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Although the therapeutic gold standard for basal cell carci-
nomas (BCCs) is surgical excision, imiquimod, fluorouracil 
cream, and photodynamic therapy are frequently used. All 3 
modalities have been shown to be efficacious for the treat-
ment of superficial BCCs as well as other nonmelanoma 
skin cancers; however, recent reports have emerged impli-
cating these agents in causing more aggressive recurrent 
subtypes of BCCs. Here we review this literature as well as 
offer an alternative explanation for these tumors. 

Basal cell carcinomas (BCCs) account for 80% of non-
melanoma skin cancers (NMSC) in the United States.1 
Although surgical excision remains the treatment gold 

standard, less invasive modalities are increasingly being em-
ployed.2 Imiquimod, fluorouracil cream, and photodynamic ther-
apy (PDT) are 3 such treatments that are widely used. Recently, 
reports emerged implicating each of these modalities in causing 
more aggressive recurrent subtypes of BCCs.2-4 Yet an alternative 
plausible explanation relates to the concept that the BCCs were 
“lying beneath.”5 Here we review the mechanism and indications 
for PDT, imiquimod, and topical fluorouracil, discuss the recent 
literature implicating these agents in causing aggressive BCCs, 
and elaborate on the concept that the BCCs were “lying beneath.”

Photodynamic Therapy
PDT consists of application of a photosensitizing agent followed 
by its photoactivation by light. This process generates singlet 
oxygen within biologic tissues, which induces cellular destruc-
tion.6 There are 2 different photosensitizers: 5-aminolevulinic 
acid (ALA) and methyl aminolevulinate (MAL). ALA is approved

 by the U.S. Federal Drug Administration (FDA), Canada, Korea, 
and several Latin American countries for minimally to moder-

ately thick actinic keratoses (AKs) of the face or scalp. MAL is 
approved for the treatment of AKs and BCCs in over 30 coun-
tries and is a recognized treatment option for Bowen’s disease 
in 22 European countries. 

The application of either photosensitizer leads to conversion 
by the neoplastic tissue to photoactive porphyrins, which upon 
exposure to a light source causes direct cytotoxicity.  A 417 nm 
blue light is used for ALA and a 635 nm red light is used for 
MAL.7 PDT does have the ability to cause selective tumor de-
struction—in addition to confining drug application to the area 
of the tumor, there is inherent difference in the permeability 
barrier and accumulation of porphyrins in the neoplastic cells 
and normal skin.6 PDT has been shown to be efficacious in the 
treatment of AKs, Bowen’s disease, superficial BCC, and nodu-
lar BCC.7 Sustained clearance at 12 months ranges from 50.7%8 
to 72.8%.9 However, Fiechter et al2 retrospectively identified 12 
patients with 16 post-PDT recurrent BCCs and compared the 
histologic features pre-PDT and post-PDT. The authors found 
that 62.5% of recurrent BCCs transitioned from a non-aggres-
sive to aggressive subtype. From this data, they concluded that 
PDT may favor selection of more aggressive tumor cells. 

Imiquimod 
Imiquimod 5%, an imidazoquinolone, is an immunostimulating 
agent that binds to toll-like receptor (TLR)-7 and TLR-8, activating 
nuclear factor-κB and inducing proinflammatory cytokines re-
sulting in a T helper type 1 (TH1) immune response.10 Imiquimod 
is FDA-approved for the treatment of AKs, external genital warts, 
and non-head or neck superficial BCCs.9 Sustained clearance at 
12 months ranges from 83.4%9  to 92%.11 Skaria reviewed his pa-
tients treated with Mohs surgery since 2012 and identified 8 who 
had previously been treated with imiquimod therapy.4 Although 
only 5 had been biopsied before imiquimod, he noted that 7 out 
of 8 of the patients had increase in the “aggressivity in their tu-
mor”. Similar to Fiechter et al,2 this author raised concerns that 
imiquimod may select more aggressive tumor cells. 

Fluorouracil
Fluorouracil is a structural analog of thymine and irreversibly 
inhibits the enzyme thymidylate synthase, arresting protein 
synthesis and ultimately leading to cell death. Although fluo-
rouracil does not specifically target tumor cells, the effects 
are more pronounced in rapidly proliferating cells.10 There 
are 4 strengths of topical fluorouracil: Efudex® (5% and 2% 

“More aggressive tumor 
subtypes may be deeper than 
clinically apparent, making 
treatment beyond reach.”
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fluorouracil cream), Fluoroplex® (1% fluorouracil cream), 
and Carac® (0.5% fluorouracil cream).  Topical fluorouracil is 
FDA-approved for the treatment of AKs (Efudex, Carac, and 
Fluoroplex) and superficial BCCs (Efudex). Sustained clear-
ance at 12 months ranges from 33%12 to 81.1%.9 Although 
not FDA-approved for the treatment of squamous cell car-
cinoma in situ, 5% fluoruracil cream has been shown to be 
efficacious.13,14 However, despite approval since the 1970’s, the 
Veterans Affairs Topical Tretinoin Chemoprevention trial noted 
that prior treatment with topical fluorouracil was associated 
with a higher risk of development of morpheaform BCCs. These 
authors concede that fluorouracil may have destroyed super-
ficial cancer cells while leaving deeper pockets untouched. 
However, they open the door to a causal relationship between 
therapy and these tumors by stating that “fluorouracil treat-
ment may predispose to development of morpheaform BCC.”3 

As presented above, these 3 recent reports suggest that the 
topical therapies may be associated with future development of 
histologically more aggressive BCCs. However, it is important to 
recognize that each modality is only indicated for the treatment 
of superficial neoplastic tumors. More aggressive tumor sub-
types may be deeper than clinically apparent, making treatment 
beyond reach. This concept was clearly illustrated in a case series 
by Sambandan and Goldman5 in which they presented 8 patients 
initially treated for AKs who failed to improve with destructive 
modalities. Upon biopsy the lesions were noted to have underly-
ing BCCs. Although there is a possibility that the BCC developed 
in response to the destructive modality, it is more likely that the 
tumor was always present but not clinically apparent.  

In this context, it is important to recognize that the findings 
of histologically aggressive tumors in these 3 studies may be 
due to their lack of response to the PDT, imiquimod, or fluoru-
racil, and not to the therapy itself. Furthermore, the 3 studies 
provide weak evidence supporting their causal relationship in 
causing aggressive skin cancers. These therapeutics play an 
important role in the treatment of NMSC, but they do have 
their limitations. In addition to thorough clinical examinations, 
other imaging modalities such as high-frequency ultrasound 
may be useful in identifying deeper tumors.15 Close clinical 
follow up after topical field therapy is prudent in order to not 
miss deeper, aggressive tumors.
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