN [31]. Specifically, 30.6% to 38.8% of study participants were found to have moderate
functional disability as measured by FACT/GOG-Ntx with trouble buttoning, feeling small
objects, and walking. These findings emphasize the prevalence and magnitude of impact
CIPN symptoms have on patients’ lives and the need for improved diagnostic and
management techniques.

While current management of CIPN has focused mainly on subjective reports from patients,
this is one of the first studies to establish baseline somatosensory features of CIPN in breast
cancer survivors using both PRO and QST measurements. Our study showed that breast
cancer patients with moderate to severe CIPN can be characterized by having moderate pain
on NRS, moderate numbness and tingling based on FACT/GOG-Ntx subscales, and reduced
tactile and vibration perception measured by QST. Furthermore, our study established a
correlation between self-reported symptoms of CIPN with quantitative measures of sensory
function. Weak to moderate negative correlations between FACT/GOG-Ntx and QST tactile
and vibration thresholds were seen in all extremities, indicating that increased functional
disability is associated with increased sensory loss. A positive correlation was also observed
between NPS report and tactile thresholds, suggesting that increased neuropathic pain is
associated with increased loss of tactile perception. The slightly stronger correlation
between FACT/GOG-Ntx and QST compared to NPS and QST could be because FACT/
GOG-Ntx assesses multiple CIPN symptoms including pain, tingling, numbness, and
functional disability while NPS assesses primarily pain.

A previous study of breast cancer patients treated with adjuvant paclitaxel chemotherapy
found a similar association (- 0.333, p= 0.026) between QST vibration thresholds and
FACT/GOG-Ntx assessed numbness in the hands [21]. Interestingly, our study found a
stronger correlation (- 0.41, p=0.0039) as well as a significant correlation between FACT-
Ntx and tactile QST measures (- 0.33, p=0.023), which was not found in their study.
Moreover, our study found vibration perception to be more diminished in feet compared to
hands. This finding is consistent with the fact that taxane-based CIPN is known to most
commonly cause a length-dependent sensory axonal neuropathy in large nerve fibers, which
manifests as a loss in vibration perception in the extremities and sensory ataxia. This is
likely due to the “dying back” degenerative nature of the distal terminal of affected sensory
neurons [32]. Both length dependency and propensity towards large fiber disruption is
evident in our QST findings and is further consistent with studies reporting patients with
CIPN to be at significantly higher risk of falling [33].

Although the exact pathogenesis of CIPN is not fully understood, it is well appreciated that
the underlying cause of CIPN is multifactorial with various sites of involvement [34].
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Physical neuronal damage contributes to functional impairment and hyperexcitability of
peripheral nerves through oxidative stress, neuroinflammation, apoptosis, and
electrophysiological disturbances [35]. Taxane-based chemotherapy targets cancer cells by
inhibiting microtubule depolymerization and causing mitotic arrest [36]. Prospective
experimental studies have alluded that the microtubule disruption extends to peripheral
sensory neurons [37]. Further histological examination of peripheral nerve sections treated
with taxane-based agents showed neuronal apoptosis caused by chemotherapy-induced Ca2*
dysregulation specifically in group A and C fibers [38, 39]. As decreased mechanical and
vibration sensation suggests abnormalities in large A fibers [40], our findings of
diminished tactile and vibration perception in many of our subjects are consistent with the
proposed site of neurotoxicity.

Our study is limited by a small sample size. Furthermore, as only patients with moderate to
severe symptoms of CIPN were selected for this cross-sectional analysis, generalizability
might be limited. However, patients with moderate to severe CIPN represent approximately
27.7% of breast cancer patients who have received adjuvant chemotherapy [1]. As there is
significant variability in CIPN presentations between patients, direct correlations are
difficult to generalize within a study group. Ideally, baseline symptoms and functionality for
each individual patient before treatment would be compared to reassessed levels post
chemotherapy. A notable limitation was that since NRS assesses symptom severity only
within the past 24 h, five study patients reported low NRS scores at the time of survey.
Though these patients previously experienced CIPN symptom severity categorized by NRS
score > 4, their symptoms were not severe within 24 h of the survey. The lower NRS scores
reported at the time of survey could possibly skew the strength of our correlation between
PRO and QST outcomes. Moving forward, multiple NRS scores can be averaged to create a
more comprehensive PRO representation for each patient. In addition, biomarkers such as
plasma cytokines could be used to assess how local inflammation at nerve endings relates to
abnormal QST results [41]. Furthermore, a larger sample size would also help elucidate any
meaningful differences in QST thresholds between left and right testing sites and provide
better insights into QST correlations with PROs. Methodologically, QST is dependent on the
test subject’s attention and active participation. While this paper only reports a single, cross-
sectional QST measurement, further work will be needed to understand test reliability and
between-tester variation in QST [42]. Finally, though numerous studies support the validity
of FACT-Ntx, the questionnaire does not address autonomic functions such as dizziness after
position change and erection disorder. CIPN20 is a more comprehensive questionnaire that
assesses motor, sensory, and autonomic functionality and can be included in future studies to
potentially demonstrate a stronger correlation with QST.

Despite these limitations, this study showed that both PROs and QST measurements can be
used together to improve identification of CIPN symptoms and monitoring of treatment
response. Clinical trials evaluating the treatment of CIPN commonly use the Common
Terminology Criteria for Adverse Events (CTCAE) to measure the degree of neuropathy.
However, the lack of clearly defined criteria leads to inconsistent interpretations of grading
and inter-observer variability of 46% [43]. By comparison, PRO assessments provide more
information on the effect of chemotherapy on neuropathic symptoms. However, PRO
assessments are still limited by subjectivity and inter-subject variability. By demonstrating a
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significant association between PROs and QST measurements, our study suggests that QST
can be used in conjunction with subjective reports as more accurate way to assess CIPN
symptom severity. This is demonstrated by the fact that by using both PROs and QST
measurements, we were able to more accurately established baseline somatosensory features
in patients with moderate to severe CIPN symptoms. This is particularly helpful in designing
CIPN targeted clinical trials as both PROs and QST can be used to select appropriate patient
populations for specific interventions as well as outcome endpoints. Finally, successful
identification of CIPN somatosensory phenotypes has enormous implications for improving
diagnosis and management of CIPN and ultimately enhancing patients’ quality of life.
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Fig. 1.
Patient-reported outcomes
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(A) Tactile Perception
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Fig. 2.
Quantitative sensory testing outcomes
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Demographic and clinical characteristics of women after treatment of breast cancer (1= 49)

Table 1

Mean age (SD, range) 61.6

Mean BMI (SD, rang
Race [NV (%)]

e) 27.8

White 31
Black or African American 9
Asian 5
Other 1
Unknown 3
Chemotherapy [V (%)]
Taxane-based only 44
Taxane and platinum combined 5
Time (year) from Chemotherapy Completion (Median, Range) 3
Mean subjective measures (SD, Range)
NRS pain 4.2
NRS numbness 5.7
NRS tingling 4.4
NPS 41.0
FACT/GOG-Ntx 25.8

(10.1, 35.5-86.0)
(5.2,19.1-44.7)

(63.3%)
(18.4%)
(10.2%)
(2%)
(6.1%)

(89.8%)
(10.2%)
(0.26-18)

(2.6,0-8)
(2.3, 0-10)
(2.7, 0-10)
(22.4, 0-84)
(6.8, 8-40)
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