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Abstract
Background  Intercalated duct lesions (IDLs) are benign salivary gland proliferations that resemble normal intercalated ducts 
and are subdivided into hyperplastic, adenoma or hybrid types depending on circumscription. While IDLs were historically 
regarded as non-neoplastic, frequent association with basal cell adenoma (BCA) and epithelial-myoepithelial carcinoma 
(EMC) has raised the possibility that they are neoplastic precursors.
Methods  In this study, we performed β-catenin immunohistochemistry and targeted molecular analysis on IDLs to clarify 
their pathogenesis.
Results  We identified 15 IDLs from the parotid glands of eight men and six women with a median age of 65 years (range 
42–85 years). These lesions included nine hyperplastic, three adenoma, and three hybrid types. Nuclear β-catenin localization 
was present in 7 of 13 lesions tested (54%). Next generation sequencing was successfully completed in 12 IDLs, of which 
seven (58%) had likely oncogenic mutations. These included three recurrent CTNNB1 mutations in hyperplastic (n = 2) and 
hybrid (n = 1) lesions and two recurrent HRAS hotspot mutations in adenomas.
Conclusion  Despite substantial heterogeneity, these findings confirm that a majority of IDLs are genuinely neoplastic, and 
some demonstrate molecular overlap with both BCA and EMC, supporting their theorized role as precursors to these tumors. 
Nevertheless, no oncogenic drivers were present in a significant subset of cases, suggesting that some IDLs may be truly 
reactive and hyperplastic. As such, IDL appear to represent a diverse morphologic and molecular spectrum that include both 
neoplastic and hyperplastic lesions. Reconsideration of the boundary between IDL and BCA in the future may be necessary 
to simplify classification.

Keywords  Salivary glands · Intercalated duct lesion · Intercalated duct hyperplasia · Intercalated duct adenoma · Molecular 
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Introduction

Intercalated duct lesions (IDLs) of the salivary glands are 
benign epithelial proliferations that show close histologic 
resemblance to normal intercalated ducts [1–4]. They are 
subdivided into hyperplasia and adenoma categories based 
on their degree of circumscription and encapsulation, with 
rare hybrid cases that show overlapping features [5–7]. How-
ever, the etiology of IDLs remains ambiguous. Because they 
tend to be very small and are generally found incidentally 
in salivary glands resected for other pathologies [6], IDLs 
have historically been regarded as a reactive/hyperplastic 
process—a conception reflected in their classification as 
non-neoplastic under the term intercalated duct hyperplasia 
in the 4th edition WHO Classification of Head and Neck 
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Tumours [8, 9]. However, IDLs are commonly associated 
with or even transition into basal cell adenoma (BCA) and 
epithelial-myoepithelial carcinoma (EMC), and frequently 
show nuclear localization of β-catenin, raising the possibil-
ity that they represent a neoplastic process [2–4, 10–20]. 
The fifth edition WHO Classification of Head and Neck 
Tumours has categorized both intercalated duct hyperplasia 
and intercalated duct adenoma as benign neoplasms [21]. 
Nevertheless, the neoplastic nature of IDL has not yet been 
definitively established, and it is still not entirely certain 
whether the subsets designated as hyperplasia and adenoma 
even represent the same entity.

Recently, molecular analysis has substantially clarified 
the pathogenesis of various benign and malignant salivary 
gland tumors. Identification of recurrent fusions or point 
mutations across the spectrum of salivary gland pathology 
has allowed for definition of new tumor types, clarified the 
boundaries of longstanding entities, and cemented relation-
ships between various neoplasms [7, 22–26]. Notably, the 
salivary gland tumors most frequently associated with IDL 
both have a distinctive and well-established molecular pro-
file. Up to 80% of BCA harbor recurrent CTNNB1 muta-
tions [27–30]. Furthermore, up to 78% of EMCs that arise 
independent of pleomorphic adenoma demonstrate HRAS 
mutations [31–33]. However, IDLs have never been thor-
oughly investigated at the molecular level. In this study we 
performed next generation sequencing on a series of IDL 
including all morphologic subtypes to better characterize 
their pathogenesis and relationships to other salivary gland 
entities.

Materials and Methods

Case Selection

Cases of IDL were retrieved from the authors’ surgical pathol-
ogy archives and consultation files. Similar to criteria previ-
ously described by Weinreb, et al. [3] we defined cases as 
IDL and selected them for inclusion in this study if they: (1) 
included a proliferation of small tubules composed of a bipha-
sic population of cuboidal ductal cells and attenuated myoepi-
thelial cells resembling normal intercalated ducts, (2) had a 
diameter of at least 1 mm, and (3) lacked inflammation and 
atrophy of surrounding salivary gland tissue. In all cases, the 
assessment of the biphasic nature of the lesions was evident on 
hematoxylin and eosin alone and no confirmatory immunohis-
tochemistry was necessary. We included IDLs that were found 
incidentally during resection of salivary gland neoplasms or in 
neck dissections for head and neck cancer as well as those that 
were recognized clinically and were the primary targets of sur-
gical intervention. However, IDLs that showed direct transition 
into another tumor type were excluded. All available sections 

from each case were reviewed by the authors, and their histo-
logic features recorded. All available clinical information for 
each patient was collected from the electronic medical record.

We also classified all IDLs as hyperplastic, adenoma, 
or hybrid types based on a modification of the features 
described in the fifth edition WHO classification and by 
Weinreb, et al. [3, 21]. Hyperplastic IDLs were non-encap-
sulated with imperceptible blending between the intercalated 
duct proliferation and surrounding acinar tissue. Adenomas 
were encapsulated or well-circumscribed and lacked close 
admixture of salivary acini with the duct proliferation. 
Hybrid IDLs showed both non-encapsulated and encapsu-
lated/well-circumscribed areas.

Immunohistochemistry

Immunohistochemistry for β-catenin was performed on all 
cases using a mouse monoclonal antibody against β-catenin 
(Sigma-Aldrich, St. Louis, MO). Five-micron sections of 
formalin-fixed, paraffin-embedded tissue were cut, deparaffi-
nized, and subjected to antigen retrieval using 10 mM citrate 
buffer at 92 °C for 30 min. Immunohistochemical signals 
were visualized using the Ultra view polymer detection kit 
(Ventana Medical Systems, Inc. Tucson, AZ) on a Ventana 
Benchmark Ultra autostainer (Ventana Medical Systems). 
Staining was performed according to manufacturer's instruc-
tions in the presence of appropriate controls. β-catenin was 
interpreted as positive if 10% or more of the nuclei in the 
abluminal layer showed nuclear localization of staining.

Next‑Generation Sequencing

Targeted next generation sequencing was performed on all 
IDL as described in detail previously [34]. Briefly, unstained 
slides were cut at five-µm thickness from formalin-fixed, 
paraffin-embedded tissue blocks, and the IDLs were micro-
dissected for analysis. DNA was isolated using Qiagen 
AllPrep kits (Qiagen, Germantown, MD), and an enriched 
library containing all exons from > 1,505 cancer-related 
genes was created using custom NimbleGen probes (Roche, 
Indianapolis, IN). Sequencing was performed on a NextSeq 
550 (Illumina, San Diego, CA) with a median 900 × target 
exon coverage. Variants were reviewed using the Integrated 
Genomics Viewer (Broad Institute, Cambridge, MA) and 
annotated using the gnomAD and dbSNP databases.

Results

Clinical Findings

Clinical and demographic data are presented in Table 1. 
We identified fifteen IDLs representing fourteen patients 
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including eight men and six women (male: female ratio 
1.3:1). Patients had a median age of 65  years (range 
42–85 years). While thirteen patients had a solitary IDL, 
one patient had two separate lesions. All IDLs arose in the 
parotid gland. Nine patients had IDL found incidentally in 
specimens taken for other pathology, including seven with 
separate salivary gland tumors and two in neck dissections 
necessitated by other head and neck malignancies, whereas 
five had parotidectomies performed for resection of the IDL 
itself. The IDLs had a median size of 3 mm overall (range 
1–15 mm), although the subset of cases recognized clinically 
had a higher median size of 12 mm (range 5–15 mm).

Histologic Findings

All fifteen IDLs fell within the previously reported his-
tologic spectrum of this entity. They consisted of closely 
packed, back-to-back tubular proliferations of intercalated 
ducts composed of cuboidal to columnar epithelial cells 
with homogenous eosinophilic to focally clear cytoplasm 
(Fig. 1A). A single layer of attenuated abluminal myoepi-
thelial cells were consistently present surrounding the 
ductal formations (Fig. 1B). No cytologic atypia, necro-
sis, or increased mitoses were observed, and the surround-
ing glandular tissue was uninflamed and lacked atrophic 
changes. Nine of the IDLs (60%) had hyperplastic mor-
phology. These lesions were completely unencapsulated 
(Fig. 1C) and had edges that interdigitated gradually into 

surrounding parotid gland parenchyma, with scattered 
acinar units intermixed at the periphery (Fig. 1D). Three 
IDLs (20%) were classified as adenomas. They were 
thickly encapsulated and entirely demarcated from sur-
rounding parotid parenchyma without intermixed acinar 
cells (Fig. 1E). The final three IDLs (20%) were hybrid 
lesions. This group included both adenomatous areas that 
were clearly delineated and thinly encapsulated, and more 
hyperplastic zones that blended into the surrounding sali-
vary parenchyma and fat (Fig. 1F).

All IDLs were spatially separated from any other sali-
vary gland tumor in the specimen, with no cases that 
showed transition between the IDL and accompanying 
adenoma or carcinoma. A total of four different salivary 
gland tumor types were seen in association with IDLs. The 
most common tumor type seen was EMC in three cases 
(21%), one of which was an apocrine subtype and one of 
which arose ex-pleomorphic adenoma. There were also 
benign pleomorphic adenomas in two cases (14%), BCA in 
one case (7%), and myoepithelioma in one case (7%). The 
IDL associated with the other salivary tumors included 
seven hyperplastic lesions and one adenoma. Hyperplas-
tic IDLs were also incidentally identified in two patients 
undergoing neck dissection for squamous cell carcinoma 
and papillary thyroid carcinoma. IDLs that presented as 
clinically recognizable nodules without accompanying 
salivary or neck pathology included three hybrid lesions 
and two adenomas.

Table 1   Clinical and demographic information

M male, F female, BCA basal cell adenoma, EMC epithelial-myoepithelial carcinoma, IDC intraductal carcinoma, IDL intercalated duct lesion, 
IHC immunohistochemistry, NA not available, PA pleomorphic adenoma, PTC papillary thyroid carcinoma, SCC squamous cell carcinoma, VAF 
variant allele fraction, VUS variant(s) of uncertain significance
*Both IHC and next-generation sequencing were only performed on the largest of the two IDLs in this case

Case Age (years) Sex Site Reason for surgery Size (mm) Histologic type Beta-
catenin 
IHC

Oncogenic mutation (VAF)

1 81 M Parotid gland EMC 6 Adenoma  +  VUS
2 48 F Parotid gland EMC with apocrine IDC 4 Hyperplastic  +  CTNNB1 p.I35T (11.19%)
3 85 F Parotid gland BCA 3 Hyperplastic  +  CTNNB1 p.I35T (11.43%)
4 74 M Parotid gland EMC ex-PA 1 Hyperplastic – VUS
5 64 F Parotid gland PA 1.5 Hyperplastic – NA
6 79 M Parotid gland Neck dissection for SCC 2 Hyperplastic  +  VUS
7 74 M Parotid gland Neck dissection for PTC 1.5 Hyperplastic – NA
8 60 M Parotid gland PA 3 Hyperplastic NA VUS
9 42 F Parotid gland IDL identified clinically 12 Hybrid  +  CTNNB1 p.I35T (15.12%)
10 59 M Parotid gland Myoepithelioma 1 and 1.5 Hyperplastic × 2  + * NRAS p.Q61H (1.79%)*
11 56 M Parotid gland IDL identified clinically 15 Hybrid  +  VUS
12 44 F Parotid gland IDL identified clinically 7 Hybrid – MDM2 12-copy amplification
13 73 M Parotid gland IDL identified clinically 10 Adenoma – HRAS p.Q61R (9.69%)
14 72 F Parotid gland IDL identified clinically 5 Adenoma – HRAS p.Q61K (9.35%), VHL 

p.R69C (5.86%)
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Immunohistochemical Findings

β-catenin immunohistochemistry was successfully per-
formed in thirteen IDL, with tissue lost in processing in 
one case and only the largest lesion stained in the case with 
two IDL. Overall, seven cases (54%) demonstrated nuclear 
positivity for β-catenin in at least 10% of the abluminal 
cells, identical to the pattern that is seen in BCA (Fig. 2A). 
This group included four hyperplastic IDLs (57%, Fig. 1D), 
one adenoma (33%, Fig. 2C), and two hybrid IDLs (66%, 
Fig. 3C). The remaining IDLs showed no nuclear localiza-
tion of β-catenin (Fig. 2B).

Molecular Findings

Molecular results are summarized in Fig. 3. Next-genera-
tion sequencing was successfully completed in twelve IDLs; 
one case failed quality assurance, one had lesional tissue 
depleted, and only the largest lesion was tested in the case 
with two IDLs. Overall, seven IDLs (58%) displayed likely 

oncogenic mutations. The most common alterations identi-
fied were CTNNB1 p.I35T mutations in three cases (25%) 
and hotspot HRAS p.Q61K and p.Q61R mutations in two 
cases (17%). One case with HRAS mutation also showed 
a likely oncogenic VHL p.R69C mutation. One additional 
case each (8%) displayed likely oncogenic NRAS p.Q61H 
mutation and MDM2 12-copy amplification. The remaining 
five cases harbored only variants of uncertain significance 
in genes known to be involved in cancer.

The seven IDLs with likely oncogenic mutations included 
three hyperplastic lesions (50%), two hybrid lesions (67%) 
and two adenomas (67%). The three CTNNB1 mutations 
were seen in two hyperplastic and one hybrid lesion, both 
HRAS mutations were identified in adenomas, the one case 
with MDM2 amplification was a hybrid lesion, and the sin-
gle NRAS mutation was present in a hyperplastic lesion. 
Overall, although all three tumors with CTNNB1 mutations 
did show corresponding nuclear localization of β-catenin, 
these cases represented only 43% of IDL with β-catenin 
positivity that were sequenced. However, the hyperplastic 

Fig. 1   The IDLs were com-
posed of back-to-back tubules 
and ducts composed of cuboidal 
to columnar epithelial cells with 
homogenous eosinophilic cyto-
plasm (A, 10x). A single layer 
of attenuated myoepithelial cells 
surrounded the central ducts 
(B, 20x). Hyperplastic lesions 
were unencapsulated and 
interdigitated with surrounding 
parotid gland parenchyma (C, 
4x), merging with acini at the 
periphery (D, 20x). Adenomas 
had a well-defined capsule 
throughout (E, 2x). Hybrid 
lesions included both encap-
sulated and non-encapsulated 
areas (F, 4x)
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IDL with NRAS mutation at a very low allele frequency of 
1.79% also had nuclear β-catenin. The tumors with HRAS 
mutation and MDM2 amplification lacked β-catenin expres-
sion. No clear association between molecular profile and 
accompanying salivary tumors was noted, with only one IDL 
with CTNNB1 mutation arising in a salivary gland removed 
for basal cell adenoma.

Discussion

Salivary IDLs have been acknowledged in the literature for 
nearly 30 years using a variety of terms. Although the 4th 
edition WHO Classification of Head and Neck Tumours 
classified them as an exclusively non-neoplastic process 
under the name intercalated duct hyperplasia [8], the 
fifth edition recognizes both intercalated duct hyperpla-
sia and intercalated duct adenoma as benign neoplasms 
[21]. However, the true nature of IDLs remains somewhat 
enigmatic, and it is not yet clear whether they should all 
be regarded as neoplastic—or even whether IDL classified 

as hyperplastic, adenoma, or hybrid lesions truly represent 
the same entity. Despite widespread application of molec-
ular testing to reclassify many existing salivary tumors and 
define new tumor types, the molecular underpinnings of 
IDL have never been fully investigated. In this study, we 
performed next generation sequencing on a cohort of IDLs 
to better understand their pathogenesis and relationships 
with other entities.

First, these findings provide molecular confirmation that 
a subset of IDL are neoplastic and represent a precursor of 
BCA. Historically, several overlapping features have led to 
increasing consensus that there is a relationship between 
IDL and BCA. Not only is BCA the most common salivary 
gland neoplasm seen in association with IDL, but a consist-
ent subset of cases show overt histologic transition between 
these lesions [3, 14]. IDLs also display some histologic 
similarities to BCA, including biphasic ductal and myoepi-
thelial cell populations, frequent tubular architecture, and 
occasional accumulation of basement membrane material 
[3, 14]. Moreover, the majority of IDLs demonstrate immu-
nohistochemical positivity for β-catenin that parallels the 
staining seen in BCA [14]. The presence of CTNNB1 muta-
tions in three IDLs in this study, in combination with one 
case reported previously, not only confirms their neoplastic 
nature but adds a layer of molecular overlap with BCA [17, 
27–30]. In the setting of the many other similarities between 
these entities, these molecular results cement the status of 
IDL as a BCA precursor.

Fig. 2   Seven IDLs demonstrated nuclear localization of β-catenin in 
a subset of the abluminal cells, similar to BCA (A, 20x), while six 
IDLs lacked nuclear β-catenin (B, 20x)

Fig. 3   Clinical, histologic, immunohistochemical, and molecular fea-
tures of IDL are depicted with cases organized by molecular findings. 
Recurrent likely oncogenic mutations were identified in CTNNB1 in 
two hyperplastic and one hybrid lesions, all of which showed nuclear 
β-catenin expression, and HRAS in two adenomas that were β-catenin 
negative
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Additionally, these results raise the possibility that a sepa-
rate subset of IDLs might be precursors of EMC. Although 
the association of EMC and IDL is less well-substantiated 
than that of BCA, speculation about a relationship between 
these entities has persisted since the initial description of 
IDL. Aside from BCA, EMC are the tumor most frequently 
found adjacent to IDL, and rare cases displaying transition 
from IDL to EMC have been reported in the literature [2, 
12]. Additionally, many of the same morphologic features 
that raise parallels between IDL and BCA also overlap with 
EMC, including biphasic ductal and myoepithelial popula-
tions and tubular architecture. In this study, two adenoma-
type IDLs demonstrated HRAS mutations, analogous to 
those recurrently identified in EMC [31–33]. Of course, 
HRAS mutations are not entirely specific to EMC in the 
salivary glands, as they can also be seen in a subset of other 
tumors including salivary duct carcinoma and apocrine intra-
ductal carcinoma [35–37]. As such, it is possible that these 
adenomatous lesions represent an entirely separate benign 
salivary gland neoplasm that also happens to have HRAS 
mutations. However, given the other associations between 
IDL and EMC, this molecular overlap suggests that IDLs 
may also represent an EMC precursor.

Interestingly however, neither CTNNB1 nor HRAS muta-
tions are a uniform feature of IDL—even those with nuclear 
β-catenin localization. Two lesions had alternate likely onco-
genic findings, including MDM2 amplification and NRAS 
mutation. As neither BCA nor EMC has an entirely uniform 
molecular profile, IDLs with other mutations could still rep-
resent precursors to these tumors. Moreover, the presence of 
any oncogenic alterations does corroborate the neoplastic 
nature of a subset of IDLs. However, 42% of IDLs in this 
study lacked known oncogenic drivers, and only 43% of IDL 
with nuclear β-catenin harbored CTNNB1 mutations. One 
likely explanation for these findings is technical. Most IDLs 
with discrepant β-catenin and CTNNB1 status measured 
1–3 mm, making it possible that CTNNB1 mutations were 
present at a level too low for detection in these very small 
lesions. Indeed, one of these IDLs had NRAS mutation at an 
extremely low variant allele fraction of 1.79%, suggesting 
that other alterations could have been undetectable. How-
ever, other IDLs with nuclear β-catenin expression were 6 
and 15 mm, respectively, making it less likely that a signifi-
cant mutation was missed due to cellularity in all cases. Fur-
thermore, at least one IDL lacked either nuclear β-catenin or 
likely oncogenic mutations. Therefore, it remains possible 
that some IDLs represent truly hyperplastic processes. While 
it is currently premature to regard all IDLs as neoplasms, 
sequencing larger numbers of cases or applying other tech-
niques such as global methylation profiling will be necessary 
to definitively determine their pathogenesis.

Despite the possibility that IDL may include both hyper-
plastic and neoplastic lesions, histologic separation into 

hyperplasia, adenoma, and hybrid categories does not appear 
to fully delineate these etiologies. There is some correla-
tion between morphologic patterns and molecular findings 
in IDL, with CTNNB1 mutations seen only in hyperplastic 
and hybrid IDLs and HRAS mutations exclusively occurring 
in adenomas. Nuclear β-catenin localization was also seen 
in 63% of hyperplastic and 67% of hybrid IDLs compared to 
just 33% of adenomas. Nevertheless, the overall frequency 
of likely oncogenic alterations did not differ widely between 
groups, with 67% of the adenoma and hybrid lesions and 
50% of hyperplastic lesions demonstrating driver mutations 
despite the potential confounding effect of lesion size in the 
hyperplasia group. Furthermore, there were undeniable mor-
phologic similarities across all categories, and hybrid lesions 
indicated a possible transition state between hyperplastic 
lesions and adenomas. As such, IDLs may represent a spec-
trum rather than discrete categories.

In light of the apparent spectrum within the boundaries 
of IDL, our findings also raise the question of how to best 
separate IDL and BCA. Studies that described lesions tran-
sitioning from IDL to BCA noted several histologic differ-
ences between the components, with BCA showing larger 
and more basaloid cells, a multilayered abluminal popula-
tion, attenuated lumina, and more abundant stroma [7, 14, 
15]. This study by definition excluded lesions with overt 
IDL and BCA elements. Nevertheless, these distinctions 
are relatively subtle, and we find it difficult to rely on them 
to separate IDL and BCA given their other morphologic, 
immunohistochemical, and molecular similarities. In par-
ticular, differentiation of IDL from BCA becomes murky 
in lesions with a partial or complete capsule. Indeed, we 
wonder if intercalated duct adenomas might better be simply 
regarded as small BCAs—and hybrid lesions as IDLs under-
going transition to BCA. Under such a concept, encapsula-
tion could easily distinguish IDL and BCA without requiring 
more subtle histologic judgments, leaving entirely unencap-
sulated hyperplastic-type lesions as the true IDL. The best 
classification of adenomas with HRAS mutations would need 
further investigation under such a definition. Of course, this 
question is admittedly academic in these benign lesions—the 
critical issue at the junction between IDL and BCA lays in 
not mistaking irregular borders for invasion and erroneous 
classification as basal cell adenocarcinoma. However, the 
distinction between these entities should be further consid-
ered to facilitate the best classification.

In summary, the molecular underpinnings of IDL are 
somewhat heterogeneous in this small cohort. However, we 
identified oncogenic mutations in 58% of IDLs, including 
recurrent CTNNB1 activation that correlates with β-catenin 
nuclear overexpression in a subset of hyperplastic and hybrid 
lesions and HRAS mutations in a majority of adenomas. 
These findings provide molecular support to corroborate 
extensive histologic and immunohistochemical evidence that 
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IDLs are precursors to BCA and also suggest a close link 
with EMC. Nevertheless, a significant subset of IDLs lacked 
oncogenic drivers, raising the possibility that this category 
also encompasses some truly hyperplastic lesions. Despite 
partial correlation between molecular findings and morphol-
ogy, there appears to be overlap across hyperplasia, hybrid, 
and adenoma subtypes, suggesting that these groups of IDLs 
comprise a spectrum rather than entirely separate entities 
and raising additional questions about where to best draw 
the line between IDL and BCA. Further characterization of 
larger groups of IDLs and exploration of their relationships 
with BCA and EMC should allow for better understanding 
of their pathogenesis in the future.
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