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Abstract

Purpose: Approximately 25% of patients receiving weekly paclitaxel for breast cancer require
treatment disruptions to avoid severe, irreversible peripheral neuropathy (PN). Vitamin
insufficiencies are PN risk factors in many diseases, but their relevance to chemotherapy-induced
PN is unknown.

Methods: We investigated whether baseline insufficiency of vitamin D, vitamin B12, folate, or
homocysteine increased PN in patients with breast cancer receiving weekly paclitaxel in a
retrospective analysis of a prospective observational study. Patient-reported PN was collected at
baseline and during treatment on the Quality of Life Questionnaire Chemotherapy-Induced
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Peripheral Neuropathy(CIPN20). The primary analysis tested associations between vitamin
deficiency and the maximum increase from baseline in the CIPN20 sensory subscale (ACIPNS8).
Secondary analyses tested for association with PN-induced treatment disruptions and adjusted
associations for treatment and clinical variables.

Results: 25-hydroxy-vitamin D was the only nutrient with sufficient deficiency (< 20 ng/mL) for
analysis (15/37=41%). Vitamin D deficient patients had a greater mean PN increase than non-
deficient patients (ACIPN8+SD, 36+23 vs. 16+16, p=0.003) and a non-significant, approximately
3-fold increase in risk of treatment disruption (OR = 2.98, 95% CI [0.72, 12.34], p=0.16). In
multivariable models adjusted for clinical and treatment variables, baseline vitamin D level was
inversely associated with PN (B = -0.04, p = 0.02).

Conclusions: Pre-treatment vitamin D deficiency was associated with PN in women receiving
weekly paclitaxel for breast cancer. Vitamin D deficiency may be an easily detected PN risk factor
that could be resolved prior to treatment to prevent PN, avoid treatment disruptions, and improve
treatment outcomes.

Keywords

chemotherapy-induced peripheral neuropathy; paclitaxel; breast cancer; nutrient deficiency;
vitamin D

Background

Paclitaxel is a highly effective chemotherapy agent and is widely used in the treatment of
breast cancer.[1] In the setting of early-stage breast cancer, a regimen of 80 mg/m?
administered weekly for 12 weeks is commonly used as part of the curative therapeutic plan.
[2] Although weekly dosing has an acceptable risk-benefit profile, many patients suffer from
dose-limiting toxicities, particularly peripheral neuropathy (PN).[2] Based on the National
Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) grading
scale[3], grade 2 or higher PN occurs in approximately 25% of patients receiving weekly
paclitaxel and symptoms continue beyond two years after treatment in approximately 10%
of patients.[2, 4, 5] Mild PN is characterized by bothersome burning, tingling, and numbness
which can progress to irreversible loss of fine motor movements and gait stability with
continued taxane treatment.[6] Given the >80% five-year survival in early stage breast
cancer, it is particularly desirable to limit PN that can cause a lasting negative impact on
quality of life.[1, 7-9] To avoid long term morbidity, up to 25% of patients require paclitaxel
treatment disruptions including dose decreases, dose delays, and cessation of therapy.[10,
11] These disruptions reduce further PN progression but place patients at risk for suboptimal
treatment efficacy.[12, 13]

Discovery of effective preventative strategies to reduce paclitaxel-induced PN is a critical
unmet need. Previous efforts to identify predictive biomarkers have focused extensively on
patient’s genetics, but these have failed to be successfully replicated and may be challenging
to translate into patient care.[14] Discovery and validation of a predictive, easily modifiable
biomarker of PN could reduce patient suffering secondary to PN, prevent paclitaxel
treatment disruptions and maximize treatment benefit.
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Baseline nutrient deficiencies may be a modifiable predictive biomarker of paclitaxel
induced PN but these relationships remain relatively unexplored. Deficiency of folic acid, B
vitamins, and vitamin D are known risk factors for PN in other disease states including
chronic alcoholism and diabetes mellitus.[14-19] Despite the known link across etiologies,
the role of these deficiencies as risk factors for chemotherapy induced PN has not been well
defined.[20] Deficiency of B vitamins and vitamin D have been associated with increased
chemotherapy-induced PN and past case reports indicate supplementation may be an
effective treatment option in deficient patients.[21-24] Nutritional deficiencies present an
attractive option as a predictive biomarker because they are easily detected by commonly
conducted clinical labs and are often modifiable through nutritional supplementation or
dietary modification.

Our group has completed an observational study (NCT02338115) of patients with early
stage breast cancer receiving paclitaxel for 12 weeks at 80 mg/m2. Previous work in this
cohort has sought to discover pharmacokinetic, pharmacogenomic, and
pharmacometabolomic biomarkers of paclitaxel-induced neuropathy for future validation
and clinical translation.[25-27] The objective of this study was to conduct a secondary
analysis to investigate associations between pre-treatment nutrient insufficiencies and
severity of PN during weekly paclitaxel treatment in this cohort.

Study design and patient enroliment:

Full details regarding the study design, patient enrollment, and sample and data collection
for this observational clinical study have been described previously (NCT02338115).[25]
Briefly, this study enrolled adult, female patients scheduled to receive paclitaxel 80 mg/m?
weekly x 12 weeks for stage I-111 or oligometastatic breast cancer. All patients were
recruited from the University of Michigan Rogel Cancer Center. The primary objective of
the clinical study was to confirm the relationship between systemic paclitaxel concentrations
after the first infusion and PN severity throughout treatment. Blood samples were collected
at baseline for planned, retrospective secondary analyses of genomics,
pharmacometabolomics, and neuropathy-associated nutrient insufficiencies. The clinical
study and secondary analyses were approved by University of Michigan IRBMED and all
patients completed informed consent. The primary study and all subsequent analyses were
conducted ethically according to relevant institutional and national guidelines and statutes
and according to the Declaration of Helsinki and The Belmont Report.

Peripheral Neuropathy Assessment

Patients completed the European Organisation for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire Chemotherapy-Induced Peripheral Neuropathy
(CIPN20) at baseline and weekly until the end of treatment.[28] The CIPN20 is a semi-
validated patient-reported assessment tool used to quantify sensory, motor, and autonomic
neuropathy experienced in the previous week on a scale of 1 (“not at all”) to 4 (“very
much”). Because paclitaxel is known to cause a predominantly sensory PN, an 8-item
sensory subscale (CIPN8) of the full survey was used in the primary and this secondary
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analysis.[25, 29, 30] The raw CIPN8 score at each time point is calculated by summing the
responses to each of the eight items, yielding a raw score of 8-32. Raw CIPN8 scores are
then converted to a linear scale ranging from 0 to 100 with higher scores indicating greater
PN, as recommended by the EORTC [28]. All reports of CIPN8 in this manuscript refer to
this linearly scaled score. Clinicians did not have access to the CIPN20 surveys during
treatment, and as such all treatment decisions were blinded to CIPN20 information.

Sample collection and measurement of nutrients and paclitaxel concentrations

Blood samples were collected the morning of the first paclitaxel infusion, prior to initiation
of treatment, for baseline measurement of neuropathy-related nutrients: 25-hydroxy-vitamin
D (vitamin D), vitamin B12, folate, and homocysteine. Nutrient levels were measured by the
clinical laboratory at Michigan Medicine and insufficiency defined by institutional
standards.

Statistical analysis and modeling

Results

Baseline characteristics were compared between groups using the Student’s t-test and Chi-
Square or Fisher’s exact test as appropriate. To determine the relationship between baseline
nutrient levels and paclitaxel-induced PN, the a priori primary endpoint was defined as the
maximum increase from baseline to any time point during treatment in the scaled CIPN8
(Max CIPNS8 reported — baseline CIPN8 = ACIPNS8). For each nutrient, the ACIPN8 was
compared between nutrient insufficient and sufficient patients using the Student’s t-test.
Nutrients associated with PN in the primary univariate analysis were also tested in a
secondary analysis by introducing nutrient status into our previously published PN
multivariable repeated-measure linear regression model. [25] The base model includes
baseline CIPN8 (0-100), cumulative dose [in mg/m? according to actual body weight and
adjusted for body-surface area (BSA)], relative dose intensity (proportion of cumulative
planned dose received to expected cumulative dose, to account for delays and decreases) and
other covariates previously found to be significant predictors of PN: age, alcohol status (self-
reported alcohol intake, yes vs. no), and diabetes (determined through self-reported
diagnosis, diagnosis abstracted from the medical record, or baseline HbA1C > 6.5%)).
Vitamin status was introduced into this model in two ways, as a dichotomous variable
(deficient vs. not) and as a continuous variable (raw vitamin level). A square root
transformation was applied to scaled CIPN8 scores to meet model assumptions.

Any nutrients associated with ACIPN8 in the primary analysis were also tested for
association with a secondary clinically relevant endpoint of PN-induced treatment
disruption, defined previously as a paclitaxel dose decrease, delay, or discontinuation due to
PN using Chi-Square or Fisher’s Exact tests, as appropriate.[25] All statistical analyses and
modeling were conducted in SAS v9.4 (SAS Institute).

Baseline nutrient levels:

Sixty participants completed the observational clinical study and were eligible for this
secondary analysis. The initial pilot feasibility study did not include collection of nutrient
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data. After enrollment of the first 22 patients, an amendment was approved to expand
enrollment and permit determination of baseline vitamin and nutrient levels of 38
subsequently enrolled patients (Figure 1). Vitamin D deficiency (defined as <20 ng/mL) was
identified in 41% (15/37) of assessed patients. Vitamin B12 insufficiency (<211 pg/mL) was
found in 3% (1/30) of patients, and no patients were identified with folate (<4 ng/mL) or
homocysteine (normal range 5 to 15 umol/L) abnormalities. Due to limited sample size for
patients with deficiencies of vitamin B12, folate, and homocysteine, secondary analyses
were conducted using a binary classification based on the median value of the nutrient (i.e.,
above vs. below median).

Patient demographics and baseline characteristics:

Association

Patient demographics and clinical characteristics for the 37 patients with measured vitamin
D were stratified by vitamin D status: deficient (vit D-) or non-deficient (vit D+, Table 1).
Patient demographics including age and race were similar between groups, as were BMI and
other comorbidities known to be associated with PN (i.e., diabetes mellitus and alcohol
intake). The patients included in this analysis are representative of the parent study cohort,
except that patients included in this analysis were less likely to be taking concurrent HER2-
directed treatment with trastuzamab and/or pertuzumab (32.4% vs. 73.9%, p =0.001).

of vitamin D with peripheral neuropathy and treatment disruption

Baseline CIPN8 was low and similar between groups (VitD-=1.94 £ 4.1, Vit D+ =1.14 +
2.6, p = 0.574). In the primary analysis, patients with baseline vitamin D deficiency
experienced a greater change in CIPN8 (ACIPNB8) than patients without vitamin D
deficiency (Vit D— = 36.39 +22.8 vs. Vit D+ = 16.29 £16.3, p=0.003). Vitamin D deficiency
as a binary variable did not retain significance in the CIPN8 model after adjusting for
treatment and clinical covariates (f =0.40, SE = 0.25, p = 0.11, Table 2, Model 1). However,
vitamin D measurement (ng/mL) as a continuous variable was inversely associated with
ACIPNS in the fully adjusted model (f = -0.04, SE = 0.02, p = 0.02, Table 2, Model 2). Due
to substantial nutrient data-missingness and limited sample size we attempted to impute
vitamin D for the entire cohort (n=60) and rerun the models. However, vitamin D was not
significant in any imputed models (data not shown). For vitamin B12, folate, and
homocysteine, there were no differences in ACIPN8 between patients above and below the
median (data not shown).

Twelve out of 37 (32.4%) patients experienced a PN-induced treatment disruption. Patients
with vitamin D deficiency had nominally greater risk for a PN-induced treatment disruption
but this did not reach statistical significance (OR = 2.98, 95% CI [0.72, 12.34], p=0.16).

Discussion

PN is a dose-limiting toxicity of paclitaxel that can affect function and quality of life. With a
lack of proven effective treatment or prevention strategies, there is a critical need to identify
predictive biomarkers of paclitaxel-induced PN that can be translated into clinical practice.
[31] In this retrospective analysis of a prospectively enrolled observational cohort of women
receiving weekly adjuvant paclitaxel for breast cancer, baseline vitamin D deficiency was
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associated with greater patient-reported PN during treatment, and a corresponding 3-fold
increased risk of PN-induced treatment disruption that was not confirmed statistically.

This study suggests vitamin D deficiency as a potential risk factor for paclitaxel induced PN
and is consistent with a growing body of evidence that vitamin D may serve as a modifiable
biomarker for PN across etiologies. Recent systematic reviews have found lower levels of
vitamin D in diabetic patients with PN and that vitamin D deficiency increases the risk of
PN secondary to diabetes.[18, 19] Lower serum levels of vitamin D have also been
associated with increased PN and neurotoxicity in aging[32] and other disease states
including immune-mediated PNs[33] and other autoimmune conditions[34, 35], though the
mechanism for this has not been determined. Despite the association of vitamin D deficiency
with increased PN across these disparate etiologies, there has been limited work conducted
to determine whether vitamin D deficiency is a risk factor for chemotherapy-induced PN. A
recent case-control study of patients who did and did not experience PN from paclitaxel
found lower pre-treatment vitamin D levels in patients with PN (38.2 nmol/L vs. 25.6
nmol/L, p=0.008).[22] A separate cohort of patients with multiple myeloma treated with
bortezomib and/or thalidomide demonstrated increased severity of motor (p=0.042) and
sensory PN (p=0.009) in vitamin D deficient patients.[21] The direct association between
vitamin D deficiency and PN has never been analyzed in a large prospective clinical trial, to
our knowledge. However, a post-hoc analysis of SWOG 0221 (S0221), a phase 111 clinical
trial of early stage breast cancer patients receiving paclitaxel, found decreased risk for PN in
patients taking multivitamins (OR=0.78, 95% CI 0.61-1.00).[36] These findings, in concert
with the findings of our analysis, present strong justification for confirmatory studies of the
association between pre-treatment vitamin D deficiency and PN in large, independent
prospectively accrued cohorts of patients receiving paclitaxel and other neurotoxic
chemotherapy agents.

A modifiable predictive biomarker of paclitaxel induced PN has the potential to dramatically
improve outcomes of patients with breast cancer. PN limits activities of daily life and causes
sustained, long-term morbidity for patients.[5, 8] A PN biomarker could be used to identify
patients who would benefit from alternative and less neurotoxic regimens, enhanced PN
monitoring, or individualized dosing strategies. Deficiency of vitamin D or other nutrients
are particularly attractive biomarkers as they are conveniently detected through standard
clinical testing and easily corrected with supplementation or nutritional intervention. In
diabetes, vitamin D supplementation has been shown to correct vitamin D deficiency and
improve PN symptoms.[37, 38] A case of vitamin D supplementation improving PN
symptoms in a multiple myeloma patient taking bortezomib has been reported, but the role
of vitamin D supplementation in chemotherapy-induced PN has not been widely studied.
[23] Many clinical studies have investigated the supplementation of other vitamins and
nutraceuticals in preventing and/or treating PN with most studies failing to convincingly
demonstrate efficacy of this approach (Vitamins B[39] and E[40], acetyl-I-carnitine[41],
glutathione[42], and glutamine[43]). However, these studies tested supplementation of
nutrients that have not been validated as risk factors for PN and tested supplementation in
patients irrespective of their deficiency status. If lower pre-treatment circulating vitamin D
level is confirmed as a PN risk factor, vitamin D supplementation could be explored as an
effective precision medicine strategy to mitigate the risk of paclitaxel-induced PN in vitamin

Breast Cancer Res Treat. Author manuscript; available in PMC 2021 March 10.
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D deficient patients, thus reducing PN incidence and improving treatment outcomes.
However, it is worth noting that vitamin D supplementation to correct underlying
deficiencies and improve outcomes has been explored widely across cancer and other
disease states with limited success.[44-47]

Limitations of the present study include a modestly sized cohort of predominately white
patients with breast cancer treated at a single center. It is unknown whether these findings
can be generalized to patients of other races or genders, those receiving alternative paclitaxel
regimens and dosing schemes, and those receiving other neurotoxic chemotherapies. The
vitamin D-deficient group in this cohort was comprised entirely of white women. Therefore,
our findings are not due to higher risk of PN and vitamin D deficiency in black patients.[48—
50] Nonetheless, the relationship between vitamin D deficiency and PN needs to be
validated in more heterogeneous cohorts using a clinically meaningful endpoint such as PN-
induced treatment disruption or persistent neuropathy to justify clinical translation. The
relatively small cohort and substantial missingness in baseline vitamin levels limited the
statistical power of the present analysis, particularly for the clinical endpoint of neuropathy-
induced treatment disruption. This may have resulted in the non-significance of the finding
that vitamin D-deficient patients had an approximate three-fold increase in risk of PN-
induced treatment disruption. Finally, while our study did not adjust for multiple
comparisons, there was a single a priori defined analysis with 4 independent variables
(vitamin D, vitamin B12, folate, and homocysteine), therefore, our primary finding for
vitamin D deficiency would have retained significance after multiple comparisons correction
(=0.0125).

Conclusion

The results of this secondary analysis of an observational clinical study demonstrated
baseline vitamin D deficiency was associated with increased patient reported PN in patients
with breast cancer receiving weekly paclitaxel. The results of this study add to a growing
body of evidence supporting vitamin D as a predictive biomarker of paclitaxel-induced PN.
These results require validation in large, independent cohorts followed by prospective
demonstration that vitamin D supplementation in deficient patients prevents PN, avoids
treatment disruption, and improves overall treatment outcomes to warrant translation of this
modifiable biomarker into patient care.
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Figure 1.

Patient flow diagram from the parent observational study to this secondary nutrient analysis.
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Figure 2.
Patient reported PN (ACIPNS8) stratified by Vitamin D status: deficient (<20 ng/mL, n=15)

or non-deficient (= 20 ng/mL, n=22). The Y-axis represents the maximum change from
baseline in the scaled CIPN8 score, ACIPNS, as described in the methods. Patients with
baseline vitamin D deficiency experienced greater PN than those who were non-deficient
(Vit D— = 36.39 #22.8 vs. Vit D+ = 16.29 +16.3, p=0.003).
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Participant characteristics stratified by vitamin D status deficient (=) vs. non-deficient (+)

Table 1.

Vitamin D— | Vitamin D+ | p-value

Participants Number 15 (40.5%) 22 (59.5%) NA
Age Years 47.6[28,59] | 54.6[34,71] | 0.051
Self-reported race White 15 (100%) 19 (86.4%) 0.257

Other 0 (0%) 3(13.7%) | 0.257
BMI kg/m? 28.2+53 28351 0.953
Treatment regimen Prior AC 14 (93.3%) 21 (95.5%) 1.000

Concurrent H and/or P 6 (40.0%) 6 (27.3%) 0.488
Alcohol consumption Yes 9 (60.0%) 10 (45.5%) 0.508
Diabetes mellitus Self-reported and/or HhA1C>6.5% 1(6.7%) 7 (31.8%) 0.108
Peripheral neuropathy | Baseline CIPN8 194+41 1.14+26 0.471

Page 14

Abbreviations: A = doxorubicin, C = cyclophosphamide, H = trastuzamab, P = pertuzumab; HbA1C = hemoglobin A1C, CIPN8 = Scaled score

(range 0-100) of the 8-item sensory subscale of EORTC chemotherapy induced peripheral neuropathy 20 (CIPN20) questionnaire.

a. .. . . S . .
Continuous variables are presented as mean + standard deviation except age which is presented as mean [minimum, maximum].

All continuous variables are compared by T-test. Categorical variables are presented as counts (%) and compared by chi-square or Fisher’s exact

test as appropriate.
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Multivariable repeated-measure linear regression model of CIPN8 with previously published clinical

variables[25] and vitamin D.

Table 2.

Description Fixed Effect Coefficient Estimate | Standard Deviation | P-value
Model 1 N=37 | Baseline CIPN8 0.21 0.04 | <0.0001
Cumulative dose 0.48 0.06 | <0.0001
Relative dose intensity 0.26 0.93 0.78
Age 0.01 0.01 0.27
Alcohol vs. none 0.46 0.23 0.05
Diabetes vs. no diabetes 0.35 0.30 0.24
Vitamin D deficiency vs. not? 0.40 0.25 0.11
Model 2 N=37 | Baseline CIPN8 0.21 0.04 | <0.0001
Cumulative dose 0.48 0.06 | <0.0001
Relative dose intensity 0.10 0.93 0.91
Age 0.01 0.01 0.24
Alcohol vs. none 0.48 0.23 0.04
Diabetes vs. no diabetes 0.28 0.29 0.33
Vitamin D level (ng/mL) -0.04 0.02 0.02

a\/itamin D deficiency defined as < 20 ng/mL. Acronyms: CIPN8, Scaled score (range 0-100) of the 8-item sensory subscale of EORTC

chemotherapy induced peripheral neuropathy 20 (CIPN20) questionnaire.
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