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ABSTRACT

Background and purpose: There remains limited evidence regarding the relative neurotoxic potential of
nab-paclitaxel long-term. This cross-sectional matched cohort study aimed to compare the severity and
natural history of chemotherapy-induced peripheral neuropathy (CIPN) between patients treated with
nab-paclitaxel and patients treated with oxaliplatin or paclitaxel using a suite of clinical, patient reported,
and neurophysiological assessments.

Patients and methods: CIPN assessments included the total neuropathy score (TNSc), grooved pegboard
assessment, sensory assessments (grating orientation task and Von-Frey assessment), patient-reported
outcome measures, and neurophysiological studies. The matched cohort included 72 patients (24 nab-pa-
clitaxel, 24 paclitaxel, and 24 oxaliplatin); each stratified into two groups by time post-treatment, 0-4
months, and > 6 months.

Results: Chronic neuropathy was reported by 71% of nab-paclitaxel-treated patients, most prominently
numbness in the lower limbs. Longer time post-treatment was associated with significantly better TNSc
scores (p=0.044). Neuropathy severity was similar for nab-paclitaxel and paclitaxel. Neuropathy severity
was worse for oxaliplatin compared to nab-paclitaxel, as measured by sensory function (p < 0.05) and sural
amplitude (p=0.003), but similar for patient-reported and neurological-graded assessments.
Interpretation: These findings underscore the importance of inclusion of a range of multimodal CIPN
assessments to characterize relative burden of toxicity between chemotherapy agents. CIPN severity was
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similar between nab-paclitaxel and paclitaxel cohorts, but more severe in oxaliplatin-treated patients.

Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a com-
mon side effect of chemotherapies, including platinum com-
pounds, taxanes, vinca alkaloids, and bortezomib [1]. CIPN
predominantly affects sensory nerves and causes paraesthesia,
numbness, and discomfort in a ‘glove and stocking’ distribution
[1]. These symptoms lead to functional disability, affecting fine
motor function, walking, and balance. Accordingly, CIPN is a com-
mon cause of dose reduction and early treatment cessation [2].
CIPN natural history has been comprehensively profiled for
chemotherapies, including paclitaxel and oxaliplatin [3, 4].
However, there has been limited evidence regarding the natural
history of nab-paclitaxel-induced CIPN [5]. Nab-paclitaxel is an
albumin-bound nanoparticle formulation of paclitaxel that is
indicated as a treatment for metastatic pancreatic and breast
cancers. Meta-analyses have suggested higher prevalence of
neurotoxicity with nab-paclitaxel compared to paclitaxel [6, 7];
however, there remains a lack of data examining CIPN with

multimodal assessment tools. Although there remains no gold
standard assessment tool for CIPN, patient reported outcome
measures, and clinical assessment tools and neurological
grading scales provide complementary but distinct information
about CIPN [T, 8].

Accordingly, this study aimed to compare the CIPN
phenotype of nab-paclitaxel-treated patients to paclitaxel and
oxaliplatin-treated patients using patient-reported outcomes,
functional assessments, and neurophysiological techniques.

Methods

Nab-paclitaxel, paclitaxel, or oxaliplatin-treated patients were
recruited to an observational, cross-sectional cohort study from
Australian oncology treatment centers between 2014 and 2020.
This study was conducted with the ethical approval from South
Eastern Sydney Local Health District and Sydney Local Health
District (RPAH zone) Human Research Ethics Committees. All
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patients provided written informed consent in accordance with
the Declaration of Helsinki.

Patients were assessed at or after completion of neurotoxic
chemotherapy. Nab-paclitaxel-treated participants who
received additional neurotoxic chemotherapy during the follow-
up period were excluded. Participants were compared to 1:1
cohorts of oxaliplatin or paclitaxel-treated patients who were
matched on age, diabetes status, body mass index, and time
post-treatment to nab-paclitaxel-treated patients.

Assessment tools

CIPN was assessed using multimodal tools incorporating neuro-
logical examination, sensory and functional assessments, and
patient-reported outcomes. Overall neuropathy burden was
graded using the National Cancer Institute Common
Terminology for Adverse Events Sensory neuropathy subscale
(version 4) to categorize CIPN into grades from 0 (no neuropa-
thy) to 4 (disabling).

Patient-reported outcomes

European Organisation of Research and Treatment of Cancer-
quality of life CIPN questionnaire (EORTC-CIPN20) [9] was used
to assess CIPN burden in the past 7 days via 20 questions, each
rated on a scale from 1 (not at all) to 4 (very much). The scores
were converted to a 0-100 scale, with higher scores indicating
more symptom burden. The CIPN-Rasch-built Overall Disability
Score (CIPN-R-ODS) [10] was used to assess patient disability.
The total score of 56 was converted to a 0-100 scale, with lower
scores indicating greater symptom burden.

Sensory and Functional assessment

Functional ability of the upper-limb was assessed using the
Grooved Pegboard Test, a timed task to assess dexterity and fine
motor control where patients were required to place 25 keyhole-
shaped pegs on a 5 x 5 board with random orientation [11].

Sensory function was assessed on digit 2 of the dominant
hand. Briefly, grating orientation threshold was determined
using JVP domes (Stoelting Co.) with grates of variable width
presented randomly to determine detection threshold in mm
[12]. Similarly, mechanical detection threshold in mN was
determined using Von-Frey monofilaments (Marstock Nervtest,
Germany) [13].

Neurological assessments

Total Neuropathy Score-clinical version (TNSc, ©Johns Hopkins
University) was used to assess neuropathy across 6 domains:
patient-reported sensory and motor symptoms; upper and
lower-limb pinprick and vibration sensitivity (128 Hz tuning
fork); lower-limb strength and deep tendon reflexes [14, 15].
Each domain was graded from 0 to 4, for a total score of 0 to 24,
with higher scores indicating greater neuropathy.

Nerve conduction studies were conducted using a Synergy
Medelec Electromyograph (Natus Medical Inc.). Maximum
compound motor and sensory action potentials from the tibial
and sural nerves, respectively, were recorded using standard
protocols [16].

Statistical analysis

Distribution of data was assessed using the Shapiro-Wilk test,
with normal data presented as mean + standard deviation and
non-normal data presented as median (interquartile range).
Comparisons between groups and across chemotherapies
were assessed using Mann-Whitney U test for continuous data
and Chi-Square test for categorical data. Statistical significance
was achieved when p < 0.05. Statistical analyses were per-
formed using SPSS statistical package (v26) and GraphPad
Prism 10.

Results

Chronic peripheral neuropathy following nab-paclitaxel
treatment

A cohort of 24 patients were assessed following completion of
nab-paclitaxel treatment, at a median of 3.5 (interquartile range
(IQR) 10) months since treatment (Table 1). In total, 33% (n=28)
experienced a dose reduction or premature cessation of
nab-paclitaxel treatment due to CIPN. At the time of assessment,
71% (n=17) of patients reported persistent CIPN, which was
mild (National Cancer Institute Sensory Neuropathy Subscale
grade 1) in 10 patients and moderate/severe in 7 patients.
Overall, 16 patients (67%) were above the EORTC-CIPN20 thresh-
old for minimally significant CIPN, and 7 (29%) were above the
threshold for clinically significant CIPN [17].

Numbness was the most frequently reported symptom, with
63% reporting numbness (n=15), 38% reporting tingling (n=9),
and 21% reporting burning or shooting pain (n=5).

Functional difficulties were commonly reported (42%, n=10),
including 25% reporting problems walking (n=6), 17%reporting
difficulties doing up buttons (n=4), and 21% reporting difficulty
holding a pen (n=5). 54% (n=13) reported difficulty opening a
jar or bottle due to hand weakness. Lower-limb symptoms were
reported by 58% of patients (n=14), with upper-limb symptoms
noted in 33% (n=8).

Patients were separated into two groups based on time post-
treatment: 0-4 months post-treatment (n=13; 0 (3) months
post-treatment) and > 6 months post-treatment (n=11; 11 (20)
months; Supplementary Tables 1 and 2). There were no
differences in age, body mass index (BMI), or cumulative dose
between groups. There were no differences in the majority of
CIPN outcomes between groups, but the TNSc score was lower
in the > 6 months post-nab-paclitaxel group (p=0.044), and the
tibial amplitude was increased (p=0.035). However, there were
no differences in patient-reported CIPN (p=0.331), patient-
reported disability (p=0.865), or sural amplitude (p=0.426).
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Table 1. Cohort clinical characteristics.
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Characteristics Nab-paclitaxel Paclitaxel Oxaliplatin p-value®
n=24 n=24 n=24 (paclitaxel/oxaliplatin)
Age at trial entry (years) 64.5 (13) 63.5(15) 65(11) 0.82/0.52
Median (IQR)
Sex- male/female (n) 7/17 1/23 14/10 0.02/0.04
BMI (mean + SD) 25.1+48 254+47 26.1+39 0.97/0.39
Diabetes (n) 7 7 6 0.50/0.63
Cancer type (n)
Pancreatic 16 = 1 =
Colorectal - 21 -
Breast 7 14 = -
Gynecological 1 8 - -
Other (gastrointestinal, esophageal) - 2 2 -
Cancer stage (n)
-1 8 22 16 -
\Y 16 2 8 -
Total dose (mg/m?) 1,495 (744) 960 (250) 831 (258) -
Median (IQR)
Relative dose intensity - 0.92(0.17) 0.81(0.23) -
Neurotoxic therapy duration (weeks) 22.5(20.9) 11 (7.1) 22.1 (4.8) < 0.0001/0.51
Time since treatment (months) 3.5(10) 3.5(12) 3.5(8) 0.97/0.97
Median (IQR)
Treatment regimens Nab-paclitaxel (125 mg/m?) on Weekly paclitaxel 2-Weekly

days 1, 8, and 15 with
gemcitabine every
28 days (n=16)
Nab-paclitaxel (100 mg/m?)
ondays 1,8,and 15 (n=7)

Nab-paclitaxel (150 mg/m?)
weekly (n=1)

(80 mg/m? n=14); weekly
paclitaxel (50 mg/m2) and

Paclitaxel (80 mg/m?) on day
1,8, 15 and 3-weekly

FOLFOX (n=20)

carboplatin (n=1)

3-Weekly paclitaxel
(175 mg/m?) and
carboplatin (n=6)

2-Weekly
FOLFIRINOX (n=1)

3-weekly
XELOX (n=3)
carboplatin (n=3)

Cross-sectionally recruited cohort demographics. BMI: body mass index; SD: standard deviation; IQR: interquartile range

aStatistical significance comparing nab-paclitaxel group to paclitaxel group/nab-paclitaxel group to oxaliplatin group.

Comparison with oxaliplatin and paclitaxel-treated co-
horts

Nab-paclitaxel-treated patients were compared to matched
cohorts of oxaliplatin (n=24) and paclitaxel-treated patients
(n=24) (Table 1; Supplementary Table 3). There were no signifi-
cant differences in age, BMI, or time since treatment between
cohorts. In total, 13 oxaliplatin-treated patients (54%) and 8
paclitaxel-treated patients (33%) experienced a dose reduction
or early cessation of paclitaxel due to neuropathy.

Overall, there were no differences in any CIPN severity
measure between nab-paclitaxel and paclitaxel-treated patients
(Table 2; Figure 1). Similarly, there were no differences in any
parameter between the nab-paclitaxel and paclitaxel groups
(n=13 each) between 0-4 months and > 6 months post-
treatment groups (n=11 each; Supplementary Tables 1 and 2).

Oxaliplatin-treated patients demonstrated reduced sural
amplitude (p=0.003) and increased grating orientation
(p=0.042) and Von Frey sensory thresholds compared to nab-
paclitaxel treated patients (p=0.006), highlighting a greater
neuropathy burden (Table 2; Figure 1). However, there were no
differences in patient-reported CIPN severity or neurologically
graded CIPN severity between nab-paclitaxel and oxaliplatin

cohorts (Table 2). When examining the 0-4 months post-
treatment groups, it was observed that there were differences in
sensory thresholds between nab-paclitaxel and oxaliplatin
cohorts (n=13 each; Supplementary Table 1). In the > 6 months
post-treatment groups, oxaliplatin-treated patients (n=11)
demonstrated reduced sural amplitude (p < 0.001) and elevated
Von Frey monofilament threshold (p=0.042), as well as greater
TNSc (p=0.028) (Supplementary Table 2).

Discussion

CIPN is a significant complication of chemotherapy treatment
associated with reduced treatment tolerability, producing func-
tional deficits and reduced quality of life. There have been lim-
ited studies examining the natural history of
nab-paclitaxel-induced CIPN outcomes. This study used neuro-
logical assessment tools combining objective clinical examina-
tion, functional testing, neurophysiological assessment, and
patient-reported outcomes to investigate post-treatment
outcomes.

Nab-paclitaxel produced chronic CIPN in the majority of
patients (71%), although the majority of cases were mild.
Despite this, 42% of patients reported that CIPN affected their
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Table 2. Neuropathy characteristics.

Median (IQR) Nab-paclitaxel Paclitaxel Oxaliplatin p-value®
n=24 n=24 n=24 (paclitaxel/oxaliplatin)
TNSc® 4.0 (4) 4.0 (5) 5.0 (4) 0.51/0.12
Sural amplitude® (uV) 8.5(8) 7.5(9) 4.5 (4) 0.65/0.003
Tibial amplitudec (mV) 7.2(7) 8.2(7) 7.7 (4) 0.81/0.97
NCI Grade 0 7 (29%) 4 (17%) 4 (17%) -
NCI Grade 1 10 (42%) 6 (25%) 9 (37%) -
NCI Grade 2/3 7 (29%) 14 (58%) 11 (46%) -
Patient-reported outcomes
EORTC-QLQ-CIPN20® 11.7 (16) 8.8(19) 16.2 (22) 0.66/0.06
R-ODS CIPN¢ 90.0 (21) 84.0 (19) 85.5(23) 0.44/0.73
Sensory discrimination tasks
Grooved pegboard® (s) 78.9 (33) 67.9 (22) 81.2(30) 0.35/0.70
Grating orientation task® (mm) 3.6(1) 33(2) 49 (3) 0.77/0.042
Von-Frey monofilaments® (mN) 0.18(0.2) 0.23(0.7) 0.71(2.6) 0.40/0.006

aStatistical significance comparing nab-paclitaxel group to paclitaxel group/nab-paclitaxel group to oxaliplatin group; PHigher score is associated with
greater neuropathy; ‘Lower score is associated with greater neuropathy. NCI: National Cancer Institute Sensory Neuropathy Subscale; IQR: interquartile

range.

function in some capacity. Importantly, 33% of patients
experienced a dose modification of nab-paclitaxel treatment
due to CIPN, which underscores the clinical relevance of
accurately assessing CIPN. Neurologically graded CIPN severity
was improved in the cohort who had a longer time elapsed
since nab-paclitaxel treatment, highlighting the potential for
recovery in some patients.

These findings are consistent with prior work, with a meta-
analysis of CIPN in nab-paclitaxel trials determining an overall
incidence of 51% [7], while 68% of nab-paclitaxel-treated
patients reported chronic CIPN at 1-year post-treatment [18].
However, while a neurotoxicity analysis of nab-paclitaxel/
gemcitabine therapy in pancreatic cancer patients found that
54% of patients developed CIPN [5], the median resolution time
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for severe CIPN was 1 month. This is not consistent with the CIPN
profile presented in this study, which found that substantial
chronic CIPN persisted post-treatment beyond 1 month. These
differences may relate to the method of CIPN assessment, as
clinician-reported neuropathy metrics are less sensitive
compared to other assessment tools [19].

Previous studies have failed to reach a conclusion on the
relative neurotoxicity of nab-paclitaxel compared to paclitaxel.
Some clinical studies have suggested reduced patient and
clinician-reported neuropathy severity with nab-paclitaxel [20],
while a meta-analysis of nab-paclitaxel trials found no difference
in risk of CIPN between nab-paclitaxel and paclitaxel [7].
Similarly, a prospective study of 58 breast cancer patients
revealed no differences in patient-reported CIPN severity
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Figure 1. Comparison of neuropathy severity between cohorts. Data points for oxaliplatin (left), nab-paclitaxel (middle), and paclitaxel (right) cohorts for (A)
patient-reported neuropathy (EORTC-CIPN20 questionnaire; range 0-100, higher values corresponding to greater neuropathy), (B) sural amplitude (values
in pV, lower values corresponding to greater neuropathy), and (C) grating orientation threshold (GOT; values in mm, higher values corresponding to greater
neuropathy). Bars indicate median with error bars indicating 95% Cl. Statistical comparisons between nab-paclitaxel and other cohorts are depicted, with NS

indicating not significant and * indicating p < 0.05.



compared to paclitaxel-treated patients [18]. In contrast, other
meta-analyses concluded that nab-paclitaxel was associated
with higher incidence of CIPN than paclitaxel [6, 21]. Similarly, a
study of 295 nab-paclitaxel-treated breast cancer patients found
greater patient-reported sensory CIPN compared to other
taxanes after 6 weeks [22].

The present study did not find any differences in the severity
or incidence of neuropathy between nab-paclitaxel and
paclitaxel-treated patients. This is different to the results of some
prior work. However, the majority of prior studies have used a
limited range of assessment tools, including clinician-reported
outcomes, which may be less sensitive than other tools in
identifying CIPN [23]. By utilizing a range of assessment tools,
including patient-reported outcomes and neurological grading
scales, this study provides more evidence to compare the
neuropathy burden in nab-paclitaxel and paclitaxel-treated
patients.The use of multimodal assessment toolsis recommended
in research settings to examine CIPN and its impacts across
multiple domains and to identify differences in neuropathy
burden between cohorts [24]. However, in the clinical setting,
routine assessment with a variety of assessment tools is typically
not practical. Of note, patient-reported outcomes have been
demonstrated to be valid and helpful to assist in delineating
neuropathy burden in the clinical setting [25].

Other factors that may contribute to the differences with
prior analyses include demographic and cohort differences.
There has been a limited analysis in prior meta-analyses of
potential covariates that may affect neuropathy risk [26, 27]. Age
and BMI have been identified as risk factors for nab-paclitaxel
CIPN [28, 29], suggesting that it may be important to control for
these risk factors in future studies. As the comparison cohorts in
our study were matched for age and BMI, the impact of inter-
group differences may have been mitigated. Finally, there are
additional risk factors, including genetic factors [30], which may
govern CIPN development and lead to differences in CIPN
incidence across cohorts.

In comparison to nab-paclitaxel, oxaliplatin was associated
with more severe neuropathy. In particular, > 6 months post-
treatment, there was significantly greater neurologically graded
neuropathy and reduced sensory nerve amplitude, as well as
elevated sensory thresholds compared to nab-paclitaxel-treated
patients. This is in-line with the ‘coasting’ phenomenon that is
reported following oxaliplatin treatment [31], whereby CIPN can
worsen following treatment. Although neuropathy burden was
greater in oxaliplatin-treated patients, we did not identify any
difference in patient-reported symptoms or disability. This may
be due to the low sample size of the present study or may also
reflect differences in how the impact of nerve damage is rated
by patients.

This study was a cross-sectional analysis of patients, limited
by a low sample size. Analysis of the longitudinal development
of CIPN during nab-paclitaxel treatment in comparison to other
chemotherapies would provide further insight into the time
course, progression, and recovery of CIPN. However, nab-
paclitaxel is often utilized in patient groups with advanced
disease, which limits the ability to follow patients long-term,
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due to high potential for study drop-out. The present sample is
likely representative of patients who were well enough to
complete the study following their treatment, and it is possible
that patients with greater disease burden may have a different
toxicity profile. Finally, we included a heterogenous group of
patients with different cancer types (nab-paclitaxel treatment
for either pancreatic or breast cancer, paclitaxel treatment for
breast or ovarian cancer), who may have experienced different
CIPN outcomes due to demographic, cancer type, or regimen
differences.

While the patients were matched across multiple variables,
nab-paclitaxel, paclitaxel, and oxaliplatin are typically used for
different cancer types, different cancer stages, and in
combination with other chemotherapies, and this may impact
on toxicity outcomes. Nab-paclitaxel is often used in the
metastatic cancer setting, following previous lines of therapy.
Accordingly, there were more stage IV patients in the nab-
paclitaxel-treated group. Prior therapy has been associated with
greater risk of CIPN with subsequent chemotherapy [32].
Although multiple studies have not identified an impact of
cancer stage on CIPN [33, 34], some analyses have identified
higher risk with lower cancer stages [35]. Advanced disease
stage may be associated with functional decline and other
comorbidities such as risk of falls [36], which may influence
neuropathy assessments.

This study demonstrates that nab-paclitaxel is associated
with similar chronic CIPN compared to paclitaxel, but oxaliplatin
produced more severe chronic neuropathy. Understanding
agent-specific CIPN profiles and the potential factors that
influence neuropathy risk are important to enable clinicians to
monitor at-risk patients during treatment. Appropriate
identification of CIPN via routine surveillance will enable prompt
consideration of dose-modification and referral to appropriate
services [37] to improve patient care and quality of life.
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