
Copyright 2017 American Medical Association. All rights reserved.

Association Between Use of a Scalp Cooling Device
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IMPORTANCE Chemotherapy-induced alopecia is a common and distressing adverse effect.

In previous studies of scalp cooling to prevent chemotherapy-induced alopecia, conclusions

have been limited.

OBJECTIVES To evaluate whether use of a scalp cooling system is associated with a lower

amount of hair loss among women receiving specific chemotherapy regimens for early-stage

breast cancer and to assess related changes in quality of life.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study conducted at 5 USmedical

centers of womenwith stage I or II breast cancer receiving adjuvant or neoadjuvant

chemotherapy regimens excluding sequential or combination anthracycline and taxane

(106 patients in the scalp cooling group and 16 in the control group; 14 matched by both age

and chemotherapy regimen). The study was conducted between August 2013 and October

2014 with ongoing annual follow-up for 5 years.

EXPOSURES Use of a scalp cooling system. Scalp cooling was initiated 30minutes prior to

each chemotherapy cycle, with scalp temperature maintained at 3°C (37°F) throughout

chemotherapy and for 90minutes to 120minutes afterward.

MAINOUTCOMESANDMEASURES Self-estimatedhair loss using theDean scalewas assessed

4weeks after the last doseof chemotherapybyunblindedpatient reviewof 5photographs.

ADean scale scoreof0 to2 (#50%hair loss)wasdefinedas treatment success. Apositive

associationbetween scalp cooling and reduced risk of hair losswouldbedemonstrated if 50%or

moreof patients in the scalp cooling groupachieved treatment success,with the lowerboundof

the95%CI greater than40%of the successproportion.Quality of lifewas assessedat baseline,

at the start of the last chemotherapy cycle, and 1month later.Median follow-upwas29.5months.

RESULTS Among the 122 patients in the study, themean age was 53 years (range, 28-77

years); 77.0%were white, 9.0%were black, and 10.7%were Asian; and themean duration

of chemotherapy was 2.3 months (median, 2.1 months). No participants in the scalp cooling

group received anthracyclines. Hair loss of 50% or less (Dean score of 0-2) was seen in 67 of

101 patients (66.3%; 95% CI, 56.2%-75.4%) evaluable for alopecia in the scalp cooling group

vs 0 of 16 patients (0%) in the control group (P < .001). Three of 5 quality-of-life measures

were significantly better 1 month after the end of chemotherapy in the scalp cooling group.

Of patients who underwent scalp cooling, 27.3% (95% CI, 18.0%-36.6%) reported feeling less

physically attractive compared with 56.3% (95% CI, 31.9%-80.6%) of patients in the control

group (P = .02). Of the 106 patients in the scalp cooling group, 4 (3.8%) experienced the

adverse event of mild headache and 3 (2.8%) discontinued scalp cooling due to feeling cold.

CONCLUSIONS AND RELEVANCE Amongwomen undergoing non–anthracycline-based

adjuvant chemotherapy for early-stage breast cancer, the use of scalp cooling vs no scalp

cooling was associated with less hair loss at 4 weeks after the last dose of chemotherapy.

Further research is needed to assess outcomes after patients receive anthracycline regimens,

longer-termmeasures of alopecia, and adverse effects.
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B
reast cancer is the most common malignancy among

women worldwide,1 and treatment often includes ad-

juvantchemotherapy. Improvements insupportivecare

have reduced toxic effects; however, chemotherapy-induced

alopecia remainsalmostuniversal and is ratedbypatientswith

breast cancer as one of the most distressing treatment-

related adverse effects.2,3

Scalp cooling has been used in more than 30 countries as

a potential mechanism to prevent chemotherapy-induced

alopecia.4 One review of more than 6000 patients suggested

that scalp coolingwas effective, but not for all patients.5 Effi-

cacy results vary significantly and studies include heteroge-

neous chemotherapy regimens, patients with multiple types

of cancer, nonvalidated outcome measures (such as use of

wigs), and subjective hair loss assessment.4

Possible mechanisms for efficacy of scalp cooling include

vasoconstriction with reduced delivery of chemotherapy to

the scalp, reduced cellular drug uptake, and decreased fol-

licular metabolic rate.6-8 Cooling techniques include frozen

caps replaced every 30 minutes and scalp cooling systems

that circulate coolant into a cap. Scalp cooling systems have

several advantages over cooling caps, including the lack of

needing to freeze caps and coordinate cap changes.9

Although scalp cooling has been available for several

decades in Europe, use has been limited in the United States

due to insufficient prospective efficacy data with current

chemotherapy regimens, lack of US Food and Drug Adminis-

tration (FDA) clearance, underestimation of the psychologi-

cal effect of hair loss, and concerns about the theoretical

risk of scalp metastases. Recent studies showed no associa-

tion between scalp cooling and scalp metastases or decreased

survival among patients with breast cancer,10-13 reducing

these concerns.

Thisprospective cohort studywasdesigned toexplore the

associationbetweenscalp coolingandhair loss amongwomen

receiving adjuvant chemotherapy for breast cancer, exclud-

ing combination chemotherapy with anthracyclines.

Methods

Study Design andOversight

This multicenter, prospective cohort study was conducted at

5medical centers (6 sites) to evaluate scalphypothermiausing

a scalp cooling device (DigniCap, Dignitana AB) under an in-

vestigational device exemption from the FDA. A concurrent

age- andchemotherapy treatment–matchedcontrol groupwas

included todemonstrate that the includedchemotherapy regi-

mens cause severe hair loss. The study protocol (appears in

Supplement 1) and consent process were approved by the in-

stitutional reviewboardateachcenter.Allpatients signedwrit-

ten informed consent. To encourage return visits, patients at

somesiteswereofferedgift cards (valuedbetween$40and$50)

at the 4-week visit and at each annual follow-up visit.

Patients

Eligibility criteria included (1) females aged 18 years or

older with stage I or II breast cancer, (2) planned neoadjuvant

cytotoxic therapy including an anthracycline or taxane

(anthracyline and taxane could not be used together or in

sequence), (3) liver function test results of less than 1.5 times

the upper limit of normal, (4) a Karnofsky performance status

of 80% or greater (normal activity with effort; some sign or

symptoms of disease), and (5) a planned chemotherapy regi-

men to be completed within 6 months. Patients with female-

pattern baldness resembling picture I-3 or higher on the

Savin (or Ludvig) scale at baseline were excluded.14 Informa-

tion on race/ethnicity was collected because fitting of the cap

may differ according to hair texture and head shape. Race/

ethnicity was self-reported by patients using fixed categories.

Eligible chemotherapy regimens included docetaxel and

cyclophosphamide, doxorubicin and cyclophosphamide,

docetaxel andcarboplatin (withhumanepidermal growth fac-

tor receptor 2 [HER2/ERBB2]–targeted therapy), weekly pa-

clitaxel, dose-dense paclitaxel, paclitaxel and carboplatin,

and docetaxel with HER2/ERBB2–targeted therapy (eBox in

Supplement2).Dose reductionsordelayswereallowed for ad-

verse toxic effects per standard guidelines. Patients electing

not to undergo scalp cooling were enrolled in the concurrent

control group.

Patients in the control group were matched retrospec-

tively to a patient at the same investigative site by age (within

5 years) and chemotherapy regimen. Because complete hair

loss occurs in more than 65% of patients receiving the che-

motherapy regimens allowed in this study,15 the number of

control patients required was minimized after discussion

with the FDA (representatives from the FDA, oral communi-

cation, February 11, 2013). Thirty control patients were

planned; however, if at least 12 of 15 (80%) lost at least 50%

of their hair by the time of the preplanned interim analysis,

which was assessed by an independent data and safety moni-

toring board using photographs, enrollment to the control

group would be stopped.

Scalp Cooling Procedure

Scalp cooling was initiated 30 minutes prior to each chemo-

therapy cycle by fitting the silicone cap on the patient’s

head, followed by application of an insulating neoprene

cap. The silicone cap was then gradually cooled to the target

Key Points

Question Is scalp cooling associated with a lower risk of hair loss

when used by women receiving common adjuvant chemotherapy

regimens for early-stage breast cancer?

Findings In this multicenter study, hair loss of 50% or less

(Dean score of 0-2) was seen in 66.3% of patients in the scalp

cooling group vs 0% of patients in the control group at 4 weeks

after completing non–anthracycline-based adjuvant

chemotherapy. Three of 5 quality-of-life measurements, including

feeling less physically attractive, showed benefit for womenwho

received scalp cooling.

Meaning This self-contained cooling systemwas associated with a

lower risk of hair loss among women receiving non–anthracycline-

based chemotherapy for early-stage breast cancer.
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treatment temperature by liquid coolant (monopropylene

glycol) circulating through channels within 2 cooling com-

partments (front and back). Hoses connect the silicone cap

to the computerized cooling and control unit to maintain a

constant controlled scalp temperature during the treatment

period. Scalp temperature was monitored by 2 separate sen-

sors at the front and back of the cap. An additional sensor

ensures that the temperature never decreases below freez-

ing. Deviations from the default temperature were auto-

matically adjusted. Scalp temperature was to be maintained

at 3°C (37°F) throughout chemotherapy and for 90 minutes

to 120 minutes afterward, resulting in a scalp temperature

of approximately 15°C.16

Study End Point

The primary end pointwas prevention of hair loss 4weeks af-

ter thecompletionofall cyclesofchemotherapy.Treatmentsuc-

cess was defined as a patient self-assessed maximum Dean

scoreof2or less (hair lossof≤50%;eTable 1 inSupplement2),12

correlating with grade 1 alopecia as defined using version 4.0

of the Common Terminology Criteria for Adverse Events.

Assessment of Estimated Hair Loss

To assess hair status, photographs of patients’ hair in the

treatment group and in the control group were taken by

study personnel before the start of each chemotherapy cycle

and at 3 to 6 weeks after the last chemotherapy cycle.

Patients receiving weekly paclitaxel had photographs taken

at weeks 1, 2, 4, 6, 8, 10, and 12, and 3 to 6 weeks after the last

dose. Photographs captured hair from the front (bangs held

back), back, both sides, and the top with hair divided in the

midline with hands. Patients assessed and estimated the per-

centage of hair loss using the Dean scale (score range: 0, 0%

hair loss to 4, hair loss >75%) without blinding and in real

time by comparing baseline photographs with the photo-

graphs taken during the current chemotherapy cycle and dis-

played side by side on a tablet device. Preplanned analyses of

4-week follow-up photographs were scored by an indepen-

dent panel consisting of 3 raters to further validate patient

assessment results. The independent panel also used the

Dean scale and standardized photographs for the assess-

ments and were blinded to treatment group.

Secondary End Points

Secondary objectives included patient-reported toxic effects

and tolerability. Toxic effects were determined by patient-

reported adverse events and by scalp examination. Annual

follow-up is ongoing andwill last for 5 years to determine any

incidence of scalp metastases.

Tolerabilitywasdefinedas thepercentageofpatientswho

completedall plannedcyclesof chemotherapywhileusing the

scalp cooling system. Feelings of chilliness, headaches, and

scalp pain were recorded using the Patient Symptom Survey

(eFigure in Supplement 2) along with any use of head cover-

ings. Satisfactionwith the scalp cooling systemwas recorded

1 month after completion of chemotherapy. In addition, cap

devicemalfunction(suchassensororcoolingcable issues,cool-

ing fluid leakage) were captured.

Quality of life was measured using the European Organi-

zation for Research and Treatment of Cancer Breast Cancer-

Specific Quality of Life Questionnaire administered at base-

line, at the time of the last chemotherapy cycle, and 1 month

after completion of chemotherapy.17 Four response catego-

ries were collapsed to (1) not at all or a little bit and (2) quite a

bit or very much. Quality of life was compared in a prespeci-

fied analysis for (1) patients who underwent scalp cooling vs

thosewhodidnot and (2) patientswithhair loss of 50%or less

(Dean score of 0-2) vs those with hair loss greater than 50%

(Dean score of 3-4) 1 month after completing chemotherapy.

The assessment of the association of hair loss with breast

cancer treatmentdecisionsat6monthsaftercompletionofche-

motherapy is ongoing.

Statistical Considerations

According to the predetermined statistical analysis plan, a

positive association between scalp cooling and reduced risk

of hair loss would be demonstrated if the following criteria

were met: (1) the proportion was 50% or greater for patients

enrolled in the scalp cooling group having hair loss of less

than 50% (Dean score of 0-2); (2) the lower bound of the

95% CI of the success proportion was greater than 40%; and

(3) the statistical superiority of the scalp cooling group over

the control group was confirmed by the Fisher exact test at

a significance level of .05.

Asamplesizeof 110patientswasplannedfor thescalpcool-

inggroupwithanexpecteddropout rateof 10%toachieve 100

patients for the primary analysis and 15 to 30 control pa-

tients. Using the Fisher exact test to compare the groupswith

a type I error rate of 5% (2-sided test), there was 90% power

todetect thebetween-groupproportiondifferences of 20%or

lesswhen thesample sizewas 15 for thecontrol groupand66%

or greater when the sample size was 100 for the scalp cooling

group. To ensure relative balance across sites, a minimum of

15 patients per site were enrolled; however, the analysis was

not stratified by study center.

To analyze the primary end point, results were recorded

as treatment failures (>50% hair loss) for patients with miss-

ing end point assessment (ie, without Dean scores) or study

dropouts for any reason other than chemotherapy adverse

effects. The results from patients who dropped out due to

chemotherapy adverse effects without assessment were not

imputed. Descriptive statistics using sample size, mean, stan-

dard deviation, median, and range were used for continuous

variables and count and percentage were used for categorical

variables. Between-group comparisons of the Dean score for

hair loss was analyzed using the Fisher exact test. The 95% CI

of the success proportion for patients using the scalp cooling

system was estimated using an exact method based on bino-

mial distribution. For the quality-of-life analyses, the 95% CI

of the proportion responding “quite a bit or very much” for

each question was generated using an asymptotic approach.

For patients in the scalp cooling group, data are reported

only for those answering quality-of-life questions 1 month

after the end of chemotherapy. The last observation carried

forward was used for missing quality-of-life data for the con-

trol group. The P value for the comparison between success
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and failure was determined using a 2-sided χ2 test and a sig-

nificance level of .05.

In addition to the patients included in the primary analy-

sis, a sensitivity analysis was performed to examine 2 differ-

ent scenarios for themaximumDean score. The first scenario

of the safety population was an efficacy analysis in which all

patientswhodroppedoutof thestudy foranyreasonwerecon-

sidered treatment failures. The second scenario was a per-

protocol analysis in which only patients who completed the

full series ofmeasurements and adhered to the protocolwere

included.All statistical analyseswereperformedusingSASver-

sion 9.2 (SAS Institute Inc).

Results

Patients and Chemotherapy

Therewere 122patients enrolled in the study (106 in the scalp

cooling group and 16 in the control group; Figure 1) and in-

cluded in the tolerability assessment. The study was con-

ducted between August 2013 and October 2014with ongoing

annual follow-up for 5 years. A total of 117 patients were in-

cluded in the primary analysis (101 in the scalp cooling group

and 16 in the control group) and completed their prescribed

chemotherapy regimen or dropped out for any reason other

than chemotherapy adverse effects.

Themeanageof treatedpatientswas53years (range,28-77

years); 77.0% were white, 9.0% were black, and 10.7% were

Asian.Thedemographicprofileof thepatients in thescalpcool-

inggroupand the control groupwas closelymatched (Table 1).

Baselinemedical characteristics formedical history, physical

examination, vital signs, clinical laboratory results, prior can-

cer therapy, scalp surgery, and concomitantmedicationswere

similar between groups.

Themost commonchemotherapy regimenwasdocetaxel

and cyclophosphamide for 4 to 6 cycles (75%; 76 of 89 for

Table 1. Demographics and Baseline Information

No. (%) of Patientsa

Scalp Cooling
Group (n = 106)

Control
Group (n = 16)

Age, mean (SD), y 53 (11.2) 55 (8.6)

Body mass index, mean (SD)b 26.1 (0.5) 28.0 (1.2)

Postmenopausal 51 (48.1) 9 (56.3)

Type of thyroid problem

Hypothyroid 11 (10.4) 1 (6.3)

Hyperthyroid 2 (1.9) 0

Prior chemotherapy 4 (3.8) 0

Prior hormone therapy 19 (17.9) 2 (12.5)

Ethnicity

Non-Hispanic 88 (83.0) 15 (93.8)

Hispanic 17 (16.0) 1 (6.3)

Missing 1 (0.9) 0

Race

White 82 (77.4) 12 (75.0)

Black 11 (10.4) 0

Asian 10 (9.4) 3 (18.8)

Multiracial 1 (0.9) 1 (6.3)

Missing 2 (1.9) 0

a Unless otherwise indicated.

bCalculated as weight in kilograms divided by height in meters squared.

Figure 1. Flowchart of Patients in Scalp Cooling Trial

10 Excluded

3 Not treated with eligible chemotherapy
regimen

3 Withdrew consent

2 Did not have stage I or II breast cancer

1 Patient chose not to have scalp cooling

1 Change in insurance did not cover
treatment at the investigative site

132 Patients screened for eligibility

122 Eligible for study

101 Included in primary analysis

88 Received scalp cooling treatment
during all chemotherapy sessions

3 Discontinued scalp cooling treatment

1 Refused cap

2 Could not tolerate the cap

5 Excluded from primary analysis

4 Had chemotherapy adverse effects

1 Did not have stage I or II breast cancer

106 Patients included in safety population
(received ≥1 scalp cooling treatment)

16 Patients included in control safety population

16 Included in primary analysis

The primary analysis estimate of hair

loss included all eligible patients who

received at least 1 cycle of

chemotherapy and who did not

discontinue scalp cooling due to

adverse effects of chemotherapy

or a major protocol violation

(nonadherence). Patients electing

not to undergo scalp cooling were

enrolled in the concurrent control

group. Patients in the control group

werematched retrospectively to a

patient at the same investigative site

by age (within 5 years) and the same

chemotherapy regimen.
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4 cycles); other regimens included docetaxel and carboplatin

(12.8%), weekly paclitaxel (11.9%), and docetaxel (1%)

(Table 2). The last 3 chemotherapy regimens were givenwith

HER2/ERBB2–targeted therapy.Themeandurationof chemo-

therapy was 2.3 months (median, 2.1 months).

Scalp Cooling and Hair Loss

Of the 101 patients in the scalp cooling group included in the

primary analysis, 67 (66.3%; 95% CI, 56.2%-75.4%) demon-

strated hair loss of 50% or less (Dean score of 0-2) compared

with 0 of 16 (0%) in the control group (P < .001; Table 3). Not

all patients had completed the 1-month evaluation before the

post hoc analysis was performed by the independent panel.

The independent panel analysis reported hair loss of 50% or

less (Dean score of 0-2) in 74 of the 88 patients (84.1%) who

were evaluated (eTable 2 in Supplement 2).

Photographs of a patient with a Dean score of 1 appear in

Figure 2A and of a patient with a Dean score of 4 appear in

Figure 2B. Two patients in the scalp cooling group discontin-

ued treatment after 1 chemotherapy cycle (1 discontinued for

nonadherence and 1 refused further scalp cooling). For these

2 patients, a Dean score of 4 was recorded. The sensitivity

analysis performed on the control safety population showed

similar results for the self-reportedmaximumDeanscorecom-

paredwith the patients included in the primary analysis with

alopecia self-report at 1 month after the last cycle of chemo-

therapy (eTable 3 in Supplement 2).

Patientswho had a self-reported alopecia Dean score of 0

to2wereanalyzedbychemotherapyregimen: (1)docetaxeland

carboplatin (10of 12patients in the scalp coolinggroup [83.3%;

95% CI, 51.6%-97.9%] vs 0 of 3 in the control group; P = .02),

(2) docetaxel and cyclophosphamide (46 of 76 patients in the

scalp cooling group [60.5%; 95% CI, 48.6%-71.6%] vs 0 of 10

in the control group; P < .001), (3) paclitaxel (10 of 12 patients

in the scalp cooling group [83.3%; 95% CI, 51.6%-97.9%] vs 0

of2 in thecontrol group;P = .07), and (4)docetaxelwithmono-

clonal antibodies (1 patient in the scalp cooling group vs 0 of

0 in the control group; eTable 4 in Supplement 2). One pa-

tient in thecontrol group receiveddoxorubicinandcyclophos-

phamide and was not included in the analysis.

The proportion of patients with hair loss of 50% or less

(Dean score of0-2) didnot differwhenanalyzedbyhair thick-

ness and quality (self-assessed by the patient), history of pre-

vious chemotherapy, median age, median body mass index,

anduse of prior hormone therapy (eTable 5 in Supplement 2).

In the interimanalysis, of 16patients in the control group,

15 were classified as having a Dean score 4 and 1 had a Dean

scoreof 3; therefore, recruitment to the control groupwasdis-

continued as planned.

Quality of Life

Each quality-of-life measure at study entry was comparable

for patients in the scalp cooling group with subsequent hair

loss of 50%or less (Dean score of 0-2) and thosewith hair loss

of greater than 50% (Dean score of 3 or 4; eTable 6 in

Supplement 2). Among all patients, therewere significant be-

tween-group differences 1month after chemotherapy for 3 of

5 quality-of-lifemeasures (Table 4). For example, 27.3% (95%

CI, 18.0%-36.6%) of patients in the scalp cooling group re-

ported feeling less physically attractive comparedwith 56.3%

(95%CI,31.9%-80.6%)ofpatients in thecontrolgroup(P = .02).

The results were similar for patients with hair loss of 50% or

less in thescalpcoolinggroupcomparedwith thecontrolgroup

(eTable 7 in Supplement 2).

Table 3. Alopecia Self-Report

Maximum
Dean Scorea

Hair Loss,
%

Scalp Cooling Group (n = 101)b Control Group (n = 16)

P

Valuec
No. of
Patients % (95% CI)

No. of
Patients % (95% CI)

0 0 5 5.0 (1.6-11.2) 0

<.001

1 >0-≤25 31 30.7 (21.9-40.7) 0

2 >25-≤50 31 30.7 (21.9-40.7) 0

3 >50-≤75 19 18.8 (11.7-27.8) 1 6.3 (0-30.2)

4 >75 15 14.9 (8.6-23.3) 15 93.8 (69.8-99.8)

0-2 0-≤50 67 66.3 (56.2-75.4) 0
<.001

≥3 >50 34 33.7 (24.6-43.8) 16 100.0 (79.4-100.0)

a Indicates highest score measured

during the study up to 4 weeks

after last chemotherapy treatment.

A score of less than 3 indicates that

the treatment was a success; a score

of equal to or greater than 3

indicates that the treatment

was a failure.

bThere were 5 patients who were not

included in the primary analysis.

c Calculated using the Fisher exact

test.

Table 2. Chemotherapy Regimens in Treatment and Control Groups

Chemotherapy Regimen

No. (%) of Patients

Scalp Cooling
Group (n = 101)a

Control
Group (n = 16)

Docetaxel (75 mg/m2) and cyclophosphamide (600 mg/m2) for 4-6 cycles
every 3 wk

76 (75.2) 10 (62.5)

Paclitaxel (80 mg/m2) weekly for 12 cycles 12 (11.9) 2 (12.5)

Docetaxel (75 mg/m2), carboplatin (area under the concentration time
curve: 6) for 6 cycles every 3 wk, and trastuzumab weekly or every 3 wk
with or without pertuzumab every 3 wk

12 (11.9) 3 (18.8)

Docetaxel (75 mg/m2), trastuzumab, and pertuzumab every 3 wk for 6 cycles 1 (1.0) 0

Doxorubicin (60 mg/m2) and cyclophosphamide (600 mg/m2) every 3 wk
for 4 cycles

0 1 (6.3) a There were 5 patients who were not

included in the primary analysis.
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Adverse Events

Six of the 106 patients in the safety population experienced 7

adverse events that were considered related to the scalp cool-

ing system treatment, including headache (4 patients), pruri-

tus (1 patient), skin pain (1 patient), and head discomfort

(1 patient); none of these events were rated severe and 1

patient had a headache that was rated as moderate using ver-

sion 4.0 of the Common Terminology Criteria for Adverse

Events. No patient has developed scalp metastases with a

median follow-up from last chemotherapy administration of

29.5 months (range, 24.4-34.8 months). Patient follow-up

will continue for 5 years.

Figure 2. Photographic Results of 2 Patients TreatedWith Scalp Cooling

A Chemotherapy Cycle 1 B Chemotherapy Cycle 11-mo Follow-up: Dean Score 1 1-mo Follow-up: Dean Score 4

A, Patient photographs from 4 different angles before the start of

chemotherapy cycle 1 (Dean score of 0; hair loss of 0%) and 1 month after

completion of 4 cycles of chemotherapy with docetaxel (60mg/m2) and

cyclophosphamide (600mg/m2) (Dean score of 1; hair loss >0%-#25%).8

B, Patient photographs from 4 different angles before the start of

chemotherapy cycle 1 (Dean score of 0) and 1 month after completion of 4

cycles of chemotherapy with docetaxel (60mg/m2) and cyclophosphamide

(600mg/m2) (Dean score of 4; hair loss >75%).8
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Tolerability

Of 106 patients in the scalp cooling group, 88 (83%) com-

pleted all planned cycles of chemotherapy. Three patients

(2.8%) discontinued scalp cooling because of feeling cold.

Elevenpatients (10%)didnotcompleteall chemotherapycycles

due tohair loss (n = 7)or chemotherapyadverseeffects (n = 4).

In thePatient SymptomSurvey (ona scale of0 to 100with

a score of 100 indicating theworst), a feeling of chillinesswas

reportedby 104of 106 (98%)with amean scoreof49.0 (range,

7.5-97.5; n = 102) during the cooling down period and amean

score of 49.5 (range, 2.5-92.5; n = 104) during overall cooling.

Forty-three of 106 patients (41%) reported having headaches

(mean, 1 cycle of headaches; range, 0-10 cycles of headaches)

triggered or exacerbated by the scalp cooling treatment and

reported a mean pain level of 39.3 (range, 10-95).

Scalppainassociatedwith the scalp cooling treatmentwas

reported by 75 of 106 patients (71%)with amean pain level of

24.2 (range, 1.7-85.0). Patients reported use of a painmedica-

tion in 101 of 517 chemotherapy cycles. Of 86 patients, head

coveringswere used at least some of the time in 47 (55%) and

never in 39 (45%) (eTable 8 in Supplement 2). Patients had a

mean satisfaction score of 90.3 (range, 10-100with a score of

100 indicating complete satisfaction) regarding their deci-

sion to use scalp cooling.

Adevice incidentwas reportedduring22of 519 scalp cool-

ing chemotherapy sessions in 21 patients. The majority of in-

cidentswere related to capor sensormalfunction,whichwere

resolvedbyreplacingthecap.Therewerenocasesofscalpcool-

ing treatment failure due to a device incident.

Discussion

Amongwomenundergoingnon–anthracycline-based chemo-

therapy for stage I or II breast cancer, the use of a scalp cool-

ing system during chemotherapy cycles was associated with

less hair loss after 4weeks of completing all planned cycles of

chemotherapy. All patients in the control group experienced

severe hair loss. Three of 5 quality-of-life measures were sig-

nificantlybetter forwomenwhounderwentscalpcoolingwhile

receiving chemotherapy.

The scalp cooling system was well tolerated and 83% of

patients completed all planned cycles of chemotherapy. The

majority of the device incidents were related to capmalfunc-

tion, but none resulted in scalp cooling treatment failure. Es-

timated hair loss was not related to patient-assessed charac-

teristics, including hair quality or thickness.

Multiple studies have documented the importance of

hair loss to patients, and the effect of chemotherapy-induced

alopecia on quality of life. In this study, patients in the scalp

cooling group felt less upset about losing their hair compared

with patients in the control group and were less dissatisfied

with their body. Among those in the scalp cooling group,

patients who had less hair loss were less upset about the

overall loss of their hair, experienced less of a negative effect

from their disease or treatment regarding feelings of physi-

cally attractiveness, and experienced less of a negative effect

regarding feelings of femininity compared with those who

experienced more hair loss in the control group. These data

suggest that when scalp cooling is successful at decreasing

hair loss, it could improve the treatment experience for

women undergoing adjuvant chemotherapy for early-stage

breast cancer.

In thepresent study,nopatientshavedevelopedscalpme-

tastasesduring amedian follow-upofmore than2years; how-

ever, long-term follow-up is ongoing. A review of all pub-

lishedstudies foundnoevidenceof increasedscalpmetastases

in patients who received scalp cooling,12 and a recent retro-

spective cohort study demonstrated no association of scalp

cooling with survival in patients with early-stage breast can-

cer receiving adjuvant or neoadjuvant chemotherapy.13Based

on these and other data, the risk of scalp metastases after re-

ceipt of scalp cooling treatment appears to be very small.10-13

The efficacy of scalp cooling has been reported to depend

on the type of chemotherapy regimen, dose and schedule, in-

fusion duration, patient performance status, drug metabo-

lism, concomitant comorbidities, scalp cooling temperature,

postinfusion cooling time, and the type of scalp cooling

system.18,19Theoptimaldurationofpostinfusion cooling time

is not clear, with one study suggesting similar efficacy with

shorter durations.20 Our study included commonly used

regimens for stage I or II breast cancer in the United States21

Table 4. Quality-of-Life Responses to the EORTCQuestionnaire

EORTC Breast Cancer-Specific
Quality of Life Questionnaire Item

Response of “Quite a Bit” or “Very Much”a

Absolute Difference,
% (95% CI)

P

Valuec

Scalp Cooling Group Control Groupb

Analytic
Sample Size

Response Rate,
% (95% CI)

Analytic
Sample Size

Response Rate,
% (95% CI)

Have you lost any hair? 88 33.0 (23.1 to 42.8) 16 68.8 (46.0 to 91.5) −35.8 (−60.5 to −11.1) .007

Were you upset about your loss of hair? 74 32.4 (21.8 to 43.1) 15 60.0 (35.2 to 84.8) −27.6 (−54.6 to −0.58) .04

Have you felt physically less attractive
as a result of your disease or treatment?

88 27.3 (18.0 to 36.6) 16 56.3 (31.9 to 80.6) −29.0 (−55.0 to −3.0) .02

Have you been feeling less feminine
as a result of your disease or treatment?

88 21.6 (13.0 to 30.2) 16 31.3 (8.5 to 54.0) −9.7 (−33.9 to −14.6) .40

Did you find it difficult to look at yourself
naked?

88 15.9 (8.3 to 23.6) 16 18.8 (0 to 37.9) −2.8 (−23.4 to −17.8) .78

Have you been dissatisfied with your body? 88 15.9 (8.3 to 23.6) 16 37.5 (13.8 to 61.2) −21.6 (−46.5 to −3.3) .04

Abbreviation: EORTC, European Organization for Research and Treatment

of Cancer.

a Responses collected 1 month after the end of chemotherapy.

bThe last observation carried forward was used.

c Calculated using the χ2 test.
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and excluded patients receiving sequential or concordant an-

thracycline and taxane regimens, but we plan to study more

intensive regimens in subsequent studies. A postcooling du-

ration of 90 minutes to 120 minutes was used.

Previousstudieshaveevaluatedpatientswithvariousnon-

validatedmethodsand fewmatchedcontrols, orobtaineddata

retrospectively.8,9,22-26 One larger trial (N = 238 patients) al-

located patientswith a variety ofmalignancies andwhowere

receiving a range of doses and cycles of docetaxel to 2 differ-

ent cooling systems (Paxman systemor Penguin cold caps) or

to no cooling; efficacy was determined by physician assess-

ment or wig use.27 A Dutch registry prospectively evaluated

scalp cooling by use of a head covering in 1411 patients, and

reported high success rates in most patients except for those

receiving the most intense anthracycline- and taxane-based

regimens.28

This study differs from the majority of reports in several

ways. It was a multicenter study of a self-contained scalp

cooling system that did not rely on freezing or changing caps

during treatment and used standardized photographs to

grade hair loss. The study enrolled patients with early-stage

breast cancer treated only with specific chemotherapy regi-

mens to standardize the analysis of the results. The primary

end point was based on patient self-assessment, a relevant

method for determining relative usefulness or worth of the

device to patients themselves.3,29-32 Age- and chemotherapy

treatment–matched controls were enrolled to demonstrate

that the chemotherapy regimens in this study caused severe

hair loss.

There are a number of limitations to this study. First is

the use of a cohort study design without randomization, and

a relatively small sample size. Given that the chemotherapy

regimens used in this study are known to cause marked alo-

pecia, it was determined that a relatively small, single-group

study, with a limited number of matched controls and a care-

fully assessed end point would be likely to provide adequate

data. In this study, all patients in the control group were

graded as treatment failures (>50% hair loss). Second,

patients included in this study did not receive anthracycline-

based chemotherapy regimens. Scalp cooling has been stud-

ied in a randomized clinical trial that included patients with

breast cancer receiving combination anthracycline and tax-

ane regimens.33 Third, the choice of a patient-assessed end

point rather than by independent raters masked to treatment

group is another limitation; however, this end point was

carefully considered. Compared with a blinded panel, patient

scores were generally lower in a 20-patient pilot study using

the same scalp cooling system34 as used in the current study.

Because hair preservation by scalp cooling is only important

if assessed as successful by patients, the FDA requested the

use of patient assessment based on 5 photographs compared

with baseline as the primary end point (representatives from

the FDA, oral communication, February 13, 2013). The simi-

larity in success rates found by the preplanned assessment by

an independent panel further supports this approach. How-

ever, the necessary lack of patient blinding for the primary

outcome of hair loss remains a limitation. Fourth, the

follow-up for risk of scalp metastases is short at 2.5 years;

however, follow-up is ongoing.

Conclusions

Among women undergoing non–anthracycline-based adju-

vant chemotherapy for early-stage breast cancer, the use of

scalp cooling vs no scalp coolingwas associatedwith less hair

loss at 4 weeks after the last dose of chemotherapy. Further

research is needed to assess outcomes after patients receive

anthracycline regimens, longer-termmeasuresofalopecia, and

adverse effects.
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