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Abstract

Background: Chemotherapy-induced peripheral neuropathy (CIPN) is a dose-limiting toxicity of
paclitaxel. Though no pharmacological agents have been identified to prevent CIPN, cryotherapy
with frozen gloves and socks may reduce the risk of developing CIPN and thereby increase the
likelihood of patients completing the planned dose of paclitaxel.

Patients and methods: Among women with early-stage breast cancer who received at least one
cycle of paclitaxel, 119 were included in the 2016-cohort who received cryotherapy when they
developed symptoms of CIPN, and 96 patients in the 2017-cohort who received prophylactic
cryotherapy. From electronic patient records, data were abstracted on dates and doses of
adjuvant paclitaxel, dose reductions, cycle delays, symptoms of CIPN, and whether and when
frozen gloves and socks were used. The outcome was the proportion of patients completing the
planned 720 mg/m? of paclitaxel cumulated over nine cycles. The hazard ratio (HR) of a dose-
limiting event due to CIPN was estimated in a Cox proportional hazards model.

Results: In the 2016-cohort cryotherapy was needed due to symptoms of CIPN in 54 (45%)
patients. Significantly more patients, 77% in the 2017-cohort, completed the planned dose of 720
mg/m2 compared with 64% in the 2016-cohort, p=0.017. The HR of a dose reduction or cessation
due to CIPN, adjusted for age and HER-2 status, was 0.50 (95% Confidence Interval 0.30-0.84),
p=0.009, for the 2017-cohort compared with the 2016-cohort.

Conclusions: The results of this study suggest that prophylactic cryotherapy may reduce the risk of
a dose-limiting event due to CIPN and increase the proportion of patients completing the planned
dose of paclitaxel in adjuvant treatment of early-stage breast cancer. Despite this, CIPN remains to

be an important dose-limiting toxicity of paclitaxel.
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Key Message

While there are no pharmacological agents known to prevent chemotherapy-induced peripheral
neuropathy (CIPN), this study demonstrates that cryotherapy with frozen gloves and socks has the
potential to reduce the risk of a dose-limiting event due to CIPN among breast cancer patients
receiving weekly paclitaxel in the adjuvant or neo-adjuvant setting. By using cryotherapy from the
first cycle of paclitaxel, more patients can complete the planned dose intensity. However, CIPN

still remains to be an important dose-limiting toxicity of paclitaxel.



Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a dose-limiting toxicity of taxanes such as
paclitaxel and docetaxel. Prevention of CIPN has been tested in more than 40 randomized clinical
trials but no consistent or conclusive clinically meaningful benefits have been demonstrated when
pharmacologic agents, such as anticonvulsants, antidepressants, vitamins, minerals, and other
chemoprotectants have been compared with placebo controls(1). Among 1,725 Danish breast
cancer patients receiving adjuvant treatment with docetaxel, 34% developed CIPN, with those
developing CIPN receiving significantly lower cumulative doses of docetaxel than those who did
not(2). Cryotherapy with frozen gloves and socks were used to prevent nail toxicity but turned out
also to reduce the risk of CIPN with an Odds Ratio of 0.56 (95 % confidence intervals (Cl) 0.38—

0.81). These results were confirmed for paclitaxel in a prospective self-controlled trial(3).

After the publication of the E1199-trial(4), adjuvant chemotherapy with weekly paclitaxel became
an option in January 2016 for Danish breast cancer patients with estrogen receptor positive
tumors and recommended for patients with estrogen receptor negative tumors. Most patients
preferred weekly paclitaxel from the assumption that a small weekly dose is associated with fewer
side effects than docetaxel, given at larger doses every 3 weeks. Since our finding that cryotherapy
reduced the risk of CIPN(2), patients treated with paclitaxel were offered cryotherapy when they
developed symptoms of CIPN up to the end of 2016. However, it became clear that CIPN was still a
problem and that many patients discontinued paclitaxel due to CIPN. From the beginning of 2017,
it was therefore decided to offer all patients prophylactic cryotherapy from the first cycle of
paclitaxel. This “natural experiment” enables us to compare the cumulative doses of paclitaxel
between two cohorts: the 2016-cohort who had cryotherapy when needed and the 2017-cohort
who had prophylactic cryotherapy. Our hypothesis was that prophylactic use of cryotherapy for all
patients will reduce the risk of developing dose-limiting CIPN and thereby increase the number of
patients who were able to complete the 9 planned cycles of paclitaxel, hopefully leading to a

better prevention of recurrence of breast cancer.



Patients and Methods

From pharmacy lists of chemotherapy prepared, we identified women with early-stage breast
cancer who received neo-adjuvant (NACT) or adjuvant chemotherapy at a single institution
(Department of Oncology, Odense University Hospital, Denmark) from 1st January 2016 to 31st
December 2017. Patients were eligible if they received at least one weekly cycle of paclitaxel. For
patients with HER-2 positive tumors, concomitant trastuzumab was allowed.

In the adjuvant setting in Denmark, the recommended total dose of paclitaxel was 720 mg/m?
given weekly over 9 cycles, i.e. 80 mg/m? per cycle. Some NACT patients received 12 cycles of
paclitaxel but only the first 9 cycles were included into this analysis. All infusions were given over
60 minutes after premedication with Prednisolone, Cetirizine, and Ranitidine for the first five
cycles. If no hypersensitivity reaction occurred, prednisolone was stopped. The patients were
offered Elasto-gel frozen gloves and socks (stored at about minus 20 degrees Celsius for 3 hours
prior to use) for a total of 90 minutes, i.e., 15 minutes before and 15 minutes after the infusion of
paclitaxel with a change to a second set after the first 45 minutes to maintain the cold
temperature. The administration of frozen gloves and socks was documented in the electronic
patient record by the nurse who gave the infusion of paclitaxel.

Patient-reported outcomes were assessed by nurses from paper questionnaires filled in by the
patients before the start of chemotherapy (baseline), and on the day prior to the next cycle. The
guestionnaire was built on a Danish translation of the National Cancer Institute Common Toxicity
Criteria version 2.0 and allowed patients to rank 10 predefined adverse effects (mucositis,
diarrhea, pains in joints and muscles, neuropathy, skin rash, nail changes, nausea, vomiting,
fatigue, and edema) graded from 0 (none) to 4 (functional impact). The questionnaire was not
validated prior to this study, but has been used by Eckhoff et al(2) in a study of docetaxel-induced
peripheral neuropathy and in the Danish READ trial including 2,012 women with early-stage breast
cancer(5). For this study, information on neuropathy was abstracted from the electronic patient
record if it caused an alteration in dose or timing of paclitaxel, but information on grade of
neuropathy was not available in the electronic patient record. If a patient reported symptoms of
neuropathy, the next planned cycle of paclitaxel was delayed for one week. If the symptoms
ceased within one week, paclitaxel was resumed at a reduced dose and frozen gloves and socks

was used in the 2016-cohort. If the symptoms persisted or worsened, treatment with paclitaxel



was discontinued in both the 2016- and the 2017-cohorts. This was not a project-specific
approach, but in accordance with normal practice at our institution.

From the electronic patient records, data were abstracted on the following variables: patient
demographics, characteristics of the primary tumor, dates and doses of adjuvant paclitaxel, dose
reductions, cycle delays, reasons for the latter, and whether and when frozen gloves and socks
were used. Data were entered in a REDCap (Research Electronic Data Capture) electronic database

made for the purpose(6).

Ethical considerations

All patients received oral as well as written information about the project and signed a permission
to abstract their electronic patient record. The project was approved by the Danish Data
Protection Agency, but approval from the Scientific Ethical Committee for the Region of South

Denmark was not needed.

Statistical analysis

Standard methods were used to compare descriptive measures of patient and tumor
characteristics in addition to details of paclitaxel and cryotherapy in the 2016- and the 2017-
cohorts. The primary end-point of the analysis was a dose 720 mg/m2 of paclitaxel cumulated over
nine cycles. To assess the cumulative dose of paclitaxel given when prophylactic cryotherapy was
applied (2017-cohort), compared with cryotherapy administered when the patients developed
symptoms of CIPN (2016-cohort), a multiple regression analysis was conducted controlling for age,
prior neuropathy, diabetes, type of primary surgery, tumor size, lymph node metastases, estrogen
receptor status, and HER-2 status.

The dichotomous outcome of patients completing treatment, i.e. 720 mg/m? of paclitaxel
cumulated over nine cycles, was regressed on cohorts and covariates by logistic regression.

A dose-response relationship was studied by comparing Kaplan-Meier curves by cohort of those
having an event of either being reduced or experiencing cessation due to neuropathy by
increasing cycles of paclitaxel (dose). If a dose reduction occurred for reasons other than
neuropathy, the patient was censored at that event. Further, the analysis of the occurrence of

such events by dose was extended by applying Cox regression modelling to control for potential



confounders listed above of the relationship and to provide estimates of the effect of cryotherapy.
Assumptions were verified, and inference was provided in terms of 95% confidence intervals (Cl)
and standard testing at 5% significance level. Analyses were conducted using statistical software

STATA(7) and R(8).

Results

A total of 299 breast cancer patients were assessed for eligibility of whom 84 were excluded due
to another chemotherapy regimen, no possibility of contacting the patient, patient declining
participation, or death, leaving 215 patients available for analysis (Figure 1). The 2016-cohort
included 119 patients who received cryotherapy when needed with 12 patients treated in the
beginning of 2017 before prophylactic cryotherapy was implemented, and the 2017-cohort 96
patients with two patients receiving prophylactic cryotherapy in 2016. Patients in the 2016-cohort
were older than in the 2017-cohort with median ages of 59 and 56 years at diagnosis respectively,
and had more often HER-2-positive tumors, 25% versus 11%. Otherwise the two cohorts were
similar in patient and disease characteristics, notably with respect to prior neuropathy and
diabetes (Table 1).

In the 2017-cohort, all patients had cryotherapy for all cycles of paclitaxel while cryotherapy was
needed due to symptoms of CIPN in 54 (45%) patients in the 2016-cohort (Table 2). After 9 cycles
of paclitaxel, the mean cumulative dose reached was 645 mg/m? in the 2017-cohort and 603
mg/m? in the 2016-cohort, the difference being statistically significant, p=0.03. Significantly fewer
patients (61%) completed nine cycles of paclitaxel in the 2016-cohort than in the 2017-cohort
(74%). The dose of paclitaxel was reduced due to CIPN in 9% of the patients in the 2016-cohort
and 3% in the 2017-cohort while paclitaxel was discontinued due to CIPN in 30% of patients in the
2016-cohort and 21% in the 2017-cohort. The Kaplan-Meier analysis (Figure 2) shows that the
likelihood of completing the planned dose of 720 mg/m2 compared was significantly higher, 77%,
in the 2017-cohort than in the 2016-cohort, 64%, p=0.017. The dose reductions or
discontinuations due to CIPN began occurring from the 3™ cycle of paclitaxel. In a Cox proportional
hazards model, we estimated the hazard ratio (HR) of a dose reduction or cessation due to CIPN.

With the 2016-cohort as reference, the univariate HR was 0.54 (95 Cl 0.32-0.90), p=0.019, and the



multivariate HR, adjusted for age and HER-2 status, 0.50 (95% ClI 0.30-0.84), p=0.009, for the 2017-

cohort.

Discussion

The present study demonstrates that prophylactic use of cryotherapy has the potential to reduce
the risk of a dose-limiting toxicity due to CIPN and increases the proportion of patients who can
complete the planned dose of paclitaxel for early-stage breast cancer in the adjuvant setting. In
our study, the primary end-point was the cumulative dose of paclitaxel while others have
evaluated the effect of cryotherapy on incidence of CIPN. Sato et al. (9) reported data from
gynecological cancer patients who received three-weekly cycles of paclitaxel 150-175 mg/m? with
40 patients in the intervention group and 142 patients in the control group. Incidence of CIPN
grade 2 or higher was significantly lower in the cooling group than in the control group, but there
was no significant effect on dose reductions. In a pilot study, Sundar et al. (10) studied nerve
conduction in 20 breast cancer patients receiving 12 cycles of weekly paclitaxel 80 mg/m? with
cooling of one leg while the other served as a control. They observed a significant correlation
between amount of skin cooling and motor nerve amplitude preservation at 6 months, but no
statistically significant effect on sensory velocity and amplitude. Hanai et al. (3) performed a self-
controlled clinical trial including 36 breast cancer patients treated with 12 cycles of weekly
paclitaxel (80mg/m2) who received frozen gloves and socks on the dominant side while the non-
dominant side acted as an untreated control. The incidence of objective and subjective CIPN signs
was clinically and statistically significantly lower on the intervention side than on the control side.
In a pilot phase Il prospective trial 39 breast cancer patients scheduled to receive weekly paclitaxel
at a dose of 80 mg/m2 for a planned course of 12 weeks were randomized to receive standard
care versus topical cryotherapy with bags of crushed ice on the hands and feet (11). The CIPN20
sensory scores over 12 weeks of paclitaxel did not differ between the study arms, but when the
cryotherapy arm was compared to a combined control arm from three trials, the cryotherapy arm

had less neuropathy indicating limited statistical power.

Cryotherapy was introduced to reduce nail toxicity and uses the basic principle that

vasoconstriction can limit the local effects of cytotoxic therapies(12). Generally, the frozen gloves



and socks were well tolerated with just one to two patients per cohort discontinuing to use them
due to discomfort. We observed no serious side effects such as frostbites. Though the exact
mechanism behind CIPN remains unknown, symptoms include sensory loss in a “glove-and-
stocking”—type distribution thought to arise from damage to the dorsal root ganglion extending to
the distal axon. Taxanes may cause disruption of microtubules of the mitotic spindle that
interferes with the axonal transport and thereby affects the sensory neurons as well as the

axons(13).

Our results also show that even with prophylactic cryotherapy, CIPN is still a dose-limiting toxicity
since only 77% of the 2017-cohort were able to complete the planned dose. However, the
guestion remains how much the cumulative dose matters in terms of efficacy of paclitaxel. The
meta-analysis from the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)(14) suggests
that increasing the dose intensity of paclitaxel is likely to enhance efficacy, but no trials were
identified assessing dose-intensification of taxane regimens without anthracyclines. For these,
there is evidence that dose reductions and delays are associated with a poorer survival(15). In the
metastatic setting, however, dose escalation of paclitaxel beyond 175 mg/m2 every three weeks,
does not seem to improve survival but increase the toxicity, in particular neuropathy,

considerably(16).

The E1199 trial compared two regimens of paclitaxel, 80 mg/m? weekly for 12 cycles and 175
mg/m? every 3 weeks for 4 cycles, and two regimens of docetaxel, docetaxel 35 mg/m? weekly for
12 cycles and 100 mg/m? every 3 weeks for 4 cycles, but found no association between taxane-
induced neuropathy and outcomes such as overall survival, disease-free survival or recurrence-
free survival(4, 17). Our results differ from those of the E1199 trial which reported no significant
difference between the proportion of patients who required a dose reduction for any reason
among patients who developed CIPN compared with those who did not in any arm, and a similar
median relative dose intensity in patients who did and who did not develop CIPN in any arm(17).
However, our results agree with those from a US single institution study of 488 women receiving
adjuvant or neo-adjuvant paclitaxel or docetaxel, where the cumulative dose delivered was

significantly lower than the planned cumulative dose among women who had a dose reduction or



treatment termination attributed to CIPN(18). One of the reasons for this discrepancy may be the
difference between clinician-reported and patient-reported toxicity outcomes used in this study.
Nyrop et al.(19) have demonstrated minimal agreement between patient-reported and clinician-
assessed CIPN toxicity scores which varied by grade of CIPN. For grade 0, the agreement was 87%

while it decreased to 46-48% for grades 1 to 2.

In this study, 25% of patients in the 2016-cohort and 11% in the 2017-cohort had HER-2 positive
tumors (Table 1). Probably due to chance, these figures differ slightly from the Danish national
average of 14%(20). We adjusted the effect of cryotherapy for HER-2 status, but the estimate did
not change much, suggesting no major confounding effect of HER-2 status. Neuropathy is not a
commonly reported side effect to trastuzumab(21), but higher rates of peripheral neuropathy
have been reported when patients with metastatic breast cancer were randomized to paclitaxel

plus trastuzumab versus paclitaxel alone(22).

The strength of this study is that it used patient-reported toxicity outcome measures which were
registered prospectively, though collected retrospectively. The data reflect a real world setting of
an unselected patient group. This may also be regarded as a limitation since a randomized trial can
be considered the gold standard. However, a randomized trial could not be conducted at our
institution, since it would be considered unethical to withhold cryotherapy from patients who
present with symptoms of CIPN. Originating from a single center can also limit the generalizability
of the results. It was a limitation that we did not manage to obtain informed consent from 34
(11%) of the potentially eligible patients, due to patients not being followed any longer, patients
changing their appointments or doctors not being aware of this project. We did not ask patients to

come into our clinic solely for the purpose of giving informed consent to participate.

Conclusion

Prophylactic cryotherapy has the potential to reduce the risk of a dose-limiting event due to CIPN
and increases the proportion of patients completing the planned dose of paclitaxel in adjuvant
treatment of early- stage breast cancer. Despite this, CIPN remains to be an important dose-

limiting toxicity of paclitaxel.
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Figure legends:

Figure 1: Flow chart of the study population.

Figure 2: Cumulative dose of paclitaxel in 119 Danish breast cancer patients (cohort 2016) and 96
patients (cohort 2017)
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