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Abstract
Purpose  Chemotherapy-induced alopecia (CIA) is a distressing adverse effect of anticancer drugs; however, there are cur-
rently no mechanisms to completely prevent CIA. In this study, we performed a clinical trial to examine whether sodium 
N-(dihydrolipoyl)-l-histidinate zinc complex (DHL-HisZnNa), an alpha-lipoic acid derivative, prevents CIA in patients with 
breast cancer.
Methods  Between July 2014 and May 2015, we performed a multi-center, single arm, clinical trial involving 103 breast 
cancer patients who received adjuvant chemotherapy at three medical institutions in Japan. During chemotherapy, a lotion 
containing 1% DHL-HisZnNa was applied daily to the patients’ scalps. The primary endpoint was the incidence of grade 
2 alopecia; the secondary endpoints were the duration of grade 2 alopecia, alopecia-related symptoms, and drug-related 
adverse events. Alopecia was evaluated by three independent reviewers using head photographs taken from four angles.
Results  Safety analysis was performed for 101 patients who started the protocol therapy. After excluding one patient who 
experienced disease progression during treatment, 100 patients who received at least two courses of chemotherapy underwent 
efficacy analysis. All original 101 patients developed grade 2 alopecia, the median durations of which were 119 days (112–133 
days) and 203 days (196–212 days) in the groups treated with four and eight courses of chemotherapy, respectively. Mild 
or moderate adverse events potentially related to DHL-HisZnNa were observed in 11 patients. Alopecia-related symptoms 
were observed in 53 patients (52%).
Conclusions  The application of 1% DHL-HisZnNa to the scalp did not prevent CIA. However, this drug may promote 
recovery from CIA.
Trial registration number: UMIN000014840.
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Abbreviations
CIA	� Chemotherapy-induced alopecia
CTCAE	� Common Toxicity Criteria for Adverse 

Events
DHL-HisZnNa	� Sodium N-(dihydrolipoyl)-l-histidinate 

zinc complex

Introduction

Chemotherapy-induced alopecia (CIA) has a substantial 
impact on a patient’s body image and is one of the most dis-
tressing adverse effects of chemotherapy [1]. The incidence 
of CIA varies depending on the chemotherapy regimen, but 
adjuvant chemotherapy for breast cancer is a particularly 
more widespread cause of CIA [2]. Moreover, there are no 
drugs or devices available that can completely prevent CIA.

CIA is thought to be caused by chemotherapy-induced 
oxidative stress [3], and it has also been reported that hair 
follicle cell apoptosis due to chemotherapy-induced cyto-
toxicity also contributes to this adverse effect [4, 5] Alpha-
lipoic acid derivatives, which are potent endogenous anti-
oxidants, have been shown to have anti-apoptotic effects 
[6, 7]. Based on these previous data, we hypothesized that 
alpha-lipoic acid derivatives are effective in preventing CIA. 
Hence, we developed a lotion containing a stable, water-
soluble alpha-lipoic acid derivative (Fig. 1) derived from the 
poorly-soluble and unstable alpha-lipoic acid. We previously 
reported the results of our in vivo model in which the appli-
cation of sodium N-(dihydrolipoyl)-l-histidinate zinc com-
plex (DHL-HisZnNa) to the body surface prevented cytara-
bine-induced alopecia in rats [8]. In this study, we performed 
a clinical trial to examine whether DHL-HisZnNa prevents 
CIA in breast cancer patients undergoing chemotherapy.

Methods

Study design and patients

This phase II, multicenter, single-arm clinical trial was 
performed in female breast cancer patients who received 
pre- and postoperative adjuvant chemotherapy between July 

2014 and May 2015. Because the incidence rate of grade 2 
alopecia during adjuvant chemotherapy for breast cancer is 
almost 100% [2], we did not use a control group.

This clinical trial was performed at three facilities in 
Japan: Kyushu Cancer Center, Aichi Cancer Center, and the 
University of Tsukuba Hospital. This study was approved by 
the ethics committee of Kyushu Cancer Center, the primary 
institution (approval number: 2014-89). Informed consent 
was obtained from all individual participants included in 
the study.

The main inclusion criteria were: (i) women between 20 
and 80 years of age, (ii) diagnosed with breast cancer, (iii) 
treated with four or eight cycles of adjuvant therapy with 
taxane or anthracycline, and (iv) an Eastern Cooperative 
Oncology Group performance status score of 0–1 (Table 1). 
Patients for whom chemotherapy was contraindicated as well 
as those with severe hypersensitivity or an underlying dis-
ease were excluded (Table 1).

The lotion containing 1% DHL-HisZnNa was purchased 
from Beatrix Inc. (Chiba, Japan), who we contracted to 
manufacture the drug.

Intervention and evaluation

During chemotherapy, a 4-mL dose of the study drug was 
applied four times a day to each patient’s scalp (Fig. 2). 
Combination therapy that included surgery, radiotherapy, 
hormone therapy, and the molecular targeted agent trastu-
zumab was allowed before, during, and after chemotherapy. 
The application of topical agents (e.g., other hair growth 
stimulators and steroids) and permanent waves (hairstyle 
change) was prohibited.

Alopecia was evaluated by a central judging committee 
of three independent evaluators (K. K., T. T., and C. S.) who 
performed image analysis. Photographs of each participant’s 

Fig. 1   DHL-HisZnNa chemical structural formula

Table 1   Patient inclusion and exclusion criteria

Inclusion criteria
 Histologically proven breast carcinoma
 Planned chemotherapy used anthracycline and/or taxane
 Age 20–80 years
 Performance status: 0, 1
 Adequate organ function
 Consent to join this trial

Exclusion criteria
 Previous history of hypersensitivity due to drug and/or cosmetics or 

hair growth agent
 Severe complication
 Pregnancy or lactation
 Male patient
 No ability or intention to comply with the protocol method
 Physicians think inadequate
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head taken from four different angles (left and right tempo-
ral regions, the parietal region, and occipital region) were 
classified into five categories (A: no alopecia, B: 1–25% 
alopecia, C: 26–50% alopecia, D: 51–75% alopecia, and E: 
76–100% alopecia). The evaluations were combined into a 
single assessment as follows: If all three evaluations match, 
that category was used; if the assessment of one evaluator 
differed from that of the other two, the assessment of the 
majority (two of three) was used; and if none of the three 
assessments matched, the mid-range category among the 
three was adopted. Alopecia was graded according to the 
Common Toxicity Criteria for Adverse Events version 4.0 
(CTCAE v4.0) grading system as follows: (i) grade 0 (no 
alopecia [A]); (ii) grade 1 (1–25% alopecia [B] or 26–50% 
alopecia [C]); and (iii) grade 2 (51–75% alopecia [D] or 
76–100% alopecia [E]) (Table 2).

The photographs were acquired before chemotherapy, 
during each course of chemotherapy, and at 3, 6, 9, and 
12 months after chemotherapy. The treatment period was 
defined as that in which the study drug was applied during 
chemotherapy. The post-treatment follow-up period was 12 
months.

The primary endpoint was the incidence of grade 2 alo-
pecia, while the secondary endpoints were the duration of 
grade 2 alopecia, study drug-related adverse events, and 
alopecia-related symptoms.

Statistical analysis

Based on existing report that the incidence of grade 2 
alopecia in patients receiving adjuvant chemotherapy 
for breast cancer is almost 100% [2], our null hypothesis 

was that the incidence of grade 2 alopecia in our patients 
would be 95%. We also hypothesized that the study drug 
would reduce the incidence of grade 2 alopecia by 10%. 
The expected number of enrolled patients calculated 
using a binomial test was 100 with 90% statistical power 
at P < 0.05 (one-tailed).

Results

A total of 103 participants were enrolled between July 
2014 and May 2015. We assessed the safety for 101 par-
ticipants who received one cycle of chemotherapy at least 
as safety and the efficacy for 100 participants who received 
more than 2 cycles. The median age was 50 years (range, 
20–75 years). Thirty-four (34%) and 66 participants (66%) 
received four and eight cycles of chemotherapy, respec-
tively. The patients’ clinical and treatment characteristics 
are shown in Table 3. Of the 101 patients who commenced 
protocol therapy, 85 (84%) completed it. The reasons for 
discontinuing therapy in 15 patients were: (i) withdrawal 
of consent (n = 10); (ii) transfer to another institution 
(n = 1); (iii) worsening of complications (n = 1); and (iv) 
other reasons (n = 3) (Fig. 3).

All 101 patients developed grade 2 alopecia (i.e., the 
primary endpoint). The median durations of affliction with 
grade 2 alopecia (i.e., a secondary endpoint) in the groups 
treated with four and eight courses of chemotherapy were 
119 days (range, 112–133 days) and 203 days (range, 
196–212 days), respectively. Adverse events potentially 
related to the study drug were observed in 11 patients; all 
were grade 1 or 2 per CTCAE version 4.0 criteria. These 
adverse events consisted of rash/exfoliation (n = 6), itch-
ing (n = 3), pigment disorder (n = 1), and other symptoms 
(n = 5) (Table 4).

Alopecia-related symptoms were observed in 53 
patients (52%) and consisted of scalp pain (n = 18 [18%]), 
scalp itching (n = 28 [28%]), or both (n = 7 [7%]). Alopecia 
grades at baseline and 12 months after chemotherapy are 
shown in Fig. 4. Of the 100 patients who were subjected 
to efficacy analysis, 71 (71%) had grade 0 or 1 alopecia 
at 3 months after chemotherapy, while 7 (7%) had grade 
2 at that time.

Fig. 2   Intervention schedule. 
Patients applied the experi-
mental drug to their scalp daily 
during chemotherapy

Topical  applica�on

Topical  applica�on

8 cycles

4 cycles
chemotherapy

Table 2   Alopecia score and grade (Common Toxicity Criteria for 
Adverse Events, version 4.0)

Alopecia category from 
photograph

Grade

A: 0% 0 No hair loss
B: 1–25% 1 Hair loss of < 50% of normal
C: 26–50%
D: 51–75% 2 Hair loss of ≧ 50% of normal
E: 76–100%
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Discussion

Our trial revealed that DHL-HisZnNa failed to prevent 
CIA, as all patients developed grade 2 alopecia. It has been 
reported that CIA-induced pain and itching are observed 
in approximately 50% of patients [9], which is consistent 
with the incidence of CIA-induced pain and itching (52%) 
observed in our trial. Additionally, there were no study drug-
related grade 3 or 4 adverse events, demonstrating the safety 

of DHL-HisZnNa. The incidences of grade 0/1 alopecia 
were 71% and 86% at 3 and 6 months after chemotherapy, 
respectively. Although there are some reports of patients 
using a wig, experiencing onset of hair growth, and recov-
ering their quality of life during CIA abatement [10–12], 
there have been no reports of alopecia recovery as evaluated 
using an alopecia grading system. Therefore, it is difficult to 
compare previously published data to ours. However, breast 
cancer specialists at our institution noted that the recovery 
from alopecia was surprisingly fast. The alopecia grade is 
calculated based on its severity compared to the total hair 
volume; however, because alopecia measurement devices are 
not well described, the condition is generally assessed visu-
ally by the attending physicians. Therefore, evaluations of 
alopecia severity appear to be extremely subjective. In this 
study, we established a central judging committee compris-
ing three breast cancer specialists (i.e., independent evalu-
ators) who evaluated photographs taken from four different 
angles. Because the concordance rate of the three evaluators 
using this method was high (data not shown), the accuracy 
of alopecia grading in this clinical trial may be higher than 

Table 3   Patient characteristics

a Union for International Cancer Control-TNM classification, 7th edi-
tion

N = 101
n (%)

Age
 Median (range) 50 (22–75)

Menstrual status
 Premenopausal 61
 Postmenopausal 40

Performance status
 0 99
 1 2

Stagea

 I 35
 IIA 32
 IIB 17
 IIIA 9
 IIIB 5
 IIIC 2
 IV 1

Pretreatment
 Operation
  No 32 (32)
  Yes 69 (68)

 Radiation (for breast)
  No 100 (99)
  Yes 0
  Unknown (1)

 Hormonetherapy
  No 98 (97)
  Yes 2 (2)
  Unknown 1 (1)

 Chemotherapy
  No 100 (99)
  Yes 0
  Unknown 1 (1)

 Trastuzumab
  No 99 (98)
  Yes 1 (1)
  Unknown 1 (1)

Enrollment n = 103

Comple�on of 1-st chemotherapy cycle 
included in the safety analysis n = 101

Comple�on of chemotherapy n = 86

Comple�on of follow-up survey (included 7 
discon�nued pa�ents) n=91

Withdrawal of consent: 2

Discon�nued  n = 14
Withdrawal of consent: 10
Changing hospital: 1
Discon�nuing for the other reason: 3

Discon�nuing: 2 

Comple�on of 2-nd chemotherapy cycle:
included in the efficacy analysis n = 100

Progression of complica�on: 1

Fig. 3   CONSORT diagram. The population included in the pri-
mary efficacy analysis comprised patients who completed at least 
two cycles of chemotherapy; the secondary efficacy analysis was of 
patients who completed at least one cycle of chemotherapy

Table 4   Adverse events

Adverse event G1,2 G3,4

Rash/exfoliation 6 (6%) 0 (0%)
Itching 3 (3%) 0 (0%)
Pigment disorder 1 (1%) 0 (0%)
Other 5 (5%) 0 (0%)
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that in previous studies that used conventional CIA evalu-
ation methods.

On the other hand, some animal models have shown that 
antioxidants (e.g., N-acetylcysteine [3] and L-cysteine/vita-
min B16 [13]) promote CIA prevention. We also previously 
found that drugs containing 1% DHL-HisZnNa reduced 
cytarabine-induced CIA [8]. Moreover, there are reports 
that, besides their use in scalp cooling, oral administration 
of tocopherol [14] or Panicum miliaceum [15] prevents 
CIA in humans. These results support the notion that DHL-
HisZnNa may promote recovery from alopecia. While there 
are reports [16–18] of breast cancer patients who had not 
recovered from CIA 1 year after chemotherapy, the inci-
dence of grade 0 alopecia in the groups treated with four 
or eight courses of chemotherapy at 1 year after the trial 
in our clinical study was 100% (after excluding those with 
unknown CIA status). Therefore, DHL-HisZnNa may be 
effective in preventing permanent CIA.

While there are various studies of CIA prevention, 
the only method currently in clinical use is scalp cooling 
[19–21], which reportedly attenuates damage to hair folli-
cles by causing vasoconstriction that reduces blood flow and 
thus lowers exposure to reactive chemotherapeutic agents 
[22, 23]. Scalp cooling has been shown to reduce grade 2 
alopecia [20, 21]; however, it is more time-consuming and 
costly and still requires the use of a wig or head cover [10], 
thus limiting activities of daily living [24]. DHL-HisZnNa 
may therefore be a more useful treatment for CIA than scalp 

cooling, as it is very convenient and causes less discomfort. 
Moreover, the drug may potentially be combined with scalp 
cooling agents, which may increase the efficacy of alopecia 
prevention.

Limitations

The study cohort comprised breast cancer patients who 
received adjuvant chemotherapy, but there was no con-
trol group. The reasons for this were that grade 2 alopecia 
occurs in almost all patients receiving anticancer adjuvant 
chemotherapy and that the primary endpoint was the inci-
dence of grade 2 alopecia. However, our study did not use 
an objective measure to demonstrate fast recovery from alo-
pecia during recuperation from chemotherapy. Therefore, 
future clinical trials that accurately examine the incidence 
of alopecia-related symptoms, alopecia recovery time, and 
the mechanism of its development are warranted.

Conclusions

Our trial showed that the application of a lotion contain-
ing 1% DHL-HisZnNa to the scalp does not prevent CIA in 
patients undergoing treatment for breast cancer. However, 
the safe and convenient drug may promote recovery from 
CIA.
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