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Purpose:Te purpose of this secondary analysis was to explore paclitaxel-induced peripheral neuropathy severity patterns among
women with breast cancer receiving weekly or dose dense paclitaxel regimens.
Methods: Young adult women with breast cancer (18–39 years) beginning cancer treatment with dose dense (175mg/m2 every
14 days) or weekly (80mg/m2) paclitaxel completed the QLQ-CIPN20 before the frst paclitaxel infusion (T1) and then at two time
points during paclitaxel chemotherapy (T2: 350mg/m2 and T3: 700mg/m2). QLQ-CIPN20 scores were compared between
women receiving dose dense or weekly paclitaxel across the three time points using mixed-efect linear regression models.
Results: Among women receiving dose dense paclitaxel (n� 27), mean QLQ-CIPN4 scores increased from 4.63 at T1 to 15.43 at
T3, while among women receiving weekly paclitaxel (n� 12), mean QLQ-CIPN4 scores increased from 2.08 at T1 to 5.56 at T3.
Similar trends were observed for changes in QLQ-CIPN20 sensory and motor subscale scores among both groups. Overall, while
CIPN severity was worse at each time point among women receiving dose dense paclitaxel relative to women receiving weekly
paclitaxel, there were no statistically signifcant diferences between groups for changes in QLQ-CIPN4 (p � 0.24), QLQ-CIPN20
sensory (p � 0.41), or QLQ-CIPN20 motor score (p � 0.68) over time.
Conclusions: Te results may be used to promote awareness among patients and clinicians regarding potential trajectories of
paclitaxel-induced peripheral neuropathy for women with breast cancer.
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1. Introduction

Breast cancer is the leading cancer diagnosis among ado-
lescent and young adult women in the United States [1].
Several common treatment regimens for breast cancer
treatment involve the neurotoxic agent, paclitaxel [2].
Chemotherapy-induced peripheral neuropathy (CIPN) (e.g.,
numbness or tingling in the hands or feet) is a dose-
dependent and debilitating side efect of paclitaxel as ap-
proximately 40% of women with breast cancer report
moderate–severe nonpainful CIPN during paclitaxel treat-
ment [3]. Specifcally, cross-sectional data (n= 15) highlight
that young adults (18–39 years old) with breast cancer,
gastrointestinal cancer, or multiple myeloma experience
moderate or greater nonpainful CIPN (46.7%) and/or CIPN
interference (33.3%) per the Patient-Reported Outcomes
version of the Common Terminology Criteria for Adverse
Events (PRO-CTCAE) [4] numbness and tingling severity
and interference items during neurotoxic chemotherapy
(e.g., paclitaxel, oxaliplatin, and bortezomib) [3]. Women
with breast cancer who experience CIPN report difculty in
exercising, driving, opening jars, and buttoning shirts due to
numbness and tingling in the hands and/or feet [3].

Paclitaxel is routinely administered in dose dense (i.e.,
every 2weeks) or weekly delivery schedules [5], but it is
unclear if one paclitaxel delivery schedule may lead to in-
creased CIPN incidence or severity over the other. Prior
research suggests that weekly paclitaxel dosing leads to
signifcant neuropathy among women with breast cancer
[6, 7]. For example, data demonstrate that up to 54.5% and
85.5% of women with breast cancer report numbness and
tingling in the hands by 6 and 12weeks of weekly paclitaxel
treatment, respectively [7]. Furthermore, approximately
36% of women receiving weekly paclitaxel require dose
reduction due to neuropathy [7]. However, few studies have
directly compared CIPN severity and incidence rates among
women with breast cancer receiving weekly or dose dense
paclitaxel regimens.

As there are no recommended treatment strategies for
nonpainful CIPN [8], a greater understanding of the pattern
and severity of CIPN among women receiving dose dense or
weekly paclitaxel is needed to promote patient-clinician
communication and guide clinical decision making sur-
rounding CIPN (e.g., provide patient education, paclitaxel
dose reduction, referral to subspecialty such as physical
therapy). Tus, the purpose of this secondary analysis was to
explore CIPN severity patterns among women with breast
cancer receiving weekly or dose dense paclitaxel regimens.

2. Materials and Methods

2.1. Design, Sample, and Setting. Te present manuscript
presents a secondary analysis of a single arm, prospective,
longitudinal clinical trial (N� 50) [9]. While the primary
trial recruited young adults with leukemia, lymphoma, or
breast cancer receiving vincristine or paclitaxel, the aim of
this secondary analysis was focused on CIPN severity among
young adult women with breast cancer receiving paclitaxel.
Young adults (18–39 years old) from the primary study were

eligible for this analysis if they were diagnosed with breast
cancer, planned to receive dose dense (four cycles [every
14 days]× 175mg/m2) or weekly paclitaxel (12
cycles× 80mg/m2), did not have neuropathy at baseline, and
did not plan to receive other neurotoxic chemotherapy
agents other than paclitaxel. All participants were recruited
from Dana-Farber Cancer Institute and provided verbal
consent to participate. Regulatory oversight was provided by
the Dana-Farber/Harvard Cancer Center Ofce for Human
Research Studies (19–862).

2.2. Measures. European Organization of Research and
Treatment of Cancer Quality of Life Questionnaire-Che-
motherapy-Induced Peripheral Neuropathy (QLQ-CIPN20)
was used. Numbness and tingling severity was quantifed
using two of the measure’s original subscales: (1) sensory
(nine items that include symptoms such as loss of feeling,
tingling, or pain in the hands and feet) and (2) motor (eight
items that include symptoms such as cramping or weakness
in the hands or feet). Te items of each scale are transformed
to a 0–100 score (higher scores�worse CIPN) [10]. As data
have called into question the factor structure of the QLQ-
CIPN20 subscales [11, 12], CIPN severity was also measured
using the four individual numbness and tingling items of the
QLQ-CIPN20. Te sum-scored approach has demonstrated
strong discriminate validity based on its ability to difer-
entiate increasing Common Terminology Criteria for Ad-
verse Events–sensory scores in patients receiving neurotoxic
chemotherapy [12].

2.3.Procedures. Participants completed the patient-reported
outcomes measures before the frst paclitaxel infusion (T1)
and then at two time points during paclitaxel chemotherapy
(T2: 350mg/m2 and T3: 700mg/m2) [6]. Given that CIPN is
a dose-dependent side efect of paclitaxel administration, the
aim was to hold cumulative paclitaxel dose at T3 constant
between women receiving weekly (12 cycles× 80mg/m2) or
dose dense paclitaxel (4 cycles× 175mg/m2) [6, 7]. Tus,
700mg/m2 was selected for the T3 cumulative paclitaxel
dose as this was the end of treatment cumulative dose for
women receiving dose dense paclitaxel. For women re-
ceiving dose dense paclitaxel, T2 and T3 were completed
after receiving 350mg/m2 (i.e., after the 2nd cycle) and
700mg/m2 (i.e., after the 4th cycle) of paclitaxel, respectively.
For women receiving weekly paclitaxel, T2 and T3 were
completed after receiving 400mg/m2 (i.e., after the 5th cycle)
and 720mg/m2 (i.e., after the 9th cycle) of paclitaxel, re-
spectively. Participants also completed a demographics
questionnaire at T1 (e.g., age, sex, and ethnicity) and study
staf abstracted cancer treatment-related information (e.g.,
cancer type and stage and cumulative paclitaxel dose) at T3.

2.4. Statistical Analyses. QLQ-CIPN20 (i.e., four numbness
and tingling items, sensory subscale, and motor subscale,
respectively) were described at each time point among
women receiving paclitaxel 175mg/m2 every 14 days and
women receiving paclitaxel 80mg/m2 weekly. QLQ-CIPN4,
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QLQ-CIPN20 sensory, andQLQ-CIPN20motor scores were
compared between groups across the three time points using
mixed-efect linear regression models.

3. Results

3.1. Demographic Characteristics. Of the 50 participants who
completed the primary trial, 39 (78%) young adult women
with breast cancer were eligible for analysis. Table 1 describes
the demographic characteristics of participants who received
paclitaxel 80mg/m2 weekly (n� 12, 31%) or paclitaxel
175mg/m2 every 14 days (n� 27, 69%), respectively. Partic-
ipants who received paclitaxel 175mg/m2 every 14 days were
more racially and ethnically diverse and were more likely to
have completed paclitaxel before T3 in comparison to par-
ticipants who received paclitaxel 80mg/m2 weekly.

3.2. CIPN Severity Over Time Among Women Receiving
Weekly or Dose Dense Paclitaxel. Table 2 and Figure 1 de-
scribe QLQ-CIPN20 scores at each time point among women
receiving dose dense paclitaxel (i.e., 175mg/m2 every 14 days)
or weekly paclitaxel (i.e., 80mg/m2). Amongwomen receiving
dose dense paclitaxel, mean QLQ-CIPN4 scores increased
from 4.63 at T1 to 15.43 at T3, while among women receiving
weekly paclitaxel, mean QLQ-CIPN4 scores increased from
2.08 at T1 to 5.56 at T3. Similar trends were observed for
changes in QLQ-CIPN20 sensory and motor subscale scores
among women receiving dose dense or weekly paclitaxel.
Overall, while CIPN severity was worse at each time point
among women receiving dose dense paclitaxel relative to
women receiving weekly paclitaxel, there were no statistically
signifcant diferences between groups for changes in QLQ-
CIPN4 (p � 0.24), QLQ-CIPN20 sensory (p � 0.41), or
QLQ-CIPN20 motor score (p � 0.68) over time.

4. Discussion

To our knowledge, this is among the frst analysis to compare
CIPN patterns among women with breast cancer receiving
weekly or dose dense paclitaxel regimens, two of the most
common paclitaxel-based adjuvant regimens. Te results of
this analysis demonstrated that at approximately the same
cumulative dose of paclitaxel (∼700mg/m2), dose dense
paclitaxel delivery produced worse CIPN severity than
weekly paclitaxel delivery among women with breast cancer.
While the results were not statistically signifcant between
groups, the mean change (10.8) in QLQ-CIPN4 score during
paclitaxel treatment among women receiving dose dense
paclitaxel was clinically signifcant. A psychometric study
conducted by Li et al. demonstrated that the minimally
important diference for QLQ-CIPN20 scores from baseline
to end of treatment was 7.32 [13].

Our results are inconsistent with prior studies dem-
onstrating that weekly paclitaxel administration produces
severe CIPN [6, 7] as our results revealed that women
receiving weekly paclitaxel experienced little CIPN. Our
fndings may have difered from the current literature for
several reasons. First, we administered the QLQ-CIPN20 as
recommended by the National Cancer Institute Clinical

Trials Planning Meeting for CIPN [14] whereas past in-
vestigators have administered the Total Neuropathy Score
[15] or the Functional Assessment of Cancer Terapy/
Gynecologic Oncology Group–Neurotoxicity [16]. Tere is
no gold standard CIPN measure currently [17], which
makes direct comparison of CIPN severity and incidence
across studies difcult [18]. Second, previous investigations
were conducted among women of all ages receiving weekly
paclitaxel [6, 7]. Te evidence is unclear regarding how age
infuences CIPN severity [19–21]. Tird, previous in-
vestigators measured CIPN after 12 weeks of weekly pac-
litaxel therapy (i.e., 892 or ∼960mg/m2) [6, 7], not 700mg/
m2 (∼9 weeks). It is possible that worse CIPN severity may
have been observed among women receiving weekly pac-
litaxel if CIPN was measured near the end of treatment in
the present study. Of note, Timmins et al. (2021) dem-
onstrated that approximately half of women receiving
weekly paclitaxel self-reported CIPN after 6 weeks of
weekly paclitaxel [7].

Te assessment and management of CIPN women with
breast cancer at the point of care remains challenging
because there are no frst-line assessment [17] or man-
agement options for nonpainful CIPN during treatment
[8]. Te study results may be used to provide education to
women with breast cancer regarding when patients may
begin to experience numbness and tingling during pacli-
taxel treatment. Clinicians commonly use chemotherapy
dose reduction as a strategy to mitigate increasing CIPN
severity during chemotherapy [22]. At this time, study
results should not be used to inform dose-reduction clinical
decision making for individual patients as data mainly
focused on CIPN severity, but not interference. Qualitative
evidence suggests that while there is not a standardized
approach to chemotherapy dose reduction, clinicians are
more likely to dose reduce chemotherapy when CIPN
interference is high (e.g., difculty walking or interferes
with activities of daily living) [22]. Future research is
needed to develop measures and/or algorithms to inform
the tailoring of paclitaxel dosages at the patient level for
CIPN management.

Because our study was designed to compare trajectories
of CIPN during paclitaxel delivery rather than posttreat-
ment, we were not able to evaluate chronic paclitaxel-
induced peripheral neuropathy patterns. Prior research
demonstrates that CIPN symptoms may persist in the
months following neurotoxic chemotherapy completion
[23]. Future investigations should extend follow-up beyond
paclitaxel treatment completion to more fully characterize
the incidence and severity of chronic CIPN in young adult
women with breast cancer receiving weekly or dose dense
paclitaxel.

5. Limitations

Tere are several limitations to this study. Te external
generalizability of the results to women with breast cancer is
low given that the study was conducted at one site and
among a homogenous patient population with regard to race
and ethnicity. Te study design controlled for cumulative
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paclitaxel dosage, age, gender, and cancer type. However, it
is possible that additional variables (e.g., co-occurring
symptoms that may infuence CIPN severity such as anxi-
ety, depression, fatigue, or sleep disturbance) [24, 25] may
have confounded the results of the analysis pertaining to
CIPN severity at T3. Similarly, although cumulative pacli-
taxel dose and demographics were generally balanced, im-
balances in co-occurring symptoms or paclitaxel dose
reductions may also have infuenced observed diferences
between groups. Tese exploratory analyses were likely

underpowered given the small sample size. Te 700-mg/m2

cumulative dose threshold for T3 patient-reported outcomes
measurement was based on the end of treatment time point
for the dose dense paclitaxel regimen.Tere is the possibility
that we may have observed similar rates of CIPN between
groups if we measured CIPN severity at the end of treatment
for women receiving dose dense and weekly paclitaxel [6, 7].
Te measurement of CIPN at specifc cumulative doses of
paclitaxel during treatment also did not allow for the
tracking of late or persistent paclitaxel-induced peripheral

Table 1: Demographic characteristics of the analyzed sample at T1.

Characteristic Paclitaxel 80mg/m2 Paclitaxel 175mg/m2

Weekly (n= 12) 14 days (n= 27)
Age at consent
Mean (SD) 34.25 (3.02) 34.44 (4.19)

Sex
Female 12 (100%) 27 (100%)

Race
Asian 1 (8.3%) 5 (18.5%)
Black or African-American 0 3 (11.1%)
White 11 (91.7%) 19 (70.4%)

Ethnicity
Hispanic or Latino 0 3 (11.1%)
Not Hispanic or Latino 12 (100%) 24 (88.9%)

Education
Completed high school 1 (8.3%) 1 (3.7%)
Some college or technical training 1 (8.3%) 4 (14.8%)
University undergraduate degree 5 (41.7%) 10 (37%)
University post graduate degree 5 (41.7%) 12 (44.4%)

Marital status
Single 7 (58.3%) 7 (25.9%)
Married/Partnered 5 (41.7%) 19 (70.4%)
Divorced 0 1 (3.7%)

Employment status
Working full time 3 (25%) 12 (44.4%)
Working part-time 1 (8.3%) 0
Working at home 1 (8.3%) 0
Working, but on medical leave 5 (41.7%) 10 (37%)
Not working 1 (8.3%) 4 (14.8%)
Student 1 (8.3%) 1 (3.7%)

Cancer type
Breast 12 (100%) 27 (100%)

Cancer stage
Stage I 1 (8.3%) 3 (11.1%)
Stage II 7 (58.3%) 19 (70.4%)
Stage III 3 (25%) 4 (14.8%)
Metastatic 1 (8.3%) 1 (3.7%)

Cumulative dose paclitaxel (mg/m2)
T2 Mean (Range) 393.33 (41.19) 343.27 (34.32)a

T3 Mean (Range) 712 (41.22) 697.41 (13.47)
Days between last paclitaxel and T3
Mean (Range) NAb 34.19 (25.18)c

Neurotoxic chemotherapy dose reduction
Yes, neuropathy related 1 (8.3%) 1 (3.7%)
Yes, other reasonsd 4 (33.3%) 1 (3.7%)
No 7 (58.3%) 25 (92.6%)

an� 26.
bNot applicable as all participants were still on treatment at the T3 time point.
cAll participants had completed paclitaxel treatment prior to T3.
dOther dose reduction reasons: low neutrophil count, rash, increased liver function tests, and diarrhea.
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neuropathy severity beyond the end of treatment. Finally,
body mass index (BMI) was not collected as part of this
analysis. Given prior evidence suggesting that higher BMI
may increase the risk of developing CIPN [26], future studies
may include BMI as a potential covariate when examining
neuropathy trajectories.

6. Conclusion

Study results demonstrated that women with breast cancer
who received dose dense paclitaxel experienced greater
CIPN severity than women receiving weekly paclitaxel, al-
though the results were not statistically signifcant. Te

Table 2: Mean (SD) paclitaxel-induced peripheral neuropathy severity from T1 to T3 (N� 39).

Outcomes Paclitaxel 80mg/m2 Paclitaxel 175mg/m2

Weekly (n= 12) 14 days (n= 27)
QLQ-CIPN4a

T1 2.08 (5.18) 4.63 (13.54)
T2 6.25 (10.73) 19.23 (22.08)b

T3 5.56 (8.94) 15.43 (18.16)
QLQ-CIPN20 sensory
T1 0.93 (2.3) 3.29 (10.24)
T2 4.32 (5.66) 12.39 (16.4)b

T3 3.09 (5.2) 9.05 (11.77)
QLQ-CIPN20 motor
T1 0 (0) 2.95 (10.46)
T2 0.69 (1.62) 12.27 (22.46)b

T3 2.43 (4.85) 7.3 (12.91)
aFirst four items of the QLQ-CIPN20 that ask participants to rate the severity of numbness or tingling in the hands and feet, respectively.
bn� 26.
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Figure 1: Chemotherapy-induced peripheral neuropathy severity scores among individuals receiving dose dense paclitaxel (n� 27) or
weekly paclitaxel (n� 12) from T1 to T3. Figure 1 describes CIPN4 (panel (a)), QLQ-CIPN20 Sensory Subscale scores (panel (b)), and QLQ-
CIPN20 Motor subscale scores (panel (c)) among individuals receiving dose dense paclitaxel or weekly paclitaxel from T1 to T3.

European Journal of Cancer Care 5



results may be used to promote awareness among patients
and clinicians regarding potential trajectories of CIPN
symptoms during dose dense or weekly paclitaxel for women
with breast cancer, but not guide treatment decisions.
Overall, future research measuring CIPN using multiple
subjective and objective measures and throughout paclitaxel
administration in a larger sample of women with breast
cancer is needed to further support our fndings.
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