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Abstract

Endolymphatic sac tumors (ELSTs) are rare, slowly growing temporal bone neoplasms which show a high association with
von Hippel-Lindau (VHL) syndrome. The immunohistochemistry evaluation of these papillary-cystic neoplasms frequently
raises the differential diagnosis with renal cell carcinoma, among other metastatic neoplasms, whether in VHL patients or not.
A cohort of 26 patients with ELSTs were evaluated for histologic features, immunohistochemistry findings, and association
with VHL. Standard immunohistochemistry evaluation was performed. Sixteen females and 10 males ranging in age from
10 to 69 years (mean 44; VHL mean: 32) at initial presentation, comprised the cohort of patients. Most (86%) experienced
hearing changes or inner ear symptoms (vertigo, dizziness), with an average duration of symptoms for 39 months (range
2-240 months). The tumors were an average of 2.9 cm (range 0.4-8 cm), with 14 left, 11 right sided and one bilateral tumor.
Nine patients had documented VHL, with 3 patients having a concurrent or subsequent clear cell renal cell carcinoma.
Patients were followed an average of 6.2 years (available in 24 patients): 19 alive without disease, 7.5 years; 2 dead without
disease, 1.2 years; and 3 alive with disease, 3.1 years. The neoplastic cells show the following immunohistochemistry find-
ings: AE1/AE3, EMA, CK7, CAIX, GLUT1, VEGF: 100% of cases tested were positive; pax-8: 85% of cases positive; CD10
and RCC: 0% of cases reactive. Based on this cohort of 26 patients with ELST, 9 of whom had VHL, the strong pax-8 and
CAIX should be used in conjunction with negative CD10 and RCC to help exclude a metastatic renal cell carcinoma. As
CAIX is an enzyme overexpressed in hypoxia and hypoxia inducible factor is what VHL protein regulates, this is an expected,
although previously unreported finding. Whether part of VHL or not, VHL mutations may be a somatic rather than germline
finding in the tumors, a possible further explanation for the CAIX reaction.
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Introduction

Endolymphatic sac tumors (ELSTs) are a very rare, low
grade tumor of endolymphatic sac origin [1], showing
a well-developed association with von Hippel-Lindau
(VHL) syndrome [1-5]. The endolymphatic duct arises in
the posteroinferior part of the inner ear vestibule, passes
through the bony canal of the vestibular aqueduct and wid-
ens in the superior—inferior plane into the endolymphatic
sac, which traverses the temporal bone to end blindly
on the posterior wall of the temporal bone [6]. While
endolymphatic sac tumor is the preferred terminology,
it is important to recognize the wide diversity of names
applied to this tumor over the years: papillary adenoma
of endolymphatic sac [7], papillary endolymphatic sac
tumor [8], aggressive papillary adenoma [9], aggressive
papillary middle-ear tumor [10], invasive papillary cys-
tadenoma [11], low grade papillary adenomatous tumors
of the temporal bone [12], endolymphatic sac papillary
tumor [13, 14], papillary neoplasm of the endolymphatic
sac [4], low grade adenocarcinoma [15], endolymphatic
sac carcinoma [16], adenocarcinoma of endolymphatic
sac [17], low-grade malignant endolymphatic sac tumor
[18], and low grade adenocarcinoma of probable endolym-
phatic sac origin (AKA, Heffner tumor) [1, 19]. Just from
the wide diversity of names employed, it can be inferred
that the tumor causes a significant diagnostic difficulty
and is frequently confused with other papillary tumors
on histopathologic grounds. Autopsy studies have shown
a 1 millimeter papillary glandular neoplasm, completely
confined to the endolymphatic duct, thus supporting the
tumor’s origin in the endolymphatic sac [6, 20]. Incor-
rect interpretation of the diagnosis results in significant
morbidity and mortality to the patients, especially when
the relationship to VHL syndrome is not further explored.
Immunohistochemistry studies have been performed to
aid in the differential diagnosis, but strong reactivity with
pax-8 and CAIX, two markers that are strongly positive in
many clear cell renal cell carcinomas (ccRCC), has fur-
ther contributed to the diagnostic confusion. This clinical
and immunohistochemistry evaluation was undertaken in
an effort to highlight some of these differential diagnos-
tic considerations and attempt to help resolve them in an
evaluation of 26 ELSTs.

Materials and Methods

All patient records with temporal bone surgical cases
performed between 2000 and 2017 at the 12 Southern
California Permanente Medical Group hospitals were
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analyzed. Six cases were identified. In addition, the con-
sultation files and surgical pathology records of the col-
laborating authors were reviewed for cases of endolym-
phatic sac tumors, with an additional 20 cases retrieved.
Materials within the files were supplemented by a review
of the patient demographics (sex, age, and race); symp-
toms and physical findings and duration at presentation;
imaging studies, surgical pathology, and operative reports
were reviewed when available, with follow-up information
obtained by direct written or oral communication with the
referring pathologist, patient’s physician, oncology data
services and tumor registries, or the patient (patient’s
family member[s]). Follow-up data included information
regarding presence of recurrent disease, treatment modali-
ties used, and the current patient status. Cases in general
were submitted as consultations to several of the authors,
who conducted this study as a retrospective review, with-
out actually treating the patients. Submitted diagnoses by
the primary pathologists included middle ear adenoma,
paraganglioma, aggressive papillary adenocarcinoma,
metastatic carcinoma, ependymoma and adenoma. This
clinical investigation was conducted in accordance and
compliance with an Internal Review Board authorization
(#5968) performed under the direction of Southern Cali-
fornia Permanente Medical Group.

Specific information about the exact location, laterality,
and tumor size (greatest dimension in cm) were documented
(imaging reports and/or surgical pathology material). Hema-
toxylin and eosin-stained slides from all cases were reviewed
to document specific histologic features. Immunophenotypic
analysis was performed in cases with sufficient suitable
material by a standardized Envision™ or Ventana method
(as previously described [21]) employing 4 pm-thick, for-
malin fixed, paraffin embedded sections. Table 1 documents
the pertinent, commercially available immunohistochemical
antibody panel used. The analysis was performed on a sin-
gle representative block for each primary tumor. However,
the biopsies were often small, yielding a limited amount of
tissue for additional examination, thus prioritizing immuno-
histochemistry studies for diagnostic clarity was paramount.
Epitope retrieval was performed, as required by the manu-
facturer guidelines. Standard positive controls were used
throughout, with serum used as the negative control. The
antibody reactions were graded as positive or negative; posi-
tives were separated into strong, moderate and weak; diffuse
(>50%), patchy (10-50%) or focal (< 10%); and by pattern
(cytoplasmic, membrane, nuclear, nuclear and cytoplasmic).
Staining equivalent reactions would be absent to weak (0 to
1+), moderate (2 + to 3 +) and strong (4 +) staining.

Statistical evaluation was performed using a standard sta-
tistics software package with categorical variables analyzed
using Chi square tests and Fisher’s Exact tests to compare
observed and expected frequency distributions. Comparison



Head and Neck Pathology (2019) 13:355-363 357
Table 1 Immunohistochemical Antigen Source Result %/4# of cases
panel
Cytokeratin (AE1/AE3) Dako P,S,D,C 100% (16/16)
Epithelial membrane antigen Ventana P,S,D,C 100% (12/12)
(EMA) (E29)
CK7 (OV-TL-12/30) Dako P,S,D,C 100% (20/20)
CAIX (CA9) Cell Marque P,S,D,M 100% (25/25)
pax-8 LifeSpan BioSciences P,S,D,N 85% (22/26)
CD10 (SP67) Ventana Non-reactive 0% (0/16)
RCC Vector Laboratories Non-reactive 0% (0/15)

P positive, S strong, D diffuse, C cytoplasmic, M membrane, N nuclear

of means between groups was made with independent t-tests
(including 1-tailed and 2-tailed tests with degrees of free-
dom) or one-way analysis of variance, depending on whether
there were two groups or more than two groups, respectively.
Confidence intervals of 95% were generated for all positive
findings. The alpha level was set at p <0.05.

Results
Clinical Findings

The patients included 16 women and 10 men (1.6:1;
Table 2), ranging in age from 10 to 69 years (mean
44.1 years). Women were slightly older than men (46 vs 41,
years), but this was not a statistically significant difference.
During evaluation, nine patients were identified to be part of
VHL syndrome, while 16 patients were not. Importantly, in
many of these cases genetic testing was not performed or not
offered to the patients, interpreted by the treating physicians
to not be a significant association. When the patients who
had documented VHL were separated from patients without
documented VHL, the mean age at presentation was 32 vs 51
years, respectively, a finding that was statistically significant
(p=0.008). There were 13 whites, 8 African Americans,
and two Asians, while the race/ethnicity was unknown in
three patients. This finding represents a disproportionate
representation of African Americans when compared to the
general population.

Patients presented with symptoms of a relatively long
duration (mean 39 months), without any significant differ-
ence between patients with and without documented VHL
(p=0.626) nor between males and females (p=0.087). The
vast majority of patients presented with hearing changes,
and specifically sensorineural hearing loss, although symp-
toms were not known in two of the patients (Table 2). Inner
ear symptoms, including vertigo, dizziness, ataxia or bal-
ance changes/loss were reported in 12 of the patients, while
tinnitus was seen in 10. Central nervous system symptoms,
including headaches, tingling, weakness or muscle spasms

of the face were reported in eight patients. Ear drainage,
tongue weakness and atrophy, numbness and even slurred
speech were also document in one patient each. Importantly,
while symptoms were unknown in two patients, none of the
remaining patients were asymptomatic. In the patients who
had VHL, patients had clear cell renal cell carcinoma (n=23),
hemangioblastoma (n=3), pheochromocytoma, epididymis
cyst, pancreatic cysts, small cerebellar lesions, and Meniere
disease, among other stigmata of the disease.

Only one patient (a 14 year old male VHL patient)
reported bilateral tumors, with 14 tumors identified only on
the left and 11 tumors identified only on the right. Imaging
studies identified permeative and destructive masses that
involved the temporal bone, centered along the posterior
face of the petrous part of the bone to include the retrolaby-
rinthine region, although centering was size dependent. Cal-
cifications within a spiculated mass were noted. By MR,
the tumors presented as an inhomogeneous hyperintense
mass often with heterogenous enhancement (Fig. 1). Imag-
ing studies provided the best size determination, with the
tumors ranging from 0.4 up to 8 cm (mean 2.9 cm). There
was no statistically significant difference in tumor size at
presentation between the VHL patients and those with-
out documented VHL (mean 2.3 vs 3.6 cm, respectively;
p=0.126) nor between females and males (mean 3.6 vs 2.6,
respectively; p=0.273).

Pathologic Features
Microscopic

All of the tumors showed an unencapsulated, destructive
mass associated with bone invasion and/or bone remodeling
(Fig. 2). The tumor shows a biphasic appearance of papillary
and glandular profiles. The papillary structures were simple,
coarse and broad, with fibrovascular cores coursing through
the center of the papillae. The cystic spaces focally con-
tained fluid and/or extravasated erythrocytes. In some areas,
acinar or follicular-type spaces were filled with inspissated
material that simulated colloid of thyroid follicular epithelial
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Table 2 Clinical characteristics

Clinical characteristics Number
(n=26)
Sex
Females 16
Males 10
Race
White 13
Black
Asian
Unknown
VHL
Documented 9
Undocumented 17
Age (in years)
Range 10-69
Mean 44 Fig. 1 Imaging studies of an endolymphatic sac tumor. A This
) axial T1 weighted MR demonstrates an intermediate signal, 16 mm
Median 44 soft tissue density mass (arrow) in the region of the petrous apex
Females (range 10-69 years) (mean) 46 (23 year old female VHL patient). B This coronal computed tomog-
Males (range 14-65 years) (mean) 41 raphy image shows a partly calcified moderately heterogenous 30 mm
VHL patients (range 10-53) (mean) (p=0.008) 32 mass (arrow) involving the_: posterior region of the left petrous bone
. (53 year old male VHL patient)
Undocumented VHL patients (range 32—69) (mean) 51
Symptoms
Hearing changes (sensorineural loss) 19
Vertigo, dizziness or balance changes 12
Tinnitus 10
CNS symptoms 8
Pain 6
Asymptomatic 0
Duration of symptoms (in months)
Range 2-240
Mean 39
Females (p=0.087) 22.9
Males 64.4
VHL patients 34.8
Undocumented VHL patients (p=0.626) 26.7
Laterality
Left 14
Right 11
Bilateral 1
Size (cm) (pT) Fig.2 Hematoxylin and eosin stained tumor shows remodeled spic-
ules of bone with broad, coarse papillae
Range 0.4-8.0
Mean 2.9
Medi 29 . .
edian cells (Fig. 3). The neoplastic cells were usually arranged as
Females (p=0.273) 3.6 . . . .
a single layer of low cuboidal to columnar epithelial cells.
Males 2.6 . . .-
) There was clear to lightly eosinophilic, granular cytoplasm
VHL patients (p=0.126) 2 e e g .
. with indistinct cell borders or membranes (Fig. 3), surround-
Undocumented VHL patients 3.6

ing centrally placed small, round, hyperchromatic nuclei.
Sometimes the glandular appearance was more difficult to
see (Fig. 4), where there was a more solid appearance, along
with histiocytes and degeneration. Tumor necrosis was not
seen, while mitotic activity was inconspicuous, without
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Fig.3 A The coarse papillae are broad with well developed fibrovas-
cular cores. B Inspissated material is noted within an area that resem-
bles a thyroid follicle

Fig.5 A There is a strong, diffuse, membranous reaction with CAIX.
B There is a strong, diffuse, nuclear reaction with pax-8

Fig.4 A The cytoplasm is lightly eosinophilic to cleared with bland
nuclei. B A more solid growth pattern is seen in this tumor, with
small gland-like lumen noted

atypical forms. A background of cholesterol clefts from
blood breakdown was focally present in the background.

Immunohistochemistry

The neoplastic cells were strongly reactive with pancy-
tokeratin (AE1/AE3), EMA, and CK7 (Table 1). All of
the tumors tested stained strongly and diffusely, along the
membrane for CAIX (Fig. 5), while 85% of cases stained
positive in the nuclei with pax-8 (Fig. 5). Importantly,

Fig.6 The neoplastic cells show a lack of reactivity with A RCC and
B CD10

all tested cases were non-reactive with CD10 and RCC
(Fig. 6). While not performed in all cases, GLUTI,
CAMS5.2, VEGF and CK5/6 were also positive in the
tumors studied. Vimentin was also strongly positive in the
neoplastic cells, while CD117, P504S, TTF1, p63, synap-
tophysin, napsin, GATA3, thyroglobulin, WT1 and CD34
were negative (these stains had been performed by contrib-
uting pathologists prior to consultation, and thus were not
formally evaluated with known antibodies, dilutions and
techniques). S100 protein showed a patchy, nuclear and
cytoplasmic reactivity in 5 of 7 cases tested.
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Clinical Treatment and Patient Outcome

All of the patients were treated with surgery, although one
patient received pre-surgical embolization and one patient
had biopsy only before definitive surgery. In all of the
patients in whom follow-up was available (n=24), 19 were
alive with no evidence of residual disease at last follow-
up (mean 6.2 years; range 0.1-23.8 years). Three patients
were alive, but with disease, either persistent or recurrent at
last follow-up (mean 3.1 years; range 0.5 to 6.1 years). Two
patient were dead, without disease, although one patient died
from a complication of vocal cord paralysis as a result of the
surgical intubation (2.2 years after initial presentation, the
persistence was operated on again). None of the patients in
this series reported loss of cranial nerve function or neuro-
logical function as a post-surgical complication.

Discussion

The connection between an ELST and VHL syndrome was
first postulated by a surgeon who observed the autopsy find-
ings of a 24 year old patient who died as a result of biopsy
complications of a temporal bone cystic and papillary neo-
plasm, and was documented to have intra-abdominal lesions
of VHL syndrome [22], although not formally proposed until
the 1980s [1, 7, 10] and ultimately confirmed as part of the
disorder in the late 1990s [3].

VHL syndrome is an autosomal-dominant inherited dis-
ease, affecting about 1 in 36,000 people, caused by germline
mutations in the tumor suppressor gene VHL, mapped to
3p26—p25. With more than 1500 known mutations, muta-
tions generally result in inactivation of the wild-type copy
of the VHL gene [23]. Tumors generally develop after bial-
lelic VHL inactivation (two hit hypothesis), which leads to
up-regulation of hypoxic response and tumor formation in

Fig.7 A diagramatic repre-
sentation of the function of
the VHL gene. HIF hypoxia
inducible factor; OH hydroxla-
tion group

Stabilization
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a number of different organs, including those in the endo-
lymphatic sac [20, 23]. pVHL is critical in regulating the
proteolytic degradation of the o subunits of HIF-1 and HIF-2
transcriptions factors with a ubiquitin ligase protein com-
plex that binds the o subunits of HIF-1 and HIF-2 transcrip-
tion factors that allows for ubiquitination and proteosomal
degradation (Fig. 7) [24, 25]. When normoxic conditions
apply, the HIF-a subunits are rapidly degraded, but oxygen
is essential as a co-factor that modify the HIF-a subunits
for pVHL binding [26, 27]. In tumors, the pVHL is either
absent or inactive (conceptually similar to hypoxia), and thus
HIF-1 and HIF-2 are stabilized and activate the hypoxic gene
response which oversees a large number of target genes,
including vascular endothelial growth factor (VEGF), Cyc-
lin-D1, platelet derived growth factor (PDGFB), CAIX and
GLUT]1 [28].

The proceedings from the International Endolymphatic
Sac Tumor Registry [5], show ELSTs have a prevalence of
about 3.6% in VHL syndrome. Further VHL germline muta-
tions were identified in 39% of apparently sporadic ELSTs,
highlighting that 32% of patients with VHL present with
ELSTs as the initial presentation of VHL. Thus, genetic
testing of all patients who present with ELSTs is highly
recommended [5, 29-31]. Somatic and germline muta-
tion analysis of ELSTs and controls has been performed,
with documentation of specific VHL mutations and allelic
deletions, although quite diverse given the large genotype
variations seen in VHL syndrome [20, 31-36]. Examples
including missense mutations in exon 1 of the VHL gene
(p-Asp92Gly), point mutations in exon 1, deletion in exon
1 (p.Val62GlyfsX66), and missense mutations in exon 3
(p-Leul58Pro) [2, 31, 34-37]. The exact type of VHL muta-
tion might predict the aggressiveness of the disorder and
hence tumor management [31].

The clinical findings of an average age in the fifth decade,
with a female to male ratio of 1.6:1 in patients who present

‘* \ VHL
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with audiovestibular symptoms (sensorineural hearing loss,
tinnitus and vertigo), is similar to the findings presented in
the literature [5, 18, 29, 30, 33, 38]. Although unknown,
there does seem to be a proclivity for tumors to develop on
the left rather than the right [18]. Imaging studies confirm a
destructive, lytic bony lesion involving the endolymphatic
sac region as a vascularized tumor involving the petrous
bone, frequently containing calcifications, but as the size
of the tumor expands, a more extensive bony involvement
is noted [8, 31, 33]. Flow voids are noted in larger tumors,
while increased signal intensity at unenhanced T1-weighted
MR imaging is common [8].

The histology shows a characteristic papillary and glan-
dular architecture, comprised of relatively simple, coarse
papillary structures, showing only limited branching, with
well-developed fibrovascular cores. The epithelial cells show
a glandular arrangement in other areas, sometimes with a
very well developed inspissated secretory material or blood,
which can mimic clear cell renal cell carcinoma or papil-
lary thyroid carcinoma. The tumor cells are low cuboidal
to columnar with delicate to cleared cytoplasm surrounding
round to oval nuclei with coarse to heavy chromatin distri-
bution. Bone expansion is nearly always seen, although the
bone is remodeled rather than truly destroyed [1-3, 39].

As described above, the protein VHL is important to the
regulation of HIF-1a. Normally, during conditions of low
oxygen tension, degradation of HIF-1 is inhibited by oxy-
gen-dependent hydroxylation of the protein that prevents
interaction of HIF-1 with pVHL ubiquitin ligase complex
[40]. But when VHL is altered, mutated or absent, HIFa
and HIFB combine to result in gene activation, of which
CAIX is one of several factors produced. CAIX is a mem-
ber of the carbonic anhydrase family (carbonic anhydrase
IX), and as a transmembrane protein, catalyzes the conver-
sion of carbon dioxide to bicarbonate and protons, criti-
cal to ion transport and pH maintenance during hypoxia.
Hypoxia activates hypoxia inducible factor-1 (HIF-1),
which in turn upregulates CAIX [41, 42]. In renal car-
cinoma cells that are defective for VHL, up-regulation of
CAIX is associated with loss of regulation by hypoxia,
consistent with the critical function of pVHL in the regula-
tion of HIF-1 [42]. Since ELST is one of the tumors within
the VHL syndrome spectrum, strong, membranous/cyto-
plasmic immunoreactivity with CAIX is to be expected,
as shown in this cohort of patients. However, this strong
reactivity raises the differential diagnostic consideration
with ccRCC even more so. Likewise, it is well known
that pax-8 expression is found in many normal and neo-
plastic tissues, including epididymis, rete testis, fallopian
tumor and ovary, pancreatic islets and lymph nodes, while
commonly found in bladder adenocarcinoma, seminoma,
endometrial adenocarcinoma, ovarian serous carcinoma,
renal cell carcinoma, oncocytoma, neuroendocrine tumors,

parathyroid carcinoma and papillary, follicular and medul-
lary thyroid carcinoma [43—49]. During embryogenesis,
pax-2 and pax-8 transcription factors play a redundant
role by together regulating inner ear development, associ-
ated with otic placode induction, where they are required
to maintain otic differentiation [50, 51]. Both pax-2 and
pax-8 are noted in hair cell development of the vestibu-
lar end organ (otic progenitor cells) during gestational
weeks 8—12 [51, 52]. Thus, in the neoplastic setting of a
tumor arising from this zone in later life, it is perhaps an
explanation for pax-8 expression, and why it is so strongly
expressed in ELSTs, as seen in 85% of the tumors stud-
ied. By immunohistochemistry, CK-pan, CAMS5.2, CK7,
CKS8, CK19, HIF-1a, VEGF, and CAIX have been shown
to be increased in ELSTs [40, 53-55]. while transthyretin
(a marker for choroid plexus papilloma) is reported to be
negative [54].

The differential diagnosis histologically includes met-
astatic ccRCC, papillary thyroid carcinoma or follicular
thyroid carcinoma, while choroid plexus papilloma, papil-
lary ependymoma, papillary meningioma, paraganglioma
and even middle ear adenoma are less frequently consid-
ered [56]. Centering of the tumors within the cerebello-
pontine angle, tumors with psammoma bodies and whor-
ling, along with unique immunohistochemistry findings
(such as CK5/6, synaptophysin, progesterone receptors)
help to exclude the less common considerations of choroid
plexus papilloma, papillary ependymoma and papillary
meningioma. The lack of any neuroendocrine markers in
ELSTs along with the overall zellballen arrangement seen
in paraganglioma, remove paraganglioma from the his-
tologic differential diagnosis, although often it is a con-
sideration by imaging studies. However, as patients with
VHL syndrome frequently develop ccRCC, a neoplasm
with clear or lightly eosinophilic cytoplasm in the tempo-
ral bone may represent metastasis. The ccRCC would be
immunoreactive with CAIX and pax-8, and so the strong
reactivity with these markers in ELST does not help to
make the separation. The addition of negative reactions
with CD10 and RCC, however, would help to make the
separation between these tumor types.

In general, the smaller the tumor at the time of removal,
the lower the postoperative morbidity, where extensive
surgery for much larger tumors is associated with dis-
ruption of the fallopian canal, jugular foramen, petrous
apex, cerebrospinal fluid leak or involvement of the pos-
terior cranial fossa, with concurrent loss of cranial nerve
function (specifically VII, IX, and X) [29, 33, 38, 57,
58]. Thus, while many clinicians seem to eschew genetic
counseling or testing in these patients, identification of the
potential genetic relationship and removing the tumors at
the earliest, and therefore smallest size possible, is advo-
cated [5, 31, 33, 57, 58].
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Conclusion

ELSTs are frequently the initial presenting finding in a
patient who later is documented to have VHL. As such,
genetic counseling and additional evaluation is warranted
in all patients who have an ELST, especially when patients
are young at initial presentation or have bilateral tumors.
In limited biopsies or tumors that show significant clear
cell change and hemorrhage in the background, confirm-
ing the diagnosis of an ELST with positive reactions to
CAIX and/or pax-8 with concurrent negative reactions
with CD10 and/or RCC would help to confirm the diag-
nosis and help to exclude other tumors in the histological
differential diagnosis.
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