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Introduction: Chemotherapy‑induced alopecia (CIA) is a common and distressing side effect that can 
lead to treatment refusal or discontinuation.

Objectives:  This systematic review and meta‑analysis evaluated the effectiveness, safety, and 
patient‑reported outcomes of interventions for CIA.

Methodology:  Following PRISMA guidelines, we searched PubMed, EBSCO, Medline, Google 
Scholar, Wiley, and Web of Science for relevant randomized and quasi‑experimental trials.

Results:  Thirteen studies comprising over 1,200 patients were included. Scalp cooling reduced 
moderate‑to‑severe CIA by more than half. Acceptable hair preservation rates ranged from 75–95% 
with cooling versus 8–49% in controls. In a meta‑analysis of three trials, cooling increased the odds 
of maintaining cosmetically acceptable hair over fourteen‑fold (OR 14.42; 95% CI 2.79–74.63; P = 
0.001; I² = 62%). A separate meta‑analysis of four trials (N = 262) showed a 90% reduction in the 
odds of moderate‑to‑severe alopecia (OR 0.10; 95% CI 0.02–0.54; P = 0.007; I² = 70%). Patient‑
reported need for wigs fell from 45–84% in controls to 5–33% with cooling. Adverse events were 
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Introduction

Around the world, 18.1 million people received a cancer di-

agnosis in 2020 (not including non-melanoma skin cancers), 

and by 2040, that figure is expected to increase to 26 million. 

The number of patients who need first-line chemotherapy 

annually is expected to rise by around 50% to 15.0 million 

by 2040 [1]. An estimated 65% of chemotherapy patients 

are predicted to experience chemotherapy-induced alopecia 

(CIA) and potential alterations in the color, texture, quan-

tity, and growth of their hair [2,3]. The National Cancer 

Database (NCDB) classifies several immunotherapies and 

numerous popular targeted treatments such as chemother-

apy [4]. Depending on the chemotherapy protocol, the prev-

alence of CIA varies; severe hair loss is especially linked to  

anthracyclines, taxanes, and alkylating agents [5]. Although 

research indicates that 65–100% of patients, depending on 

the medication and dosage, have some degree of alopecia [6], 

the issue is frequently neglected in clinical practice, giving 

patients few alternatives for care or prevention [7].

Direct toxicity from chemotherapeutic drugs to rap-

idly dividing hair follicle cells, especially during the anagen 

(growth) phase of the hair cycle, is a pathophysiological as-

pect of CIA [8]. Regrowth is frequently delayed, and changes 

in texture and color occur due to this disruption, which can 

cause hair shaft breakage, thinning, or total loss [9]. The 

necessity for effective therapy is highlighted by the psycho-

logical impact and duration of hair loss, even though it is 

usually reversible, especially when using certain regimens 

such as taxane-based therapies [10]. Furthermore, the signif-

icance of treating CIA as a vital part of comprehensive can-

cer care is underscored by individual and cultural variations 

in how hair loss is seen [11]. Patient results can be further 

complicated by the emotional toll of CIA, which has an im-

pact on quality of life and can result in anxiety, depression, 

and decreased treatment adherence, which may additionally 

influence choices about the advantages and disadvantages of 

treatment [12].

Scalp cooling methods, medication, and supportive care 

approaches are just a few of the treatments and preventive 

measures that have been employed to reduce CIA [13]. De-

pending on the chemotherapy regimen and cooling technology 

employed, scalp cooling, one of the most researched preven-

tive techniques, reduces scalp temperature to decrease the 

transport of drugs to hair follicles. Success rates have been 

reported to range from 10% to 90% [14]. The potential of 

pharmacological treatments, such as minoxidil, to encourage 

hair regrowth has been investigated; however, the data remain 

conflicting [15]. The goal of emerging therapies such as top-

ical medications and innovative biologics is to preserve hair 

follicles or promote healing; however, additional research 

is necessary to confirm their effectiveness and safety [4].  

Treating the psychosocial effects of CIA also requires 

non-pharmacological treatments such as counseling and cos-

metics like wigs or scalp coverage [16].

Despite these developments, numerous unanswered ques-

tions remain about the most effective ways to prevent and 

treat CIA in the literature. It has been challenging to draw 

firm conclusions regarding the effectiveness of current ther-

apies due to study design variability, small sample sizes, and 

a lack of standardized outcome measures [17]. Additionally, 

there is a lack of knowledge about the long-term effects of 

preventive strategies such as cooling the scalp, hair regenera-

tion, and scalp health [18]. The necessity for a thorough syn-

thesis of the available data to direct clinical treatment and 

guide future research is highlighted by the lack of consensus 

guidelines for managing CIA [19].

Study Objectives

By investigating the clinical and psychological aspects of 

CIA, this study aimed to fill significant knowledge gaps and 

identify opportunities to provide innovative patient care. By 

integrating data on the efficacy, safety, and impact on patient 

outcomes of CIA, this systematic review aimed to identify 

best practices for managing and preventing CIA while also 

investigating the barriers to its use in various healthcare set-

tings. This will provide a solid foundation for evidence-based 

recommendations.

Methodology

This systematic review was performed following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

mild (headaches in up to 25%, chills, cold sensation) and led to discontinuation in fewer than 30% 
of cooled patients.

Conclusion: Scalp cooling is a safe, well‑tolerated intervention that substantially mitigates hair loss, 
achieves high patient satisfaction, and reduces the psychosocial burden of CIA. It should be considered 
standard supportive care for patients receiving hair‑toxic chemotherapy.
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(PRISMA) guidelines [20]. It was registered in PROSPERO 

with ID: CRD420251082500.

Literature Search Strategy

To identify relevant studies, a comprehensive literature 

search was performed across multiple electronic databases: 

PubMed, EBSCO, Medline, Google Scholar, Wiley, and Web 

of Science. The search utilized the following keywords: 

(“chemotherapy-induced alopecia” OR “chemotherapy hair 

loss”) AND (treatment OR prevention OR intervention) 

AND (scalp cooling OR minoxidil OR PRP).

Selection of Articles and Data Extraction

Following the initial database search, two reviewers inde-

pendently screened the titles and abstracts of retrieved articles 

to identify potentially relevant studies based on predefined 

inclusion criteria. The full texts of these selected articles were 

then obtained and assessed for final eligibility, again by two 

independent reviewers. Any disagreement regarding study 

inclusion were resolved through discussion and consensus or 

by consultation with a third reviewer, if necessary. Data from 

the included studies were extracted by two reviewers using a 

standardized data extraction form designed for this review. 

The information collected included study characteristics 

(first author, publication year, study design, country), patient 

demographics (number of patients, mean age, sex, cancer 

type, chemotherapy used, type and severity of alopecia), in-

tervention details (treatment used, duration, frequency, com-

parator specifics), efficacy outcomes (alopecia reduction, 

patient satisfaction), and safety outcomes (number and per-

centage of patients with treatment-emergent adverse events, 

common and serious adverse events).

Quality Assessment

The Cochrane risk-of-bias tool for randomized trials (RoB2) 

was employed to evaluate the risk of bias in the studies. It 

focuses on five crucial areas: the process of randomization, 

any deviations from the planned interventions, the handling 

of missing data, the accuracy of outcome measurements, and 

the selection of outcomes that were reported. Each area is 

categorized as having low risk, some concerns, or high risk 

of bias, and the overall bias risk for each study is established 

based on these evaluations [21]. Studies with a high risk of 

bias were excluded from the meta-analysis.

Statistical Analysis

We used RevMan 5.4.1 [22]. Dichotomous data were an-

alyzed as proportions and a 95% confidence interval (CI). 

Statistical heterogeneity among the studies was assessed us-

ing I-squared (I²) and chi-squared (Chi²) statistics. I² values 

of 50% were indicative of high heterogeneity.

Results

PRISMA Diagram

A total of 1,375 papers were extracted from six databases: 

PubMed, EBSCO, Medline, Google Scholar, Wiley, and Web 

of Science. Out of these, 923 were removed as duplicates. Of 

the remaining 452 articles, only 76 were initially included 

in the review. Ultimately, 13 articles were deemed suitable 

for analysis as they were RCTs. Thus, thirteen articles were 

included in the systematic review (Figure 1).

This review of 13 randomized and quasi-experimental 

studies conducted from the 1980s to 2022 demonstrated that 

scalp cooling, usually achieved using electrically chilled caps 

(such as Paxman systems), significantly reduces chemotherapy- 

induced hair loss across various cancers, including breast, 

ovarian, endometrial, lung, prostate, and gastrointestinal 

cancers. These studies involved groups of 25–142 patients, 

with most comparing extended post-infusion cooling times 

(ranging from 45 to 150 minutes) to shorter durations (20 to 

90 minutes) or to no cooling at all. The results showed that 

scalp cooling lowered median alopecia scores. For example, 

in a 2019 study by Komen, the rates of grade 2–3 alope-

cia dropped from 49% to 33%. Similarly, in Nangia’s 2017 

study, control patients experienced 100% grade 2 alopecia, 

whereas those using scalp cooling had a 49.5% success rate 

(grades 0–1). Moreover, scalp cooling was more effective 

than non-cooling comparators and alternative interventions, 

such as reflexology massage, topical lotions, placebo sprays, 

or minoxidil. Across these diverse settings and chemotherapy 

regimens, longer and customized cooling protocols provided 

the most significant hair preservation benefits while main-

taining an acceptable safety profile, as indicated in Table 1.

Numerous clinical trials have shown that scalp cooling, 

which is administered before, during, and after chemother-

apy, significantly reduces the incidence of moderate-to-severe 

hair loss by at least 50%. In fact, 70–95% of patients can 

retain cosmetically acceptable hair and often do not need to 

use wigs or head coverings. The high level of patient satisfac-

tion reflects the positive impact on self-image and quality of 

life. Although some mild side effects have been reported, such 

as headaches, chills, cold sensations, and scalp tenderness, 

these generally lead to dropout rates of less than 30%. In 

comparison, alternative methods like topical lotions, reflex-

ology, or placebo sprays have shown only modest benefits. 

Overall, scalp cooling is recognized as a safe, well-tolerated, 

and highly effective approach to reducing hair loss caused by 

chemotherapy, as detailed in Table 2.

Figure 2 presents the quality assessment of thirteen RCT 

studies, evaluated using the ROB-2 quality assessment tool. 

Most of them had some concerns.

In a meta-analysis of three randomized trials, scalp cool-

ing significantly increased the likelihood of maintaining 
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Figure 1. Schematic representation of the criteria for selecting studies in the systematic review.

cosmetically acceptable hair by more than 14 times com-

pared to no cooling (pooled OR=14.42; 95% CI: 2.79–

74.63; P=0.001), with moderate heterogeneity (I²=62%), as 

illustrated in Figure 3.

In a meta-analysis of four randomized trials including 262 

patients (156 with scalp cooling, 106 without), scalp cooling re-

duced the odds of moderate-to-severe chemotherapy-induced 

alopecia by 90% compared to no cooling (pooled OR=0.10; 

95% CI: 0.02–0.54; P=0.007). Between-study heterogeneity 

was substantial (I²=70%), as shown in Figure 4.

In a meta-analysis of three RCTs, adverse events occurred 

in 62/150 versus 0/95. Scalp cooling markedly increased 

the odds of any adverse event (pooled OR, 86.63; 95% CI, 

3.72–2018.61; p = 0.005). Between-study heterogeneity was 

moderate (I² = 65%), as shown in Figure 5.

Discussion

The effectiveness of scalp cooling in treating CIA has been 

well documented in various studies. However, many of these 

studies lacked control, had small sample sizes, and lacked 

robust data [35 grevelman]. In 1990, the US FDA prohibited 

the sale of scalp cooling devices due to insufficient evidence 

regarding their safety and effectiveness [26 alley]. The cu-

mulative evidence from 13 clinical trials conducted between 

1984 and 2022 across Asia, Europe, Africa, and North Amer-

ica confirmed that scalp cooling is the most effective strategy 

for reducing CIA. Early studies using scalp hypothermia caps 

demonstrated a significant reduction in severe hair loss. For 

instance, Satterwhite and Zimm (1984) reported that 75% 

of patients who underwent cooling experienced acceptable 

hair preservation, compared to only 8% of those in the con-

trol group. Additionally, only 25% of the cooled patients 

faced severe hair loss, whereas this figure rose to 92% in 

the no-cooling group [34]. Another study by Rodriguez  

et al. (1994) found no benefit from using topical minoxidil, 

further emphasizing that mechanical cooling is more effec-

tive than pharmacological methods for preventing hair loss 

during chemotherapy [33].

Subsequent trials focused on refining the timing and du-

ration of cooling regimens. Ron et al. (1997) demonstrated 

that a cooling protocol involving a 30-minute pre-infusion 

period, a 60-minute infusion, and a 60-minute post-infusion  

cooling phase significantly improved hair preservation. 
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Figure 2. ROB quality assessment of thirteen RCT studies.

Figure 3. Forest Plot of the effectiveness of scalp cooling for acceptable hair preservation.

Figure 4. Forest plot of moderate-to-severe hair loss with scalp cooling vs no cooling.

Figure 5. Forest plot of adverse events with scalp cooling vs no cooling.
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Specifically, the rate of grade 0–1 alopecia (no to minimal hair 

loss) increased from 19% in control patients to 53% in those 

who underwent cooling. Additionally, moderate-to-severe  

hair loss dropped from 38% to 16% in the cooled group 

[32]. Further studies by Van den Hurk et al. (2012) and 

Komen et al. (2016) compared short post-infusion cooling 

times (20 to 45 minutes) to standard durations (90 minutes) 

during docetaxel chemotherapy. They found comparable ef-

ficacy, with hair preservation rates between 80% and 95%, 

and reported high tolerability, as indicated by a visual analog 

scale (VAS) score of around 8 out of 10 [28,31]. Ekwall et al. 

(2013) also investigated the impact of coolant temperature 

on hair preservation, finding that cooler temperatures (3° C 

compared to 8° C) tended to yield better results. However, 

the differences did not reach statistical significance [30].

In larger multicenter randomized controlled trials 

(RCTs), Nangia et al. (2017) randomized 182 women receiv-

ing anthracycline- or taxane-based regimens. They found 

that using cooling methods led to a fivefold increase in suc-

cessful outcomes (as defined by CTCAE grade 0–1 alopecia), 

with 50.5% success in the cooling group compared to 0% 

in the controls (P < 0.001). This established the effectiveness 

of cooling in treating early-stage breast cancer [14]. More-

over, a research study focusing on postmenopausal women 

undergoing chemotherapy for breast cancer revealed that a 

significant number of these women considered hair loss to 

be a more distressing experience than losing a breast [37]. 

This indicates that females may be more affected by changes 

in appearance than males are. Komen et al. (2019) extended 

the investigation by comparing post-infusion cooling du-

rations of 90 minutes versus 150 minutes. They observed 

success rates of 33% and 49% for WHO grades 2–3 alo-

pecia, respectively (P=0.11). This suggests that while longer 

cooling periods may offer modest improvements, they also 

come with increased logistical challenges [27]. Pilot studies 

and smaller trials have reinforced these findings in various 

settings. For instance, Mohammed et al. (2016) reported that 

86.6% of Egyptian patients achieved WHO grades 0–2 alo-

pecia with cooling, compared to only 16.7% in the control 

group, although 100% of participants in the cooling group 

reported experiencing headaches and cold sensations [29]. 

Meanwhile, Obuseng et al. (2021) conducted research in 

South Africa and found a significant reduction in the mean 

SALT score, from 58.2% to 37.3% (P=0.0167), with no 

difference observed based on hair texture, indicating the 

global applicability of the cooling method across different 

hair types [25]. Additionally, some studies examined alter-

native methods. Ghavami et al. (2020) studied reflexology 

massage, while Kang et al. (2020) studied a specific botan-

ical lotion [24,26]. Both demonstrated modest benefits in 

hair regrowth but did not match the effectiveness of cooling, 

nor did they show superiority over it in direct comparisons.  

A previous meta-analysis indicated that scalp cooling, the 

leading method for prevention, notably lowered the likeli-

hood of chemotherapy-induced alopecia (CIA), with a rela-

tive risk of 0.38 (95%CI: 0.32–0.45). In contrast, topical 2% 

minoxidil and other treatments did not significantly reduce 

the risk of CIA. Furthermore, no severe side effect associated 

with scalp cooling was reported. These findings imply that 

scalp cooling can effectively help prevent CIA in patients un-

dergoing chemotherapy [26].

While scalp cooling is generally well accepted, it is not 

recommended for individuals with conditions such as cold 

sensitivity, cold agglutinin disease, cryoglobulinemia, and 

cryofibrinogenemia [35]. Additionally, certain studies have 

suggested a possible risk of scalp metastases associated with 

the use of scalp cooling [38]. Therefore, these cooling sys-

tems should be avoided in patients with circulating malig-

nant cells, such as those with leukemia or lymphoma, who 

are undergoing chemotherapy aimed at curing the disease 

[35]. In the case of patients with solid tumors that have a 

high likelihood of skin metastasis, such as breast, lung, or 

gastric cancer, careful monitoring of the scalp for any sign 

of disease is essential [39]. The safety profiles across trials 

in our review were consistent, with mild headaches reported 

in up to 25% of patients, along with chills, cold intolerance, 

and occasional scalp tenderness being the primary adverse 

events. These side effects led to treatment discontinuation 

in fewer than 30% of cooled patients, with a mean rate of 

12–18%. No trial reported serious complications or scalp 

metastases, aligning with systematic reviews that support 

scalp cooling as both safe and preferred by patients (Shin  

et al., 2015; Dunnill et al., 2018) [13,17]. Despite the strong 

evidence of efficacy, the field faces challenges due to the vari-

ability in cooling devices (e.g., Paxman, Orbis, and custom 

caps), temperature settings (ranging from 3 to 16°C), and 

timing protocols (with pre-infusion times of 15–30 minutes 

and post-infusion times of 20–150 minutes). These fac-

tors, along with different alopecia scales (including WHO, 

Dean, CTCAE, and SALT), make direct comparisons and  

meta-analyses difficult, resulting in an I² value of up to 81%.

Limitations

Several limitations should be recognized. First, the consider-

able variation in scalp-cooling protocols, such as differences 

in temperatures and durations, as well as chemotherapy 

regimens and alopecia assessment scales, makes direct com-

parisons difficult and contributes to statistical variability. 

Second, many trials were small and carried a moderate 

risk of bias due to incomplete blinding, inadequate alloca-

tion concealment, and missing outcome data. Additionally, 

only a few studies supported each pooled estimate, which 

reduces precision. Fourth, the follow-up periods were gen-

erally short, making it impossible to evaluate long-term or 
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fore treatment, continue throughout the treatment, and last 

an additional 20–150 minutes afterward. Patients generally 

report high satisfaction, and side effects, such as mild head-

aches and chills, are rarely severe enough to stop treatment. 

Shorter post-infusion cooling times (20–45 minutes) are 

equally effective, allowing for improved workflow. These 

findings support the incorporation of scalp cooling into stan-

dard care for chemotherapy patients.

In conclusion, scalp cooling has proven to be the most 

effective, widely applicable, and well-tolerated method for 

preventing chemotherapy-induced alopecia (CIA). It outper-

forms alternative strategies such as topical treatments, man-

ual techniques, and pharmacological interventions. Future 

research should focus on establishing standardized cooling 

protocols, unified outcome measures, and longer follow-up 

periods. This would help optimize patient selection, reduce 

resource utilization, and evaluate cost-effectiveness across 

different healthcare settings.
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