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/ABSTRACT

Background. Paclitaxel treatment produces significant periph-
eral neuropathy, but the time course of neuropathy develop-
ment and outcomes are unclear. Dose reduction is the only
strategy to prevent neurotoxicity, however, the impact of dose-
reduction on neuropathy outcomes remains unknown. This
study aimed to prospectively evaluated neuropathy develop-
ment from weekly paclitaxel treatment and evaluate the impact
of dose-reduction on post-treatment neuropathy outcomes.
Patients and Methods. Breast cancer patients receiving pac-
litaxel (80mg/m?) weekly for 12-weeks were prospectively
assessed using patient reported (Functional Assessment of
Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity;
FACTGOG-Ntx), clinical (Total Neuropathy Score clinical
version; TNSc) and neurophysiological measures up to 12-
months post completion. The impact of dose-reduction on
post-treatment (3.6 == 0.1 months) clinical and patient
reported outcomes was evaluated in 105 weekly paclitaxel-
treated patients.

Results. Significant neuropathy was present by 6-weeks across
patient-reported, clinical, and objective neurophysiological assess-
ments, increasing in prevalence and severity over the treatment
course. Limited recovery occurred, with significant neuropathy
being maintained up to 12 months (p < .05). Patients who
received dose reduction had worse patient reported (FACT-GOG-
Ntx: 40.2 4+ .1.4) and clinical neuropathy outcomes (TNSc:
4.3 4+ 0.4) compared to those who received the full dose (FACT-
GOG-Ntx: 459 + 0.9; TNSc: 3.3 £+ 0.3, p <.05). Patients who
ceased treatment early demonstrated the worse deficits (TNSc:
5.0 £+ 0.6; FACT-GOG-Ntx: 37.3 + 2.7) compared to those who
received the complete dose (TNSc: 3.5 4+ 0.3; FACT-GOG-Ntx:
453 + 0.9, p < .05).

Conclusion. Weekly paclitaxel produces symptomatic and objec-
tive neuropathy early in the treatment course which can persist.
Dose reduction does not necessarily lead to more favorable neu-
ropathy outcomes, with individual risk factors likely important in
addition to cumulative dose. The Oncologist 2021;26:366-374

Implications for Practice: Weekly paclitaxel schedules are extensively used in breast cancer. Patients may develop symp-
tomatic and objective neuropathy early in the treatment course, with these individuals requiring closer monitoring. Further-
more, neuropathy is a long-term sequela that may impact quality of life and require appropriate supportive services. Results
suggest that dose reduction does not necessarily lead to better neuropathy outcomes. Understanding schedule-specific tox-
icity and risk factors for neuropathy will be critical to determining individualized treatment strategies and improving quality
of life in breast cancer survivors.

Correspondence: Susanna B. Park, Ph.D., Brain and Mind Centre, The University of Sydney, Camperdown NSW 2050, Australia. Telephone:
61-2-9351-0932; e-mail: susanna.park@sydney.edu.au Received September 22, 2020; accepted for publication January 22, 2021;
published Online First on February 10, 2021. http://dx.doi.org/10.1002/0onco.13697

No part of this article may be reproduced, stored, or transmitted in any form or for any means without the prior permission in writing from
the copyright holder. For information on purchasing reprints contact commercialreprints@wiley.com. For permission information contact
permissions@wiley.com.

The Oncologist 2021;26:366—374 www.TheOncologist.com © 2021 AlphaMed Press



https://orcid.org/0000-0001-5504-1625
mailto:susanna.park@sydney.edu.au
http://dx.doi.org/10.1002/onco.13697
mailto:commercialreprints@wiley.com
mailto:permissions@wiley.com

Timmins, Li, Trinh et al.

367

INTRODUCTION

Chemotherapy-induced peripheral neuropathy (CIPN) is a
common and debilitating side effect of neurotoxic cancer
treatment. Estimated to occur in up to 80% of paclitaxel-
treated patients with breast cancer [1, 2], neuropathy
symptoms can interfere with function, increasing the risk of
falls [3] and reducing quality of life [1, 4, 5]. However,
despite a high incidence, patient impact and outcomes
remain poorly understood. Many prior studies of CIPN have
lacked comprehensive quantitative CIPN assessment mea-
sures, sufficient follow-up time, and treatment homogene-
ity [6], limiting their ability to provide clinically useful
prognostic information.

Paclitaxel-induced CIPN has a major impact on treat-
ment tolerability, resulting in dose reduction and early ces-
sation [4, 7]. Approximately 25% of patients with breast
cancer receive reductions to their adjuvant paclitaxel treat-
ment because of CIPN [8], which may affect clinical and sur-
vival outcomes. Dose reduction is the only current strategy
to mitigate CIPN and relies on accurate identification of
CIPN symptoms. However, CIPN can be challenging for clini-
cians to identify, evaluate, and manage. As there is no con-
sensus on a gold standard CIPN assessment tool [9-11] and
no defined objective thresholds or pharmacokinetic param-
eters to identify risk of CIPN [12, 13], clinicians depend on
clinical experience to provide the maximum effective dose
while ensuring patient quality of life. However, accurately
identifying patients at risk of severe neuropathy remains a
challenge, and neuropathy outcomes for those who receive
dose reduction remain ill defined.

Weekly paclitaxel administration has become the most
commonly used regime for adjuvant treatment of early
breast cancer, demonstrating superiority over other sched-
ules in both disease-free progression and overall survival [2].
However, the incidence and severity of paclitaxel-induced
CIPN has been linked to increased cumulative dose and the
frequency of exposure, with those receiving weekly admin-
istration demonstrating greater neuropathy than other
schedules [2, 14, 15]. Given that the 5-year survival rate for
patients with early breast cancer is greater than 90% [16],
the impact of CIPN on function and quality of life is a signif-
icant consideration for this population. A comprehensive
understanding of the clinical manifestations and outcomes
of weekly paclitaxel-induced neuropathy may provide clini-
cians with resources to better inform treatment decisions
and counsel patients [17]. Accordingly, this study prospec-
tively evaluated neuropathy development and deficits in
patients with breast cancer during weekly paclitaxel treat-
ment. Furthermore, we evaluated the impact of dose
reduction on posttreatment clinical and patient-reported
neuropathy outcomes.

MATERIALS AND METHODS

Patients and Study Design

Patients with breast cancer who were prescribed mon-
otherapy with 80 mg/m? paclitaxel weekly for 12 weeks
undertook comprehensive clinical and neurophysiological
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assessments. Patients were included if they had no evidence
of preexisting polyneuropathy or any prior neurotoxic che-
motherapy treatment. During the course of the study, no
patients received additional neurotoxic chemotherapy such
as platinum agents or additional lines of taxane-based ther-
apy. However, patients were able to receive non-neurotoxic
cancer treatment such as trastuzumab. Written informed
consent was obtained in accordance with the Declaration
of Helsinki, with studies approved by the Sydney Local
Health District Human Research Ethics Committee and South
Eastern Sydney Local Health District Human Research Ethics
Committee.

Eighty-three patients were prospectively recruited prior to
cycle 1 of paclitaxel for a longitudinal analysis of the natural
progression and recovery of paclitaxel-induced peripheral neu-
ropathy. Patients were assessed at baseline (week O0),
midtreatment (week 6), final treatment (week 12), and post-
treatment at 3, 6, and 12 months, with follow-up assessments
only conducted in patients who did not recommence neuro-
toxic treatment. In addition, 23 patients who had completed
weekly paclitaxel cancer treatment underwent a one-off cross-
sectional assessment postpaclitaxel completion (Fig 1; Table 1).
Cross-sectional evaluations were undertaken between 3 to
6 months postcompletion of paclitaxel treatment. Cross-
sectional patients were comparable to the prospectively rec-
ruited cohort in terms of cumulative dose, age, and neuropathy
severity based on patient report and clinical examination (sup-
plemental online Table 1). To analyze the impact of dose reduc-
tion, cross-sectionally assessed patients were analyzed together
with data from prospectively assessed patients at the 3- or
6-month postpaclitaxel completion time point, for a total of
105 paclitaxel-treated patients with breast cancer.

Dosing Information

Demographic and paclitaxel dose data were collected from
medical records. Dose reductions or cessations were
recorded with the reason for the modification. Patients
were classified as having “no dose reduction,” “reduction
due to peripheral neuropathy,” or “reduction due to other
causes.” Patient who discontinued treatment prior to
receiving all 12 prescribed cycles were classified as ceasing
early (ceasing between cycle 6-9) or late (ceasing between
cycle 10-11) in the treatment course.

Assessment of Neurotoxicity

Neuropathy burden was assessed via the Functional Assess-
ment of Cancer Therapy/Gynecologic Oncology Group-
Neurotoxicity (FACT-GOG-Ntx; range, 0-52), a validated
patient-reported outcome [18, 19]. Lower scores were asso-
ciated with greater symptomatic burden, with a 10% reduc-
tion in scores from baseline being considered clinically
significant [20]. The Total Neuropathy Score clinical version
(TNSc; Johns Hopkins University), a validated composite
measure of patient symptom report and neurological
assessment, was used to clinically assess neuropathy (sup-
plemental online Methods) [21, 22], with higher scores indi-
cating greater neuropathy severity (range, 0-24) [21, 22].
Nerve conduction studies (NCSs) were undertaken as previ-
ously described [23], recording compound sensory nerve
action potential amplitudes from the sural nerve. Specific tests
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Figure 1. Consort diagram.

of distal sensation were performed using von Frey monofila-
ments in the upper limb and two-point discrimination in the
lower limb (supplemental online Methods).

Statistical Analysis

Generalized estimating equations [24] were used to evalu-
ate the progression of neuropathy over time. Results are
presented as predicted mean estimate of change from
baseline (week 0). An exchangeable correlation structure
was used to account for repeated measures. Baseline sural
NCSs were added as a covariate to account for the varia-
tion in starting values. Two-tailed Mann-Whitney U tests
were conducted to confirm that those with missing data at
12 months post-treatment did not differ significantly in
dose, age, or neuropathy severity (supplemental online
Table 2). To evaluate the impact of dose reduction, non-
parametric data were analyzed using two-tailed Mann-
Whitney U tests to investigate the differences between
patients with respect to dosing. Chi-square tests of inde-
pendence were used to examine relationships with symp-
tom severity. Statistical analysis was performed using SPSS
(Version 17; IBM, Armonk, NY), with statistical significance set
at p <.05 and results presented as mean with SE, unless oth-
erwise specified.

© 2021 AlphaMed Press

REsuLTS

Development and Recovery Profile of Weekly
Paclitaxel-Induced Peripheral Neuropathy

The natural history of neuropathy development and recov-
ery was documented using comprehensive, multimodal
assessment tools. Weekly paclitaxel-treated patients
(n = 83, Table 1) underwent baseline assessment (week 0),
with further assessments carried out after 6 + 0.1 and
12 4 0.2 weeks of treatment (Fig. 1). Follow-up assess-
ments were conducted at 3 +0.2, 6 +0.1, and
12 + 0.2 months postcompletion of paclitaxel treatment.

Development of Neuropathy

Based on scores from the FACT-GOG-Ntx, 54.5% (n = 42) of
patients reported numbness and tingling in the hands by
week 6 of treatment, with 13% (n = 10) reporting “quite a
bit” or “very much.” Similarly, 58.4% (n =45) reported
symptoms in the feet, with 13% (n = 10) reporting greater
severity (Fig 2A). Interestingly, some patients were already
reporting functional deficits, such as difficulty feeling the
shape of small objects (14.3%, n = 11) and problems with
walking (11.7%, n = 9; Fig. 2B).

Concurrently, overall patient-reported neuropathy bur-
den increased, with a decline in FACT-GOG-Ntx scores
(lower scores indicating worse neuropathy) of 4.1 points
(Table 2) by week 6. Objective evidence of neuropathy also
developed by week 6, with a mean increase in total neurop-
athy scores consistent with mild neuropathy (1.9 points,
p < .05; Fig 3A) [25]. Similarly, a significant reduction in
sural amplitude (—3.0pV, p < .05; Table 2) was also evident
by 6 weeks, suggestive of early axonal dysfunction.

Consistent with patient reports of neuropathy symp-
toms in the hands, distal sensation in the upper limbs had
worsened significantly from baseline (week 0), with an
increase in mechanical detection threshold of .26 mN
(p < .05; Table 2). However, there were no significant
changes observed in lower limb sensation (two-point dis-
crimination) from baseline after 6 weeks of paclitaxel
(Fig. 3B; Table 2).

After completing 12 weeks of treatment, 85.5% (n = 59)
of patients reported numbness and tingling in their hands,
with 82.6% (n = 57) reporting symptoms in their feet. Corre-
spondingly, more patients reported severe symptoms
(hands: 30.4%, n = 21; feet 37.7%, n = 26; Fig. 2A) and func-
tional impairment (difficulty manipulating objects 30.4%,
n = 21; problems with walking 37.7%, n = 26; Fig. 2B).

Overall patient-reported symptom burden also peaked
in severity at the end of 12 weeks of paclitaxel, with the
average change from baseline representing a clinically sig-
nificant deficit (—9.7 points, p < .05; Table 2) [20]. Consis-
tent with patient-reported symptom burden, objective
neuropathy scores also increased maximally from baseline
(3.6 points, p < .05; Fig. 3A), as did sensory deficits in the
upper limbs (.60 mN, p < .05; Fig. 3B). Lower limb sensation
also demonstrated significant deficits compared with base-
line with increased detection threshold (1.6 mm, p < .05;
Fig. 3B). Similarly, sensory nerve amplitudes demonstrated
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Table 1. Patient characteristics

Demographic data Values
Age, yr

Mean =+ SE (range) 52.7 £1.2

(28-76)

BMI, kg/m?

Mean =+ SE (range) 27.8 + .64

(18.6-51.4)

Diabetes (n, %) 7 (6.7)
Prescribed CIPN treatment, n (%)? 9 (8.6)
Breast cancer stage, n (%)

[ 6 (5.7)

Il 47 (44.8)

I 37 (35.2)

Y 7 (6.7)

Unknown 8(7.6)
Receptor status, n (%)

ER positive 71 (67.6)

PR positive 58 (55.2)

HER2 positive 27 (25.7)

Unknown 3(2.85)

Time since taxane treatment, mo
Mean =+ SE (range)

Cumulative paclitaxel dose, mean 4 SE
(range), mg/m

3.57 & .16 (2-8)

Prospective cohort (n = 83) 861.8 + 15.9
(474-960)
Whole cohort (n = 105) 848.9 + 14.8
(400-960)
No dose modification (n = 53) 960.0 £ 0
Any dose modification (n = 52) 736.0 £+ 20.0
(400-940)
Early cessation (6-9 cycles) (n = 19) 582.1 + 29.9
(400-720)
Late cessation (10-11 cycles) (n = 25) 817.8 £ 12.6
(660-880)
No treatment discontinuation (n = 61) 944.7 £ 5.6
(760-960)
Reason for dose modification, n (%)
Neuropathy 38 (36.2)
Other® 14 (13.3)

@patient taking medication to treat CIPN at time of assessment
including pregabalin and gabapentin.

PNeutropenia or thrombocytopenia (n = 3), fluid retention (n = 2),
patient travel (n =2), abnormal liver function (n = 1), arthralgias
(n =1), cardiovascular concerns (n =1), diarrhea (n =1), fever
(n = 1) and unspecified (n = 2).

Abbreviations: BMI, body mass index; CIPN, chemotherapy-induced
peripheral neuropathy; ER, estrogen receptor; HER2, human epider-
mal growth factor receptor 2; PR, progesterone receptor.

the greatest decline from baseline (—5.7 pV, p < .05;
Table 2).

Recovery Profile
Following completion of weekly paclitaxel treatment, there
was some evidence of symptomatic recovery, with a
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reduction in the proportion of patients reporting neuropa-
thy symptoms at 3 months postcompletion, compared with
week 12. However, 57.7% (n =41) of patients reported
residual neuropathy in the hands and 62% (n = 44) in the
feet, with more patients reporting greater severity of symp-
toms in the feet (33.8%, n = 24) compared with the hands
(18.3%, n =13; Fig. 2A). Functional difficulties were
reported by 31% (n = 22) of patients in the hands and by
23.9% (n = 17) with walking (Fig. 2B).

Six months after paclitaxel completion, approximately
half the cohort still reported neuropathy symptoms (hands:
47.1%, n = 32; feet: 55.9%, n = 38), which were maintained
up to 12 months postcompletion (hands: 50.9%, n = 28;
feet: 52.7%, n = 29; Fig. 2A). Severe symptoms in the feet
were still reported by 26.5% (n = 18) of patients at 6 months
and 18.1% (n = 10) at 12 months. However, fewer patients
reported severe neuropathy symptoms in the hands
(6 months: 14.7%, n =10; 12 months: 5.5%, n =3),
suggesting greater symptomatic improvement in the upper
limbs (Fig. 2A)

Correspondingly, deficits in lower limb sensation (two-
point discrimination) increased maximally from baseline at
3 months (2.2 mm, p < .05) and were maintained up to
12 months postcompletion (2.2 mm, p < .05; Fig. 3B). How-
ever, by 6 months postcompletion, changes in upper limb
sensation (von Frey monofilaments) were no longer signifi-
cantly different from baseline (6 months: 0.33 mN; 95%
confidence interval [Cl], —.08 t0.74 mN; 12 months: 0.37
mN; 95% Cl, —.34 to 1.1 nM, N.S.; Table 2), suggesting vari-
ations in the pattern of neuropathy recovery between
upper and lower limbs (Fig. 3).

Compared with the end of treatment (12 weeks), some
improvement was seen in overall patient-reported neuropa-
thy burden; however, deficits remained clinically significant
from baseline (FACT-GOG-Ntx: —5.0 points, p < .05; Table 2)
and did not improve over the 12 month follow-up period
(6 and 12 months: —4.8 points, p < .05, Fig 3A).

Similarly, despite some improvement, TNSc scores
remained significantly elevated from baseline at the
3-month (2.4 points, p < .05), 6-month (1.9 points, p < .05),
and 12-month follow-up assessments (1.8 points, p < .05;
Table 2). Correspondingly, sural nerve conduction studies
showed continued deficits from week 0 up to 12 months
postcompletion (—2.9 pV, p < .05; Table 2), suggesting
incomplete recovery of objective and symptomatic neurop-
athy by 12 months posttreatment.

Dose Reduction and Neuropathy Outcomes

To evaluate the effect of dose reduction on neuropathy out-
comes, 105 patients with breast cancer (Table 1) were
assessed cross-sectionally 3.6 £+ 0.1 months postpaclitaxel
treatment.

In total, 49.5% (n =52) of these patients experienced
paclitaxel dose reduction, with neuropathy accounting for
73.1% of these reductions (n = 38; Table 1). In total, 36.2%
of the cohort required dose reduction for neuropathy
(n = 38). The dose reduction group received lower cumula-
tive paclitaxel dose (736 =+ 20 mg/m? vs. 960 mg/m>
p < .01), with those discontinuing treatment early (n = 19)

© 2021 AlphaMed Press
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Figure 2. (A): The percentage of patients reporting any (solid) numbness and tingling in the hands and feet and those reporting
greater severity of symptoms in the hands and feet (dash). (B): The percentage of patients reporting functional impairments in the
upper limb (difficulty manipulating objects) and lower limb (problems walking) during paclitaxel treatment (0-12 weeks) and post-

completion (3—12 months)

in the course receiving the lowest dose (582.1 + 29.9
mg/m?; Table 1).

At follow-up, residual neuropathy was reported in 77%
(n = 40) of patients who had received any dose reduction
and 70% (n = 37) who received the full dose, with those
receiving dose reduction more likely to report “quite a bit”
or “very much” numbness and tingling in the hands or feet
(X*(1, n = 105) = 4.29, p < .05).

Those receiving dose reduction demonstrated signifi-
cantly greater deficits, based on clinical grading (TNSc:
4.3 + 0.4), compared with those who received the full dose
(TNSc: 3.3 + 0.3, Mann-Whitney U = 1,063, p < .05). Con-
currently, patient-reported symptom burden was signifi-
cantly worse for patients who received a reduced dose
(FACT-GOG-Ntx dose reduction: 40.2 + .1.4; full dose:
45.9 + 0.9, Mann-Whitney U =876, p < .05). However,

Table 2. Mean estimates of the change in neuropathy outcomes since the beginning of paclitaxel treatment (week 0)

CSAP sural Two-point
FACT-GOG-NTX-13 TNSc amplitude, pv discrimination, mm Von Frey, mN
Mean + SE 95% ClI Mean + SE 95% ClI Mean + SE 95% ClI Mean + SE 95% ClI Mean + SE 95% ClI
WK O (n = 83) 49.4 (48.7 to 1.2 + .22 (91to  18.7 (16.4 to 8.4 (7.8t0 .37 (.29 to
50.1) 1.5) 20.9) 9.1) .45)
Wk 6 (n = 77) -41+ .6 (-52to  1.94.2° (14to -3.0+.8° (-47t0 03+.4 (-05t0 .26+.16°  (14to
—2.8) 2.3) —1.4) 1.0) .38)
Wk 12 (n = 69) —97+.9° (115t0 3.6+ .3° (29to  —-57+10* (-7.7t0 1.6+.5° (0.7to .60+ .21° (.18 to
—7.9) 4.2) —3.8) 2.5) 1.0)
3 mo post- —50+.8  (-65to 2.4 + .3 (1.8to0 —49+.9° (-6.7 to 22+ .5 (1.3to .31+ .14° (.04 to
treatment (n = 71) —3.5) 2.9) -3.1) 3.1) .58)
6 Mo post- —48+.8 (64t 1.9 + .3 (14to —-39+11* (6.1to 1.7 + .5° (0.8to .33+ .21 (.08
treatment (n = 68) -3.2) 2.6) —1.8) 2.5) to .74)
12 mo -4.8 + .8° (—6.4 to 1.8 +.2° (1.1to -29+1.2° (—5.2to 22+ .5° (1.3 to .37 £ .36 (—.34
post-treatment -3.2) 2.5) —0.5) 3.1) to 1.1)
(n=55)

Mean estimates of change from the predicted mean at week 0, presented with SE and 95% confidence intervals. FACT-GOG-NTX-13: range, 0-52
points. Lower scores associated with greater symptomatic burden. TNSc: range, 0—24 points. Higher scores indicate greater neuropathy severity
of neuropathy. CSAP sural amplitude: measured from the sural nerve. Baseline sural amplitude was added a covariate to improve the fit of the
model. Two-point discrimination: larger distance (mm) indicate greater sensory deficit. Von Frey monofilament: Higher force (mN) indicates

greater sensory deficit.

?Indicates significant the change from week 0 (p < .05). Predicted means for other measured are presented in appendix 1.
Abbreviations: Cl, confidence interval; CSAP, compound sensory nerve action potential; FACT-GOG-NTX-13, Functional Assessment of Cancer
Therapy/Gynecologic Oncology Group-Neurotoxicity questionnaire; TNSc, Total Neuropathy Score clinical version.
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Figure 3. (A): Predicted means and 95% confidence intervals for the TNSc (higher scores indicate greater neuopathy severity) and
patient-reported neuropathy burden (FACT/GOG-Ntx score; lower scores indicate greater neuropathy burden). Assessments col-
lected during treatment (weeks) and at postcompletion (months). (B): Predicted means and 95% confidence intervals for von Frey
monofilaments (mN) preformed in the upper limb and two-point discrimination (mm) preformed in the lower limb. Great values
indicating greater deficits. Assessments collected during treatment (weeks) and at postcompletion (months).

Abbreviations: FACT/GOG-Ntx, Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity; TNSc, Total

Neuropathy Score clinical version.

there were no significant differences in specific tests of dis-
tal sensation in the upper or lower limbs (N.S.).

Treatment was discontinued for 18% (n = 19) of patients
early in the course (6-9 cycles), with the majority of these
ceasing because of neuropathy (79%, n = 15). Patients
requiring early cessation had significantly worse neuropathy
based on clinical grading (TNSc: 5.0 4+ 0.6, Mann-Whitney
U = 388.5, p <.05; Fig 4A) and reported greater overall neu-
ropathy burden (FACT-GOG-Ntx: 37.3 + 2.7, Mann-Whitney
U =341, p < .05; Fig. 4B) compared with those who

A *

Total Neuropathy Score clinical version (TNNSc)

T

T T
None Early Late

Ceassation of Paclitaxel

received all cycles regardless of dose reduction (n =61,
TNSc: 3.5 +0.3; FACT-GOG-Ntx: 45.3 =+ 0.9). However,
these differences in patient report and clinical examination
were not evident for those who ceased paclitaxel late in the
treatment course (10-11 cycles, n = 25), with outcomes
being comparable at follow-up (TNSc: 3.5 4+ 0.6, Mann-
Whitney U =743, N.S; FACT-GOG-Ntx: 42.2 + 1.9, Mann-
Whitney U = 622.5; N.S) to those who did not discontinue
treatment (n = 61; Fig. 4A, B). Similarly, those discontinuing
early demonstrated significantly worse distal sensation in

B *

50—

40—

Fact/GOG-Ntx

30

T T
0 Early Late

Ceassation of Paclitaxel

Figure 4. (A): Total neuropathy score clinical version for patients who ceased treatment early (cycle 6-9) or late in the treatment
course (cycle 10-11) compared with those who completed 12 cycles of paclitaxel. *p < .05. Higher scores indicate greater neuropa-
thy severity. (B): Fact/GOG-Ntx for patients who ceased treatment early (cycle 6-9) or late in the treatment course (cycle 10-11)
compared with those who completed 12 cycles of paclitaxel.

*p < .05. Lower scores indicate greater neuropathy severity.

Abbreviation: FACT/GOG-Ntx, Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity.
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the lower limbs (two-point discrimination: 12.3 4+ 0.9 mm)
compared with those who did not cease treatment
(9.76 £ 0.6 mm, Mann-Whitney U =262, p<.05), but
upper limb sensation did not differ between groups.

DiscussioN

This study used comprehensive multimodal assessment to
assess neuropathy development and evaluate recovery up
to 1 year postcompletion in a homogenous cohort of
weekly paclitaxel-treated patients. Across patient-reported,
clinical, and objective neurophysiological assessments, sig-
nificant neuropathy was already present by 6 weeks of
treatment, increasing in prevalence and severity over treat-
ment. Limited recovery occurred during follow-up, with sig-
nificant neuropathy being maintained up to 12 months,
with deficits more pronounced in lower limbs. Moreover,
neuropathy was a significant dose-limiting side effect, with
more than a third of patients requiring dose reductions
because of neuropathy. Three months after treatment,
patients who received dose reduction had worse patient-
reported and clinical neuropathy outcomes, with those
ceasing treatment early demonstrating the most deficits,
despite receiving the lowest cumulative dose.

CIPN Phenotype Associated with Weekly Paclitaxel
Administration

Weekly paclitaxel treatment regimens form a key founda-
tion of the treatment of early-stage breast cancer [2, 26].
Neuropathy is a well-recognized toxicity of weekly paclitaxel
treatment, with significant grade > 2 CIPN reported in 27%
of patients [2]. Our study identified symptoms of CIPN of
any severity in 85% of weekly paclitaxel-treated patients,
with severe symptoms in 38%. This is a similar range to
other studies examining CIPN with weekly paclitaxel
[14, 27, 28], although rates of CIPN vary considerably
depending on the specific assessment method used.

More than half the cohort reported numbness and tin-
gling after 6 weeks, with some patients already describing
severe symptoms and functional deficits. This finding was
supported by clinical examination and significant reduction
in sural amplitude from baseline, suggestive of early axonal
dysfunction. Neuropathy peaked at the end of treatment, in
terms of incidence, severity, and functional deficits. Similar
to previous reports, neuropathy severity in the hands and
feet were similar during treatment [29]. However, greater
symptomatic improvement was seen in the upper limbs.
Lower limb predominance is consistent with length depen-
dent neuropathy [5, 30] and may support the role of
disrupted axonal transport as a potential mechanism of
paclitaxel-induced neuropathy.

A critical feature of the present study is the high propor-
tion of patients experiencing symptoms at 12 months pos-
tpaclitaxel completion. Despite some improvement from
the end of treatment, patient-reported symptom burden
remained clinically significant at 12 months postcompletion,
in line with previous reports of the persistence of paclitaxel-
induced peripheral neuropathy [20, 29, 31]. However, in
contrast to platinum-induced peripheral neuropathy, there
was no evidence of a “coasting” effect with neuropathy
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worsening after treatment completion, highlighting different
pathophysiological mechanisms between agents [17].

Dose Reduction and Neuropathy Outcome

Dose reduction occurred in nearly half of patients, with
reduction due to neuropathy affecting more than a third of
the cohort (36.2%). Paclitaxel dose reduction is common in
weekly schedules, occurring in 29% of patients in clinical
trial settings [2] and in 47% of patients in community
oncology practice [32]. A high proportion of dose reduc-
tions in weekly paclitaxel schedules are due to CIPN, neces-
sitating dose reduction in 25%—32% of patients [8, 33, 34].
Importantly, although investigations into alternate preven-
tative strategies are ongoing, dose reduction is the only
current preventative strategy for CIPN recommended by
the American Society of Clinical Oncology guidelines [10].
Although broadly, neuropathy prevalence and severity are
associated with cumulative dose [5], there remains little
evidence concerning its effect on neuropathy outcome on
an individual patient basis. In the present study, patients
who experienced dose reduction demonstrated worse neu-
ropathy at follow-up. Although patients who ceased treat-
ment after cycle 10 had comparable outcomes to those
who did not discontinue treatment, patients who ceased
early (cycles 6-9) had worse neuropathy outcomes despite
receiving the lowest paclitaxel dose. These findings suggest
that the relationship between dose reduction and neuropa-
thy outcomes is not straightforward and likely reflect
individual neuropathy risk profiles. Patients who require
early dose reductions may be more vulnerable to neuropa-
thy, and these effects may be persistent despite dose
modification.

There are number of demographic and genetic charac-
teristics that may influence neuropathy risk [35-37].
Although many of these are known risk factors, such as
older age [38], there are many aspects of neuropathy risk
that remain ill defined. These findings suggest that dose
reduction alone may be insufficient to ensure favorable
neuropathy outcomes. It is possible that susceptible
patients develop early symptoms of neuropathy and remain
worse affected regardless of dose reduction. This empha-
sizes the need to identify risk factors that can be used to
determine risk of lasting neuropathy. Interestingly, pacli-
taxel plasma concentration during the first treatment cycle
may predict eventual dose reductions due to neuropathy
[34]. This suggests that individualized dosing protocols may
be able to ensure maximum benefit from chemotherapy
while reducing side effects. However, future individualized
treatment protocols will need to include clinical or genetic
neuropathy risk information, as dose alone is insufficient to
predict neuropathy risk.

Given the use of self-report measures, it is possible that
patients who are better at communicating their symptoms
are more likely to receive clinical intervention and dose
reduction. Documentation of neuropathy requires both
clinician-based questioning and patient report and is more
likely to occur when patients openly discuss neuropathy
symptoms [39]. Although clinicians may have a better
understanding of the range of severity of toxicities than
patients [12], patient report is an essential component of
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subjective toxicities such as CIPN. Although consensus on a
“gold standard” assessment is lacking [5, 40, 41], multi-
modal assessment of patients may assist in monitoring
symptomatic patients and provide objective evidence of
neurological deficits.

The current study has several strengths, including multi-
modal and objective assessment, prospective data collec-
tion, midtreatment evaluation and follow-up, and a
homogeneous breast cancer population receiving a uniform
paclitaxel regime. However, some patients were lost to
follow-up over the course of the study. Although demo-
graphic characteristics in this group did not differ, it is possi-
ble that patients experiencing more significant neuropathy
had greater motivation to remain in the study. Replication
in a larger cohort would allow further comparison with
those who received dose reduction for other reasons, facili-
tating a better understanding of at-risk patients. However,
it is imperative that investigation of CIPN uses objective
and comprehensive measures rather than limited or
unimodal assessment often used in larger cohort or clinical
trials.

CONCLUSION

Weekly paclitaxel schedules are extensively used in breast
cancer, and CIPN is a major consideration for both patient
wellbeing and treatment decisions. Previous estimates of
neuropathy have varied, reflecting differences in study
design, populations, treatment schedules, and CIPN assess-
ment methods. Schedule-specific toxicity information is
important to provide a guide for clinicians and patients
regarding typical patterns of CIPN, especially as discrepan-
cies between clinician and patient perceptions of CIPN
have been highlighted [40]. Clinicians should be aware that
symptomatic and objective neuropathy can develop early in
the treatment course and that these patients may need
closer monitoring. Furthermore, neuropathy is a long-term
sequela that may be detrimental to quality of life in cancer
survivors, including the risk of deficits which may require
appropriate supportive services. Importantly, results
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