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Abstract

Purpose Chemotherapy-induced alopecia (CIA) remains a distressing adverse event of cancer treatment but may be pre-
vented by scalp cooling. The effectiveness of scalp cooling, however, is dependent on the chemotherapy regimen with suc-
cessful hair preservation (i.e., <50% hair loss) in 41-59% of women on taxane-based therapies in comparison to 16-36%
on anthracycline-based therapies. Despite the potential utility, use of scalp cooling has shown a more equivocal impact on
quality of life (QoL). In this review, we aim to evaluate the use of scalp cooling for CIA and quantitative QoL measures.
Methods A systematic review of PubMed, Embase, Web of Science, and Cochrane databases for clinical studies on scalp
cooling to prevent CIA published before October 29, 2018 was performed. Clinical studies with 5 or more patients that
reported on a quantitative QoL measure were included and graded according to a modified five-point scale from the Oxford
Centre for Evidence-Based Medicine.

Results Studies meeting inclusion criteria included 4 randomized clinical trials (RCT), 8 cohort studies, and 1 cross-sectional
study with 1282 unique patients. The European Organization for Research and Treatment of Cancer Quality of Life Question-
naire Core 30 (QLQ-C30: 46%) and Breast Cancer Module (QLQ-BR23: 46%) represented the most commonly used QoL
assessments. Overall, 4 (31%) of the 13 studies concluded that scalp cooling was associated with significant improvements in
QoL measures; 8 (62%) determined that there was either non-significant or no improvements; and 1 (7.7%) provided a mixed
conclusion. Although 2 (50%) RCT demonstrated that scalp cooling can effectively prevent CIA depending on the chemo-
therapy regimen, these studies did not show that successful hair preservation was associated with improved QoL measures.
Conclusions This review demonstrates that scalp cooling is not consistently associated with significant QoL improvements
as assessed by EORTC QLQ-C30 and -BR23. Representing a critical limitation, more than one-third of the studies did not
subcategorize QoL outcomes for successfully or unsuccessfully scalp-cooled patients but rather reported on QoL measures
for all scalp-cooled patients in general. Failure to prevent hair loss in patients undergoing an expensive and potentially
uncomfortable treatment likely contributes to decreased well-being, impacting the overall distribution of QoL measures in
scalp cooling patients compared to controls. Future studies should incorporate validated QoL instruments specific to hair
disease and classify QoL outcomes for scalp-cooled patients based on the degree of hair preservation.
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Introduction
Chemotherapy-induced alopecia (CIA) represents one of
the most common and distressing adverse events result-
ing from cancer treatment. For many patients, hair loss is
associated with impaired body image, diminished psycho-
social well-being, and increased depression, resulting in a
substantial negative impact on quality of life (QoL) [1]. To
reduce the incidence of CIA and mitigate its unfavorable 2
effects on patients, scalp hypothermia via cold caps and g = S ©°
scalp cooling systems has emerged as an effective pre- S = - -
vention intervention. Thought to have a dual mechanism .2 28 v
of action by (1) reducing follicular metabolism and (2) % .% =y § Ti:) [ g aﬁ* |
promoting vasoconstriction to ultimately decrease chemo- % % _% E 2.—3' § ; g .2
therapeutic drug delivery to the hair follicular unit, scalp = % ﬁ 3 % i‘j ﬁ g E‘); F‘%
cooling significantly reduced rates of alopecia in patients é :6) ié é g £ § E. OQ Tg
with solid tumors undergoing chemotherapy according to a EX gg o T% § f:; o § B2
recent systematic review and meta-analysis of randomized § f 52 § 'q'g x 3 é 2 g
control trials [2, 3]. The ultimate success of hair preser- & S5 i E é .Oq f~§ g g =
vation with scalp hypothermia, however, depends on the = ,§ 5 2 :Z‘ 'é e 22 2 Tz
chemotherapy regimen with rates of successful hair preser- £ g % % é g § § 5 2y
vation ranging significantly from as low as 16% on anthra- § ‘% 2 g £ E g g & & 2 El
cycline-based therapies to 59% on taxane-based therapies & é.o::g % g E, é 2% 2 ] §
[2, 4]. Other potential factors that may influence the utility 2 S5 E g i 5 g %:ﬁ R
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are typically well tolerated with limited adverse events éﬂé % =i i% E‘; g Z 2 y
such as chills, dizziness, headache, nausea, paresthesia, % ; g E § gé 'ﬂ?g 8 ﬁ g i 2
scalp pain, sinus pain, and local skin reactions includ- T8E52 S = Z‘z s 378
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29, 2018 on scalp cooling interventions to prevent CIA.
Using the search strategy shown in Table 1, we found a
total of 787 unique studies, which were screened according
to the scheme presented in Fig. 1. Specific search terms
included but were not limited to cold cap, scalp cooling,
scalp hypothermia, chemotherapy-related, chemotherapy-
induced, alopecia, hair loss, hair preservation, and preven-
tion. Subsequently, two authors independently screened
abstracts for relevant studies. Bibliographies of relevant
publications were searched for additional studies. Only
primary clinical studies that reported on a quantitative
QoL measure were included. Case reports and cases series
with less than five patients, literature reviews and/or meta-
analyses, commentaries and opinion pieces were excluded
from this review. Publications by identical authors inves-
tigating the same patient population were also excluded
to avoid selection bias. The included reports were then
assessed for quality evidence by a graded scale of 1 to 5,
modified from the Oxford Centre for Evidence-based Med-
icine: (1) properly powered and conducted randomized
clinical trial (RCT), (2) prospective comparative cohort
study, (3) non-comparative cohort study, (4) case series
or cross-sectional study, and (5) case report or opinion of
respected authorities [9]. A PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) check-
list is presented in eTable 1 [10].

Results

The 13 studies meeting inclusion and exclusion criteria
included 4 randomized clinical trials, 8 cohort studies, and
1 cross-sectional study and involved a total of 1282 unique

patients as summarized in Table 2 [2, 4-8, 11-17]. Most
studies were published from Europe (n=7, 54%) or the
United States (n=4, 31%). All studies investigated use of
scalp cooling to prevent CIA in breast cancer patients, and
the majority (n=8, 62%) included a control group of non-
scalp-cooled patients. Every study included at least 1 quanti-
tative assessment of QoL. Reported QoL measures included
the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC
QLQ-C30: n=6, 46%) and Breast Cancer Module (EORTC
QLQ-BR23: n=6, 46%), Body Image Scale (BIS: n=3,
23%), Generalized Anxiety Disorder 7-item scale (GAD-
7:n=1, 7.7%), Measure of Body Apperception Question-
naire (MBA: n=1, 7.7%), Patient Health Questionnaire-9
(PHQ-9: n=1, 7.7%), a study-specific Visual Analog Scale
for well-being (VAS: n=1, 7.7%), a study-specific ques-
tionnaire on distress (and n=1, 7.7), and WHO Well-being
Index (WHO-5: n=1, 7.7%). A large minority (n=6, 46%)
of studies included 2 or more QoL measures. The timing of
QoL assessment also varied among the studies with ques-
tionnaires most commonly administered on a specific chem-
otherapy cycle (range 26 cycles) in 5 (38%) investigations
or sometime after chemotherapy completion (range 0 to 6
months) in 4 (31%) investigations.

While the majority (n=9, 69%) of studies provided
numerical results for quantitative QoL measures, there was
substantial variability in the particular categories reported
(e.g., total QoL score vs domain score vs question score) as
shown in Table 3. Almost two-thirds (n =238, 62%) of studies
classified QoL outcomes in scalp cooling patients based on
the degree of hair preservation, while the remaining (n=35,
38%) described QoL outcomes among all patients undergo-
ing scalp cooling (Fig. 2). For example, Nangia et al [4]

Fig. 1 Comprehensive search
and selection strategy of eligible

(n = 795)

Articles identified through the database search

Duplicate articles removed
(n=8)

articles

A,

(n=787)

Articles screened by title and abstract

Irrelevant articles removed
(n=743)

(n = 44)

Full-text articles assessed for eligibility

Articles met exclusion criteria
(n=31)

(n=13)

Articles included in systematic review
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Table 3 Summary of comparative scalp cooling studies with quantitative quality of life results
QoL scale, citation Scale interpretation No scalp cooling Scalp cooling: hair Scalp cooling: no hair Statistical
preservation*® preservation® signifi-
cance
Study-specific question-  Higher score indicates At cycle 4 of CT At cycle 4 of CT No
naire on distress [6] more distress Distress scores 1-2: Distress scores 1-2: 61.5%
43.1% Distress scores 3—4: 38.5%
Distress scores 3—4:
56.9%
Modified EORTC QLQ- Positive value indicates ~ Change from baseline to  Change from baseline to 6 months post CT No
C30 and -BR23 [2] improvement 6 months post CT Emotional functioning: 4
Emotional function- Social functioning: 10
ing: 20
Social functioning: 20
EORTC QLQ-C30 Higher score indicates After 4 cycles of CT After 4 cycles of CT After 4 cycles of CT No
HADS more symptoms or Anxiety: 3 Anxiety: 4 Anxiety: 4
BIS [4] distress Depression: 2 Depression: 3 Depression: 3
BIS: 5 BIS: 5 BIS: 7
EORTC QLQ-C30 and  Higher score indicates 3 weeks after CT com- 3 weeks after CT com- 3 weeks after CT com-  Yes
BR23 less appetite pletion pletion pletion
BIS Appetite: 27 Appetite: 17 Appetite: 39
MBA
HADS [8]
EORTC QLQ-BR23 [7] Higher percentage indi- I month after CT 1 month after CT completion, reported “quite a Yes

cates more distress

completion, reported
“quite a bit” or “very
much”

Upset about hair loss:
60%

Felt physically less
attractive: 56%

bit” or “very much”
Upset about hair loss: 32%
Felt physically less attractive: 27%

BIS Body Image Scale, CT chemotherapy, EORTC QLQ-BR23 European Organization for Research and Treatment of Cancer Quality of Life
Breast Cancer Module, EORTC QLQ-C30 European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30,
HADS Hospital Anxiety and Depression 6 Scale, MBA Measure of Body Apperception questionnaire, QoL quality of life

*Mean scores of all scalp cooling patients given when further subdivision not provided from original article

60

% Reported
8

N
o

-
o

0

Overall distress score 34

Upset about hair Ioss

=No Scalp Cooling

Felt physically less atrtractlve

= Scalp Cooling

Fig.2 Select comparative scalp cooling studies with quantitative quality of life results
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used the EORTC QLQ-C30, reporting on emotional and
social functioning of scalp-cooled patients with and with-
out hair preservation in comparison to non-cooled patients.
After 4 cycles of chemotherapy, there was 0% change from
baseline in emotional and social functioning in all groups of
patients (p >0.05) [4]. In comparison, Rugo et al [7] used
the EORTC QLQ-BR23 and provided response rates to indi-
vidual QoL questions for all scalp-cooled patients (regard-
less of hair preservation) versus non-cooled patients. One
month after the end of chemotherapy, 27.3% of scalp-cooled
patients answered “have you felt physically less attractive
as a result of your disease or treatment?” as “quite a bit”
or “very much” in contrast to 56.3% of control patients
(p=0.02) [7].

Ultimately, 4 (31%) of the 13 studies concluded that scalp
cooling was associated with significant improvements in
QoL measures; 8 (62%) determined that there was either
non-significant or no improvements in QoL measures; and
1 (7.7%) provided a mixed conclusion (i.e., QoL improving
in some domains and worsening in others). Significant QoL
improvements were identified by the EORTC QLQ-C30 in
2 (33%) of 6 studies; the EORTC QLQ-BR23 in 1 (17%) of
6 studies; and the WHO-5 in 1 (100%) of 1 relevant studies.
The other included scales did not show statistically signifi-
cant QoL improvements related to scalp cooling.

Using the EORTC QLQ-C30 and -BR23, none of the 4
(0%) randomized control trials determined that scalp cooling
was associated with significant improvements in QoL meas-
ures, although 2 of 4 (50%) RCT concluded that scalp cool-
ing can effectively prevent CIA depending on the chemother-
apy regimen [2, 4, 5, 15]. More specifically, successful hair
preservation (i.e., < 50% hair loss) was seen in 41-59% of
women on taxane-based therapies and 16-36% on anthracy-
cline-based therapies, which did not correlate with improved
QoL measures as reported by these RCT [2, 4].

Discussion

The impact of a breast cancer diagnosis and its ensuing treat-
ments on a woman’s physical, psychological, emotional,
financial, and social well-being is undeniably substantial and
exceedingly complex. CIA, furthermore, has consistently
represented one of the most dreaded adverse events of cancer
treatment and considered by many women to be even worse
than loss of a breast [18]. To accordingly combat CIA, scalp
cooling has demonstrated significant efficacy in hair pres-
ervation [3]. This systematic review, however, shows that
scalp cooling is not consistently associated with significant
QoL improvements as assessed by EORTC QLQ-C30 and
-BR23, BIS, GAD-7, MBA, PHQ-9, VAS for well-being,
and WHO-5, as only one-third of relevant studies found sig-
nificant results. Among the 2 RCT which demonstrated that

@ Springer

scalp cooling can effectively prevent CIA depending on the
chemotherapy regimen, hair preservation was not associated
with improved QoL measures [2, 4, 5, 15].

These QoL assessments capture a number of different
domains including global health status; physical symptoms;
cognitive, emotional, social, and role functioning; sexual
functioning and enjoyment; body image; anxiety; depres-
sion; and self-worth. Furthermore, the EORTC QLQ-C30
and -BR23 represented the most commonly used QoL
assessments in this review. The former is a general QoL
measure that covers a variety of domains relevant to cancer
patients, while the latter is meant to supplement with more
focused questions for breast cancer patients [19]. While the
-BR23 does include 2 direct questions about hair loss (e.g.,
“Have you lost any hair?” and “Were you upset by the loss
of your hair?), neither the -C30, -BR23, nor any of the other
QoL scales used in these studies are validated measures to
capture patient well-being associated with dermatologic dis-
ease or alopecia. Given these non-specific QoL assessments,
other dimensions of the breast cancer diagnosis and treat-
ment potentially mitigated the ability to determine the QoL
specific to hair preservation, contributing to a probable Type
II error [5, 20]. Future studies should consider use of the
Chemotherapy-induced Alopecia Distress Scale (CADS),
a validated QoL of instrument specific to CIA, to further
assess scalp cooling on alopecia-specific quality of life [21].
The CADS consists of 17 questions and assesses physical,
emotional, activity, and relationship domains. This scale is
more strongly associated with body image than general QoL,
which may be appropriate as distress related to alopecia may
closely relate to body image (i.e., CIA may worsen body
image and individuals with lower baseline body image may
experience increased distress related to CIA) [1, 21, 22].
However, scalp cooling was not associated with significant
improvements in BIS in 3 relevant studies within this sys-
tematic review.

In addition to the variable QoL scales, differences in
methods and outcome reporting may also have impacted the
inconsistent conclusions among studies. More specifically,
more than one-third of the studies did not subcategorize QoL
outcomes for successfully or unsuccessfully scalp-cooled
patients but rather reported on QoL measures for all scalp-
cooled patients in general. Representing one investigation
that did sub-classify results, van den Hurk et al [8] found
that scalp-cooled patients with alopecia had significantly
worse QoL outcomes than non-scalp-cooled patients with
alopecia. The uncertainty of hair loss and overall disappoint-
ment in unsuccessfully scalp-cooled patients compared to
control patients may have contributed to their decreased
well-being. It is also possible that women who self-selected
to undergo scalp cooling (in non-randomized studies) placed
a higher importance on hair preservation than women who
did not pursue scalp cooling. Therefore, failure to prevent
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hair loss in this population of self-selected women may have
had more devastating consequences compared to controls.
In accordance, women who have unsuccessfully undergone
scalp hypothermia may be most impacted by their hair loss
and thus benefit from further resources to address their well-
being [8].

As well as discrepancies in reporting and methods, over-
all cost and financial burden of scalp cooling may have
impacted QoL outcomes. Depending on the specific cool-
ing device and geographic location, scalp hypothermia costs
roughly $1500 to $3000 per patient with additional admin-
istrative and overhead costs that are not routinely covered
or reimbursed by health insurance [4]. While the EORTC
QLQ-C30 includes one question on financial difficulties,
none of the included studies reported on average household
income or adjusted QoL outcomes based on income or finan-
cial burden.

Conclusion

CIA remains a critical concern in many women with breast
cancer undergoing treatment. While scalp cooling may pre-
vent hair loss in up to 59% of breast cancer patients on a
taxane-based regimen and 36% on an anthracycline-based
regimen, the evidence to show its impact on QoL is less
robust. In designing future studies on scalp cooling for CIA,
it is essential that clinicians use a validated instrument to
measure the effects of skin and hair disease on QoL, con-
sider the financial impact of scalp cooling on QoL measures,
and further discriminate QoL outcomes for scalp-cooled
patients based on the degree of hair preservation.
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