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Purpose: This study aimed to assess the efficacy of scalp-cooling devices in preventing

chemotherapy-induced alopecia in Japanese breast cancer patients and investigate

whether a scalp-cooling device improves hair volume recovery over a 12 weeks period

after completing chemotherapy.

Methods: This multicenter controlled trial included women with breast cancer

undergoing chemotherapy in Japan between February 2016 and March 2018. The

primary endpoint was the proportion of patients with no alopecia at the end of

chemotherapy. The secondary endpoint included hair volume at 12 weeks after

completing chemotherapy.

Results: A total of 48 patients were enrolled; of them, 34 and 14 were sequentially

allocated to the scalp-cooling group using the Paxman Hair Loss Prevention System

and the control group, respectively. There was no significant difference in average age

between the scalp-cooling and the control groups (50.0 ± 9.6 vs. 49.0 ± 9.0 years).

More than 50% of patients in each group had stage II breast cancer (scalp-cooling

group: 53.1%; control group: 64.3%), more than 90% received adjuvant chemotherapy

(scalp-cooling group: 96.9%; control group: 92.9%), and more than 60% were treated

with a docetaxel/cyclophosphamide regimen (scalp-cooling group: 75.0%; control

group: 64.3%). There were more patients judged to have no alopecia at the end of

chemotherapy in the scalp-cooling group than in the control group (26.7% [8/30] vs.

0% [0/13]; P = 0.011). The proportion of patients with alopecia who experienced

an increase in hair volume of ≥50% within 12 weeks duration after chemotherapy

was 85.7% (24/28) in the scalp-cooling group and 50.0% (6/12) in the control group.

No patient developed serious adverse events related to the scalp-cooling device.
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Conclusions: The use of a scalp-cooling device prevented alopecia with acceptable

safety for Japanese patients. In addition, scalp cooling resulted in faster recovery of hair

volume after chemotherapy, even in patients for whom scalp cooling failed to prevent

chemotherapy-induced alopecia.

Keywords: scalp cooling, chemotherapy-induced alopecia, breast cancer, hair loss, hair volume recovery,

anthracycline, docetaxel, side effects

INTRODUCTION

Breast cancer is the commonest cancer in women in Japan, with
an incidence of more than 80,000 in 2013 (1). Despite the various
adverse reactions, adjuvant chemotherapy is still commonly used
for the treatment of breast cancer. Of these reactions, alopecia
is among the most distressing for patients (2, 3) and ∼8%
of patients with breast cancer choose alternative medication
to avoid alopecia (4). Although alopecia is not directly life-
threatening, it carries a significant psychological burden.

Scalp cooling has been investigated as a method for
minimizing alopecia since the 1970s, and advancements in scalp-
cooling methods have been made in European countries (5). For
example, treatment with a frozen cooling cap has been enhanced
by the development of a method to continuously circulate
coolant inside the cap so that it no longer needs to be replaced.
Two recent prospective clinical studies in the US demonstrated
that scalp cooling inhibited alopecia, and two sustained scalp-
cooling devices have been approved by the US Food and Drug
Administration (6, 7). Scalp cooling is currently the commonest
method to reduce chemotherapy-induced alopecia. A meta-
analysis of chemotherapy-induced alopecia showed that the use
of scalp cooling reduced the risk of alopecia (Relative risk:
0.38, 95% CI: 0.32–0.45), and the rate of hair preservation vary
from 10 to 100%, depending on factors, such as chemotherapy
regimen, scalp-cooling method, scalp-cooling temperature, and
definition of hair preservation (8, 9). According to the latest
literature, scalp cooling is more likely to be successful for taxane-
based chemotherapy than anthracycline-based chemotherapy
(59 vs. 16%) (6).

There are currently two proposed mechanisms for the
inhibition of alopecia by scalp cooling. First, cooling constricts
blood vessels and reduces blood flow to follicle cells, which may
reduce the amount of chemotherapy drug delivered to them.
Second, cooling reduces the metabolic activity of follicle cells,
which may reduce the cytotoxicity of the chemotherapy agent
(10). Meanwhile, it has long been debated whether scalp cooling
can preserve cancer cells in cases of micrometastasis prior to
cooling (11). However, a recent meta-analysis by Rugo et al.
showed that the incidence of scalp metastasis in breast cancer
patients is very low, irrespective of cooling, and that cooling does
not increase its risk (12).

A recent clinical study based in Japan assessed the efficacy
of a scalp-cooling equipment (Paxman Hair Loss Prevention
System, UK) and found that scalp cooling reduced the incidence
of alopecia after chemotherapy in Japanese patients with breast
cancer (13). To build on this finding, the current comparative
study aimed to evaluate the safety and efficacy of the Paxman

Hair Loss Prevention System in patients with breast cancer. As
a secondary endpoint, hair volume was evaluated 12 weeks after
chemotherapy termination.

MATERIALS AND METHODS

Study Design and Patients
This multicenter, controlled trial investigated the safety and
efficacy of the Paxman Hair Loss Prevention System for
preventing or reducing chemotherapy-induced alopecia in
breast cancer patients (HOPE; Clinical trial registration no.
UMIN000036472). The trial was conducted from February 2016
to March 2018 across five clinical sites in Japan, namely, National
Cancer Center Hospital, Osaka International Cancer Institute,
Kameda Medical Center, Kanazawa University Hospital, and
Kyoto University Hospital. We compared scalp cooling with no
treatment. The study included a roll-in group in which patients
were trained about wearing a cooling cap, prior to comparison
with the scalp cooling and control groups. The main inclusion
criteria were female patients with stage I/II primary breast cancer
who were scheduled to undergo 4 cycles of adjuvant/neoadjuvant
chemotherapy. Target regimens were AC (doxorubicin 60 mg/m2

+ cyclophosphamide 600 mg/m2), EC (epirubicin 100 mg/m2

+ cyclophosphamide 600 mg/m2), TC (docetaxel 75 mg/m2 +

cyclophosphamide 600 mg/m2), or FEC (fluorouracil 500 mg/m2

+ epirubicin 100 mg/m2 + cyclophosphamide 500 mg/m2). The
main exclusion criteria were alopecia (Common Terminology
Criteria for Adverse Events version 4.0 [CTCAE v4.0] Grade 1 or
higher) prior to the administration of chemotherapy, history of
treatment with chemotherapy, history of migraine, uncontrolled
diabetes, thyroid dysfunction, or severe anemia. Reduction of
the chemotherapy dose by up to 25% of the defined dose after
the second cycle was permitted. Dose delays of up to 2 weeks
were allowed.

The study protocol was approved by the Institutional Review
Board of all participating institutions, and written informed
consent was obtained from all subjects.

Non-randomization and Intervention
Allocation to each study group was conducted in a sequential,
non-randomized manner. At each clinical site, patients were
allocated to the scalp-cooling group until the target sample size
for the group was reached, after which patients were allocated
to the control group. The ratio of allocation to the scalp-
cooling group vs. the control group was 2:1 per regimen at each
clinical site.
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The Paxman Hair Loss Prevention System was used as the
scalp-cooling therapy. Scalp cooling was initiated 30min prior to
each chemotherapy infusion, and continued until at least 90min
following completion.

Outcomes
The primary endpoint was the proportion of patients with no
alopecia at the end of chemotherapy treatment. No alopecia was
defined as Grade 0 (no hair loss) or Grade 1 (no wig needed, hair
loss <50%) based on CTCAE v4.0. Two independent assessors
evaluated alopecia based on photographs of the patient’s head
taken from five directions (front, back, right, left, and above).
The highest grade from the five photographs was adopted as the
alopecia outcome by each assessor. If both assessors determined
alopecia to be ≤Grade 1, that patient was judged as having no
alopecia. The independent assessors received advance training for
the evaluation of alopecia and were blinded to group allocation,
clinical site, and chemotherapy regimen.

Secondary endpoints included no alopecia (loss of hair
volume) assessed by the patient and study doctor; the patients’
quality of life (QOL); and hair volume recovery following
completion of chemotherapy. Alopecia was assessed by the
patient and study doctor at the end of chemotherapy and 12
weeks after the end of chemotherapy using a 5-point scale: 1,

no alopecia; 2, 1/2 of hair remaining; 3, 1/3 hair remaining; 4,
1/4 hair remaining; 5, or complete alopecia. QOL was assessed
using the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-
C30) and the Hospital Anxiety and Depression Scale (HADS)
at baseline, end of chemotherapy, and 12 weeks after the
end of chemotherapy. A hair loss-specific questionnaire was
also administered at the end of chemotherapy and 12 weeks
after the end of chemotherapy. Hair volume recovery following
chemotherapy was assessed based on improvement in alopecia
grade at 4, 8, and 12 weeks after the end of chemotherapy.

Statistical Analysis
Data from our previous study (The Dutch Scalp Cooling
Registry) (14) were used to calculate the sample size required to
achieve 80% power and a 95% confidence interval. The target
sample size was determined to be 51 patients; 34 in the scalp-
cooling group, and 17 in the control group. The first two patients
at each clinical site were considered the roll-in group and were
excluded from the analysis sets for efficacy and safety.

The primary analysis set for efficacy was the Per Protocol
population, defined as patients who completed all four cycles
of chemotherapy among the intention-to-treat (ITT) population
(the scalp-cooling group wore the study device at each treatment

FIGURE 1 | Patient inclusion flowchart.
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cycle). The safety analysis set was the ITT population, defined
as patients who received at least one cycle of chemotherapy
without a major protocol violation among the enrolled patients.
Patients with missing data were excluded from the analysis. For
the primary endpoint (i.e., the proportion of patients with no
alopecia between groups), significance was measured using the
Chi square test. All statistical analyses were performed using SAS
version 9.4 and JMP version 12.0.1 (SAS Institute, Cary, NC).
P-values <0.05 were considered statistically significant.

TABLE 1 | Patient demographics (ITT populationa).

Scalp-cooling group

n = 32

Control group

n = 14

Age (years) Mean ± SD 50.0 ± 9.6 (32) 49.0 ± 9.0 (14)

Breast cancer stage I 46.9% (15) 35.7% (5)

II 53.1% (17) 64.3% (9)

Type of chemotherapy Neoadjuvant 3.1% (1) 7.1% (1)

Adjuvant 96.9% (31) 92.9% (13)

Chemotherapy regimenACb 25.0% (8) 35.7% (5)

TCc 75.0% (24) 64.3% (9)

aThe ITT population was defined as patients who received at least one cycle of

chemotherapy without a major protocol violation.
bDoxorubicin 60 mg/m2 + cyclophosphamide 600 mg/m2.
cDocetaxel 75 mg/m2 + cyclophosphamide 600 mg/m2.

RESULTS

Patient Characteristics
After the completion of two roll-in patients at each clinical site,
53 patients were recruited for themain part of the study. Of them,
five were excluded, and thus 48 were enrolled and allocated to the
scalp-cooling group (n= 34) or the control group (n= 14). All 48
patients started chemotherapy. Two patients in the scalp-cooling
group and one patient in the control group were excluded during
the follow-up period of the primary endpoint. The remaining 45
patients (32 patients in the scalp-cooling group and 13 in the
control group) completed assessment of the primary endpoint

TABLE 3 | Recovery from alopecia at 12 weeks after the end of chemotherapy

(patients with alopecia at the end of chemotherapy in the PP populationa).

Change in alopecia grade

at 12 weeks after end of

chemotherapy

Scalp-cooling

group

n = 20

Control group

n = 12

P-valueb

Grade 2→0 25.0% (5) 8.3% (1) 0.0393

Grade 2→1 60.0% (12) 41.7% (5)

Grade 2→2 15.0% (3) 50.0% (6)

aThe PP population was defined as patients who completed all four cycles of

chemotherapy among the intention-to-treat population (the study device was worn at

each cycle of chemotherapy).
bWilcoxon ranked sum test (two-sided).

TABLE 2 | CTCAE evaluation of alopecia following chemotherapy (PP populationa).

Scalp-cooling group

n = 30

Control group

n = 13

No alopeciab [95% CI] 8 (26.7%) [14.2%, 44.4%] 0 (0.0%) [0.0%, 22.8%]

Alopecia gradec Grade 0 Grade 1 Grade 2 Grade 2

n (%) 1 (3.3%) 7 (23.3%) 22 (73.3%) 13 (100.0%)

Example of head images d e f g

aThe PP population was defined as patients who completed all four cycles of chemotherapy among the intention-to-treat population (the study device was worn at each cycle

of chemotherapy).
bNo alopecia was defined as Grade 0 or 1 alopecia.
cCTCAE v4.0 alopecia grade definition.

Grade 0 No hair loss

Grade 1 Hair loss of <50% of normal for that individual that is not obvious from a distance but only on close inspection; a different hair style may be required to cover the hair loss

but it does not require a wig or hair piece to camouflage.

Grade 2 Hair loss of ≥50% normal that is readily apparent to others; a wig or hair piece is necessary if the patient desires to completely camouflage the hair loss; associated with

psychosocial impact.

dParietal view of Grade 0 hair loss at the end of TC chemotherapy, scalp-cooling group.
eParietal view of Grade 1 hair loss at the end of TC chemotherapy, scalp-cooling group.
fParietal view of Grade 2 hair loss at the end of AC chemotherapy, scalp-cooling group.
gParietal view of Grade 2 hair loss at the end of TC chemotherapy, control group.
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TABLE 4 | Quality of life (ITT populationa ).

Baseline (Mean ± SD) End of chemotherapy (Mean ± SD) 12 weeks after end of

chemotherapy

(Mean ± SD)

Scalp cooling

n = 32

Control

n = 14

Scalp cooling

n = 30

Control

n = 12

P-valueb Scalp cooling

n = 28

Control

n = 12

EORTC QLQ-C30 SCORE

Global health status 72.66 ± 18.84 69.64 ± 18.38 62.22 ± 23.64 51.39 ± 21.86 0.179 65.77 ± 26.77 65.28 ± 22.14

Emotional functioning 81.25 ± 13.39 77.98 ± 18.95 84.44 ± 13.97 81.25 ± 13.82 0.506 86.90 ± 16.58 84.03 ± 15.27

Social functioning 90.10 ± 15.18 86.90 ± 13.36 77.22 ± 17.77 68.06 ± 21.86 0.165 85.71 ± 14.85 84.72 ± 13.22

HADS SCORE

Anxiety summary 8.88 ± 1.88 9.00 ± 2.57 8.00 ± 2.17 8.42 ± 2.27 0.582 7.89 ± 2.02 8.08 ± 2.02

Depression summary 9.72 ± 1.30 9.50 ± 1.99 9.17 ± 1.90 9.83 ± 1.99 0.316 8.64 ± 1.68 9.17 ± 1.40

aThe ITT population was defined as patients who received at least one cycle of chemotherapy without a major protocol violation.
bT-test (two-sided).

3 weeks after the fourth and final cycle of chemotherapy. Three
patients in the scalp-cooling group and one patient in the control
group withdrew consent for follow-up observations; thus, they
were excluded from the follow-up evaluation (12 weeks after the
fourth cycle of chemotherapy). The remaining 29 patients in the
scalp-cooling group and 12 in the control group completed the 12
weeks follow-up after the fourth cycle of chemotherapy. Figure 1
details the inclusion and exclusion of patients at each stage of
the study.

Two patients with major protocol deviations were excluded in
the ITT population, leaving 46 patients: 32 in the scalp-cooling
group and 14 in the control group. Both protocol violations were
treatment delays due to adverse reactions to chemotherapy, and
medical experts considered that an impact on efficacy assessment
could not be ruled out. The Per Protocol population comprised
43 patients (30 in the scalp-cooling group and 13 in the control
group) after the exclusion of two patients from the scalp-cooling
group due to withdrawal of informed consent (n= 1 patient) and
jaw pain due to overtightened strap (n = 1 patient) and of one
patient from the control group due to cellulitis.

The patient demographics are shown in Table 1. The average
age was similar between the scalp-cooling group and the control
group (50.0 ± 9.6 vs. 49.0 ± 9.0 years). More than 50% of
patients in each group had stage II breast cancer (scalp-cooling
group: 53.1%; control group: 64.3%), more than 90% received
adjuvant chemotherapy (scalp-cooling group: 96.9%; control
group: 92.9%), and more than 60% were treated with a TC
regimen (scalp-cooling group: 75.0%, control group: 64.3%).
There were no significant differences in patient demographics
between the two groups.

Prevention of Hair Loss
In total, 26.7% (8/30; 95% CI: 14.2–44.4%) of the patients in
the scalp-cooling group and 0.0% (0/13; 95% CI: 0.0–22.8%)
in the control group were judged to have no alopecia by both
independent assessors at the end of chemotherapy. Therefore, the
proportion of patients with no alopecia was significantly higher in
the scalp-cooling group (P = 0.011) (Table 2). Meanwhile, there

were 60.0% (18/30) of patients in the scalp-cooling group and
0.0% (0/13) in the control group who were judged to have no
alopecia by either one of the independent doctors.

Hair Volume Recovery
The proportion of patients with a hair volume of Grade 0, 1, and
2 at 12 weeks after the end of chemotherapy was 35.7, 50.0, and
14.3%, respectively, in the scalp-cooling group (n = 28), and 8.3,
41.7, and 50.0%, respectively, in the control group (n= 12).

For patients who were judged as having alopecia at the end
of chemotherapy, post-hoc analysis was conducted on alopecia
recovery. The proportion of patients who recovered fromGrade 2
to Grade 0 over the 12 weeks following the end of chemotherapy
was 25% (5/20) in the scalp-cooling group and 8.3% (1/12) in the
control group. The proportion of patients recovering from Grade
2 alopecia was significantly higher in the scalp-cooling group
(P < 0.05) (Table 3).

Quality of Life
The analysis of the EORTC QLQ C30 and HADS survey
findings revealed no differences between the groups at the
end of chemotherapy as well as at 12 weeks after the end of
chemotherapy (Table 4).

Adverse Events
In total, 94% (30/32) of patients in the scalp-cooling
group experienced adverse events during the observation
period, and 284 adverse events related to the scalp-cooling
device were observed. The most common event was jaw
pain due to an overtightened strap (75.0% [24/32]). Other
adverse events with an incidence of 40% or higher included
headache (71.9% [23/32]), discomfort due to chill (68.8%
[22/32]), nausea (43.8% [14/32]), forehead pain (40.6% [13/32]),
and dizziness (40.6% [13/32]). All cases were successfully
managed with appropriate treatment. Serious adverse events
were observed in one patient in the scalp-cooling group (fever)
and three patients in the control group (acute gastroenteritis,
wound infection, skin rash, and cellulitis), but these were
unrelated to the scalp-cooling device.
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TABLE 5 | Results of recent scalp-cooling studies.

References N Study design Scalp-cooling method Cancer type Chemotherapy

agents

Observation period Hair preservation % of hair

preservation

(controls)

Nangia et al.

(6)

182 Randomized

control

Paxman cooling system Early-stage breast cancer Taxane and/or

anthracycline

based

During chemotherapy CTCAE grade ≦ 1 assessed

by independent clinicians

51% (0%)

Smetanay

et al. (15)

79 Randomized

control

Dignicap cooling system Breast cancer (stages 1–3) Taxane and/or

anthracycline

based

6 months after

chemotherapy

Dean grade ≤2 assessed by

patients

39% (0%)

Rugo et al. (7) 122 Non-randomized

controlled

Dignicap cooling system Early-stage breast cancer Taxane based 4 weeks after completion of

chemotherapy

Dean grade ≤2 assessed by

patients

66% (0%)

Betticher

et al. (16)

238 Non-randomized

controlled

Paxman cooling

system/Cold Cap

Breast, lung, prostate

cancer, etc.

Docetaxel During chemotherapy WHO grade ≤2 assessed

by physician, and no wig

required

82% (36%)

Chan et al.

(17)

60 No control Dignicap cooling system Breast cancer (stages 1–3) Taxane and/or

anthracycline

based

2–4 weeks after completion

of chemotherapy

Dean grade ≤2 assessed by

patients

33%

Vasconcelos

et al. (18)

131 No control Paxman cooling system Breast cancer (stages 1–3) Taxane and/or

anthracycline

based

During chemotherapy Visual evaluation ≤50% hair

loss assessed by nurse and

no wig required

71%

Rice et al. (19) 103 Registry Penguin Cold Caps Early or advanced stage

breast

cancer

Taxane and/or

anthracycline

based

4 weeks after completion of

chemotherapy

VAS ≤50% hair loss

assessed by patients

61%

Van den Hurk

et al. (14)

1411 Registry Paxman cooling system Breast, female genital,

gastrointestinal/colorectal,

lung, prostate cancer, etc.

Various During chemotherapy No wig required 50%

Present study 48 Non-randomized

controlled

Paxman cooling system Early-stage breast cancer Taxane or

anthracycline

based

3 months after

chemotherapy

CTCAE grade ≤1 assessed

by two independent

clinicians

27% (0%)

VAS, Visual analog scale; WHO, World Health Organization.
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FIGURE 2 | Changes in hair loss following the end of chemotherapy (parietal views; grading by independent assessors).

DISCUSSION

This HOPE study in Japan evaluated the safety and efficacy of a

scalp-cooling device in patients with breast cancer who received

anthracycline or taxane anticancer therapy. The proportion of

patients with no alopecia at the end of chemotherapy was
significantly higher in the scalp-cooling group than the control
group. In addition, the use of a scalp-cooling device resulted in a
significantly higher rate of recovery from alopecia in the 12 weeks
following chemotherapy. No safety concerns were identified.

Recent studies showed that scalp-cooling therapy is successful
in ∼30–80% of patients (Table 5) (6, 7, 14–19). In these studies,
the occurrence of alopecia was assessed by the investigators
or patients. However, in our study, two independent assessors
evaluated the degree of the alopecia using photographs of
the patient’s head taken from five directions, and the worst
assessment was decided as the final outcome. We also believe this
is the main factor for the lower success rate (26.7%) of our study

compared to other studies. In a previous clinical study on scalp-
cooling device in breast cancer patients in Japan, the rate of hair
preservation, which was defined as World Health Organization
alopecia grade ≤2 assessed by clinicians using photographs from
one direction, was 52.4% (11/21) in the overall population, 45.5%
(5/11) in the anthracycline-based chemotherapy group, and 60%
(6/10) in the taxane-based chemotherapy group (13). Using a
rather strict definition of successful hair preservation in our study
provides strong evidence to support the efficacy of scalp cooling.
The racial difference of the head shape may also have influenced
our results. The Japanese head shape is more brachycephalic than
that of Caucasians (20). Because the cap used for the HOPE
study was originally designed for Caucasian head shapes, getting
a good cap fit required tightening the cap strap to provide
external pressure; this may have resulted in increased hair loss
in our patients as proper cap fitting is crucial for successful scalp
cooling. This may also account for the higher incidence of jaw
pain due to an overtightened strap. A new cap that is better suited
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to a Japanese head shape has recently been developed, which we
hope will be more effective than the current cap.

Chemotherapy-induced alopecia is generally reversible,
and hair regrowth is predicted to begin 3–6 months after
chemotherapy (21). Although most previous studies of scalp
cooling have observed the degree of hair loss during the
chemotherapy or 4 weeks after completion of chemotherapy
(Table 5) (6, 7, 14–19), Smetanay et al. reported that 6 months
after chemotherapy, most patients experienced ≥75% hair
recovery regardless of whether or not they used a scalp-
cooling device (15). To the best of our knowledge, this is the
first study to compare the hair recovery process in detail by
independent assessors using a grading scale between patients
who did and did not use scalp-cooling treatment. Further, this
is the first to show the effect of scalp cooling on hair recovery
in chemotherapy-induced alopecia. In this study, 85.0% of
patients with Grade 2 alopecia at the end of chemotherapy had
experienced an improvement in alopecia 12 weeks after the
end of chemotherapy. The degree of recovery was significantly
higher in patients using the scalp-cooling device, and the rate of
recovery also appeared to be faster in these patients (Figure 2).
This study demonstrated an inhibition of and early recovery from
alopecia in patients using a scalp-cooling device, which may help
to maintain the QOL for these patients. A taxane regimen has
been reported to be possibly associated with permanent alopecia
or only partial recovery from alopecia after the completion of
chemotherapy in some patients (22, 23). However, in our study,
recovery from alopecia was better in the scalp-cooling group,
despite the higher proportion of patients treated with a taxane
regimen in this group (75 vs. 64.3% of the control group). The
results from this study suggest that even patients who experience
alopecia following chemotherapy benefit from reduced injury to
follicle cells by using a scalp-cooling device, consistent with a
study by Martin et al. that demonstrated that scalp cooling was
effective in the prevention of permanent alopecia (24).

In terms of quality-of-life, there was no difference in EORTC
QLQ-C30 and HADS scores between the two groups at 12
weeks after the end of chemotherapy, although the degree of
hair recovery was different between the groups. However, both
questionnaires used in the present study do not specifically
evaluate the impact of hair loss on QOL, and thus they
may not be adequately sensitive to detect the impact of
alopecia on QOL. A recent systematic review on the effect of
scalp cooling on chemotherapy-induced, alopecia-related QOL
reported that successful hair preservation using scalp cooling
is not consistently associated with QOL outcomes. One reason
for this discrepancy is that more than one-third of the studies
analyzed QOL in all scalp cooled patients regardless of successful
or unsuccessful hair preservation (25). Unfortunately, the sample
size in this HOPE study is too small for a subgroup analysis of
QOL according to the outcome of the scalp cooling. This is a
limitation of our study.

This study evaluated the severity of alopecia based on CTCAE
v4.0. However, these criteria consist of only three grades, and

we found that patients using the scalp-cooling device had
considerable variations in hair volume and length, both between
patients and individually, particularly after chemotherapy. This
finding may indicate that the scalp-cooling device maintains
hair after chemotherapy, resulting in earlier recovery of hair
volume. These patients may differ in appearance, and therefore
the psychological and social impact may also be different.
Accordingly, alopecia assessment using the CTCAE v4.0 might
be insufficient for this type of study. In addition to CTCAE v4.0,
the severity of alopecia can be objectively assessed using World
Health Organization criteria (26) or the Dean Scale (27, 28).
However, all of these assessment techniques are based on hair
volume and do not include overall appearance, such as hair
length and thickness into consideration. In order to determine
the value of scalp-cooling therapy in chemotherapy, more valid
methods to evaluate the outcome of the scalp cooling should
be developed. When developing the new method, the impact
on patient satisfaction and QOL should be considered a more
important outcome measure as alopecia is not life-threatening.

CONCLUSION

Scalp-cooling therapy safely prevents alopecia in patients with
an initial onset of stage I/II breast cancer who undergo adjuvant
chemotherapy. In addition, scalp cooling results in earlier
recovery of hair volume. The development of an alopecia
index that considers hair volume, hair length, hair quality, and
psychological and social impact is desirable for an appropriate
evaluation of the efficacy of scalp-cooling therapy in the future.

DATA AVAILABILITY

The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.

AUTHOR CONTRIBUTIONS

TK, TN, EF, MI, and HI collected the data. EO, MK, HJ, and NY
contributed to clinical analysis. TK and MT wrote the first draft
of the manuscript. All authors contributed to the conception
and design of the study, contributed to manuscript revision, and
approved the submitted version.

FUNDING

This study received funding from Century Medical, Inc. The
funder was involved in the study design and collection, analysis,
and interpretation of the results.

ACKNOWLEDGMENTS

The authors would like to thank all the patients who participated
in this study and the staff at all study sites.

Frontiers in Oncology | www.frontiersin.org 8 August 2019 | Volume 9 | Article 733

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Kinoshita et al. Scalp Cooling for Chemotherapy-Induced Alopecia

REFERENCES

1. Cancer Information Service, National Cancer Center, Japan. National

Estimates of Cancer Incidence Based on Cancer Registries in Japan (1975–

2013). Available online at: https://ganjoho.jp/en/professional/statistics/table_

download.html

2. Van den Hurk CJ, Mols F, Vingerhoets AJ, Breed WP. Impact of alopecia

and scalp cooling on the well-being of breast cancer patients. Psychooncology.

(2010) 19:701–9. doi: 10.1002/pon.1615

3. Lemieux J, Maunsell E, Provencher L. Chemotherapy-induced alopecia and

effects on quality of life among women with breast cancer: a literature review.

Psychooncology. (2008) 17:317–28. doi: 10.1002/pon.1245

4. Tierney AJ, Taylor J, Closs SJ. Knowledge, expectations and experiences of

patients receiving chemotherapy for breast cancer. Scand J Caring Sci. (1992)

6:75–80. doi: 10.1111/j.1471-6712.1992.tb00128.x

5. Breed WPM, van den Hurk CJ, Peerbooms M. Presentation, impact and

prevention of chemotherapy-induced hair loss: scalp cooling potentials and

limitations. Expert Rev Dermatol. (2011) 6:109–25. doi: 10.1586/edm.10.76

6. Nangia J, Wang T, Osborne C, Niravath P, Otte K, Papish S, et al. Effect of

a scalp cooling device on alopecia in women undergoing chemotherapy for

breast cancer: the SCALP randomized clinical trial. JAMA. (2017) 317:596–

605. doi: 10.1001/jama.2016.20939

7. Rugo HS, Klein P, Melin SA, Hurvitz SA, Melisko ME, Moore A,

et al. Association between use of a scalp cooling device and alopecia

after chemotherapy for breast cancer. JAMA. (2017) 317:606–14.

doi: 10.1001/jama.2016.21038

8. Shin H, Jo SJ, Kim DH, Kwon O, Myung SK. Efficacy of interventions

for prevention of chemotherapy-induced alopecia: a systematic review and

meta-analysis. Int J Cancer. (2015) 136:E442–54. doi: 10.1002/ijc.29115

9. Komen MM, Smorenburg CH, van den Hurk CJ, Nortier JW. Factors

influencing the effectiveness of scalp cooling in the prevention

of chemotherapy-induced alopecia. Oncologist. (2013) 18:885–91.

doi: 10.1634/theoncologist.2012-0332

10. Bülow J, Friberg L, Gaardsting O, Hansen M. Frontal subcutaneous

blood flow, and epi- and subcutaneous temperatures during scalp

cooling in normal man. Scand J Clin Lab Invest. (1985) 45:505–8.

doi: 10.3109/00365518509155250

11. Grevelman EG, Breed WP. Prevention of chemotherapy-induced hair loss by

scalp cooling. Ann Oncol. (2005) 16:352–8. doi: 10.1093/annonc/mdi088

12. Rugo HS, Melin SA, Voigt J. Scalp cooling with adjuvant/neoadjuvant

chemotherapy for breast cancer and the risk of scalp metastases: systematic

review and meta-analysis. Breast Cancer Res Treat. (2017) 163:199–205.

doi: 10.1007/s10549-017-4185-9

13. Kinoshita T, Tamura K, Hashimoto A, Ogura T, Hironaka A, Arai S, et al.

P098 Scalp cooling system to prevent hair loss in breast cancer patients

receiving chemotherapy. Breast. (2015) 24:S59. doi: 10.1016/S0960-9776(15)

70142-6

14. Van den Hurk CJ, Peerbooms M, van de Poll-Franse LV,

Nortier JW, Coebergh JW, Breed WP, et al. Scalp cooling

for hair preservation and associated characteristics in 1411

chemotherapy patients–results of the Dutch Scalp Cooling Registry.

Acta Oncol. (2012) 51:497–504. doi: 10.3109/0284186X.2012.

658966

15. Smetanay K, Junio P, Feißt M, Seitz J, Hassel JC, Mayer L, et al. COOLHAIR: a

prospective randomized trial to investigate the efficacy and tolerability of scalp

cooling in patients undergoing (neo)adjuvant chemotherapy for early breast

cancer. Breast Cancer Res Treat. (2019) 173:135–43. doi: 10.1007/s10549-018-

4983-8

16. Betticher DC, Delmore G, Breitenstein U, Anchisi S, Zimmerli-Schwab B,

Müller A, et al. Efficacy and tolerability of two scalp cooling systems for

the prevention of alopecia associated with docetaxel treatment. Support Care

Cancer. (2013) 21:2565–73. doi: 10.1007/s00520-013-1804-9

17. Chan A, Bauwens A, Pontre S, Jackson S, McGlone F, Ernenwein T, et al.

Efficacy of scalp cooling in reducing alopecia in early breast cancer patients

receiving contemporary chemotherapy regimens. Breast. (2018) 41:127–32.

doi: 10.1016/j.breast.2018.07.006

18. Vasconcelos I, Wiesske A, Schoenegg W. Scalp cooling successfully prevents

alopecia in breast cancer patients undergoing anthracycline/taxane-based

chemotherapy. Breast. (2018) 40:1–3. doi: 10.1016/j.breast.2018.04.012

19. Rice BA, Ver Hoeve ES, DeLuca AN, Esserman LJ, Rugo HS, Melisko ME.

Registry study to assess hair loss prevention with the Penguin Cold Cap

in breast cancer patients receiving chemotherapy. Breast Cancer Res Treat.

(2018) 167:117–22. doi: 10.1007/s10549-017-4506-z

20. Makiko K. Secular changes in the Japanese head form viewed from

somatometric data. Anthropol Sci. (2004) 112:41–52. doi: 10.1537/ase.00071

21. Trüeb RM. Chemotherapy-induced alopecia. Semin Cutan Med Surg. (2009)

28:11–4. doi: 10.1016/j.sder.2008.12.001

22. Palamaras I, Misciali C, Vincenzi C, Robles WS, Tosti A. Permanent

chemotherapy-induced alopecia: a review. J Am Acad Dermatol. (2011)

64:604–6. doi: 10.1016/j.jaad.2010.03.020

23. Kluger N, Jacot W, Frouin E, Rigau V, Poujol S, Dereure O, et al.

Permanent scalp alopecia related to breast cancer chemotherapy by

sequential fluorouracil/epirubicin/cyclophosphamide (FEC) and docetaxel:

a prospective study of 20 patients. Ann Oncol. (2012) 23:2879–84.

doi: 10.1093/annonc/mds095

24. Martín M, de la Torre-Montero JC, López-Tarruella S, Pinilla K, Casado A,

Fernandez S, et al. Persistent major alopecia following adjuvant docetaxel for

breast cancer: incidence, characteristics, and prevention with scalp cooling.

Breast Cancer Res Treat. (2018) 171:627–34. doi: 10.1007/s10549-018-4855-2

25. Marks DH, Okhovat JP, Hagigeorges D, Manatis-Lornell AJ, Isakoff SJ,

Lacouture ME, et al. The effect of scalp cooling on CIA-related quality of life

in breast cancer patients: a systematic review. Breast Cancer Res Treat. (2019)

175:267–76. doi: 10.1007/s10549-019-05169-0

26. World Health Organization. Handbook for Reporting Results of Cancer

Treatment. Geneva: World Health Organization (1979). Available online

at: https://apps.who.int/iris/bitstream/handle/10665/37200/WHO_OFFSET_

48.pdf?sequence=1&isAllowed=y

27. Dean JC, Salmon SE, Griffith KS. Prevention of doxorubicin-induced

hair loss with scalp hypothermia. N Engl J Med. (1979) 301:1427–29.

doi: 10.1056/NEJM197912273012605

28. Rugo HS, Serrurier K, Melisko M, Glencer A, Hwang J, D’Agostino R, et al.

Use of the DigniCapTM system to prevent hair loss in women receiving

chemotherapy for stage I breast cancer. In: Presented at St. Gallen 13th

International Breast Cancer Conference (St. Gallen) (2013).

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Kinoshita, Nakayama, Fukuma, Inokuchi, Ishiguro, Ogo, Kikuchi,

Jinno, Yamazaki and Toi. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 9 August 2019 | Volume 9 | Article 733

https://ganjoho.jp/en/professional/statistics/table_download.html
https://ganjoho.jp/en/professional/statistics/table_download.html
https://doi.org/10.1002/pon.1615
https://doi.org/10.1002/pon.1245
https://doi.org/10.1111/j.1471-6712.1992.tb00128.x
https://doi.org/10.1586/edm.10.76
https://doi.org/10.1001/jama.2016.20939
https://doi.org/10.1001/jama.2016.21038
https://doi.org/10.1002/ijc.29115
https://doi.org/10.1634/theoncologist.2012-0332
https://doi.org/10.3109/00365518509155250
https://doi.org/10.1093/annonc/mdi088
https://doi.org/10.1007/s10549-017-4185-9
https://doi.org/10.1016/S0960-9776(15)70142-6
https://doi.org/10.3109/0284186X.2012.658966
https://doi.org/10.1007/s10549-018-4983-8
https://doi.org/10.1007/s00520-013-1804-9
https://doi.org/10.1016/j.breast.2018.07.006
https://doi.org/10.1016/j.breast.2018.04.012
https://doi.org/10.1007/s10549-017-4506-z
https://doi.org/10.1537/ase.00071
https://doi.org/10.1016/j.sder.2008.12.001
https://doi.org/10.1016/j.jaad.2010.03.020
https://doi.org/10.1093/annonc/mds095
https://doi.org/10.1007/s10549-018-4855-2
https://doi.org/10.1007/s10549-019-05169-0
https://apps.who.int/iris/bitstream/handle/10665/37200/WHO_OFFSET_48.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/37200/WHO_OFFSET_48.pdf?sequence=1&isAllowed=y
https://doi.org/10.1056/NEJM197912273012605
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Efficacy of Scalp Cooling in Preventing and Recovering From Chemotherapy-Induced Alopecia in Breast Cancer Patients: The HOPE Study
	Introduction
	Materials and Methods
	Study Design and Patients
	Non-randomization and Intervention
	Outcomes
	Statistical Analysis

	Results
	Patient Characteristics
	Prevention of Hair Loss
	Hair Volume Recovery
	Quality of Life
	Adverse Events

	Discussion
	Conclusion
	Data Availability
	Author Contributions
	Funding
	Acknowledgments
	References


