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Purpose: Alopecia has been reported a distressing side-effect of chemotherapy for breast cancer patients (BCP) that is highly relevant 
for quality of life during treatment. For the prevention of chemotherapy-induced alopecia, scalp cooling (SC) has been reported to be 
an effective and safe intervention. However, data on the patient’s perspective on effectiveness and applicability of SC in a clinical 
routine setting are scarce. In this comparative study, we aimed at a longitudinal assessment of patient-reported outcome (PRO) data on 
the effect of SC on alopecia and its effect on symptoms and functional health when applied in clinical routine in BCP receiving taxane 
or anthracycline-based chemotherapy.
Patients and Methods: Study participants were allocated either to the intervention group receiving SC or to the control group based on 
patient preference (non-randomized study). All patients completed PRO-measures on hair preservation (EORTC Item Library items on hair 
loss), symptom and functional health measures (EORTC QLQ-C30 and -BR23) and the Body Image Scale (BIS). Outcomes were assessed 
at chemotherapy start (baseline), mid-chemotherapy, last chemotherapy cycle, 3 months follow-up and 6–9 months follow-up.
Results: Overall, we included 113 patients: 75 patients underwent SC (mean age = 51.3 years, 52.7% premenopausal); 38 patients 
standard care (mean age = 55.6 years, 39.5% premenopausal). A total of 53 patients (70.7%) discontinued SC, with 39 patients 
(73.5%) stating alopecia as the primary reason. On average, BCP stayed on treatment with the cooling cap for 40.2% of the duration of 
their chemotherapy (SD 25.3%). In an intention-to-treat analysis, we found no difference between the SC group and the control group 
with regard to their patient-reported hair loss (p=0.831) across the observation period, overall QOL (p=0.627), emotional functioning 
(p=0.737), social functioning (p=0.635) and body image (p=0.463) did not differ between groups.
Conclusion: We found a high rate of SC-decliners and no beneficial effects of SC for patient-reported hair loss, symptoms and 
functional health. The efficacy and tolerability of SC applied in a clinical routine setting hence appeared to be limited. The further 
determination and up-front definition of criteria prognostic for effectiveness of SC may be helpful to identify patient subgroups that 
may experience a treatment benefit.
Keywords: cooling cap, self-report, alopecia, chemotherapy

Introduction
Breast cancer is the predominant cancer disease in women worldwide.1 For women, this life-threatening disease 
constitutes an interruption of their life in multiple ways. Disease and treatment side-effects do not only cause severe 
physical impairments but also changes of the women’s emotional stability and social relationships. The patient’s 
perspective of life, self-perception and quality of life (QOL) is changed.2,3

A well-known side-effect of chemotherapy is chemotherapy induced alopecia (CIA). Though not life-threatening, CIA 
impacts on the patients’ social appearance as it contributes to the visibility of the cancer disease not only for the patient herself but 
also for others. Patients report the experience of hair loss as a limitation of their feeling of femininity, attractiveness, body image 
and self-esteem. Numerous studies have proved alopecia to be associated with patients’ psychological and social well-being.4–7 
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Some patients even decline chemotherapy treatment because of fear for alopecia.8 In order to support patients in keeping life as 
“stable” as possible, targeted supportive treatment strategies for CIA can contribute to reducing symptoms and sustaining or 
improving the patient’s functional health. Within the last few years, several studies have demonstrated scalp cooling efficacious 
and successful for the management of CIA.9–12 Evidence seems to prove the cooling of the scalp to reduce the delivery of 
chemotherapy to the scalp thereby reducing cellular damage. A reduction of more than 50% of CIA by scalp cooling (SC) has 
been reported in clinical studies.13 However, most studies have not lived up to requirements of a clinical routine setting, eg SC 
was mostly applied to single-agent chemotherapy regimens rather than the much more frequently applied combined chemother-
apy regimens. Moreover, established evidence has predominantly highlighted SC efficacy in terms of the quantification of 
effective hair loss. In the evaluation of clinical efficacy and applicability of SC, research should focus on the subjective patient 
experience with the intervention in a clinical routine setting. This also includes a comprehensive assessment of patient-reported 
symptom burden over the treatment course, ie implications of SC on body image, emotional and social well-being and overall 
QOL outcome.14

The authors hence conducted a multi-method study on the assessment of SC applicability and effectiveness in 
a routine clinical treatment setting – The Hair Safe Study. This included the evaluation of the grade of hair preservation 
by clinicians using the Common Terminology Criteria for Adverse Events (CTCAE) grading system and patients using 
the Patient-Reported Outcomes (PRO) version CTCAE (PRO-CTCAE) grading for hair loss (primary endpoint). 
According to clinician ratings, an effectiveness of 72% was observed. Details of the clinical results of this study have 
been published elsewhere.15 In addition, we aimed at evaluating the patient perspective on SC efficacy. For this purpose, 
a longitudinal patient-reported outcome assessment on SC efficacy for the prevention of alopecia and patient-reported 
symptoms and functional health was conducted. Herein, we present PRO results of the Hair Safe study.

Materials and Methods
Study Design
The study is an observational, prospective, single-center study with two study arms conducted at the Department of 
Gynecology and Obstetrics. Medical University of Innsbruck from May 2018 to February 2021 (clinical registration 
number NCT04117815). In this study, based on patient preference, participants were allocated to either an intervention 
group receiving scalp cooling or a control group with standard care without scalp cooling (allocation ratio 2:1). We were 
not able to use a study design with group randomization due to the following ethical considerations: the treatment with 
SC has been proved effective in admission trials/Phase 4 studies and is an approved medical product. Denying patients an 
approved available treatment (due to randomization) when offered as part of routine treatment would have caused ethical 
problems, ie treatment-disadvantage for the control group. The study was approved by the ethics committee of the 
Medical University of Innsbruck (EK Nr. 1049/2018) and complies with the Declaration of Helsinki.

Participants
Breast cancer patients treated at the Department of Gynecology and Obstetrics, Medical University of Innsbruck, were 
eligible for the study according to the following inclusion criteria:

● A treatment indication for chemotherapy (neoadjuvant, adjuvant or palliative)
● Treatment with a maximum of two lines of chemotherapy (adjuvant chemotherapy is considered as one line)
● Chemotherapy regime associated with alopecia, ie taxane or anthracycline-based chemotherapy regimens
● Chemotherapy duration planned for at least 4 cycles
● Written informed consent
● Age 18 and older
● No overt cognitive impairment
● Fluency in German
● No contra-indication for scalp cooling (ie migraine, scalp metastasis, alopecia of any reasons, hematological 

malignancies, cold allergy/agglutinins).
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Treatment Allocation
Patients fulfilling the inclusion criteria were offered scalp cooling. BCP who decided to undergo scalp cooling were 
allocated in the intervention group. Details on the SC procedure have been published elsewhere.15 In short, patients 
underwent SC using the Orbis Paxman Hair Loss Prevention Scalp cooling system (16–20 °C) at every CT cycle.

Patients having a contraindication for scalp cooling or refused scalp cooling were allocated to the control group 
(reference sample).

Assessment of Self-Reported CIA and Patient-Reported Symptoms and Functional 
Health
All patients completed PRO measures on CIA (European Organization for Research and Treatment of Cancer [EORTC] 
Item Library items on hair loss), symptom and functioning health measures (EORTC QLQ-C30 and -BR23) and the 
Body Image Scale (BIS). Please find a detailed description of questionnaires below. PRO outcomes were assessed at the 
following five time points: chemotherapy start (baseline), mid-chemotherapy, last chemotherapy cycle, 3 months follow- 
up and 6–9 months follow-up. At each assessment time point, patients completed the questionnaires (paper–pencil 
version) themselves during the chemotherapy application. A study nurse provided support when required.

Assessment Instruments
EORTC QLQ-C30, QLQ-BR23 and Additional Items from the EORTC Item Library
The EORTC QLQ-C30 is a patient self-report measure assessing 15 dimensions of health-related quality of life in cancer 
patients. It comprises 30 items with a 4-point Likert scale response format (1=not at all, 2=a little, 3=quite a bit, 4=very 
much). The measure targets on functioning (physical, role emotional, cognitive and social functioning and global health/ 
QoL scale) and symptoms (fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diarrhea, 
financial difficulties). High scores indicate high level of functioning/QoL (functioning scales) and high levels of 
symptom (for the symptom scales).16

The core questionnaire can be supplemented by disease specific modules. For the purpose of this study, we used the 
breast cancer specific module – The EORTC QLQ-BR23 – as a supplement. It consists of 23 items comprising 2 
functioning scales (body image and sexuality) and 3 symptom scales (arm symptoms, breast symptoms, systemic therapy 
symptoms).17 In addition, we included the following four items specific for hair loss from the EORTC Item Library 
(https://qol.eortc.org/item-library/, accessed 05/2018):

1. Have you lost any hair?
2. Were you upset by the loss of your hair?
3. Have you been upset by how the treatment has affected your hair?
4. Have you had thin or lifeless hair as a result of your disease or treatment?

Corresponding to the response format of EORTC QLG questionnaires, hair-loss questions are answered on the same 
4-point Likert scale with higher values indicating hair symptoms.

Body Image Scale (BIS)
The BIS is a well-validated and widely used PRO measure for the assessment of body image in cancer patients.18 It is 
a 10-item instrument with a response format of a 4-point Likert scale. A total score is calculated from all items. High 
values indicate good body image.

Statistical Analysis
Descriptive statistics for sociodemographic and clinical variables are given as means, medians, standards deviations, and 
absolute and relative frequencies. Baseline comparisons for these variables between the two study arms relied on a t-test for 
independent sample and χ²-tests. For the longitudinal analysis of the PRO parameters, we used linear mixed models with a first- 
order autoregressive covariance matrix. These models included the PRO parameter as a dependent variable and the following 
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fixed effects: study group, time point, and the group-by-time interaction. In this model a treatment effect is reflected by the 
interaction term that indicates a group difference in change over time. Based on the linear mixed models we calculated the 
estimated marginal means and their 95% confidence intervals for each time point and study group. All analyses were conducted 
in the software SPSS 27.0.

Results
Patient Characteristics
Between May 2018 and February 2020, 113 breast cancer patients were recruited at the start of (neo-)adjuvant 
chemotherapy. Out of the 113 patients in the analysis, 75 patients were in the scalp cooling group and 38 patients 
were in the control group. Reasons for patients’ decision for not choosing the cooling group were pre-existing migraine 
(10 patients, 26.3%), no specific reason stated (14 patients, 36.8%), hematological, neurological or vascular diseases (4 
patients, 10.5%), or participation in a study with cooling gloves (5 patients, 13.1%) (Figure 1).

Patients received different CT protocols that comprised either a taxane monotherapy or a taxane- and anthracycline- 
based CT (either taxane first, anthracycline first or both CT regimens simultaneously). More than 80% of patients in both 
groups received taxane- and anthracycline-based CT. Details on the impact of CT regimens on the effectiveness of SC 
have been published previously (Hair Safe Study).15

Mean age was 51.3 years (SD 13.5) in the cooling group compared to 55.6 years (SD 12.4) in the control group 
(p=0.102). Menopausal status did not differ statistically significantly between two groups (p=0.232), with 52.7% of 
premenopausal patients in the scalp cooling group and 39.5% in the control group. Tumor grade was statistically 
significantly higher in the cooling group than in the control group (grade 3: 44.0% vs 21.1%; p=0.015). One patient 
discontinued chemotherapy after 3 of 4 cycles but was included in the ITT analysis. For further details please see Table 1.

Self-Reported CIA
In the cooling group 53 patients (70.7%) reported treatment discontinuation with the cooling cap, with 39 patients 
(73.5%) stating alopecia as the primary reason (Figure 1). Mean time to treatment discontinuation was 6.2 weeks (median 
4.7; SD 4.5). On average patients stayed on treatment with the cooling cap for 40.2% of the duration of their 
chemotherapy (SD 25.3%). We found no difference regarding self-reported CIA and burden by CIA between groups 
over the course of treatment to follow-up. Please find details in Table 2. In addition, patient examples on the effect of SC 
are provided in Figure 2 (“patient examples of SC results over the course of CT treatment”), presenting examples of 
a patient with a successful SC with sufficient hair preservation, a patient who discontinued SC due to alopecia and 
a patient from the control group.

Figure 1 Study flow chart.
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Table 1 Sample Characteristics of the Intention-to-Treat Population (N=113)

Scalp Cooling Group  
(N=75)

Control Group 
(N=38)

p-value

Age: mean (SD) 51.3 (13.5) 55.6 (12.4) P=0.102

Marital status: N (%) P=0.190
Single 8 (11.6%) 7 (19.4%)

Married, in partnership 51 (73.9%) 23 (63.9%)

Divorced, separated 9 (13.0%) 3 (8.3%)
Widowed 1 (1.4%) 3 (8.3%)

Missing 6 2

Menopausal status: P=0.232

Premenopausal 39 (52.7%) 15 (39.5%)
Postmenopausal 35 (47.3%) 23 (60.5%)

Missing 1

Grade: P=0.015

G1 6 (8.0%) 1 (2.6%)

G2 36 (48.0%) 29 (76.3%)
G3 33 (44.0%) 8 (21.1%)

Histology: P=0.516
Invasive ductal 68 (90.7%) 37 (97.4%)

Invasive lobular 3 (4.0%) 1 (2.6%)

DCIS 2 (2.7%) 0 (0.0%)
Other 2 (2.7%) 0 (0.0%)

Chemotherapy type: P=0.840
Neoadjuvant 49 (65.3%) 25 (65.8%)

Adjuvant 22 (29.3%) 10 (26.3%)

Palliative 4 (5.3%) 3 (7.9%)

Abbreviations: SD, standard deviation; DCIS, ductal carcinoma in situ.

Table 2 Self-Reported CIA by Means of EORTC QLQ – Items Hair Loss

Scalp Cooling 
Group (N=75)

Control Group 
(N=38)

Group-by-Time 
Interaction

*EORTC Item Library – Have you lost any hair? Mean (95% CI) Mean (95% CI) P=0.361

Time point 1 (baseline) 1.36 (1.13–1.59) 1.50 (1.17–1.82)

Time point 2 (mid chemotherapy) 3.28 (3.05–3.50) 3.60 (3.28–3.93)

Time point 3 (last CT cycle) 3.08 (2.85–3.30) 3.40 (3.04–3.76)

Time point 4 (3 months after treatment completion) 1.66 (1.40–1.90) 1.56 (1.18–1.93)

Time point 5 (6–9 months after CT completion) 1.24 (0.99–1.48) 1.07 (0.70–1.44)

*EORTC QLQ – Were you upset by the loss of your hair? P=0.073

Time point 1 (baseline) 1.55 (1.25–1.86) 1.97 (1.55–2.40)

Time point 2 (mid chemotherapy) 2.76 (2.5–3.00) 2.56 (2.22–2.93)

Time point 3 (last CT cycle) 2.43 (2.18–2.68) 2.33 (1.96–2.70)

Time point 4 (3 months after treatment completion) 1.93 (1.65–2.21) 1.60 (1.18–2.00)

Time point 5 (6–9 months after CT completion) 1.76 (1.46–2.06) 1.16 (0.72–1.60)

(Continued)
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Patient-Reported Symptoms Across the Course of Chemotherapy to Follow-Up
The intention-to-treat analysis revealed no difference between the SC and no SC groups regarding patient-reported 
symptom burden. SC had no beneficial effect on body image, emotional or social functioning. Please find details in 
Table 3. Results for all EORTC QLQ-C30/ BR23 are presented as Supplemental Material.

Discussion
Self-Reported CIA
In our study, the SC group did not experience significantly better hair preservation compared to the group without SC 
across the course of treatment. We observed a high rate of patients discontinuing SC very early in the treatment course 
because of CIA. The majority of patients (ie 70.7%) declined from SC after a median time of 4.7 weeks due to increasing 
CIA. This drop-out rate seems to exceed rates reported in the literature. Chan et al19 observed about 40–45% decliners 
from SC depending on the chemotherapy regimen received. In an Italian study, 32% declined early in the course of SC 
treatment.10 Previous evidence illustrates better effectiveness of SC for CIA.20

However, the comparability of results seems to be highly limited as treatment regimens (in terms of agents used, 
dosage and cycle numbers), study sample size or design and population characteristics differ distinctly across studies. In 
a systematic review of SC studies, the authors identified effectivity rates ranging from 27 to 90% hair preservation, with 
a high impact of the chemotherapy regimens applied. Also, others highlighted differing study designs to explain the lack 
of consistency of results on SC efficacy.11,21 Our “real life”, heterogeneous study sample in terms of various CT regimens 
seems to reflect these previous observations and might contribute to the explanation of our SC drop-out rate. To the best 
of our knowledge, our study is among the first presenting data from a “clinical real life” setting. In contrast to a Phase 3 
(admission) trial, eligibility criteria hence allowed for a more heterogeneous sample, ie comprising all patients receiving 
any type of chemotherapy (different regimes neo-adjuvant, adjuvant or palliative) at different disease stages. Patients 
were offered SC as part of a routine care strategy rather than a new treatment investigated for its effectiveness. These 
factors seem to be relevant for patient expectations, motivation for participation and adherence behavior which in turn 

Table 2 (Continued). 

Scalp Cooling 
Group (N=75)

Control Group 
(N=38)

Group-by-Time 
Interaction

*EORTC QLQ – Have you been upset by how the treatment has 
affected your hair?

P=0.108

Time point 1 (baseline) 1.45 (1.11–1.79) 1.80 (1.36–2.24)

Time point 2 (mid chemotherapy) 2.53 (2.28–2.79) 2.15 (1.79–2.51)

Time point 3 (last CT cycle) 2.25 (1.99–2.50) 2.13 (1.75–2.50)

Time point 4 (3 months after treatment completion) 1.98 (1.70–2.26) 1.70 (1.25–2.14)

Time point 5 (6–9 months after CT completion) 1.87 (1.58–2.15) 1.44 (1.25–2.14)

*EORTC QLQ – Have you had thin or lifeless hair as a result of 
your disease or treatment?

P=0.219

Time point 1 (baseline) 1.21 (0.85–1.57) 1.53 (1.04–2.02)

Time point 2 (mid chemotherapy) 2.29 (2.01–2.57) 2.25 (1.74–2.76)

Time point 3 (last CT cycle) 1.97 (1.67–2.26) 2.42 (1.90–2.93)

Time point 4 (3 months after treatment completion) 1.86 (1.55–2.18) 1.54 (0.99–2.08)

Time point 5 (6–9 months after CT completion) 1.61 (1.31–1.91) 1.53 (1.04–2.02)

Notes: P-values are reported for the group-by-time interaction, ie the group-difference in change over time. *© EORTC Quality of Life Group. All rights reserved.
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impacts on study outcome. It is well-known that the generalizability of clinical trial data into clinical routine, to “real- 
world” patients, underlies limitations.22–24 Observational studies such as our Hair Safe study provide complementary data 
to the essential, “gold-standard” data derived from clinical trials.24

In addition, the patient perspective was a central focus of this study. The patient’s appraisal of treatment effectiveness is 
highly driven by patient expectations and perception of “adequate” hair preservation. Most studies rate hair preservation of 
>50% as successful. For patients, this “cut-off” seems to be inadequate, ie even small hair loss might change the patient’s 
appearance and makes patients experience CIA as burdensome. With increasing symptom burden patients’ willingness to 
undergo additional treatments might decrease resulting in early treatment discontinuation. The subjective perception of hair 
loss hence seems to be central in the evaluation of efficacy. These considerations are also supported by findings of the Hair 
Safe study published elsewhere:15 a significant difference between patient ratings and proxy ratings by health care experts 
was found in terms of grading of hair loss. Patients graded hair loss significantly higher than the health care experts. Further 
research should focus on the determination of cut-offs for hair loss that patients are satisfied with in routine care. We need to 
define what constitutes “adequate” hair loss that can contribute to a preservation of functional health.

Patient-Reported Symptom Burden
We could not show SC to be superior to no SC with regard to patient-reported hair loss and functional health including body 
image, emotional and social functioning. This finding supplements evidence reported over the last years. Marks et al14 

Figure 2 Patient examples of scalp cooling results over the course of CT treatment.
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Table 3 Intention-to-Treat Analysis (Unadjusted) of the Impact of the Cooling Cap on Body Image, EORTC 
QLQ-BR23 (N=113) – Systemic Therapy Side-Effects, EORTC QLQ-C30 Social Functioning/Emotional 
Functioning and QOL Sum-Score

Quality of Life Scalp Cooling 
Group (N=75)

Control Group 
(N=38)

Group-by-Time 
Interaction

Mean (95% CI) Mean (95% CI)

Body Image Scale P=0.463

Time point 1 (baseline) 25.3 (23.9–26.8) 25.2 (23.1–27.2)

Time point 2 (mid chemotherapy) 23.1 (21.6–24.5) 21.8 (19.8–23.9)

Time point 3 (last CT cycle) 23.1 (21.7–24.5) 22.4 (20.4–24.5)

Time point 4 (3 months after treatment completion) 23.1 (21.7–24.5) 24 (21.8–26.1)

Time point 5 (6–9 months after CT completion) 24.7 (23.2–26.1) 25.9 (23.6–28.1)

EORTC QLQ-BR23 P=0.402

Systemic Therapy Side-Effects

Time point 1 (baseline) 13.3 (9.3–17.3) 15.1 (9.6–20.6)

Time point 2 (mid chemotherapy) 44.5 (40.4–48.6) 50.7 (44.9–56.6)

Time point 3 (last CT cycle) 46.9 (42.9–50.8) 51.9 (45.9–57.9)

Time point 4 (3 months after treatment completion) 23.4 (19.1–27.6) 21.2 (14.9–27.5)

Time point 5 (6–9 months after CT completion) 17.8 (13.7–21.9) 16.5 (10.1–23.0)

EORTC QLQ-C30 Social Functioning P=0.635

Time point 1 (baseline) 74.9 (68.9–80.8) 82.2 (73.9–90.4)

Time point 2 (mid chemotherapy) 67.5 (61.3–73.7) 67.9 (58.9–76.8)

Time point 3 (last CT cycle) 63.3 (57.3–69.3) 66.6 (57.6–75.6)

Time point 4 (3 months after treatment completion) 74 (67.7–80.3) 73.2 (63.8–82.6)

Time point 5 (6–9 months after CT completion) 81.7 (75.5–87.9) 84.3 (74.5–94.0)

QLQ-C30 Emotional Functioning P=0.725

Time point 1 (baseline) 67.7 (62.7–72.7) 63.7 (56.6–70.8)

Time point 2 (mid chemotherapy) 69.9 (64.8–75.1) 65.7 (58.2–73.2)

Time point 3 (last CT cycle) 70.6 (65.6–75.7) 66.4 (58.8–73.9)

Time point 4 (3 months after treatment completion) 75.3 (70.0–80.6) 77.1 (69.2–85.0)

Time point 5 (6–9 months after CT completion) 80.9 (75.6–86.1) 77.5 (69.3–85.7)

QLQ-C30 Summary Score P=0.627

Time point 1 (baseline) 84.4 (80.8–88.0) 83.6 (78.4–88.8)

Time point 2 (mid chemotherapy) 69.6 (65.9–73.3) 66.2 (60.9–71.5)

Time point 3 (last CT cycle) 68.6 (65.0–72.2) 62.8 (57.3–68.3)

Time point 4 (3 months after treatment completion) 79.4 (75.7–83.2) 77.8 (72.3–83.4)

Time point 5 (6–9 months after CT completion) 83.9 (80.1–87.6) 83.3 (77.3–89.2)

Notes: P-values are reported for the group-by-time interaction, ie the group-difference in change over time.
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presented mixed evidence on the effect of SC for QOL outcome in their systematic review. However, the majority of studies 
(62%) reported no QOL improvement by SC. For instance, Chan et al found no advantageous effect of SC on body image, 
depression or anxiety.19 Concurrently, Smetanay et al reported comparable results for SC.12 However, our results can be 
attributed to the high number of patients discontinuing SC at an early stage within the course of chemotherapy. Only 30% of 
the SC group finished SC, so that group comparability for patient-reported symptom burden is highly limited. However, we 
can assume that our observational data derived in clinical routine might present a practical and realistic reflection of SC 
applicability compared to referenced clinical trials.

In order to develop a more detailed understanding of the patient experience of SC until their treatment decline, a PRO 
assessment with smaller intervals between assessments would have been advantageous. Most patients declined at some 
point in between the baseline and second assessment (mid chemotherapy), which was unexpectedly early in the treatment 
course. PRO data at each CT cycle would have given better insight into the development of hair loss and its implication 
for functional health.

Conclusion
SC has been demonstrated an efficacious supportive treatment in previous clinical studies. Findings in our observational study 
seem to reflect the well-known limitation of data generalizability from trial outcome data to clinical routine. SC implementation 
in a routine clinical treatment setting seems to require some further considerations and preparations: further research should focus 
on the determination and up-front definition of criteria prognostic for effectiveness of SC so that patient subgroups with highest 
treatment benefit can be identified. Another valuable method for this purpose might be the use of biomarkers for predicting 
alopecic severity. As Chae, Ng and Chan pointed out, biomarkers might contribute to a better understanding on how to improve 
scalp cooling delivery.25 The advancement of supportive care strategies such as SC should be a major focus in research and 
patient care.
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