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1. Introduction  

1.1 Basal cell carcinoma 

1.1.1 Epidemiology 

 

Basal cell carcinoma (BCC) is the most common malignancy in the fair-skinned 

population, however associated mortality is very low and metastasis is an extreme rarity 

(1, 2). It has a lifetime prevalence of 20–30% (1)and the likelihood of developing BCC is 

higher at older ages. Sunburn damage during childhood and intermittent UV radiation 

altogether play a primary role in its development (1, 3).  The incidence of BCC, and with 

it the cost burden on the health care system is increasing (3). Presumably BCCs are often 

not adequately registered in national cancer registries, due to the lack of specific 

International Statistical Classification of Diseases (ICD) code, hence their incidence is 

most likely underestimated (3). 

  

1.1.2 Genetic background 

 

Genetic mutations in a hereditary syndrome, nevoid basal cell carcinoma syndrome 

(NBCCS), also known as Gorlin-Goltz syndrome, predispose to the formation of BCCs 

(4-7). In NBCCS Patched 1 (PTCH1) gene alterations are the most common, but changes 

in Smoothened (SMO) and the Suppressor of Fused (SUFU) genes have also been 

identified. These mutations lead to the development of classic Gorlin-Goltz syndrome, 

with multiple BCCs, that emphasises the role of sonic hedgehog (SHh) pathway related 

changes in the genetic background of BCCs (6, 8, 9). The Patched protein (Ptc), encoded 

by the PTCH1 gene, is a transmembrane receptor of the hedgehod (Hh) ligands with a 

tumor suppressor effect. It acts as a repressor of Smoothened (Smo) protein, which is a 

7-pass transmembrane receptor. SMO has been shown to have a role as an oncogene in 

the development of basal cell carcinoma, medulloblastoma, and prostate cancer (10, 11).  

As a result of the presence of Hh, Smo is released from the repression of Ptc, and – as a 

consequence - the signal transduction pathway becomes activated. In NBCCS the result 

of the loss-of-function mutation in PTCH1 can interfere with the inhibition of Smo, which 

leads to an upregulated and constant activation of transcription of target oncogenes (6, 7, 

12). In other reported cases the gain of function mutations in SMO gene leads to the 
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unregulated activation of the Hh pathway (9, 13, 14). In NBCCS due to the constant 

activation of the Hh pathway multiple or extensive locally advanced BCCs develop. 

 

1.1.3 Traditional therapies for basal cell carcinoma 

 

Surgical excision is the gold standard method to treat BCCs with a high curative rate of 

approximately 95% (15, 16). It also gives a favourable cosmetic outcome in the vast 

majority of patients. In a number of cases, as in locally advanced BCCs (laBCC) and 

certain subtypes, other treatment modalities are preferred. For large tumors and those 

which show aggressive histological features Mohs micrographic surgery (MMS) is the 

gold standard (15). Radiotherapy can be an alternative choice for patients when surgery 

is contraindicated, though it is now being chosen less commonly (15, 16). It is known that 

radiotherapy can promote tumor formation thus in NBCCS it is not recommended (17).  

In cases of low-risk lesions techniques as cryosurgery, photodynamic therapy, ablative 

laser, curettage or imiquimod cream are also applicable (15, 16, 18). 

 

1.1.4 Non-surgical modern systemic therapy for basal cell carcinoma 

 

Most BCC’s are relatively harmless, yet there are extensive forms of laBCCs and cases 

of metastatic BCCs (mBCC) that are incurable with surgery or radiotherapy, or only 

through severe aesthetic and / or functional loss. The US Food and Drug Administration 

(FDA) approved the Smoothened (Smo) inhibitor drug vismodegib (Erivedge, Genentech 

/ Roche) in 2012, as a novel treatment option for the treatment of cases which are 

incurable with surgery or radiotherapy (19). The European Medicines Agency (EMA) 

followed FDA in 2013 (19). The mechanism of action and the Hh pathway itself is 

described in Fig. 1.  

Sonidegib (Odomzo, Novartis), as another Smo inhibitor got the permission by the FDA 

and EMA in 2015 (20). Nowadays Smo inhibitor vismodegib is considered to be the first-

line treatment (21, 22) for selected cases. These are tumors that are irresectable, or the 

removal would cause severe aesthetic deformity and loss of function. Additionally, 

vismodegib can be the optimal choice of treatment in NBCCS when large number of 

lesions would require extensive and repeated operations (21). In the ERIVANCE study 
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vismodegib showed remarkable response rates for laBCCs. The objective response rate 

(ORR) was 60.3%, including 31.5% complete response (CR) and a significant 28.4% 

partial response (PR) rate (21).  

Despite the impressive efficacy of vismodegib one cannot underestimate the high rate of 

the severe drug-related adverse events (AEs)(21). Vismodegib can cause side-effects as 

muscle spasms, fatigue, universal alopecia, dysgeusia, loss of appetite and weight loss.  

 

 

Figure 1. The representation of the mechanism of action of vismodegib together with the Hh pathway. In 

case of normal function, without Hh ligand Smo is suppressed by PTCH. Smo can be released from 

inhibition with the binding of Hh ligand to PTCH. HH pathway is inactive in most organs during adulthood, 

it still has a remarkable role in the maintenance of selective tissues (14). (A) In NBCCS, the mutation of 

Ptc leads to the inability to inhibit Smo, consequently upregulate Hh genes and further cause the formation 

of multiple BCCs (6). (B) Vismodegib is a Smo-inhibitor agent that binds to Smo, suppress its function and 

subsequently inhibit tumorigenesis of BCC. This effect is also responsible for the development of side 

effects (14). 

 

To date, the exact pathomechanism that explains muscle cramps is not understood. The 

skeletal muscle cell differentiation, proliferation and survival are affected by the Hh 

pathway (23). Nevertheless, according to other reports, vismodegib presumably  activates 

the cell membrane calcium channels, which leads to muscle spasms (24). Conversely, it 

is well established that the role of the Hh pathway in hair follicles and the taste papilla 
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results in AEs such as alopecia and dysgeusia, respectively (25). When the regular 

function of Hh pathway in follicular growth regulation and the switch from telogen to 

anagen phase is hampered, this consequently leads to alopecia. Consistent with this 

phenomenon, it was presumed that a Hh pathway agonist can induce hair growth in mice 

(26). Regarding dysgeusia the inhibition of glioma associated oncogene (GLI) 

transcriptional activity, caused by the disruption of the Hh signalling, leads to taste 

dysfunction. The GLI activity is crucial for continuous replacement of the taste papilla 

and taste bud cells, which is a necessity for the adequate tasting function (27). As the 

innervation of the tasting cells remains intact, after the discontinuation of the vismodegib, 

the tasting function regains its original activity (25). It must be emphasized that Smo-

inhibitors, among vismodegib, are embryo- and fetotoxic with teratogenic effects due to 

the inhibition of the Hh pathway. Therefore, it is strictly forbidden to administer 

vismodegib during pregnancy. Though BCCs develop mostly in older age, in cases of 

female NBCCS patients it could be a significant issue (25, 28).  

These drug-related AEs could severely impair the quality of life (QOL) and may result in 

the discontinuation of the therapy in a significant proportion of patients (2, 21). In the 

ERIVANCE trial, a remarkably high percentage, 17% of patients decided to discontinue 

the Smo-inhibitor therapy due to AEs (19). As the suspension of a drug could lead to the 

development of secondary resistance it is vital in oncology to avoid discontinuation of a 

treatment due to AEs. In addition, both primary and secondary drug-resistance to 

vismodegib have been reported and these were explained  multiple pathways. Mutations 

of the Smo or the upregulation of the downstream signalling or other selective pathways, 

as e.g. PI3 kinase, can all contribute to the loss of the therapeutic effect (29-31). 

 

Switching to sonidegib, as the other FDA approved Smo-inhibitor, usually does not 

provide a solution in such cases of secondary resistance. Nowadays, off-label use of PD1 

inhibitors are increasingly popular as alternatives for Smo-inhibitor resistant laBCCs 

(32). However, we must emphasize that frequently anti-PD1 drugs cannot be chosen due 

to comorbidities. Resistance to anti-PD1 drugs may also develop in certain BCCs. Also, 

as anti PD-1 therapies have a substantial cost, their use may be limited for financial 

reasons. For such patients there is a need to find further therapeutic options, either alone 

or as an adjuvant therapy with minimal side-effects. 
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1.2 Ascorbic acid 

 

Ascorbic acid (ascorbate, vitamin C), first isolated and discovered by the Hungarian 

Nobel-prize laureate Albert Szent-Györgyi, is an essential vitamin most well-known for 

its potent antioxidant properties (33).  

 

1.2.1 Pro-oxidant effects of ascorbic acid 

 

In addition to its antioxidant effects, studies have also shown that high-dose ascorbate 

have a cytotoxic effect on cancer cells (33). It has been postulated that for this pro-oxidant 

property, ascorbate can exert antitumor effects in vivo. In high intra- and extracellular 

concentration it can achieve the reduction of metal ions, such as copper or iron (34, 35). 

This subsequently leads to the generation of superoxide, hydrogen peroxide (H2O2) and 

hydroxyl radical (HO∙) during the Fenton reaction, although the exact cytotoxic 

mechanism is still not well understood. The basis of the process is the Fenton reaction, 

where ferric iron (Fe3+) is produced, and then ferric iron can be reduced back to Fe2+ 

(Fig.2) (34).  

The potential use of ascorbate as an active ingredient, is not just limited to the field of 

oncology, but it can also be considered a drug of use for treating infectious diseases as 

several studies revealed its anti-infective abilities (36-38). Brajtburg et al. showed that 

ascorbate, as an adjuvant therapy, boosted the cytotoxic effects of amphotericin B on 

Cryptococcus neoformans and Candida albicans (C. albicans) cells (38). A separate 

study demonstrated in an in vivo mouse model that a combination of low-dose 

amphotericin B and high concentrations of ascorbate was effective against recurrent 

candidemia sepsis (39). 
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Figure 2. Ferric iron (Fe3+) can be reduced by ascorbate monoanion (AscH-), which is a one-electron 

reducing agent, to ferrous (Fe2+) iron. This also produce ascorbate radical (Asc-∙). The ferrous (Fe2+) iron 

formed via this way, added to the present free Fe2 reacts with O2 reducing it to superoxide radical (O2
-∙). It 

further results in the formation of ferric iron (Fe3+). Afterward O2
-undergoes dismutation that generate H2O2 

and O2. The H2O2 formed via this reaction reacts with the Fe2+. In the Fenton reaction it further generates 

Fe3+ and hydroxyl radical (HO∙). In the presence of ascorbic acid the recycling mechanism of Fe3+ back to 

Fe2+ is possible, which in turn let the cycle to continue (40) (with permission) 

 

1.2.2 High-dose intravenous ascorbic acid therapy 

 

In the last decades a growing body of evidence, based mainly on case series, has become 

available of the possible beneficial use of high dose intravenous ascorbic acid (IVA), 

however the exact level of the therapeutic effect is still ambiguous (41). According to 

those case series the IVA treatment can give a favourable therapeutic effect in a variety 

of malignancies, such as pancreas, prostate, colon and ovarian cancers (42-44). At our 

department, Holló and colleagues previously published a study, that showed therapeutic 

effect of topically applied ascorbic acid solution for BCC lesions (45). With the condition 

that the patients are selected properly, IVA may have an additional advantage with its 

modest side effects profile, compared to agents, such as chemotherapeutics, Smo-

inhibitors or immunotherapies (46-48). However, at the time there were no studies to 

address the effects of high-dose I.V. ascorbic acid on BCCs. 
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2. Objectives  

2.1 Project I.  

 

Our aim was to evaluate the outcome of vismodegib therapy in our patients and to 

compare it with the literature. We reviewed the efficacy of vismodegib by evaluating CR, 

PR and ORR. We assessed the efficacy of vismodegib therapy on patients with or without 

comorbidities, the latter included any malignancies. Our additional goal was to evaluate 

whether vismodegib had any effect on these co-existing malignancies. After classifying 

and grading side effects associated with vismodegib treatment we aimed to compare our 

results with those in the literature. We also aimed to evaluate the efficacy of management 

options that can be utilized to alleviate or eliminate side effects of vismodegib. In 

addition, we attempted to assess whether unwanted and unsupervised discontinuation of 

vismodegib, due to unbearable side effects, had an influence on the development of 

secondary resistance. Lastly, we tried to compare if there is any difference between non-

NBCCS and NBCCS patients in terms of development of drug resistance. 

 

2.2 Project II.  

 

Given that topically applied ascorbic acid showed efficacy on BCC, we set out to evaluate 

whether high-dose IVA therapy is effective either as a monotherapy or as an adjuvant 

therapy for BCC’s which are otherwise uncurable. We assessed the efficacy of high-dose 

IVA and compared it to the results of the Smo-inhibitor vismodegib treatment.  We 

examined whether high-dose IVA can be administered for long periods of time and in the 

presence of comorbidities. Furthermore, we assessed the mean and highest dose that could 

be administered via a peripheral vein or through a Port-A-Cath device. The side effect 

profile of high-dose IVA was also analysed and matched with that of Smo-inhibitor 

vismodegib. 

 

2.3 Project III.  

We aimed to test whether ascorbate, through its pro-oxidant properties can effectively kill 

C. albicans in vitro. As the mitochondrial respiration is a prerequisite for the formation 

of reactive oxygen species (ROS), we proposed that the electron transport chain (ETC) 
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might play a crucial role when ascorbate exerts its cytotoxic effect. We have assumed that 

the inhibition of the mitochondrial respiration either impairs the killing potential of 

ascorbate, or on the contrary it potentiates its toxic effect through the enhanced production 

of H2O2 (49). We evaluated the final effect of the inhibition of ETC with the usage of 

antimycin A. We also aimed to assess the effect that the concentration of Fe2+ can exert 

on the killing potential of ascorbate. 
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3. Materials and Methods 

3.1 Project I.  

 

Data collection 

In this project clinical data of 11 laBCC patients were analysed retrospectively. Patients 

with or without NBCCS were included. They were all treated in our department with 

vismodegib between March 2013 and September 2017. The therapeutic effect was 

evaluated by monitoring the following parameters: diameter of the largest tumor, sum of 

the diameter of the lesions and number of tumors. Side effects were registered and graded, 

and we also gathered information on  data of the therapeutic options to relieve or alleviate 

them. We gathered all data for efficacy and side effects from the medical documentation. 

Clinical photographs have been also taken regularly.  

Statistical analysis 

We performed statistical analyses using Graphpad Prism version 7.00 (Graphpad 

Software Inc, CA, USA). Data was tested using the Student’s t-test and Kaplan-Meier 

analysis as suitable. Graphs display arithmetic means and error bars represent standard 

deviations (SD). The statistically significant value of p was considered <0.05. 

 

3.2 Project II.  

 

Design, eligibility criteria and patient enrolment 

The high-dose IVA clinical trial was conducted at our department, the Department of 

Dermatology, Venereology and Dermatooncology, Semmelweis University, as a single 

center trial. The Regional Committee of National Science and Research Ethics (TUKEB 

80/2010) and the National Institute for Quality- and Organizational Development in 

Healthcare and Medicines (39.798/56/09) approved the off-label use of ascorbate. We 

performed the study in accordance with the ethical standards by the Declaration of 

Helsinki, its further amendments or comparable ethical standards. Patients, who met the 

inclusion and exclusion criteria (Table 1.), were considered eligible and recruited for 

high-dose IVA therapy.  All patients in the study group were diagnosed with laBCCs, 

they were not suitable for surgical excision or radiation, and at the time of the study no 

other treatment option, including vismodegib were available. The subjects could be 
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selected for the study regardless their NBCCS status. All patients gave their informed 

consent to the study. 

 

Table 1.: Inclusion and exclusion criteria 

 

 

Treatment protocol 

We administered 1.8 g/kg body weight IVA per each infusion with doses ranging from 

75 to 175 g. After a four-week dose escalation cycle it was administered three times a 

week according to previous studies (47). Occasionally, due to other medical conditions 

unrelated to IVA therapy, we had to suspend treatments temporarily. These periods were 

later compensated by increased frequency of treatment in the following weeks. To safely 

administer the highly concentrated solution of ascorbate a Port-A-Cath device was used, 

as high osmotic effect might harm peripheral veins.  

The high-dose IVA infusions were formulated from concentrated ascorbate solutions at 

the Department of Pharmacology of the Semmelweis University. Each vial of 50 ml 

consisted of 25 g ascorbic acid (500 mg/ml) buffered to pH 5,5-7, as described before 

(47). These vials were diluted in 1000 ml Ringer’s lactate infusion and then carefully 

administered for 3 hours. Due to the photosensitivity of ascorbate, it was necessary to 

protect infusions from light during administration. 

 

Inclusion criteria Exclusion criteria

Histologically confirmed locally advanced BCC G6PHD enzyme deficiency

≥18 years of age History of chronic heart failure

Patient not amenable to radiation, surgical or other

available therapies
History of renal disease, evidence of kidney stones

Patient denied radiation, surgical or other available 

therapies that would lead to severe dysfunction

and/or disfiguration

History of liver disease

Patient did not receive any treatment for BCC ≥4

weeks prior to IVA therapy
Other malignancies

ECOG status <= 2 Pregnancy or lactation

Normal renal function, GFR  ≥60ml/min, serum 

creatinine level <120 µmol/l

Normal liver function, total serum bilirubin ≤ 15

mg/L; AST <45U/L, ALT <55 U/L
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Evaluation of study outcome 

For each patient at the baseline evaluation we chose one to six target lesions to monitor 

them monthly using digital photography and image analysis. Imaging techniques, as 

magnetic resonance imaging (MRI) and computer tomography (CT) scan were obtained, 

if needed, to give further data of changes in tumor volumes. So that to assess the response 

to the therapy, we adapted guidelines of the Response Evaluation Criteria in Solid Tumors 

(RECIST v.1.1) (50). The disappearance of all lesions was declared as complete response. 

Partial response was referred to the >30% value of decrease in sum of all longest 

diameters of lesions monitored. Development of a new tumor and/or an unequivocal 

escalation in overall disease status were defined as progressive disease (PD). At least 20% 

increase in sum of all longest diameter of target lesions was also specified as PD. Cases 

where the decrease in the sum of all longest diameters did not qualify for CR or PR, nor 

the criteria of PD is fulfilled we determined to stable disease (SD). We utilized Digimizer 

image analysis software v. 4.3 (MedCalc Software, Ostend, Belgium) to measure the 

longest diameter of each target lesion. The sum of the longest diameter of all target lesions 

from a patient gave the value of the cumulative target lesion size. The mean lesion size 

of all target lesions in each patient were also determined.  

Histopathological examinations 

Before the beginning and after IVA treatment tumor biopsy samples were collected in 

case of patient 1 and 2. In case of patient 3 and 4 an initial biopsy was obtained before 

treatment, but they did not consent to the collection of another, follow-up biopsy. We 

could collect additional tissue samples from tumors during treatment from patient 1, as 

she had numerous tumors with relatively great tumor sizes and outstanding compliance.  

The 10% formalin-fixed and paraffin-embedded biopsy samples were stained with HE 

from all patients. Additional samples from patient 1 were used for immunohistochemistry 

evaluation. We attempted to assess the degree of vascularization in two different subtypes 

(micronodular, adenoid) of BCC in patient 1. In order to that monoclonal mouse anti-

CD31 (PECAM-1, clone: 89C2, Cell Signaling, MA, USA) staining was performed. 
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3.3 Project III.  

 

Materials 

All chemicals for this study were purchased from Sigma-Aldrich, (St. Louis, MO) unless 

otherwise defined. Depending the experimental setup, the L-ascorbic acid was diluted and 

dissolved in phosphate buffered saline (without Ca2+/Mg2+) (PBS), PBS with D-(+)-

glucose (20g/L), YPG (yeast extract-peptone (30g/L) (ForMedium Ltd), YPD (BD-

DifcoTM, yeast extract 10g/L; peptone 20g/L; dextrose 20g/L), glycerol (38g/L) media. 

Solutions of ascorbic acid were prepared and buffered with NaHCO3 (Fisher Scientific, 

Pittsburgh, PA) to neutralize pH. In all experiments the final concentration of ascorbate 

was set to 90 mM. Antimycin A (extracted from streptomycin sp.) was dissolved in 

ethanol solution and further on diluted to 10 µM concentration. The iron chelator 2,2´-

bipyridyl (bipyridyl) was diluted to 500 µM.  

Cell culture 

CEC 749 strain of C. albicans was used in this experiment (51). It was grown on YPD 

agar and subcultured in liquid YPD medium in a shaking incubator routinely at 30C 

(New Brunswick Scientific, Edison, NJ). In the experiments we obtained log phase 

cultures acquired from reculturing stationary overnight cultures. All broth cultures were 

centrifuged at 3,200 rpm for 10 min (centrifuge 5417 C; Eppendorf, Hamburg, Germany) 

and then re-suspended in PBS solution. Use of optical density (OD570 of 0.65) we 

adjusted the concentrations to give an average cell density of 107 CFU/mL.  

Experimental design 

We used 35x10mm diameter Petri dishes (BD Falcon) containing approximately 3X107 

cells, the growth media was 3 mL. Cells were analysed in PBS media. At 157rpm the 

cells were shaken at 37C.  Two aliquots (10µL each) were withdrawn from the media at 

each time point. Samples were withdrawn at time points (0, 10, 20, 30, 60, and 90 

minutes). At each time point aliquot was plated on PBS media. Furthermore, 4 additional 

10-fold dilutions were made and then plated on agar plates. We have been incubating 

plates between 24-48h at 30C. The cell viability was evaluated by colony counting 

method in all experiments. In another setup C. albicans cells were refreshed for 4h in 

YPD (BD-DifcoTM, yeast extract 10g/L; peptone 20g/L; dextrose 20g/L), with antimycin 

A (10µM) added or not after 1h. Antimycin A is a metabolic inhibitor of the electron 
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transport chain (49). The cells were washed, re-suspended and shaked in the incubator 

(157rpm, 37 C) with or without ascorbate in either PBS or YPD. The aliquot samples 

were withdrawn at the same time points as mentioned before. To evaluate whether the 

pathomechanism that ascorbate kill C. albicans cells is dependent on the presence of Fe2+ 

we used an iron chelator, called bipyridyl (500µM) dissolved in PBS. We re-suspended 

cells and bipyridyl was added, and incubated with shaking (157rpm, 37C) and the 

aliquots were withdrawn as before (0, 10, 20, 30, 60, and 90 minutes). 

Statistics  

Experiments were repeated at least 3 times. Data points are means and error bars are 

standard deviations. Means were compared for significance (p<0.05) by one-way 

ANOVA and Bonferroni post-hoc test.  
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4. Results  

4.1 Project I.  

4.1.1 Efficacy of vismodegib therapy 

 

The mean age of all patients was 73±15 years, including 9 female and 2 male patients. 7 

patients had laBCC without NBCCS and in 4 cases laBCC developed due to NBCCS. 

Based on the NBCCS vs. non-NBCCS status, patients without NBCCS had one laBCC 

in general, except patient 1 and 6 who had multiple BCCs.  PTCH1 mutation, loss of 

function type, was revealed in 3 out of 4 NBCCS patients. 67.7% of all lesions were 

localized in the sun exposed body surfaces. Involvement of non-exposed parts of the body 

was significantly more common among NBCCS patients. Almost all patients had been 

treated with at least two other treatment modalities before. The choice of treatment in 

order of preference prior to Smo-inhibitor vismodegib was surgical excision, radiotherapy 

followed by cryotherapy. Only one patient did not receive any prior treatment. Almost all 

patients, except one, had a coexisting benign tumor or some form of malignancy other 

than the BCC, such as polycytemia vera, colon, prostate or bladder cancer (Table 2.). 

During vismodegib treatment no deterioration in the status of these cancers could be 

observed. 

 

Table 2: Status of laBCCs, accompanying benign tumors or malignancies and 

therapies received prior to treatment with vismodegib  

 

 

Sun exposed areas Not exposed

Patient 1 Male 84 laBCC 14 (32.55%) 29 (67.45%) Polycytemia vera Surgical excision, electrocauterization, cryotherapy

Patient 2 Male 78 laBCC 1 (100%) 0 (0%) Prostate cancer Surgical excision, radiotherapy

Patient 3 Female 85 laBCC 1 (100%) 0 (0%) Meningiome Surgical excision

Patient 4 Female 80 laBCC 1 (100%) 0 (0%) Morbus Bowen Surgical excision, cyrotherapy

Patient 5 Female 68 laBCC 1 (100%) 0 (0%) - Radiotherapy, plastic surgery, CO2 laser

Patient 6 Female 89 laBCC 2 (100%) 0 (0%) Colon carcinoma Surgical excision, cryotherapy

Patient 7 Female 84 laBCC 1 (100%) 0 (0%) Myoma uteri, meningiome Radiotherapy, surgical excision

Patient 8 Female 53 NBCCS 38 (71.7%) 15 (28.3%) Angiomyolipoma renis
Surgical excision, radiotherapy, cryotherapy, 

farmacological: acitretin, imiquimod, CO2 laser

Patient 9 Female 58 NBCCS 36 (81.82%) 8 (18.18%) Meningioma Surgical excision, radiotherapy, cryotherapy

Patient 10 Female 43 NBCCS 48 (73.85%) 17 (26.15%) - Surgical excision, farmacological: acitretin

Patient 11 Female 81 NBCCS 6 (75%) 2 (25%) Bladder cancer -

Treatment before vismodegib
Number of lesions before treatmentClincal 

findings
AgeSex Other tumors
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Prior to vismodegib treatment the mean of the diameters of the largest lesions was 

5.18±4.25 cm (Fig. 3A) and the average number of lesions was 20±25.47  (Fig. 3B). 

 

 

Figure 3.: A: the mean of diameters of the largest lesions before initiation of vismodegib therapy, B: 

average number of lesions before vismodegib. 

 

When a comparison is made based on the number of lesions, a remarkable difference is 

observed between non-NBCCS and NBCCS groups (7±15.81 vs. 43 ±24.5; non-NBCCS 

vs. NBCCS respectively; p=0.016). However, for the average diameter of the biggest 

lesion no significant difference can be observed (5.3±4.7 cm vs. 4.9±3.9 cm; non-NBCCS 

vs. NBCCS respectively; p=0.89) (Fig. 4.) 

 

 

Figure 4.: A: the average number of lesions in NBCCS patients was significantly higher when compared 

to that of laBCC non-NBCCS patients, B: the mean of diameters of the largest tumors did not show 

significant difference between the two groups of patients (*: p<0.05 laBCC vs. NBCCS). 

 

The Smo-inhibitor treatment was administered for 16±15.69 months for the 11 patients 

who participated in this study.  The drug was administered for 20±23.17 months for 

patients with NBCCS and for 14±10.89 months in cases of laBCC without NBCCS. When 

the period from the time of initial response until documented tumor progression was 

measured, no difference was observed between the two patient groups (2±0.69 vs. 2±0.82 
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months; laBCC vs. NBCCS respectively; p=0.76). A CR was achieved in 3 patients, and 

after the discontinuation of vismodegib no relapse could be observed (Fig. 5). 

 

 

Figure 5.: Representative pictures of 2 patients who showed a complete response (CR) to vismodegib 

A: Patient 9 before treatment, B: Patient 9 after 47 months of treatment. C: Patient 11 before treatment, D: 

Patient 11 after 11 months of treatment. 

 

Additional 3 patients showed excellent improvement, but afterwards they were deceased 

due to conditions unrelated to laBCCs and drug-therapy. The treatment was temporarily 

suspended due to intolerable side effects in the case of two non-NBCCS patients (patient 

2 and 3). Both patients initially showed a good therapeutic response, but when vismodegib 

therapy was restarted the efficacy became gradually lower and subsequently lost, and 

their condition worsened. Changes of the clinical status of patient 3 is shown on Fig. 6.. 

 

 

Figure 6.: Clinical status of patient 3 A: before vismodegib treatment, B: after 3 months of vismodegib 

therapy when a PR was observed, C: after a temporary suspension and then re-initation of treatment – 

approximately 5 months post-therapy with moderate progression, D: after 8 months loss of efficacy of 

vismodegib treatment with significant deterioration of the tumor. 
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Other patients showed notable response to treatment, but not a CR. Clinical status of one 

of these patients is shown in Fig. 7..  

 

 

Figure 7.: A-B: clinical pictures of patient 1 before the initation of vismodegib therapy, C-D: after 15 

months period of time of vismodegib treatment. 

 

By the end of the follow-up period the average number of lesions (20±25.47) decreased 

to 5.5±16.52. We measured the tumor shrinkage according to change in the size of the 

longest diameter, as we considered that this parameter was proportional to the total tumor 

burden. The average of the diameter of the largest tumors was significantly reduced after 

treatment (2.7±2.7 cm; 3.1±2.2 cm vs 6.1±10.5 cm; laBCC vs NBCCS respectively; 

p=0.47) (Fig. 8.).  

 

 

Figure 8.: A: the average largest diameter of the largest lesions significantly decreased after treatment, B: 

the total number of tumors is significantly reduced after vismodegib therapy. (*: p<0.05 before vs. after; 

**: p<0.01 before vs. after) 

 

For all patients, the treatment outcome and result of efficacy data in detail is shown in 

Table 3.  
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Table 3. Treatment outcome and efficacy data of vismodegib treatment 

 

 

4.1.2 Assessment of side effects of vismodegib treatment 

4.1.2.1 Types and grades of side-effects 

 

The most common vismodegib-related side-effects were muscle cramps, weight loss, 

dysgeusia and alopecia. These adverse events first appeared at a mean of 6.45±3.45 weeks 

from the beginning of the therapy (7±3.94 vs. 5±2 weeks; laBCC vs. NBCCS 

respectively; p=0.31). The most common side effect was weight loss and it was seen in 

case of 9 patients. This was followed by dysgeusia in 8 patients. Muscle cramps have 

developed in 7 and alopecia appeared in case of 6 patients. The side-effects related to 

therapy developed in both NBCCS and non-NBCCS groups. All, except one patient, 

noticed more than one side effect, and in our cohort of patients no Grade 4 adverse event 

was recognized. The severity of the side effects was Grade 2 in 29% percent of all side 

effects, and Grade 3 was observed in 6 patients. Grade 1 level adverse events were 

detected in the case of the other five patients. We did not find any significant difference 

in the number of patients experiencing Grade 2 and Grade 3 side effects between non-

NBCCS and NBCCS patient groups (Table 4). 

 

 

 

 

 

before treatment after treatment before treatment after treatment

Patient 1 15 improvement 43 2 13 5.8 2

Patient 2 16
improvement followed 

by deterioration
1 1 0.8 2 3

Patient 3 15 deceased 1 1 8 10.3 3

Patient 4 3 complete remission 1 0 0.3 0 2

Patient 5 35 improvement 1 1 1.5 3.6 2

Patient 6 5 deceased 2 1 5.8 1 1

Patient 7 6 improvement 1 1 8 4 2

Patient 8 2 deceased 53 n/a 9.4 18.2 2

Patient 9 54 complete remission 44 0 2.3 0 2

Patient 10 13 improvement 65 n/a 1 n/a 1

Patient 11 11 complete remission 8 0 7 0 3

Duration of 

treatment (months)
Outcome

Number of tumors Diameter of the largest lesion (cm) Duration of treatment 

until initial response 
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Table 4.: Types, distribution and severity of side-effects due to vismodegib 

 

 

4.1.2.1. Management of side-effects 

 

We attempted to find a way to alleviate grade 2 and 3 muscle cramps with the use of 

combination of tizanidine (α2-adrenergic agonist) and tolperisone (central acting skeletal 

muscle relaxant) and achieved moderate success. On the contrary, tizanidine and 

amlodipine, a combination that has been commonly reported in the literature (24), did not 

exert any marked improvement. On the other hand, magnesium and calcium 

supplementation was sufficient to alleviate grade 1 muscle cramps. In female patients, to 

manage alopecia, we have applied topical estradiol and prednisolone lotion without any 

notable effect. After completion of vismodegib treatment, hair regrowth of varying degree 

was observed for all patients after.  In cases of reduced appetite and subsequent weight 

loss, oral nutritional supplements were provided. As a result, the rate of weight loss 

initially slowed down. However, due to further decrease in body weight at later stages, 

the treatment had to be discontinued in case of two patients. In order to prevent dysgeusia, 

specific dietary instructions were provided with only limited success. 

Alopecia Muscle cramps Dysgeusia Weight loss Other

Patient 1 Grade 1 Grade 2 Grade 1 Grade 3 - 6 weeks

Patient 2 - Grade 1 - Grade 1 - 12 weeks

Patient 3 - - Grade 1 Grade 1 - 12 weeks

Patient 4
Already existing 

complaint
- - Grade 1 Nausea (grade 1) 8 weeks

Patient 5 Grade 2 Grade 3 Grade 1 Grade 1
Numbness of toes 

(grade 1)
2 weeks

Patient 6 Grade 1 Grade 1 Grade 1 Grade 3

GERD (grade 1), 

nausea (grade 1), 

malaise (grade 1)

3 weeks

Patient 7 - - Grade 1 Grade 1 - 8 weeks

Patient 8 - - Grade 1 - - 8 weeks

Patient 9 Grade 2 Grade 3 Grade 2 Grade 1

GERD (grade 1), 

fatigue (grade 1), 

nausea (grade 1)

4 weeks

Patient 10 Grade 2 Grade 1 Grade 2 -

Change in bowel 

functions (grade 1), 

continuous nausea 

(grade 2), intrequently 

vomiting (grade 1)

4 weeks

Patient 11 Grade 1

Already exsisting, 

worsened after the 

administration (grade 2)

- Grade 1 Indigestion (grade 1) 4 weeks

First appearence of 

adverse events

Adverse events
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4.2 Project II.  

4.2.1 Efficacy of high-dose IVA 

 

In this single centre clinical trial 6 patients were screened from our oncology outpatient 

department. From those, 4 patients could be enrolled, and the 2 patients were excluded 

during the screening period. One patient had to be excluded due to history of renal stones. 

The other could not be included for compliance issues. Three out of the selected four 

patients had NBCCS. The mean age was 62.3 ± 16.2 years (range: 47-83 years) for the 

four enrolled patients. For further patient demographics and clinical data see Table 5. 

Patients who were treated with high-dose IVA, had an average of 41.25±51.7 lesions 

(range: 1-114). We assessed the efficacy of treatment based on follow up of a total of 18 

target lesions.  The mean lesion size of the target lesions was 27.95±31.90 mm (range: 5-

108.5 mm). Regarding the localization of the lesions, 72% of the tumors were on the head 

and neck region, 17% on the trunk and the rest were on the extremities. The high-dose 

IVA therapy was administered for a mean duration of 42 ± 23.6 weeks (Table 6). 

 

Table 5.: Patient demographics and clinical data (NIDDM: non-insulin dependent 

diabetes mellitus, AF: atrial fibrillation, HT: hypertension) 

 

Patient 1 Patient 2 Patient 3 Patient 4 Mean, SD

Age (years) 47 67 83 52 62.25±16.23

Sex F M M M

Patient history
NIDDM, MI, AF, Fibrotic type 

pseudotumor  of small bowel
NIDDM, HT HT none

Fitzpatrick skin type Type I Type II Type II Type II

Age at first onset of disease (years) 24 53 N/A 17

BCNS Yes No Yes Yes

         Palmar pitting Yes No Yes Yes

         Jaw cysts No No No Yes

Falxcerebri calcification Yes No Yes Yes

Minor BCNS criteria (skeletomuscular 

system abnormalities, medulloblastoma, 

intestinal tumor, ovarian fibromas, etc.)

Yes No Yes No

Previous excessive sun exposure No Yes Yes Yes

Location of BCC lesions scalp, face, neck, ear, trunk

orbit, lower eyelid, 

intrasinusoidal mucous 

membrane

nose, forehead, 

ear, back

scalp, face, neck, trunk, 

upper extremities

Number of BCC lesions 42 1 8 114 41.25 ±51.7

Previous treatment modalities
Surgery, CO2 laser, cryotherapy, 

imiquimod, acitretin, PDT

Radiotherapy (patient 

denied surgery or 

enucleation)

Surgery, 

radiotherapy

Surgery, cryotherapy, 

isotretinoin, acitretin, 

PDT, intralesional INF
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Table 6.: Types, localization and size of treated lesions and duration of treatment 

 

 

We administered 1.8 g/kg body weight IVA per each infusion with doses ranging from 

75 to 175 g as described in Materials and Methods section. In case of patient 4, the patient 

refused the implantation of a Port-A-Cath device, therefore 1.3 g/kg body weight i.e. 100 

g ascorbate was given per infusion. This was the maximum dose that the patient could 

tolerate via peripheral vein administration. For patient 3 initially the Port-A-Cath could 

not be installed. For this first 12-week period we reduced the dose to 1.1 g/kg body weight 

i.e. 75 g per occasion (for detailed description of dosage given see Table 7). 

 

Table 7.: Treatment duration and dosage specification 

 

Patient 1 Patient 2 Patient 3 Patient 4 Mean, SD

Number of 

target lesions
6 1 5 6 4.5±2.3

Location of 

target lesions

Scalp, periauricular, 

temporal, frontal and 

mental area

Orbit, lower eyelid, 

intrasinusodial 

mucous membrane

Nose, 

forehead, 

ear

Face, chest, right 

shoulder, right upper arm, 

right and left 

suprascapular area

Subtypes of 

target lesions

nodular-

micronodular, 

adenoid

infiltrative infiltrative
nodular, pigmented, 

superficial

Cumulative 

initial size of 

target lesions 

(mm)

301,2 88,1 43,1 70,7 125.8±118.4

Duration of 

treatment 

(week)

76 26 26 40 42±23.6

Patient 1 Patient 2 Patient 3 Patient 4 Mean, SD

Duration of treatment 

(week)
76 26 26 40 42±23.6

Number of 

treatments/week
2-4 3 3 1-2

Number of Treatment 

Sessions
173 72 75 49 92.2±55.1

Maximum interval 

between two subsequent 

treatments (weeks)

5 1 1 6

Usage of port-a-cat 

device
Yes Yes

Yes (after 12 weeks of 

peripheral vein administration)

No (administered via 

peripheral vein)

Maximum dose of 

ascorbic acid / treatment
1.8 g/kg; 175 g 1.8 g/kg; 125 g

1.1 g/kg, 75 g (first 12 weeks); 

1.8 g/kg, 125 g (after 12 weeks)
1.3 g/kg, 100 g

Cumulative dose of 

ascorbic acid
29150 g 8970 g 7039 g 4800 g
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In case of lesions that showed response to the therapy, we observed an average 4-16% 

reduction in size. However, some tumors progressed and not responded to therapy (Table 

8.). In 83% of all target lesions we could detect some degree of a benefit (partial and 

stable response). 27% of all tumors, that responded to therapy, partial response was seen 

whereas the remaining 73% displayed stable response (Table 9.). In case of patient 1, an 

adenoid type BCC, which was scored a stable response per criteria, did not change in size 

throughout the entire study. This lesion showed neither regression, nor progression. No 

patients developed any detectable new lesions. The overall treatment response assessment 

showed stable disease for 75% of the patients (3) and in 25% (1) progressing disease was 

observed (Table 9.)  

 

Table 8.: Changes in target lesion size after high-dose IVA treatment 

 

Variable
Target lesion 

location

Average target lesion 

sizes before  treatment 

(per patient, mm)

Cumulative target lesion 

sizes before  treatment 

(per patient, mm)

Average target lesion 

size after treatment 

(per patient, mm)

Cumulative target lesion 

sizes after treatment (per 

patient, mm)

% Change in 

target lesion size 

after treatment

Average % change in 

target lesion size after 

treatment  (per patient)

Patient 1 50.2 301.2 42.3 253.5 -0,16

Lesion 1 left occipital -0,23

Lesion 2 right occipital -0,34

Lesion 3 forehead  glabella -0,25

Lesion 4 right temporal -0,34

Lesion 5 right preauricular 0,32

Lesion 6 mental area 0,01

Patient 2 88.1 88.1 74.9 74.9 -0,15

Lesion 1 right eye -0,15

Patient 3 8.6 43.1 7.3 36.4 -0,16

Lesion 1 nose -0,48

Lesion 2 right forehead 0,29

Lesion 3 left forehead 0,27

Lesion 4 nose 0,12

Lesion 5 left ear - tragus -0,97

Patient 4 11.8 70.7 11.3 67.8 -0,04

Lesion 1 right infraorbital -0,09

Lesion 2 right upper arm -0,12

Lesion 3 left suprascapular 0,06

Lesion 4 
right 

suprascapular
-0,12

Lesion 5 right shoulder 0,15

Lesion 6 
left chest- 

mammary area
0

Mean 39.7 125.8 34 108.2 -0.13

SD 37.4 118.4 31.5 98.3 -0.06
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Table 9.: Overall treatment response to high-dose IVA therapy  

 

(*unequivocal increase in overall disease status due to intrasellar invasion) 

 

Representative clinical images of lesions before and/or during therapy is shown for 

patient 2 and 3 in Fig 9.. 

 

 

Figure 9.: A: laBCC infiltration of the nasal and periorbital regions at week 9  B: and at week 16 of IVA 

treatment in patient 2. C: target BCC lesion in the nasal region before IVA therapy at week 0, D: after IVA 

therapy at week 26 in patient 3.  

 

Representative images of lesions of patient 1 before and after IVA therapy are shown in 

Fig. 10.  

Variable Target lesion location

Target lesion 

response/overall target 

lesion response 

New 

lesions
Overall response

Patient 1 STABLE 0 STABLE

Lesion 1 left occipital Stable

Lesion 2 right occipital Partial

Lesion 3 forehead  glabella Stable

Lesion 4 right temporal Partial

Lesion 5 right preauricular Progression

Lesion 6 mental area Stable

Patient 2 STABLE 0 PROGRESSION*

Lesion 1 right eye Stable

Patient 3 STABLE 0 STABLE

Lesion 1 nose Partial

Lesion 2 right forehead Progressed

Lesion 3 left forehead Progressed

Lesion 4 nose Stable

Lesion 5 left ear-tragus Partial

Patient 4 STABLE 0 STABLE

Lesion 1 right infraorbital Stable

Lesion 2 right upper arm Stable

Lesion 3 left suprascapular Stable

Lesion 4 right suprascapular Stable

Lesion 5 right shoulder Stable

Lesion 6 left chest- mammary area Stable
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Figure 10.: A: laBCC of patient 1 before high dose IVA treatment at week 0, B: and at week 75, 

respectively. C-D: CT scans and D-F: clinical photos of a target lesion on the scalp of patient 1 before 

(week 0) and after (week 75) IVA therapy. 

 

Follow-up skin biopsy taken from the nasal root region of patient 2 showing a tumor-free 

scar tissue is displayed below (Fig. 11).  

 

 

Figure 11.: A: hematoxylin and eosin (HE) staining of a tissue sample from the nasal region of patient 2 

before the initiation of high-dose IVA therapy, infiltrative type BCC , B: HE staining of a tissue biopsy 

sample from the same region at the end of high-dose IVA treatment, scar tissue. 

 

Despite all our efforts in patient 1 and patient 3 worsening of some lesions could not be 

completely prevented. Therefore, we have decided to switch to vismodegib, as it became 

available as in a phase III. clinical trial setting. Thereafter patient 1 died of sepsis caused 

by urinary tract infection, irrespective of vismodegib therapy. We also introduced 

vismodegib for patient 3, and later on he died of glioblastoma multiforme, which was also 

unrelated to Smo-inhibitor treatment. In case of patient 2, during IVA therapy we could 

measure the decrease of the longest diameter of the tumor on the skin surface by 13%. 

For that it could be rated as stable disease, but still an unequivocal intrasellar invasion 

was detected after 4 months of treatment. We continued the IVA therapy and the 

progression could be slowed down. Due to the worsening of the patient’s general 
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condition we discontinued the IVA therapy. Palliative radiotherapy was initiated to 

manage the intrasellar invasion. However, the patient died soon after due to complications 

of irradiation therapy. Patient 4 dropped out from the study and we could obtain further 

data about his condition. 

 

4.2.2 Side-effects of high-dose IVA 

 

We did not observe any significant adverse events, including nephrolithiasis, during IVA 

treatment. Only some well-tolerable and mild side-effects developed, such as an 

occasional nausea (Grade 1) in patient 1. During the administration of IVA into a 

peripheral vein, patient 3 and patient 4 indicated a mild burning sensation (Grade 1). 

 

4.2.3 Assessment of microvessel density in different BCCs by CD31 staining 

 

The microvessel density refers to the vascularisation of a tumor and it strongly correlates 

with CD31 endothelial cell marker CD31 (52). It has been studied that in aggressive 

subtypes of BCCs the microvessel density is greater when compared to lesions with 

slower rate of growth (53, 54). Adenoid BCC is generally considered an indolent form, 

while micronodular BCC is a subtype with more destructive features and less favorable 

clinical outcome (55). In case of patient 1 with multiple lesions, most micronodular have 

shown improvement during IVA therapy, whereas adenoid type lesion has not responded  

to the therapy (Fig. 12). 

 

 

Figure 12.: largest diameter of each tumor of patient 1 before and after IVA therapy. Subtypes were 

distributed as the following: lesion 1 (micronodular), lesion 2 (micronodular), lesion 3 (nodular), lesion 4 

(micronodular), lesion 5 (micronodular), lesion 6 (adenoid). 
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In order to reveal the differences of microvessel density between the two type of lesions 

an immunostaining with CD31 on one adenoid and one micronodular biopsy specimen of 

patient 1 have been done. We recognized a remarkably lower level of microvessel density 

in the adenoid subtype compared to the micronodular type lesion (Fig. 13). 

 

 

Figure 13.: A: micronodular BCC in patient 1 showing high microvessel density in magnification 140X, 

B: magnification 400X. C: a separate lesion of patient 1, i.e. an adenoid BCC with low microvessel density 

magnification 140X, D: magnification 400X (brown color refers to CD31 positivity).  

 

4.3 Project III.  

4.3.1 Ascorbate could exert its killing potential in PBS growth media, and this 

effect strongly depends on Fe2+ concentration 

 

Ascorbate could eradicate C. albicans when the cells were incubated and shaken in PBS 

at 37C (after 90 min. > 5 logs killing). The use of iron chelator bipyridyl (500 µM) could 

inhibit the killing effect of ascorbate (>2 logs) at time-points 30 and 90 min (Fig. 14.). 

This may be explained by the reduced concentration of HO˙, which is accumulated in the 

Fenton reaction catalysed by free Fe2+.  
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Figure 14.: time-dependent killing potential of ascorbate evaulated on C. albicans shaken in PBS at 37°C 

with 90 mM sodium ascorbate with or without addition of the free iron chelator 2,2-bipyridyl (500 µM). ** 

p < 0.01; ** p < 0.001 (40) (with permission) 

 

4.3.2 The killing potential of ascorbate is increased with antimycin A 

 

The inhibition of complex III in ETC in C. albicans cells with antimycin A increased the 

killing effect of ascorbate in PBS media (Fig. 15) (56). 

 

 

Figure 15.: killing effect of ascorbate was evaluated by time with C. albicans shaken in PBS at 37°C with 

90 mM ascorbate, or in PBS or YPD with 90 mM ascorbate following treatment with complex III inhibitor 

antimycin A (10 µM) or with cells pre-treated with ETC inhibitor antimycin and shaken in PBS at 37°C in 

PBS as control.  
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5. Discussion 

 

In our first project, we evaluated the Smo-inhibitor vismodegib treatment of laBCCs in 

11 Hungarian patients with or without NBCCS in a single centre. Locally advanced BCC 

and hard-to-treat cases of NBCCS most commonly develop in the aging population. 

Elderly people with a high prevalence of other tumors and comorbidities are often 

excluded from clinical trials. Our study included patients with other malignancies and a 

variety of different comorbidities. As vismodegib is a rather new therapeutic option in 

oncology to treat BCC, existing data are mainly derived from clinical trials (57). 

Therefore, the experience with vismodegib with patients who suffer from coexisting 

malignancies and other accompanying diseases  provide real-life data about the drug and 

its limitations.  In case of Patient 1 the pre-existing polycytemia vera remained unchanged 

during the Smo-inhibitor treatment. Patient 2 also had one other malignancy: prostate 

cancer. He received vismodegib treatment with the ongoing combination therapy of phase 

II trial (NCT01163084) drug and a GnRH agonist for prostate cancer. We did not see any 

progression of his prostate cancer during vismodegib treatment. It has been shown that 

the Hh pathway has a significant role in the pathomechanism of prostate cancer (58). In 

accordance with this finding, vismodegib may have a beneficial effect in the therapy of 

prostate cancer (10). Patient 3 had a suspected lesion of meningioma for which reason  

previously he/she could not be enrolled into any clinical trial. We started vismodegib 

therapy and the lesion, confirmed by CT scan, did not progress for the time of Smo-

inhibitor treatment. Patient 9 also had a meningioma that was diagnosed before the 

initiation of vismodegib therapy. We could achieve CR of laBCCs and did not observe 

any progression in meningioma. The pathomechanism of meningioma often involves 

disruption of the Hh pathway. Therefore, having the capability to regulate Hh pathway 

presumably gives us a possible chance to successfully treat malignant expansive 

meningeal tumors (59). However, in case of our patients, Smo-inhibitor vismodegib 

therapy did not show any efficacy on meningiomas. 

We could demonstrate an ORR similar to those reported in earlier clinical trials, as 7 

patients out of 11 showed CR or PR to vismodegib therapy (60). In our patient group we 

could or needed to administer therapy drug for 4.6±5.3 months. In certain cases patients 

did not comply with the treatment schedule due to intolerable and not successfully 
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managed side effects. Mainly due to the intolerable side effects 5 patients permanently 

discontinued vismodegib treatment. This rate was higher than published in the 

ERIVANCE BCC study, where 17% of laBCC patients discontinued the Smo-inhibitor 

therapy permanently as a result of intolerable adverse events (19). 

In case of modern oncology treatments, such as target therapies, it is crucial to avoid drug 

resistance. Secondary (acquired) resistance is defined with a convincing initial effect of 

therapy followed by subsequent worsening of tumor condition and in case of Smo-

inhibitors this type of resistance is more common in comparison to the primary (intrinsic) 

form. Mechanisms through which resistance to vismodegib develops include but are not 

limited to a mutation in the Smo, GLI2 amplification, upregulation of PI3 kinase pathway 

(29-31).   

Since drug resistance has a higher chance to develop if the therapy is discontinued for any 

time, as it happened in case of patient 2, it is crucial to successfully manage the side-

effects. When adverse events, such as severe muscle crumps, loss of appetite and alopecia 

cannot be well managed or prevented, several patients with the potential to benefit from 

the therapy may discontinue therapy either temporarily or permanently.  

According to the literature both primary and secondary resistance can develop either in 

NBCCS or non-NBCCS patients (29-31). In the study of Chang et al., a resistance rate of 

13% was observed in a non-NBCCS  patients (30). In our retrospective analysis, in the 

group of patients without NBCCS 2 out of 7 acquired resistance after a temporary 

discontinuation of vismodegib, which is a higher rate compared to the previously 

mentioned study. In the same study in the NBCCS group 3 out of 5 patients showed 

secondary resistance to therapy drug (30). Conversely, we observed that patients with 

NBCCS did not develop any secondary resistance to vismodegib, even after temporary 

discontinuation of Smo-inhibitor drug.  The main difference between the two subgroups 

could presumably be that NBCCS patients possess a germline mutation in PTCH1, and 

sporadic cases carry particular mutations of the HH pathway. It has also been 

hypothesized that tumors, previously treated with radiotherapy or chemotherapy, could 

more easily develop secondary resistance (31). Further evaluation of the molecular 

genetics of BCCs is necessary to understand and more successfully avoid the evolution 

of acquired resistance.  
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In our study, in line with the literature, the most common reason to temporarily or 

permanently discontinue vismodegib therapy was the severe side effects that could not be 

managed  successfully (21). Vismodegib can have multiple harmful effects through the 

disruption of the Hh pathway. One of them is the partial inhibition of calcium channel 

activity in striated muscle, which is possibly the underlying pathophysiology of muscle 

cramps (24). In a clinical trial of 43 laBCC patients, calcium channel blocker amlodipine 

was given to manage muscle cramps with remarkable success (24). We also administered 

amlodipine in two cases; but it did not show any substantial benefit on muscle cramps. 

On the other hand, when we administered central muscle relaxants, tolperisone or 

tizanidine we were able to achieve some notable success. Considering that both central 

muscle relaxants and calcium channel blockers have an antihypertensive effect, the 

adjustment of the dose is of importance. As Hh pathway is paramount to hair follicle 

morphogenesis, alopecia is a predictable side effect. A previous trial revealed that 46-

66% of patients treated with Smo-inhibitor vismodegib suffered from alopecia (25). 

Among our patients, 3 developed grade 1, 3 patients developed grade 2 alopecia. Topical 

lotion with prednisolone or estradiol did not show any effect in our experience. As 

minoxidil enhances hair growth, it may also be considered as an effective treatment 

strategy for patients experiencing hair loss due to vismodegib therapy (61). With the 

discontinuation of vismodegib alopecia is mostly reversible, however several months are 

needed for recovery. In rare cases permanent alopecia have been observed after 

vismodegib therapy (62). Alopecia can cause severe psychological issues, and subsequent 

compliance problems; so patients should be thoroughly informed. 

Loss of weight is also a frequent side effect, and, in a prospective study it was measured 

to 16-46% and also to our investigation, where it the most common adverse event 

involving 9 patients (63). The explanation behind the weight loss can be multifactorial, 

including the hypothesis that vismodegib interferes with the AMP kinase signalling 

pathway such that an upregulated activity of catabolism by the enhanced activation of 

AMP kinase occurs (64). Another specific side-effect of vismodegib is dysgeusia. Tasting 

sweet as sour or salty, permanent metallic taste, and the complete loss of tasting ability 

were common complains (61). This can further aggravate weight loss, as it could lead to 

decrease in appetite or aversion to particular food. However, Le Moigne and colleagues 

were not able to find any statistical correlation between dysgeusia and weight loss (63). 
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Taken into consideration that vismodegib is often the last choice of therapy for laBCCs, 

the management of adverse events, to avoid discontinuation of the drug and subsequent 

development of resistance are of great importance. In our study, the suspension of 

vismodegib therapy increased the risk of secondary drug resistance development. Since 

discontinuation and suspension most commonly happen due to intolerable adverse events 

it is unequivocally important to adequately manage the side effects. To date, there is no 

widely accepted consensus on the management of Smo-inhibitor related side-effects and 

the occasional recommendations do not always give satisfactory outcomes (61, 65, 66). 

In line with this, in our study adverse events could not be fully relieved. For this reason, 

pharmacological therapy of side effects should be accompanied by psychological and 

oncological counselling. With adequate management of side effects, vismodegib therapy 

could be maintained with permanent efficacy and a subsequent secondary drug resistance 

could be prevented. It is a matter of great importance, to understand BCC carcinogenesis 

from the perspective of molecular genetics. As sporadic laBCC can more commonly 

develop due to other mutations of HH pathway than PTCH1, contrary to NBCCS, it could 

lead to tumors which are resistant to vismodegib and other Smo-inhibitors. This further 

justifies the necessity of the investigation and identification of novel targeted therapies. 

Also, the combination of treatments with different modes of action could result in a better 

efficacy and overcome acquired resistance.  

In our second project, we investigated the efficacy and tolerability of high-dose IVA in 

laBCC either when the patient also had NBCCS or he or she did not have NBCCS. This 

was the first report of administering IVA for the treatment of laBCCs. Our results showed 

that even in the case of large and extensive BCCs high dose is well tolerated and is a 

completely safe therapeutic option. Side-effects were not severe and appeared only 

temporarily in this carefully selected group of patients. Relatively high doses were well 

tolerated even when administered through a peripheral vein. Nevertheless, it is important 

to emphasize that much higher doses could be tolerated when administered through a 

port-a-cath device. In contrast to Smo-inhibitors, high-dose IVA does not cause severe 

and intolerable side-effects. In particular lesions we could observe a PR or stable 

response.  

In other studies, which addressed the effect of high-dose IVA on tumors, it has been 

suggested that different pathways are targeted at the same time (43, 67).  
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The adequate function of glucose transporter-1 (GLUT-1), GLUT-3 transporter and 

sodium dependent vitamin C transporter-2 (SVCT-2) is necessary for transportation of 

ascorbate into the intracellular space (68, 69). In  the Warburg effect the cancer cells 

mainly gain energy from glycolysis and subsequent  lactic acid fermentation in the cell 

cytoplasm, therefore these glucose transport channels are upregulated to suffice the 

increased need for glycolysis (70, 71). This feature of tumor cells may cause an ability to 

uptake of a higher concentrate of ascorbate into the intracellular space (72, 73). 

Ascorbate is widely recognized as a potent antioxidant. In contrast to this fact it has been 

proven, that in particular  conditions, such as presence of Fe2+, it exerts pro-oxidant effects 

through the production of high concentration of reactive oxygen species (ROS), as mainly 

in form of hydrogen peroxide (H2O2) and although to a lesser extend as hydroxyl radical 

(HO∙) (33, 36). It was proposed that H2O2 causes damage in the deoxyribonucleic acid 

(DNA) structure (74, 75). This can subsequently enhance poly-ADP-ribose polymerase 

(PARP) activity, which in turn consumes oxidized form of nicotinamide adenine 

dinucleotide (NAD+) and as a result  inhibits reduced nicotinamide adenine dinucleotide 

(NADH) generation. The depletion of NADH leads to reduction of adenine trinucleotide 

phosphate (ATP) formation (76-78). Shortage of ATP could then inhibit ATP synthase 

(67, 79). The lack of adequate amounts of ATP can aggravate the disfunction of 

glutathione pathway, which has a main role in the elimination of hydrogen peroxide (67, 

76). In cancer patients ferritin level, as an acute-phase agent, is generally relatively high 

(80). Ascorbate also has the ability to deliberate iron from ferritin to become a source for 

Fe2+ and it consequently increases H2O2 production in addition (81).  

As BCC is a tumor that generally shows a relatively slow progression it could be 

postulated that it has a lower metabolic activity, and thus is less sensitive to the depletion 

of ATP. The fact that we did not observe any improvement in the markedly slowly 

growing and less vascularised adenoid type BCCs during high-dose IVA therapy in 

contrast to the most cases of the more aggressive micronodular type BCCs, also supports 

this idea (55, 82).   

In our study to evaluate the pro-oxidant killing effect of ascorbate on C. albicans we 

assumed that the antifungal effect also depends on the actual conditions. Our results 

revealed that O2 concentration played a significant role in ascorbate’s pro-oxidant 

potential. These finding was consistent with Vilcheze et al.’s study where the group 
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showed the killing potential of ascorbate on Mycobacterium tuberculosis cells [10]. In 

previous studies, cell-permeable intracellular iron chelator deferoxamine mesylate has 

been shown to inhibit cytotoxic effects of ascorbate (83). This finding was further 

supported by our results, such that use of iron-chelator bipyridil could inhibit the killing 

effect of ascorbic acid on C.albicans. Furthermore, our results showed that the inhibition 

of ETC with antimycin lead to the enhanced killing effect of ascorbate in the presence of 

oxygen. It could be reasoned, as the use of antimycin enhance the production of ROS in 

the mitochondria (49).  

It is unequivocal that ascorbate needs a specific microenvironment to exert it pro-oxidant 

killing effect both on tumor cells and fungal cells. Due to multifaceted nature of this 

microenvironment it is rather hard to predict when will ascorbate be ineffective or deliver 

only partial response.  

Therefore, it is cumbersome to determine which causes can explain the only moderate 

effect of high-dose IVA on laBCC, and further studies are needed to reveal how, if at all, 

we can improve the efficacy of IVA on BCC. Taken together, we conclude that IVA 

monotherapy, even in a high dose such as 175 g / infusion, does not show a dramatic 

effect, that could lead to CR. The investigation of such a small group of patients (n=4) 

especially without a placebo-controlled cohort of patients constitute important limitations 

to this study. Lastly, the infusions must be administered three times a week and each 

occasion of administration is quite time consuming that makes the treatment a nuisance 

for the patients, and impractical.  Taken together Smo-inhibitor vismodegib is still the 

most effective treatment of laBCCs, thus it should be the first choice of therapy in 

inoperable and otherwise incurable cases of BCCs. However, as high-dose IVA does not 

cause remarkable side-effects, it makes this treatment modality only a good candidate as 

an adjuvant therapy in selected cases. In case of development of a partial loss of efficacy 

to vismodegib, and when PD1-inhibitor could not be a choice of treatment,  combining 

vismodegib with high-dose IVA might be considered as an option. At the same time, 

whether this interaction may hinder or potentiate the effects of Smo-inhibitors warrants 

further investigation. 
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6. Conclusions  

6.1 Project I.  

 

In our experiment 7 of 11 patients treated with vismodegib achieved PR or CR, which is 

comparable to the ratio that had been reported in the literature (46-66%) (25). In cases of 

patients with malignancies other than laBCCs we did not observe any tumor progression. 

We can state that in case of prostate, bladder cancer, polycytemia vera and meningioma 

vismodegib can be safely administered, however it would need further investigation with 

a larger sample size. Prostate cancer even improved during vismodegib treatment, but its 

correlation is questionable and would need further studies. We have demonstrated that a 

relatively high proportion,  5 of 11 of patients discontinued the therapy due to severe side 

effects. In comparison to the previous ERIVANCE BCC trial, our discontinuation rate is 

higher (45 vs. 17%). It could possibly be explained by the different features of patient 

groups, as ERIVANCE BCC trial included patients with metastatic BCC. This patient 

group is more likely to adhere to therapy despite the severe side effects as no other options 

are available. In order of likeliness to occur, adverse events were the following: weight 

loss, dysgeusia, muscle cramps and alopecia. Grades of the side-effects ranged between 

1 to 3, no Grade 4 was observed. For alopecia, and dysgeusia none of the treatment 

modalities were found to be effective. In order to maintain weight during therapy, 

enhanced oral nutrition supplementation was given, and this led to only temporary 

success. Best-managed side effect was muscle crump, as combination of central muscle 

relaxants gave at least a moderate efficacy in terms of control of unwanted muscle 

contractions. In our study no primary resistance was observed. Secondary resistance 

developed in 2 of our cases, both after a temporary suspension of the treatment. 

Interestingly, both of these secondary resistance cases occurred in the non-NBCCS group. 

Our rate  was higher when compared to other data in literature that showed 13% of non-

NBCCS patients developed secondary resistance (30). On the other hand, although an 

earlier study observed development of secondary resistance in 60% of the NBCCS 

patients, in our study no secondary resistance could be detected in this patient group. This 

finding should be further examined, as NBCCS patients generally need the therapy drug 

for a longer period of time and a temporary suspension of drug at certain time intervals 
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would enable them to tolerate and in turn continue the treatment for the required amount 

of time. 

 

6.2 Project II.  

 

In our pilot study with the use of high-dose IVA therapy for laBCC we could achieve 

stable disease 3 out of 4 cases, and in one case we observed progressive disease in the 

overall response. When compared to results achieved by the Smo-inhibitor vismodegib 

treatment, high-dose IVA is clearly inferior to vismodegib. Based on this experiment we 

concluded that the first-choice treatment for otherwise incurable laBCC should be 

vismodegib. As high-dose IVA showed beneficial effect in 83% of all lesions and a 4-

16% change in those lesions that showed reduction in size, high-dose IVA could be 

further investigated as a potential adjuvant treatment. It must be noted that when the dose 

exceeded 75 g per infusion, it had to be given through a Port-A-Cath device to prevent 

damage of peripheral vein. The potential use of high-dose IVA is further supported by 

the fact, that this therapy regimen, even in cases of 125 to 175 g per infusion, did not 

cause any severe side effects for a 42 ± 23.6 weeks period of time. Grade 1 nausea 

occasionally appeared in case of patient 1, and no other systemic side effects could be 

detected, aside from a mild burning sensation in the peripheral vein due to the 

administration of the IVA. Adenoid type BCC lesions, which are less vascularised as 

confirmed by CD31 staining, showed no reduction in size to IVA therapy. Some lesions 

of more aggressive micronodular type showed response clinically. In contrast to this, 

other lesions of the same histology type progressed despite high-dose IVA therapy. We 

could not reveal why tumors with the same histology type respond so differently; 

therefore, we could not explain why high-dose IVA could not exert anti-tumor effect on 

selected lesions. Further studies, taking the complex intra- and extracellular 

microenvironmental factors, level of vascularization of individual lesions, the subsequent 

oxygenation, metabolic activity and Fe2+ levels of the tumor cells, into consideration, are 

needed to reveal how the efficacy of IVA could be enhanced. 
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6.3 Project III. 

 

Ascorbate could kill completely C. albicans in PBS media at 37C, when adequate 

oxygenation is provided with shaking. In another experimental setup the inhibition of 

ETC with antimycin boosted the efficacy of ascorbate to kill C. albicans. We could 

assume that this can be further explained with the increased oxidative stress and 

subsequently elevated H2O2 concentration. Our attempt to assess the effect that the 

concentration of Fe2+ can exert on the killing potential of ascorbate revealed that cell-

permeable iron-chelator bipyridil could inhibit the killing effect of ascorbate, thus free 

Fe2+ is essential to ascorbate to exert its antifungal killing potential. 
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7. Summary  

 

Basal cell carcinoma is the most common malignancy of the Caucasian race with a 20-

30% lifetime prevalence. The incidence is constantly increasing and consequently the 

cost burden on the health care system (1, 3). Associated mortality is very low, as it 

metastasizes only extreme rarely. However, in case of hereditary NBCCS, laBCC can 

develop, and by way of severe local tissue destruction it can lead to death. The gold 

standard in the treatment of uncomplicated BCCs is surgical excision. Still, in cases of 

the aformentioned otherwise incurable laBCCs an alternative to surgery is needed. The 

Smo-inhibitor vismodegib drug revolutionized the treatment of such cases. In our 

experience  an excellent efficacy has been seen (64% ORR), comparable to data in the 

literature (25). Even when treating patients with coexisting malignancies, as e.g. prostate 

cancer or polycytemia vera we observed a safe administration of vismodegib. It caused 

side effects in all patients and nearly half of them discontinued vismodegib therapy. The 

management of side effects was generally unsatisfactory, it needs further investigations 

to improve them. Interruption of the therapy led to acquired resistance in some cases. 

Resistance to vismodegib, when PD1-inhibitor are also contraindicated, establish the need 

for further treatment options. In our pilot study we could safely administrate high dose of 

IVA, as up to 175 g per infusion without any relevant side-effects. We could demonstrate 

therapeutic efficacy as 3 of 4  patients achieved SD. IVA has led to some improvement  

in 83% of all lesions. We observed a relatively great difference between lesion in extent 

of therapeutic response, most notable adenoid type lesions did not show any change to 

therapy. Our study showed that the killing effect of ascorbate on C. albicans depends on 

factors as functional ETC and free iron levels. Based on these finding and the variations 

in therapy response between different BCCs, the only moderate overall therapeutic effect 

could be possibly explained by many factors, as rate of vascularisation, metabolic activity 

and other microenvironmental elements, such as free Fe2+ level in the tumors. 

Nevertheless, we concluded that Smo-inhibitor vismodegib needs to be the first choice of 

therapy in inoperable and otherwise incurable cases of BCCs. High-dose IVA therapy 

could only be a choice of treatment as an adjuvant therapy in therapy resistant cases, as it 

only supersedes vismodegib in terms of side-effect profile.  
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