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ABSTRACT

Langerhans cell sarcoma (LCS) is a rare neoplastic proliferation of Langerhans cell with aggressive clinical behavior and involves

multiple organ systems, including the skin. LCS is characterized by marked cytologic atypia, frequent mitoses including atypical
ones, and expression of CD1a, S100, and langerin (CD207). CD1a and Langerin-positive but S100— negative LCS is extremely
rare in clinical practice. We present a case of a 71-year-old female with a history of melanoma and atypical fibroxanthoma who
presented with an erythematous plaque on her left knee. Histopathologic examination revealed a dermal infiltrate comprised of

large pleomorphic cells with irregular nuclear contours, prominent longitudinal grooves, and vesicular chromatin, and a high

mitotic rate. Notably, there were epidermotropism and a distinctive immunohistochemical profile: S100—, CD1a+, Langerin+,
and focal CD68+. Next-generation sequencing identified copy number loss of CDKN2A, CDKN2B, and FOXA1, mutations in
TP53, POT1, SH2B3, and SMARCA4, and a high tumor mutational burden. Herein, we discuss the clinical and pathologic features
of 38 cases of LCS with cutaneous involvement reported in the literature, including recent advances in understanding molecular
characteristics of this disease. This exceptional case may contribute to our understanding of the etiology of this rare neoplasm.

1 | Introduction

Langerhans cell sarcoma (LCS) is a rare and aggressive neo-
plasm arising from Langerhans cells (LCs) characterized by
malignant cytologic features and poor prognosis [1-3]. LCs are
antigen-presenting cells (APCs) present in the suprabasilar lay-
ers of the epidermis, lymph nodes, and mucous membranes of
various organs. LC tumors are divided into cytologically benign
and malignant proliferations, referred to as Langerhans cell his-
tiocytosis (LCH) and LCS, respectively [4-6].

LCS is characterized histologically by pleomorphic, highly ma-
lignant cytomorphology, a high mitotic index, and at least par-
tial retention of the LC immunophenotype, including expression
of CDla, langerin, and S100, any of which may be focal [7-9].
Thus, the diagnosis of LCS relies on identifying LC lineage
through immunophenotyping or ultrastructural analysis show-
ing Birbeck granules [1, 10]. Given the low frequency and poten-
tial diagnostic complexity, it is necessary to differentiate it from
other tumors with similar or overlapping features such as met-
astatic carcinoma/sarcoma, malignant melanoma, anaplastic
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large cell lymphoma, and other histiocytic/dendritic cell neo-
plasms, including LCH, indeterminate dendritic cell tumor, and
interdigitating dendritic cell sarcoma. Therefore, a more thor-
ough understanding of the molecular characteristics of LCS may
play a pivotal role in establishing its diagnosis.

While the molecular pathogenesis of this rare disease is poorly
understood, recent studies suggest that LCS and LCH may
harbor distinct mutational profiles. LCH is characterized by
frequent mutations in the MAPK pathway, particularly BRAF
p-V600E mutations, followed by mutations involving MAP2K1
[10-13]. In contrast, while there is limited data on the molecular
landscape of LCS, it seems to exhibit CDKN2A/B deletions and
TP53 mutations instead [10, 14].

Pathogenetically, LCS may arise de novo or as a secondary neo-
plasm, including as a transdifferentiation event from a prior low-
grade B-cell lymphoma and, rarely, as progression from LCH [5].
Several etiological factors for LCS have been proposed, includ-
ing immunosuppression and viral infection [1, 15]. Treatment
options include surgery, radiotherapy, and chemotherapy, but
outcomes are generally poor [16]. Further research is needed to
improve the understanding, diagnosis, and management of this
rare malignancy.

Herein, we report an unusual case of LCS involving the skin
characterized by diffuse positivity for CDla and langerin but
negative S100 staining. We also review the current knowledge of
this rare disease occurring in the skin.

2 | Case Report

A 71-year-old female with a history of non-small cell lung cancer
(Stage I1I with lymph node involvement) status post chemother-
apy and immunotherapy with Keytruda, blood cell dyscrasia
(2020, no further details available) melanoma of the right shoul-
der (2013, breslow depth unknown, did not require lymph node
biopsy), and atypical fibroxanthoma of the left lower lateral shin

2years prior presented with an erythematous plaque on the left
knee (Figure 1). Microscopic examination of the lesion revealed
an infiltrative neoplasm composed of large pleomorphic cells
with irregular, variably reniform nuclear contours, occasional
longitudinal grooves, and vesicular chromatin with a moderate
amount of grayish cytoplasm involving the dermis and subcuta-
neous tissue with an overlying grenz zone. Frequent conspicu-
ous and often atypical mitotic figures and necrosis were noted.
Occasional neutrophils and rare eosinophils were present super-
ficially, along with a dense subepidermal infiltrate of CD163+
macrophages and numerous admixed CD3+ T-cells in the sub-
cutis (Figure 2).

Immunohistochemical (IHC) stains showed strong expression
of CD1la and langerin in lesional cells, along with focal CD68
(paranuclear dot-like). Notably, the tumor cells were negative
for S100, as well as CD3, CD20, SOX10, keratin (AE1/AE3), p40,
TTF-1, OCT2, cyclin D1, CD163, and CD14 (Figure 3). Next-
generation sequencing (performed at Tempus, Chicago, IL) iden-
tified a high tumor mutational burden (17.4 m/Mb), pathogenic
mutations in TP53 (VAF 32.1%), POT1 (VAF 37.2%), SH2B3 (VAF
59%), and SMARCA4 (43.2%), and copy number losses involving
CDKN2A/B and FOXAI.

In terms of management, the patient underwent surgical resec-
tion of the LCS with clear margins. Although there was a trace
of residual atypia in the muscle, it was not significant enough
to warrant further excision. The patient continues to undergo
active surveillance for the LCS on a biannual basis and receives
CT scans every 3months. Currently, the patient is cancer-free.

2.1 | Comparison to Prior Biopsy

Histologic review of the patient's prior lesion from 2years prior
located a few inches inferior to the current lesion on left lower
leg, showed an ulcerated, dermal-based nodular neoplasm with
morphology and immunophenotype similar to the current
case. The prior neoplasm, however, showed an intraepidermal

FIGURE1 | Clinical photographs. (A) Current lesion involving the left knee. (B) Previous lesion involving the left lower leg.
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FIGURE 2 | (A-D) Various histomorphologic features of the left knee punch biopsy. (A) Pan-dermal multinodular infiltrate extending into the
subcutis (H&E, x20). (B, C) Sheets of pleomorphic cells with a Grenz zone and intervening bands of fibrosis (H&E, xX100/x200). (D) Malignant cells
show variably reniform nuclear contours with moderate grayish cytoplasm and numerous mitotic figures (H&E, x400).

component. The intraepidermal cells showed marked pagetoid
spread with scattered microabscess-like aggregates, as well as
a spectrum of cytomorphologic features ranging from frankly
malignant to more well-differentiated (Figure 4). Lesional cells
were additionally present in the superficial dermis, along with
a more conspicuous infiltrate of eosinophils. By THC, the cells
were strongly positive for CD1a and langerin while generally
negative for S100, Melan-A, p40, keratin (AE1/AE3), CD10,
CD14, CD163, OCT2, CD68, cyclin D1, and PD-L1. The in-
traepidermal component showed some weak, patchy immuno-
reactivity for S100, cyclin D1, OCT2, CD14, and CD163. Neither
imaging studies nor a bone marrow biopsy were performed.

Given the similar morphologic and IHC features and anatomic
location, these neoplasms are likely related with the recent bi-
opsy representing a local recurrence/locoregional spread.

3 | Discussion

We present an unusual case of LCS characterized by negative
S100 staining but diffuse positivity for CD1 and langerin. This
case is particularly noteworthy due to its morphological similar-
ities to melanoma, including epidermal involvement with page-
tosis, in a patient with a prior history of malignant melanoma,
posing a significant diagnostic challenge. LCS is an extremely
rare entity, with only 57 cases reported in SEER registries from
2000 to 2019. The overall incidence rate is 0.2 per 10000000,

showing no significant variations by sex or race. Approximately
40% of cases present with advanced disease. The prognosis
for LCS is generally poor, with a 1-year overall survival rate of
63.8% among diagnosed patients in the United States [16, 17].
Most cases occur in extra-nodal sites, such as skin, lung, bone,
and soft tissue. Lung, liver, spleen, lymph nodes, and bone are
affected in multiorgan disease, with widespread disease occur-
ring in 45% of cases [9]. LCS is difficult to diagnose accurately on
H&E staining alone due to clinical and histological similarities
to other skin malignancies, hence, immunophenotyping is vital.

Including the present case, we are aware of 38 cases of LCS
involving the skin (see Table 1). Twenty cases occurred in
male patients, and 18 cases occurred in females (age range:
10-91years/old; median age: 59). Most LCS patients presented
with ulcerated erythematous patches or nodules, commonly
involving the lower extremities (seven cases, 18%), sscalp (five
cases, 13%), and groin (five cases, 13%). The lesions were either
solitary, multifocal, or started as solitary lesions but then pro-
gressed to multiple lesions. Fourteen patients (36%) showed
exclusively cutaneous disease without involvement of other
organs. Lymph nodes were most commonly involved (45% of
cases), followed by lung and bone/bone marrow. Spleen and
liver involvement were also seen. A single case of breast in-
volvement was reported [4]. Four cases (10%) were associated
with other hematolymphoid neoplasms (CLL/SLL, MDS/
MPN, AML, hairy cell leukemia). The patients either under-
went surgery, received chemotherapy and/or radiotherapy.
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FIGURE 3 | (A-C) Pertinent immunohistochemical stains of the
left knee punch biopsy. Lesional cells are diffusely positive for CDla
(A, X100) and langerin (B, x100), while negative for S100 (C, x100). An
internal positive control (normal epidermal Langerhans cells) is visible
within each image.

Follow-up information was available in 35 cases. Despite treat-
ment, 16 patients (46%) died within 3years after diagnosis,
including 26% (n=10) dying within 1.5years, indicating that
LCS is a highly malignant tumor with a poor prognosis. Of

the 14 patients with exclusively cutaneous disease, there was
follow-up information for 11 cases. Seven cases achieved com-
plete remission (64%), and three cases died within 1.5years
of diagnosis (27%). The patient in this study is currently alive
with disease. This data could indicate a better prognosis for
exclusively cutaneous LCS.

On physical exam, 15 cases (39.5%) presented with ulceration.
The LCS was composed of large, atypical cells, some with an epi-
thelioid appearance, and pleomorphic nuclei with prominent nu-
cleoli and occasional grooves. The cells were often described as
having “bizarre” cytomorphology. Typical LCs and eosinophils
were rare or absent. The mitotic rate was high (>50/10 HPF).
Atypical cells were usually found in the dermis and the subcu-
taneous tissue. In our case, the lesion was comprised of pleo-
morphic bizarre cells with epidermal involvement. Epidermal
involvement was described in 11 (29%) cases analyzed (Table 1).
Whether the intraepidermal portion represents an in situ com-
ponent or epidermotropism is not clear. The presence of ulcer-
ation with epidermal involvement highlights the importance of
differentiating LCS from melanoma, which has a very similar
clinical presentation, especially in patients with a prior history
of melanoma.

LCS is reported to express CD1a, S100, and langerin (CD207),
in addition to vimentin, cyclin D1, and HLA-DR, with often
focal/weak expression of other histiocytic markers, includ-
ing CD68 and lysozyme. Our case was notably negative for
S100 but was diffusely positive for CD1a and langerin. While
the lack of S100 expression has been previously described,
it appears to be rare. From the cases analyzed in Table 1,
only three (8%) had variable/weak S100 [8, 27, 42]; two cases
(5%) had weak/negative langerin [5, 25], and two cases (5%)
showed weak CD1a [5, 38]. One study reviewed 20 cases and
reported only one with complete absence of S100 expression
[35]. Furthermore, the International Lymphoma Study Group
(ILSG) analyzed 61 suspected histiocytic/dendritic cell tumors
using an IHC panel to assess histiocytic (CD68, lysozyme),
LC (CD1a, S100), and follicular dendritic cell (CD21, CD35)
markers. They found that all LCS cases were positive for CD1a
and S100, characteristic of normal LCs. Most LCS cases were
positive for CD68 and showed weak lysozyme expression, and
were negative for CD21 and CD35, indicating that LCS cases
were identifiable only by CD1la expression or ultrastructural
Birbeck granules [18]. CD45 was variably expressed in 43%
(n=4) of cases. MPO, CD30, CD34, pan-B-cell (CD20, CD79a),
and pan-T-cell (CD3) antigens were always negative. The Ki-
67 had a mean value of 22.5% in the LCS cases. Another study
reported 4 cases expressing CD56, whose presence has been
linked to poorer prognosis in certain types of lymphoma; how-
ever, CD56 positivity was not seen in any other reported LCS
cases analyzed [43]. Two studies proposed that IGF2BP3 ex-
pression can help distinguish LCS from LCH in adult patients
[18, 44]. Possible explanations for S100 negativity in our case
include an aberrant maturation of histiocytes. Additionally,
our case showed focal positivity for cyclin D1, which may in-
dicate MAPK pathway activation [10, 18]. The CD3 positivity
at the periphery of the tumor could indicate a host-response to
the tumor. Our case highlights several unique features of cu-
taneous LCS, including large atypical pleomorphic cells with
epidermal involvement, a dermal inflammatory response, and
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FIGURE 4 | (A-E) Various histomorphologic features of the left leg excision. (A) Nodular, infiltrative growth extending into the mid-to-deep

dermis with overlying ulceration and an epidermal collarette (H&E, x20). (B-D) Adjacent areas show predominantly intraepidermal growth with

marked pagetosis and a spectrum of cytomorphologic features, ranging from frankly malignant to more well-differentiated Langerhans cells, includ-
ing some coalescing into microabscess-like aggregates. Dermal eosinophils are prominent in the final image (H&E, X100/x200/%200). (E) S100 THC
shows patchy, weak staining of intraepidermal neoplastic cells (compare to strongly staining positive internal control; xX200).

negative S100 with focal CD68 staining, potentially confound-
ing the diagnosis if a limited panel of antibodies is used. The
presentation as a plaque may be related to the presence of an
intraepidermal component.

It has been previously reported that LCS and LCH show dis-
tinct mutational profiles. Whereas LCS has been shown to
harbor activating mutations in the MAPK pathway in a sub-
set of cases, it more commonly shows CDKN2A/B deletions
and TP53 mutations. Mutations in MAP2K1, KRAS, NRAS,
KMT2D, and NOTCHI have been reported; however, few LCS
cases harbor BRAF mutations. In contrast, LCH frequently
shows BRAF p.V600OE or MAP2K1 mutations but lacks RAS
family and NOTCHI1 mutations and CDKN2A/B deletions
[10, 13, 29, 45]. Our case further affirms these findings, as
it showed CDKN2A/B deletions and TP53 mutations, along
with additional mutations in POT1, SH2B3, SMARCA4, and
FOXAI, and a high tumor mutational burden. No BRAF mu-
tation was detected.

Of the 38 cases included in our review, only 11 cases underwent
molecular testing, including 5 tested only for BRAF mutations.
None of the LCS cases carried BRAF mutations. Three cases

showed deletions in CDKN2A (6q, 9p) and TP53 mutations simi-
lar to the current case [21, 29]. One of these studies also reported
KRAS p.Q61H mutations [29], and another one reported KMT2D
p-R3703X and STK19 p.G265A mutations [21]. One case demon-
strated immunoglobulin heavy chain and kappa light chain re-
arrangements in a patient with underlying hairy cell leukemia
[33], and one case detected a clonal proliferation (non-random X
inactivation pattern) of LCs [39]. The cases that harbored clonal
heavy/light chain gene rearrangements were found in patients
with an underlying lymphoma, possibly explained by a trans-
differentiation phenomenon. Some LCS cases showed high mu-
tational burdens and UV-associated signatures, suggesting UV
involvement in pathogenesis [21]. Another study performed
whole genome sequencing and revealed a complex karyotype
with variable hyperdiploidy and numerous allelic imbalances, in-
dicating genomic instability [29]. These findings provide insights
into LCS pathogenesis and point to potential therapeutic targets
while highlighting the importance of comprehensive genetic test-
ing, as targeted BRAF testing alone may miss key mutations.

We favor that our case likely represents de novo pathogenesis.
While aggregates of more well-differentiated and recognizable
LCs were identified within the epidermis of the chronologically
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earlier excision, a discrete cytologically benign population co-
expressing S100 was not identified. Additionally, no MAPK
pathway driver mutation was detected, and the patient did not
have a previous diagnosis of lymphoma or LCH, arguing against
progression from a precursor neoplasm. In fact, de novo tumor-
igenesis appears to be the most common pathway in LCS based
on literature review, with a minority of cases reported as aris-
ing from a low-grade B-cell lymphoma (and sharing clonally re-
lated immunoglobulin gene rearrangements). Very rare, isolated
case reports exist detailing LCS arising in association with, or
as progression from, LCH [25, 46]. Additionally, while LCH is
not defined by the presence of BRAF p.V60OE or other MAPK
driver mutation, the vast majority do harbor one of these [9, 47].
In contrast, these mutations appear to be relatively uncommon
in cutaneous lesions of LCS. Thus, progression from a precursor
LCH to LCS may be a rare event, although additional studies are
needed to confirm this.

LCS is a rare, aggressive neoplasm with poor outcomes. A thor-
ough analysis of molecular, genetic, and clinical features is cru-
cial to develop improved diagnostic algorithms and targeted
therapy with a goal of improving prognosis. The variability of
immunophenotype, including lack of S100 expression seen in
this case, highlights the potential diagnostic challenges. Further
research is needed to improve the understanding and manage-
ment of this rare malignancy.
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