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Background. Peripheral neuropathy is the dose-limiting tox-
icity of many oncology drugs, including paclitaxel. There is
large interindividual variability in the neuropathy, and several
risk factors have been proposed; however, many have not
been replicated. Here we present a comprehensive study
aimed at identifying treatment and physiopathology-related
paclitaxel-induced neuropathy risk factors in a large cohort
of well-characterized patients.

Patients and Methods. Analyses included 503 patients with
breast or ovarian cancer who received paclitaxel treatment.
Paclitaxel dose modifications caused by the neuropathy were
extracted from medical records and patients self-reported neu-
ropathy symptoms were collected. Multivariate logistic regression
analyses were performed to identify concomitant medications
and comorbidities associated with paclitaxel-induced neuropathy.
Results. Older patients had higher neuropathy: for each
increase of 1 year of age, the risk of dose modifications

and grade 3 neuropathy increased 4% and 5%, respectively.
Cardiovascular drugs increased the risk of paclitaxel dose
reductions (odds ratio [OR], 2.51; p = .006), with a stronger
association for beta-adrenergic antagonists. The total num-
ber of concomitant medications also showed an association
with dose modifications (OR, 1.25; p = .012 for each con-
comitant drug increase). A dose modification predictive
model that included the new identified factors gave an
area under the curve of 0.74 (p = 1.07 x 10~ *°). Preexisting
nerve compression syndromes seemed to increase
neuropathy risk.

Conclusion. Baseline characteristics of the patients, includ-
ing age and concomitant medications, could be used to
identify individuals at high risk of neuropathy, personalizing
chemotherapy treatment and reducing the risk of severe
neuropathy. The Oncologist 2018;23:1-9

Implications for Practice: Peripheral neuropathy is a common adverse effect of many cancer drugs, including chemothera-
peutics, targeted therapies, and immune checkpoint inhibitors. About 40% of survivors of cancer have functional deficits
caused by this toxicity, some of them irreversible. Currently, there are no effective treatments to prevent or treat this
neuropathy. This study, performed in a large cohort of well-characterized patients homogenously treated with paclitaxel,
identified concomitant medications, comorbidities, and demographic factors associated with peripheral neuropathy. These
factors could serve to identify patients at high risk of severe neuropathy for whom alternative non-neurotoxic alternatives
may be considered.

Correspondence: Cristina Rodriguez-Antona, Ph.D., Spanish National Cancer Research Center (CNIO), Calle Melchor Fernandez Almagro
3, Madrid, PC 28029, Spain. Telephone: 34-917-328-000; e-mail: crodriguez@cnio.es Received July 17, 2018; accepted for publication
October 16, 2018. http://dx.doi.org/10.1634/theoncologist.2018-0418

The Oncologist 2018;23:1-9 www.TheOncologist.com © AlphaMed Press 2018


mailto:crodriguez@cnio.es
http://dx.doi.org/10.1634/theoncologist.2018-0418
http://theoncologist.alphamedpress.org/

Published Ahead of Print on November 23, 2018 as 10.1634/theoncologist.2018-0418.

Risk Factors for Chemotherapy-Induced Neuropathy

INTRODUCTION

Chemotherapy-induced peripheral neuropathy is a dose-
limiting toxicity for many anticancer drugs [1]. Approximately
half of the patients treated with chemotherapy develop neu-
ropathy, which can lead to dose reductions and early treat-
ment discontinuations and can decrease the quality of life of
the patients, in some cases in a long-term manner [2-6].
Paclitaxel, a taxane widely used for solid tumor treatment,
causes peripheral neuropathy in most patients, with severe
symptoms in about 25% of cases [7]. There are no effective
therapies to treat or prevent the peripheral neuropathy;
furthermore, recent studies suggest potential harms of com-
monly used supplements, such as acetyl-L-carnitine [8, 9].
Thus, the identification of risk factors for this toxicity could
help to personalize treatments, reducing the risk of severe
neuropathy.

The total cumulative dose of paclitaxel, drug schedule,
and concurrent platinum treatment augment the risk of
paclitaxel-induced peripheral neuropathy (PIPN) [10-12]. In
addition, patients’ characteristics, such as an older age,
increased body mass index, race, and genetic background
also influence PIPN risk [11, 13—16]. Comorbidities such as
diabetes mellitus, Charcot—Marie-Tooth disease, alcohol-
ism, liver diseases, and concurrent medications have also
been suggested to predispose patients to drug-induced
peripheral neuropathies [11, 12, 17-19]. However, many of
these results have not been replicated or have contradic-
tory results in the literature. Some limitations that could
explain these discrepancies include that many studies are
retrospective, have limited sample sizes, study heteroge-
neous series of patients with numerous tumor types and
chemotherapy treatments, and use diverse neuropathy
assessments, some of low accuracy. The scarcity of large
and comprehensive studies, and the lack of agreement in
the literature prevent incorporating these data into the
clinic. Here, we performed a study to identify concomitant
medications and physiopathologic factors associated with
PIPN in a cohort of more than 500 paclitaxel-treated
patients. Neuropathy severity was measured by two clini-
cally relevant endpoints: paclitaxel dose modifications
caused by the neuropathy, registered in the medical
records, and neuropathy grade, evaluated according to
symptoms self-reported by the patients.

MATERIALS AND METHODS

Patients

A series of 503 patients with cancer, either breast (82%) or
ovarian (18%) tumors, treated with paclitaxel, the majority
(98%) in first line, and only a few with metastatic disease
(7%), were recruited in five Spanish hospitals from 2011 to
2016 (Table 1).

All patients were women of European origin except one
from North Africa. Some have been previously described in
genetic risk studies [16, 20, 21]. All patients were older
than 18 years of age, had documented histologic breast or
ovarian cancer neoplasia; a life expectancy of 212 weeks;
Eastern Cooperative Oncology Group performance status
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Table 1. Characteristics of patients (n = 503)

Characteristics n (%)
Age, median (min—max), yr 52 (30-82)
Body surface area, median (min—max), m? 1.69 (0.74-3.21)
Tumor type

Breast 413 (82.1)

Ovary 90 (17.9)
Tumor stage

| 122 (24.3)

I 200 (39.8)

I 97 (19.3)

v 36 (7.2)

Unknown 48 (9.5)
Line of treatment

First line 492 (97.8)

Second line® 11 (2.2)
Chemotherapy treatment®

FEC+P 171 (34.0)

AC+P 114 (22.7)

P+FEC 71 (14.1)

P+AC 18 (3.6)

C+P 91 (18.1)

Others 38 (7.6)
Paclitaxel, median (IQR)

Number of cycles 8 (8-12)

Total dose, mg 1,400 (1,262-1,620)

Paclitaxel dose modifications due to neuropathy®

Dose reduction 38 (7.6)

Treatment suspension 45 (8.9)
Maximum sensory neuropathy graded

GO 63 (12.5)

G1 63 (12.5)

G2 131 (26.0)

G3 246 (48.9)

@Patients with second-line paclitaxel treatment and no previous
cytotoxic drugs in first-line therapy.

BSome patients receiving chemotherapeutic drugs in combination with
targeted therapy (bevacizumab, trastuzumab, or pertuzumab) are
included in the table according to the chemotherapy agents received.
Regimens were as follows: FEC+P, 5-fluorouracil 600 mg/m~ 1-hour infu-
sion, epirubicin 90 mg/m? 1-hour infusion, and cyclophosphamide
600 mg/m? 1-hour infusion, every 21 days, followed by paclitaxel
80, 90, or 100 mg/m? 1-hour infusion every 7 days; AC+P, doxorubicin
60 mg/m? 1-hour infusion and cyclophosphamide 600 mg/m? 1-hour
infusion every 21 days, followed by paclitaxel 80, 90, or 100 mg/m?>
1-hour infusion every 7 days; P+FEC, paclitaxel 80, 90, or 100 mg/m>
1-hour infusion every 7 days, followed by 5-fluorouracil 600 mg/m?
1-hour infusion, epirubicin 90 mg/m? 1-hour infusion, and cyclophos-
phamide 600 mg/m? 1-hour infusion every 21 days; P+AC, paclitaxel
80, 90, or 100 mg/m? 1-hour infusion every 7 days, followed by doxoru-
bicin 60 mg/m? 1-hour infusion and cyclophosphamide 600 mg/m?
1-hour infusion every 21 days; C+P, carboplatin area under the curve
5-6 mg/mL X h 1-hour infusion followed by paclitaxel 175 mg/m?
3-hour infusion every 21 days.

‘When in the same patient paclitaxel dose was reduced and later
on paclitaxel treatment was suspended, the patient is included in
the table as “treatment suspension.”

Maximum sensory neuropathy grade by U.S. National Cancer Insti-
tute Common Terminology Criteria for Adverse Events version 4 scale.
Abbreviations: AC, doxorubicin and cyclophosphamide; C, carboplatin;
FEC, fluorouracil, epirubicin, and cyclophosphamide; IQR, interquartile
range; P, paclitaxel.
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Table 2. Paclitaxel-induced peripheral neuropathy characteristics of the 503 patients included in the study
Paclitaxel-induced peripheral neuropathy
Grade 0 Grade 1 Grade 2 Grade 3
(n = 63) (n = 63) (n=131) (n = 246)
Neuropathy items evaluated n (%) n (%) n (%) n (%)
Sensory. Numbness, tingling or discomfort in hands or feet (FACT/
GOG-Ntx questions 1-4)
Patients with numbness, tingling or discomfort in hands or feet 0 (0) 58 (92) 127 (97) 245 (99.6)
Patients without numbness, tingling or discomfort in hands or feet 63 (100) 5 (8) 4 (3) 1(0.4)
Myalgia. Joint pain or muscle cramps (FACT/GOG-Ntx question 5)
Patients with joint pain or muscle cramps 0 (0) 6 (10) 22 (17) 102 (41)
Patients without joint pain or muscle cramps 63 (100) 57 (90) 109 (83) 144 (59)
Functional. Trouble buttoning buttons, feeling shape of objects, or
trouble walking (FACT/GOG-Ntx questions 8, 9, and An6)
Patients with trouble buttoning buttons, feeling shape objects or 0 (0) 2% (3) 41° (31) 239 (97)
trouble walking
Patients without trouble buttoning buttons, feeling shape objects or 63 (100) 61 (97) 90 (69) 7°(3)
trouble walking
Weakness in limbs or joint stiffness in hands or feet (additional
questions included in our assessment)
Patients with weakness in limbs or joint stiffness in hands or feet 0 (0) 6 (10) 43 (33) 209 (85)
Patients without weakness in limbs or joint stiffness in hands or feet 63 (100) 57 (90) 88 (67) 37 (15)

?Mild and intermittent symptoms that did not affect activities of daily living (ADL).

bSymptoms did not affect self-care ADL.

‘Patients without trouble buttoning buttons, feeling the shape or objects, or trouble walking. However, five patients had weakness in limbs
and two had weakness in limbs and joint stiffness, which were considered to limit self-care ADL.
Abbreviation: FACT/GOG-Ntx, Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity.

<2; adequate bone marrow, renal, and hepatic functions;
no previous history of neuropathy; and no previous pacli-
taxel or platinum drug treatment, and all patients had
taken some form of contraception. Exclusion criteria
included neuropathy grade 1 or higher (according to the
U.S. National Cancer Institute [NCI] Common Terminology
Criteria for Adverse Events [CTCAE], version 4) at paclitaxel
treatment start. The recruitment of patients and collection
of samples were approved by local internal ethical review
committees, and all patients gave written informed con-
sent to participate in the study.

Clinical Data

Demographic and clinical data, including information
regarding tumor type, stage, histology, previous cancer his-
tory, paclitaxel treatment regimen, number of paclitaxel
cycles, total paclitaxel administered dose, modifications to
paclitaxel treatment (dose reductions and treatment sus-
pensions) and their cause, were collected from the medical
records of the patients in each hospital participating in the
study (Table 1).

Concomitant drugs were recorded for 428 patients;
comorbidities were recorded for all 503 patients in the
study. Concomitant medications are defined as those drugs
(taken at least 3 days per week) during placlitaxel treatment.
The comorbidities incorporated in the analysis (including dia-
betes mellitus, hypothyroidism, arterial hypertension, dyslipi-
demia, nerve compression syndromes, arthrosis, liver
disease, peripheral vascular, or autoimmune diseases) were
those diagnosed before paclitaxel treatment start.

www.TheOncologist.com

Concomitant medications and comorbidity data were
obtained after patients had completed paclitaxel treatment;
data were collected from the medical records and confirmed
through telephonic interview (Table 2). Autoimmune dis-
eases studied included arthritis, Crohn’s disease, ulcerative
colitis, and Sjogren’s syndrome. Nerve compression syn-
drome included carpal tunnel syndrome, vertebral disc pro-
lapse, and spinal stenosis.

Paclitaxel-Induced Peripheral Neuropathy

Peripheral neuropathies causing functional impairment in
patients usually lead to treatment modifications. Peripheral
neuropathy is paclitaxel’s dose-limiting toxicity, and it usu-
ally leads to dose modifications (i.e., dose reductions and
early treatment discontinuations). Paclitaxel dose modifica-
tions caused by neuropathy were extracted from the medi-
cal records of the patients and were used as an indication
of a clinically relevant neuropathy.

In addition, peripheral neuropathy symptoms were
assessed in all patients in a systematic manner, and the
maximum neuropathy experienced during paclitaxel treat-
ment was classified in grades, according to the NCI CTCAE
version 4 scale. Neuropathy symptoms were self-reported
by the patients, following a structured interview performed
by a qualified nurse (L.S.B.) trained by a neurologist (G.G.
G.) [16]. The interview also covered possible symptoms
before starting paclitaxel treatment; patients with baseline
neuropathy were excluded. The interview covered the
eight sensory, myalgia, and functional neuropathy items of
the FACT/GOG-Ntx (Functional Assessment of Cancer
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Therapy/Gynecologic Oncology Group-Neurotoxicity) ques-
tionnaire [22, 23], plus additional questions related to
weakness and joint stiffness (supplemental online Table 1).
We followed the NCI CTCAE version 4 scale, which defines
grade 3 neuropathy as “severe symptoms; limiting self care
ADL; assistive device indicated for motor neuropathy.”

The interviews were performed with the 503 patients
after they finished paclitaxel treatment (with a median of
10 months and interquartile range of 5-18 months).
The order in which interviews were performed was indepen-
dent of PIPN grade and was based on enroliment date. In
some patients (n = 173), symptoms were followed up in
time with additional interviews. In addition, for 136 patients,
neuropathy data were also self-recorded during each pacli-
taxel cycle through a written questionnaire. Correlation
between the maximum PIPN grades obtained through the
telephone interview and from the written questionnaire
was high (Spearman correlation coefficient of 0.76;
p = 2 x 107%%). The maximum PIPN grade self-reported in
the telephone interview was used for the analyses.

Statistical Analysis

Binary logistic regression analysis was used to evaluate the
association between paclitaxel treatment modifications
caused by neuropathy (i.e., dose reduction and treatment
suspension) or maximum peripheral neuropathy of grade
3 with concomitant medications and comorbidities. Only
comedications and comorbidities present in at least
20 patients were included in the analysis. Multivariate
analysis adjusting for potential confounders (with forward
selection) included age, body surface, tumor type, cancer
stage, treatment schedule, and previous chemotherapy
treatments. Paclitaxel infusion time was 1 hour for breast
and 3 hours for ovarian cancer, in all patients except seven
(0.1%). Predictive models were created using stepwise
logistic regression analysis. In these, the discrimination
power of the models was evaluated by computing receiver
operating characteristic (ROC) curves and area under the
curve (AUC). SPSS software version 19 (IBM Corporation,
Armonk, NY) was used to perform the statistical analyses.
Bilateral p values <.05 were considered statistically
significant.

RESULTS

Study Population

The study included 503 eligible patients with cancer,
413 (82%) with breast and 90 (18%) with ovarian cancer,
and paclitaxel was used in the first line in 492 (98%) of
them. Paclitaxel dose modifications caused by the neuropa-
thy occurred in 83 (17%) of the women, 38 (8%) had dose
reductions, and 45 (9%) had early suspension of paclitaxel
treatment (Table 1). Maximum peripheral neuropathy during
paclitaxel treatment was systematically assessed; 63 (13%)
patients had no signs of neuropathy (grade 0), whereas
440 (88%) exhibited neuropathy symptoms: 63 (13%) had
grade 1, 131 (26%) grade 2, and 246 (49%) grade 3 (Table 2;
full details in supplemental online Table 2).
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The median age of the patients was 52 years, and the
most frequent comorbid diseases were hypertension, hypo-
thyroidism, dyslipidemia, nerve compression syndromes,
and arthrosis (in 14%, 12%, 9%, 6%, and 4% of the patients,
respectively; Table 3). Concomitant medications were
taken by most of the patients (65% for all types of medica-
tions; 63% if vitamins and minerals supplements were
excluded). The most common concomitant drugs were ben-
zodiazepines, cardiovascular drugs, proton pump inhibitors,
thyroid replacements, statins, and antidepressants (taken
by 19% to 10% of patients; Table 3).

Regarding PIPN, both paclitaxel dose modifications
caused by neuropathy and maximum neuropathy grade
during treatment were analyzed. The Spearman’s correla-
tion coefficient between these variables (r = .23; p = .004)
confirmed a positive but not perfect correlation between
the two events. Dose modifications occurred in 29%, 8%,
3%, and 0% of patients with PIPN grades 3, 2, 1, and
0, respectively. This suggests that the two neuropathy out-
come measurements analyzed, one dictated by the clinician
and the other self-reported by the patient, are complemen-
tary assessments. Regarding the accumulated dose for pac-
litaxel treatment modifications, at 768 mg, 95% of patients
did not have a dose modification caused by neuropathy; at
1,020 mg, 90% did not, and at 1328 mg, 85% did not.

Age Increases the Risk of Paclitaxel-Induced
Neuropathy

Patients with an older age had higher risk of paclitaxel
dose modifications caused by neuropathy and a higher risk
of having grade 3 neuropathy (p = 1.0 x 10~ and
p = 1.1 x 107>, respectively; multivariate analysis; Table 4).
For each increase in age of 1 year, the risk of neuropathy
increased by 4% and 5%, respectively.

The effect of age in the subgroup of patients who did
not take any concomitant medication during paclitaxel
treatment (150/428, 35%, with an age that varied from
32 to 73 years) showed a tendency toward increased risk
of grade 3 PIPN (odds ratio [OR], 1.04; 95% confidence
interval [Cl], 0.99-1.09; p = .057), suggesting a direct effect
of age on the neuropathy. The associations between body
surface, tumor type, cancer stage, type of treatment, and
previous chemotherapy and the PIPN are shown in Table 4.

Concomitant Medications, Comorbidities, and
Paclitaxel-Induced Neuropathy Risk

The age of the patients correlated positively with the num-
ber of comorbidities and number of concomitant medica-
tions (Spearman’s correlation coefficients, 0.42 and 0.40,
respectively); thus, subsequent analyses were adjusted for
age and other potential treatment- and tumor-related
confounders.

The risk of paclitaxel dose modifications caused by neu-
ropathy increased for patients taking cardiovascular drugs
(OR, 2.51; p = .006, multivariate analysis; Fig. 1. OR, 2.9;
p = .003 when accumulated paclitaxel dose was also added
as covariate). Specifically, beta-adrenergic antagonist
increased the risk of PIPN by fivefold (OR, 4.9; p = .013, mul-
tivariate analysis; OR, 6.2; p = .014 when accumulated pacli-
taxel dose was also added as covariate), whereas the effect

Oﬁhéologist“‘


http://theoncologist.alphamedpress.org/

Published Ahead of Print on November 23, 2018 as 10.1634/theoncologist.2018-0418.

Sanchez-Barroso, Apellaniz-Ruiz, Gutiérrez-Gutiérrez et al. 5
Table 3. Comorbid diseases and concomitant medications
Patients with dose- Patients with
All patients modifying neuropathy grade 3 neuropathy
Comorbid diseases and concomitant medications® n (%) n (%) n (%)
Comorbid diseases (n = 503)
Hypertension 69 (14) 20 (29) 47 (68)
Hypothyroidism 61 (12) 11 (18) 26 (43)
Dyslipidemia 43 (9) 10 (23) 20 (46)
Nerve compression syndrome 29 (6) 10 (34) 20 (69)
Arthrosis 21 (4) 6 (29) 16 (76)
Diabetes mellitus 18 (4) 6 (33) 10 (56)
Liver disease 10 (2) 2 (20) 5 (50)
Peripheral vascular disease 8 (2) 3 (38) 5 (63)
Autoimmune disease 8 (2) 2 (25) 3 (38)
Concomitant medications (n = 428)
Benzodiazepines 81 (19) 14 (17) 48 (59)
Cardiovascular 73° (17) 25 (34) 49 (67)
Renin-angiotensin aldosterone antagonists 56 (13) 18 (32) 39 (70)
Beta-adrenergic antagonist 13 (3) 6 (46) 10 (77)
Calcium channel antagonist 10 (2) 4 (40) 5 (50)
Gastrointestinal 74 (74) 16 (22) 36 (49)
Proton pump inhibitors 70 (16) 15 (21) 34 (49)
Endocrine 68 (16) 13 (19) 30 (44)
Thyroid replacement 58 (14) 10 (17) 24 (41)
Antidiabetic 14 (3) 4 (29) 7 (40)
Dyslipidemics 55 (55) 17 (31) 30 (55)
Statins 51 (12) 15 (29) 28 (55)
Neuropsychiatric 46 (11) 14 (30) 30 (65)
Antidepressants 43 (10) 11 (26) 27 (63)
Antipsychotic 4 (1) 2 (50) 3 (75)
Anticonvulsant 3(1) 2 (67) 3 (100)
Vitamin/minerals supplements 42 (10) 8 (19) 21 (50)
Herbal supplements 42 (10) 9 (21) 19 (45)
Diuretics 31 (7) 7 (23) 20 (65)
Thiazide 25 (6) 5 (20) 16 (64)
Loop 5 (1) 1 (20) 4 (80)
Potassium-sparing 4 (1) 2 (50) 2 (50)
Analgesic 25 (6) 9 (36) 17 (68)
NSAID 19 (4) 7 (37) 12 (63)
Antiplatelet/ anticoagulant 7 (2) 1(14) 4 (57)
Sedative hypnotic 4 (1) 1(25) 3 (75)
Pulmonary 4 (1) 1(25) 3 (75)
Glucocorticoid 3(1) 0 (0) 2 (67)
Antirheumatic 3 (1) 1(33) 2 (67)

@Concomitant medications and comorbid diseases present in at least 1% of the population studied.

Some patients took two or more cardiovascular drugs simultaneously.
Abbreviation: NSAID, nonsteroidal anti-inflammatory drug.

of calcium channel antagonists and renin-angiotensin aldo-
sterone antagonists was more modest and not statistically
significant. The effect of other types of drugs on PIPN was
not significant, but the total number of drugs taken concom-
itantly with paclitaxel treatment was associated with dose

www.TheOncologist.com

modifications due to neuropathy (p = .012; Fig. 1). As shown
in Figure 2, patients taking three or more drugs had a three-
fold higher risk of drug modifications compared with
patients not taking concomitant medications (p = .008, with
or without adding paclitaxel accumulated dose as covariate).
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Table 4. Neuropathy rates according to characteristics of the patients and their treatments

Paclitaxel dose modifications due to neuropathy

Grade 3 neuropathy

Characteristic No, n (%) VYes, n(%) OR (95% CI)? p value® No, n (%) Yes, n (%) OR (95% CI)® p value®
Total 420 (83) 83 (17) 257 (51) 246 (49)
Age,” median, yr 51.0 55.9 1.04 (1.02-1.07) 1.0x 10~® 495 53.8 1.05 (1.03-1.07) 1.1 x 107°
Body surface,” 1.68 1.70 1.43 (0.50-4.13) .51 1.66 1.70 2.02 (0.81-5.02) .13
median, m?
Tumor type

Breast 349 (85) 64 (15) Reference 199 (48) 214 (52) Reference

Ovarian 71 (79) 19 (21) 1.07 (0.39-2.95) .89 58 (64) 32 (36) 0.17 (0.06-0.42) 1.8 x 10~*
Cancer stage

Il 261 (81) 61 (19) Reference 157 (49) 165 (51) Reference

=1V 115 (86) 18 (14) 0.62 (0.33-1.16) .13 71(53) 62 (47) 0.88 (0.56-1.38) .58
Treatment

FEC+P or AC+P 233 (82) 52 (18) Reference 135 (47) 150 (53) Reference

P+FEC or P+AC 86 (97) 3(3) 0.20 (0.06-0.68) .010 54 (61) 35 (39) 0.76 (0.44-1.29) .30

C+P or others 101 (78) 28 (22) 0.99 (0.38-2.55) .98 68 (53) 61 (47) 2.26 (0.94-5.43) .070
Previous chemotherapy

No 413 (84) 79 (16) Reference 253 (51) 239 (49) Reference

Yes 7 (64) 4 (36) 2.35 (0.51-10.91) .27 4 (36) 7 (64) 1.59 (0.32-8.02) .57

#Adjusted by age, body surface, tumor type, stage, treatment and previous chemotherapy.
BThe logistic regression analysis included age or body surface as a continuous variable.
Abbreviations: AC, doxorubicin and cyclophosphamide; C, carboplatin; Cl, confidence interval; FEC, fluorouracil, epirubicin, and cyclo-

phosphamide; OR, odds ratio; P, paclitaxel.

This association remained statistically significant (p = .028)
when beta-adrenergic antagonists were added as a covariate
in the analysis. A similar trend for patients taking three or
more drugs was obtained for grade 3 neuropathy (Fig. 2B).
Regarding comorbidities, preexisting nerve compression
syndromes (diagnosed previously to paclitaxel treatment) were
shown to increase the risk of PIPN (OR, 2.6; p = .031, and OR,
2.1; p = .10, for dose modifications and grade 3 neuropathy,
respectively; Fig. 1). Adding accumulated paclitaxel dose as
covariate in the analysis did not substantially change the asso-
ciation results (i.e., OR, 2.5; p = .050 and OR, 2.1; p = .11,
respectively). Hypertension and arthrosis showed higher rates
of dose modifications and of grade 3 neuropathy, but differ-
ences were not statistically significant. Hypothyroidism and
dyslipidemia did not show significant differences in PIPN.

Predictive Model to Predict Paclitaxel Dose
Modifications Caused by Neuropathy

We included cardiovascular drugs, the number of concomi-
tant medications, and nerve compression syndrome to con-
struct a dose modification risk predictive model. The risk
scores of the model were 3.22, 2.36, and 1.18 for cardiovas-
cular drugs, number of concomitant medications, and
compression syndrome, respectively (calculated as [0.86 X
cardiovascular drugs] + [0.16 X number of drugs] + [1.17 X
nerve compression] — 2.15). We assessed the accuracy of
the classifier with ROC analysis, obtaining an AUC of 0.68
(95% Cl, 0.57-0.70; p = 2.2 X 107°). The AUC of the predic-
tive model including the covariates used in the multivariate
analysis (age, body surface, tumor type, cancer stage, treat-
ment schedule, and previous chemotherapy treatments) was
of 0.69 (95% Cl, 0.62—0.75). Adding the newly identified risk
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factors (cardiovascular drugs, number of concomitant medi-
cations, and compression syndrome) to the model increased
the predictive value (AUC of 0.74; 95% ClI, 0.68-0.81;
p = 1.07 x 107%%; supplemental online Fig. 1).

DiscussioN
The identification of chemotherapy-induced neuropathy risk
factors could help to personalize cancer treatments, reduc-
ing the number of severe and long-term disabling neuropa-
thies. However, few risk factors have been definitely
identified, and many proposed have not been replicated. In
the present study, we carried out a comprehensive analysis
on a large series of well-characterized paclitaxel-treated
patients to identify treatment-related and physiopathologic
risk factors of PIPN. In agreement with previous studies, we
found that age was associated with an increased risk of neu-
ropathy [11, 14, 24-26]. The basis for this association
remains undetermined, as it might reflect a higher number
of comedications and comorbidities, which augment with
the age of the patients and which could affect the neuropa-
thy risk (e.g., through drug—drug interactions). In our study,
older patients had more PINP, even when taking into
account the number of concomitant medications, thus sup-
porting a direct effect of age and suggesting age-related
diminishment of body functions as a causative mechanism.
However, this study also supports the idea that the number
of comedications taken during paclitaxel treatment and
some pathologies have a direct effect on PIPN (higher age-
adjusted risk of PIPN; Figs. 1 and 2).

Polypharmacy has been shown to be common in
patients with cancer undergoing chemotherapy [27]. In a
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Dose modifications neuropathy Grade 3 neuropathy
OR (P) OR (P)
Cardiovascular drugs 2.51 (.006) —_— 1.59 (.13) T
Beta-adrenergic antagonist 4.90 (.013) - 4.97 (.045) -
Calcium channel antagonist 2.29 (.23) - 0.64 (.50) —H—
RAAS inhibitors 1.76 (.12) e 1.63 (.15) +—-—
Analgesic 2.04 (.13) +—— 1.91 (.19) 4+
Herbal Supplements 1.83 (.16) o= 1.12(.75)
Dislipemics 1.73 (.14) |- 0.77 (.46)
Statins 1.48 (.31) R 0.82 (.57)
Proton pump inhibitors 1.46 (.28) - 0.96 (.89)
Antidepressants 1.34 (.48) —1 - 1.42 (.33)
Vitamins and minerals 1.25 (.62) 0.85 (.65)
Thyroid replacement 0.92 (.84) 0.51 (.036) |
Benzodiazepines 0.88 (.71) 1.57 (.11) |—=——
Diuretics 0.87 (.78) 1.12(.79)
Thiazide 0.72 (56) —— 0.97 (.94) t
3-11 medications 2.97 (.008) - 1.90 (.051) -
1-2 medications 1.52(.23) e 1.61 (.048) -
Number of medications 1.25 (.012) |= 1.15 (.091) ™
Nerve compression syndrome  2.61 (.031) - 2.11(.10) —
Hypertension 1.63 (.16) 1+ - 1.73 (.092) e
Arthrosis 1.44 (49) —-E——— 2.47 (.13) -
Hypothyroidism 1.03 (.94) 0.51 (.032) |
Dyslipidemia 0.98 (.96) F 0.59 (.16) M-
T T T T L T T T T T L L] L L) L} L] L L) L)
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
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0dds Odds <« Odds Oods ->

Figure 1. Association of dose modifications due to neuropathy and neuropathy grade 3 with comorbid conditions and concomitant
medications. Multivariate logistic regression analyses were adjusted for age, body surface, tumor type, cancer stage, treatment
schedule, and previous chemotherapy treatments. The analysis of concomitant medications did not take into account vitamin and
mineral supplements. The number of drugs was analyzed as a continuous variable (Number of medications) and as a categorical
variable with patients taking three or more drugs (3—11 medications) and those taking one or two drugs (1-2 medications),
grouped together and compared with patients who did not take concomitant drugs during paclitaxel treatment. Each square rep-
resents an odds ratio, and each horizontal line is the 95% confidence interval. The vertical line is the line of equal odds.
Abbreviations: OR, odds ratio; RAAS, renin-angiotensin aldosterone antagonists.
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Figure 2. Effect of concomitant medications on paclitaxel-induced peripheral neuropathy. Paclitaxel dose modifications due to
neuropathy (dose reduction and treatment suspension) (A) and grade 3 neuropathy (B) were compared among patients taking dif-
ferent number of concomitant drugs. There were 157 patients not taking concomitant drugs, 192 taking one or two drugs, and
79 taking three or more different drugs. The p values correspond to multivariate binary logistic regression analysis.

patient population aged 65 or more years, the mean num- in terms of cancer types and chemotherapy treatments,
ber of daily medications was five, and 29% of the patients = found no association between the number of concomitant
took at least one inappropriate medication [28]. The study drugs and toxicity or hospitalization, only a tendency
by Maggiore et al., with a very heterogeneous population  toward higher risk of adverse events for anticoagulants and
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antiarrhythmics. Recent studies found an interaction
between paclitaxel and the anticoagulant clopidogrel, a
CYP2C8 inhibitor, with a clinically relevant increased risk of
neuropathy in patients taking both drugs [29, 30]. In our
study, only one patient received clopidogrel. The most
common medications were benzodiazepines, cardiovascular
drugs, and proton pump inhibitors. Cardiovascular drugs,
especially beta-adrenergic antagonists, were found associ-
ated with an age-adjusted increased risk of PIPN (Fig. 1).
Most of these drugs are not CYP2C8 or CYP3A4 inhibitors;
thus, a direct interaction with paclitaxel metabolism is not
expected. One could postulate that microvascular compli-
cations associated with the cardiovascular disease could
increase PIPN. Beta-adrenergic antagonists included ateno-
lol, bisoprolol, carvedilol, and nebivolol, and most of the
patients treated with these drugs (69%) had arterial hyper-
tension. Adverse effects of beta-adrenergic antagonists
include cold extremities, Raynaud phenomenon, or periph-
eral ischemia, suggesting that, in addition to microvascular
complications, these side effects in extremities may also
contribute to the neuropathy symptoms caused by the che-
motherapy. In regard to the number of drugs taken con-
comitantly with paclitaxel treatment, they were found to
increase neuropathy risk (Fig. 2). Some of these drugs are
related to peripheral neuropathy, such as statins [31] or
proton pump inhibitors, which are associated with vitamin
B12 deficiency [32], a peripheral neuropathy risk factor.
The number of concomitant medications could also be an
indirect measurement of the general health status of the
patients, which in cisplatin-treated patients was found
strongly associated with the neuropathy (OR, 0.59;
p < .0001) [26].

Patients with nerve compression syndromes, including
common conditions such as carpal tunnel syndrome and
radiculopathies, showed an increased PIPN risk. However, it
could be speculated that although patients did not have
neuropathy symptoms when paclitaxel treatment started,
the entrapment of nerves and chronic compression mono-
neuropathies related to these conditions might have
occurred during treatment and may have led to a misattri-
bution of symptoms, making it difficult to differentiate
between tingling and numbness due to compression and
due to paclitaxel. Further studies should address this issue.
Diabetes mellitus and hypothyroidism cause peripheral
neuropathy, and they have been suggested as risk factors
for chemotherapy-induced neuropathy in patients with or
without preexisting neuropathy symptoms [11, 17]. In our
study, only 19 patients had diabetes mellitus, indicating
reduced statistical power. Regarding hypothyroidism, the
lack of association with PIPN, in agreement with previous
studies, probably reflects efficient hormone replacement
that prevents nerve damage [11]. Patients with hyperten-
sion showed a tendency toward increased neuropathy risk,
but a previous study with taxanes did not support
this [11].

Limitations to the study include a reduced number of
patients with some comorbidities, reflecting the relatively
young population studied (median age of 52 years). This
led to important differences in the incidence of comorbid-
ities with previous studies in elderly patients

© AlphaMed Press 2018

(e.g., diabetes mellitus in 26% vs. 4% of the patients for
Hershman et al. [11] and this study, respectively) but bet-
ter reflects the risk factors of a middle-aged population of
patients with cancer. The lack of a validation series in this
study indicates that associations should be confirmed in
additional cohorts. In addition, some variables previously
suggested as risk factors were not available for the analy-
sis (e.g., baseline body mass index) [13]. Regarding PIPN
evaluation, although it was performed in a systematic
manner, patients were retrospectively recalling the symp-
toms experienced during paclitaxel treatment at different
time points after treatment, which could have influenced
the results. We incorporated paclitaxel dose modifications
caused by the neuropathy as an independent clinically rel-
evant neuropathy endpoint related to severe PIPN and
clearly registered in the medical records. The correlation
between dose modifications and the grade 3 neuropathy
supports accuracy in PIPN grade estimation. In addition,
unlike most previous studies on physiopathologic and clin-
ical factors, most of our patients had nonmetastatic
breast and ovarian cancer and were homogenously trea-
ted with paclitaxel.

CONCLUSION

We identified concomitant medications, especially beta-
adrenergic antagonists, as novel PIPN risk factors. The
results confirmed age as a causative factor increasing neu-
ropathy risk and suggested nerve compression syndromes
as a potential risk factor. Our study builds upon prior work
by analyzing comedications in a middle-aged population
homogenously treated with paclitaxel and by incorporat-
ing paclitaxel dose modifications caused by the neuropa-
thy as a robust clinically relevant endpoint. Altogether,
baseline personal characteristics could serve to identify
patients at high PIPN risk, for whom alternative non-
neurotoxic alternatives may be considered. Future studies
should prospectively evaluate the effect of the identified
risk factors to build prediction models for treatment
personalization.
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Table S1. Items evaluated in the patients’ interview.

FACT/GOG Interview Symptom
Items Ntxv.4 category
Subscale
Ntx1: | have numbness or tingling in my hands Yes
Ntx2: | have numbness or tingling in my feet Yes
Sensory
Ntx3: | feel discomfort in my hands Yes
Ntx4: | feel discomfort in my feet Yes
Ntx5: | have joint pain or muscle cramps Yes Myalgia
Ntx8: | have trouble buttoning buttons Yes
Yes
Ntx9: | have trouble feeling the shape of small objects .
. Yes Functional
when they are in my hand
ANG: | have trouble walking Yes
Ntx6: | have trouble hearing Auditory
. - Lo (NEa)
Ntx7: | get ringing or buzzing in my ears No
HI12: | feel weak all over® Not spfcmc
(NE)
Additional Q1: | fell weakness in limbs No Yes Additional
- - . . items
Additional Q2: | fell joint stiffness in hands or feet No Yes

®Not evaluated in the interview.

®One question (H12: | feel weak all over) was excluded because it was not specific. It was replaced by

related questions (Q1: weakness in limbs, Q2: | feel joint stiffness).




Table S2. Peripheral neuropathy symptoms of the 503 patients included in the study.

Paclitaxel induced peripheral neuropathy (PIPN)

Grade 0 Grade 1 Grade 2 Grade 3
Items evaluated
n=63 n=63 n=131 n=246
Nr (%) Nr (%) Nr (%) Nr (%)
SENSORY. Numbness, tingling or discomfort in hands or feet (Ntx1-4° COMBINED)
Patients with numbness, tingling or discomfort in hands or feet 0(0) 58 (92) 127 (97) 245 (99.6)
Patients without numbness, tingling or discomfort in hands or feet 63 (100) 5(8) 4 (3) 1(0.4)
- FACT/GOG Ntx1, Ntx3
Patients with numbness, tingling or discomfort in hands 0 (0) 34 (54) 115 (88) 232 (94)
Patients without numbness, tingling or discomfort in hands 63 (100) 29 (46) 16 (12) 14 (6)
- FACT/GOG Ntx2, Ntx4
Patients with numbness, tingling or discomfort in feet 0 (0) 36 (57) 124 (95) 229 (93)
Patients without numbness, tingling or discomfort in feet 63 (100) 27 (43) 7 (5) 17 (7)
MYALGIA. Joint pain or muscle cramps (Ntx5°)
Patients with joint pain or muscle cramps 0(0) 6 (10) 22 (17) 102 (41)
Patients without joint pain or muscle cramps 63 (100) 57 (90) 109 (83) 144 (59)

FUNCTIONAL. Trouble buttoning buttons, feeling shape objects or trouble walking (Ntx8, Ntx9, An6° COMBINED)

vmzm._:m with trouble buttoning buttons, feeling shape objects or trouble 0(0) 2°(3) 41° (31) 239 (97)
walking
vmﬁ_m._:m without trouble buttoning buttons, feeling shape objects or trouble 63 (100) 61(97) 90 (69) 7% (3)
walking
-FACT/GOG Ntx8, Ntx9
Patients with trouble buttoning buttons or feeling the shape of small objects 0 (0) 1(2) 22 (17) 213 (86)
Patients without trouble buttoning buttons or feeling the shape of small objects 63 (100) 62 (98) 109 (83) 35 (14)
-FACT/GOG An6
Patients with trouble walking 0 (0) 1(2) 25 (19) 169 (68)
Patients without trouble walking 63 (100) 62 (98) 106 (81) 75 (31)
Not evaluable 0 (0) 0 (0) 0 (0) 2 (0.8)
ADDITIONAL ITEMS. Weakness or joint stiffness (Additional question Q1, Q2
COMBINED)

Patients with weakness or joint stiffness in limbs 0(0) 6 (10) 43 (33) 209 (85)



Patients without weakness or joint stiffness in limbs

63 (100) 57 (90) 88 (67) 37 (15)
-Additional question Q1
Patients with weakness in limbs 0(0) 2(3) 33 (25) 199 (81)
Patients without weakness in limbs 63 (100) 61 (97) 98 (75) 46 (19)
Not evaluable 0(0) 0(0) 0(0) 1(0.4)
-Additional question Q2
Patients with joint stiffness in hands or feet 0(0) 4 (6) 16 (12) 59 (24)
Patients without joint stiffness hands or feet 63 (100) 59 (94) 115 (88) 187 (76)

®ltems from the FACT/GOG scale.

® Mild and intermittent symptoms that did not affect ADL.

“Symptoms did not affect self care ADL.

4 patients without trouble buttoning buttons, feeling shape objects or trouble walking.

limbs and joint stiffness, which were considered to limit self care ADL.

However, 5 patients had weakness in limbs and 2 had weakness in
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Figure S1.

Receiver operating characteristic (ROC) curve analysis showing the accuracy of the classifiers to
discriminate between patients with dose reductions/ treatment suspensions due to neuropathy.

The ROC curves correspond to the classifiers including: cardiovascular (CV) drugs, the number of
concomitant medications and nerve compression syndrome (NCS) (CV drugs, Nr drugs, NCS classifier-
yellow line); the covariates used in multivariable analysis: age, body surface, tumor type, cancer stage,
treatment schedule and previous chemotherapy treatments (Covariates classifier-blue line); and the
final classifier including the factors of the other two models (Combined classifier-red line). The AUC, 95%
Cl, and P values are shown in the graph.
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