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Abst rac t
Introduction: The anti-cancer properties of high-dose intravenous ascorbic acid have been demonstrated in various 
malignancies. In our recent study, we tested topically applied ascorbic acid to treat basal cell carcinoma (BCC), and 
achieved a good clinical response. 
Aim: Based on these results, we decided to examine the efficacy and tolerability of high-dose intravenous ascorbic 
acid (IVA) for locally advanced BCC. 
Material and methods: In this pilot study, patients diagnosed with locally advanced BCC who were not amenable 
to radiation, surgical or local therapy (no other treatment option was available at the time) received intravenous 
ascorbic acid (1–1.8 g/kg), in an outpatient setting, 1–3 times per week for a mean duration of 42 ±23.6 weeks. This 
therapy was generally well tolerated. 
Results: Among 4 patients who had a total of 165 (mean: 41 ±51, range: 1–114) skin lesions, 3 patients achieved 
stable disease and one had progressive disease. There was substantial variability in individual tumor response to 
therapy. With the aid of two-photon microscopy and second harmonic generation imaging techniques, alterations 
in collagen structure were observed between tumor nests during IVA therapy. 
Conclusions: Our results suggest that IVA is well tolerated in a small group of patients with extensive BCCs. How-
ever, in the era of smoothened (Smo) receptor inhibitors, it may only be considered as an adjuvant therapy in 
treatment-resistant cases. 
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Introduction

Basal cell carcinoma (BCC) of the skin is the most com-
mon cutaneous malignancy in Caucasian patients [1]. De-
pending on the size, subtype and location of the cancer, 
there are various treatment options available. These include 
Mohs micrographic surgery (MMS)/surgical excision, other 
procedural solutions such as electrodesiccation and curet-
tage, cryotherapy, photodynamic therapy and radiation 
therapy as well as topical application of various immuno-
modulatory and antimetabolite agents [2]. The vast majority 
of BCCs can be cured with these modalities and MMS pro-
vides the highest cure rate among all treatments. Challeng-
ing cases with high recurrence rates and spread to adjacent 

musculoskeletal structures – and rarely to distant organs – 
include large, infiltrating BCCs in the periocular and periau-
ricular region and BCCs developing in patients with certain 
cancer syndromes, such as in nevoid basal cell carcinoma 
syndrome (BCNS, basal cell nevus or Gorlin-Goltz syndrome) 
[3]. To reduce the tumor burden in these patients, systemic 
tumor-targeted therapy is preferred. 

Recently, two small-molecule inhibitors of smoothened 
(Smo) – vismodegib (GDC-0449, Roche) and sonidegib 
(LDE225, Novartis) – have been approved for this purpose. 
The former drug is approved to treat metastatic and locally 
advanced BCC, while the latter can be used to treat thera-
py-resistant locally advanced BCC [2, 4]. Unfortunately, they 
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may have severe side effects resulting in discontinuation of 
therapy [5–8]. Therapeutic resistance may also occur [5–8]. 
At the time of our study neither vismodegib nor sonidegib 
was available on the European market, prompting our 
search for an alternative treatment option that may benefit 
patients with locally advanced BCCs who were either not 
amenable to or declined currently available treatments. 

There is a growing body of evidence on the potential 
benefit of high-dose intravenous ascorbic acid (IVA) therapy 
in various malignancies, such as ovarian, pancreatic and 
prostate cancers [9]. If patients are selected properly, IVA is 
well tolerated with a negligible side effect profile compared 
to chemotherapeutic agents [9–12]. In addition, we recently 
published a study that demonstrated a possible therapeutic 
role of topically applied saturated ascorbic acid solution to 
treat BCC [13].

Two-photon excitation fluorescence (TPEF) and second 
harmonic generation (SHG) are novel label free optical im-
aging tools that may eliminate routine staining processes 
and are also capable of real-time in vivo imaging. TPEF 
microscopy can reveal endogenous fluorophores, such as 
NAD(P)H, FAD and elastin. Subsequently, it enables visual-
ization of the cellular structure and tissue morphology. The 
SHG is a specific method to observe collagen fibers. TPEF 
and SHG have been previously utilized to visualize and dif-
ferentiate various BCC subtypes and also to discriminate 
BCC from squamous cell carcinoma [14, 15]. The combina-
tion of these modalities enables us to assess fine changes 
of tissue pathology during IVA therapy which may not be 
apparent in standard hematoxylin and eosin (HE) stained 
histology sections. 

Based on the above, we set out to investigate the use 
of high-dose IVA therapy in selected patients with locally 
advanced BCC and also to assess changes in tumor stroma 
by TPEF and SHG methods.

Aim

The primary objective of our study was to assess 
tolerability of IVA in carefully selected BCC patients. Our 
secondary objectives were to halt progression or induce 

regression of already existing tumors and inhibit new 
tumor development. Our tertiary objective was to assess 
the basic mechanisms underlying the therapeutic effect 
of IVA therapy.

The main criteria for protocol termination at the be-
ginning of the study were as follows: an intolerable IVA 
side effect or toxicity, or deterioration of the patient’s 
general condition such that IVA administration would 
not be feasible or unequivocal progression for more than 
three months. In the later stages of the study as vismo-
degib became available, even stable disease status was 
a reason for discontinuation. 

Material and methods

This pilot study was conducted at the Department 
of Dermatology, Venereology and Dermato-oncology of 
the Faculty of Medicine, Semmelweis University Buda-
pest, Hungary. Compounding of the intravenous vitamin 
C solution and its off-label use were approved by 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). The study was conducted 
in accordance with the ethical standards as dictated by 
the Declaration of Helsinki and its later amendments or 
comparable ethical standards. This study was conducted 
with the human subjects’ understanding and consent.

Patient selection criteria

Patients diagnosed clinically and histologically with lo-
cally advanced BCC who were not amenable to radiation, 
surgical or local therapies were recruited for high-dose 
IVA treatment. Patients eligible for the study had to meet 
the following inclusion and exclusion criteria (Table 1). 
The subjects were not required to meet the diagnostic 
criteria for BCNS.

Patient enrollment

We screened 6 patients with locally advanced BCC 
who were recruited from our oncology outpatient clinic. 

Table 1. Inclusion and exclusion criteria

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 ≥ 60 ml/min, serum creatinine level < 120 µmol/l

Normal liver function, total serum bilirubin ≤ 15 mg/l; AST < 45 U/l, ALT < 55 U/l
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Two patients were excluded from the study, one due to 
history of renal stones and the other could not be fol-
lowed up due to lack of compliance. Informed consent 
was obtained from all patients included in the study. The 
mean age of 4 patients (1 female, 3 males) enrolled in the 
study was 62.3 ±16.2 years (range: 47–83 years). Three 
out of 4 patients met the diagnostic criteria for BCNS 
[16]. For further patient demographics and clinical data 
see Table 2.

Treatment protocol

In general the IVA dosage was 1.8 g/kg body weight, 
with treatment doses ranging from 75 to 175 g per infu-
sion and administered three times a week, after a 4-week 
dose escalation period, as described in previous studies 
[11]. Occasionally there were intervals when treatment 
was suspended due to no show up or other medical con-
ditions irrespective of IVA therapy. These were compen-
sated by elevated frequency of treatment in other weeks. 
Mean duration of treatment was 42 ±23.6 weeks. For ad-
ministration of IVA we used a Port-A-Cath device for 3 of 
the 4 patients, as a high osmotic effect might damage 
peripheral veins. In the case of patient 3 a Port-A-Cath 

device could not be implanted initially. At this time, the 
dose was reduced to 1.1 g/kg, 75 g per occasion as the 
maximum tolerable amount of ascorbic acid through 
a peripheral vein. Patient 4 completely refused the Port-
A-Cath device; therefore we administered 1.3 g/kg, 100 g  
ascorbic acid per occasion, which was the maximum 
dose that this patient could tolerate via a peripheral vein 
(see Table 3 for a more detailed description).

The infusion solutions were prepared sterile from 
concentrated ascorbic acid solutions at the Department 
of Pharmacology of Semmelweis University. Each 50 ml 
vial contained 25 g of ascorbic acid (500 mg/ml) buffered 
to pH 5.5–7 using sodium bicarbonate and edetate di-
sodium, as described before [11]. Solutions were diluted 
in 1000 ml of Ringer’s lactate infusion and administered 
for 3 h. The infusion solutions were protected from light 
at bedside.

Assessment of study outcome

Following baseline evaluation, we selected one to six 
measurable target lesions per patient that were moni-
tored monthly using digital photography and image 
analysis. Magnetic resonance images (MRI) and com-

Table 2. Patient demographics and clinical data

Parameter 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 

resection 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

Falx cerebri calcification Yes No Yes Yes

Minor BCNS criteria (musculoskeletal 
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 
refused 

surgery or 
enucleation)

Surgery, 
radiotherapy

Surgery, 
cryotherapy, 
isotretinoin, 

acitretin, PDT, 
intralesional INF
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puted tomography (CT) scans, if needed, were obtained 
to measure changes in tumor volumes or to monitor 
new lesion formation. We measured the longest diam-
eter of each target lesion with Digimizer image analysis 
software v. 4.3 (MedCalc Software, Ostend, Belgium). We 
assessed cumulative target lesion size, as the sum of the 
longest diameter of all target lesions per patient. Then 
we calculated the mean lesion size of all target lesions in 
all patients. In order to assess the treatment response for 
each patient, we adapted Response Evaluation Criteria 
in Solid Tumors (RECIST v.1.1) guidelines [17]. Complete 
response was defined as disappearance of all lesions. 
Partial response represented a decrease of > 30% in the 
sum of all the longest diameters of target lesions. Pro-
gressive disease was defined as at least 20% increase 
in the sum of all the longest diameters of target lesions 
and/or appearance of a new lesion and/or an unequivo-
cal escalation in overall disease status. Stable disease 
defined cases where the decrease in overall target le-
sion size did not qualify for complete or partial response, 
nor did the increase qualify for a progressive disease. As 
some of the lesions on the skin had an uneven surface, 
it was not always feasible to measure the quantitative 
changes in vertical dimension and calculate the tumor 

volume. In an attempt to better reflect these changes, cu-
taneous response was also assessed via a scoring system 
adapted and modified from Mashiah et al. and Maytin  
et al. [18, 19]. In this scoring system, each lesion was 
scored based on two parameters, change in horizontal 
dimension (progression > 20% increase = –1, stable = 0, 
partial regression > 30% decrease = 1, complete regres-
sion = 2) and vertical dimension (prominent elevation = 
–0.5, minor change (decrease or increase) in elevation 
or no change at all = 0, prominent flattening = 0.5). The 
score for each parameter was summed and then divided 
by the number of target lesions, to obtain an average 
score. The final score was the sum of two average scores 
(horizontal and vertical dimension score) for each pa-
tient, with values ranging between –1.5 and 2.5. Patients 
were divided into one of four response groups as follows: 
complete response = 3, partial response = 0.75–3, stable 
= 0.75 to –0.75, progression = –0.75.

Histopathological examinations

Skin biopsy samples were collected before the start 
and after IVA treatment in the case of patients 1 and 2. 
Patients 3 and 4 had a single biopsy before treatment, 
but did not consent to a second, follow-up biopsy. As pa-

Table 3. Target lesion characteristics, treatment duration and dosage

Parameter 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, 
intrasinusoidal 

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 
[weeks]

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 successive 
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 [g]

29150 8970 7039 4800  
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tient 1 had numerous tumors with relatively large tumor 
sizes and excellent compliance, we could collect addi-
tional tumor tissue samples during the treatment period. 

The HE stained sections of 10% formalin-fixed and 
paraffin-embedded skin biopsy samples were evaluated 
for diagnostic and therapy assessment purposes. Addi-
tionally, 4 μm thick sections from patient 1 were used for 
immunohistochemical analysis.

In an attempt to confirm the degree of vasculariza-
tion in two different subtypes (micronodular and ade-
noid) of BCC in the same patient, staining with mono-
clonal mouse anti-CD31 (PECAM-1, clone: 89C2, Cell 
Signaling, MA, USA) was performed.

We acquired TPEF and SHG images of deparaffinized tis-
sue samples from lesions 1 and 2 of patient 1 after a 2-week 
drug-free interval, and after the subsequent 2 weeks of in-
tensive (10 sessions) IVA therapy. A custom modified Axio 
Examiner LSM 7 MP laser scanning two-photon microscope 
(Carl Zeiss AG, Germany) was used to capture the images. 
We applied a femtosecond pulse Ti-sapphire laser (Femto-
Rose 100TUN NoTouch, R & D Ultrafast Lasers Ltd, Hungary) 
tuned for a 800 nm excitation wavelength. A 395–415 nm 
band-pass emission filter was used to separate the SHG sig-
nal from the TPEF signal which was collected at 565–610 nm  
and intracellularly attributed to mainly flavin adenine di-
nucleotide (FAD). The images were captured by a 20× water 
immersion objective (W-Plan – APOCHROMAT 20×/1.0 DIC 
(UV) VIS-IR, Carl Zeiss AG, Germany). The size of each field of 
view corresponded to 0.42 × 0.42 mm2, from which mosaic 
images of larger areas up to 6.72 × 6.72 mm2 were gener-
ated by ImageJ software (NIH, USA). The imaging setup is 
further described in refs. [20, 21]. We selected five fields of 
view from the tumor nests and their associated peritumoral 
stroma for quantitative analysis. Changes in collagen mor-
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Figure 1. Longest diameter of each lesion size of patient 1 
before and after intravenous ascorbic acid (IVA) therapy. 
Subtypes were the following: lesion 1 (micronodular), lesion 
2 (micronodular), lesion 3 (nodular), lesion 4 (micronodu-
lar), lesion 5 (micronodular), lesion 6 (adenoid)

Before treatment        After treatment

phology (fiber length and width) were assessed by CT-FIRE 
(v1.3) (LOCI, USA), a curvelet transform-fiber tracking algo-
rithm in the selected field of views. 

Results

We treated 4 patients who had a total number of 
165 (mean: 41.25 ±51.7, range: 1–114) lesions. We evalu-
ated their response to therapy, monitoring a total of  
18 target lesions with a mean lesion size of 27.95  
±31.90 mm (range: 5–108.5 mm). Seventy two percentage 
of the lesions were located in the head and neck region, 
17% on the trunk and 12% on the extremities. Mean dura-
tion of IVA treatment was 42 ±23.6 weeks (Table 3).

Among the lesions responding to therapy, lesion 
size decreased by 4–16% (Table 4). However, it should 
be emphasized that not all lesions responded to therapy 
equally, and some even progressed (Figure 1). 

While 83% of all target lesions responded (partial and 
stable response) to therapy, 17% progressed. Among the  
15 lesions which responded to therapy, 27% demonstrated 
a partial response and 73% had a stable response. Evalua-
tion of overall treatment response showed stable disease 
for 3 patients and progressing disease for 1 patient (Ta- 
ble 4). On the other hand, the cutaneous lesion score 
showed a stable disease for all 4 patients (Table 5). Lastly, 
none of the patients developed any detectable new lesions.

Representative images of lesions with a notable 
response to treatment are presented in Figures 2 A–J. 
Follow-up skin biopsy taken from the nasal root region 
of patient showing a tumor-free scar tissue is displayed 
below (Figures 2 K, L). In the case of patient 1, brief in-
terruption of IVA led to tumor progression, which was 
controlled again when the treatment was restarted. 

There was no nephrolithiasis or any other significant 
adverse event during IVA treatment. Solely mild nau-
sea (grade 1) occurred occasionally in patient 1. A slight 
burning sensation occurred during the administration of 
ascorbic acid through the peripheral vein in patient 3 and 
patient 4 (grade 1).

In patient 1 and patient 3 progression of some lesions 
could not be completely stopped. As the Smo inhibitor 
vismodegib (GDC-449) became available at the time of 
the study as an investigational drug, we decided to intro-
duce vismodegib. Unrelated to Smo inhibitor treatment, 
patient 1 died of sepsis caused by urinary tract infection 
and patient 3 died of glioblastoma multiforme. In pa- 
tient 2, even though the longest measurable diameter 
of the target lesion on the skin surface decreased by 
13% and hence could be classified as stable disease, an 
unequivocal intrasellar progression was detected after 
4 months. We further continued the IVA therapy and 
observed slow progression. Subsequently, the protocol 
was terminated due to the deterioration of the patient’s 
general condition. Palliative radiotherapy was adminis-
tered for the intrasellar invasion. The patient died soon 
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Figure 2. Locally advanced multiple basal cell carcinoma (BCC) before and after intravenous ascorbic acid (IVA) therapy 
at week 0 (A) and week 75 (B) respectively. Computed tomography scans and photographs of a target lesion on the scalp 
before and after IVA therapy at week 0 (C, E) and week 75 (D, F) respectively. Locally advanced BCC involvement in the 
nasal and periorbital regions at week 9 (G) and week 16 (H) of IVA therapy. A target BCC lesion on the nose before and 
after IVA therapy at week 0 (I) and week 26 (J), respectively. Hematoxylin and eosin (H + E) staining of a tissue sample 
from the nose before IVA therapy, infiltrative BCC (K). HE staining of a tissue sample from the same region at the end  
of IVA therapy, scar tissue (L)

A B C D

E F

K L

G H JI

Table 5. Cutaneous score

Achievable 
score/per 
each lesion 
Horizontal/
Vertical

Patient 1 (n = 6 lesions) Patient 2 (n = 1 lesion) Patient 3 (n = 5 lesions) Patient 4 (n = 6 lesions)

Horizontal 
dimension

Vertical 
dimension

Horizontal 
dimension

Vertical 
dimension

Horizontal 
dimension

Vertical 
dimension

Horizontal 
dimension

Vertical 
dimension

–1/–0.5 –1 –0.5     –2   –0.5

0/0 0 0 0     0 0 0

1/0.5 2 1.5   0.5 2 0.5    

Average score 0.17 0.17 0 0.5 0 0.1 0 –0.08

Total score 0.34 0.5 0.1 –0.08  
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Figure 3. Micronodular basal cell carcinoma (BCC) with high microvessel density in patient 1, magnification 140× (A) 
and 400× (B). Adenoid BCC with low microvessel density in patient 1 magnification 140× (C) and 400× (D) (brown color 
indicates CD31 positivity)

A B

C D

after due to complications of irradiation therapy. Patient 
4 dropped out from the study and we could not continue 
follow-up.

�Comparison of microvessel density by CD31 
staining

CD31, also known as platelet endothelial adhesion 
molecule, is a vascular endothelial cell marker, which cor-
relates with microvessel density and tissue angiogenesis 
[22, 23]. Studies show that microvessel density is generally 
higher in aggressive subtypes than those that are indolent 
[24, 25]. Micronodular BCC is an aggressive subtype, while 
adenoid BCC is known to be an indolent variant [26]. We 
observed that in the case of patient 1, most micronodu-
lar type BCC lesions showed a response to therapy, while 
the adenoid type lesion did not present any improvement 
(Figure 1). In an attempt to illustrate the differences of vas-
cularization between the two subtypes, immunostaining 
with CD31 was performed for one micronodular and one 
adenoid lesion of the same patient. We observed a signifi-
cantly higher level of microvessel density in the micronod-
ular type of BCC compared to the adenoid type (Figure 3). 

�Imaging of tumor collagen environment via two-
photon microscopy and second harmonic generation 

We analyzed two micronodular lesions from patient 1, 
one of which showed a stable response, and the other 

a partial response. Histologic features of BCC such as pe-
ripheral palisading cells and nests of basaloid cells (yellow) 
surrounded by parallelly aligned collagen fibers (magenta) 
could be identified by TPEF/SHG images (Figure 4). Tracking 
of collagen fibers by CT-FIRE revealed that following intense 
IVA treatment thinner and shorter collagen fibers could be 
observed between tumor nests and peritumoral stroma. 

Discussion

Existing literature suggests that multiple pathways 
are targeted simultaneously when high-dose IVA is ad-
ministered. Ascorbic acid is transported to the intracel-
lular compartment mainly through sodium-dependent 
vitamin C transporter-2 (SVCT-2), glucose transporter-1 
(GLUT-1) and GLUT-3 transporters [27, 28]. In tumor cells, 
upregulation of these channels, presumably due to their 
aptitude for glycolysis (Warburg effect) [29, 30], is a well-
known phenomenon and may lead to increased intracel-
lular concentrations of ascorbic acid compared to normal 
cells [31–33]. Although ascorbic acid is historically known 
for its antioxidant properties, it was recently demon-
strated that in the presence of catalytic iron, a pharma-
cologic dose of intravenously delivered ascorbic acid acts 
as a pro-oxidant, leading to the generation of hydrogen 
peroxide (H

2
O

2
) and other reactive oxygen species (ROS) 

[34, 35]. Chen et al. proposed that H
2
O

2 
generation may 

lead to deoxyribonucleic acid (DNA) damage and subse-
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quently activate poly-ADP-ribose polymerase (PARP). The 
latter utilizes oxidized nicotinamide adenine dinucleotide 
(NAD+) as a substrate, thereby depleting the source for 
reduced nicotinamide adenine dinucleotide (NADH) for-
mation. Diminished levels of NADH will consequently de-
crease adenine trinucleotide phosphate (ATP) generation 
[33, 36–39]. It was also postulated that H

2
O

2
 may directly 

damage the electron transport chain in the mitochondria, 

thus inhibiting the function of ATP synthase [37, 40]. ATP 
depletion could be further aggravated through exhaus-
tion of the glutathione pathway, which takes part in the 
elimination of H

2
O

2 
[33, 37]. Ascorbic acid is also capable 

to release iron from ferritin, an acute-phase protein that 
is frequently elevated in cancer patients[41], providing an 
additional source of catalytic iron [42], further increasing 
the H

2
O

2
 production. 

Figure 4. Two-photon excitation fluorescence (TPEF) and second harmonic generation images (SHG) from basal cell car-
cinoma (BCC) tissue samples of lesion 2 of patient 1. A – After a 2-week drug-free interval, B – after 2 weeks of intensive 
(10 sessions) intravenous ascorbic acid (IVA) therapy. TPEF signal of FAD is displayed in yellow, while SHG signal of col-
lagen fibers is shown in magenta color. C – Hematoxylin and eosin stained section corresponding to the TPEF-SHG image 
shown in panel “A”. D – Evaluation of mean length and width of collagen fibers from the SHG images before and after 
the abovementioned intensive IVA therapy period assessed by CT-FIRE (LOCI, USA) algorithm
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It has been postulated that microvessel density, vascu-
lar endothelial growth factor (VEGF) expression and serum 
levels could correlate with invasiveness and aggressive-
ness of BCC [23–25, 43, 44]. In highly vascularized tissues, 
the tissue concentration of ascorbic acid and saturation 
of oxygen may reach higher levels. This could lead to in-
creased ROS generation and subsequently an enhanced 
antitumor effect. This is consistent with the better thera-
peutic response that we observed in the case of most of 
the micronodular lesions for patient 1. On the other hand, 
the adenoid BCC lesion of patient 1, which is an indolent 
subtype [26], did not show any improvement (Figure 1). 
This latter observation could be possibly explained by the 
low microvessel density of the adenoid lesion.

Studies suggest that alterations in collagen structure 
and orientation in tumor stroma can reflect cancer de-
velopment, progression and/or metastasis [45–47]. For 
instance, when Conklin et al. used SHG to evaluate tis-
sue biopsies from breast cancer patients, they observed 
a strong association between the number of collagen 
fibers aligned perpendicularly to the tumor boundary and 
patient survival [45]. We have previously reported that 
tumor stroma of BCC lesions had a significantly lower 
SHG signal intensity, reduced fiber angle, higher orienta-
tion of collagen and increased collagen fiber length [20]. 
Consistent with our previous finding, we have observed 
shortening of collagen fiber length after intense IVA ther-
apy. After IVA treatment peritumoral collagen fiber width 
was also reduced. These results could be explained by 
the impaired production and the increased degradation 
of collagen structure due to IVA treatment. 

To our best knowledge, this is the first report of adminis-
tering IVA to treat locally advanced, incurable BCCs. Our re-
sults indicate that in properly selected patients with exten-
sive BCCs, serial administration of IVA therapy is safe and 
relatively well tolerated, with mild and only transient side 
effects. The maximum tolerable dose and concentration 
via the peripheral vein was generally 75 g/1000 ml Ringer 
lactate (7.5%), with the exception of patient 4, who could 
tolerate up to 100 g (10%) without a severe burning sensa-
tion. On the other hand, IVA alone does not seem to provide 
a dramatic and lasting therapeutic benefit. The requirement 
for multiple weekly patient visits and the length of each in-
fusion also make this treatment somewhat impractical. 

Our study has important limitations, such as a small 
sample size and the lack of a placebo controlled group. Pa-
tient 4 dropped out of the study and patient 3 was switched 
to vismodegib, both at a relatively early stage, preventing 
evaluation of a possible long-term beneficial effect. Last but 
not least, an ideal scoring system that accurately measures 
treatment response is still not available. Possibility of an un-
evenly higher reduction in vertical tumor dimensions com-
pared to horizontal tumor dimensions or vice versa could 
lead to suboptimal tumor assessment. Beyond this, the ill-
defined lesion borders render both our adapted RECIST v1.1 
criteria and cutaneous scoring system inadequate.

Conclusions

The first choice of treatment for locally advanced or 
metastatic BCC should be Smo inhibitor therapy, and IVA 
therapy could only be considered in treatment-resistant 
cases as an adjuvant therapy. However, even as an ad-
juvant, how ascorbic acid interacts with a Smo inhibitor 
and whether this interaction may hinder or potentiate 
the effects of Smo inhibitors need to be investigated.
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