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Salivary carcinosarcoma: insight into multistep pathogenesis indicates uniform origin as sarco-
matoid variant of carcinoma ex pleomorphic adenoma with frequent heterologous elements

Aims: The formal pathogenesis of salivary carci-
nosarcoma (SCS) remained unclear, both with respect
to the hypothetical development from either preexist-
ing pleomorphic adenoma (PA) or de novo and the
clonal relationship between highly heterogeneous car-
cinomatous and sarcomatous components.

Methods and results: We performed clinicopathological
and molecular (targeted RNA sequencing) analyses on
a large series of 16 cases and combined this with a
comprehensive literature search (111 cases). Extensive
sampling (average 11.6 blocks), combined with
immunohistochemistry and molecular studies (PA-
specific translocations including PLAG1 or HMGA2 pro-
ven in 6/16 cases), enabled the morphogenetic identifi-
cation of PA in 15/16 cases (93.8%), by far surpassing
a reported rate of 49.6%. Furthermore, we demon-
strated a multistep (intraductal/intracapsular/extracap-
sular) adenoma-carcinoma-sarcoma-progression, based

on two alternative histogenetic pathways (intraductal,
56.3%, versus myoepithelial pathway, 37.5%).
Thereby, early intracapsular stages are identical to con-
ventional carcinoma ex PA, while later extracapsular
stages are dominated by secondary, frequently heterolo-
gous sarcomatous transformation with often large
tumour size (>60 mm).

Conclusion: Our findings strongly indicate that SCS
(almost) always develops from PA, with a complex
multistep adenoma-carcinoma-sarcoma-sequence,
based on two alternative histogenetic pathways. The
findings from this novel approach strongly suggest
that SCS pathogenetically is a rare (3—6%), unique,
and aggressive variant of carcinoma ex PA with sec-
ondary sarcomatous overgrowth. In analogy to
changes of terminology in other organs, the term
“sarcomatoid carcinoma ex PA with/without heterol-
ogous elements” might be more appropriate.

Keywords: carcinosarcoma, gene fusion, HMGA2, molecular testing, PLAG1, pleomorphic adenoma, salivary

glands, true malignant mixed tumour

Address for correspondence: Stephan Ihrler MD, PhD, DERMPATH Muenchen, Bayerstrasse 36, 80335 Munich, Germany.

e-mail: ihrler@dermpath-muenchen.de

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0002-6183-0249
https://orcid.org/0000-0002-6183-0249
https://orcid.org/0000-0002-6183-0249
https://orcid.org/0000-0001-6866-3220
https://orcid.org/0000-0001-6866-3220
https://orcid.org/0000-0001-6866-3220
https://orcid.org/0000-0002-9098-8416
https://orcid.org/0000-0002-9098-8416
https://orcid.org/0000-0002-9098-8416
https://orcid.org/0000-0002-0445-8161
https://orcid.org/0000-0002-0445-8161
https://orcid.org/0000-0002-0445-8161
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhis.14840&domain=pdf&date_stamp=2022-12-07

Introduction

Salivary carcinosarcoma (SCS) is a rare aggressive
malignancy, characterised by a biphasic, highly vari-
able combination of malignant epithelial and (fre-
quently heterologous) mesenchymal components,'
manifesting in major and, rarely, minor glands. Anal-
ogous to the historic term “benign mixed tumour”
(now pleomorphic adenoma, PA), this tumour type
was initially called “true malignant mixed tumour”,
with, at that time, a blurred distinction from
carcinoma ex pleomorphic adenoma (CEPA).'%¢10
Later, SCS became the universally accepted termi-
nology’> >®11 % and remained so in the current
4th'! and upcoming 5th'®> WHO classification of sali-
vary tumours. The distinction of SCS from high-grade
sarcomatoid dedifferentiation of primary salivary carci-
noma (mostly salivary duct carcinoma, SDC) has not
been clearly defined.®'*®'7 SCS typically presents as
large, infiltrative, histologically high-grade, and aggres-
sive tumours. To date, 111 cases have been published,
the largest series comprising 12 cases.''*!

The pathogenesis of SCS is poorly understood. It
has been hypothesised that SCS may develop either
from preexisting PA or de novo. An associated PA has
been described in half of the cases.'*>% 2 However,
this figure may be too low, as the frequency of PA
detection is strongly influenced by awareness of this
association, the extent of tissue sampling, and the
fact that sclerosed PA can be misinterpreted as
regressive changes. In addition, the relationship
between carcinomatous and sarcomatous components
has been disputed (as in carcinosarcoma of other
organs'®). A clonal relationship between both compo-
nents has been proven,'*'® and derivation of the sar-
comatous component has been postulated from
myoepithelial cells of PA and from primary carcino-
matous components.1'4'8*10'12

Concerning CEPA, a complex multistep carcinogene-
sis has been characterised. With the exception of the
myoepithelial type, intracapsular CEPA generally starts
as intraductal neoplasia within the biphasic tubules of
PA. While intraductal and intracapsular-invasive
stages are associated with favourable prognosis, extra-
capsular invasion exhibits impaired prognosis.
Thereby, minor invasion (<6 mm'") is associated with
moderately increased and extensive invasion with sig-
nificantly increased tumour progression and death
from disease.'® 2> The present study is a follow-up of
our previous studies,****® where five SCS ex PA were
identified among 85 CEPA cases (5.9%).2"

The 16 cases represent the largest SCS series pub-
lished to date. We performed clinical, (immuno-)
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histological, and molecular investigations as previously
described for CEPA.'?2%2% As gene fusions including
PLAG1 and HMGA?2 have been identified as context-
specific for PA,'*?7%% we applied targeted RNA
sequencing looking for PA-typical fusions as a surro-
gate for preexisting PA, missed on histological sam-
pling.

This study aimed to address a better understanding
of the pathogenesis of SCS with the following key
questions: (i) How frequently does SCS develop from
PA, or alternatively, do de novo SCS really exist? (ii)
What is the pathogenetic relationship between carci-
nomatous and sarcomatous components? (iii) Can
SCS be regarded as a special variant of CEPA? To
answer these questions, we performed a combined
analysis of our series and a comprehensive literature
search.

Materials and Methods

ANALYSIS OF OUR CASE SERIES

Cases were retrieved from consultation files of one
author (S.I.) and from six European centres from
1999 to 2019. Five cases were part of a previous
study on CEPA.>° All cases were reviewed by two
authors (S.I., A.A.). All available blocks (2-39; aver-
age 11.6/ per case), were screened using haema-
toxylin and eosin (HE-)stains for PA, and in areas
suspicious for PA, appropriate immunohistochemical
reactions were applied.'®?° Clinical information was
searched for longstanding preoperative tumours (typ-
ically PA) and for previous surgical procedures.

The analysis took into account well-established
intraductal, intracapsular, and extracapsular-invasive
progression stages, as described for CEPA.'9 2123726
Immunohistochemical staining for CK14, CK18, p63,
SOX10, Ki67, p53, Her2-neu, and androgen receptor
(AR) was generally performed (details of antibodies,
clones, antigen retrieval, controls, and scoring, as
described previously?’). Additional staining (actin,
desmin, myogenin, MyoD1, S100, CD31, CD34, ERG)
was facultatively applied. Cases of high-grade, typi-
cally spindle-cell (“sarcomatoid”) dedifferentiation of
classical salivary carcinoma types, devoid of heterolo-
gous differentiation, were excluded.'®'” Carcinoma-
tous and sarcomatous components were recorded
semiquantitatively, and histological grade were evalu-
ated for intra—/extracapsular tumour. The presence
of heterologous sarcomatous components and extent
of extracapsular invasion were documented.'”?° Sar-
comatous components were subtyped using criteria
as for soft-tissue tumours.

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 576-586.
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NEXT-GENERATION SEQUENCING

Next-generation sequencing (NGS) was performed
using RNA isolated from formalin-fixed, paraffin-
embedded tumour tissue sections with the TruSight
RNA Fusion Panel (Illumina, San Diego, CA, USA) as
previously described.”® The Integrative Genomics
Viewer (IGV), version 2.13.3 (Broad Institute, https://
software.broadinstitute.org/software/igv/) was used
for data visualisation.”’

SEARCH OF THE LITERATURE

A systematic search of the English literature was per-
formed using PubMed and Google Scholar databases,
applying the program Endnote (Version X.9.3.3.). A
combination of these keywords was applied: salivary
gland, carcinosarcoma, (true) malignant mixed
tumour, and carcinoma ex PA. All relevant clinical,
histomorphological, and molecular data were
extracted.

Results
FINDINGS FROM CASE SERIES

Detailed clinical and histomorphological data are pre-
sented in Table 1. There were seven men (43.8%)
and nine women (56.2%), aged 22—-86 years (median
65.8); 13 tumours were in parotid (81.2%), one in
submandibular (6.3%), and two in minor glands
(12.5%). A PA component could be verified histomor-
phologically (or immunohistochemically if needed), in
13 cases (1-13; Figure 1). The size of PA ranged
from 13-60 mm (average, 21). PA manifested as
multinodular recurrence in two cases.

Intracapsular malignant tumour within PA was
present in 12 patients (no. 1-12). Intraductal carci-
noma was present in 9/12 (no. 1-9, all high-grade,
Figures 1, 2B), intracapsular-invasive carcinoma in
11 (frequently undifferentiated and salivary duct car-
cinoma, n = 5 each), and intracapsular sarcoma in
eight cases (frequently chondrosarcoma, n = 6). Con-
cerning intracapsular tumour, carcinomatous compo-
nents quantitatively dominated over sarcomatous
components (the latter absent in four cases). Histolog-
ical grade was poorly differentiated in 11 and moder-
ately in one case.

Extracapsular tumour displayed variable combina-
tions of carcinomatous and sarcomatous components
in 12 (Figures 1, 2) and pure sarcomatous compo-
nents in three cases. Most frequent carcinoma types
were SDC, undifferentiated, and myoepithelial

carcinoma (n = 4 each), most frequent sarcoma pat-
tern was chondro-, undifferentiated pleomorphic
(n = 7 each), and osteosarcoma (n = 3). Extracapsular
sarcomatous components were mostly large, fre-
quently with extensive necrosis, all poorly differenti-
ated, and quantitatively dominated the smaller
carcinomatous components.

Combining intra- and extracapsular tumours, there
were two malignant components (one carcinoma and
one sarcoma type each) in 43.7%, three in 37.5%,
and four and five in 6.3% each. Heterologous sarco-
matous differentiation manifested in 13 cases
(81.3%).

In nine cases with intraductal carcinoma, there
was immunohistochemical overexpression for p53 in
six, for AR in seven, and for Her2neu in three cases
(Figure 1). Concerning extracapsular malignant com-
ponents, seven cases each showed overexpression of
p53 and AR and one overexpressed Her2neu. Com-
paring intraductal carcinoma and extracapsular
malignant tumour, there was concordance in six and
discordance in three cases each with regard to over-
expression/negativity for p53 and AR. Comparing
carcinomatous and sarcomatous components, there
was concordance in nine and discordance in one case
concerning overexpression/negativity for p53, and
concordance and discordance in six cases each, con-
cerning AR.

Targeted RNA sequencing was successful in 11
patients. Gene fusions were detected in eight cases.
PLAG]1 fusion was the most common (5/8). CTNNB1
(n = 2), FGFR1 (n = 2), and HNRNPA2B1 (n = 1)
were PLAG1 fusion partners. One tumour had
HMGA2::WIF1 fusion. Another had a novel
YWHAE::GNB1 fusion verified using a YWHAE
break-apart (Fluorescence In Situ Hybridization)
FISH probe. Without functional analyses, this fusion
remains of unknown significance. Another case
revealed a KDMS5A::CACNAIC fusion of unknown
significance. Of six cases with PA-typical transloca-
tions, four showed concomitant histomorphological
evidence, and two lacked evidence of PA, indicating
that PA was either overgrown by SCS or missed on
sampling (no. 14,15). Combining the histomorpho-
logical and molecular approach, a preexisting PA
could be proven in 15/16 cases (93.8%; Table 1).
Of nine cases with matched pairs of intra—/extra-
capsular components, concordant positive (n = 5)
and negative (n = 3) molecular results were
observed, consistent with common clonal origin.
One tumour (no. 15) had PLAGI::FGFR1 fusion in
the intracapsular, not detected in the extracapsular
component.
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Figure 1. A 56-year-old man with a small parotid tumour for 15 years. (A) Now with rapid tumour growth and facial nerve palsy (case no.
1). B: Computer tomography with tumour of 150 mm diameter in the parotid area. C: Intensely sclerotic PA (arrowheads indicate capsule)
with intracapsular (IC) carcinoma and extracapsular (EC) high-grade carcinosarcoma. D: Higher-magnification with intraductal carcinoma
with comedo necrosis (stars), (E) embraced by CK14-positive myoepithelial cells (red), and (F, inset) with nuclear overexpression of p53
(brown). G: Combination of SDC (arrows) and pleomorphic sarcoma in extracapsular component.

Ilustrated with different colours in Table 1, 15
cases could be assigned to two groups or pathways,
respectively, with the following characteristics: the
larger group (intraductal pathway; cases 1-9; 56.3%;
Figure 1) displayed obligate histological and/or
molecular evidence of PA and of intraductal carci-
noma, combined with predominantly undifferentiated
(n = 6) or salivary duct carcinoma (n = 5) epithelial
component, and pleomorphic (n = 4), osteo- (n = 3)
and chondrosarcoma (n = 4) morphology as a
mesenchymal component. The smaller group

(myoepithelial pathway; cases 11-16; 37.5%;
Figure 2D) displayed histological and/or molecular
proof of PA in 5/6 cases; however, there was a con-
sistent absence of intraductal carcinoma, combined
with almost obligatory combination of myoepithelial
carcinoma (n = 5) and chondrosarcoma (n = 6). The
two groups displayed no differences with respect to
sex, age, type of gland, or pT-stage.

Most cases showed advanced stages, with pT3/4 in
11/16 and >6 mm depth of infiltration in 12/13
cases, with a medium diameter of 45 mm and a

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 576-586.
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Figure 2. Examples of combined carcinomatous and sarcomatous tumour: A: Case no. 3 with dominant osteosarcoma and minor component
of SDC (arrows). B: Case no. 7 with intraductal neoplasia (arrows) and myogenic sarcoma (desmin: Red). C: Case no. 8 with dominating
chondrosarcoma and undifferentiated carcinoma. D: Case no. 13 with chondrosarcoma and myoepithelial carcinoma.

Figure 3. Historic reports of huge, exophytic parotid SCS (all permissions for reprint obtained). A: A 57-year-old female, death 2 months
later, report from 1989.° B: A 77-year old-male with tumour of 83 mm diameter in magnetic resonance imaging, report from 2020."> C: A
76-year-old female with “rapidly expanding” tumour of 85 mm diameter in magnetic resonance imaging, report from 2015.3° D: A 50-
year-old male, macroscopic specimen with tumour of 65 mm diameter and hemorrhagic necrosis (left), report from 2013.

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 576-586.
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diameter of 60-150 mm in the five largest tumours
(Figure 1,3). Rapid growth and/or facial nerve palsy
was frequently reported. Lymph node metastases were
present and absent, respectively, in five cases each
(unknown in six). Follow-up data were limited; two
patients died of disease, one suffered from lung metas-
tases, and one had no disease.

FINDINGS FROM THE LITERATURE

A literature search identified 78 publications describ-
ing 111 cases of SCS, the first in 1953. The majority
(n = 69) represented single case reports, typically
with limited follow-up, with nine publications describ-
ing 2 to 12 cases. The prevailing terminology until
1990 was (true) malignant mixed tumour,®>®7910
while carcinosarcoma was regularly used there-
after.> >%1171* Cases of SCS ex PA represented 3%—
6% in large CEPA series.””” The average age was
60.1 years (10-86), 57.3% were male, 70.3% in par-
otid, 18.9% in submandibular, and 11.8% in minor
glands. While the average size was 39 mm,' a size
>60 mm, often with rapid enlargement, was rela-
tively often reported (Figure 3*°%%1213) Four cases,
all before 1990, occurred many years after radiother-
apy due to PA.'"

There were two malignant components (one carci-
noma/sarcoma type each) in 66.3%, three in 19.8%,
four in 8.1%, and five or more in 5.8%. The most fre-
quent carcinoma types were adeno- (43.0%), salivary
duct (29.1%), undifferentiated (26.7%), and squa-
mous cell carcinoma (18.6%), while myoepithelial
carcinoma represented 2.3%. Most frequent sarcoma
types were chondro- (51.2%), osteo- (29.1%), spindle-
cell (27.9%), pleomorphic (8.1%), and rhabdomyosar-
coma (7.0%), with a heterologous component in
75.6%.'3>81213 Concomitant PA was reported in
49.6%, alternative “de novo” development (dedicated

absence of PA) was postulated in 24.3%, the presence
or absence of PA was not commented on in
26.1%."1% A description of intraductal/intracapsu-
lar malignant tumour was restricted to two cases.®

The estimation of prognosis was limited, as follow-
up data were lacking in 53.2%. In the remainder,
7.2% were free and 9.9% alive with disease, 27.0%
died of disease (mostly due to metastases to lung and/
or liver' >12).

COMPARISON OF FINDINGS IN THE CURRENT CASE
SERIES WITH THE LITERATURE

Table 2 summarizes important findings for SCS, com-
paring data of the case series and literature.' 11271430
The most striking difference is the detection rate of
PA, which is far higher in the series (93.8%) than in
the literature (49.6%). Frequency of the dominating
carcinoma and sarcoma components is similar, with
the exception of myoepithelial carcinoma, which is fre-
quent in our series (31.3%), but rare in the literature
(2.3%). There are no relevant differences concerning
sex, age, location, size (PA and SCS), and heterologous
differentiation.

COMPARISON OF FINDINGS FROM OUR SCS SERIES
WITH CEPA AND WITH CARCINOMA WITH
SARCOMATOID DEDIFFERENTIATION

The findings in SCS and CEPA are very similar
(Table 3), especially concerning age, sex, location, fre-
quency/size of PA, and frequency of intraductal carci-
noma. A striking difference is with pure intracapsular
carcinoma/tumour, which is frequent in CEPA
(36.5%7"), but rare in SCS (6.3%). While being domi-
nant in both entities, the intraductal carcinoma path-
way is less frequent in SCS. While the overall size of
SCS (mean 45 mm; present series) is only moderately

Table 2. Comparison of main findings in SCS between present case series and the literature

Case series

Literature*

Proven PA (histological + molecular) 93.8% (15/16)

49.6% (55/111)

Recurrent PA (in relation to cases with PA) 13.3% (2/15)

20.0% (11/55)

Most frequent carcinoma types

Undifferentiated (37.5%) and
myoepithelial (31.3%) carcinoma

Adeno- (43.0%) and salivary duct
carcinoma (29.1%)

Most frequent sarcoma types

Chondro- (75.0%) and pleomorphic
sarcoma (37.5%)

Chondro- (51.2%) and osteo-sarcoma
(29.1%)

Heterologous differentiation in sarcoma 81.3% (13/16)

75.6% (65/86)

*[1-7, 9-14, 30].
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Table 3. Major similarities between SCS (present series) and CEPA (previous series reported by our group™)

SCS (Present series) CEPA™

General frequency

very rare (16 cases)

rare (85 cases)

Development from PA

93.8% (15/16)

100% (85/85; by definition)

Frequency of recurrent PA

13.3% (2/15)

25.9% (22/85)

Size Frequently > 60 mm

Rarely > 60 mm

Intraductal carcinoma (in cases with PA)

75.0% (9/12)

75.9% (60/79)

Pure intracapsular tumour stage

6.3% (1/16)

36.5% (31/85)

Intraductal carcinoma pathway

56.3% (9/16)

76.5% (65/85)

Myoepithelial carcinoma pathway

37.5% (6/16)

23.5% (20/85)

Table 4. Major differences between SCS (present series) and salivary carcinoma with sarcomatoid dedifferentiation (litera-

ture)

SCS (Present series) Salivary carcinoma with sarcomatoid dedifferentiation’>'®
General frequency Very rare Rare
Size Majority >40 mm Mostly <30 mm

Development from PA 93.8% (15/16)

None (by definition)

Predominant sarcomatoid differentiation ~ Chondro- and pleomorphic sarcoma  Spindle cell and pleomorphic sarcoma

Heterologous differentiation 81.3% (13/16)

Very rare

larger than that of CEPA (39 mm??), huge tumours
measuring >60 mm are more frequent in SCS
(Figures 1, 3%).

Comparing SCS with salivary carcinoma with sar-
comatoid dedifferentiation (Table 4), there are three
major differences: While an association with PA is
(almost) obligatory in SCS, it is absent in sarcomatoid
carcinoma. Heterologous differentiation of the sarco-
matous component is frequent in SCS (81.3% in the
current study, 75.6% in the literature), but very rare
in sarcomatoid carcinoma.'*'” Tumour size is larger
in SCS than in sarcomatoid carcinoma.

Discussion

The pathogenesis and terminology of SCS is still dis-
puted: On the one hand, the relationship of SCS to
PA and, accordingly to CEPA, and on the other
hand the relationship between carcinomatous and
sarcomatous components have been a subject of
controversy, and molecular studies were lacking so
far. Our morphophenotypic and molecular study on

the largest series of 16 cases, combined with a thor-
ough literature search, aimed to address these
aspects.

In 111 cases identified in our literature search, PA
had been described in 49.6%, while the alternative
hypothesis of de novo development was advocated in
24.3%. However, in many cases PA might have been
missed, especially due to limited sampling and
destruction of PA by large SCS.' 3> 81213 The pres-
ence of a well-circumscribed, highly sclerosed nodule
within a background of salivary carcinoma as being
indicative of preexisting PA has been widely
accepted.'® Moreover, a series of gene fusions, includ-
ing the partners PLAGI and HMGA2 have been
established as specific genetic characteristics of
PA.13:27.28

Applying a combined histogenetic approach with
extensive sampling (average 11.6 blocks/case), appro-
priate immunohistochemistry, and additional molecu-
lar studies, we identified a preexisting PA in 15 of 16
cases (93.8%), which is far beyond the detection rate
of 49.6% in the literature.'”> This finding strongly

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 576-586.

85U8017 SUOWILLOD BATER1D 3(dedl|dde sy} Aq peusenob a1e ss(ie YO ‘8sn JO S9N 1o} ARIqiT8ulIUQ 43I\ UO (SUONIPUCD-PUR-SLLIBYLIOD"AB| 1M ALRIq 1 BU1UO//SANY) SUORIPUOD PUe SWB | 841 88S *[£202/60/02] U0 ArigITauliuo A8|IM ‘Auewien aueiy0D AQ 0v8YT SIU/TTTT OT/I0p/L0o" A8 1M AReiq1|BulUO//Sdny Woly pepeojumod ‘v ‘€202 ‘6552S9ET



584 S Ihrler et al.

indicates that SCS develops almost uniformly from PA
and only rarely, if at all, de novo.

Moreover, the arguments presented herein strongly
favour a complex multistep tumorigenesis of SCS,
which is reminiscent of that in CEPA.'%232%2¢ Ip
about 2/3 of cases, intraductal neoplasia within
tubules of PA, exclusively comprising carcinoma,
proved to be equivalent to the initial step of the
pathogenesis in CEPA. While in the early stages of
intracapsular tumour (intraductal + intracapsular-
invasive) the carcinomatous components were quan-
titatively dominant, the sarcomatous components
were clearly dominant in the extracapsular stage.
Frequent concordant immunohistochemical overex-
pression/negativity of p53 and AR in intra—/extra-
capsular SCS, combined with frequent concordance in
carcinomatous/sarcomatous components for p53, fur-
ther support this pathogenetic analogy of SCS to
CEPA.

The origin of the sarcomatous component in SCS
from myoepithelial cells of PA"*° or from primary
carcinomatous components®!%!'* has been hypothe-
sised. We argue that our data provide convincing
proof that SCS principally starts as carcinoma (devel-
oping from PA, so far equivalent to CEPA), with sub-
sequent acquisition of secondary, finally dominating,
and frequently heterologous sarcomatous compo-
nents.

As an additional, novel finding we identified two
alternative pathways within this multistep tumorigen-
esis (Table 1): A more common ‘intraductal pathway’
displays obligate histological and/or molecular evi-
dence of PA and of intraductal neoplasia, combined
with dominant undifferentiated and/or salivary duct-
type carcinoma as an epithelial, and with pleomor-
phic and/or osteo—/chondrosarcoma as a mesenchy-
mal component. A second, less frequent
‘myoepithelial pathway’ displays histological and/or
molecular evidence of PA in most cases; however,
with constant absence of intraductal neoplasia and
almost obligate combination of myoepithelial carci-
noma and chondrosarcomatous differentiation (Fig-
ure 2D). In the early stages of SCS, these two
pathways perfectly recapitulate the two analogous
pathways in CEPA, in both entities with dominance
of the intraductal pathway (Table 3).177232® These
pathogenetic concepts in SCS are completely novel, as
there are no comparable data in the literature, nei-
ther concerning progression of carcinoma-dominant
to sarcoma-dominant (intra—/extracapsular) tumour,
nor concerning these two pathways.

Data from our series and the literature'>'? indi-
cate that the size is larger in SCS than in

conventional CEPA and, especially, that a huge size
of >60 mm (Figures 1, 3) is characteristic of SCS.
Taking into account the overall dominance of the sar-
comatous components in the extracapsular stage, this
difference is due to overgrowth of the sarcomatous
component. While widely invasive CEPA is well
known to be prognostically poor,'!''?72° data indicate
that SCS may be even more aggressive.>*'* How-
ever, prognostic data are limited, both in the litera-
ture,” *®1? and in our series.

In our previous series of CEPA, a high percentage
(36.5%) was restricted to pure intracapsular CEPA,
associated with a favourable prognosis.”” On the con-
trary, the frequency of early, intracapsular stage is
much lower in SCS (6.3%; our series). This is due to
the fact that sarcomatous components, being the pre-
requisite for a diagnosis of SCS, exhibit progression in
the late, extracapsular stages.

Delimitation of SCS from salivary carcinoma (often
SDC) with sarcomatoid dedifferentiation is not
straightforward. Intracapsular components of SCS
(and accordingly of CEPA'?-2"2®) with typically high-
grade, cribriform intraductal carcinoma show a major
histomorphological similarity to invasive SDC.'*1¢:17
Therefore, the possibility of misinterpretation of SCS
as sarcomatoid SDC, and vice versa, is obvi-
Ous.8,12,13,16.17

The terminology of  biphasic epithelial-
mesenchymal malignancies has been continuously
evolving after a long historical controversy. These
tumours, albeit rare, may occur in any organ with
varying frequency. Although the term carcinosar-
coma has been historically used in almost all organs,
it started to disappear in most classifications, based
on the generally accepted view, that the sarcomatous
component is verified to be derived from the epithelial
component. Accordingly, the cumbersome term “sar-
comatoid carcinoma with/without heterologous mes-
enchymal components” has emerged as a substitute
in most organs.

However, the terminology of carcinosarcoma has
survived in the WHO classification of uterine tumours
and also in the current 4th'' and upcoming 5th
WHO classification of salivary tumours. At this point,
there is no consensus as to which terminology would
better reflect the tumour characteristics, and hence
be recommended. Given that a substantial subfraction
of SDC originate ex PA and nearly all SCS do as well,
distinguishing sarcomatoid SDC ex PA from SCS is
rather arbitrary. Hence, sarcomatoid SDC ex PA and
SCS might best be looked at as the same entity. Simi-
larly, the presence of a chondroblastic sarcomatous
component, which is remarkably associated with
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tumours with myoepithelial pathway, can be consid-
ered as myoepithelial carcinoma ex PA with chon-
drosarcomatous differentiation.

In summary, our findings strongly indicate that
SCS pathogenetically develops virtually always (or in
the vast majority) from PA, whereas the hypothesis
of a de novo development does not exist. We demon-
strate as a novel finding that SCS in early, intracap-
sular stages exhibits an identical —multistep
carcinogenesis to that well-established for CEPA,
while clinical characteristics (large size, rapid progres-
sion) are related to sarcomatous overgrowth in extra-
capsular stages. We thereby identified two alternative
histogenetic pathways (intraductal versus myoepithe-
lial pathway), which in the early stages as well
proved to be identical to the carcinogenesis of CEPA.
While the current and upcoming WHO classifica-
tion'! identifies SCS as an independent entity, exhibit-
ing minor overlap with CEPA, we suggest to regard
SCS pathogenetically as a rare, special, and aggres-
sive variant of CEPA with secondary sarcomatous
overgrowth in the late stages.

Author Contributions

S. Thrler, D. Stiefel, and A. Agaimy designed and per-
formed the study research. S. Ihrler, D. Stiefel,
R. Stoehr, and A. Agaimy analysed the data. S. Thr-
ler, P. Jurmeister, A. Sandison, N. Chaston, J. Laco,
N. Zidar, L. Brcic, and A. Agaimy contributed cases.
S. Thrler, D. Stiefel, A. Sandison, and A. Agaimy
wrote the article.

Funding Information

This work was supported by the grant “Wis-
senschaftliches Herausgeberkolloquium der MMW,”
Germany (Grant 2007).

Conflict of Interest

The authors disclose that they have no significant
relationships with or financial interest in any com-
mercial companies pertaining to this article.

Ethics

This study was approved by the Ethics Commission of
the Ludwig-Maximilians-University, Munich, Ger-
many (nr 20-558).

Salivary carcinosarcoma 585

Compliance With Ethical Standards

All procedures performed in this study involving
human participants were in accordance with the ethi-
cal standards of the institutional and/or national
research committee and with the 1964 Helsinki Dec-
laration and its later amendments or comparable eth-
ical standards.

Acknowledgement

Open Access funding enabled and organized by Pro-
jekt DEAL.

Data Availability Statement

The datasets generated during and/or analysed dur-
ing the current study are available from the corre-
sponding author on reasonable request.

References

1. Stephen ], Batsakis JG, Luna MA, von der Heyden U, Byers
RM. True malignant mixed tumors (carcinosarcoma) of sali-
vary glands. Oral Surg. Oral Med. Oral Pathol. 1986; 61; 597-
602.

2. Tortoledo ME, Luna MA, Batsakis JG. Carcinomas ex pleomor-
phic adenoma and malignant mixed tumors. Histomorphologic
indexes. Arch. Otolaryngol. 1984; 110; 172-176.

3. Staffieri C, Marioni G, Ferraro SM, Marino F, Staffieri A. Carci-
nosarcoma de novo of the parotid gland. Oral Surg. Oral Med.
Oral Pathol. Oral Radiol. Endod. 2007; 104; e35-e40.

4. Carson HJ, Tojo DP, Chow JM, Hammadeh R, Raslan WF. Car-
cinosarcoma of salivary glands with unusual stromal compo-
nents. Report of two cases and review of the literature. Oral
Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 1995; 79; 738—
746.

5. Garner SL, Maves MD, Robinson RA, Barnes CH. Salivary
gland carcinosarcoma: true malignant mixed tumor. Ann. Otol.
Rhinol. Laryngol. 1989; 98; 611-614.

6. Gnepp DR. Malignant mixed tumors of the salivary glands: a
review. Pathol. Annu. 1993; 28; 279-328.

7. King OH Jr. Carcinosarcoma of accessory salivary gland. First
report of a case. Oral Surg. Oral Med. Oral Pathol. 1967; 23;
651-659.

8. Harada H. Histomorphological investigation regarding to malig-
nant transformation of pleomorphic adenoma (so-called malig-
nant mixed tumor) of the salivary gland origin: special reference
to carcinosarcoma. Kurume Med. ]. 2000; 47; 307-323.

9. Dardick I, Hardie J, Thomas M], Peter Nostrand AWYV.
Ultrastructural contributions to the study of morphological dif-
ferentiation in malignant mixed (pleomorphic) tumors of sali-
vary gland. Head Neck 1989; 11; 5-21.

10. Hellquist H, Michaels L. Malignant mixed tumour. A salivary
gland tumour showing both carcinomatous and sarcomatous
features. Virchows Arch. A Pathol. Anat. Histopathol. 1986;
409; 93-103.

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 576-586.

85U8017 SUOWILLOD BATER1D 3(dedl|dde sy} Aq peusenob a1e ss(ie YO ‘8sn JO S9N 1o} ARIqiT8ulIUQ 43I\ UO (SUONIPUCD-PUR-SLLIBYLIOD"AB| 1M ALRIq 1 BU1UO//SANY) SUORIPUOD PUe SWB | 841 88S *[£202/60/02] U0 ArigITauliuo A8|IM ‘Auewien aueiy0D AQ 0v8YT SIU/TTTT OT/I0p/L0o" A8 1M AReiq1|BulUO//Sdny Woly pepeojumod ‘v ‘€202 ‘6552S9ET



586 S Ihrler et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

El-Naggar AK, JKC C, Grandis JR, Takata T, Slootweg P]. WHO
classification of head and neck Tumours. Lyon: International
Agency for Research on Cancer, 2017.

Petersson F, Loh KS. Carcinosarcoma ex non-recurrent pleo-
morphic adenoma composed of TTF-1 positive large cell neu-
roendocrine carcinoma and myofibrosarcoma: Apropos a rare
case. Head Neck Pathol. 2013; 7; 163-170.

Katsakhyan L, LiVolsi VA, Chalian AA, Zhang PJ. Giant cell
carcinosarcoma of the parotid gland with a PLAG 1 transloca-
tion in association with a pleomorphic adenoma with HMGA2
translocation. Am. J. Clin. Pathol. 2020; 154; 811-815.
Vékony H, Leemans CR, Ylstra B, Meijer GA, van der Waal I,
Bloemena E. Salivary gland carcinosarcoma: Oligonucleotide
array CGH reveals similar genomic profiles in epithelial and
mesenchymal components. Oral Oncol. 2009; 45; 259-265.
WHO Classification of Tumours Editorial Board. WHO classifi-
cation of tumours series. In Head and Neck Tumours. Vol. 9.
5th ed. Lyon: International Agency for Research on Cancer,
2022 Beta version ahead of print. Available from: https://
tumourclassification.iarc.who.int/chapters/52.

Nagao T, Gaffey TA, Serizawa H et al. Sarcomatoid variant of
salivary duct carcinoma: clinicopathologic and immunohisto-
chemical study of eight cases with review of the literature.
Am. ]. Clin. Pathol. 2004; 122; 222-231.

Henley JD, Seo IS, Dayan D, Gnepp DR. Sarcomatoid salivary
duct carcinoma of the parotid gland. Hum. Pathol. 2000; 31;
208-213.

Thompson L, Chang B, Barsky SH. Monoclonal origins of
malignant mixed tumors (carcinosarcomas). Evidence for a
divergent histogenesis. Am. J. Surg. Pathol. 1996; 20; 277-
285.

Weiler C, Zengel P, van der Wal JE et al. Carcinoma ex pleo-
morphic adenoma with special reference to the prognostic sig-
nificance of histological progression: a clinicopathological
investigation of 41 cases. Histopathology 2011; 59; 741-750.
Thrler S, Guntinas-Lichius O, Agaimy A, Wolf A, Mollenhauer
M. Histological, immunohistological and molecular characteris-
tics of intraductal precursor of carcinoma ex pleomorphic

21.

22.

23.

24.

26.

27.

28.

29.

30.

adenoma support a multistep carcinogenic process. Virchows
Arch. 2017; 470; 601-609.

Katabi N, Gomez D, Klimstra DS, Carlson DL, Lee N, Ghossein R.
Prognostic factors of recurrence in salivary carcinoma ex pleo-
morphic adenoma, with emphasis on the carcinoma histologic
subtype: a clinicopathologic study of 43 cases. Hum. Pathol.
2010; 41; 927-934.

di Palma S, Skédlova A, Vanieek T, Simpson RH, Starek I, Leivo
I. Non-invasive (intracapsular) carcinoma ex pleomorphic ade-
noma: recognition of focal carcinoma by HER-2/neu and MIB1
immunohistochemistry. Histopathology 2005; 46; 144-152.
Griffith CC, Thompson LDR, Assaad A et al. Salivary duct car-
cinoma and the concept of early carcinoma ex pleomorphic
adenoma. Histopathology 2014; 65; 854-860.

Olsen KD, Lewis JE. Carcinoma ex pleomorphic adenoma: a
clinicopathologic review. Head Neck 2001; 23; 705-712.

. Rito M, Fonseca I. Carcinoma ex-pleomorphic adenoma of

the salivary glands has a high risk of progression when the
tumor invades more than 2.5 mm beyond the capsule of
the residual pleomorphic adenoma. Virchows Arch. 2016;
468; 297-303.

TIhrler S, Weiler C, Hirschmann A et al. Intraductal carcinoma
is the precursor of carcinoma ex pleomorphic adenoma and is
often associated with dysfunctional p53. Histopathology 2007;
51; 362-371.

Skalova A, Stenman G, Simpson RHW et al. The role of molec-
ular testing in the differential diagnosis of salivary gland carci-
nomas. Am. J. Surg. Pathol. 2018; 42; el1-e27.

Agaimy A, Thrler S, Banéckova M et al. HMGA2-WIF1 rear-
rangements characterize a distinctive subset of salivary pleo-
morphic adenomas with prominent trabecular (canalicular
adenoma-like) morphology. Am. ]. Surg. Pathol. 2022; 46;
190-199.

Robinson JT, Thorvaldsdéttir H, Winckler W et al. Integrative
genomics viewer. Nat. Biotechnol. 2011; 29; 24-26.

Feng D, Fidele NB, Agustin MM et al. Carcinosarcoma of paro-
tid gland (malignant mixed tumor). Ann Maxillofac Surg 2015;
5; 240-243.

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 576—586.

85U8017 SUOWILLOD BATER1D 3(dedl|dde sy} Aq peusenob a1e ss(ie YO ‘8sn JO S9N 1o} ARIqiT8ulIUQ 43I\ UO (SUONIPUCD-PUR-SLLIBYLIOD"AB| 1M ALRIq 1 BU1UO//SANY) SUORIPUOD PUe SWB | 841 88S *[£202/60/02] U0 ArigITauliuo A8|IM ‘Auewien aueiy0D AQ 0v8YT SIU/TTTT OT/I0p/L0o" A8 1M AReiq1|BulUO//Sdny Woly pepeojumod ‘v ‘€202 ‘6552S9ET


https://tumourclassification.iarc.who.int/chapters/52
https://tumourclassification.iarc.who.int/chapters/52

	 Intro�duc�tion
	 Intro�duc�tion
	 Mate�ri�als and Meth�ods
	 Anal�y�sis of our case series
	 Next-gen�er�a�tion sequenc�ing
	 Search of the lit�er�a�ture

	 Results
	 Find�ings from case series
	his14840-fig-0001
	his14840-fig-0002
	his14840-fig-0003
	 Find�ings from the lit�er�a�ture
	 Com�par�ison of find�ings in the cur�rent case series with the lit�er�a�ture
	 Com�par�ison of find�ings from our SCS series with CEPA and with car�ci�noma with sar�co�ma�toid ded�if�fer�en�ti�a�tion

	 Dis�cus�sion
	 Author Con�tri�bu�tions
	 Fund�ing Infor�ma�tion
	 Con�flict of Inter�est
	 Ethics
	 Com�pli�ance With Eth�i�cal Stan�dards
	 Acknowledgement
	 Data Avail�abil�ity State�ment

	 Ref�er�ences
	his14840-bib-0001
	his14840-bib-0002
	his14840-bib-0003
	his14840-bib-0004
	his14840-bib-0005
	his14840-bib-0006
	his14840-bib-0007
	his14840-bib-0008
	his14840-bib-0009
	his14840-bib-0010
	his14840-bib-0011
	his14840-bib-0012
	his14840-bib-0013
	his14840-bib-0014
	his14840-bib-0015
	his14840-bib-0016
	his14840-bib-0017
	his14840-bib-0018
	his14840-bib-0019
	his14840-bib-0020
	his14840-bib-0021
	his14840-bib-0022
	his14840-bib-0023
	his14840-bib-0024
	his14840-bib-0025
	his14840-bib-0026
	his14840-bib-0027
	his14840-bib-0028
	his14840-bib-0029
	his14840-bib-0030


