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ABSTRACT: Background. Endolymphatic sac tumors (ELSTs) are, with a
prevalence of up to 16%, a component of von Hippel–Lindau (VHL) dis-
ease. Data from international registries regarding heritable fraction and
characteristics, germline VHL mutation frequency, and prevalence are
lacking.
Methods. Systematic registration of ELSTs from international centers of
otorhinolaryngology and from multidisciplinary VHL centers’ registries
was performed. Molecular genetic analyses of the VHL gene were
offered to all patients.
Results. Our population-based registry comprised 93 patients with ELST
and 1789 patients with VHL. The prevalence of VHL germline mutations

in apparently sporadic ELSTs was 39%. The prevalence of ELSTs in
patients with VHL was 3.6%. ELST was the initial manifestation in 32%
of patients with VHL-ELST.
Conclusion. Prevalence of ELST in VHL disease is much lower compared
to the literature. VHL-associated ELSTs can be the first presentation of
the syndrome and mimic sporadic tumors, thus emphasizing the need of
molecular testing in all presentations of ELST. VC 2015 Wiley Periodicals,
Inc. Head Neck 38: 673–679, 2016
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INTRODUCTION
Endolymphatic sac tumor (ELST), previously described
as low-grade papillary adenocarcinoma of the endolym-
phatic sac, is a rare tumor of the inner ear. It originates
from endolymphatic epithelium and arises within the
intraosseous portion of the endolymphatic duct/sac of
the vestibular aqueduct.1,2 ELST is highly vascular and
histopathologically characterized by papillary and glan-
dular architecture.3,4 Despite its categorization as a
slow-growing, benign neoplasm, it is locally aggressive
and invasive with infiltration of the petrous bone and
destruction of the labyrinth.4 ELSTs were first identi-
fied by Hassard et al5 in 1984. In 1989, Heffner6

described a series of 20 patients with papillary epithe-
lial tumors of the temporal bone with uniform histology
and destruction of the posterior wall of the petrous
bone and called them “low-grade adenocarcinoma of
probable endolymphatic sac origin.” Before this land-
mark article, this entity was occasionally misdiagnosed
as metastases, mainly from primary thyroid carcinomas,
initiating unnecessary thyroidectomy.4,6 These tumors
occur sporadically or as a main component of the auto-
somal dominant von Hippel–Lindau (VHL) disease, a
disorder predisposing to a variety of visceral and cen-
tral nervous system (CNS) lesions, such as hemangio-
blastomas of the retina and CNS, pheochromocytomas,
clear cell renal carcinomas, neuroendocrine pancreatic
tumors, and pancreatic cystadenomas.7–12 The diagnosis
of VHL is based on specific clinical and radiological
findings and on germline mutations of the VHL gene.13

Typical symptoms caused by ELSTs are tinnitus
(approximately 92%), vertigo and disequilibrium
(approximately 62%), and sensorineural hearing loss
(approximately 95%).14–16 Significant neurological dis-
ability with important defects of the vestibulocochlear
cranial nerve is common.15,17 Sensorineural hearing loss
may result in complete deafness and can occur sud-
denly (approximately 43%) or in a stepwise progressive
manner (approximately 43%).14–16 ELST-associated sen-
sorineural hearing loss and vestibulopathy may occur
suddenly because of tumor-associated intralabyrinthine
hemorrhage or endolymphatic hydrops independent of
ELST tumor size.18

Sensorineural hearing loss tends to develop early in life
with an age-at-onset of about 22 years and is almost
always irreversible.15 At the time of diagnosis, neurologi-
cal and audiovestibular defects have usually been present
for several years. To avoid uncontrollable growth leading
also to potentially intradural extension and brain compres-
sion, early surgery with complete resection is the treat-
ment of choice, which may, in some cases, preserve
hearing and stabilize a progressive sensorineural hearing
loss.19 ELSTs have a very young age-at-onset, a high
chance of severe, irreversible, and disabling audiovestibu-
lar defects resulting in an enormous health burden for
patients with VHL. The knowledge of their prevalence
and clinical characteristics is important for risk manage-
ment and effective preventive care. Therefore, we took a
population-based registry approach to determine preva-
lence and clinical characteristics of ELST in patients with
VHL and of VHL in patients with ELST in an interna-
tional ELST registry.

MATERIALS AND METHODS

Patients

For this study on ELSTs, a consortium of otorhinolaryngol-
ogists and a consortium of specialists of VHL were estab-
lished. The study included 2 approaches: to register all
patients with symptomatic ELSTs and to identify patients with
ELSTs in the VHL registries of the participating centers.

For the registration of symptomatic ELSTs, all depart-
ments of otorhinolaryngology of all university medical
centers and large city hospitals with ENT units in Ger-
many, France, The Netherlands, and selected centers in
Italy and Spain were contacted and asked to contribute
patients diagnosed with ELSTs. Nine patients from the
Dutch registry were reported earlier by Timmer et al.19

For the identification of ELST in patients with VHL,
the major centers for von Hippel–Lindau disease are Paris
for France, Freiburg for Germany, Groningen, Nijmegen,
Rotterdam and Utrecht for The Netherlands, Padova for
Italy, Madrid for Spain, Cambridge for Great Britain,
Yokohama for Japan, and Buenos Aires for Argentina.
Patients with ELSTs and clinically and molecular geneti-
cally confirmed diagnoses of VHL were eligible for this
study. All registrants had regular radiological examination
by MRI of the brain, including the petrous bone within
the inner ear. All patients underwent complete audiologic
examination if symptoms for an ELST were present at
the time of the MRI.

Radiological imaging

We have performed MRIs at 1.5 Tesla using a 12-
channel head coil. The investigation consisted of T2w
and T1w sequences without and with contrast medium.
The T2w images were performed as constructive interfer-
ence steady state sequence with a spatial resolution of
0.7 mm3, and the T1w images were performed as
T1weighted magnetization prepared rapid gradient echo
spatial resolution of 1 mm3. High resolution CT was
added in any case in which the MRI was suspicious for
an ELST and in all patients who reported experiencing
hearing loss. A technique similar to the one explained
above was used in all centers.

Clinical studies

All registrants provided demographic and clinical infor-
mation, including sex, age at diagnosis, symptoms, sur-
gery, postoperative morbidity, and family health histories.
ELSTs were characterized by tumor number (unilateral or
bilateral) and location (unilateral or bilateral). Audioves-
tibular defects, sensorineural hearing loss, hypacusis, in
particular unilateral or bilateral deafness, were recorded.
Patients with VHL-associated ELSTs underwent regular
clinical screening comprising MRI of the CNS, MRI of
the abdomen, and retinoscopy to identify additional VHL-
specific lesions. The specific lesion at initial diagnosis,
age at diagnosis of retinal angioma, hemangioblastoma of
the CNS, renal cell carcinoma, pheochromocytoma, and
pancreatic neuroendocrine tumors were recorded.

All operated tumors were histopathologically confirmed
as ELSTs according to the criteria reviewed by Kemper-
mann et al.4
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Molecular genetic analyses

All research participants were asked to provide 10 mL
EDTA-anticoagulated blood for molecular genetic studies.
Screening for germline point mutations, small deletions,
and insertions in the 3 exons and splice sites of the VHL
gene (NM_000551.2) was performed. Briefly, germline
DNA was extracted from peripheral leukocytes under
standard procedures and the screening was performed by
direct Sanger sequencing. Screening for large deletions of
the VHL gene was performed using the commercially
available MLPA kit (MRC Holland).20–22

Statistical analyses

Data collection and analyses were performed with IBM
SPSS version 21 (SPSS, Chicago, IL). Scale and categori-
cal data were expressed as median and range, absolute
and relative frequencies, respectively, and statistical test-
ing of observed differences performed by 2-sided Mann–
Whitney and chi-square test at a significance level of
p 5 .05. Calculation of a confidence interval for a propor-
tion was done with MedCalc 14.8.1 (MedCalc Software
bvba). Age-specific cumulative incidence was estimated
and plotted by the Kaplan–Meier method, and the 2-sided
log-rank test used for statistical testing of observed differ-
ences. Kaplan–Meier plots were performed with MedCalc
14.8.1.

Approval and consent

The study design was approved by the ethical commit-
tee of the University of Freiburg and all participating cen-
ters, accordingly. All participants gave written informed
consent. The study was performed in accordance with the
guidelines of the Helsinki Declaration of 1975, as revised
in 1983.

RESULTS

The International Endolymphatic Sac Tumor Registry

As of July 2014, the international ELST registry was
comprised of 93 registrants (52 women and 41 men). Age

at diagnosis was 6 to 78 years (median, 31 years). Of the
93 registrants, 37 were French, 29 were German, 11 were
Dutch, 6 were Italian, 4 were Spanish, 3 were British, 2
were Japanese, and 1 was Argentinian.

Among the 93 ELST registrants, 52 (56%) presented
with the characteristic clinical features of VHL disease,
with hemangioblastoma of the retina or the CNS, renal
cell carcinoma, pancreatic cysts or neuroendocrine pan-
creatic tumor, and/or pheochromocytoma or had a posi-
tive family history.

Forty-one registrants (44%), registered from Germany,
France, Italy, Spain, and The Netherlands, presented with
apparently sporadic ELST. Among these 41, 16 (39%)
were found to have a VHL germline mutation. Thus, 25
patients had truly sporadic ELSTs. Overall, 68 registrants
had VHL-associated ELST. Of these 68 patients, 22
(32%) first presented with ELST.

The VHL registries in France, Germany, Italy, The
Netherlands, Japan, Spain, and Argentina consisted of
599, 593, 229, 157, 42, 88, and 81 patients, respectively,
resulting in a total of 1789 patients, all of whom under-
went cranial MRI. Among these countries, a total of 65
patients were found to have VHL-associated ELST. Thus,
the prevalence of ELSTs in VHL was 5.0% (30 of 599)
in France, 3.4% (20 of 593) in Germany, 2.3 (6 of 229)
in Italy, 2.0% (3 of 157) in The Netherlands, 4.7% (2 of
42) in Japan, 3.4% (3 of 88) in Spain, and 1.2% (1 of 81)
in Argentina. This results in an overall prevalence of
3.6% (65 of 1789).

Sporadic versus von Hippel-Lindau–associated
endolymphatic sac tumors

In our registry, VHL-associated ELSTs were seen more
frequently than sporadic ELSTs (68 vs 25; Table 1).
Patients with sporadic ELST were registered from Ger-
many (n 5 9), France (n 5 7), The Netherlands (n 5 8),
and Spain (n 5 1), whereas patients with VHL-associated
ELST were registered in France (n 5 30), Germany
(n 5 20), Italy (n 5 6), The Netherlands (n 5 3), Great

TABLE 1. Clinical characteristics of the International Endolymphatic Sac Tumor registry.

Sporadic ELSTs VHL-associated ELSTs p values
No. of patients5 25 No. of patients5 68

Age, y
Mean 40 30 .002
Range 12–78 6–62

Sex
Female (%) 10 (40) 42 (62) .061
Male (%) 15 (60) 26 (38)

Symptomatic (%) 25 (100) 62 (91)
Asymptomatic (%) – 6 (9) –
Bilateral (%) – 13 (19)
Unilateral (%) 25 (100) 55 (81) .018
Initial ELST (%) 25 (100) 22 (32) –
CNS hemangioblastoma (%) 49 (72)
Retinal angioma (%) 37 (54) –
RCC (%) – 31 (46)
Pheochromocytoma (%) 13 (19)
PNET (%) 8 (12)

Abbreviations: ELSTs, endolymphatic sac tumors; VHL, von Hippel–Lindau; CNS, central nervous system; RCC, renal cell carcinoma; PNET, pancreatic neuroectodermal tumor.

CHARACTERIZATION OF ENDOLYMPHATIC SAC TUMORS AND VON HIPPEL–LINDAU DISEASE
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Britain (n 5 3), Spain (n 5 3), Japan (n 5 2), and Argen-
tina (n 5 1).

Both sporadic and VHL-associated ELSTs presented
mainly in adulthood (24 of 25 vs 57 of 68, respectively).
However, VHL-associated ELSTs occurred at a signifi-
cantly younger age than sporadic ones with a median age
at onset of 30 versus 40 years (p 5 .002; Table 1; Figure
1). Both sexes were affected, although there was a trend
to female predominance in VHL-associated ELST (female
sporadic 10 of 25 vs VHL 42 of 68; p 5 .061). Asymp-
tomatic ELSTs were only detected in patients with VHL
by regular follow-up imaging using cranial MRI (6 of 68;
9%). All patients with sporadic ELST had unilateral
tumors, whereas VHL-associated ELSTs occurred bilater-
ally in 19% (13 of 68). Surgery with complete resection
of the tumors was the standard of care in all sporadic
ELSTs. In contrast, only 58 of 68 patients (85%) with
VHL-associated ELSTs underwent operations for their
tumor.

A total of 4 patients (4%) died, 1 with sporadic ELST
and 3 with VHL-associated ELSTs. The causes of death
were not associated with ELSTs.

von Hippel-Lindau-associated endolymphatic sac tumors

There was a total of 68 patients had VHL-associated
ELSTs. Of these 68, 62% had a positive and 38% had a
negative family history for tumors in the spectrum of the
VHL syndrome. ELSTs were the initial presentation in 22
VHL-ELST registrants (32%; Table 1). Hemangioblas-
toma of the CNS and the retina were present initially or
during follow-up in 59 patients (87%). Thirteen of the 68
patients (19%) presented with a pheochromocytoma and
31 (46%) with a renal cell carcinoma. Pancreatic lesions
were present in 41 patients, of which 8 were neuroendo-

crine pancreatic tumors (12%), 1 was a cystadenoma and
35 were multiple cysts (Table 1).

VHL germline mutations were known for 64 of the 68
patients with VHL (Table 2). The mutation spectrum of
the patients with VHL-associated ELSTs is broad: 30
(47%) were missense mutations, 14 (22%) were large
deletions, 12 (18%) were nonsense, 5 (8%) were small
intra-exonic deletions, and 3 (5%) were splice-site muta-
tions, but not significantly different from that of VHL
cases without ELST. About half of ELST-associated VHL
germline mutations resulted in a truncated protein and
loss of protein function. Median age at diagnosis of
ELST was 28 years in patients with truncating mutations
compared to 31 years in those with nontruncating muta-
tions (p 5 .47). There was no significant difference for
bilateral ELST tumors between these 2 mutation groups
(p 5 .093).

DISCUSSION
In this study, to the best of our knowledge, we present

the largest and the first population-based, international
study on ELSTs comprising 93 such patients. Our study
sought to address 3 questions: (1) how frequent is VHL
in patients who primarily present with symptomatic
ELST; (2) how frequent are ELSTs in VHL; and (3) are
there clinical differences between sporadic and VHL-
associated ELSTs. These questions are of great impor-
tance for patients with VHL as well as all presentations
of ELSTs and management guidelines of the various spe-
cialists who have to care for these patients.

Prevalence of endolymphatic sac tumors in von Hippel-
Lindau

The international ELST registry contains 93 registrants.
Among these 93, 41 registrants had apparently sporadic

FIGURE 1. Cumulative age distribution
of sporadic and hereditary endolym-
phatic sac tumors (ELSTs). Our
population-based registry comprised
93 patients with ELST. Twenty-five
patients had truly sporadic and 68 had
von Hippel-Lindau (VHL)-associated
ELSTs. Both sporadic and VHL-
associated ELSTs presented mainly in
adulthood. VHL-associated ELSTs
occurred at a significantly younger age
than sporadic ones with a median age
at onset of 29 versus 40 years (esti-
mated and plotted with the Kaplan–
Meier method 29 vs 40 years,
expressed with the 2-sided Mann–
Whitney test 30 vs 40 years).
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and 52 had VHL-associated ELSTs. Furthermore, nearly
1800 patients with VHL disease, registered in specific
VHL registries in Europe, South America, and Asia, were
screened for ELSTs.

In contrast to the reported prevalence of ELST in VHL dis-
ease of up to 16%, our population-based study revealed a
3.6% prevalence of ELST in VHL, considerably lower than
the published literature.12,14,15 Although small and micro-
scopic, ELSTs could not be completely excluded by negative

imaging, however, an underestimation is unlikely because we
performed an MRI as recommended as an acceptable standard
in our field.23 Furthermore, the figure in the literature is
almost certainly derived from tertiary referral. Whereas the
prevalence figures from tertiary referral studies are important,
they almost always represent the upper estimate. Because our
prevalence data for ELST in VHL are far beyond the reported,
the physical and psychological burden for patients with VHL
is expected to decrease.

TABLE 2. Germline mutation spectrum of von Hippel–Lindau-associated endolymphatic sac tumors.

No. of registrants Country
Nucleotide position
(NM_000551.3) Predicted effect on protein

1 France c.197_209del p.Val66Glyfs*89
4 Germany c.226_228delTTC p.Phe76del

France
2 Germany c.233A>G p.Asn78Ser

Japan
1 Germany c.236_241delGCAGTC p.Arg79_Ser80del
1 Italy c.256C>G p.Pro86Ala
1 France c.256C>T p.Pro86Ser
1 France c.266T>C p.Leu89Pro
1 France c.275A>G p.Asp92Gly
1 Germany c.292T>C p.Tyr98His
1 France c.331A>T p.Ser111Cys
2 UK c.332G>A p.Ser111Asn
1 France c.337C>T p.Arg113*
1 Germany c.339delA p.Gly114Valfs*45
1 France c.345C>G p.His115Gln
1 Italy c.358A>G p.Arg120Gly
1 Germany c.392A>C p.Asn131Thr
1 France c.397delA p.Thr133Leufs*26
1 Spain c.404T>A p.Leu135*
2 Germany c.461C>T p.Pro154Leu
2 Germany c.46312T>C splice
1 Spain c.464-2G>A splice
1 Italy c.470C>T p.Thr157Ile
1 France c.473T>C p.Leu158Pro
3 France c.481C>T p.Arg161*

Argentina
1 France c.485G>A p.Cys162Tyr
2 France c.486C>G p.Cys162Trp
1 Germany c.491A>T p.Gln164Leu
3 France c.499C>T p.Arg167Trp

UK
Germany

4 France c.500G>A p.Arg167Gln
Italy

1 France c.500G>C p.Arg167Pro
1 France c.525C>A p.Tyr175*
1 France c.525C>G p.Tyr175*
1 France c.532T>C p.Leu178Pro
1 France c.533T>C p.Leu178Pro
2 France c.583C>T p.Gln195*
1 Netherlands delEx1
1 France delEx2
4 France delEx3

Germany
Italy

1 Germany delEx2–3
6 France delEx1–3

Germany
Netherlands
Spain

CHARACTERIZATION OF ENDOLYMPHATIC SAC TUMORS AND VON HIPPEL–LINDAU DISEASE
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Prevalence of von Hippel-Lindau in apparently sporadic
endolymphatic sac tumors

The prevalence of VHL germline mutations in appa-
rently sporadic ELSTs is unknown, because the existing
data are based on low case numbers.11,19,24–32 The preva-
lence of VHL germline mutations in sporadic ELSTs in
our registry is 39%. Because of the high prevalence of
VHL in all presentations of ELST, it is important that all
patients with ELST are screened for germline mutations
in the VHL gene. It is standard of care in clinical cancer
genetics to offer germline genetic analysis when the prev-
alence of germline mutation is >10%. The first such
example is for medullary thyroid carcinomas, in which
10% to 25% of all apparently sporadic presentations har-
bor germline RET mutations, making the diagnosis of
multiple endocrine neoplasia type 2.33

Endolymphatic sac tumors can be first presentations of
von Hippel-Lindau

Because of the above-mentioned lack of a larger cohort
of patients with sporadic ELSTs, we were able to confirm
and emphasize the tendency of reported characteristics
and differences of sporadic and VHL-associated ELSTs
by published reviews of the literature. Patients with VHL-
associated ELSTs were younger than patients with spo-
radic ELSTs. However, in our study, patients with VHL-
associated ELSTs were older than expected with a median
30 years at presentation; instead of the given 22 years
found in the literature.15 Almost all patients with ELSTs,
independent of mutation status, were symptomatic.
Although bilateral occurrence of ELST is a strong indica-
tor for VHL-associated disease, this only represented 19%
in our registry compared to up to 30%.15,17 Importantly,
32% of all our patients with VHL-ELST presented with
ELST as the first symptom heralding VHL. Thus, all
ELST presentations should be referred to genetics profes-
sionals for evaluation of unsuspected VHL.

Why it is important to identify von Hippel-Lindau among
endolymphatic sac tumors and to identify endolymphatic
sac tumors in patients with von Hippel-Lindau

Our data revealed a 39% prevalence of VHL germline
mutations among sporadic ELSTs; similarly, a prevalence
of 3% to 16% of ELSTs occurred in patients with VHL,
and ELST can be the first manifestation of VHL disease
in over one third of patients with VHL. These observa-
tions underscore the importance of early diagnosis of
VHL-associated ELSTs, preferably with VHL germline
mutation analysis in all apparently sporadic ELSTs cases
and regular surveillance for patients with VHL. Because
there are no specific genotype-ELST correlations, it
would seem that any given mutation of the VHL gene can
predispose to ELSTs. Therefore, all patients with VHL
should have regular clinical screening for ELSTs. VHL is
an autosomal dominant disorder and, in addition to
ELST, predisposes to a variety of visceral and CNS neo-
plasias, such as hemangioblastomas of the CNS and the
retina, pheochromocytomas, renal cell tumors, and neuro-
endocrine pancreatic tumors.7–12 Thus, finding VHL in a
patient with ELST would enable routine high-risk surveil-

lance for all neoplasias of VHL disease with the possibil-
ity of an increase in life expectancy and an improvement
in quality of life, the major goals of an effective preven-
tive medicine strategy.

Equally important is the possibility of a curative com-
plete tumor resection and preservation of hearing acuity,
which is crucial in these patients, especially considering the
combined additional deficiencies of vision loss and gait dis-
turbances and their immense impact on quality of life.
Additionally, identifying VHL disease offers the possibility
of early detection of asymptomatic mutation carriers in the
setting of genetic counseling. Patients with VHL disease
should undergo age-related surveillance protocols through-
out their life. A thorough physical and audiology assess-
ment, the measurement of 24-hour urinary metanephrines
or plasma metanephrines, a regular retinal investigation by
ophthalmoscopy, and the performance of an MRI of the
abdomen and CNS with attention to the inner ear and pet-
rous bone are the cornerstones of an interdisciplinary diag-
nostic protocol. Given that, neoplasias because of genetic
predisposition occur at an earlier age, not being able to pro-
actively screen typically results in advanced disease and
often unresectable disease. The latter are costly both in life-
years, societal costs, and true costs, all of which can be
mitigated by identifying VHL gene carrier status and begin-
ning prospective clinical surveillance.

Once the diagnosis of VHL has been established,
contrast-enhanced MRI of the petrous bone must be part
of surveillance with yearly recommended checkups. The
costs do not exceed those of a “normal” MRI of the
brain. In any case, with evidence or suspicion for an
ELST, surgeons specialized in operations of the inner ear
have to be involved. This is a unique strategy for early
recognition of ELSTs. Any detected ELST should be
removed whenever possible for curative intent and to pre-
vent deafness.

REFERENCES
1. Gl€asker S, Lonser RR, Tran MG, et al. Effects of VHL deficiency on endo-

lymphatic duct and sac. Cancer Res 2005;65:10847–10853.
2. Lonser RR, Baggenstos M, Kim HJ, Butman JA, Vortmeyer AO. The ves-

tibular aqueduct: site of origin of endolymphatic sac tumors. J Neurosurg
2008;108:751–756.

3. Megerian CA, McKenna MJ, Nuss RC, et al. Endolymphatic sac tumors:
histopathologic confirmation, clinical characterization, and implication in
von Hippel–Lindau disease. Laryngoscope 1995;105(8 Pt 1):801–808.

4. Kempermann G, Neumann HP, Volk B. Endolymphatic sac tumours. Histo-
pathology 1998;33:2–10.

5. Hassard AD, Boudreau SF, Cron CC. Adenoma of the endolymphatic sac.
J Otolaryngol 1984;13:213–216.

6. Heffner DK. Low-grade adenocarcinoma of probable endolymphatic sac
origin A clinicopathologic study of 20 cases. Cancer 1989;64:2292–2302.

7. Neumann HP, Wiestler OD. Clustering of features of von Hippel–Lindau
syndrome: evidence for a complex genetic locus. Lancet 1991;337:1052–
1054.

8. Lonser RR, Glenn GM, Walther M, et al. von Hippel–Lindau disease. Lan-
cet 2003;361:2059–2067.

9. Gaffey MJ, Mills SE, Boyd JC. Aggressive papillary tumor of middle ear/
temporal bone and adnexal papillary cystadenoma. Manifestations of von
Hippel–Lindau disease. Am J Surg Pathol 1994;18:1254–1260.

10. Richard S, David P, Marsot–Dupuch K, Giraud S, B�eroud C, Resche F.
Central nervous system hemangioblastomas, endolymphatic sac tumors,
and von Hippel–Lindau disease. Neurosurg Rev 2000;23:1–22; discussion
23–24.

11. K€unzel J, Agaimy A, Hornung J, et al. Sporadic endolymphatic sac tumor–
a diagnostic and therapeutic challenge. Int J Clin Exp Pathol 2014;7:2641–
2646.

12. Poulsen ML, Gimsing S, Kosteljanetz M, et al. von Hippel–Lindau disease:
surveillance strategy for endolymphatic sac tumors. Genet Med 2011;13:
1032–1041.

BAUSCH ET AL.

678 HEAD & NECK—DOI 10.1002/HED APRIL 2016



13. Latif F, Tory K, Gnarra J, et al. Identification of the von Hippel–Lindau
disease tumor suppressor gene. Science 1993;260:1317–1320.

14. Choo D, Shotland L, Mastroianni M, et al. Endolymphatic sac tumors in
von Hippel–Lindau disease. J Neurosurg 2004;100:480–487.

15. Manski TJ, Heffner DK, Glenn GM, et al. Endolymphatic sac tumors. A
source of morbid hearing loss in von Hippel–Lindau disease. JAMA 1997;
277:1461–1466.

16. Lonser RR, Kim HJ, Butman JA, Vortmeyer AO, Choo DI, Oldfield EH.
Tumors of the endolymphatic sac in von Hippel–Lindau disease. N Engl J
Med 2004;350:2481–2486.

17. Megerian CA, Haynes DS, Poe DS, Choo DI, Keriakas TJ, Glasscock ME III.
Hearing preservation surgery for small endolymphatic sac tumors in patients
with von Hippel–Lindau syndrome. Otol Neurotol 2002;23:378–387.

18. Butman JA, Kim HJ, Baggenstos M, et al. Mechanisms of morbid hearing
loss associated with tumors of the endolymphatic sac in von Hippel–Lindau
disease. JAMA 2007;298:41–48.

19. Timmer FC, Neeskens LJ, van den Hoogen FJ, et al. Endolymphatic sac
tumors: clinical outcome and management in a series of 9 cases. Otol Neu-
rotol 2011;32:680–685.

20. Neumann HP, Bausch B, McWhinney SR, et al. Germ-line mutations in
nonsyndromic pheochromocytoma. N Engl J Med 2002;346:1459–1466.

21. Klein B, Weirich G, Brauch H. DHPLC-based germline mutation screening
in the analysis of the VHL tumor suppressor gene: usefulness and limita-
tions. Hum Genet 2001;108:376–384.

22. Hes FJ, van der Luijt RB, Janssen AL, et al. Frequency of Von Hippel–Lin-
dau germline mutations in classic and non-classic Von Hippel–Lindau dis-
ease identified by DNA sequencing, Southern blot analysis and multiplex
ligation-dependent probe amplification. Clin Genet 2007;72:122–129.

23. Wind JJ, Lonser RR. Management of von Hippel–Lindau disease-
associated CNS lesions. Expert Rev Neurother 2011;11:1433–1441.

24. Bell D, Gidley P, Levine N, Fuller GN. Endolymphatic sac tumor (aggres-
sive papillary tumor of middle ear and temporal bone): sine qua non
radiology-pathology and the University of Texas MD Anderson Cancer
Center experience. Ann Diagn Pathol 2011;15:117–123.

25. Hamazaki S, Yoshida M, Yao M, et al. Mutation of von Hippel–Lindau
tumor suppressor gene in a sporadic endolymphatic sac tumor. Hum Pathol
2001;32:1272–1276.

26. Jensen RL, Gillespie D, House P, Layfield L, Shelton C. Endolymphatic
sac tumors in patients with and without von Hippel–Lindau disease: the
role of genetic mutation, von Hippel–Lindau protein, and hypoxia inducible
factor-1alpha expression. J Neurosurg 2004;100:488–497.

27. Nevoux J, Nowak C, Vellin JF, et al. Management of endolymphatic sac
tumors: sporadic cases and von Hippel–Lindau disease. Otol Neurotol
2014;35:899–904.

28. Poletti AM, Dubey SP, Barb�o R, et al. Sporadic endolymphatic sac tumor:
its clinical, radiological, and histological features, management, and fol-
low-up. Head Neck 2012;35:1043–1047.

29. Vortmeyer AO, Huang SC, Koch CA, et al. Somatic von Hippel–Lindau
gene mutations detected in sporadic endolymphatic sac tumors. Cancer Res
2000;60:5963–5965.

30. Mukherji SK, Castillo M. Adenocarcinoma of the endolymphatic sac:
imaging features and preoperative embolization. Neuroradiology 1996;38:
179–180.

31. Pallanch JF, Weiland LH, McDonald TJ, Facer GW, Harner SG. Adenocar-
cinoma and adenoma of the middle ear. Laryngoscope 1982;92:47–54.

32. Rodrigues S, Fagan P, Turner J. Endolymphatic sac tumors: a review of the
St. Vincent’s hospital experience. Otol Neurotol 2004;25:599–603.

33. American Thyroid Association Guidelines Task Force, Kloos RT, Eng C,
et al. Medullary thyroid cancer: management guidelines of the American
Thyroid Association. Thyroid 2009;19:565–612.

CHARACTERIZATION OF ENDOLYMPHATIC SAC TUMORS AND VON HIPPEL–LINDAU DISEASE

HEAD & NECK—DOI 10.1002/HED APRIL 2016 679


