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Abstract
Pilomatrical carcinoma is an exceedingly rare, locally aggressive malignancy of the hair follicle. It may arise de novo as a solitary le-

sion or through malignant transformation from its pre-existing benign counterpart, pilomatrixoma. There are no standard treatment 
guidelines and wide surgical excision of the primary lesion followed by adjuvant radiotherapy remains principal treatment modal-
ity. However, high recurrence rate after primary treatment, presence of nodal and systemic metastases which is non-responsive to 
chemotherapy are major concerns in disease management. Here, we report a case of a 45-year-old female with recurrent pilomatri-
cal carcinoma who opted for personalized treatment guidance based on Encyclopedic Tumor Analysis (ETA). Molecular analysis of 
tumor tissue identified a novel EIF3E-RSPO2 gene rearrangement, SETD2 mutation and overexpression of VEGFA and RET genes. 
These molecular alterations along with synchronous chemo-sensitivity assay on tumor derived cells helped in defining combinatorial 
off label therapy regimens which countered disease progression at each instance and led to the durable regression of primary as well 
as metastatic lesions. This personalized treatment management strategy described herein effectively addressed advanced, refractory 
disease for which current Standard of Care (SoC) options were unviable. 
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Introduction
Pilomatrixoma, also called as calcifying epithelioma of Mal-

herbe is a relatively common benign cutaneous adnexal tumor 
derived from hair matrix cells, occurring usually during first two 
decades of life [1,2]. The locally aggressive malignant counterpart 
of pilomatrixoma, i.e. ‘pilomatrical carcinoma’ or ‘malignant pi-
lomatrixoma’ [3,4] is an extremely rare tumor seen in adults with 

strong tendency to relapse locally, even after excision with tumor-
free surgical margins [5,6]. Though the majority of pilomatrical 
carcinomas develop de novo, malignant transformation from a pre-
existing pilomatrixoma has been reported [6,7]. Pilomatrical car-
cinomas mostly occur in the head and neck, upper extremities and 
buttocks [1-8]. Although, it was considered to be a low-grade ma-
lignant tumor, its significant metastatic potential is being evident 
[1,4,5,7]. There are presently no standard of care (SoC) systemic 
treatments for pilomatrical carcinoma and common treatment ap-
proaches include surgical resection as well as physician’s choice 
of systemic treatments, including off label cytotoxic and targeted 
agents. However, selection of such agents without any evidence of 
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efficacy may be associated with sub-optimal treatment responses 
and poor outcomes, as is generally observed in case of pilomatrical 
carcinoma. On the other hand comprehensive multi-analyte inter-
rogation of the tumor can reveal latent actionable vulnerabilities 
for selection of appropriate antineoplastic agents with a projected 
efficacy. We have previously described the utility of ETA (Ency-
clopedic Tumor Analysis) which includes immunohistochemistry 
(IHC), immunocytochemistry (ICC), NGS evaluation of mutations in 
cell free DNA (cfDNA), tumor transcriptome (mRNA) analysis and 
in vitro chemosensitivity profiling of viable tumor cells [9,10]. In 
the present report, we describe a case of metastatic Pilomatrical 
carcinoma wherein ETA guided personalized therapeutic interven-
tions helped disease management when tumor became refractory 
on all standard measures including surgical intervention, radio-
therapy and systemic therapy.

Case Report
The case described in this manuscript is a retrospective obser-

vational report of a single patient who opted to receive personal-
ized cancer treatment based on Encyclopedic tumor analysis (ETA) 
approach [9]. The process of ETA and related methodologies have 
been explained previously [9,10]. In vitro chemosensitivity profil-
ing of viable circulating tumor associated cells (CTACs) from pe-
ripheral blood was performed as described previously [11].

A 43-year-old female was referred to a tertiary regional cancer 
care center in April 2014 for recurrent polypoidal scalp lesion with 
cervical lymphadenopathy. As a primary treatment, patient under-
went wide excision surgery of scalp lesion in February 2013. After 
one year, disease recurrence was managed again by wide excision 
of scalp lesion with rotation flap and modified neck dissection in 
April 2014. Histopathological examination (HPE) revealed malig-
nant tumor composed of nests and cords of basaloid cells and ghost 
or shadow cells. She received radiotherapy (30 cycles of 60 Gy) 
along with five cycles of weekly Cisplatin in June 2014. After three 
years (July 2017), there was an appearance of rounded isoechoic 
lesion in left supraclavicular region. HPE of left supraclavicular bi-
opsy confirmed metastatic pilomatrical carcinoma, for which she 
received three cycles of systemic Paclitaxel + Carboplatin followed 
by eight cycles of weekly Paclitaxel + Cisplatin till January 2018. 
After six months, follow up PET-CT scan revealed metastatic le-
sions in bilateral lung parenchyma, left pleura, mediastinal lymph 
nodes, thyroid and left upper arm skeletal muscle. These episodes 
represented failure of disease management by all aforementioned 

primary treatment modalities. Patient opted for Encyclopedic Tu-
mor Analysis (ETA) to receive personalized treatment guidance to 
manage her metastatic, refractory disease (Figure 1A). 

ETA of tumor tissue revealed SETD2 p.Q2139* (MAF 77.7%), 
EIF3E (Exon1) - RSPO2 (Exon 2) gene rearrangement (457 reads) 
as well as overexpression of VEGFA (6.4 fold), RET (4.8 fold) and 
SRC (2.2 fold) (Table 1). Cytotoxic drugs Etoposide and 5-Fluo-
rouracil showed maximum sensitivity as determined by in vitro 
chemo-sensitivity analysis using viable tumor cells obtained from 
fresh tissue biopsy. Based on molecular and chemo-sensitivity 
analyses, patient was advised Bevacizumab (500 mg IV) (VEGFA 
overexpression) and 5-fluorouracil (850 mg IV) with Etoposide 
(50 mg) (chemo-sensitivity), respectively in July 2018. In addition, 
Quercetin, Celecoxib, Atorvastatin and Doxycycline were also ad-
vised for inhibition of activated WNT, MAPK and MMP pathways 
detected in tissue transcriptome analysis. Follow-up PET-CT scan 
in September 2018, revealed partial response (PR) to treatment in 
the form of reduction in size and activity of pleural deposits, me-
diastinal lymph nodes and skeletal muscle deposits in left upper 
arm (Figure 1B and 1C). Patient showed PR till December 2018 
and continued on same regimen. Serum levels of tumor markers 
(CEA, LDH, serum albumin) were within normal range, except for 
mildly elevated C-Reactive Protein (CRP). Patient presented with 
mild (Grade 1 - 2) adverse effects such as anorexia, fatigue, myalgia 
and pyrexia. Follow-up PET-CT scan in May 2019 showed increase 
in size of known recurrent lesions in the scalp. However, patient 
defaulted from treatment until October 2019, where clear disease 
progression was observed in the form of increase in size of recur-
rent primary and all known metastatic deposits. Patient was un-
willing for a biopsy. Hence 15 mL peripheral blood was collected in 
EDTA vacutainers and used for ETA. There were no targetable gene 
variations or fusions detectable by NGS. However, ICC profiling of 
Circulating Tumor Cells CTCs was indicative of mTOR activation, 
while in vitro chemosensitivity profiling of viable circulating tumor 
associated cells (CTACs) from peripheral blood showed sensitivity 
to Cyclophosphamide and Docetaxel. Based on these findings, regi-
men of Cyclophosphamide (950 mg), Docetaxel (60 mg) along with 
Everolimus (5 mg, 1 OD) was recommended. Patient received this 
regimen from November 2019 to February 2020. Follow-up PET-
CT scan in January 2020 showed PR as evidenced by regression 
of all primary and metastatic deposits. However, patient defaulted 
from treatment in February 2020 and was subsequently lost to 
follow-up. 
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No. Analysis Gene MAF/Fold/Reads Method
ETA-1 Mutation SETD2 p.Q2139* MAF 77.7% OCAV3
Jul-18

Gene Fusion EIF3E (Exon1) - RSPO2 (Exon 2) 457 reads OCAV3
Gene Expression VEGFA 6.4 fold Transcriptome

RET 4.8 fold
MAPK7 3 fold

MAPK12 3.9 fold
SRC 2.2 fold

MMP9 3.4 fold
MMP11 3.3 fold
MMP15 3.4 fold
MMP16 5.1 fold

Immunohistochemistry AR Negative IHC
In vitro Drug response 5-Fluorouracil + Etoposide NA Chemo-sensitivity

ETA-2
Oct-19 In vitro Drug response Cyclophosphamide + Docetaxel NA Chemo-sensitivity

Immunocytochemistry mTOR expression NA CTC-ICC

Table 1: Encyclopedic tumor analysis (ETA) findings.

OCAV3: Oncomine Comprehensive Assay v3; MAF: Mutant Allele Frequency; Fold - Upregulation of target gene compared to  
expression in normal skin RNA; MMP: Matrix Metalloproteinases; ICC: Immunocytochemistry.

Figure 2: (A) Timeline of events for disease management using Standard of Care (SoC) and Encyclopedic Tumor Analysis (ETA) guided 
treatment modalities. WES: Wide excision of scalp; HPE: Histopathological examination; PC: Pilomatrical carcinoma; RC: Recurrence; 
RT: Radiotherapy; Lt.SC: left supraclavicular mass; Cisp: Cisplatin; E + 5-FU + B’Mab: Etoposide + 5-fluorouracil + Bevacizumab; LBx: 

liquid biopsy; X: defaulted for follow-up; D + C + Evr: Docetaxel + Cyclophosphamide + Everolimus; △: progression/recurrence; ▽: treat-
ment response/regression; presence of malignant mass at various sites; PM - primary scalp lesion, LN: lymph node.  Disease response 

in indicated follow ups represents reduction in size of malignant mass. (B-C) Encycolopedic Tumor Analysis (ETA) guided Treatment 
response was assessed by 18F-fluorodeoxyglucose (FDG)-positron emission tomography-computed tomography (PET-CT) indicating 

significant regression of left pleural mass (C) compared to baseline scan (B).
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Discussion and Conclusion
Pathogenesis of pilomatrical carcinoma is unclear, whether it 

is a malignant transformation of pilomatrixoma or arises de novo. 
However, mutations in the CTNNB1 gene, which occur in both, 
points towards a possible common pathogenesis [5,6]. Though Pi-
lomatrical carcinoma usually behaves like a low-grade malignancy, 
it has a high propensity for local recurrence. It has been reported 
that, approximately half of the cases of pilomatrical carcinoma 
were relapsed [4,12]. This tumor also displays metastatic behav-
ior which is reported to be associated with local tumor recurrence 
[6], with metastatic rate ranging between 13% and 16%. The most 
common site of metastases are regional lymph nodes, followed by 
lung, bone, brain, and other viscera [6,13].

The treatment of choice for this locally aggressive tumor is sur-
gical excision with adequate margins. Adjuvant radiotherapy may 
be started after excision. In case of extensive local infiltration or 
presence of distant metastasis, chemotherapy is also necessary 
though with low success rate [1,3]. Present case had previously 
progressed on all primary treatment modalities with disease re-
currence as well as metastases. In absence of SoC options and fail-
ure of physician’s choice of treatments, the patient opted for ETA 
which identifies molecular and functional vulnerabilities of the 
multi-layered tumor interactome which in turn facilitates selection 
of efficacious treatment options for patients with r/r m-cancers 
[9]. ETA approach was instrumental in identifying combination 
regimens which achieved tandem targeting of tumor vulnerabili-
ties and yielded significant treatment response even in this heavily 
pretreated patient. 

Tumor in the present case represented some characteristic 
molecular signatures like EIF3E (Eukaryotic Translation Initiation 
Factor 3 Subunit E) Exon 1 - RSPO2 (R-spondin family gene) Exon 2 
gene rearrangement. This fusion transcript is expected to produce 
a functional RSPO2 protein driven by the EIF3E promoter which 
is potentially involved in canonical Wnt signaling in colon cancer 
[14]. These fusions are known to occur exclusively in tumors that 
do not contain APC or CTNNB1 gene mutations [14]. Pilomatrical 
carcinoma and its benign counterpart Pilomatricoma are known to 
harbor CTNNB1 gene mutations [5] and identification of R-spondin 
gene arrangement in present case revealed another unidentified 
potential mechanism of Wnt signaling in pathogenesis of Pilomat-
rical carcinoma. This also allowed us to recommend potentiating 
drugs Quercetin and Celecoxib in treatment regimen [15].

Additionally, SETD2 p.Q2139* mutation was identified in tumor 
tissue at high mutation frequency. SETD2 is an epigenetic tumor 
suppressor known to have histone methyltransferase activity and 

its inactivation was reported to be associated with tumorigenesis 
by different mechanisms [16]. Inactivation of SETD2 reported to 
confer cisplatin chemo resistance in non-small cell lung cancer 
cells by regulating ERK and Wnt/β-catenin signaling in Osteosar-
coma [16]. This implicates the possibility of chemo resistance in 
present case who received Cisplatin based regimens in her prior 
treatment modalities. Overexpression of VEGFA along with other 
tyrosine kinases RET and Src suggested activation of proangio-
genic signaling. Bevacizumab was included as a targeting agent to 
target angiogenic signaling along with cytotoxic drugs during first 
ETA approach (July 2018). Partial response was evaluated with 
this regimen until December 2018 (Figure 1C). At subsequent re-
currence (post-defaulting) further recommendations were based 
on liquid biopsy approach which also led to regression of tumor. 
Notably, in both instances, ETA guided treatments were not only 
efficacious but also well tolerated with no grade 3 or higher treat-
ment related adverse events (AEs). In the present case of recurrent, 
refractory metastatic disease, ETA-guided treatment achieved an 
overall survival (OS) of 1.8 years (censored up to April 2020). How-
ever durable response could not be achieved at both instances ow-
ing to patient’s inability to comply with therapy. The present case 
study presents a treatment conundrum that is faced by clinicians 
routinely, i.e. non-compliance to treatment leading to disease pro-
gression/recurrence. In such situations, psychological counselling 
of patients is of paramount importance to convey the importance 
of compliance to therapy and to prevent lapses in treatment. 

In this case with Pilomatrical carcinoma, ETA guided personal-
ized therapeutic interventions helped disease management where 
all the standard measures including surgical intervention, radio-
therapy and systemic therapy were utilized and tumor became 
metastatic and refractory. This emphasizes use of precision oncol-
ogy to improve prognosis and outcomes for patients with such rare 
type of malignancies lacking standard of care treatment guidelines.
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