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Skin cancer is the most common cancer in the United States and among Caucasians worldwide, with more people
diagnosed each year than all other cancers combined. Basal cell cancer is the most common form with an
estimated 4.3 million cases diagnosed annually, and treatment costs estimated at $4.8 billion. The objective of
this study was to compare efficacy of a topical solution consisting of 30% ascorbic acid in 95% dimethylsulfoxide
with topical imiquimod in the treatment of basal cell carcinoma. Twenty-five patients with 29 biopsy confirmed
basal cell carcinomas were randomly assigned to receive either the topically applied ascorbic acid treatment
twice daily for 8 weeks or topical imiquimod, a standard and well characterized topical treatment. After 8 weeks,
post-treatment biopsy of lesions showed complete resolution of 13/15 (86.7%) in the ascorbic acid group, while
8/14 (57.1%) lesions in the IMQ group were resolved (p < 0.05 Chi Square). Topical ascorbic acid was superior
at 8 weeks, and non-inferior at 12 weeks to topical imiquimod in the treatment of low risk nodular and su-
perficial lesions. In addition, ascorbic acid was associated with fewer adverse effects than imiquimod. 70% of
patients in the imiquinod group showed residual hypopigmentation at 30mo follow up versus 0% in the
ascorbate group.

1. Introduction neoplastic agent [summarized in [13]. However, reconsideration of its

clinical potential has received credible scrutiny recently [13-15,

Skin cancer is the most common cancer in the United States and
among Caucasian peoples worldwide. More people are diagnosed each
year with skin cancer than all other cancers combined [1,2], with basal
cell cancer (BCC) being the most common form [3]. The annual cost of
treating BCC in the US is estimated. at $4.8 billion [4]. The condition
thus constitutes a significant health and cost burden to the US popula-
tion. Task force consensus guidelines [5] on the treatment of BCC
recommend Mohs surgery as the treatment of choice for many BCCs.
However, cost and issues of cosmesis and scarring, particularly on the
face, are principal disadvantages [5]. Topical treatments include the
anti-neoplastic 5-fluoruracil (5-FU) and the immune response modifier
imiquimod (Aldara®) [6-10].Efficacy rates for these treatments
reportedly range from 35% to 75% [6-11], and imiquimod (IMQ) is
associated with an incidence of residual hypopigmentation as high as
80% [12].

Ascorbic acid (AA) has a long and controversial history as an anti-

reviewed,in,16], and clinical trials have revisited intravenous ascorbic
acid as treatment for a variety of tumors [14-16]. In this study, we
compared the efficacy of a topical concentrated ascorbic acid solution
with IMQ in the treatment of low-risk BCC.

2. Methods

This trial was conducted in compliance with institutional guidelines
for clinical trials and, was conducted in accordance with the principles
of the Declaration of Helsinki, 2013 revision, regarding research with
human subjects. Detailed informed consent was obtained from each
patient and archived. Patients were recruited from primary care and
dermatology clinics in the community. Eligible participants of any age
had histologically confirmed primary nodular or superficial BCC, pre-
viously untreated, and not arising at sites of high risk for sub-clinical
tumor spread (e.g., nose, ear, eyelid, eyebrow, vermillion border,

Abbreviations: AA, ascorbic acid; IMQ, imiquimod; DMSO, dimethylsulfoxide; BCC, basal cell cancer.
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upper lip, scalp, or temple) [5]. Patients with infiltrative, recurrent, or
morphoeic BCC, or history of malignancy of any kind, were excluded
from the study.

Patients in the AA group were treated twice daily 7 days per week
with a topical solution of 30% (w/v) ascorbic acid (Sigma-Aldrich Corp.,
USA) in 95% (v/v) dimethylsulfoxide (DMSO; Sigma-Aldrich Corp.,
USA) and 5% (v/v) distilled water, while the IMQ patients received
application of a commercial 5% cream 5 days per week after the protocol
of Vidal et al. [12]. The ascorbic acid solution was supplied in an amber
glass bottle and applied at home by the patient using a cuticle brush.
Volume of the ascorbic acid solution applied was 0.2-0.3 ml per appli-
cation. Patients were randomly assigned to treatment group by blindly
choosing a token numbered from 1 to 100 from a canister. Odd numbers
were assigned to the AA treatment group and even to the IMQ group.
Participants were blinded to treatment protocol. Patients were seen in
the clinic at initial visit, 4 weeks, 8 weeks, and six weeks after treatment
conclusion for final biopsy. In addition, patients were supplied every 2
weeks with a fresh solution of ascorbic acid to obviate issues sur-
rounding stability. Those participants in the IMQ group who continued
through 12 weeks of treatment were seen for an additional visit. The AA
treatment was a solution while the IMQ a cream, however participants
were simply told they would be receiving a topical treatment with
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instructions on how to apply, thus participant blinding remained intact.
Primary outcome measure was the presence or absence of residual tumor
at study conclusion as confirmed by 2 mm punch biopsy. Null hypothesis
was that the AA treatment would be inferior to treatment with IMQ.
Histopathology was confirmed by 2 mm partial punch biopsy leaving the
bulk of the BCC intact prior to treatment.

Patient compliance in the AA cohort was high and no patient had
difficulty with the application using the small brush. Treatment was
continued for 8 wks or until the lesion cleared. Subjects in the IMQ group
whose lesions had failed to resolve at 8 weeks were treated for an
additional 4 weeks in conformity with reports showing better outcomes
with 12 weeks of treatment with IMQ [11,17]. All patients had an
appointment set for Mohs surgery after study enrollment, so in the event
of treatment failure no further delay in definitive treatment would
occur. Repeat 2 mm punch biopsy of each site was taken at the
conclusion of the study. Patients were seen in follow up after 12, 24, and
30 months. Statistical analysis was by Chi square for enumerative data
with 1 degree of freedom on intention-to- treat basis.

[ Enrollment ]

Assessed for eligibility (n=36)

Excluded (n=11)
+ Not meeting inclusion criteria (n=7)
+ Declined to participate (n=4)

A 4

Randomized (n=25)

Y [ Allocation ] A/
Allocated to intervention (n=13) Allocated to intervention (n=12)
+ Received allocated intervention (n=13) + Received allocated intervention (n=12)
«+ Did not receive allocated intervention (give «+ Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
v [ Follow-Up J v
Lost to follow-up (give reasons) (n=0) at 8 wks Lost to follow-up (give reasons) (n= 0) at 8wks
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n= 0)
\ 4 [ Analysis J v

Analysed (n=13) at 8 wks
+ Excluded from analysis (give reasons) (n=0)

Analysed (n=12) at 8 wks
+ Excluded from analysis (give reasons) (n=0)

Fig. 1. Enrollment flow diagram.
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3. Results
3.1. Enrollment

Thirty-six patients were assessed for eligibility, Fig. 1. Of those, 11
were excluded. Seven did not meet enrollment criteria and 4 declined to
participate. Thirteen were allocated to the AA treatment arm and all 13
allocated received intervention. Twelve participants were allocated to
the IMQ treatment arm and all 12 allocated received intervention. At 8
weeks no participant in either treatment arm was lost to follow up or
discontinued treatment. Thirteen in the AA group were available for
analysis after 8 weeks and all 12 in the IMQ after 8 weeks were also
available for analysis. No patient at 8 weeks in either treatment arm
were excluded from analysis. Table 1 shows baseline characteristics of
each treatment group.

3.2. Histopathology

A total of 29 BCCs located on the trunk (14), extremities (9) and
forehead (6) were treated. Lesions elsewhere above the neck were
excluded from the study as potentially high risk. Histopathology showed
21 nodular and 8 superficial BCC subtypes upon enrollment. Thirteen
patients (8 female 5 male) with a total of 15 lesions were randomized to
the ascorbic acid (AA) treatment group, and 12 patients (6 female 6
male) with 14 lesions were randomized to the imiquimod group (IMQ).
There was no difference in mean size of BCC in each group (11.4
+/—2.1 mm vs. 13.1 +/- 1.9 mm; mean +/- SE mean.Table 1). The AA
group had 11 nodular and 4 superficial BCC and the IMQ group 10
nodular and 4 superficial.

After 8 weeks, post-treatment biopsy of lesions showed complete
resolution of 13/15 (86.7%) in the ascorbic acid group, while 8/14
(57.1%) lesions in the IMQ group were resolved (p < 0.05 Chi Square).
Six nodular lesions in the IMQ group failed to completely resolve after 8
weeks, and these were treated for an additional 4 weeks, at which time
an additional 3 of the lesions had resolved. Thus, at 12 weeks 11/14
(78.6%) lesions in the IMQ group had resolved. This result is not
different from the AA group at 8 weeks (P > 0.1). There was no sign of
generalized inflammation or irritation of normal skin surrounding le-
sions in the AA group. Fig. 2 shows clinical improvement in a nodular
BCC treated with the ascorbic acid preparation.

3.3. Adverse events and recurrence

Local skin irritation occurred at the majority of treatment sites in
both groups, beginning with mild erythema followed by desquamation,
superficial erosion (which was more pronounced in the imiquimod
group), and re-epithelialization. After several days of use, patients re-
ported mild stinging with application of the AA solution, which lasted
for 1-2 min. Application of an OTC skin moisturizer alleviated the
discomfort. No patient discontinued treatment due to adverse reaction
or discomfort with either treatment, however 6 patients in the IMQ
group developed enough pain with application that they were instructed
to pause treatment for several days until symptoms abated, and then
resume application. All patients with tumor free biopsy specimens were
regularly monitored for clinical relapse. Over a 30-month observation
period there were no recurrences in the AA group and 1 in the IMQ

Table 1
Baseline Characteristics of Treatment Groups.

Age Male  Female Lesion Size (mean
+/-sem)
Ascorbic Acid 53.6 + /- 6.1 5 8 11.4 + /- 2.1 mm
Group yr
Imiquimod Group 56.9 + /- 8.5 6 6 13.1 +/-1.9 mm

yr
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group, not a statistically significant difference. All patients enrolled
completed the 8 week study, all were available at 12 month follow up
and 20 were available for follow up at 30 months. There was no scarring
or hypopigmentation observable in the AA treatment group 30 months
after conclusion of treatment, however 7 subjects in the IMQ group
(70%) showed residual hypo-pigmented areas. Most common adverse
events were itching (85% in IMQ group vs. 57% in the AA group), pain
(40% vs 8%), skin erosion (81% v 16%).

4. Discussion
4.1. Mechanism of action

The mechanism of action of the current preparation against BCC was
not explored. Indirect inflammation-related effects similar to the effect
of topical imiquimod could be involved, although the inflammatory
potential of ascorbic acid appears to be quite low [18]. Ascorbic acid has
been reported to generate hydrogen peroxide in extracellular fluid, and
this has been hypothesized to be part of its anti-neoplastic action via the
Fenton reaction with increased levels of labile ferric iron in the tumor
microenvironment [15,16]. Recently Ngo, et al. [16] evaluated
pre-clinical evidence of redox imbalance, epigenetic re-programming
and oxygen-sensing regulation as anti-neoplastic mechanisms of action
of high dose ascorbate. Interestingly, the anti-metabolic effects of
ascorbate have little effect on normal cells [16,19,20].

Using a 2 mm punch biopsy made it unlikely that any tumor was
sufficiently debulked by the initial biopsy to affect treatment outcome.

4.2. Ascorbic acid

Ascorbic acid readily undergoes reversible oxidation to dehy-
droascorbate, both in vivo as part of physiological redox cycling, and in
vitro upon exposure to oxygen [21]. The pH of the AA solution freshly
prepared was 6.1-6.3. Because AA is an acid it is reasonably stable in
acidic solution [21], however it can be rapidly oxidized by dissolved
oxygen, which the solution was exposed to in the air each time the bottle
was opened by the patient for application. To minimize issues with
stability, participants were supplied with fresh solution every 2 weeks.
The measured pH of the 2 week old AA solution remained at 6.1 — 6.3
range.

4.3. DMSO

A previous report by Hollo, et al. [22] demonstrated efficacy of a
33% saturated aqueous solution of ascorbic acid topically applied in the
treatment of 7 BCCs. However, the protocol required the paste be
applied under occlusion for 12 hrs. each day and, average time to lesion
resolution was 22 wks rendering the treatment cumbersome and of little
clinical utility. Subsequently the group used an IV ascorbate protocol for
invasive BCC which lasted 42 wks [18]. Again, this represents a difficult
protocol to comply with. The formulation in this study of 30% ascorbic
acid in DMSO greatly reduced time to lesion resolution, although final
results were similar to those found with an aqueous solution by Hollo,
et al. [22]. Similar results in treating BCC in the absence of DMSO
suggest the DMSO in the current formulation, while facilitating a much
more rapid response, is not contributing any meaningful anti-neoplastic
effects directly.

DMSO is a well characterized aprotic solvent known for its skin
permeation enhancing abilities with a variety of solutes reviews
[23-25]. It is known to have anti-inflammatory actions [23-25] and to
act as a “maturation agent” in some neoplastic cell lines [reviewed in
[24], however evidence of direct anti-cancer effect when applied topi-
cally is scant. The possibility of a synergistic effect between ascorbate
and DMSO beyond enhanced penetration cannot be ruled out. DMSO has
been used in combination with photodynamic therapy with 5-aminole-
vulinic acid (5-ALA) for treatment of BCC [26,27]. It was concluded
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Fig. 2. Clinical improvement in a nodular BCC with twice daily topical application of 30% ascorbic acid in DMSO. Left: prior to biopsy and before treatment
initiation. Center: 6 weeks after twice daily application. Right: complete resolution after 8 weeks of treatment.

that DMSO, with its unique solvent abilities, was being used to carry the
5-ALA further into the dermis in the hopes of being able to effectively
treat non-melanoma skin cancers with less invasive means [26,27].

Each patient in the AA treatment group was only exposed to minute
volumes of DMSO, approximately 400-600ul per day making risk of
toxicity extremely unlikely.

4.4. Imiquimod

Imiquimod is an immune response modifier that has been success-
fully used to treat superficial BCC, for which it is FDA approved. It’s use
for treatment of nodular BCC has also been reported in multiple studies
[6-9,10 review,12], although reported efficacy rates for nodular BCC
vary widely. Use of imiquimod for nodular BCC is off label, nonetheless
it is a convenient, topical treatment easily applied by the patient and
these attributes, along with some proven efficacy, make it an appro-
priate treatment comparison for the current ascorbic acid formulation.

5. Study weaknesses

Weaknesses of the study include small sample size and a relative lack
of ethnic diversity in the study subjects. Numbers in the study were too
small to evaluate potential interactions between treatment effect and
gender, race, tumor type, size, or skin classification. Potentially high-
risk areas of the body were excluded from enrollment so the anatomic
distribution of BCCs in the study did not reflect occurrence in the general
population. It is unknown what the ascorbic acid/dehydroascorbic acid
ratio was in the DMSO solution over time, or how this may have affected
the solution’s efficacy. Further, any role of DMSO beyond it’s known
permeation enhancement effects was not explored.

6. Conclusions

Management of BCC is dependent upon a variety of factors, including
the location of the lesion, as tumors that arise in cosmetically or func-
tionally important areas are best managed with treatments that mini-
mize the amount of tissue removed while ensuring a high chance of
complete cure [17]. Topical ascorbic acid was superior at 8 weeks, and
non-inferior at 12 weeks to topical imiquimod in the treatment of low
risk nodular and superficial BCC. In addition, ascorbic acid was associ-
ated with fewer adverse effects than imiquimod. Our results demon-
strate that concentrated ascorbic acid in DMSO is a well tolerated,
inexpensive, easy to use topical preparation that warrants larger clinical
trials as a suitable first line treatment for BCC. Given its simplicity and
lack of residual hypopigmentation it may find particular advantage for

lesions on the face where issues of surgical scarring and cosmesis can be
of paramount importance. This study describes a new topical treatment
which could improve treatment outcomes and reduce costs for the most
common cancer diagnosis in the US and worldwide. Larger clinical trials
are warranted.
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