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ABSTRACT

Background: Peripheral neuropathy is a common side effect induced by chemotherapy agents like Cisplatin, Paclitaxel and
Docetaxel. At present, there is no preventive strategy available against the development of neuropathy. This pilot study was
performed to evaluate the feasibility of cold therapy and its impact on the incidence and severity of neuropathy induced by
paclitaxel in a dose dense adjuvant regimen among patients with breast cancer.
Methods: All adult female patients with early breast cancer planned to be treated with dose-dense schedule of Adriamycin,
cyclophosphamide and Paclitaxel were eligible. Ice boot and glove were applied for the duration of all four Paclitaxel infusions
on one side while the contralateral limbs were taken as control. Peripheral neuropathy was evaluated and graded prior to each
Paclitaxel infusion and then at 3 and 6 months post treatment.
Results: A total of 23 patients were recruited. Cold therapy was found to be feasible as no patient discontinued the ice glove and
boot during Paclitaxel infusions. Neuropathy symptoms were observed more frequently and with higher grade of severity on
control limbs compared to experimental side. There were 5 patients who were switched to ice glove and boot therapy after they
developed peripheral neuropathy in the control limbs. These patients observed improvement in their symptoms subsequently.
Conclusion: Cold therapy appears to be feasible and appears to have some potential to prevent Paclitaxel induced peripheral
neuropathy in this pilot study. This role of cold therapy may be further explored and confirmed in future randomized trials.
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1. INTRODUCTION

Peripheral neuropathy is seen as a common side effect of
many chemotherapy drugs used in both the adjuvant and
metastatic disease setting for the treatment of breast cancer.
These include cisplatin, docetaxel, and paclitaxel, where the
associated distal neuropathy commonly presents with symp-
toms of burning dysesthesia, numbness, tingling, and shoot-
ing pain.[1, 2] Such symptoms usually appear first in the feet,

but a significant number of patients will report symptoms
beginning in the hands. The distribution is predominantly in
a symmetrical stocking and glove pattern.[3, 4]

Demyelination of large sensory nerve fibers as well as axonal
degeneration and demyelination has been proposed as the
underlying cause of sensory and motor neuropathy subse-
quent to exposure to these drugs. There is marked variability
between patients in the severity and duration of symptoms
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and not all patients will exhibit toxic effects. This nerve
injury also appears to be dose related.[5]

The incidence of neuropathy may vary with the chemother-
apy drug and its dose but reportedly is around 20%-100%
with paclitaxel.[5–7] The risk of neurotoxicity is increased
with the concomitant administration of these neurotoxic
drugs such as a combination of cisplatin with paclitaxel or
docetaxel.

At present, there are no specific interventions that would
prevent the development of peripheral neuropathy. Current
management strategy is individual dose reduction or discon-
tinuation of treatment. A number of studies of various agents
to treat peripheral neuropathy have met with variable or no
success. Most patients will have improvement of symptoms
over months to years post treatment with a small number
developing chronic, treatment resistant neuropathy.[8, 9]

There are no published reports on cold therapy as preventive
strategy for chemotherapy induced peripheral neuropathy.
Anecdotal reports by patients of improvement or disappear-
ance of peripheral neuropathy symptoms with the use of cold
therapy used to prevent nail changes with docetaxel, gener-
ated the hypothesis for this study.[10] This pilot study was
conducted to explore the feasibility of using ice gloves and
boots and to observe any impact on the development and
severity of peripheral neuropathy symptoms.

2. HYPOTHESIS
The application of ice gloves and boots to the hands and feet
of patients undergoing infusion of paclitaxel, given every two
weeks, on the adriamycin, cyclophosphamide and paclitaxel
therapy (AC-P dose dense regimen), is a feasible strategy
that may prevent/reduce the incidence/severity (grade) of
peripheral neuropathy.

Objectives:

(1) To determine the feasibility of the use of ice gloves and
boots during the infusion of paclitaxel chemotherapy.

(2) To observe the incidence and severity of peripheral
neuropathy in the ice treated limbs as compared to the
non-treated side.

3. METHODS
The study was approved by the ethics committee of Univer-
sity of Western Ontario. All adult female patients with a
confirmed histological diagnosis of breast cancer were eligi-
ble to participate, if undergoing adjuvant dose dense AC-P
chemotherapy (adriamycin 60 mg/m2, cyclophosphamide
600 mg/m2 IV every two weeks for 4 doses followed by pa-
clitaxel 175 mg/m2 IV once every two weeks for 4 doses) at

London Regional Cancer Program, London, ON. The study
was designed as an interrupted time series with multiple repli-
cations of the application of an ice glove and boot to one
(same side as surgery) hand and foot using the contralateral
side as a control, during the infusion of paclitaxel in the
chemotherapy suite. This approach reduced the number of
patients needed for the study. In addition, the evaluation of a
subjective symptom like peripheral neuropathy was consid-
ered easier if the same patient could compare the two sides
about the incidence and severity of the symptom. Patients
with previous exposure to taxanes or with prior diagnosis
of peripheral neuropathy from any etiology were excluded.
Patients with bilateral breast cancer and those unable to give
consent or unable to describe or document symptoms were
also excluded.

Participants were identified, reviewed, and consented from
the breast disease site clinics of the LRCP. An initial neu-
ropathy screening assessment was done after completion of
the four cycles of adriamycin and cyclophosphamide por-
tion of the regimen. A set of standing (repeat) orders were
written for the chemotherapy unit nurses to apply an ice
glove and boot to the surgical side (right or left hand and
foot) for the duration of each paclitaxel infusion. We used
Elastogel R© gloves and boots (Kansas City, USA). The ice
gloves and boots were specified to be replaced every 30 min-
utes during the infusion and tolerability was documented
by the chemotherapy unit nurses. The chemotherapy nurses
have been using these gloves and boots prior to this study
and were well trained. These gloves and boots were kept in
the freezer according to manufacturer’s recommendations
prior to their use.

The peripheral neuropathy grade was judged according to
NCIC (National Cancer Institute of Canada) common toxic-
ity rating criteria (CTC) as grade 0 through 5, as described in
version 4.03 (http://evs.nci.nih.gov/ftp1/CTCAE/C
TCAE_4.03_2010-06-14_QuickReference_5x7.pdf).

Considering this study as primarily pilot and exploratory in
nature, no formal statistics were considered in the design and
in the interpretation of results. Similarly, NCI-CTC grad-
ing was chosen to reflect a simple clinical assessment in the
clinic to assess peripheral neuropathy. The assessments were
done at five points in time: after completion of four cycles
of Adriamycin and Cyclophosphamide; after paclitaxel cy-
cles 1 through 3 and at a 3 months and 6 months follow up
visit. The incidence of neuropathy was recorded and graded
comparing the treated (iced) side to the untreated (non-iced)
side. Each patient was assessed five times for neuropathy on
the left side and five times on the right side. Each reported
incident was counted once. Patients who developed neuro-
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pathic symptoms on the control limb but not the iced limb
were permitted to then begin icing both sides.

4. RESULT
A total of thirty three patients were identified as possible
participants. Of these, two declined after realizing that they
would not be able to freely use their hands for craft or read-
ing activities during the infusion time. Paclitaxel regimen
changes from every two weeks to weekly claimed five other
possible participants. Three other patients declined for un-
specified reasons. Twenty three patients were enrolled to
explore the primary and secondary objectives, over a period
of 14 months.

The data was complete for 23 patients who participated in
this study with the exception of one patient who died between
the 3 and 6 months follow up. Considering feasibility, there
was no discontinuation of ice glove or boot by any patient
due to cold intolerability.

Table 1. Incidence of neuropathy any grade observed in iced
(Experiment) versus non-iced (Control) limbs

 

 

Observation Control limb (n) Experiment limb (n)

Post taxol circle 1 6 3 
Post taxol circle 2 9 3 
Post taxol circle 3 13 6 
At 3 month follow up 10 8 
At 6 month follow up 9 7 

 

There was no neuropathy symptoms reported in 67 controls
compared to 87 experimental limbs. The neuropathy related
problems were observed in 47 controls versus only 27 exper-
imental limbs. The development of any grade neuropathy
was evident more on the control side limbs at all time points
(see Table 1). The application of ice glove and boot limited
the incidence of any grade neuropathy to only 7 patients at
6 months follow up. At 6 months mark, 9 patients on the
control side still had symptom of neuropathy (see Table 1).

Table 2. Grades of neuropathy in control and experimental sides
 

 

Observation 
Control limb (non-iced)  Experiment limb (iced) 

Grade 1 Grade 2 Grade 3  Grade 1 Grade 2 Grade 3 

Post taxol circle 1 2 3 1 3   
Post taxol circle 2 8 1  3   
Post taxol circle 3 12 1  6   
At 3 months follow up 9 1  8   
At 6 months follow up 7 2  7   

 

When analyzed for the grade of neuropathy (see Table 2), the
experimental arm developed only grade 1 neuropathy at any
point in time during the study. In the control group, grade
1 neuropathy was observed most frequently but there was
one case of grade 3 neuropathy and several patients reported
grade 2 neuropathy.

There were 5 patients who developed neuropathy in the con-
trol limb after cycle 1. These patients were permitted to use
ice gloves and boots on both sides. In all such cases, the
neuropathy was reduced to a mild grade with the exception
of one that persisted through follow up at a moderate level in
the control limb (see Table 3).

Table 3. The grades of neuropathy are listed for these 5 patients at various time points for both treated control and
experiment side

 

 

 
Post taxol #1  
Neuropathy 

Post taxol #2  
Neuropathy 

Post taxol #3 
Neuropathy 

Post taxol #4 
3 months follow up 
Neuropathy 

6 months follow up 
Neuropathy 

Pt #1 control 2 1 1 0 0 
         experiment 0 0 1 0 0 
Pt #2 control 3 1 2 0 0 
         experiment 1 1 0 1 0 
Pt #3 control 1 1 1 0 0 
         experiment 0 0 0 0 0 
Pt #4 control 1 1 1 1 1 
         experiment 0 0 0 0 0 
Pt #5 control 2 2 1 1 1 
         experiment 0 1 1 1 1 
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5. DISCUSSSION

We have shown in this pilot study, for the first time, that the
use of ice glove and boot may have potential to reduce the in-
cidence and the severity of peripheral neuropathy in patients
treated with paclitaxel. This approach appears feasible and
reasonably well tolerated by the patients.

The incidence of neuropathy with paclitaxel is 50% to 100%
which is dose dependent and occurs with higher cumulative
dose and higher dose per cycle.[8] A higher incidence of
paclitaxel neuropathy has been reported when paclitaxel is
infused over three hours as compared to 24 hours.[11] We ob-
served decreased incidence of neuropathy in the limbs treated
with ice gloves and boots compared to controls during and
post treatment with paclitaxel. In addition, iced limbs did
not develop neuropathy more severe than grade 1, compared
to non-iced limbs where frequent grade 2 and one grade 3
neuropathy was reported. Interestingly, patients who were
switched to ice glove and boot therapy demonstrated impact
of cold therapy on the developed neuropathy with improve-
ment over time. We observed pattern of neuropathy similar
to the previously published studies. In this study, fingertips
and toes were the first to be affected and the feet were the
last to resolve. Only two of the twenty three subjects had
ongoing moderate neuropathy at 6 months but this was only
on the non-iced side. One patient had onset of moderate
neuropathy 3 months post completion on the non-iced side
and the iced side rated as mild.

There are no studies in published literature, at present, explor-
ing the impact of hypothermia to prevent peripheral neuropa-
thy in patients treated with chemotherapy. The exact mech-
anism by which a paclitaxel induced peripheral neuropathy
could get potentially impacted by hypothermia is not known.
However, the cooling techniques in a variety of local appli-

cation forms have been used to prevent or minimize other
conditions like alopecia resulting from chemotherapy.[12–14]

The hypotheses behind the impact of hypothermia for a local-
ized area have included a variety of proposed factors, ranging
from decreased metabolic activity of cells in the local area to
decreased blood flow resulting in less drug exposure.

There are several weaknesses in this pilot study. This study is
primarily observational, without formal statistics and limited
to only 23 patients. We did not include demographics and
details about type of surgery about these patients. We felt
that cold therapy is likely unaffected by these parameters as
a strategy against peripheral neuropathy. Although surgery
induced neuropathy is possible, we excluded patients experi-
encing neuropathy from any etiology. In addition, we applied
the cold therapy on the surgery side only. Permitting patients
to ice both hands and feet was felt to be ethically responsible,
but did result in loss of information as to the perhaps eventual
severity of neuropathy on the non-iced side but did show that
the application of ice glove and boot reduced the severity
in subsequent cycles. The three hour infusion of paclitaxel
was a long time to have cold treatment and patients who
did report onset of neuropathy on the iced side frequently
admitted that they had engaged in cold avoidant behaviors
such as curling up their fingers inside the ice mitt or wearing
socks inside the ice boot.

Despite these practical issues, the improved incidence and
grade of neuropathy observed with ice glove and boot ap-
plication are promising and provide a potential option of
preventive strategy that should be explored through random-
ized clinical trials in future.
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