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Abstract

Background: Chemotherapy-induced peripheral neuropathy (CIPN) is a common adverse effect of paclitaxel (PTX).
There is no known prophylactic measure, although there are some reports of prevention with compression therapy
using surgical gloves. On account of its predominantly subjective symptoms, it is difficult to exclude bias when
assessing for CIPN. In this study, we assessed the effectiveness of the same procedure for the prevention of
paclitaxel-induced PN based on a double-blind study design.

Methods: The patients with early and recurrent breast cancer (with no prior PTX exposure) initiating weekly
chemotherapy with PTX 80 mg/m2 were enrolled. Each patient donned two gloves on each hand at every PTX
infusion. Two one-size-smaller gloves were donned on one hand (study side) and two normal-size gloves were
donned on the other hand (control side) during 90 min from 30 min before the infusion to 30 min after the end of
the infusion. Study side are blind for both patients and assessing physicians according to determination of the
study side by research nurses in the chemotherapy unit.
The primary outcome was the difference in the frequency of CIPN (motor/sensory) determined by the physician
using the common terminology criteria for adverse events (CTCAE v4.0), with an evaluation at each cycle of PTX
infusion. McNemar test was used to assess the primary outcome.

Results: Between July 2017 and November 2018, 56 patients were enrolled and 49 patients were evaluated. Overall,
Grade ≥ 2 PN (sensory) was observed in 30.6 and 36.7% in the study and control sides, respectively (McNemar p =
0.25). PN (motor) was observed in 4.1 and 6.1% in the study and control sides, respectively (McNemar p = 1.0).

Conclusion: Surgical glove compression therapy showed no statistically significant effect on the incidence of PTX-
induced PN.
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Trial registrations: This study was registered with the University Hospital Medical Information Network (UMIN)
Clinical Trials Registry managed by the National University Hospital Council of Japan (UMIN000027944). Registered
26 June 2017.
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Background
Breast cancer is the most common cancer among
women worldwide. As the survival rates are increasing,
improving the patient’s quality of life (QOL) became
more important.
Chemotherapy-induced peripheral neuropathy (CIPN)

is one of the most important adverse event effects on
QOL of breast cancer patients [1]. Although paclitaxel
(PTX) is one of the key drugs for primary and metastatic
breast cancer [2, 3],it is well known that PTX often
causes peripheral neuropathy (PN) [4]. Despite several
reports about the prevention of the CIPN, the manage-
ment of that remains an unsolved problem [5–7]. The
current American Society of Clinical Oncology Clinical
Guidelines for CIPN management recommend duloxe-
tine for treatment of moderate CIPN; however, there are
no recommended agents for its prevention [8].
Recently, the effectiveness of compression therapy for

nanoparticle albumin-bound-paclitaxel- (nab-PTX) in-
duced PN using surgical gloves was reported in Japan
[9]. In that study, compression therapy was performed
as follows: subjects donned two one-size-smaller surgical
gloves on their dominant hand and left the other hand
bare as a control. They confirmed that this compression
therapy using gloves significantly reduced the incidence
of grade ≥ 2 common terminology criteria for adverse
events (CTCAE) PN from 76.1 to 21.4% for nanoparticle
albumin-bound-paclitaxel (nab-PTX). Although com-
pression therapy is a low-cost and safe method, we con-
sider the accurate assessment of CIPN to be difficult
because it is evaluated according to subjective symp-
toms; therefore, some biases, such as performance bias
and detection bias, could occur [10].
In this study, we assessed the effectiveness of compres-

sion therapy using gloves (same procedure as previous
reports) for the prevention of CIPN based on complete
blinding for patients and the assessing physician under a
study design which aimed to minimize these biases.

Methods
This trial was done at Aichi Cancer Center Hospital in
Japan. The study population consisted of previously
PTX-naïve adults (aged ≥20 y) with early and/or recur-
rent/advanced breast cancer starting chemotherapy with
weekly PTX (80 mg/m2). One cycle of chemotherapy
was either one dose every 3 weeks or administration on

days 1, 8, and 15 every 4 weeks. Patients with human
epidermal growth factor receptor 2 (HER2)-positive
breast cancer received trastuzumab (initial dose, 8 mg/
kg; loading dose, 6 mg/kg every 3 weeks) with/without
pertuzumab (initial dose, 840 mg; loading dose, 420 mg
every 3 weeks) and recurrent/advanced breast cancer pa-
tients received bevacizumab (10 mg/kg, day 1 and day 15
every 4 weeks) subsequent to the administration of pacli-
taxel [11].
Inclusion criteria were Eastern Cooperative Oncology

Group (ECOG) performance status of 0–1, and adequate
bone marrow, hepatic, renal, and heart function. Exclu-
sion criteria were prior treatment with PTX or nab-PTX,
grade ≥ 1 peripheral neuropathy according to CTCAE
caused by any reason, difficulty securing vascular access
outside of the hand, and allergy to surgical gloves.

Procedure
The procedure was a modification of a previous study
assessing the effect of surgical gloves on one hand for
nab-PTX [9]. In our study, each patient donned two
gloves on each hand at every PTX infusion. Two one-
size-smaller gloves were donned on one hand (study
side) and two normal-size gloves were donned on the
other hand (control side) over the 90min from 30min
before the infusion to 30 min after the end of the infu-
sion. The study side and control sides were blinded to
both patients and physicians by research nurses at the
chemotherapy unit. Patients were randomly assigned to
right hand or left hand tight glove groups (one-to-one
ratio). Further, to minimize dominant hand bias, re-
search nurses divided the groups such that 50% of sub-
jects had the tighter gloves on the dominant hand and
50% had the tighter gloves on the nondominant hand.
The size of gloves was determined by research nurses
after the patients tried to fit them several times. They
ensured that same side to be study side each time using
correspondence table which was blinded for the patients.
As the source of the gloves, Emblem surgical gloves
(Sanko Chemical Industrial, Hiroshima, Japan) was used
for 5.0 size, Techwrap® F4 (Hogy Medical, Tokyo, Japan)
was used for gloves of 5.5 size and above.
Following the previous study, we also evaluated the

temperature at the tip of each finger. Images of the pal-
mar aspects of both hands were taken by a thermo-
graphic camera (FLIR C2, FLIR Systems, Inc. Oregon,
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USA) before donning and just before removal of the
gloves. The temperature at the end of each infusion was
measured with gloves donned. The point of measure-
ment was between the distal interphalangeal joint and
the base of the nail. Any differences between the study
side and control side fingertip temperature changes were
assessed.

Statistical analysis
The primary outcome was the difference in the inci-
dence of Grade ≥ 2 CIPN (motor/sensory) between the
study side and control side as determined by the phys-
ician using CTCAE v4.0. Secondary outcome was the
difference in the incidence of CIPN (motor/sensory) be-
tween the study side and control side as assessed by the
patient using the Patient-reported Outcomes version of
CTCAE (PRO-CTCAE) [12, 13]. For severity assessment,
≥ “moderate,” and for interference with daily activities
assessment, ≥ “somewhat” was considered as an event.
Assessment was done at the time of the first day of

each cycle and after the end of the four PTX courses
(before the next treatment administration). Since we fo-
cused on prevention, the study was ended when the sub-
ject developed a primary outcome in either of their
hands. All patients who could complete the first cycle of
the study drug were assessed for the primary outcome.
We planned samples by assessing the frequency of

grade ≥ 2 PN in the control hand as 30% based on previ-
ous reports [3, 14, 15]. According to the previous studies
of compression therapy, we expected a 15% difference
between each side with 80% power and a significance
level for a two-sided test of 0.05. We assumed a 5%
dropout rate, and planned a total sample size of 55
patients.
McNemar’s chi-squared test was used to assess the

primary and secondary outcomes. Paired t-tests were
used to assess fingertip temperature change.
All statistical analyses were carried out using STATA

ver.12 (StataCorp, College Station, TX, USA). All tests
were two-sided and p < 0.05 were considered statistically
significant.
The protocol was approved by the institutional review

boards of the Aichi Cancer Center Hospital. All patients
provided written informed consent.

Results
Characteristics of patients and controls
Between July 11, 2017 and November 26, 2018, 56 pa-
tients were enrolled in the study. Two patients who
complained of discomfort donning the gloves and four
patients who could not complete the first cycle of PTX
due to liver enzyme elevation, allergy to PTX, or intoler-
ance to alcohol (two patients) were excluded. As a result,
49 patients were evaluated. Regarding patient

characteristics (Table 1), median age was 53 years, 43 pa-
tients (87.8%) were early and 6 patients (12.2%) were re-
current/advanced breast cancer patients. A total of 21
patients underwent axillary dissection. There was no
need for dosage reduction of PTX during the observa-
tion period.

Primary outcome
Overall, 18 patients (36.7%) developed Grade ≥ 2 sensory
PN in their control hand and 15 patients (30.6%) devel-
oped the event in their study hand (McNemar p = 0.25)
(Fig. 1). Of these patients, 15 developed the event on
both sides at the same time and 3 developed the event
only on the control side.
For motor PN, three patients (6.1%) developed Grade ≥

2 motor PN in their control side hand and two patients
(4.1%) developed the event in their study side hand.
(McNemar p = 1.0). Of these patients, two developed the
event on both sides at the same time and one developed
the event only on the control side. No statistically sig-
nificant difference in primary outcome was observed be-
tween the control side and the study side.

Secondary outcome
For the Pro-CTCAE assessment, the questionnaire com-
pletion rate was 85.2%. As shown in Fig. 2, there was
also no difference between the study and control side in
either the grade of numbness (McNemar p = 1.0) or the
effect on activities of daily living (McNemar, p = 1.0).

Temperature changes
To confirm the reproducibility of the compression ther-
apy procedure with the previous study, we measured
temperature changes on each fingertip in 24 patients
(Fig. 3). For the study side, the temperature of all finger-
tips was decreased (− 1.1– − 2.7 °C) after the administra-
tion of PTX. For the control side, the temperature
change was relatively small (− 0.23 − + 0.99 °C). The
changes in temperature were significant in the first (*
p = 0.0004), fourth (§ p = 0.0136), and fifth (|| p = 0.0020)
digits.

Discussion
In this study, we found that SG compression therapy
was not effective in preventing the incidence of PTX-
induced PN. The results of temperature changes on each
fingertip were consistent with the previous report, con-
firming the reproducibility of the compression therapy
method using gloves.
The most difficult problem when addressing CIPN is

that it is largely subjective [16, 17]. In this study, to re-
duce differences in primary outcome evaluation between
physicians, we confirmed the interpretation of CTCAE
v4 before starting the trial as follows: since grade 1 is
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Table 1 Patient characteristics

Median age 52.5 (23–74) Treatment

Menoposal status Neoadjuvant chemotherapy 11 (22.5%)

premenopausal 21 (42.9%) Adjuvant chemotherapy 32 (65.3%)

postmenopausal 28 (57.1%) Recurrence chemotherapy 6 (12.2%)

ECOG performance Combined therapy

0 48 (98.0%) Trastuzumab 27 (55.1%)

1 1 (2.0%) Bevasizumab 6 (12.2%)

Dominant hand No combined therapy 16 (32.7%)

R 48 (98.0%) History of chemotherapy

L 1 (2.0%) No 20 (40.8%)

Glove size(control side) Yes 29 (59.2%)

5.5 17 (73.9%) Previous chemotehrapy regimen

6.0 23 (46.9%) Anthracyclin based 28 (57.1%)

6.5 9 (18.4%) Docetaxel 1 (2.0%)

Location of primary tumor Smoking status

R 18 (36.7%) Never smoker 36 (73.5%)

L 30 (61.2%) Current smoker 3 (6.1%)

Bilateral 1 (2.0%) Former smoker 6 (12.2%)

Axillary dissection Unknown 4 (8.2%)

No 26 (55.3%) Diabetes

Yes 21 (44.7%) No 45 (91.8%)

Subtype of the primary tumor Yes 4 (8.2%)

ER+/HER2- 11 (22.9%)

ER+/HER2+ 18 (37.5%)

ER−/HER2+ 8 (16.7%)

ER−/HER2- 11 (22.9%)

Fig. 1 Primary outcome: difference in the frequency of CIPN (motor/sensory). At the final assessed point, Grade≥ 2 or more PN (sensory) was
observed in 30.6 and 36.7% patients on the study and control side, respectively (McNemar p = 0.25). PN (motor) was observed in 4.1 and 6.1% on
the study and control side, respectively (McNemar p = 1.0). No statistically significant difference in primary endpoints was observed between the
control side and the study side

Kotani et al. BMC Cancer          (2021) 21:548 Page 4 of 7



described as “asymptomatic,” ≥Grade 2 could be applic-
able when the patient developed any definite subjective
symptoms. To confirm the accuracy of the results, we
also observed the consistency between the primary end-
point (objective evaluation) and secondary endpoint
(subjective evaluation).
Due to the difficulty of standardizing the objective meas-

ure, various biases could occur in clinical trials assessing
CIPN [8]. The strength of our study is that it succeeded in
minimizing bias by using a randomized control trial design.
Our trial had several limitations. First, there was the

possibility that donning correctly-sized gloves for the
control side may also be effective in preventing CIPN.
However, the incidence of CIPN on the control side did
not deviate substantially from that of previous reports
[3, 14], and we observed a definite difference in fingertip
temperatures between the study and control sides. Fur-
ther, although this study was blinded to the patients,
they might infer the study side because of its greater
tightness. If such inference existed, the effect did not
seem to affect the negative results due to the

performance bias considered to work to increase the dif-
ference of results between study side and control side.
Second, there was a slight difference in the method of
measuring the temperature compare to the previous re-
ports. In previous reports, the temperature at the end of
the chemotherapy infusion was measured with cutting
the top of the SG of each finger by scissors. However,
we could not do the same procedure because it was dan-
gerous to cut the fingertips of tightened fit gloves. We
observed that there was no difference between bared
and SG donned fingertip temperature before starting this
trial. Third, although the study and control side were
blinded for the assessing physician, we could not con-
firm inter-rater agreement due to lack of the second
assessing physician. Forth, we could not deny all the
biases. For example, the performance bias on both sides
could not be denied.
The difference between our study and previous studies

warrant mention. First, the chemotherapy agent was dif-
ferent. Tsuyuki et al. confirmed the effectiveness of com-
pression therapy in preventing CIPN with nab-PTX; in

Fig. 2 Secondary outcome: difference in the frequency of CIPN assessed using PRO-CTCAE. The questionnaire completion rate was 85.2%. There was no
difference between the study and control sides in either the severity of numbness (McNemar p= 1.0) or interference with daily activities. (McNemar p= 1.0)

Fig. 3 Temperature changes in each fingertip. For the study side, the temperature of all fingertips was decreased (1.1–2.7 °C). For the control side,
the temperature change was relatively small (− 0.23 − + 0.99 °C). p = 0.0004 (* first digit), 0.0508 († second digit), 0.1226 (‡ third digit), 0.0136
(§fourth digit), and0.0020 (|| fifth digit)
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their study, the incidence of grade ≥ 2 PN ranged from
45 to 76%, which is higher than the incidence with PTX
[18–21]. The inconsistency in the results may be due to
this difference in CIPN incidence between nab-PTX and
PTX. Second, the studies differed in design, albeit that
the method of compression therapy was same. Following
the first report, which confirmed effectiveness by using
gloves on the dominant hand only, they also confirmed
the effectiveness by wearing gloves on both hands [22].
Neither study designs allowed the exclusion of perform-
ance bias and detection bias due to the lack of blinding
of patients and physicians. Third, since we focused on
prevention, patients who developed Grade 2 PN were re-
moved from the study. In contrast, in a previous study,
the procedure was continued after the development of
PN, and the authors observed a lower incidence of each
grade. Fourth, the studies seemed to differ with regard
to the measurement of glove size. In our study, 34.7% of
patients required a size 5.0 glove for the study side, al-
though no patient in the previous studies required this
size [9, 22]. Since all three studies were performed in
Japan, we believe that there was no substantial difference
in patients’ physiques. Although our study revealed the
ineffectiveness of gloves for preventing CIPN of PTX,
the measurement of glove size might be a problem to be
addressed. Additionally, there were two patients who
complained of discomfort while donning and preferred
to leave the trial, while there was no patient who was
unable to tolerate donning the gloves in the previous
two studies.

Conclusions
In conclusion, compression therapy using tight gloves
was not effective for decreasing the incidence of PTX-
induced PN. We confirmed the reproducibility of the
method of compression therapy using thermography.
Further studies are needed to elucidate the prevention of
CIPN from PTX.
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