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Abstract:  

Digital papillary adenocarcinoma (DPA) is a rare sweat gland neoplasm that has exceptionally 

been reported outside acral locations. Recently, Human papillomavirus 42 was identified as 

the main oncogenic driver of DPA. Herein, we report five tumors arising in extra-acral locations 

predominantly in the female anogenital skin. 

 

Four patients were female and one patient was male.  Mean age at the diagnosis time was 65 

years (range: 55-82).  Tumors were located on the vulva (n=3), perianal area (n=1) and forearm 

(n=1). Histologically, all tumors were lobular and mainly solid and composed of sheets of cells 

with rare focal papillae and frequent glandular structures in a “back-to-back” pattern and lined 

by atypical basophilic cells.  

  

Immunohistochemistry showed diffuse positivity for SOX10. EMA and CEA highlighted the 

luminal cells and staining for p63 and p40 revealed a consistent and continuous myoepithelial 

component around glandular structures. Follow up was available in 3 cases (mean duration: 

11 months (range: 8-16)). One patient developed local recurrence and one experienced 

regional lymph node metastases. 

 

HPV Capture-Next generation sequencing revealed the presence of HPV42 genome in all 

samples. Viral reads distributions were compatible in the five cases with an episomal nature 

of the viral genome, with recurrent deletion in the E1 and/or E2 open reading frames. 
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In conclusion, this study demonstrates that digital DPA may rarely present in non-acral 

locations mainly in the female anogenital area, usually with a more solid pattern as compared 

to those cases presenting on the digits and it is also associated with HPV42.  
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Introduction 

 

Digital papillary adenocarcinoma (DPA) is a rare sweat gland neoplasm arising in acral sites1,2. 

The incidence is estimated at 0.08/100 0003 and the clinical course is characterized by 

frequent local recurrences and potential for metastatic spread sometimes many years after 

the initial presentation and to internal organs mainly the lungs4.  

 

Microscopically, DPA involves the dermis and subcutaneous tissues usually with no connection 

to the overlying epidermis. Tumors are lobulated and display cystic areas with variable 

sometimes minimal, papillary projections and solid areas with frequent glandular spaces. 

Fused back-to back glands with decapitation secretion are typically associated with a 

peripheral myoepithelial component4. Cytologic atypia varies and may be absent, mild or 

moderate and its presence does allow prediction of tumor behavior5. Immunohistochemistry 

reveals diffuse positivity for cytokeratin 7 and SOX10 and positivity for p63, smooth muscle 

actin and S100 protein restricted to the myoepithelial component6. Hidradenoma and other 

sweat gland tumors arising in acral sites may be difficult to distinguish from DPA and have to 

be considered in the differential diagnosis of this entity7,8. 

 

Although recurrent genetic alterations, either point mutation9 or gene rearrangement10, have 

been identified in several sweat gland tumors, the oncogenic driver contributing associated 

with the development of DPA has only recently been reported11,12.  Wiesner et al13,14 identified 

the presence of Human papillomavirus 42 (HPV42) as the main oncogenic event in this 

neoplasm and further studies have confirmed the presence of HPV42 as a relevant diagnosis 

tool to distinguish DPA  from it mimic15. 
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DPA has only exceptionally been reported outside acral skin15,16.  A purported case of DPA was 

reported on the scalp in 201616 and more recently, Vanderbild et al. demonstrated by in situ 

hybridization the presence of HPV42 genome by in-situ hybridization in two scrotal tumors 

phenotypically similar to DPA15 supporting the theory that these lesions may occur in extra-

acral locations. 

 

Herein, we report five cases of adnexal carcinomas harboring morphologic, 

immunohistochemical and molecular features of DPA and arising in non-acral skin. 
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Material and Methods 

 

Case selection 

Five cases of sweat gland adnexal tumors arising in non-acral skin  with morphological and 

immunohistochemical features of DPA were identified in authors’ consultation files (E.C., B.C. 

and M.B.), and  from the CARADERM Network17. All slides were re-evaluated to assess the 

following histological criteria: architecture (solid, cystic, papillary, presence of back-to-back 

glands), cytology (atypia, decapitation secretion), squamous metaplasia, necrosis, mitotic 

count, perineural and lymphovascular invasion. 

 

Immunohistochemistry 

Immunohistochemistry was performed on 4-μm-thick sections, cut from formalin-fixed and 

paraffin embedded tissue using the Ventana BenchMark XT automated stainer (Ventana 

Medical Systems, Tucson, AZ) according to the manufacturer’s protocol. The following 

antibodies were used: CEA, EMA, p16, p63, S100, SOX10 (Supplementary Method S1). 

 

RNA scope 

Detection of HPV42 RNA was performed using the RNAscope® 2.5 HD Reagent Kit-BROWN 

with the RNAscope® Probe HPV42, designed to detect the consensus early region E5/E6/E7 

RNA, (ACD, Bio-Techne SAS, France), according to the manufacturer’s instructions.  

 

HPV42 genome detection  

Total DNA was isolated from formalin-fixed and paraffin-embedded (FFPE) tissue samples 

using the Maxwell 16 instrument (Promega, Madison, USA) with the Maxwell 16 FFPE Plus LEV 
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DNA purification kit (Promega). Quantitative detection of HPV42 genomic material was 

performed using quantitative PCR (qPCR) with primers and probe specific for the L1 open 

reading frame (Supplementary Method S2). The human gene albumin gene (ALB) was used as 

the normalizing reference. 

 

HPV Capture-Next generation sequencing  

The demonstration of the presence and evaluation of the integration of HPV42 was achieved 

using HPV Capture-Next generation sequencing, as previously described 18,19. Briefly, the 

double capture method was carried out using the SeqCap EZ Rapid Library Small Target 

Capture method, developed by Roche, adapted to capture small DNA targets. The DNA 

libraries were multiplexed and hybridized for 16 h against biotinylated oligonucleotide probes 

spanning and recognizing all HPV genotypes. The DNA sequences were captured using 

streptavidin beads and amplified by PCR. We performed a double capture (i.e. two rounds of 

hybridization and capture) to improve efficiency and specificity. Post-capture libraries were 

sequenced using the Illumina MiSeq system (Illumina, San Diego, CA, USA), in 2×150 bp paired-

end, with 24 samples multiplexed in a V2 micro flow-cell. The trimmed and quality filtered 

paired reads were subjected to de novo assembly using the Geneious assembler software (v. 

2022.2.1, http://www.geneious.com, Biomatters Ltd, Auckland, New Zealand) as previsouly 

described 20. The coverage and sequencing depth were calculated using bedtools (v2.17.0). 

Draft contigs from consensus sequences were generated, based on the major base 

distribution. The assembly errors were corrected by mapping all corresponding sequencing 

reads to the draft contigs using minimap2. Completed contigs were annotated from the 

annotated LR861921 HPV42 reference. All contigs were used in the final sequence assembly 

using Clustal Omega with default parameters.  
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Results 

The clinical, microscopic, immunohistochemical and genetic findings of the cases are provided 

in Table 1/Figures 1-4. Four patients were female and one patient was male.  Mean age at the 

diagnosis time was 65 years (range: 55-82).  One patient (case #2) had a drug-induced 

immunosuppression (treatment with methotrexate for rheumatoid arthritis). Tumors were 

located on the vulva (n=3), perianal area (n=1) and forearm (n=1). Mean tumor size was 20 

mm (range: 10-26 mm). No patient had previous history of DPA and examination of the skin 

including acral sites at the time of diagnosis showed no evidence of lesions elsewhere. One 

patient had regional lymph node metastases at the diagnosis time (case #5) while no 

additional tumor location was detected in the other cases (MRI pelvis performed in cases #1 

and #2, CT scan in cases #1, #3; no imaging available for case #4). Follow up was available in 3 

cases (mean duration: 11 months (range: 8-16)). During this period, one patient developed 

local recurrence (case #2) after 5 months. Moreover, additional lymph node metastases were 

detected 16 months after the initial lymph nodes excision in the axillary area in case # 5.    

 

Microscopically, all tumors were multinodular, mostly solid neoplasms (Figure 1). All cases 

showed glandular structures with a focal back-to-back arrangement and these glands were 

lined by one or two layers of cuboidal basophilic cells with pale cytoplasm, vesicular or 

hyperchromatic nuclei, a single nucleolus and mild to moderate cytologic atypia. Decapitation 

secretion was observed in four cases. Of note, papillary projections were rare and only seen 

focally in three cases. Focal necrosis was present in four cases. Variable mitotic activity was 

detected (mean count: 8/mm2, range: 2-21). Only mild to moderate atypia were observed in 

primary tumors. Lymphovascular or perineural invasion was not seen in any cases. 
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Microscopic examination of the lymph node metastases in case #5 revealed a mostly solid 

neoplasm with high degree of atypia and frequent areas of necrosis. No gland formation was 

observed in these specimens (Supplementary Figure 1).  

 

Immunohistochemistry (Figure 2) revealed diffuse positivity for SOX10 in all cases. EMA and 

CEA highlighted the luminal cells while staining for p63 revealed a myoepithelial component 

forming a peripheral layer around glandular structures and sometimes solid aggregates. 

Heterogenous expression of S100 protein and diffuse p16 positivity seen in all cases. 

  

In all cases (including the primary tumor and the lymph node metastases in case #5), molecular 

analysis by real time PCR confirmed the presence of HPV42 DNA and expression of HPV42 

transcripts in tumor cells was further demonstrated by in situ hybridization (Figure 3). HPV-

Capture followed by Next generation sequencing revealed the presence of HPV42 genome in 

all specimens, with no presence of any other HPV genotype. Moreover, this analysis evidenced 

recurrent truncation in the E1 and/or E2 viral open reading frames. This includes frameshift 

deletions in four cases (cases #1 to #4) and a nonsense mutation (case #5) resulting in a 

truncated E1. Small frameshift deletions of E2 were observed in four samples (cases #2 to #5)  

(Figure 4). It is important to note that no integration event of the HPV42 genomic material 

into the human genome was detected in any sample. In particular, careful investigation of the 

E1 and/or E2 truncated regions confirmed high sequencing coverage with frequent HPV-HPV 

sequences spanning the junctions across the deletion, with no detection of virus/human 

hybrid reads (Supplementary Figure 2). Moreover, assembly of the reads on the complete 

contigs allowed recovering of a circular viral molecule, strongly suggesting the episomal status 

of HPV42, despite E1 and/or E2 deletions (Supplementary Figure 3). Finally, based on the 
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coverage analysis, the truncated form of the virus appears to be the unique major 

representative form of the virus in each tumor.  
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Discussion 

DPA was described by Helwig et al in 19792. Tumors were divided into two categories namely, 

“aggressive digital papillary adenoma” and “adenocarcinoma”. However, a further follow-up 

study of these cases from the same group of investigators showed that there was no 

correlation between benign and malignant lesions, as some tumors classified as adenoma 

presented with recurrences and metastatic spread highlighting the lack of correlation 

between histologic features  and  tumor behavior1,21.  This led to the proposal that all tumors 

should be regarded as malignant. Accordingly, DPA is currently defined in the WHO 

classification as a “malignant adnexal tumor with marked predilection for acral sites”. DPA 

incidence is estimated at 0.08/100 000 3  with about 250  cases reported in the literature6. 

Only three of these cases have occurred outside the hands or feet 15,16. 

 

The diagnosis of DPA is notoriously challenging particularly in small samples and the 

differential diagnosis from other sweat glands tumors including hidradenoma and tubular 

adenoma arising on the same locations can be very difficult4,7,8. Importantly, over the last few 

years, recurrent and specific point mutations or gene rearrangements have been described in 

a number of sweat gland tumors including CRTC::MAML2 in hidradenoma10 or BRAF mutation 

in tubular adenoma22, while these alterations are only exceptionally detected in cases 

morphologically diagnosed as DPA11,12,23. Recently, Wiesner and collaborators 13,24 identified 

the presence of HPV42 genome as the main oncogenic determinant in the development of 

DPA. Interestingly, these authors reported viral genomic integration in 37% (6/16) of the 

cases, and recurrent disruption of the E1 and/or E2 open reading frames in 44% (7/16) of the 

cases 13,14. As described for other HPV-induced cancers25, lack of expression of the E2 protein 

by ablation of the E2 open reading frame during viral genome integration, results in E6 and E7 
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overexpression in oncogenic HPVs, leading to tumor development promotion26. Viral 

integration is nevertheless not a necessary pre-requisite for viral-induced transformation in 

the case of oncogenic HPVs27,28, and our results suggest that this is also the case for HPV42, as 

both episomal and integrated viral forms have been retrieved from DPA samples.  However, 

whether E1/E2 deletion in the episomal virus genome is a required oncogenic event for 

extradigital DPA oncogenesis remains to be determined.  

 

In a recent study, Vanderbilt et al. demonstrated that in-situ detection of the HPV42 

transcripts is very useful to distinguish DPA from mimickers15. Importantly, in this paper, the 

authors identified two cases of DPA arising in the scrotal area and confirmed in both cases the 

presence of the HPV42 genome by in situ hybridization.  These findings strongly support the 

fact that HPV42 induced DPA tumors can also arise on non-acral sites notably from the 

anogenital skin, an area where HPV42 has been identified in the past. Indeed, HPV42, 

currently regarded as a non-oncogenic HPV genotype, was initially identified in a vulvar 

papilloma in 198229.  HPV42 is rarely detected (0.6%, 95% CI: 0.5-0.6) in samples from women 

with normal cytological findings (https://hpvcentre.net/datastatistics.php). In addition, a very 

occasional role in cervical cancer has been reported for HPV42, as genetic material from this 

virus was retrieved in 4/10,055 HPV-positive anogenital carcinomas30. The presence of HPV42 

in these four cases (three cervical squamous cell carcinomas and one anal basaloid carcinoma) 

was not incidental, as no other HPV type was  detected, and the presence of HPV42 genetic 

material was confirmed by PCR in the cancer cells after laser capture microdissection31. Three 

of these four HPV42-positive anogenital squamous cell carcinomas also displayed p16 

overexpression31, a classical immunochemical marker used as molecular surrogate of 

oncogenic activity of the E7 protein from oncogenic HPVs, suggesting that HPV42 might act as 
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an oncogenic driver in the anogenital area.  In the present study, demonstration of the 

presence of the HPV42 genome and expression in tumor cells of the viral mRNA coding for 

oncoproteins further supports the oncogenic properties of HPV42 in DPA. 

 

Diagnosis of anogenital DPA is as challenging as the diagnosis of acral tumors especially in 

small samples. Indeed, in addition to already established DPA mimics i.e., other sweat glands 

tumors frequently observed in acral sites, adnexal neoplasms specific from the anogenital area 

might constitutes additional confounders in this anatomical context. Among them, 

fibroepithelial tumors32 , analogues to those observed in the breast might constitute a 

potential pitfall although recognition of the mesenchymal component present in these 

neoplasms and absent in DPA, should allow distinction between the two entities to be made. 

A more important differential diagnosis is that of hidradenoma papilliferum, an intradermal 

neoplasm displaying solid and cystic areas, with glandular spaces lined by tall columnar cell 

with abundant pink cytoplasm, decapitation secretion, frequent formation of papillary 

structures and associated with a myoepithelial component33. In DPA, solid areas are frequent, 

the papillae are short, and tumor cells are basophilic. Furthermore, recurrent point mutations 

of AKT and PIK3CA have been observed in hidradenoma papilliferum34,35 while no involvement 

of HPV in the oncogenesis of this tumor has been demonstrated35,36.  Similarly, HPV seems not 

to be involved in the oncogenesis of other lesions of anogenital mammary-like glands37 which 

might constitute additional challenges in the differential diagnosis of DPA. To note, the lack of 

detection of most HPV genotypes in other tumors of anogenital mammary glands is especially 

important as the use of in situ hybridization using a mix of low risk HPV probes including HPV42 

genotype has recently been proposed to confirm the diagnosis of DPA38. 
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We believe that the cases reported in this paper represent true examples of DPA occurring at 

an extra acral location as the overall histologic, immunohistochemical and genetic findings are 

identical to those seen in acral DPAs. The main histologic difference that needs to be 

highlighted is the fact that all of our cases were predominantly solid and papillae were very 

focal and not a prominent feature. Of note, it seems that the term papillary has been 

overemphasized in the name used for this tumor, as in our personal experience, papillae are 

often not prominent in acral lesions.   

 

In conclusion, herein we further demonstrate the occurrence of DPA in non-acral skin mainly 

in the female anogenital area and also confirm the presence of HPV42 genome as well as 

expression of the viral oncogenes in tumor cells in all five described cases.  
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Legends: 

 

Table 1. Clinical, immunomorphologic and virological features of the cases. 

 

Figure 1. Morphological features of DPA arising in non-acral sites. Images of the five cases are 

illustrated. Microscopic examination revealed multinodular, mostly solid neoplasms. 

Glandular structures resulting in a back-to-back pattern were observed in all cases. Papillary 

projections were only focally seen.  

 

Figure 2. Immunohistochemical features of a DPA tumor arising in a non-acral site (vulva). 

Immunohistochemistry revealed diffuse positivity for SOX10 and p16. EMA and CEA 

highlighted the luminal border of the glands while p63 displayed the myoepithelial 

component. An heterogenous expression of S100 protein was observed.  

 

Figure 3. Detection of HPV42 transcripts expression using in situ hybridization (RNA scope). 

Images of the five cases are illustrated. 

 

Figure 4. Schematic representation of HPV42 genomes. The five HPV42 genomes detected in 

the tumors are depicted, annotations refer to the reference LR861921. A) Circular complete 

HPV contigs. B) Linear representations. Deletions are indicated as thick line. Arrows 

correspond to the coding regions (CDS). Asterisks indicate truncations in CDS. Truncations in 

the E1 were detected in all cases (#1-#4, displaying deletion and #5 a nonsense mutation) 

while E2 disruption was present in cases #2-#5.  
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Figure 2. Immunohistochemical features of a DPA tumor arising in a non-acral 
site (vulva). Immunohistochemistry revealed diffuse positivity for SOX10 and 
p16. EMA and CEA highlighted the luminal border of the glands while p63 
displayed the myoepithelial component. An heterogenous expression of S100 
protein was observed. 
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Figure 1.- Figure 1. Morphological features of DPA arising in non-acral sites. 
Images of the five cases are illustrated. Microscopic examination revealed 
multinodular, mostly solid neoplasms. Glandular structures resulting in a back-
to-back pattern were observed in all cases. Papillary projections were only 
focally seen. 
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Figure 3. Detection of HPV42 transcripts expression using in situ hybridization 
(RNA scope). Images of the five cases are illustrated.
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Figure 4. Schematic representation of HPV42 genomes. The five HPV42 genomes 
detected in the tumors are depicted, annotations refer to the reference 
LR861921. A) Circular complete HPV contigs. B) Linear representations. 
Deletions are indicated as thick line. Arrows correspond to the coding regions 
(CDS). Asterisks indicate truncations in CDS. Truncations in the E1 were detected 
in all cases (#1-#4, displaying deletion and #5 a nonsense mutation) while E2 
disruption was present in cases #2-#5.
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Table 1. Clinical, immunomorphologic and virological features of the cases.


