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Carcinosarcomas and carcinoma ex pleomorphic adenoma of the salivary glands are rare tumors that fit into the
broader category of malignant mixed tumors. Although most evidence has suggested that the different
morphologic components arise from a common clonal origin, there are very few studies that have provided
molecular evidence for this clonality. In this study, we examined a set of seven carcinosarcomas and four
carcinomas ex pleomorphic adenoma for tumor suppressor gene loss of heterozygosity, in order to assess the
clonal patterns in the varying components. Microdissection was performed to obtain each morphological
component and tumor suppressor gene loci on 3p, 5q, 9p, 17p, 17q, and 18q were analyzed. The fractional allelic
loss (FAL) was calculated for each area, and the different targets were compared for their molecular profile. The
overall mean FAL of the malignant targets was 42%. In carcinosarcomas, the sarcomatous targets had a higher
mean FAL than the carcinomatous targets (68 vs 46%, respectively) and in carcinomas ex pleomorphic
adenoma, the mean FAL in the benign component was 11 vs 46% seen in the carcinomatous component. The
most frequently lost genetic loci were p53 (17p13, 73%), nm23-H1 (17q21, 55%), and DCC (18q21, 50%). Loss of
heterozygosity of 17q21 and 9p21 only occurred in carcinosarcomas and not in carcinomas ex pleomorphic
adenoma. Within the carcinosarcomas, the mutational profiles were conserved between epithelial and
sarcomatous areas. In carcinomas ex pleomorphic adenoma, loss of heterozygosity was uncommon in the
benign component, but the mutations were conserved in the corresponding malignant areas. These results
support the hypothesis that the carcinomatous and sarcomatous components of carcinosarcomas are clonally
related. Furthermore, these data support prior studies that suggest a common clonal origin for the benign and
malignant components of carcinomas ex pleomorphic adenoma.
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Malignant mixed tumors of the salivary gland are
diverse and include three different subcategories
of lesions: carcinosarcomas, carcinoma ex pleo-
morphic adenoma, and metastasizing pleomorphic
adenomas. Both types of frankly malignant tumors
behave aggressively, with poor 5-year survival.1,2

Carcinosarcomas (true malignant mixed tumors)
of the salivary glands are rare biphasic tumors
that exhibit both carcinomatous and sarcomatous
elements.3 These tumors are thought to develop

de novo in the salivary gland, and contain malignant
stromal and epithelial elements.4 The carcinoma-
tous component varies, but can be composed of
adenocarcinoma, squamous cell carcinoma, or un-
differentiated carcinoma. They may also show
specific salivary carcinoma phenotypes, including
salivary duct carcinoma or adenoid cystic carci-
noma. Sarcomatous elements can also be variable,
including chondrosarcoma, osteosarcoma, fibrosar-
coma, and malignant fibrous histiocytoma. Most
frequently, the sarcomatous component dominates,
though the two elements can be found in an
intermixed pattern.5

Carcinoma ex pleomorphic adenoma arises from a
pre-existing benign mixed tumor. Usually, the
patient will have a long-standing history of a
salivary gland lesion, and may have undergone
multiple operations for recurrent pleomorphic ade-
noma. Most of these tumors will have malignant
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epithelial component, but not malignant stromal
components. Based on the morphologic features
and few genetic analyses, most investigators have
hypothesized that the carcinoma arises directly
from de-differentiation or malignant transformation
of the benign tumor.6,7

In carcinosarcomas, however, the relationship
between the different elements is controversial.8

Do the two morphologically distinct elements arise
from a common precursor cell or do they arise
separately and represent a collision tumor? In other
organ systems, the two components of biphasic
carcinosarcomas have been genetically linked to one
another.9,10 Very few molecular studies have
addressed this question in the salivary gland, but
those that have suggest that the sarcomatous and carci-
nomatous elements are pathogenetically linked.11,12

In this study, we studied a group of malignant
mixed tumors, including both carcinosarcomas and
carcinoma ex pleomorphic adenomas of salivary
gland with a loss of heterozygosity analysis of a
panel of tumor suppressor genes. We describe the
mutational profile for each morphologically unique
tumor component, with direct comparison between
the different compartments, as a tool to assess
common clonal origin.

Materials and methods

Inclusion criteria for this study were the diagnoses
of malignant mixed tumor of salivary gland origin.
Only cases with blocks and slides available were
included. Tumors were selected from the files of the
University of Pittsburgh and West Virginia Univer-
sity Divisions of Surgical Pathology. The diagnosis
was confirmed from review of the H&E slides and
special stains. Pathologic information was obtained
from review of the cases and from the surgical
pathology report. Clinical information and follow-
up were obtained from the electronic medical
record; this was obtained by an honest broker and
de-identified. This study was approved by the
Institutional Review Board of the University of
Pittsburgh and West Virginia University.

Unstained, deparaffinized sections were obtained,
with an H&E-stained slide before and after to ensure
that the microdissection targets were present on all
levels. Microdissection targets were marked on the
first H&E-stained slide. The target areas were then
microdissected from the unstained slides and DNA
was extracted from the resultant tissue fragments
after digestion with proteinase K using the Qiagen
DNeasy extraction kit (Qiagen, Valencia, CA, USA).

PCR was performed using a set of primers that
amplify short tandem repeat units that are near-
known tumor suppressor genes (Table 1). The PCR
primers are designed to give relatively small product
sizes (optimally o200 basepairs), as tissue that has
been fixed in formalin has unavoidable DNA
degradation. The PCR products were then analyzed

using capillary electrophoresis and Genescan
software for fragment analysis (ABI Prism 3100,
Applied Biosystems Inc., Foster City, CA, USA). The
ratio of the peak heights (allele ratio) was obtained
for informative (heterozygous) markers in both the
tumor and the normal tissues. The allele ratio for
tumor was divided by the allele ratio for normal in
order to assess for loss of heterozygosity. Ratios over
2.0 and under 0.5 were considered to be indicative
of LOH in the target being analyzed.13 The fractional
allelic loss (FAL) was calculated (number of muta-
tions detected divided by the total number of
informative loci).14 Statistical analysis was per-
formed using SPSS software (w2 and Student’s
T-test).

Results

A total of 13 different specimens of malignant mixed
tumors arising in 11 different patients were in-
cluded in this study. The tumors included six
high-grade carcinosarcoma, three recurrences of a
low-grade carcinosarcoma (same patient), and four
carcinoma ex pleomorphic adenoma. No metasta-
sizing pleomorphic adenomas had been diagnosed
at either institution participating in this study and
sarcomatoid salivary duct carcinomas were not
included. The patients had an average age of 67
years (range 40–90). There were four females and
seven males. Most of the tumors arose in the parotid
gland (81%). The clinical characteristics of the
patients in this series are shown in Table 2.

Among the carcinosarcomas, the malignant stro-
mal component was composed of undifferentiated
spindle cells and the malignant epithelial compo-
nent was poorly differentiated adenocarcinoma in
all cases (Figures 1 and 2). These cases did not have
definitive features or the staining pattern of salivary
duct carcinoma. The low-grade carcinosarcoma
showed a stromal component that was hypercellular,
but relatively bland and without abundant mitoses.
The carcinoma ex pleomorphic adenomas showed
adenocarcinoma and there was a recognizable benign

Table 1 Tumor suppressor gene loci and the genetic markers
used are listed in this table

TSG Locus Marker

VHL 3p26 D3s.1539
HOGG1 3p26 D3s.2303
APC 5q21 D5s.615
MTS1/p16 (a) 9p21 D9s.251
MTS1/p16 (b) 9p21 D9s.254
p53 (a) 17p13 D17s.974
p53 (b) 17p13 D17s.1289
nm23-H1 17q21 D17s.1161
DCC 18q21 D18s.814

Primer sequences were obtained from the genome database
(www.gdb.org).
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pleomorphic adenoma as a separate component
(Figures 3 and 4).

The malignant tumor components analyzed at the
molecular level all had a relatively high frequency of
allelic loss, with an average FAL of 42% for all
malignant targets examined. Interestingly, allelic
loss of 17q21 and 9p21 were only seen in carcino-
sarcomas and not in carcinoma ex pleomorphic
adenomas. Allelic losses in three genetic loci

occurred at high rates: 17p13, which is the location
of the p53 gene (73% of targets), 17q, in the location
of the nm-23 gene (55% of targets), and 18q, in the
location of the DCC gene (50% of targets).

In comparing the genotype between morphologi-
cally distinct areas within one tumor, we found that
there was excellent concordance between the malig-
nant carcinomatous and sarcomatous elements in
carcinosarcomas. Overall, 73% of the loci tested in

Table 2 Clinical characteristics and fractional allelic losses seen in the tumors studied in this series

Case Sex Age Tumor location Diagnosis FAL (%)

1 F 69 Nasopharynx CS, high grade 100 (carcinoma)
66 (sarcoma)

2 M 67 Parotid CS, high grade 60 (carcinoma)
40 (sarcoma)

3a F 79 Parotid CS, low grade 0 (sarcoma)
0 (sarcoma)

3b Neck mass 100 (carcinoma)
33 (sarcoma)

3c Parotid 0 (carcinoma)
0 (sarcoma)

4 M 76 Parotid CS, high grade 0 (carcinoma)
100 (sarcoma)

5 M 74 Submandibular gland CS, high grade 60 (carcinoma)
100 (sarcoma)

6 M 40 Parotid CS, high grade 100 (carcinoma)
100 (sarcoma)

7 M 68 Parotid CS, high grade 33 (carcinoma)
0 (sarcoma)

8 M 60 Parotid Cex 20 (pleomorphic adenoma)
50 (carcinoma)

9 M 90 Parotid Cex 0 (pleomorphic adenoma)
50 (carcinoma)

10 F 58 Retromolar trigone Cex 0 (pleomorphic adenoma)
50 (carcinoma)

11 F 50 Parotid Cex 25 (pleomorphic adenoma)
33 (carcinoma)

F¼ female; M¼male; CS¼ carcinosarcoma; Cex¼Carcinoma ex pleomorphic adenoma; FAL¼ fraccional allelic loss.

Figure 1 (H&E, �200 original magnification). This photomicro-
graph shows the malignant epithelial component of a case of
carcinosarcoma.

Figure 2 (H&E, � 200 original magnification). This photomicro-
graph shows the malignant stromal component of a case of
carcinosarcoma.
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these components showed concordant mutational
profiles. The stromal component showed higher
FALs in most cases (68% FAL in stromal elements
vs 46% FAL in carcinomatous elements), but this
did not reach statistical significance. In the carci-
noma ex pleomorphic adenomas, there were few
allelic losses seen in the benign component (mean
11%), and a significantly higher rate of allelic loss in
the malignant areas (mean 46%), (P¼ 0.01). Allelic
losses were seen in the benign pleomorphic compo-
nent in only two of four cases, and these were
conserved in the malignant component.

The malignant epithelial components in carcino-
sarcomas had significantly higher FAL than the
malignant epithelial component from carcinoma
ex pleomorphic adenoma (55 vs 17%, P¼ 0.001).
Additionally, the FAL was lower in the one low-

grade carcinosarcoma as compared to the mean
FAL of the histologically high-grade tumor areas in
the carcinosarcomas (mean FAL for all targets
in low-grade tumor 7.2% vs mean FAL for all targets
in high-grade tumors 45%).

Discussion

Malignant mixed tumors of salivary gland origin
are rare, accounting for o1% of overall tumors
of the salivary glands.1 They can be divided into
three general categories, the first two of which
show frankly malignant histologic features: carcino-
sarcoma, carcinoma ex pleomorphic adenoma, and
metastasizing pleomorphic adenoma. Although the
existence of the latter category has been disputed,
it is recognized in the WHO classification, and is
described as having a 40–50% mortality rate.15

Carcinosarcomas are tumors that contain both
malignant stromal components and malignant
epithelial components. These elements can have a
specific morphologic differentiation, with recogniz-
able histologic features, or they can be undifferen-
tiated malignant tumors that only retain the basic
stromal or epithelial nature. These tumors are
thought to most commonly arise de novo and not
from a pre-existing benign tumor.

Carcinoma ex pleomorphic adenomas arise from a
pre-existing benign mixed tumor. Many of these
patients will have a history of a stable salivary gland
tumor or a may have a history of multiple surgeries
for recurrent pleomorphic adenoma. Malignant
transformation of these tumors is thought to take
up to 20 years or more. Both of these tumor types
have an aggressive clinical course.8,16 Both low- and
high-grade carcinomas can be present in carcinoma
ex pleomorphic adenoma.17

The molecular profiles of malignant mixed tumors
of salivary gland origin, and in particular carcino-
sarcomas, has not been well established. Although it
is commonly suggested that the morphologically
unique areas in these mixed tumors are related
pathogenetically, there have been relatively few
studies that attempted to identify the common
clonal genetic changes.7,12

In this study, we examined the mutational profile
of a series of malignant mixed tumors using a panel
of tumor suppressor genes that have been implicated
in the pathogenesis of salivary gland tumors. These
tumor suppressor genes included loci on 3p26,
5q23, 9p21, 17p13, 17q21, and 18q21. These loci
correspond to the areas that contain the tumor
suppressor genes VHL, hOGG1, APC, CDKN2, p53,
nm-23, and DCC. By microdissecting the different
morphologically distinct components for molecular
analysis, we sought to demonstrate clonal genetic
changes that were conserved between the different
elements. In carcinosarcomas, we sought to demon-
strate that malignant epithelial and sarcomatous
elements were clonally related; in carcinoma

Figure 3 (H&E, �200 original magnification). This photomicro-
graph shows an area of benign pleomorphic adenoma in a case of
carcinoma ex pleomorphic adenoma.

Figure 4 (H&E, �200 original magnification). This photomicro-
graph shows the adenocarcinoma component of a case of
carcinoma ex pleomorphic adenoma.
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ex pleomorphic adenoma, we sought to demonstrate
clonal losses that were conserved between the
benign and the malignant components.

We did find that the malignant epithelial and
sarcomatous elements in carcinosarcoma shared
similar patterns of allelic losses. There were
more mutations present in the sarcomatous
component, suggesting accumulations of additional
genetic hits in these areas. This supports the
theories that the different components arise from
a common clonal origin and do not represent
collision tumors arising from two separate indepen-
dent malignant processes. The FAL of the low-
grade carcinosarcoma studied was lower than that
of the higher grade tumors. Interestingly, the low-
grade carcinosarcoma had different molecular
profiles at the different times it was sampled,
suggesting that there is probably some intratumoral
heterogeneity.

In the carcinoma ex pleomorphic adenomas that
we included in this series, common clonal origin
was only suggested for 2/4 cases, in which shared
mutations could be shown. The remaining two cases
did not have any mutations identified in the
pleomorphic adenoma component and therefore a
common clonal origin could not be demonstrated.
Overall, the FAL of the benign elements was
relatively low (mean FAL 11.3%). The malignant
components had significantly more allelic losses
(mean FAL of malignant component 46%). Our
results in at least two cases do support prior work
that has identified common clonal origin.7 These
low mutational rates also argue against the idea of
possibly detecting at risk precursor lesions in
otherwise benign pleomorphic adenomas.

In summary, we have demonstrated that the
FAL and mutational profiles for the carcinomatous
and the sarcomatous areas in salivary gland carci-
nosarcomas are similar. These data provide support-
ing evidence for the theory that all malignant
elements in these tumors are derived from a
common clonal precursor. We have also shown
that the benign components of carcinoma ex
pleomorphic adenoma do not show high-level
frequency of allelic loss. Finally, our results show
that the carcinosarcomas have higher overall muta-
tional rates than the carcinoma ex pleomorphic
adenomas.

Additional work to demonstrate clonality in
the benign and malignant components of carcinoma
ex pleomorphic adenomas, such as increasing
the number of loci tested to include mutational
markers for very early events in neoplasia for
pleomorphic adenomas. However, in these cases,
the history and the histologic features are often very
supportive of a common origin. Finally, additional
work with the molecular profiles of malignant
mixed tumors to identify any potential prognostic
marker would be valuable to optimize patient
treatment and management for these aggressive
tumors.
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