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Abstract
Purpose The prevention of taxane-related toxicities at the extremities is highly important for patients’ treatment and quality-
of-life. Several studies endorse hand/foot-cooling using frozen gloves as a prophylactic intervention. Unlike frozen gloves, 
hilotherapy produces cooling at a constant temperature. Comparative data with frozen gloves are unavailable.
Methods This prospective self-controlled study explores the efficacy of hilotherapy at the right hand and foot compared to 
frozen gloves at the left in patients with early breast cancer treated with weekly paclitaxel 80 mg/m2 or three-weekly doc-
etaxel 75 mg/m2. Patient-reported outcomes were collected at baseline, 6, 12, 18 and 24 weeks after the start of treatment. 
Primary and secondary endpoints were the incidence of any-grade and ≥ grade 2 side-effects (peripheral neuropathy, pain 
and nail toxicities), and perceived comfort of both interventions.
Results Sixty-two patients participated. The incidence of any-grade side-effects was similar on both sides, 85.5% with hilo-
therapy and 90.3% with frozen gloves (p = 1.000). The incidence of ≥ grade 2 side-effects at the extremities was significantly 
lower with hilotherapy: 43.6% compared to 61.3% with frozen gloves (p = 0.013). Perceived comfort was significantly better 
for hilotherapy than for frozen gloves (p < 0.0001).
Conclusions Compared to frozen gloves, continuous cooling of hands and feet using hilotherapy produces better preven-
tion of ≥ grade 2 patient-reported side-effects at the extremities (peripheral neuropathy, pain and nail toxicities). Perceived 
comfort was significantly better for hilotherapy. From a clinical and patient perspective, hilotherapy is a better alternative 
for preventing clinically significant taxane-related side-effects.

Keywords Taxane · Cryotherapy · Frozen gloves · Hilotherapy · Peripheral neuropathy · Nail toxicity · Prevention · 
Supportive care

Background

The taxane compounds paclitaxel and docetaxel play an 
important role in the treatment of breast cancer [1]. How-
ever, their use is associated with side-effects threatening 
quality-of-life of patients during and long after treatment. 
One of the typical taxane-related side-effects is nail toxic-
ity, occurring in up to 40% of patients treated with taxanes 
[2–5]. Some of these nail toxicities, such as paronychia and 
onycholysis, can drastically affect daily functioning and 
quality-of-life [2, 4, 6, 7]. More than one decade ago, a self-
controlled study showed that cryotherapy positively influ-
enced the prevalence of nail toxicities, with a substantial 
statistically significant reduction in the overall incidence of 
fingernail toxicities as well as onycholysis [8, 9]. This study 

 * Annemarie Coolbrandt 
 annemarie.coolbrandt@uzleuven.be

1 Department of Oncology Nursing, University Hospitals 
Leuven, Herestraat 49, Leuven, Belgium

2 Department of Public Health and Primary Care, Academic 
Centre for Nursing and Midwifery, KU Leuven, Leuven, 
Belgium

3 Interuniversity Centre for Biostatistics and Statistical 
Bioinformatics, KU Leuven, Leuven, Belgium

4 Multidisciplinary Breast Centre, University Hospitals 
Leuven, Leuven, Belgium

http://orcid.org/0000-0002-3262-5457
http://orcid.org/0000-0002-1434-9460
http://orcid.org/0000-0002-1162-7963
http://orcid.org/0000-0001-8990-7837
http://crossmark.crossref.org/dialog/?doi=10.1007/s10549-021-06477-0&domain=pdf


 Breast Cancer Research and Treatment

1 3

leveraged the introduction of frozen gloves as a standard-
of-care supportive treatment in patients receiving docetaxel 
in our hospital and many others. A systematic review con-
cluded that the use of frozen gloves was endorsed by 4 (67%) 
of 6 studies to prevent nail toxicity and by 3 (60%) of 5 
studies to prevent cutaneous hand changes [10]. Another 
systematic review confirmed that the intervention provides 
effective prophylactic management for taxane‐induced nail 
toxicity [11]. Finally, the ESMO Clinical Practice Guide-
lines on the prevention and management of dermatological 
toxicities stated that frozen gloves (− 10 to − 30 °C for a 
total duration of 90 min) and to a lesser extent frozen socks 
should be systematically advised in patients treated with 
taxanes [II, A] [12].

Another taxane-related and dose-limiting side-effect 
affecting the extremities is chemotherapy-induced periph-
eral neuropathy (CIPN). CIPN occurs in up to 42% patients 
treated with paclitaxel [13] and the incidence of severe 
(≥ grade 2) neuropathy is 27% in patients receiving weekly 
paclitaxel [14]. Treatments with docetaxel are associ-
ated with severe neuropathy (≥ grade 2) in 16 to 23% of 
the patients [14, 15]. CIPN affects not only physical well-
being and functioning but also social and emotional well-
being and quality-of-life in general [16]. Moreover, CIPN 
usually has a prolonged course and frequently persists for 
many years [15]. The ASCO Guideline update on CIPN 
reviewed and described 5 trials studying the role of cryo-
therapy in decreasing taxane-induced neuropathy [17]. The 
authors argued that, although proof of benefit has not yet 
been established, available data support that cryotherapy 
may, in part, prevent CIPN symptoms and appears to be 
reasonably safe. The ASCO Guideline concluded that no 
recommendations can be made on the use cryotherapy for 
the prevention of CIPN outside the context of a clinical trial 
[17]. The ESMO-EONS-EANO Clinical Practice Guideline 
noted the heterogeneity of available study results, but con-
cluded that the prevention of CIPN with cryotherapy can 
be considered [II, C] [18]. Encouraged by the risk of devel-
oping long-term, irreversible taxane-induced CIPN and by 
those studies confirming the effective prophylactic manage-
ment of cryotherapy such as the one of Hanai and colleagues 
[19], hand/foot-cooling with frozen gloves and socks became 
standard-of-care for preventing paclitaxel-induced neuropa-
thy in several institutions including our hospital.

The application of frozen gloves isn’t without challenges. 
First, cryotherapy has been demonstrated to be uncomfort-
able for patients. Several comparative studies faced substan-
tial drop-out rates, sometimes higher than 50%, as a result 
of patient discomfort and intolerance of the frozen gloves 
[20–22]. Secondly, the temperature of frozen gloves can rap-
idly increase. This requires personnel attention to change 
frozen gloves during chemotherapy administration. Finally, 
frozen gloves have become unavailable on the Belgian 

market, urging for alternative ways to apply cryotherapy. 
A new way of cooling, i.e., hilotherapy, was presented by 
Hilotherm GmbH. Hilotherapy devices provide continuous 
flow therapy to achieve constant cooling of hands and feet. 
Hilotherapy is expected to perform better than frozen gloves 
based on the assumption that vasoconstriction is better main-
tained under constant cooling. A retrospective single-arm 
study of hilotherapy in patients with breast, gynecological, 
and pancreatic cancer showed that none of the included 
patients developed NCI CTCAE grade > 2 peripheral neu-
ropathy [23]. Yet, comparative data with frozen gloves are 
not available.

This study addresses the question whether hilotherapy 
performs better in preventing taxane-related side-effects at 
the extremities (i.e., peripheral neuropathy, pain and nail 
toxicities) compared to frozen gloves in patients with early 
breast cancer.

Methods

Design

A prospective self-controlled trial (ClinicalTrials.gov Identi-
fier: NCT04659980) was designed to compare the incidence 
of taxane-related side-effects in any-grade between frozen 
gloves and hilotherapy. The full methodology is described 
in the eMethods of the Supplement.

Setting

The study took place between June 2019 and November 
2020 at the oncology daycare center of the University Hos-
pitals Leuven, Belgium.

Selection of patients

The study included adult (≥ 18 years) patients with breast 
cancer treated with weekly paclitaxel 80 mg/m2 (12 cycles) 
or three-weekly docetaxel 75 mg/m2 (4 or 6 cycles) in an 
adjuvant or neo-adjuvant setting. Patients were excluded 
from this study: 1\ if they presented with peripheral neu-
ropathy or pain in the extremities at baseline, regardless of 
whether this was related to a prior chemotherapy treatment 
or another condition, 2\ if they had Raynaud’s phenomenon, 
cold intolerance or any condition to the nails or peripheral 
blood vessels that could pose a risk to the compliance with 
the study interventions, 3\ if their understanding of the 
Dutch language was insufficient for self-reporting the side-
effects under investigation. Patients were excluded from the 
analysis if they received less than two thirds of planned treat-
ment cycles, for other reasons than the side-effects investi-
gated in this study.
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A sample size of 61 patients was determined on the basis 
of a McNemar test with 80% power and a level of statistical 
significance of 5%. The estimation was performed to detect 
a difference of 25% in the incidence of the primary outcome 
(i.e., any-grade) between both groups (50% in the control 
group and 25% in the intervention group), based on available 
data [3, 19]. Given the lack of information, it was based on 
the conservative assumption of a low correlation (r = 0.1) 
between paired (left–right) measurements.

Interventions

We compared two devices for cooling of hands and feet. The 
intervention set-up is illustrated in eFigure 1 of the Sup-
plement. We used Peters Surgical frozen gloves at the left 
hand and foot. They were refrigerated for at least 3 h at − 18 
to − 20 °C. Based on previous studies, each patient wore 
the frozen gloves for 90 min: 15 min before the infusion, 
during the 1-h docetaxel or paclitaxel infusion, and until 
15 min post-infusion. Pre- and post-cooling times of 15’ in 
the cryotherapy-protocol of this study was based on previ-
ous studies [8, 9, 19], although little evidence is available 
to support this protocol. Frozen gloves were changed after 
45 min. Thin inner gloves were worn to prevent frostbite.

We used Hilotherm ChemoCare at the right hand and 
foot, offering continuous cooling at a constant temperature 
of 10–12° [23, 24]. Based on the manufacturer’s instruc-
tions, hilotherapy cuffs were applied as from 30 min prior to 
the administration of the taxane and until 30 min post-infu-
sion, thus for a total duration of 120 min. As for the frozen 
gloves, patients wore inner gloves on their right side as well.

Both intervention fidelity and patients’ use of (firming) 
nail polish, gel nails, manicure and pedicure were reported 
as part of the study.

Study procedure

We recruited a consecutive sample of patients starting 
weekly paclitaxel 80  mg/m2 or three-weekly docetaxel 
75 mg/m2 on Monday, Tuesday or Friday (based on the 
availability of the study nurses). The study nurses informed 
eligible patients orally. Additionally, patients were offered 
written study information to consider study participation. All 
patients agreeing to participate in the study, signed informed 
consent.

Data collection

Data were collected before the start of treatment (T0/base-
line), after 6 weeks (T1), 12 weeks (T2), 18 weeks (T3) 
and 24 weeks or 6 months (T4). The last two time points 
(T3 and T4) were set to account for side-effects develop-
ing or deteriorating after the end of treatment. We primarily 

used patient-reported data to evaluate incidence and severity 
of side-effects under study: peripheral neuropathy, pain at 
fingers/hands or toes/feet, and nail toxicities. We used the 
Patient-Reported Outcomes version of the Common Toxicity 
Criteria for Adverse Events (NCI—PRO-CTCAE™ v1.0) 
[25]. Additionally, patients indicated if these side-effects 
were more severe at the left side, the right side or if they 
were equally severe or absent.

The primary outcome in this study was a binary compos-
ite endpoint, namely patient-reported incidence of (at least) 
one of (any-grade) side-effects at the level of the extremi-
ties (peripheral neuropathy, pain at fingers/hands and toes/
feet and/or nail toxicities). The outcome took value 1 if at 
least one of these side-effects was observed at (at least) 
one time point, and 0 otherwise. Likewise, we studied the 
patient-reported incidence of ≥ grade 2 (≥ G2) side-effects 
(i.e., G2/moderate, G3/severe or G3/very severe) with 
the outcome taking value 1 if at least one side effect was 
graded G2 or higher at (at least) one time point. We used 
composite outcome measures (i.e., an endpoint that con-
sists of 2 or more distinct endpoints) to equally account for 
all side-effects targeted by hand/foot-cooling and to avoid 
competing side-effects in outcome measurement. In order 
to understand which components or side-effects were most 
responsible for any effect of the intervention, we also stud-
ied patient-reported incidence and severity of the individual 
side-effects and present data of all composite components 
alone. We focused at ≥ G2 toxicities as these can be con-
sidered as clinically significant side-effects [26]. While in 
clinical trials severe toxicity is traditionally defined as grade 
3–4, lower-grade toxicity has shown relevance in clinical 
decision-making [27]. Incidence of grade 3 and 4 toxicities 
(G3/4) wasn’t considered as a formal endpoint in this study 
and is therefore presented numerically only.

At time points associated with chemotherapy administra-
tion, patients were asked to self-report the comfort of both 
interventions using a 5-point Likert scale (0 = very uncom-
fortable, 4 = very comfortable). Patients were asked to rate 
three items: contact with the glove, tolerance of the cold 
temperature and impact on mobility. Also, at these time 
points nail toxicities (paronychia, nail discoloration, nail 
ridging and nail loss) were observed by the study nurse using 
the National Cancer Institute-Common Toxicity Criteria for 
Adverse Events (NCI-CTCAE v4.0).

Statistical analysis

The difference between cross-sectional paired binary obser-
vations (e.g., the primary study endpoint: patient-reported 
incidence of (at least) one of the side-effects at the level of 
the extremities) was analyzed using the McNemar test.

The difference between cross-sectional paired continuous 
or ordinal observations (e.g., worst grade of patient-reported 



 Breast Cancer Research and Treatment

1 3

neuropathy or pain) was analyzed using the Wilcoxon signed 
rank test.

One-sample test for location was performed on patients' 
judgement regarding which side was better. The Signed rank 
test was used for aggregated continuous outcomes, or the 
Sign test for a three-levelordinal outcome.

Linear mixed models were used to analyze longitudinal 
data on comfort. Random intercepts for patient and side were 
modelled to account for clustering at patient level and side 
level. The main effect of side is estimated averaged over 
time points; and presented as the mean difference with 95% 
confidence interval.

A Cox proportional hazards model was used to analyze 
time-to-event outcomes. The robust sandwich estimate of 
Lin and Wei (1989) was used to account for clustering. 
Results are presented as hazard ratios with 95% confidence 
intervals. Results are illustrated by Kaplan–Meier curves.

Regarding perceived comfort of both interventions, all 
three items (contact, cold, mobility) were compared sepa-
rately and using a sum score.

All tests were performed at a 2-sided 5% significance 
level. Analyses have been performed using SAS software 
(version 9.4 of the SAS System for Windows).

Results

Patient flow is illustrated in Fig. 1. A total of 105 patients 
were found potentially eligible for this study. Six patients 
couldn’t be informed by the investigators. Eighteen patients 
turned out to be ineligible after evaluation, because they 
presented with neuropathy at baseline (n = 11) or because 
they weren’t able to understand the patient-reported ques-
tionnaires (n = 7). Of the remaining 81 patients, 63 chose to 
participate (response rate of 77.7%). Finally, one patient was 
excluded from the study during treatment, as she stopped 
chemotherapy treatment early due to poor general tolerance 
of chemotherapy (n = 1).

Patient characteristics are described in Table 1. All 62 
participants were women with a mean age of 53.1 years. 
The large majority of participants was right-handed. Two 
thirds (67.7%) received paclitaxel-based treatment and one 
third (32.3%) treatment with docetaxel. Twelve participants 
(19.4%) stopped treatment early because of peripheral neu-
ropathy (n = 4), hematological toxicity (n = 3), infection risk 
during COVID19-pandemic (n = 2), poor general tolerance 
of chemotherapy (n = 3). Eight patients (12.9%) had dose 
reductions for reasons of peripheral neuropathy (n = 5), 
hematological toxicity (n = 2) and persistent sinusitis with 
fever (n = 1). Almost two thirds (64.5%) used firming nail 
polish to prevent nail toxicities.

Figure 2 illustrates the results on patient-reported inci-
dence of any-grade and ≥ G2 side-effects at the extremities 

with hilotherapy versus frozen gloves. Numerical results are 
shown in Table 2. Patient-reported incidence of side-effects 
was similar with hilotherapy as with frozen gloves (85.5% 
versus 90.3%, p = 1.00) (see Fig. 2 and Table 2). However, 
the incidence of ≥ G2 side-effects was significantly lower 
with hilotherapy compared to frozen gloves, with 43.6% of 
patients presenting with ≥ G2 side-effects at the hilotherapy 
side, compared to 61.3% on the side with frozen gloves 
(p = 0.013). G3/4 side-effects occurred in 22.6% with hilo-
therapy compared to 27.4% with frozen gloves.

Looking at the individual patient-reported side-effects 
(see Fig. 2, Table 2, eFigure 2 and 3), the incidence of neu-
ropathy was comparable on both sides. There was numeri-
cally less ≥ G2 neuropathy with hilotherapy compared to fro-
zen gloves (40.3% compared to 50.0%), but this didn’t reach 
the predetermined level of statistical significance (p = 0.109). 
Worst grade of patient-reported neuropathy was signifi-
cantly lower with hilotherapy (p = 0.048). G3/4 neuropathy 
occurred in 11.3% with hilotherapy compared to 17.7% with 
frozen gloves. A trend to significance was noted for the inci-
dence of patient-reported pain at hands/fingers and feet/toes 
(p = 0.070). Both the incidence of ≥ G2 pain and the worst 
grade of patient-reported pain were significantly lower with 
hilotherapy (p = 0.039 and p = 0.0009). The incidence of 
G3/4 pain was 11.3% with hilotherapy compared to 14.5% 
with frozen gloves. Regarding patient-reported nail toxici-
ties, their incidence was significantly lower with hilotherapy 
(p = 0.039) but the incidence of severe nail toxicities was 

Fig. 1  Consort diagram
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similar (p = 1.000). Nurse-reported nail toxicities were not 
significantly different. Patient-reported outcomes for doc-
etaxel and paclitaxel separately are reported in eTable 1 of 
the Supplement.

In the time-to-event analyses, all hazard ratios (Table 3) 
were in favor of hilotherapy, with clinically relevant and 
statistically significant hazard ratios of 0.750 (p = 0.014) 
for ≥ G2 neuropathy, 0.785 (p = 0.018) for any-grade pain at 
the extremities, 0.609 (p = 0.019) for ≥ G2 pain, and 0.766 
(p = 0.015) for nail toxicities. These hazard ratios imply risk 
reductions of 21 to 39%, in favor of hilotherapy. Percent-
ages of symptom-free patients per time point (eTable 2 in 

the Supplement) and Kaplan–Meier curves (eFigure 4 in 
the Supplement) show that with hilotherapy, hands and feet 
longer remained symptom-free.

Patients’ left–right comparisons per side-effect (eTable 3 
in the Supplement) confirmed earlier results with signifi-
cantly more patients reporting worse symptoms at the left 
(frozen gloves) than at the right (hilotherapy).

Finally, perceived comfort (Table 4) was consistently and 
significantly better for hilotherapy than for frozen gloves, 
globally as well as on all three aspects we explored: contact 
with the cuff/glove, cold and patient mobility.

Regarding the fidelity to the intervention, we noted fidel-
ity issues on the left side (frozen gloves) in 15 of the patients 
(24.2%). It concerned patients intentionally pulling out the 
glove for a little while, in all cases because of difficulty bear-
ing the cold or having cold-related pain in the extremities. 
There were no intentional fidelity issues on the right side 
(hilotherapy).

Discussion

Given the impact of CIPN and nail toxicities as well as the 
chronical course and lack of pharmacological interventions 
to reverse CIPN, prophylaxis of these side-effects is essential 
for treatment completion and quality-of-life of patients with 
early breast cancer. So far, the majority of available studies 
exploring cooling of hands and feet have applied cryotherapy 
using frozen gloves and socks. Our study is, to the best of 
our knowledge, the first to investigate the efficacy of hilo-
therapy in preventing neuropathy, pain and nail toxicity at 
the extremities using a prospective and comparative design. 
Our results show that patient-reported all-grade side-effects 
at the extremities where high and not significantly different 
between both sides. Nevertheless, the application of hilo-
therapy resulted in a statistically significant and clinically 
relevant reduction in ≥ G2 side-effects at the extremities as 
a composite endpoint (43,6% at the hilotherapy side versus 
61,3% at the side of the frozen gloves). Additionally, for 
the individual toxicities, several significant improvements 
and trends for hilotherapy compared to frozen gloves were 
observed with regard to incidence, severity and time-of-
onset of patient-reported side-effects. Based on this com-
parative analysis, hilotherapy seems to be superior to frozen 
gloves in the prevention of clinically significant taxane-
related side-effects at the extremities. On top of its efficacy, 
our study showed that perceived comfort was significantly 
better for hilotherapy than for frozen gloves.

Pre- and post-cooling times of 15 min in the cryother-
apy-protocol of this study was based on previous stud-
ies[8, 9, 19], although little evidence is available to sup-
port this protocol. Likewise, and with lack of evidence, 
30 min pre- and post-infusion cooling times were applied 

Table 1  Patient characteristics

a Not including anthracyclines used in the current (neo-)adjuvant regi-
men

Total sample (n = 62)

Age, mean (SD) 53.1 (11.3)
Gender, n(%)
 Male 0 (0%)
 Female 62 (100%)

Dominant hand, n(%)
 Left 8 (12.9)
 Right 54 (87.1)

Previous chemotherapy  usea, n(%)
 Yes 3 (4.8%)
 No 59 (95.2%)

Taxane, n(%)
 Paclitaxel 42 (67.7%)
 Docetaxel 20 (32.3%)

Chemotherapy regimen, n(%)
 EC—Paclitaxel 22 (35.5%)
 EC—Paclitaxel-Carboplatin 6 (9.7%)
 Paclitaxel 14 (22.6%)
 Docetaxel-Cyclophosphamide 18 (29.0%)
 Docetaxel-Carboplatin 2 (3.2%)

Cumulative dose, mean(SD)
 Paclitaxel 1590,6 (246.1)
 Docetaxel 760.4 (137.3)

Discontinuation of taxane treatment, n(%)
 Yes 12 (19.4%)
 No 50 (80.6%)

Taxane dose reduction, n(%)
 Yes 8 (12.9%)
 No 54 (87.1%)

Use of other nail-protective strategies, n(%)
 Plain nail polish 12 (19.4%)
 Firming nail polish 40 (64.5%)
 Gel nails 3 (4.8%)
 Manicure 6 (9.7%)
 Pedicure 10 (16.1%)
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Fig. 2  Incidence of any-grade 
and ≥ G2 side-effects at the 
extremities

Table 2  Patient-reported and nurse-reported outcomes with frozen gloves versus hilotherapy: numerical results

All bold values represent statistically significant results (p < 0..05)
* ≥ G2 neuropathy, ≥ G2 pain and/or the presence of nail loss

Left (frozen gloves) Right (hilotherapy) p-value

Incidence of (any-grade) patient-reported side-effects at the extremities, n(%) 56 (90.3%) 53 (85.5%) 0.250
Incidence of ≥ G2* patient-reported side-effects at the extremities, n(%) 38 (61.3%) 27 (43.6%) 0.013
Incidence of (any-grade) patient-reported neuropathy, n(%) 46 (74.2%) 45 (72.6%) 1.000
Incidence of ≥ G2 patient-reported neuropathy, n(%) 31 (50.0%) 25 (40.3%) 0.109
Worst grade of patient-reported neuropathy, mean(SD) 1.45 (1.12) 1.26 (1.02) 0.048
Incidence of (any-grade) patient-reported pain at hands/fingers and feet/toes, n(%) 38 (61.3%) 32 (51.6%) 0.070
Incidence of ≥ G2 patient-reported pain at hands/fingers and feet/toes, n(%) 23 (37.1%) 15 (24.2%) 0.039
Worst grade of patient-reported pain, mean (SD) 1.15 (1.13) 0.87 (1.03) 0.009
Incidence of patient-reported nail toxicities, n(%) 45 (72.6%) 37 (59.7%) 0.039
Incidence of severe patient-reported nail toxicities (i.e., nail loss), n(%) 4 (6.5%) 4 (6.5%) 1.000
Incidence of nurse-reported paronychia, mean (SD) 5 (8.1%) 1 (1.6%) 0.125
Incidence of nurse-reported discoloration, mean (SD) 26 (41.9%) 23 (37.1) 0.615
Incidence of nurse-reported nail ridging, mean (SD) 8 (12.9%) 6 (9.7%) 0.438
Incidence of nurse-reported nail loss, n(%) 3 (4.8%) 1 (1.6%) 0.500

Table 3  Results of the time-to-
event analyses

All bold values represent statistically significant results (p < 0..05)

Hazard ratio (95% CI) p-value

Any-grade patient-reported neuropathy 0.891 (0.748;1.062) 0.198
 ≥ G2 patient-reported neuropathy 0.750 (0.569;0.988) 0.041
Any-grade patient-reported pain at hands/fingers and feet/toes 0.785 (0.643;0.960) 0.018
 ≥ G2 patient-reported pain at hands/fingers and feet/toes 0.609 (0.403;0.921) 0.019
Patient-reported nail toxicities 0.766 (0.618;0.950) 0.015
Severe patient-reported nail toxicities (i.e., nail loss) 0.965 (0.286;3.262) 0.954
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with hilotherapy based on the manufacturer’s instructions. 
Given the higher temperature of hilotherapy cuffs com-
pared to frozen gloves, it is likely that longer pre-cooling 
is necessary to establish vasoconstriction at the start of 
taxane administration. However, it cannot be ruled out that 
the better results for hilotherapy in our study are partially 
explained by the extra 15 min of pre- and post-cooling. 
As in the studies of both Beijers and Can [20, 28], freezer 
temperature was − 18 °C to − 20 °C in our study, while 
other studies stored frozen gloves at − 25 °C to − 30 °C [8, 
9, 22]. Degree of cooling might impact the degree of skin 
temperature reduction and consequently vasoconstriction-
induced toxicity prevention. However, a small self-con-
trolled study comparing degree of freezing concluded that 
frozen gloves stored at − 10 to − 20 °C and worn for 1 h 
without replacement are almost as effective in preventing 
nail toxicity as gloves frozen at -25 to − 30 °C and worn 
for 90 min, with replacement halfway [29]. Moreover, 
degree of cooling might impact tolerability as well.

While it is known that scalp cooling achieves the best 
results when the scalp temperature decreases below 18 °C 
[30], little is known about the temperature needed to main-
tain sufficient vasoconstriction for preventing side-effects 
at the extremities. Constant cooling is supposed to better 
maintain vasoconstriction than frozen gloves and it might 
also avoid cold-induced vasodilatation as a counter reac-
tion to temporarily cooling and decreased blood flow in 
fingers and toes, as described by Youssef et al.[31] In this 
study, we did not assess skin temperature on hands and 
feet and/or vasoconstriction. Future research is needed to 
gain more insight in the finger/ toe response during cool-
ing with hilotherapy and with frozen gloves. Such research 
would also help to inform cooling protocols, including pre- 
and post-cooling time and cooling temperature. Notably, 
recent studies have examined cryocompression combining 
continuous flow limb cooling with pressure to achieve bet-
ter cooling. Cryocompression demonstrated significantly 
greater skin temperature reductions compared to continu-
ous flow cooling, with similar tolerability [32, 33]. Further 

study is needed to understand if lower skin temperature 
improves efficacy in the prevention of neurotoxicity.

While most studies on prevention of peripheral neuropa-
thy and/or nail toxicities are self-controlled [8, 9, 19, 22, 
34], self-controlled studies, as the one reported here, are 
prone to detection bias, especially when blinding is impos-
sible. Unblinded patients in our study might have had higher 
expectations of hilotherapy as the novel intervention com-
pared to frozen gloves. In this study, nurses observed nail 
toxicities in addition to patient-reported nail toxicities but no 
objective assessment or clinician-reported grading was used 
to evaluate neuropathy and pain. However, patient-reported 
outcomes have been pushed forward for symptom-moni-
toring, especially for more subjective symptoms [35–37]. 
Finally, we used a single-item patient-reported screening 
tool only to assess severity of peripheral neuropathy and 
pain and we didn’t make use of any more comprehensive 
measure. Since short-form PRO screening may still lead 
to underestimation of CIPN, association of more extensive 
CIPN evaluations is recommended in future studies [26].

We applied hilotherapy at the right (mostly the dominant 
side) and frozen gloves at the left. Other studies have used 
the non-dominant hand and foot acted as the control [8, 9, 
19]. Ruddy and colleagues recommended against using the 
dominant side for the treatment, as exercise and muscular 
use of the dominant side may decrease neuropathy [38]. Oth-
ers have argued that right hand dominance could be a con-
founding variable when consistently using the left hand as 
the intervention side and the right side as case–control [22]. 
However, this argument is less relevant for the feet, and we 
did not observe relevant differences between hands and feet.

Finally, the self-reported incidence of any of these side-
effects, i.e., the primary endpoint, was much higher (85.5 
and 90.3% at the hilotherapy and the frozen gloves sides, 
respectively) than estimated in the sample size calculation, 
which impacted the power to observe a significant differ-
ence in the primary endpoint, but also once more stresses 
the importance of these side-effects and preventive strat-
egies. Given the consistent benefit across secondary end-
points and in particular the relevant reduction in incidence 

Table 4  Patient-reported 
comfort of frozen gloves versus 
hilotherapy

All bold values represent statistically significant results (p < 0..05)
a Assessed on a 5-point Likert scale, with maximum score of 4 (0 = very uncomfortable, 4 = very comfort-
able)
b Sum score of all comfort items, with maximum score of 12

Left (frozen gloves) Right (hilotherapy) p-value

Contact with the glove/cuffa, mean (95%CI) 1.492 (1.217;1.768) 2.693 (2.418;2.969)  < 0.0001
Tolerance of the cold  temperaturea, mean(SD) 1.206 (0.949;1.463) 2.868 (2.610;3.125)  < 0.0001
Impact on  mobilitya, mean(SD) 1.544 (1.283;1.806) 1.862 (1.601;2.124)  < 0.0001
Total comfort  scoreb, mean(SD) 4.207 (3.524;4.891) 7.380 (6.696;8.063)  < 0.0001



 Breast Cancer Research and Treatment

1 3

of ≥ G2 toxicity, the overall preventive effect of hilotherapy 
for taxane-induced side-effects at the extremities was found 
to be superior to frozen gloves in this study. As our self-con-
trolled design didn’t allow comparing the incidence of dose 
reduction and treatment discontinuation, future research 
is recommended to understand whether hilotherapy can 
reduce neuropathy-related dose-limiting events and increase 
the proportion of patients completing the planned dose of 
treatment.

Conclusion

This study shows that continuous cooling of hands and feet 
at a constant temperature using hilotherapy devices produces 
superior efficacy in the prevention of ≥ G2 taxane-induced 
toxicities at the extremities when compared to frozen gloves. 
The perceived comfort also was significantly better for hilo-
therapy than for frozen gloves. From a clinical and patient 
perspective, hilotherapy seems a better alternative for pre-
venting clinically significant side-effects.
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