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CLINICAL REVIEW

Epithelioma cuniculatum (EC) is a subtype of verrucous carcinoma 
(VC) that affects the feet. Treatment involves complete tumor removal 
by wide local excision (WLE) or Mohs micrographic surgery (MMS). 
Extensive local destruction may require amputation. We sought to 
compare reported treatment methods for EC and determine their 
efficacy by assessing for tumor recurrence and treatment-associated 
complications. A systematic review of the literature spanning multiple 
databases was performed. To date, surgical excision is recom-
mended as the standard of care for treatment of EC, with amputation 
considered in more advanced cases. Mohs micrographic surgery 
appears to be a promising treatment modality for EC and may have 
lower recurrence rates than WLE but requires further investigation.

Cutis. 2023;111:E19-E24.

Verrucous carcinoma (VC) is an uncommon type of 
well-differentiated squamous cell carcinoma (SCC) 
that most commonly affects men in the fifth to sixth 

decades of life.1 The tumor grows slowly over a decade or 
more and does not frequently metastasize but has a high 
propensity for recurrence and local invasion.2  There are 
3 main subtypes of VC classified by anatomic site: oral 
florid papillomatosis (oral cavity), Buschke-Lowenstein 
tumor (anogenital region), and epithelioma cuniculatum 
(EC)(feet).3 Epithelioma cuniculatum, also known as car-
cinoma cuniculatum or papillomatosis cutis carcinoides, 
most commonly presents as a solitary, warty or cauliflow-
erlike, exophytic mass with keratin-filled sinus tracts and 
malodorous discharge.4 Diabetic foot ulcers and chronic 
inflammatory conditions are predisposing risk factors for 
EC, and it can result in difficulty walking/immobility, pain, 
and bleeding depending on anatomic involvement.5-9 

The differential diagnosis for VC includes refractory 
verruca vulgaris, clavus, SCC, keratoacanthoma, deep 
fungal or mycobacterial infection, eccrine poroma or 
porocarcinoma, amelanotic melanoma, and sarcoma.10-13 
The slow-growing nature of VC, sampling error of super-
ficial biopsies, and minimal cytological atypia on histo-
logic examination can contribute to delayed diagnosis and 
appropriate treatment.14 Characteristic histologic features 
include hyperkeratosis, papillomatosis, marked acantho-
sis, broad blunt-ended rete ridges with a “bulldozing” 
architecture, and minimal cytologic atypia and mitoses.5,6 
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PRACTICE POINTS 
•  Because of its slow-growing nature and propensity

for local invasion and recurrence, diagnosis of epithe-
lioma cuniculatum (EC) often is delayed and therefore
can be associated with notable morbidity.

•  Wide local excision with 5-mm to 1-cm margins is
considered standard of care and is the most com-
monly reported treatment of EC. Amputation may be
required in cases with extensive local destruction.

•  Mohs micrographic surgery is a viable option for
treatment of EC, with more recent cases suggesting
favorable outcomes regarding recurrence rates.
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In some cases, pleomorphism and glassy eosinophilic 
cytoplasmic changes may be more pronounced than that 
of a common wart though less dramatic than that of 
conventional SCCs.15 Antigen Ki-67 and tumor protein 
p53 have been proposed to help differentiate between 
common plantar verruca, VC, and SCC, but the histo-
logic diagnosis remains challenging, and repeat histo-
pathologic examination often is required.16-19 Following 
diagnosis, computed tomography or magnetic resonance 
imaging may be necessary to determine tumor extension 
and assess for deep tissue and bony involvement.20-22 

Treatment of EC is particularly challenging because of 
the anatomic location and need for margin control while 
maintaining adequate function, preserving healthy tissue, 
and providing coverage of defects. Surgical excision of EC 
is the first-line treatment, most commonly by wide local 
excision (WLE) or amputation. Mohs micrographic sur-
gery (MMS) also has been utilized. One review found no 
recurrences in 5 cases of EC treated with MMS.23 As MMS 
is a tissue-sparing technique, this is a valuable modality 
for sites of functional importance such as the feet. Herein, 
we review various reported EC treatment modalities and 
outcomes, with an emphasis on recurrence rates for WLE 
and MMS.

METHODS
A systematic literature review of PubMed articles  
indexed for MEDLINE, as well as databases including  
the Cochrane Library, Web of Science, and Cumulative 
Index to Nursing and Allied Health Literature (CINAHL), 
was performed on January 14, 2020. Two authors (S.S.D.  
and S.V.C.) independently screened results using the search 
terms (plantar OR foot) AND (verrucous carcinoma OR  
epithelioma cuniculatum OR carcinoma cuniculatum).  
The search terms were chosen according to MeSH  
subject headings. All articles from the start date of 
the databases through the search date were screened,  
and articles pertaining to VC, EC, or carcinoma cunicu-
latum located on the foot were included. Of these, non–
English-language articles were translated and included. 
Articles reporting VC on a site other than the foot (eg, 
the oral cavity) or benign verrucous skin lesions were 
excluded. The reference lists for all articles also were 
reviewed for additional reports that were absent from  
the initial search using both included and excluded 
articles. A full-text review was performed on 221 articles 
published between 1954 and 2019 per the PRISMA 
guidelines (Figure).

A total of 101 articles were included in the study for 
qualitative analysis. Nearly all articles identified were 
case reports, giving an evidence level of 5 by the Centre 
for Evidence-Based Medicine rating scale. Five articles 
reported data on multiple patients without individual 
demographic or clinical details and were excluded from 
analysis. Of the remaining 96 articles, information about 
patient characteristics, tumor size, treatment modality, 
and recurrence were extracted for 115 cases.

RESULTS
Of the 115 cases that were reviewed, 81 (70%) were 
male and 33 (29%) were female with a male-to-female 
ratio of 2.4:1. Ages of the patients ranged from 18 to  
88 years; the mean and median age was 56 years. Nearly 
all reported cases of EC affected the plantar surface of 
one foot, with 4 reports of tumors affecting both feet.24-27 
One case affecting both feet reported known exposure to 
lead arsenate pesticides27; all others were associated with 
a clinical history of chronic ulcers or warts persisting for 
several years to decades. Other less common sites of EC 
included the dorsal foot, interdigital web space, and sub-
ungual digit.28-30 The most common location reported was 
the anterior ball of the foot. Tumors were reported to arise 
within pre-existing lesions, such as hypertrophic lichen 
planus or chronic foot wounds associated with diabetes 
mellitus or leprosy.31-35 Tumor size ranged from 1 to 22 cm 
with a median of 4.5 cm. 

Eight cases were reported to be associated with  
human papillomavirus; low-risk types 6 and 11 and  
high-risk types 16 and 18 were found in 6 cases.36-41  
Two cases reported association with human papillomavirus 
type 2.7,42

Metastases to dermal and subdermal lymphatics, 
regional lymph nodes, and the lungs were reported in  
3 cases, repectively.43-45 Of these, one primary tumor had 
received low-dose irradiation in the form of X-ray therapy.45

Treatment Modalities
The cases of EC that we reviewed included treatment with 
surgical and systemic therapies as well as other modali-
ties such as acitretin, interferon alfa, topical imiquimod, 
curettage, debridement, electrodesiccation, and radiation. 
The Table includes a complete summary of the treatments 
we analyzed.

Surgical Therapy—The majority (91% [105/115]) of 
cases were treated surgically. The most common treat-
ment modality was WLE (50% [58/115]), followed by 
amputation (37% [43/115]) and MMS (12% [14/115]). 

Wide local excision was the most frequently reported 
treatment, with excision margins of at least 5 mm to  
1 cm.48 Incidence of recurrence was reported for 57% 
(33/58) of cases treated with WLE; of these, the recurrence 
rate was 33% (11/33). For patients with EC recurrence,  
the most common secondary treatment was repeat  
excision with wider margins (1–2 cm) or amputa-
tion (5/11).49-52 Few postoperative complications were 
reported but included pain, infection, and difficulty 
walking, which were mostly associated with repair 
modality (eg, split-thickness skin grafts, rotational 
flaps).53   Amputation was the second most c o m m o n 
treatment modality, with a 67% (29/43) incidence of recur-
rence. Types of amputation included transmetatarsal ray  
amputation (7/43 [16%]), foot or forefoot amputation 
(2/43 [5%]), above-the-knee amputation (1/43 [2%]), and 
below-the-knee amputation (1/43 [2%]). Complications 
associated with amputation included infection and 
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requirement of prosthetics for ambulation. Split-thickness 
skin grafts and rotational flaps were the most common 
surgical repairs performed.52,53

Mohs micrographic surgery was the least frequently 
reported surgical treatment modality. Both traditional 
MMS on fresh tissue and “slow Mohs,” with formalin-
fixed paraffin embedded tissue examination over several 
days, were performed for EC with horizontal en face sec-
tioning.54-56 Incidence of recurrence was reported for 86% 
(12/14) of MMS cases. Of these, recurrence was seen in 
17% (2/12) that utilized a flat horizontal processing of tis-
sue sections coupled with saucerlike excisions to enable 
examination of the entire undersurface and margins. In 
one case, the patient was treated with MMS with recur-
rence noted 1 month later; thus, repeat MMS was per-
formed, and the tumor was found to be entwined around 
the flexor tendon.57 The tendon was removed, and clear 
margins were obtained. Follow-up 3 years after the sec-
ond MMS revealed no signs of recurrence.57 In the other 
case, the patient had a particularly aggressive course 
with bilateral VC in the setting of diabetic ulcers that was 

treated with WLE prior to MMS and recurrence still noted 
after MMS.26 No complications were reported with MMS.

Overall, recurrence was most frequently reported with 
WLE (11/33 [33%]), followed by MMS (2/12 [17%]) and 
amputation (3/29 [10%]). When comparing WLE and 
amputation, the relationship between treatment modal-
ity and recurrence was statistically significant using a  
χ2 test of independence (χ2=4.7; P=.03). However, results 
were not significant with Yates correction for continuity 
(χ2=3.4; P=.06). The χ2 test of independence showed no 
significant association between treatment method and 
recurrence when comparing WLE with MMS (χ2=1.2; 
P=.28). Reported follow-up times varied greatly from a 
few months to 10 years. 

Systemic Therapy—Of the total cases, only 2 cases 
reported treatment with acitretin and 2 utilized interferon 
alfa.58,59 In one case, treatment of EC with interferon alfa 
alone required more aggressive therapy (ie, amputation).58 
Neither of the 2 cases using acitretin reported recurrence.59,60 
Complications of acitretin therapy included cheilitis  
and transaminitis.60 
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Electronic database search
PubMed: n=213

Cochrane Library: n=213
Web of Science: n=269

CINAHL: n=45

Additional records identified 
through other sources  

(n=8)

Records after duplicates removed 
(n=221)

Records screened 
(n=221)

Records excluded  
(n=62)

Full-text articles 
excluded, with reasons  

(n=58)

Full-text articles assessed 
for eligibility  

(n=159)

Studies included in  
qualitative synthesis  

(n=101)

Studies included in quantiative 
synthesis (meta-analysis) 

(n=96)

PRISMA flow diagram of the screening process for a systematic review of the literature using the search terms (plantar OR foot) AND (verrucous 
carcinoma OR epithelioma cuniculatum OR carcinoma cuniculatum). Reasons for exclusion of articles included unavailable full text, errata or 
responses, not verrucous carcinoma, not plantar, or not malignant. CINAHL indicates Cumulative Index to Nursing and Allied Health Literature.
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Other Treatment Modalities—Three cases utilized 
imiquimod, with 2 cases of imiquimod monotherapy and 
1 case of imiquimod in combination with electrodesic-
cation and WLE.37 One of the cases of EC treated with 
imiquimod monotherapy recurred and required WLE.61

There were reports of other treatments including 
curettage alone (2% [2/115]),40,62 debridement alone  
(1% [1/115]),40 electrodesiccation (1% [1/115]),37 and radi-
ation (1% [1/115]).43 Recurrence was found with curettage 
alone and debridement alone. Electrodesiccation was 
reported in conjunction with WLE without recurrence. 
Radiation was used to treat a case of VC that had metas-
tasized to the lymph nodes; no follow-up was described.43

COMMENT
Epithelioma cuniculatum is an indolent malignancy of 
the plantar foot that likely is frequently underdiagnosed 
or misdiagnosed because of location, sampling error, and 
challenges in histopathologic diagnosis. Once diagnosed, 
surgical removal with margin control is the first-line 
therapy for EC. Our review found a number of surgical, 
systemic, and other treatment modalities that have been 
used to treat EC, but there remains a lack of evidence to 
provide clear guidelines as to which therapies are most 
effective. Current data on the treatment of EC largely are 
limited to case reports and case series. To date, there are no 
reports of higher-quality studies or randomized controlled 
trials to assess the efficacy of various treatment modalities. 

Our review found that WLE is the most common 
treatment modality for EC, followed by amputation and 
MMS. Three cases43-45 that reported metastasis to lymph 
nodes also were treated with fine-needle aspiration or 
biopsy, and it is recommended that sentinel lymph node 

biopsy be performed when there is a history of radiation 
exposure or clinically and sonographically unsuspicious 
lymph nodes, while dissection of regional nodes should 
be performed if lymph node metastasis is suspected.53 
Additional treatments reported included acitretin, inter-
feron alfa, topical imiquimod, curettage, debridement, 
and electrodesiccation, but because of the limited number 
of cases and variable efficacy, no conclusions can be made 
on the utility of these alternative modalities.

The lowest rate of reported recurrence was found with 
amputation, followed by MMS and WLE. Amputation is 
the most aggressive treatment option, but its superiority 
in lower recurrence rates was not statistically significant 
when compared with either WLE or MMS after Yates 
correction. Despite treatment with radical surgery, recur-
rence is still possible and may be associated with factors 
including greater size (>2 cm) and depth (>4 mm), poor 
histologic differentiation, perineural involvement, failure 
of previous treatments, and immunosuppression.63 No 
statistically significant difference in recurrence rates was 
found among surgical methods, though data trended 
toward lower rates of recurrence with MMS compared 
with WLE, as recurrence with MMS was only reported 
in 2 cases.25,56 

The efficacy of MMS is well documented for tumors 
with contiguous growth and enables maximum pres-
ervation of normal tissue structure and function with 
complete margin visualization. Thus, our results are in 
agreement with those of prior studies,54-56,64 suggesting 
that MMS is associated with lower recurrence rates for 
EC than WLE. Future studies and reporting of MMS for 
EC are particularly important because of the functional 
importance of the plantar foot. 

Treatment and Recurrence of Epithelioma Cuniculatum1-64

Treatment
No. of reported 
cases 

Average lesion 
size, cm

No. of reported 
cases with follow-up

No. of recurrent 
cases (%)

Excision 58 4.0 33 11 (33)

Amputation 43 5.0 29 3 (10)

Mohs micrographic surgery 14 4.0 12 2 (17)

Imiquimod 3 18.5 3 1 (33)

Acitretin 2 7.5 2 0 (0)

Curettage 2 4.3 2 1 (50)

Interferon alfa 2 5.2 1 0 (0)

Debridement 1 3.0 1 1 (100) 

Radiation 1 6.8 0 NA

Abbreviation: NA, not applicable.
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It is important to note that there are local and sys-
temic risk factors that increase the likelihood of develop-
ing EC and facilitate tumor growth, including antecedent 
trauma to the lesion site, chronic irritation or infection, 
and immunosuppression (HIV related or iatrogenic medi-
cation induced). These risk factors may play a role in 
the treatment modality utilized (eg, more aggressive EC  
may be treated with amputation instead of WLE). 
Underlying patient comorbidities could potentially affect 
recurrence rates, which is a variable we could not control 
for in our analysis. 

Our findings are limited by study design, with sup-
porting evidence consisting of case reports and series. The 
review is limited by interstudy variability and heterogene-
ity of results. Additionally, recurrence is not reported in 
all cases and may be a source of sampling bias. Further 
complicating the generalizability of these results is the 
lack of follow-up to evaluate morbidity and quality of life 
after treatment. 

CONCLUSION
This review suggests that MMS is associated with lower 
recurrence rates than WLE for the treatment of EC. 
Further investigation of MMS for EC with appropri-
ate follow-up is necessary to identify whether MMS is 
associated with lower recurrence and less functional 
impairment. Nonsurgical treatments, including topical 
imiquimod, interferon alfa, and acitretin, may be useful 
in cases where surgical therapies are contraindicated, but 
there is little evidence to support these treatment modali-
ties. Treatment guidelines for EC are not established, and 
appropriate treatment guidelines should be developed in 
the future. 
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