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ABSTRACT
Pleomorphic adenoma (PA), the most common salivary gland tumor, is a
benign tumor that carries a risk of malignant transformation to various histologies
of carcinoma ex pleomorphic adenoma (CA exPA). Recently, genomic analyses
have provided deeper insights into the molecular biology of salivary gland cancers.
However, the molecular processes that underlie the progression from PA to CA
exPA are largely unknown. In this study, we used RNAseq data from CA ex PA of
myoepithelial (n = 24) or salivary duct histology (n = 6), de novo myoepithelial
carcinoma (n = 16) and de novo salivary duct carcinoma (n = 10), and compared their
constituent immune tumor microenvironments. We found that increasing levels of
immune infiltration and activation were associated with a generally lower probability
of cancer developing ex-PA, suggesting that immune surveillance may constrain the
malignant transformation of benign salivary tumors. More immunologically infiltrated
tumors were more likely to have developed de novo. Taken together, these data
suggest a role for tumor escape from immune surveillance in the development of CA
exPA. The immune-cold microenvironments of CA ex PA tumors may in part explain
their more aggressive clinical behavior.

INTRODUCTION

2 and androgen receptors [3, 4]. However, due to the rarity
of SGCs, clinical evidence in support of these therapeutic
concepts has thus far been limited to early phase trials or
basket studies with small patient cohorts.
Carcinoma ex pleomorphic adenoma (CA exPA) is
a rare malignant neoplasm of the major salivary glands,
accounting for about 3–15% of all SGCs [2, 5], with rising
incidence over the past several decades [5, 6]. CA exPA is
the result of malignant transformation of the most common
benign salivary gland tumor—pleomorphic adenoma
(PA)—into malignant histologies such as adenocarcinoma
(AC), salivary duct carcinoma (SDC), adenoid cystic
carcinoma (ACC), and myoepithelial carcinoma (MECA)
[7]. This transformation generally occurs after the PA
has been present for many years, usually decades. The
prognosis of salivary malignancies that have evolved from
a pleomorphic adenoma is generally worse than that of de
novo salivary gland malignancies, with a reported 5-year
overall survival-rate as low as 25% [1]. Major prognostic

Salivary gland cancers (SGCs) are rare, aggressive
human malignancies that account for fewer than 5% of
all carcinomas arising within the head and neck. These
difficult-to-treat cancers exhibit a wide spectrum of
morphological and histopathological characteristics:
more than 20 distinct SGC subtypes arise within salivary
gland tissue [1]. Therapeutic options are limited: beyond
surgery and radiotherapy in curative treatment settings,
no standard therapy exists for recurrent and metastatic
disease, where chemotherapy regimens have generally
demonstrated low rates of response and lack of clear
clinical benefit [1, 2].
Over the past several years, genomic analyses have
provided deeper insights into the molecular biology of
SGCs and led to the identification of potentially druggable
genetic alterations including mutations in PIK3CA and
BRAF, ETV6-NTRK3 fusions, and overexpression of Herwww.oncotarget.com
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factors include tumor size, lymphatic and distant
metastasis, grading, proportion of carcinoma, proliferation
index, and extent of invasion [1, 5, 7].
Recent molecular analysis of CA exPA have
generated new data shedding light on mechanisms of
carcinogenesis. These studies have identified prevalent
mutations of TP53 as well as high expression levels of
cyclin D1, p16, COX-2, HGF-A, c-Met, and EGFR [1].
However, for the most part, the landscape of mutational
and copy number alterations has been observed to be
largely similar to non-malignant pleomorphic adenomas
[8], leaving the molecular processes involved in the
transition from PA to CA exPA still elusive.
Recently we analyzed RNA sequencing (RNAseq)
data from SGC tumors to better understand the immune
tumor microenvironment (TME) of these cancers. These
analyses have shown that the immune TME varies widely
across the different histologic subtypes of SGC. We
deconvolved and analyzed the immune microenvironment
and neoantigen landscape in 76 SGCs representing the
three most lethal histologies: MECA (n = 40), ACC
(n = 20), and SDC (n = 16) [9].
On one end of the spectrum, SDCs generally exhibit
high levels of immune infiltration with concomitant higher
levels of T-cell dysfunction, as well as higher mutational
load. In stark contrast, ACCs tended to have an immuneexcluded microenvironment, with immunosuppressive
cellular populations such as M2-polarized macrophages
and myeloid-derived suppressor cells both prevalent,
in addition to harboring a very low mutational load.
MECAs had a more heterogeneous, but generally

intermediate, pattern, with both immune-low and immunehigh phenotypes. Taken together, these data provided
new insights into the immune microenvironment and
neoantigen landscape of SGCs, showing that mechanisms
of immune escape appear to differ by histology.
To our knowledge, no studies have examined
the potential role of the immune microenvironment
in modulating the evolution of PA to CA exPA. Here,
to evaluate a possible association between immune
surveillance and the development of CAexPA, we used
RNA sequencing data from the above SGC cohort with a
focus on 24 MECA and 6 SDC cases that developed from
PA.

RESULTS
We used bulk RNAseq data for immune
deconvolution applying several orthogonal tools including
CIBERSORT, ssGSEA and ESTIMATE as described in
detail previously [9].
In a logistic regression model controlling for
histology type as covariate, we analyzed the association
between immunological tumor microenvironment metrics
and cancer origin in MECA (n = 24) and SDC ex PA
(n = 6) and de novo MECA (n = 16) and SDC (n = 10). In
general, we observed directionally consistent associations
between all aggregate immune metrics and the probability
of cancer developing ex-PA (Figure 1A). These data are
consistent with more immunologically infiltrated tumors
being less likely to develop from a PA, and more likely
to develop de novo. While these data cannot confirm any

Figure 1: Comparative analysis of the immune microenvironment in carcinoma ex-pleomorphic adenoma versus de
novo salivary gland carcinoma. Logistic regression was used to analyze associations between the tumor immune microenvironment

and ex-pleomorphic adenoma versus de novo tumor status, controlling for cancer histology as a covariate. (A) Odds ratio of the cancer being
exPA for aggregate markers of immune infiltration and activity. (B) Odds ratio of the cancer being exPA for specific immune cell populations.
In (A) and (B), error bars indicate the 95% confidence interval. Statistically significant results are labeled (*p < 0.05; **p < 0.005). PDL1:
programmed cell death 1 ligand; CTLA4: Cytotoxic T-lymphocyte-associated protein 4; APM2: MHC class II antigen processing machinery;
APM1: MHC class I antigen processing machinery; CYT: cytolytic score; TIS: T cell infiltration score; IIS: immune infiltration score; NK
cells: natural killer cells; iDC: immature dendritic cells; DC: dendritic cells; Treg cells: regulatory T cells; Th1 cells: Type 1 T helper cells;
Tem cells: T effector memory cells; Th cells: T helper cells; OR: Odds Ratio; C.I: confidence interval.
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specific causal mechanism, they suggest that immune
surveillance may constrain the transformation of
longstanding benign PA tumors to CA exPA, and that this
phenomenon is less relevant in de novo carcinogenesis,
where immune escape may be required early on in tumor
development.
We then performed an exploratory analysis to
determine whether any individual immunological cellular
populations or processes were potentially associated
with this phenotype (Figure 1B). Because these data are
hypothesis-generating, we caution that these analyses
did not include correction for multiple hypothesis
testing. All cellular populations were associated with a
lower likelihood of CA exPA, although the associations
were only statistically significant for T cells, Tem cells,
Treg cells, DCs, and MHC type II antigen processing
machinery.
Taken together, these data reveal a more immunedepleted or immune-excluded microenvironment in
MECAs and SDCs that developed from PA compared to
MECAs and SDCs that developed de novo. Because prior
studies have indicated that the mutational landscape in
PA and CA exPA are largely similar, it is quite possible
that immune escape is a necessary step in the malignant
transformation of PA tumors, which do not transform so
long as they remain under effective adaptive immune
surveillance.
These data are consistent with the prior findings
reported by Furuse and colleagues, who found high
levels of TGFß expression in 10/10 cases of CA exPA;
in contrast to absent expression in the epithelial and
myoepithelial cells of PA [10]. As TGFß represents a key
regulator of immune evasion and immune suppression in
human cancer, this observation aligns with our hypothesis
that defects in immune surveillance may contribute
to the transformation of PA into CA exPA. However,
it is important to qualify that high TGFß expression
may be a consequence rather than a cause of CA exPA
carcinogenesis.
Interestingly, CA exPA patients tend to be much
older than PA patients [11]. Since it is known that immune
dysfunction increases with age (immunosenescence) and
is closely related to the development of cancer, these data
are consistent with a critical role of the immune system in
the development of CA exPA.
In conclusion, adaptive immune surveillance may
constrain the evolution of pleomorphic adenomas to
malignancy. CA ex PA tumors have immunologically
cold microenvironments compared with their de novo
counterparts which may, in part, explain their more
aggressive clinical behavior.
Further research will shed light on the specific
immunological mechanisms and cellular populations
that mediate this phenotype. As our patient cohort
only comprised carcinomas and not adenomas, we
can only speculate on the composition of the immune
www.oncotarget.com

microenvironment in PA and how it evolves over
time; ultimately, separate sampling of the PA and
carcinoma compartments of a CA exPA tumor may be
a more informative technique to dissecting genetic and
immunologic factors mediating cancer evolution.
We also await further clinical data from ongoing
clinical trials that may inform whether SGCs that are
de novo carcinomas are more likely to respond to
immunotherapeutic approaches, having more infiltrated
immune microenvironments; or less likely, having
undergone immune escape earlier in their development.
As therapies evolve, these data also suggest there may be
opportunities for immunotherapeutic interception of PA
tumors—if malignant transformation could be prevented
or predicted, the practice of immediate surgical resection
for all benign PA tumors in the salivary gland may prove
unnecessary in the future.

ACKNOWLEDGMENTS AND FUNDING
The authors wish to acknowledge our patients and
their families who selflessly contributed time and samples
to support this research. This work was supported by the
NIH/NCI Cancer Center Support Grant P30 CA008748 (to
MSKCC), Cycle for Survival, The Frederick Adler Chair at
MSKCC, The Jayme and Peter Flowers Fund, The Sebastian
Nativo Fund, and NIH R01 DE027738 (to LGTM).

CONFLICTS OF INTEREST
LGTM received laboratory research funding from
AstraZeneca, unrelated to this work.

REFERENCES
1. Antony J, Gopalan V, Smith RA, Lam AK. Carcinoma ex
pleomorphic adenoma: a comprehensive review of clinical,
pathological and molecular data. Head Neck Pathol.
2012; 6:1–9. https://doi.org/10.1007/s12105-011-0281-z.
[PubMed]
2. Lüers JC, Wittekindt C, Streppel M, Guntinas-Lichius
O. Carcinoma ex pleomorphic adenoma of the parotid
gland. Study and implications for diagnostics and
therapy. Acta Oncol. 2009; 48:132–6. https://doi.
org/10.1080/02841860802183604. [PubMed]
3. Persson M, Andrén Y, Mark J, Horlings HM, Persson
F, Stenman G. Recurrent fusion of MYB and NFIB
transcription factor genes in carcinomas of the breast and
head and neck. Proc Natl Acad Sci U S A. 2009; 106:18740–
4. https://doi.org/10.1073/pnas.0909114106. [PubMed]
4. Ho AS, Ochoa A, Jayakumaran G, Zehir A, Valero Mayor C,
Tepe J, Makarov V, Dalin MG, He J, Bailey M, Montesion
M, Ross JS, Miller VA, et al. Genetic hallmarks of recurrent/
metastatic adenoid cystic carcinoma. J Clin Invest. 2019;
129:4276–89. https://doi.org/10.1172/JCI128227. [PubMed]
594

Oncotarget

5. Chen MM, Roman SA, Sosa JA, Judson BL. Predictors
of survival in carcinoma ex pleomorphic adenoma. Head
Neck. 2014; 36:1324–8. https://doi.org/10.1002/hed.23453.
[PubMed]

9. Linxweiler M, Kuo F, Katabi N, Lee M, Nadeem Z, Dalin
MG, Makarov V, Chowell D, Dogan S, Ganly I, Hakimi AA,
Wong RJ, Riaz N, et al. The immune microenvironment
and neoantigen landscape of aggressive salivary gland
carcinomas differ by subtype. Clin Cancer Res. 2020;
26:2859–70. https://doi.org/10.1158/1078-0432.CCR-193758. [PubMed]

6. Gupta A, Koochakzadeh S, Neskey DM, Nguyen SA,
Lentsch EJ. Carcinoma ex pleomorphic adenoma: A review
of incidence, demographics, risk factors, and survival. Am
J Otolaryngol. 2019; 40:102279. https://doi.org/10.1016/j.
amjoto.2019.102279. [PubMed]

10. Furuse C, Miguita L, Rosa ACG, Soares AB, Martinez EF,
Altemani A, De Araújo VC. Study of growth factors and
receptors in carcinoma ex pleomorphic adenoma. J Oral
Pathol Med. 2010; 39:540–7. https://doi.org/10.1111/j.16000714.2009.00858.x. [PubMed]

7. Lewis JE, Olsen KD, Sebo TJ. Carcinoma ex pleomorphic
adenoma: pathologic analysis of 73 cases. Hum
Pathol. 2001; 32:596–604. https://doi.org/10.1053/
hupa.2001.25000. [PubMed]

11. Seok J, Hyun SJ, Jeong WJ, Ahn SH, Kim H, Jung
YH. The difference in the clinical features between
carcinoma ex pleomorphic adenoma and pleomorphic
adenoma. Ear Nose Throat J. 2019; 98:504–9. https://doi.
org/10.1177/0145561319855376. [PubMed]

8. El-Naggar AK, Callender D, Coombes MM, Hurr K,
Luna MA, Batsakis JG. Molecular genetic alterations in
carcinoma ex-pleomorphic adenoma: A putative progression
model? Genes Chromosomes Cancer. 2000; 27:162–8.
[PubMed]

www.oncotarget.com

595

Oncotarget

