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Abstract 

Background: Chemotherapy still represents the backbone of systemic treatment for 
many solid tumors. Alopecia remains one of its most distressing side effects. Scalp 
cooling is an effective strategy to reduce the risk of alopecia induced by chemotherapy, 
therefore this study aimed to assess the efficiency of DigniCap scalp-cooling system in 
our center.  

Material&Methods: 113 patients diagnosed with solid tumors, who underwent 
chemotherapy using the DigniCap scalp-cooling system in our center between January 
2018 - December 2020, were included in the study. Alopecia was evaluated by the 
physician according to Dean’s scale at baseline and after the last cycle of 
chemotherapy. The primary endpoint was to evaluate scalp-cooling efficiency defined 
by a Dean's scale score of 0–2 (hair loss ≤50%). Results: 78 (72.3%) out of the 113 
patients who used scalp cooling presented hair loss of 50% or less, the majority were 
females (91.2%) and had a diagnosis of breast cancer (49.6%) or gynecological 
cancer (27.4%). The mean number of chemotherapy cycles using DigniCap was 4.82 
cycles. Hair loss greater than 50% of the scalp surface was observed in 27.7% of 
patients, the highest grade of alopecia being observed for anthracycline-based 
chemotherapy. No serious adverse events were reported.  

Conclusion: The results of this study support the evidence existing so far in the 
literature. Among patients who underwent chemotherapy for various cancer types, the 
DigniCap System significantly prevented hair loss and we consider that it should be 
integrated in the supportive care of patients. 
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1. Background

According to the World Health 

Organization (WHO), cancer is the second 

leading cause of death globally. Female 

breast cancer surpassed the incidence of 

lung cancer, followed by colorectal, prostate 

and stomach cancer [1]. In spite of novel 

therapies, chemotherapy still remains the 

backbone of systemic therapy for a wide 

range of cancers, either in curative neo-

/adjuvant or metastatic setting. Some of these 

regimens may induce alopecia as a side 

effect, causing a lot of distress for the 

patients, especially for women. The physical 

appearance is perceived to be the main 

source of psychological discomfort, even 

though other toxicities are more serious 

complications. In order to reduce the risk of 

chemotherapy induced alopecia, scalp-

cooling systems evolved over the last 

decades with automated devices gaining 

FDA approval after several clinical trials, 

proving their safety and efficacy and thus 

giving hope to cancer patients [2,3]. Scalp-

cooling systems are used in many countries 

to prevent alopecia, however they are not 

reimbursed in all countries, including 

Romania. In this context, with most of the data 

coming from Western countries, this study 

aimed to assess our own experience and 

results with DigniCap scalp-cooling system. 

2. Material & Methods
Study design and patients 

We conducted a prospective, cross-

sectional study, including 113 patients who 

underwent chemotherapy using DigniCap 

scalp-cooling system, between January 

2018 - December 2020, at Medisprof Cancer 

Center, Cluj-Napoca, Romania. Patients 

were considered eligible if they were treated 

with chemotherapy agents that induce 

alopecia in the neoadjuvant, adjuvant or 

metastatic setting. Exclusion criteria were 

ECOG performance status greater than 1, 

hematologic tumors, history of brain 

metastases treated with radiotherapy, other 

causes of alopecia, as well as cold agglutinin 

disease, cryoglobulinemia or cold sensitivity. 

All patients who agreed to participate in the 

study signed an informed consent. Clinical 

characteristics of patients, including age, 

diagnosis, stage and treatment setting, 

chemotherapy regimens and number of 

cycles, were collected by reviewing the 

patient electronic file.  

The DigniCap scalp-cooling system was 

used on the day of chemotherapy 

administration, from cycle 1 until the end of 

chemotherapy or earlier in case of 

unsatisfactory results or side effects. The 

device consists of a suitable size silicone cap 

in which a glycol-based liquid coolant, is 

recirculated through two channels connected 

by sensors to a computerized cooling and 

control unit. The system is initiated aprox. 30 

min before treatment, the cooling is gradual 

until the optimal temperature of 3-5°C, which 

is maintained throughout chemotherapy and 

for 90 min to 120 min afterwards, depending 

on the chemotherapeutic agent and the dose. 

Blood vessels constriction takes place in the 

scalp, as well as a reduction of the cell 
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division in the hair follicles, making them less 

vulnerable to chemotherapy.   

Endpoints 

The primary endpoint of our study was to 

assess the efficiency of DigniCap scalp-

cooling system in the prevention of hair loss 

induced by chemotherapy in patients with 

solid tumor. The degree of alopecia was 

evaluated by the clinician using Dean’s scale 

[4]: grade 1 (<25% hair loss), grade 2 (25%-

50% hair loss), grade 3 (50%-75% hair loss), 

and grade 4 (>75% hair loss). Clinical 

assesements of patients regarding alopecia 

were performed at baseline and 3-4 weeks 

after the last cycle of chemotherapy and 

DigniCap. Scalp-cooling was considered 

effective when less than 50% hair loss 

recorded (grade 0-2) [4].  

As a secondary endpoint we aimed to 

evaluate patients’ perception of the device, 

potential adverse events and quality of life 

aspects, by filling a brief questionnaire 

adressing these issues experienced during 

chemotherapy. 76 of the 113 patients 

included in the study completed this 

questionnaire. Concern about potential 

adverse events related to chemotherapy 

(such as fatigue, nausea, hair loss, skin and 

nails changes, renal and hepatic impairment) 

were scored from 1 (a little worried) to 5 (very 

worried). Quality of life topics (such as the 

importance of body image, the fear of hair 

loss, the impact of alopecia on personal life, 

tendency to depression, the need of 

psychological support and emotional support 

of loved ones) were adressed through 10 

questions. Each topic received a score from 

1 to 4 (1- no impact; 2- a little bit; 3- quite a 

lot; 4-very much).  

Statistical analysis 

In the present research, the statistical 

analysis was performed with the IBM SPSS 

v.20. Descriptive statistics were used to

summarize the clinical characteristics. The

quantitative variables were summarized as

mean and standard deviation, while

qualitative variables were expressed as

absolute and relative frequencies (%). In

order to investigate potential differences

between various quantitative and qualitative

nominal variables independent-sample t-test

and one-way ANOVA test were used. A

significance level of 0.05 was used for all two-

sided statistical tests, and a test result was

considered significant when p was lower than

0.05.

3. Results

A total of 113 patients who underwent 

alopecia inducing chemotherapy, participated 

in the study, of which 103 women and 10 

men. The mean age of treated patients was 

54 years (range, 26–77 years). Detailed 

characteristics of the participants are 

presented in Table 1. The majority of 

patients who used DigniCap were those with 

breast cancer (49.6%), followed by 

gynecological (27.4%), gastrointestinal 

(9.7%) and lung cancer (7.1%). Patients with 

prostate and bladder cancer (4.4%) or other 

sites such as head and neck or melanoma 

(1.8%), who received alopecia inducing 

drugs, were less likely to opt for scalp 

cooling. Most patients (56.6%) received 
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chemotherapy with curative intent in a 

neoadjuvant or adjuvant setting, while 43.4% 

underwent treatment in a metastatic setting.

Table 1. Characteristics of patients in the study group 

N % 
Sex Male 10 8.8 

Female 103 91.2 

Diagnosis Breast 56 49.6 

Gynecological 31 27.4 

Colorectal 6 5.3 

Digestive 5 4.4 

Genitourinary 5 4.4 

Pulmonary 8 7.1 

Others 2 1.8 

Chemotherapy Type Anthracycline-based 32 28.3 

Taxane-based 57 50.4 

Anthracycline + Taxane 17 15.0 

Other agents 7 6.2 

Treatment Setting Neo-adjuvant 45 39.8 

Adjuvant 19 16.8 

Metastatic 49 43.4 

Alopecia degree 0 14 13.0 

(Dean scale) 1 (0- 25%) 38 35.2 

2 (25-50%) 26 24.1 

3 (50-75%) 19 17.6 

4 (>75%) 11 10.2 

Mean SD 

Age in years 54.19 11.06 

Total cycles 5.97 2.56 

Total cycles with 

Dignicap 

4.82 3.01 
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The most common chemotherapy 

regimens administered were taxane-based 

(50.4%) or anthracycline-based (28.3%). 

However, 15% of patients who used 

DigniCap received both anthracyclines and 

taxanes. The chemotherapy regimens used 

are illustrated in Fig. 1. In several cases, 

Bevacizumab was associated to 

Paclitaxel/Carboplatin or Pertuzumab and 

Trastuzumab to taxane-based chemotherapy. 

The mean for the total number of 

chemotherapy cycles administered has been 

5.97, whereas the mean for the number of 

cycles with DigniCap has been 4.82.    

Fig. 1 Patient distribution according to chemotherapy regimens 

Of the 113 patients who used scalp 

cooling, 78 (72.3%) demonstrated hair loss 

of 50% or less (Dean score of 0–2). The best 

results, with less than 25% hair loss were 

recorded in 48.2% of patients, whereas 

severe alopecia (Dean score 3-4) despite 

using DigniCap was objectified in 27.7% of 

cases. Seventy-six of the 113 patients 

included in the study completed our 

questionnaire adressing potential adverse 

events related to chemotherapy and quality 

of life aspects. The  mean scores for each 

item are shown in Table 2. Scores were 

similar for fatigue, nausea, skin and nail 

changes, renal and liver dysfunction, 

however the highest score (Mean=4.08, 

SD=1.44) has been registered for alopecia. 

For 49 (64.4%) of the 76 patients analyzed, 

hair loss has been a major concern related 

to chemotherapy.  

Quality of life analyzed items showed a 

significant impact, translated into the highest 

scores for: the importance of body image, 

the fear of hair loss and the impact of 

alopecia on personal life. The mean score for 

depression revealed a tendency to 

depression. The need of psychological 

support and emotional support of loved ones 
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were also highly scored. However, self-

reported hair loss and side effects 

encountered with DigniCap received the 

lowest scores. Side effects related to 

DigniCap were chills reported by 21 patients, 

headaches in 6 cases and heavy 

head/dizziness in 4 patients.

Table 2. Adverse Events Concerns and Quality of Life 

Scores 
Adverse Events Concerns Mean SD 
Fatigue 2.83 1.58 
Nausea 2.66 1.57 

Hair loss 4.08 1.44 

Skin and nails changes 2.57 1.50 

Liver and renal dysfunction 2.72 1.59 

Quality of Life 
Body image 3.27 0.84 

Risk of hair loss 3.36 0.82 

Hope with DigniCap 3.36 0.86 

Side effects with DigniCap 1.86 0.84 

Self-reported hair loss   1.49 0.71 

Depression 2.86 0.98 

Impact of alopecia on personal life 3.78 0.55 

Emotional support of loved ones 2.74 1.02 

Psychological support 3.44 0.85 

Type of side effects with DigniCap N % 
Headache 6 7.89 
Feeling cold 21 27.63 
Dizziness  4 5.26 
Nausea 2 2.63 

An independent-sample t test was 

performed in order to analyze differences 

between age groups in terms of alopecia 

degree. There was no statistically significant 

difference observed between groups, 

t(104)=0.88, p=0.379. Descriptive statistics 

are shown in Table 3, the mean score for 

alopecia was 1.82, in the subgroup under 65 

years, respectively 1.59 in the group over 65 

years.  
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Table 3.  Alopecia according to age groups 

In order to explore the differences 

regarding alopecia according to gender, we 

used an independent-sample t test that 

showed statistically significant differences 

between males and females, t(104)=3.73, 

p<0.001. The mean score for alopecia was 

1.87, SD=1.12, in the female subgroup, 

while in males it was 0.44, SD=0.72.  The 

difference is illustrated in Fig. 2.  

Fig. 2 Alopecia according to gender 

Further on, we aimed to analyze whether 

there are differences between the degree of 

alopecia and the site of primary tumor. One-

way ANOVA was performed and there were 

statistically significant differences 

observed between groups, F(6,101)=8.29, 

p<0.001. 

Descriptive statistics are shown in Table 4, 

the highest score for alopecia was observed 

for breast cancer patients, whereas the 

lowest score was seen in prostate cancer 

patients that used DigniCap and received 

chemotherapy with docetaxel.  

Table 4.  Alopecia according to cancer site 

Cancer site N Mean Std. Deviation 
Breast 56 2.33 1.055 

Gynecologic 31 1.31 0.891 

Age groups N Mean Std. Deviation 
< 65 years 85 1.82 1.206 

≥ 65 years 28 1.59 1.047 
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Colorectal 6 0.33 0.516 
Other digestive 5 1.20 0.837 
Genitourinary 5 0.25 0.500 
Lung 8 1.71 1.254 
Other 2 1.00 <0.001 
Total 113 1.75 1.161 

We then proceeded to a post hoc 

analysis using the Tukey HSD (Honestly 

Significant Difference) test. These 

comparisons, having alopecia as a 

dependent variable, indicated significant 

differences between breast cancer and 

gynecological cancers (Mean=1.017, SD= 

0.224, p<0.001), breast cancer and 

colorectal cancer (Mean=1.994, SD=0.421, 

p<0.001), breast cancer and genitourinary 

cancers (Mean=2.077, SD=0.507, p=0.002). 

An independent-sample t test was further 

performed in order to analyze the differences 

in terms of alopecia degree according to 

treatment setting. There was a statistically 

significant difference observed 

between groups, t(104)=4.82, p<0.001. 

Descriptive statistics shown in Table 5, 

emphasized for neoadjuvant or adjuvant 

chemotherapy a mean for alopecia score 

of 2.17, SD=1.144, whereas for metastatic 

setting the mean for alopecia score was 

1.16, SD=0.924.  

  Table 5. Alopecia according to treatment setting 
Treatment setting N Mean Std. Deviation 
Adjuvant/neoadjuvant 64 2.17 1.144 

  Metastatic 49 1.16 0.924 

Eventually, a one-way ANOVA was 

performed in order to analyze differences in 

terms of alopecia degree according to 

chemotherapy regimens administered using 

DigniCap.  The differences observed between 

groups were statistically significant, 

F(3,102)=34.77, p<0.001, and are 

illustrated in Fig. 3. The highest mean 

for alopecia degree was observed for 

anthracycline-based chemotherapy 

(Mean=3.03, SD=0.795), 

while for taxane-based regimens the mean 

for alopecia scores was lower (Mean=1.35, 

SD=1.41). However, for patients who used 

Dignicap with both anthracyclines and 

taxanes the mean for alopecia was also 

lower (Mean=1.41, SD=0.618). Regimens 

containing other agents such as Irinotecan or 

Etoposide were associated with the lowest 

mean of alopecia scores (Mean=0.29, 

SD=0.488). 
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Fig. 3  Alopecia according to chemotherapy type 
(Chemo type – 1: anthracycline-based; 2: taxane-based; 3: anthracycline+taxane; 4: other 

agents. Grade of alopecia – 0: 0%; 1: 0-25%; 2: 25-50%; 3: 50-75%; 4: >75%). 

4. Discussion

In this prospective study we 

demonstrated that the scalp-cooling system 

DigniCap was able to prevent alopecia (less 

than 50% hair loss) in 72.3% of patients with 

solid tumors who received chemotherapy 

regimens that induce alopecia. In all 

participants, 48.2% had less than 25% hair 

loss. Alopecia greater than 50% of the scalp 

surface was observed in only 27.7% of 

patients who used DigniCap, the majority 

(80%) due to anthracyclines. Data reported 

by previous clinical studies focused mostly 

on women undergoing chemotherapy for 

breast cancer [5,6,7]. In a recent multicentre 

randomized clinical trial including women 

with early-stage breast cancer undergoing 

taxane and/or anthracycline-based 

chemotherapy, Nangia et al. confirmed 

efficacy of scalp-cooling in 50.5% of women 

[8]. Another prospective study conducted by 

Rugo et al., reported success of Dignicap in 

preventing alopecia in 66.3% of patients with 

early breast cancer [9].  

Almost half of the patients included in this 

study had breast cancer diagnosis. 

However, our main goal was to evaluate 

efficacy of DigniCap in various solid tumors 

and to our knowledge this is the first data 

reported from an Eastern European country. 

Recent systematic reviews and meta-

analyses of randomized controlled trials 

including different scalp cooling techniques, 

from non-automated to digitally controlled 

systems, sustained the positive effect of 
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scalp cooling in reducing the risk of 

alopecia in patients with solid tumors 

[10,11]. Consequently, in 2017 

automated scalp-cooling devices have 

been approved by the Food and Drug 

Administration (FDA) [12]. Moreover, 

European Society for Medical Oncology 

(ESMO) has updated in 2020 the 

guidelines for dermatological toxicities 

related to anticancer agents, including scalp 

cooling as a category IIB recommendation 

for prevention of chemotherapy induced 

alopecia [13].   

When we analyzed the results according 

to different characteristics, we observed that 

age did not influence the outcome regarding 

the risk for alopecia. However, a difference 

was found between genders. The female 

subgroup seemed to be at higher risk, yet in 

order to draw conclusions a more even 

distribution of the males and females and 

regimens in the study would be required. This 

might also be explained by the highest rates 

of alopecia being found in the breast cancer 

group, followed by gynecological cancer 

group, which include only female patients. 

Therefore, anthracyclines remain the main 

hair-loss inducing chemotherapy. There were 

patients who received both anthracyclines 

and taxanes and the mean score for 

alopecia was lower compared to those 

receiving anthracyclines only. This could 

be explained by the fact that patients 

who experienced significant hair-loss 

during anhracycline chemotherapy were 

less likely to use the scalp cooling 

system later on. On the other hand, if 

the degree of alopecia was  

significantly low in the anthracycline setting, 

the risk for further alopecia was not increased 

when patients continued with taxanes.  

However, considering that we evaluated 

patients with various cancer sites, the main 

chemotherapy regimens used were taxane-

based and the overall analysis showed that 

taxanes are at lower risk for inducing 

alopecia. Moreover, since breast cancer 

patients were the majority and anthracyclines 

are more commonly used in neoadjuvant or 

adjuvant setting, the mean score for alopecia 

was higher in the curative treatment subgroup 

compared to the metastatic setting. The 

results of a recent prospective study showed 

that alopecia has been most successfully 

prevented in patients with early breast cancer 

and ovarian cancer treated with taxane +/- 

carboplatin regimens [14].  

Patients' concerns about potential 

adverse events were similar, whether we 

were talking about fatigue, nausea, nail and 

skin changes or renal and liver impairments 

related to chemotherapy. The fact that 

alopecia received the highest score proves 

why using scalp cooling systems should 

be considered for every patient at risk. 

Quality of life questionnaires should be 

handed to all patients. In our study, items 

related to the physical appearance were 

rated higher. Also, the hope that 

Dignicap system would prove itself to be 

efficient was one of the main 

expectations. However, regardless of 

patients’ concerns, psychological 

support should be provided. Of the 76 

patients who completed the questionnaire, 

the reported side effects related to the 

http://www.esmo.org/
http://www.esmo.org/
https://www.annalsofoncology.org/article/S0923-7534(20)43157-6/fulltext
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DigniCap system determines a reduction of 

blood perfusion to scalp, thus decreased drug 

exposure and risk of scalp metastases was 

one of the major concerns regarding the 

device. Several systematic reviews and meta-

analysis found no significant association 

between scalp cooling and a higher incidence 

and risk of scalp metastases [6,20]. 

In our study, the DigniCap System 

significantly prevented hair loss and we 

consider that it should be integrated in the 

supportive care of patients diagnosed with 

solid tumors who undergo chemotherapy 

inducing alopecia. Since not being 

reimbursed in many East 

European countries, including Romania, 

the use of the system should be considered 

in the context of the available resources of 

each institution, given the additional costs 

related to the need of dedicated personnel 

and longer duration of the treatment and 

time spent in clinic by the patient [6].

scalp cooling system were chills, followed by 

dizziness and headaches, however most of them 

were mild. Similar side effects were reported in 

the literature [15, 16]. Regarding quality of life, a 

recently published systematic review 

showed that results are still inconsistent [17]. 

However, the majority of the patients who 

experienced effective scalp cooling reported 

better well-being, whereas the impact on 

QoL seems to be worse when scalp-cooling 

proved to be ineffective [6,18,19].  

A limitation of our study is the lack of a 

control arm and randomization, in order to 

evaluate more accurately the differences 

regarding the results and hair recovery 

between those who used DigniCap and those who 

chose not to try it. Hair volume and length should 

also be considered for more accurate information 

regarding the benefit of scalp cooling 

systems. Moreover, longer follow-up 

is needed to assess long-term safety, 

especially the risk of scalp metastases. The 
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