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Abstract
Aim: To evaluate the safety and efficacy of scalp cooling in preventing
chemotherapy-induced alopecia among Japanese patients with gynecological
cancer.
Methods: A retrospective study was conducted involving 16 patients with gyneco-
logical cancer who underwent chemotherapy with scalp cooling at our institution
between January 2021 and April 2024. The completion rate of the planned regi-
mens, the success rate (defined as hair loss ≤50%), hair volume recovery 8–
12 weeks after chemotherapy, and adverse events were assessed. Additionally,
patient satisfaction was measured using the net promoter score (NPS) following
chemotherapy completion.
Results: Of the 16 patients included in the study, chemotherapy regimens com-
prised six courses of combination therapy with paclitaxel plus carboplatin in
11 cases, three courses of the same regimen in three cases, and three courses of
combination therapy with docetaxel plus carboplatin in two cases. The overall
completion rate of the planned regimens was 75% (12/16 cases). Among the
12 cases, nine were evaluable for alopecia, with a success rate of 33.3%. The pro-
portion of the patients who recovered hair volume from ≤50% to >50% was
83.3% in the occipital region. Adverse events were reported as follows: chills in
75.0%, jaw pain in 68.8%, headache in 31.3%, nausea in 18.8%, and hypertension
and hunger in 12.5% each. The NPS for scalp cooling was 26.7 points.
Conclusion: Scalp cooling is effective and safe in preventing hair loss and restoring
hair volume in Japanese patients with gynecological cancer, suggesting high
patient satisfaction with this treatment.
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INTRODUCTION

Gynecological cancers are among the most common
malignancies in Japan. According to 2020 statistics, the
annual number of new cases was 10 353 for cervical can-
cer, 17 779 for endometrial cancer, and 12 738 for ovar-
ian cancer.1 These cancers collectively rank as the fourth
most common female cancers in Japan, following breast,

colorectal, and lung cancers. The incidence of cervical
cancer begins to rise in women in their late 30s, while
endometrial and ovarian cancers increase in women in
their early 40s. These ages often coincide with significant
responsibilities in work and family life, highlighting the
broader societal impact of these diseases. Many patients
with gynecologic cancers undergo taxane-based chemo-
therapy, either pre- or postoperatively.
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Common regimens, such as combination therapy
with paclitaxel plus carboplatin or docetaxel plus car-
boplatin, are associated with Grade 2 or higher alope-
cia in 70%–90% of patients,2,3 according to the
Common Terminology Criteria for Adverse Events
(CTCAE) Version 5.0. Chemotherapy-induced alopecia
results from damage to the rapidly dividing hair
matrix cells, as >90% of scalp hair is in the anagen
(growth) phase, where cell division is vigorous, making
it particularly vulnerable during chemotherapy. Hair
loss is a chemotherapy side effect that significantly
impacts patients’ quality of life (QOL).4 In a survey
including 1853 patients with breast cancer, alopecia
was identified as the most distressing chemotherapy-
related symptom.5 The first trial to prevent
chemotherapy-induced alopecia by cooling the scalp to
reduce blood flow during chemotherapy in patients
with breast cancer was reported in 1973.6 Since then,
improvements in protocols and devices have led to bet-
ter outcomes. For example, the Duncool Cap, mar-
keted in the 1980s, could maintain scalp temperatures
of 12–21�C for 1–3 h when cooled to �20�C and effec-
tively reduce alopecia.7 However, the need for multiple
replacements during prolonged chemotherapy
prompted the development of more stable scalp-
cooling devices, now commercialized in Europe and
the USA. In Japan, the PAXMAN system received
regulatory approval in March 2019 as a medical device
for preventing chemotherapy-induced alopecia in all
solid tumors. A domestic clinical trial in patients with
breast cancer showed that 26.6% of patients treated
with anthracycline- and taxane-based regimens pre-
vented alopecia at Grade 1 or below.8 Additionally,
the restoration of hair volume at 12 weeks after com-
pleting chemotherapy was significantly higher in the
scalp-cooling group. Despite these advancements, most
efforts to prevent chemotherapy-induced alopecia have
primarily focused on patients with breast cancer.
Patients with gynecologic cancer in Japan have largely
been supported by recommending wigs or hats, which
come with challenges such as sweating during outdoor
activities, rain, strong winds, or travel. To our knowl-
edge, there have been no reports in Japan on the expe-
rience of scalp-cooling treatment for patients with
gynecologic cancer. Hence, we aimed to report the
efficacy and safety of scalp-cooling treatment specifi-
cally targeting Japanese patients with gynecologic
cancer.

METHODS

Patients and data collection

Sixteen patients with gynecological cancer who under-
went chemotherapy with scalp cooling at NHO Tokyo
Medical Center between January 2021 and April 2024

were enrolled. All patients received postoperative adju-
vant chemotherapy. Patients undergoing preoperative
chemotherapy or those with recurrent disease were
excluded. Anticancer regimens consisted of three or six
courses of combination therapy with paclitaxel plus car-
boplatin (Paclitaxel 180 mg/m2, Carboplatin AUC6) or
docetaxel plus carboplatin (Docetaxel 70 mg/m2, Carbo-
platin AUC6) administered every 3 weeks.

Data were retrospectively collected on age, cancer
type, stage, surgery date, type of anticancer drug, number
of scheduled courses, number of courses during which
scalp cooling was performed, and adverse events related
to scalp cooling. A satisfaction survey using the Net Pro-
moter Score (NPS) was conducted after the completion
of chemotherapy. This study was conducted with the
approval of the NHO Tokyo Medical Center Ethics
Committee (approval number: R24-04) and in accor-
dance with the Declaration of Helsinki, and the rights
and privacy of all participants were protected. Written
informed consent was obtained from all patients.

Scalp cooling treatment

The Paxman Cooling device, manufactured by Paxman
Cooler Limited (Huddersfield, UK), was used for scalp
cooling. Treatment began 30 minutes before paclitaxel or
docetaxel administration and continued for at least
90 minutes after the infusion completion. The cap size
that best fit the patient’s head was selected before the first
course of treatment, and the cap was applied following
the manufacturer’s instructions (https://www.cmi.co.jp/
products/1963/).

Evaluation of alopecia

Alopecia was evaluated using Dean’s alopecia scale9 as
outlined below. Patients with hair loss of Grades 0–2
after completion of chemotherapy were classified as suc-
cessful cases of scalp cooling. Photographs of the parietal
and occipital areas were taken before the first course of
chemotherapy, after three or six chemotherapy courses,
and at 8–12 weeks post-chemotherapy. The success rate
of scalp cooling and the rate of hair volume recovery
(defined as recovery from Grades 3 or 4 to Grade 0, 1, or
2) were evaluated at 8–12 weeks after chemotherapy
completion. Alopecia was assessed independently by
three individuals, and the average score was used as the
final assessment.

Dean’s alopecia scale

Grade 0: no alopecia; Grade 1: <25% alopecia; Grade 2:
25%–50% alopecia, Grade 3: 50%–75% alopecia, Grade
4: >75% alopecia.
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Satisfaction evaluation

A satisfaction survey using a questionnaire was con-
ducted at 12 weeks after the end of chemotherapy on
16 patients who had undergone at least one course of che-
motherapy with scalp cooling. The NPS10 was calculated
based on the survey results.

Statistical analysis

The data are presented as proportions or means ± stan-
dard deviations using Bell curve for Excel (Social Survey
Research Information, Tokyo, Japan).

RESULTS

Patient characteristics

The cohort included 13 patients with endometrial cancer
and three patients with ovarian/fallopian tube
cancer (median age, 60 [range, 39–82] years). All patients
received postoperative adjuvant chemotherapy with scalp
cooling. The planned regimens included six courses of
combination therapy with paclitaxel plus carboplatin for
11 patients, three courses of combination therapy with
paclitaxel plus carboplatin for three patients, and three
courses of combination therapy with docetaxel plus car-
boplatin for two patients (Table 1). Details of the cases
are presented in Table S1. The proportion of patients
who completed the planned regimen under scalp cooling
was 75% (12/16). Among the 12 patients who completed
scalp cooling, nine were evaluable for alopecia preven-
tion (Figure 1). The reasons for dropout included head-
ache in one patient, hair loss in one patient, a change in
chemotherapy regimen due to the development of hyper-
plastic exudative erythema in one patient, and termina-
tion of chemotherapy itself at the patient’s request in one
patient. The patients who dropped out of chemotherapy
with scalp cooling due to headache and hair loss com-
pleted their planned chemotherapy courses without scalp
cooling.

Results of scalp-cooling treatment (alopecia
prevention effect)

Among the 12 patients who completed scalp cooling, nine
were evaluable for its effect on the prevention of alopecia.
Photographs of the occipital and parietal areas for these
patients are shown in Figures S1–S9. The degree of alo-
pecia after completing chemotherapy was as follows:
Grade 0: 11.1% (one case), Grade 1: 11.1% (one case),
Grade 2: 11.1% (one case), Grade 3: 33.3% (three cases),
and Grade 4: 33.3% (three cases) in the occipital area. In
the parietal area, the corresponding grades were as fol-
lows: Grade 0: 0% (zero cases), Grade 1: 22.2% (two
cases), Grade 2: 11.1% (one case), Grade 3: 11.1% (one
case), Grade 4: 33.3% (three cases), and Grade 4: 55.5%
(three cases) (Table 2 and Table S2). The success rate of
scalp cooling was 33.3% (3/9) for both the occipital and
parietal areas.

Results of scalp-cooling treatment (hair volume
recovery effect)

Photographs of the occipital and parietal areas were
taken before the first course of chemotherapy, at the end
of three or six courses of chemotherapy, and at 8–
12 weeks after the end of chemotherapy (Figures S1–S9).
The hair volume recovery effect at 8–12 weeks after

TABLE 1 Patient demographics.

Age (years)
Mean
± SD

60.9 ± 11
(N = 16)

Type of cancer Stage

Endometrial cancer I 62.5% (10)

II 12.5% (2)

III 6.3% (1)

IV 0% (0)

Ovarina tumor, fallopian tube
cancer

I 12.5% (2)

II 0% (0)

III 0% (0)

IV 6.3% (1)

Chemotharapy regimen TCa � 6 68.5% (11)

TC � 3 18.8% (3)

DCb � 3 12.5% (2)

aPaclitaxel 180 mg/m2 + Carboplatin 6 area under the curve (AUC) every
3 weeks.
bDocetaxel 70 mg/m2 + Carboplatin 6 AUC every 3 weeks.

F I GURE 1 Flow diagram of the study.
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chemotherapy completion is shown in Table 3. The per-
centage of patients with Grade 3–4 alopecia after chemo-
therapy completion who had recovered to Grade 0–2
alopecia at 8–12 weeks after completion of chemotherapy
was 83.3% (5/6 patients) for the occipital area and 50%
(3/6 patients) for the parietal area.

Adverse events

During all observation periods, adverse events occurred
in 87.5% (14/16) of patients, with 36 events related to
scalp cooling (Table 4). These included chills in 75.0%
(12/16), jaw pain due to strap tightening in 68.8% (11/16),
headache in 31.3% (5/16), nausea in 18.8% (3/16), and
hypertension and hunger in 12.5% (2/16) of cases. No
scalp-related skin diseases, including frostbite, were
observed. All adverse events were resolved on the day of
scalp cooling, and no serious adverse events were
observed.

Net Promoter Score

A satisfaction survey conducted 12 weeks after chemo-
therapy had a response rate of 87.5% (14/16 cases)
(Figure 2). The NPS for scalp cooling was 26.7 points.

DISCUSSION

Combination therapy with paclitaxel plus carboplatin
and docetaxel plus carboplatin, which are representative
regimens of taxane-based anticancer drugs in gynecologi-
cal cancer, is associated with Grade 2 or higher alopecia
in 70%–90% of patients.2,3 Reports have indicated that
the success rate of scalp cooling (defined as hair loss
≤50%) ranges from 26% to 56% in patients with early-
stage breast cancer receiving anthracycline- and taxane-
based regimens.8,11–13 Additionally, hair volume recovery
to <50% of the baseline level 12 weeks after chemother-
apy was reported in 85%–100% of patients, compared

TABLE 2 Evaluation of alopecia at the end of chemotherapy with scalp cooling.

Occipital area No alopecia,a n (%) 3 (33.3)

Alopecia gradeb Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

n (%) 1 (11.1) 1 (11.1) 1 (11.1) 3 (33.3) 3 (33.3)

Example of head images

Parietal area No alopecia,a n (%) 3 (33.3)

Alopecia gradeb Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

n (%) 0 (0) 2 (22.2) 1 (11.1) 1 (11.1) 5 (55.5)

Example of head images

aNo case was defined as having Grade 0–2 alopecia.
bDean’s alopecia scale was defined as follows: Grade 0: no alopecia; Grade 1: <25% alopecia; Grade 2: 25%–50% alopecia, Grade 3: 50%–75% alopecia, Grade 4: >75%
alopecia.

TABLE 3 Recovery from alopecia at 8 to 12 weeks after chemotherapy completion.

Hair loss recovery at 8 to 12 weeks after the end of chemotherapy N = 6, n (%) Recovery ratea (%)

Occipital area Grade 3 or 4 ! Grade 0 1 (16.7) 83.3

Grade 3 or 4 ! Grade 1 3 (50.0)

Grade 3 or 4 ! Grade 2 1 (16.7)

Parietal area Grade 3 or 4 ! Grade 0 1 (16.7) 50.0

Grade 3 or 4 ! Grade 1 1 (16.7)

Grade 3 or 4 ! Grade 2 1 (16.7)

aThe recovery rate was defined as the change in alopecia Grades 3 or 4 to Grade 0, 1, or 2 at 8–12 weeks after chemotherapy completion.
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with 50%–59% in those not receiving scalp cooling.8,13

These findings suggest that scalp cooling not only pre-
vents alopecia during chemotherapy but also promotes a
high recovery rate of hair volume after treatment.

Recent studies have also shown significantly lower
rates of chemotherapy-induced persistent alopecia in
patients with breast cancer (13.5%) at 6 months after
completion of anthracycline- or taxane-based chemother-
apy with scalp cooling, compared with 52.0% in the con-
trol group.14 Regarding the site of alopecia, Kinoshita
et al.8 conducted a detailed analysis and reported that
46.7% of hairs directly above the head exhibited 1/4 hair
loss by the end of chemotherapy, a proportion slightly
higher than that observed at other sites (the head was
analyzed in five directions: front, right, left, rear, and
directly above). Against this backdrop, scalp cooling for
patients with breast cancer has been introduced at >100
facilities in Japan. In some facilities, >40% of patients
receiving anticancer agents after surgery utilize scalp
cooling, highlighting its importance in hair loss preven-
tion. Given that paclitaxel and docetaxel—both taxane-
based anticancer drugs—are commonly used in treating
gynecological and breast cancers, scalp cooling is also
expected to be effective for patients with gynecological
cancer. However, paclitaxel regimens for gynecological

cancer differ from those of breast cancer in terms of dos-
age, administration time, intervals, and the number of
cycles. For gynecological cancer, paclitaxel is adminis-
tered at a dose of 175–180 mg/m2 over 3 h every 3 weeks
for six cycles. In contrast, breast cancer regimens vary
widely, with reported dosages of 80–90 mg/m2 over 1 h
weekly for 12 cycles or 175 mg/m2 over 3 h every 2 or
3 weeks for four cycles.11–13 Therefore, the scalp cooling
time for patients with gynecological cancer is approxi-
mately 2 h longer than that for patients with breast can-
cer. Despite these differences, no comprehensive analysis
of scalp cooling for gynecological cancer or reports focus-
ing on Japanese patients has been conducted until now.

A pilot study14 on scalp cooling in patients with gyne-
cological cancer treated with paclitaxel plus carboplatin
therapy and dose-dense paclitaxel and carboplatin ther-
apy reported mixed results. In the study, no effect of
scalp cooling was observed for combinations of paclitaxel
plus carboplatin, and the success rate of scalp cooling in
dose-dense paclitaxel and carboplatin therapy was 80%.15

However, this was a relatively small study (eight patients
in the combination with paclitaxel plus carboplatin ther-
apy group and 20 patients in the dose-dense paclitaxel
and carboplatin therapy group). Among the group trea-
ted with a combination of paclitaxel plus carboplatin,
hair loss could be evaluated in only five cases and no
follow-up study was conducted to assess subsequent
recovery of hair volume. Conversely, when the combina-
tion with paclitaxel plus carboplatin therapy was com-
bined with scalp cooling, regardless of cancer type, it was
reported that 38% of patients did not need head covering
including using a wig16 and 73% of patients that under-
went scalp cooling had hair loss controlled to ≤25%.17

These findings suggested that scalp cooling for patients
with gynecological cancer is expected to have a certain
therapeutic effect. However, the number of facilities in
Japan that offer scalp cooling for these patients is

F I GURE 2 Net Promoter Score in patients with gynecological cancer who underwent chemotherapy with scalp cooling at least once. Patients
who have received scalp cooling at least once were asked the question: “Would you recommend scalp cooling treatment to your family or
acquaintances?” They were asked to rate their answers on a scale from 10 (highly recommend) to 0 (not recommend at all) points. The Net Promoter
Score (NPS) is defined as the percentage of promoters (scores of 9 and 10 points) minus the percentage of detractors (scores of 0–6 points).
aDetractors are defined as patients who respond with a score of 0–6 points. bPassives are defined as patients who respond with a score of 7–8 points.
cPromoters are defined as patients who respond with a score of 9–10 points.

TABLE 4 Adverse events related to scalp cooling.

Adverse events Numbers of case (n = 16) Percentage

Chills 12 75.0

Jaw pain 11 68.8

Headache 5 31.1

Nausea 3 18.8

Hypertension 2 12.5

A sense of Hunger 2 12.5
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currently limited to a few. This study represents the first
report in Japan examining scalp cooling for gynecologi-
cal cancer patients. It retrospectively analyzed its efficacy
in preventing hair loss, restoring hair volume 8–12 weeks
after completion of chemotherapy, and associated
adverse events. Unlike previous studies that focused on
the effectiveness and QOL outcomes of scalp cooling, this
study also assessed patient satisfaction through a survey.
In our study, the success rate of scalp-cooling treatment
was 33.3%, while the recovery rate of hair volume at 8–
12 weeks after the end of chemotherapy was 83.3% for
the occipital area and 50% for the parietal area. These
results were similar to those reported by Kinoshita et al.8

in the same Japanese cohort, although the cancer types
were different. Concerning the rate of hair volume recov-
ery, the parietal area was slightly lower, which may be
due in part to the wide range of time points at which hair
volume recovery was evaluated, ranging from 8 to
12 weeks. Regarding adverse events related to scalp cool-
ing treatment, the administration time of paclitaxel to
patients with gynecological cancer is 3 h, which is 2 h
longer than that of taxane anticancer drugs for patients
with breast cancer. The total duration of scalp cooling
was 5 h, but the frequency of chills and jaw pain in this
study was 68–75%, similar to that reported by Kinoshita
et al.8 In contrast, 12.5% of the patients complained of
hunger due to the inability to tolerate orally after the
straps were tightened for a long time, which was consid-
ered to be an adverse event specific to scalp cooling in
patients with gynecological cancer. Patient satisfaction
with scalp cooling was assessed using the NPS, a “cus-
tomer loyalty” index proposed by Frederick
F. Reichheld, author of The One Number You Need to
Grow. The NPS asks a simple question: “Would you rec-
ommend this product or service to your family or
acquaintances?” A respondent is considered a promoter
only if they are genuinely willing to recommend the prod-
uct or service to their family and acquaintances. Many
global companies use this metric as a predictive indicator
of whether a product or service will be widely accepted in
the future, in contrast to traditional customer satisfaction
surveys, which often reflect personal perceptions. In
Japan, many products or services tend to receive negative
NPS scores18 because Japanese respondents often prefer
moderate responses and avoid extreme ones.19 However,
the NPS score for the scalp cooling treatment conducted
in our study was 26.7 points. Additionally, 50% of the
respondents were promoters, with some of these pro-
moters being patients who experienced Grade 3 or higher
hair loss. This suggests that patient satisfaction with scalp
cooling may be influenced not only by the degree of hair
loss but also by the recovery of hair volume and other
factors. A more detailed analysis of these results could
provide insights into enhancing patient satisfaction with
scalp cooling treatment.

A limitation of this study is its retrospective design,
which may introduce bias due to the absence of

randomization and control groups. Moreover, the rela-
tively small sample size limits the generalizability of the
findings. The variation in chemotherapy regimens and
the lack of standardized follow-up assessments for hair
recovery further constrain the study’s conclusions.

In conclusion, scalp cooling for patients with gyneco-
logical cancer can be safely administered, effectively pre-
venting hair loss and promoting hair volume recovery. It
is also associated with high patient satisfaction, suggest-
ing that it may become an important supportive treat-
ment in managing chemotherapy-induced alopecia.
Further studies are warranted to validate these findings
and optimize treatment protocols.
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