
Article Not peer-reviewed version

Real-World Evidence of the

Effectiveness and Safety of Ciclopirox

8% HPCH Nail Lacquer Combined with

Oral Antifungals for Onychomycosis

Applying Artificial Intelligence to

Electronic Health Records

Gaston Roustan * , José Luis López Estébaranz , Pablo De La Cueva , Savana Research Group ,

Francesca Pajuelo , María Luisa Tamarit , Aida Valmaseda , Jordi Galván

Posted Date: 25 July 2024

doi: 10.20944/preprints202407.1944.v1

Keywords: onychomycosis; ciclopirox 8% HPCH; real-world data; machine learning; artificial intelligence;

terbinafine; itraconazole; fluconazole

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3716271
https://sciprofiles.com/profile/3717326
https://sciprofiles.com/profile/3716511
https://sciprofiles.com/profile/3710276
https://sciprofiles.com/profile/3716545
https://sciprofiles.com/profile/3716339
https://sciprofiles.com/profile/3716445


 

Article 

Real-World Evidence of the Effectiveness and Safety 

of Ciclopirox 8% HPCH Nail Lacquer Combined with 

Oral Antifungals for Onychomycosis Applying 

Artificial Intelligence to Electronic Health Records 

Gastón Roustan 1, José Luis López Estébaranz 2, Pablo De La Cueva 3, Savana Research Group 4, 

Francesca Pajuelo 5, María Luisa Tamarit 6, Aida Valmaseda 7 and Jordi Galván 7,* 

1 Dermatology Department, Hospital Puerta de Hierro Majadahonda, Madrid, Spain; groustan@gmail.com. 
2 Dermatology Department, Hospital Universitario Fundación Alcorcón, Madrid, Spain; 

jlestebaranz@salud.madrid.org 
3 Dermatology Department, Hospital Universitario Infanta Leonor, Madrid, Spain; pdelacueva@yahoo.com. 
4 Savana Research S.L., Madrid, Spain. 
5 Almirall S.A., Medical Affairs Department, Barcelona, Spain. francesca.pajuelo@almirall.com 
6 Almirall S.A., Research and Development Center, Sant Feliu de Llobregat, Barcelona, Spain. 

marialuisa.tamarit@almirall.com 
7 Almirall S.A., Global Medical Affairs Department, Barcelona, Spain. aida.valmasedafreixa@almirall.com, 

jordi.galvan@almirall.com 

* Correspondence: jordi.galvan@almirall.com 

Abstract: A multicenter retrospective analysis of 408 patients diagnosed with onychomycosis and 

attended at three tertiary care Spanish hospitals was conducted to assess the effectiveness and safety 

of a combined treatment with ciclopirox 8% hydroxypropyl chitosan (CPX 8% HPCH) nail lacquer 

and oral antifungal agents (terbinafine, itraconazole, and fluconazole). Data were extracted and 

analyzed using the EHRead® technology based on natural language processing and machine 

learning and using SNOMED CT terminology. The median age was 51 years with a ratio male: 

female close to 1. Repeated nail trauma was the most common risk factor (7.1%). More than half of 

patients (56.6%) underwent fungal culture. Terbinafine was used in 67.7% of patients, itraconazole 

in 20.8%, and fluconazole in 11.5%. Treatment synchronicity distribution revealed that 59.1% of 

patients started concomitant treatment with CPX 8% HPCH and oral antifungals, 27.9% had initial 

oral antifungals, and 13% had initial nail lacquer. The response to treatment (positive response 

15.7%, presumed positive 59.8%) was unrelated to treatment synchronicity or type of antifungal 

agent. Erythema (5.6%), diarrhea (4.9%) and fever (4.2%) were the most frequently registered 

potential adverse events. The present findings provide valuable insights for physicians paving the 

way for better management of patients with onychomycosis. 

Keywords: onychomycosis; ciclopirox 8% HPCH; real-world data; machine learning; artificial 

intelligence; terbinafine; itraconazole; fluconazole 

 

1. Introduction 

Onychomycosis accounts for 50% of nail diseases, especially more common in toenails than in 

fingernails, with a mean prevalence in Europe and America of 4.3% in population-based studies [1]. 

While non-life-threatening, onychomycosis can lead to serious complications such as cellulitis, sepsis, 

osteomyelitis, tissue damage, and nail loss [2]. Overall, 10% of onychomycosis cases are considered 

moderate-to-severe [3] Also, the diagnosis of onychomycosis may become a source of increase 

concern, with commonly reported esthetic issues and psychosocial factors with embarrassment, low 
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self-esteem, social withdrawal, and reduction of the quality of life, as well as significant economic 

burden of topical and oral therapies [4–6]. 

Dermatophytes, especially Trichophyton rubrum, are the most frequent causative agents, but 

other dermatophytes, including Trichophyton mentagrophytes and Epidermophyton floccosum can also 

cause it. Dermatophytes are identified in 90% of toenail infections and in 50% of fingernail 

onychomycosis [7]. Candida albicans accounts for 2% of onychomycosis, particularly affecting the 

fingernails. Other non-dermatophyte molds include Aspergillus spp., Fusarium spp., Acremonium spp., 

Scytalidium, and Scopulariopsis brevicaulis [8]. Confirmatory laboratory testing should be routinely 

performed before prescribing antifungal therapy to avoid treatment failures [7]. However, in clinical 

practice, only 40% of patients with onychomycosis underwent diagnostic testing [9]. In recent years, 

sensitive tests (fungal culture testing or PCR) are useful to identify the infection cause especially in 

atypical cases or when a primary saprophytic infection is suspected [10]. 

The goal of treatment to eradicate the infecting organism and returning the nail to its normal 

appearance may be difficult to achieve due to the high recurrence rates, treatment failures, and 

limited cure rates obtained with topical antifungals, so that the use of oral antifungal treatment is 

needed in most cases [2]. The choice of treatment should be individualized according to the clinical 

characteristics of the disease, the causative organism, the presence of comorbidities and concurrent 

medications, and the patient’s preferences [11]. Oral agents including terbinafine, itraconazole and 

fluconazole are recommended for moderate to severe onychomycosis, with the advantage of high 

cure rates and short treatment periods, but disadvantages of potential drug interactions and risk of 

adverse events (AE) (e.g., hepatotoxicity) [12]. Additionally, many patients have a strong personal 

preference for a topical approach [7]. 

Topical antifungal nail lacquers have been formulated to provide efficient delivery to the nail 

unit [13,14]. Topical ciclopirox 8% hydroxypropyl chitosan (CPX 8% HPCH) has a 

fungicidal/fungistatic as well as sporicidal activity, with HPCH acting as a film-forming agent, 

protecting the nail and increasing the penetration of ciclopirox. Hence, CPX 8% HPCH is indicated 

for the treatment of mild-to-moderate fungal infections of the nails that are caused by ciclopirox-

sensitive fungi, without nail matrix involvement, and has been found to be generally well tolerated 

[15]. In some cases, when there is extensive involvement of one or several finger and toenails, 

additional treatment with oral antifungals may be considered, such as combined therapy of oral 

terbinafine and topical ciclopirox [16]. However, no clinical evidence has been reported regarding 

combination of topical ciclopirox with oral itraconazole or fluconazole. Moreover, it could be possible 

that evidence reported for clinical studies might not reflect the reality in clinical practice. 

Therefore, the purpose of this study was to assess the effectiveness and safety of CPX 8% HPCH 

nail lacquer combined with oral antifungal treatment for treating onychomycosis in the setting of 

real-world clinical practice in Spain. We used natural language processing (NLP) and machine 

learning (ML) techniques for extracting real-world data from electronic health records (EHRs). In 

addition, we described the demographic and clinical characteristics of onychomycosis patients. 

Studies using this methodology in the assessment of topical and oral antifungals treatment approach 

in patients with onychomycosis have not been previously reported. 

2. Materials and Methods 

2.1. Design and Study Population 

This was a retrospective multicenter observational real-world evidence study based on 

secondary use of structured and unstructured data extracted from EHRs from patients diagnosed 

with onychomycosis attended at three acute-care tertiary hospitals from the public Spanish National 

Health Care System between January 1, 2014, and March 31, 2023. The participating hospitals were 

located in Madrid (Hospital Universitario Fundación Alcorcón, Hospital Universitario Infanta 

Leonor, and Hospital Universitario Puerta de Hierro). Subjects aged 18 years or older, diagnosed 

with onychomycosis, and treated with CPX 8% HPCH nail lacquer (Ony-Tec®, Almirall S.A., 
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Barcelona, Spain. Other registered (R) brands: Ciclopoli, Fulcare, Kitonail, Myconail, Niogermos, 

Niogermox, Onytec, Polinail, Privex, Rejuvenail) in combination with oral antifungals were eligible. 

Approval of the study from the local Ethics Committee for Clinical Research of the participating 

centers was obtained. Patient informed consent was not required because aggregated and 

anonymized data were analyzed from deidentified EHRs. 

2.2. Data Source and Study Variables 

The source of information was free text (i.e., unstructured) and structured information, 

including outpatient clinic reports, discharge reports, emergency reports, prescriptions, and other 

medical reports within the EHRs of patients with onychomycosis in the participating hospitals using 

the EHRead® technology developed by Medsavana S.L. (Madrid, Spain). EHRead® technology [17] is 

a powerful engine based on NLP and ML techniques for extracting text from EHRs [18], which is 

translated into concepts, synonyms, and definitions using specific terminology based on 

Systematized Nomenclature of Medicine—Clinical Terms (SNOMED-CT) and then, organized and 

converted into a synthetic study database. To assess the quality of the information gathered from 

EHRs, the total number of screened records and patients were analyzed per site according to the main 

data sources and hospital departments or services (dermatology, emergency, and others). These data 

are later aggregated in the study database. The index date was defined as the earliest time point 

within the study period at which CPX 8% HPCH appeared in the unstructured text of the patient’s 

EHRs. The follow-up period was defined as the time elapsed from the index date to the last report 

available in the EHR. A window of 6 months pre- and post-index date was considered to define 

clinical manifestations and the concomitant use of oral antifungal treatment. A window of 12 months 

pre- and 6 months post-index date was considered to assess diagnostic methods and etiological 

pathogens. 

Study variables included demographics and clinical characteristics, diagnostic methods, 

etiological agents, treatment-related variables, including response type and time to positive response, 

treatment synchronicity at index, type of oral antifungal agent (terbinafine, itraconazole, 

fluconazole), treatment persistence, treatment discontinuation, and safety. Response type included 

positive response (including cure), presumed positive (non-confirmed potential improvement 

mentioned in the EHRs, referral to a primary care physician due to treatment effectiveness or free-

text detection of terms associated to healing), partial response, and negative response. Time to 

response was calculated (in months) for positive and presumed positive responses. Treatment 

synchronicity at index defined three study subgroups: i) concomitant start: patients with both earliest 

mentions of CPX 8% HPCH and oral antifungals are at the same time (i.e., index date); ii) initial oral 

antifungal: patients with earliest mention of oral antifungal previous to the index date; and iii) initial 

CPX 8% HPCH: patients with the earliest oral antifungal mention after the index date. Treatment 

persistence was calculated for all the study population accounting the time from the treatment 

initiation until its discontinuation. For the combination treatment, treatment persistence was 

calculated from the date in which the last treatment component was mentioned (either antifungal at 

index or posterior to index, or CPX 8% HPCH at index) until the earliest discontinuation of any of 

them. For oral antifungal treatment, it was calculated as the time from the earliest mention of oral 

antifungal (either previous, at index or posterior to index) until its discontinuation. And, for the CPX 

8% HPCH treatment, it was calculated from the index date (i.e., CPX 8% HPCH earliest mention) 

until its discontinuation. Discontinuation was created using data from the following categories in this 

order: time to cure, time to switch, and time to severe potential AE, and time to treatment stop. 

Additional topical treatment during the follow-up period was also registered. 

2.3. Statistical Analysis 

The sample size was calculated assuming that the total reference population covered by the three 

included sites is approximately 1 million patients and considering a prevalence of onychomycosis of 

4.3% in the general population [1] and a conservative estimate of all-age frequency of moderate-to-

severe disease of 10% [3]. Considering 100% of these patients with moderate-to-severe 
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onychomycosis attending a specialist for treatment in the hospital setting, a total of 4,300 patients 

(95% confidence interval [CI] 1,900 to 6,800) were estimated to be included in the study. Therefore, 

we expected to include around 500 patients treated with CPX 8% HPCH plus an oral antifungal agent 

if the rate of use of the combination therapy exceeds 12% of the hospital population with moderate-

to-severe onychomycosis. Categorical variables are expressed as frequencies and percentages, and 

continuous variables as mean and standard deviation (SD) or median and quartiles (Q1, Q3). The 

frequency of available or missing values are also reported. Outcomes were analyzed as time-to-event 

analysis using the Kaplan-Meier method. Data analysis was carried out using “R” software (v4.0.2) 

(The R Foundation for Statistical Computing, Vienna, Austria). 

3. Results 

3.1. Overall and Clinical Data of the Study Population 

The EHRs from 1,745,399 patients (85,000,009 EHRs in total) were processed from the three 

participating hospitals. A total of 234,473 patients belonged to the dermatology departments, 3,566 

of which had a registered onychomycosis diagnosis. After applying the eligibility criteria and filters 

of antifungal treatment, there were 661 patients aged ≥ 18 years treated with CPX 8% HPCH, and 

61.7% (n = 408) were concomitantly treated with an oral antifungal agent. Therefore, a study 

population of 408 patients treated with CPX 8% HPCH and oral antifungals were selected for the 

study. The most common antifungal agent was terbinafine in 67.7% of patients (n = 276) followed by 

itraconazole in 20.8% (n = 85) and fluconazole in 11.5% (n = 47). Figure 1 shows the flow chart of the 

study population and details of the subgroups according to the type of oral antifungal agent and 

treatment synchronicity. 

 

Figure 1. Flow chart of the study population and subgroups by antifungal agent and treatment 

synchronicity. 

There were 186 men and 222 women (45.6%, and 54.4%, respectively), with a mean (SD) age of 

51.1 (14.8) years. The mean body mass index (BMI) was 27.9 (5.3) kg/m2. Dermatological 

comorbidities included tinea pedis interdigitalis in 12.3% of patients, psoriasis in 5.4%, nail psoriasis 

in 0.7%, and vitiligo in 0.5%. Hypertension and dyslipidemia were also frequent comorbid conditions, 

which were recorded in 17.4% and 14.5% of patients, respectively. In more than half of patients 

(51.7%), no comorbidities were found in the EHRs and risk factors for onychomycosis were not 

registered in 89.7% of patients. Repeated nail trauma and chemotherapy as risk factors for 
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onychomycosis were registered in 7.1% and 2.0% of patients, respectively. Salient features at the 

index date are summarized in Table 1. 

Table 1. Sociodemographic characteristics, comorbidities, and risk factors at the index date. 

Variables Overall patients, n = 408 

Gender, male/female, n (%) 186 (45.6)/222 (54.4) 

Age, years, mean (SD) 51.1 (14.8) 

BMI, kg/m2, mean (SD) 27.9 (5.3) 

Smoking habit, n (%)  

Current smoker 42 (10.3) 

Never and non-smoker 47 (11.5) 

Missing 319 (78.2) 

Alcohol habit, n (%)  

Current alcohol users 4 (1.0) 

Never and non-alcohol users 6 (1.5) 

Missing 398 (97.5) 

Comorbidities, n (%)  

Dermatological   

Tinea pedis interdigitalis 50 (12.3) 

Psoriasis 22 (5.4) 

Nail psoriasis 3 (0.7) 

Vitiligo 2 (0.5) 

Other comorbidities  

Hypertension 71 (17.4) 

Dyslipidemia 59 (14.5) 

Obesity, BMI > 29.9 kg/m2 49 (12.0) 

Diabetes mellitus 36 (8.8) 

Hypothyroidism 21 (5.1) 

Chronic renal disease 13 (3.2) 

Ischemic heart disease 6 (1.5) 

Solid cancer 6 (1.5) 

Without comorbidities 211 (51.7) 

Risk factors for onychomycosis, n (%)  

Repeated nail trauma 29 (7.1) 

Chemotherapy 8 (2.0) 

Hallux valgus 4 (1.0) 

Hyperhidrosis 2 (0.5) 

Renal transplant 1 (0.2) 

Without risk factors 366 (89.7) 

SD: standard deviation, BMI: body mass index. Age at index and gender were examined without a window. All 

other variables were analyzed as the closest value at index with a window of Index [-6mo,]. Body Mass Index 

was calculated from weight and height reports as well as directly extracted from patients EHRs. 

In relation to clinical symptoms, subungual hyperkeratosis was the most frequent (26.2%) 

followed by onycholysis (18.6%). The most common diagnostic methods were fungal culture (56.6%) 

and dermatophyte test strip (13.2%). Among the etiological agents, dermatophytes were the most 

common, especially Trichophyton rubrum (33.8%). Clinical, diagnostic, and etiological data are shown 

in Table 2. 
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Table 2. Clinical characteristics, diagnostic tests, and causative pathogens at the index date. 

Variables Overall patients, n = 408 

Clinical signs and symptoms, n (%)  

Subungual hyperkeratosis 107 (26.2) 

Onycholysis 76 (18.6) 

Nail discoloration 19 (4.7) 

Leukonychia 18 (4.4) 

Dermatophytoma 7 (1.7) 

Without any of the previously described signs and symptoms 229 (56.1) 

Diagnostic method, n (%)  

Fungal culture 231 (56.6) 

Dermatophyte test strip 54 (13.2) 

Skin biopsy 6 (1.5) 

Onychoscopy dermatoscopy 1 (0.2) 

Without any of the previously described diagnostic methods 148 (36.3) 

Causative pathogens, n (%)  

Dermatophytes  

Trichophyton rubrum 138 (33.8) 

Trichophyton interdigitale mentagrophytes 10 (2.5) 

Trichophyton tonsurans 4 (1.0) 

Epidermophyton floccosum 1 (0.2) 

Yeasts  

Candida albicans 8 (2.0) 

Candida parapsilosis 6 (1.5) 

Trichosporon spp. 2 (0.5) 

Scopulariopsis brevicaulis 1 (0.2) 

Moulds  

Aspergillus spp. 6 (1.5) 

Acremonium 5 (1.2) 

Fusarium spp. 3 (0.7) 

Alternaria alternate 2 (0.5) 

Non-pathogen reported 232 (56.9) 

The presence of each variable was analyzed at index. For clinical signs and symptoms, the time window ranged 

from -6 months to +6 months around the index date, while for diagnostic methods and causative pathogens, the 

time window ranged from -12 months to +6months around the index date. 

3.2. Response Type and Time to Response 

The response type and time to response according to treatment synchronicity is shown in Table 

3. The median time to positive response was 4.38 months in the overall study population, with the 

shortest median time (1.84 months) in the subgroup of patients who started oral antifungal therapy 

before topical use of CPX 8% HPCH nail lacquer (initial oral antifungal subgroup). This subgroup 

also showed a higher rate of presumed positive and positive response (84.2%) as compared with the 

subgroups of concomitant start of combined therapy (70.9%) and initial CPX 8% HPCH (77.4%). 
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Table 3. Response and time to response in the study population according to synchronicity of 

combined treatment. 

Response 

Synchronicity of treatment 

Overall patients 

(n = 408) 

Concomitant start of oral 

antifungals and CPX 8% HPCH 

(n = 241) 

Initial oral 

antifungal 

(n = 114) 

Initial CPX 8% 

HPCH 

(n = 53) 

Response type, n (%)     

   Positive 36 (14.9) 19 (16.7) 9 (17.0) 64 (15.7) 

   Presumed positive 135 (56.0) 77 (67.5) 32 (60.4) 244 (59.8) 

   Partial 2 (0.8) 2 (1.8) 0 (0.0) 4 (1.0) 

   Negative 2 (0.8) 0 (0.0) 0 (0.0) 2 (0.5) 

   Missing 66 (27.4) 16 (14.0) 12 (22.6) 94 (23.0) 

Time to response, months, median 

(Q1, Q3)* 
4.11 (1.30, 6.07) 1.84 (0.00, 5.56) 7.02 (5.93, 8.07) 4.38 (0.72, 6.72) 

SD: standard deviation. The presence of each variable was analyzed over the study period (from the index date 

to end of follow-up). Positive response referred to terms related with positive response as well as with cure. 

“Presumed positive” response refers to a non-confirmed response, inferred as potential improvement of the 

disease given these patients were referred to Primary Care Physicians for follow-up. * Time to response was 

calculated only for positive responses. 

In relation to time to response according to the use of different antifungals in the combination 

therapy with CPX 8% HPCH including terbinafine, itraconazole and fluconazole, the median time 

was superior to 4 months in the three subgroups (Table 4). The percentage of patients with positive 

and presumed positive responses were 85.1%, 81.2%, and 72.1% in those treated with fluconazole, 

itraconazole, and terbinafine, respectively (Table 4). 

Table 4. Response to treatment and time to response according to the type of oral antifungal. 

Response 

Terbinafine + 

CPX 8% HPCH  

(n = 276) 

Itraconazole + 

CPX 8% HPCH  

(n = 85) 

Fluconazole + 

CPX 8% HPCH  

(n = 47) 

Response type, n (%)    

   Positive 41 (14.9) 17 (20.0) 6 (12.8) 

   Presumed positive 158 (57.2) 52 (61.2) 34 (72.3) 

   Partial 3 (1.1) 1 (1.2) 0 (0.0) 

   Negative 2 (0.7) 0 (0.0) 0 (0.0) 

   Missing 72 (26.1) 15 (17.6) 7 (14.9) 

Time to response, months, median (Q1, Q3)* 4.13 (1.57, 6.62) 4.62 (0.00, 5.97) 4.57 (1.81, 6.72) 

SD: standard deviation. The presence of each variable was analyzed over the study period (from the index date 

to end of follow-up). Positive response referred to terms related with positive response as well as with cure. 

“Presumed positive” response refers to a non-confirmed response, inferred as potential improvement of the 

disease given these patients were referred to Primary Care Physicians for follow-up. * Time to response was 

calculated only for positive responses. 

The median time to positive response was 5.08 months for the combination of CPX 8% HPCH 

and oral antifungals in patients who registered a positive response (including cure) within the study 

period (Figure 2). 
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Figure 2. Time to positive response in patients who registered positive response within the study 

period for the combination of oral antifungal agents and CPX 8% HPCH nail lacquer. Note that due 

to curve stabilization, X-axis was truncated at 30 months. Only patients with an event (positive 

response) occurring after the index date were included. Accordingly, 13 patients were excluded. 

Patients were censored at CPX 8% HPCH discontinuation or end of follow-up. Dotted line marks 5.08 

months which is the median time to response for patients included in this figure. 

3.3. Treatment Persistence 

Treatment persistence for CPX 8% HPCH, oral antifungal agents, and combined treatment are 

shown in Table 5. The median (Q1, Q3) treatment persistence for the treatment combination, for oral 

antifungal agents, and for CPX 8% HPCH was 2.72 (0.95, 4.72), 2.93 (1.38, 6.07), and 4.98 (1.48, 6.77) 

months, respectively. 

Table 5. Treatment persistence of combination therapy and of each treatment component (oral 

antifungal and CPX 8% HPCH) in the overall study population. 

Treatment, n = 408 n (%) Median (Q1, Q3) 

Combined treatment persistence, months* 54 (13.2) 2.72 (0.95, 4.72) 

Time to cure with combined treatment 25 (6.1) 4.62 (1.38, 6.07) 

Time to oral antifungal switch 12 (2.9) 0.79 (0.00, 2.70) 

Time to oral antifungal severe potential AE 13 (3.2) 1.74 (1.54, 2.98) 

Time to oral antifungal stop 3 (0.7) 3.44 (2.61, 3.56) 

Time to CPX 8% HPCH stop 1 (0.2) NA 

Oral antifungal treatment persistence, months** 53 (13.0) 2.93 (1.38, 6.07) 

Time to cure 25 (6.1) 5.97 (1.57, 7.51) 

Time to switch 12 (2.9) 2.15 (0.00, 3.52) 

Time to severe potential AE 13 (3.2) 2.56 (1.64, 3.51) 

Time to stop 3 (0.7) 3.44 (2.61, 3.56) 

CPX 8% HPCH treatment persistence, months*** 27 (6.6) 4.98 (1.48, 6.77) 

Time to cure 25 (6.1) 4.75 (1.38, 6.62) 

Time to stop 2 (0.5) 6.10 (5.69, 6.51) 

*Calculated from 54 patients with available data from the date in which the last treatment component was 

mentioned until the earliest discontinuation of any of them due to cure, switch, severe potential AE or stop. 

**Calculated from 53 patients with available data from the earliest mention of oral antifungal (either previous, 

at index or posterior to index) until mention of cure, stop, switch, or severe potential AE. ***Calculated from 27 

patients with available data from the index date until cure or stop (switch and severe potential AE were not 

detected). Severe potential adverse event (AE) includes “Liver failure”, “Thrombocytopenia”, “Neutropenia”, 

“Leukopenia”, “Pancreatitis”, “Rhabdomyolysis”, “Allergic reaction”, Anaphylaxis”, “Cardiac arrhythmia” and 
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“Hepatotoxicity”. NA: not applicable. “Cure, Switch, and Stop” categories were created using data directly 

extracted from EHRs. 

Time to discontinuation (in months) of onychomycosis combination treatment (CPX 8% HPCH 

and oral antifungal) in all study population is shown in Figure 3 and in patients with registered 

positive response in Figure 4. The probability of discontinuation reached 0.13 at the 24-month point 

for the study population (Figure 3). The median time to discontinuation in patients with registered 

positive response was 3.21 months (Figure 4). 

 

Figure 3. Time to CPX 8% HPCH and oral antifungal combination discontinuation in the overall study 

population. X-axis truncated at 24 months due to curve stabilization and Y-axis truncated at 0.13 given 

no events appears beyond this point. Only patients with a discontinuation or censoring occurring 

after the index date were included. Accordingly, 26 patients were excluded. Patients were censored 

at end of follow-up. 

 

Figure 4. Time to CPX 8% HPCH and oral antifungal combination discontinuation in patients with 

registered positive response. Note that due to curve stabilization, X-axis was truncated at 18 months. 

Only patients with a discontinuation or censoring occurring after the index date were included. 

Accordingly, 9 patients were excluded. Patients were censored at the end of follow-up. Dotted line 

marks 3.21 months which is the median time to discontinuation for patients included in this figure. 
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3.4. Adverse Events 

Potential AEs reported in the EHRs during the study period in the overall study population and 

in the subgroups of patients according to the oral antifungal agent combined with CPX 8% HPCH is 

shown in Table 6. The most frequent AEs were erythema (5.6%), diarrhea (4.9%), and fever (4.2%), 

although the occurrence of AEs was similar in the different subgroups of oral antifungal agents. 

Table 6. Adverse events recorded during the study in the overall study population and in the 

subgroups of CPX 8% HPCH combined with each oral antifungal agent. 

Potential adverse event 

Terbinafine + 

CPX 8% HPCH  

(n = 276) 

Itraconazole + 

CPX 8% HPCH (n = 

85) 

Fluconazole + 

CPX 8% HPCH  

(n = 47) 

Overall 

patients 

(n = 408) 

Cutaneous, n (%)     

Erythema 13 (4.7) 6 (7.1) 4 (8.5) 23 (5.6) 

Itching 11 (4.0) 0 (0.0) 1 (2.1) 12 (2.9) 

Rash 7 (2.5) 0 (0.0) 0 (0.0) 7 (1.7) 

Eczema 6 (2.2) 1 (1.2) 0 (0.0) 7 (1.7) 

Irritation 4 (1.4) 1 (1.2) 1 (2.1) 6 (1.5) 

Swelling 4 (1.4) 1 (1.2) 0 (0.0) 5 (1.2) 

Blistering 3 (1.1) 0 (0.0) 0 (0.0) 3 (0.7) 

Alopecia 0 (0.0) 1 (1.2) 0 (0.0) 1 (0.2) 

Non-cutaneous, n (%)     

Potentially severe*     

Liver failure 3 (1.1) 3 (3.5) 0 (0.0) 6 (1.5) 

Thrombocytopenia 2 (0.7) 1 (1.2) 1 (1.2) 4 (1.0) 

Neutropenia 1 (0.4) 0 (0.0) 1 (1.2) 2 (0.5) 

Pancreatitis 1 (0.4) 1 (1.2) 0 (0.0) 2 (0.5) 

Rhabdomyolysis 1 (0.4) 1 (1.2) 0 (0.0) 2 (0.5) 

Allergic reaction anaphylaxis 0 (0.0) 0 (0.0) 1 (2.1) 1 (2.1) 

Cardiac arrhythmia 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.2) 

Leukopenia 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.2) 

Potentially mild to moderate*     

Diarrhea 12 (4.3) 5 (5.9) 3 (6.4) 20 (4.9) 

Fever 13 (4.7) 3 (3.5) 1 (2.1) 17 (4.2) 

Asthenia 12 (4.3) 1 (1.2) 3 (6.4) 16 (3.9) 

Headache 7 (2.5) 7 (8.2) 2 (4.3) 16 (3.9) 

Nausea 11 (4.0) 3 (3.5) 1 (2.1) 15 (3.7) 

High blood pressure 10 (3.6) 1 (1.2) 1 (2.1) 12 (2.9) 

Constipation 6 (2.2) 1 (1.2) 1 (2.1) 8 (2.0) 

Vomiting 3 (1.1) 4 (4.7) 0 (0.0) 7 (1.7) 

Arthralgia 3 (1.1) 2 (2.4) 0 (0.0) 5 (1.2) 

Dyspepsia 5 (1.8) 0 (0.0) 0 (0.0) 5 (1.2) 

Anorexia 2 (0.7) 0 (0.0) 2 (4.3) 4 (1.0) 

Peripheral edema 1 (0.4) 1 (1.2) 1 (2.1) 3 (0.7) 

The presence of each variable was analyzed over the study period (from the index date to end of follow-up). To 

infer association with the onychomycosis treatment, the AE were retrieved at a maximum of 6 months from the 

first treatment mention. The variables “Hepatotoxicity”, “Agranulocytosis”, “Allergic dermatitis”, “Burning”, 

“Discoloration of nail”, “Erythema multiforme”, “Myalgia”, “Nail growth abnormal”, “Nail pain”, “Peripheral 

neuropathy”, “Petechiae”, “Seizures”, “Stevens Johnson syndrome”, “Toxic epidermal necrolysis” and “Tumour 

lysis syndrome” were not found on the EHRs and thus are not represented in the Table. *No data about severity 

was directly collected from EHR. 
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3.5. Additional Topical Treatments 

A small percentage of patients received additional topical treatments during the study period, 

including topical amorolfine in 9.1% (n = 37), laser therapy in 4.9% (n = 20), topical miconazole in 

4.4% (n = 18), topical ketoconazole in 1% (n = 4), topical clotrimazole in 0.7% (n = 3), and 

photodynamic therapy in 0.2% (n = 1). 

4. Discussion 

The present study provides real-world evidence of the management of patients diagnosed with 

onychomycosis in daily practice conditions. A key finding of the study was that treatment 

combinations of CPX 8% HPCH with terbinafine, itraconazole, and fluconazole were commonly used 

in our clinical practice setting, which is consistent with data of other studies indicating that the 

association of antifungal agents to topical therapy may be useful to accelerate the clinical and 

microbiological healing of superficial dermatophytes infections [19]. 

When contextualizing our results within the framework of previously described literature 

findings, it is crucial to emphasize the distinctions between the research product utilized in the 

current study (CPX 8% HPCH nail lacquer) and the ciclopirox 8% employed in other studies. In this 

regard, the addition of HPCH, a water-soluble biopolymer, has shown to improve the efficacy of 

ciclopirox nail lacquer as shown in a multicenter, randomized, three-arm, placebo-controlled study 

of 467 patients [19]. While brief evidence exists regarding combination of ciclopirox 8% with 

terbinafine [16,20,21], no previous studies have evaluated the combinations of ciclopirox 8% with 

other oral antifungals. In a clinical series of 8 patients randomly assigned to oral terbinafine 250 

mg/day for 16 weeks or a combination of oral terbinafine 250 mg/day for 16 weeks and topical 

ciclopirox nail lacquer once daily for 9 months, the mycological cure rates were 64.7% for terbinafine 

monotherapy vs. 88.2% for the combined therapy [16]. In a multicenter randomized pilot study of 73 

patients with moderate to severe toenail onychomycosis, mycological cure was observed in 70.4% of 

patients treated with the combination of ciclopirox 8% nail lacquer topical solution and terbinafine 

250 mg/day and in 56% of patients treated with oral terbinafine alone [20]. However, in an open 

randomized comparative study of 96 patients, a small difference in mycological cure rates was found 

between oral terbinafine pulse therapy in combination with topical ciclopirox olamine 8% (cure rate 

83.3%) and terbinafine pulse therapy as monotherapy (cure rate 82.6%) [21]. Although all these results 

showed higher mycological cure rates in patients treated with the combination therapy, results are 

conflicting due to methodological differences among the three studies [22]. 

As far as we are aware, this is the first study describing the use of ciclopirox 8% HPCH combined 

with three different oral antifungals in a large study population of 408 patients with onychomycosis. 

The present results show that the response rates as reported by clinicians in EHRs were similar across 

the combinations of CPX 8% HPCH with terbinafine, itraconazole and fluconazole, with an overall 

positive response of 15.7%, although we also found that 59.8% of patients had a presumed positive 

response non-confirmed but registered in their clinical records. When positive and presumed positive 

responses were considered, the overall response rate was 75.5%. This percentage is in line with the 

high variability of response rates reported by Falotico et al. in a recently published systematic review 

[10]. The authors reported that cure percentages for the combination of oral terbinafine plus 

ciclopirox (non-HPCH) range from 33% to 83.3% depending on the treatment protocol, time to event 

and type of endpoints assessed, such as mycological cure, clinical cure or clinical improvement, 

among others. In our study, the median time to positive response was 4.4 months. Interestingly, a 

similar trend of response was observed when stratified by treatment synchronicity (concomitant 

start, initial oral antifungal, and initial CPX 8% HPCH), and by type of antifungal agent (terbinafine, 

itraconazole, and fluconazole). This observation facilitates flexibility in the use of combined treatment 

with CPX 8% HPCH and systemic antifungals in daily practice. 

In this study, treatment persistence was calculated for the combination therapy and for each 

treatment component, reporting median times of 2.72, 2.93, and 4.98 months for the combination 

therapy, oral antifungal, and CPX 8% HPCH, respectively. In parallel, analysis of time to CPX 8% 

HPCH + oral antifungal combination discontinuation in patients with a registered positive response 
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showed that the median time to discontinuation was 3.21 months and that almost all patients 

discontinued the treatment at the time point of 18 months. 

Another interesting finding was the very small percentage of patients in which additional topical 

treatment was recorded during the follow-up period, with laser therapy and photodynamic therapy 

being used by only 4.9% and 0.2% of the patients, which may indirectly support the effectiveness of 

CPX 8% HPCH nail lacquer associated with oral antifungal treatment for the management of 

onychomycosis. 

The treatment schedule of CPX 8% HPCH combined with oral antifungals was well tolerated 

and safe, with erythema (5.6%), diarrhea (4.9%) and fever (4.2%) as the most frequently registered 

potential AEs. The interpretation of AEs is limited by the fact that symptoms caused by CPX 8% 

HPCH from those attributable to treatment with oral antifungals cannot be differentiated. 

Retrospective analysis of AEs with topical onychomycosis medications reported to the United States 

Food and Drug Administration showed that drug ineffectiveness was the most common AE 

associated with ciclopirox 8% solution [23], whereas taste disturbance (terbinafine) and drug 

interactions (itraconazole and fluconazole) were the most frequent AEs associated with systemic 

onychomycosis medications [24]. 

The use of artificial intelligence (AI) related tools for extracting data from EHRs is a novel 

approach for the assessment of the clinical management of medical conditions in the real-world 

setting. The extent to which clinicians accurately described the patients’ conditions and clinical status 

in their medical records and the extension of missing reports is a limitation for this type of studies. 

In addition, the study population included only patients attended at hospital level, limiting the 

generalization of the results to other settings. However, the multicenter approach and the EHRead® 

technical resource optimizes the analysis of a representative characterization of patients with 

onychomycosis and their medical care in daily practice. 

5. Conclusions 

This study offers a comprehensive overview of onychomycosis patients in a real-world hospital 

setting, describing effectiveness and safety profile of a product containing ciclopirox 8% formulated 

with HPCH in combination with oral terbinafine, itraconazole and fluconazole. Our results 

corroborate that CPX 8% HPCH combination with terbinafine is the most common association 

prescribed, being either itraconazole or fluconazole combinations similarly used. Singularly, we do 

not observe differences in response rates or in time to response according to oral antifungal or 

treatment synchronicity, being frequency of response rates analogous to those previously published. 

In addition, no threatening AEs were detected, highlighting the safety profile of the combinations 

studied. The large study population and the robustness of data extracted from EHRs and analyzed 

using AI-related tools provides evidence of the benefit of combined treatment, which is clinically 

relevant for the management of patients with onychomycosis in daily practice. 
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