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Object. The goals of this study were to define the natural history and growth pattern of hemangioblastomas of the cen-
tral nervous system (CNS) that are associated with von Hippel—Lindau (VHL) disease and to correlate features of heman-
gioblastomas that are associated with the development of symptoms and the need for trestment.

Methods. The authors reviewed serial magnetic resonance images and clinical histories of 160 consecutive patients with
VHL disease who harbored CNS hemangioblastomas and serially measured the volumes of tumors and associated cysts.

Six hundred fifty-five hemangioblastomas were identified in the cerebellum (250 tumors), brainstem (64 tumors, all of
which were located in the posterior medulla oblongata), spinal cord (331 tumors, 96% of which were located in the poste-
rior half of spinal cord), and the supratentoria brain (10 tumors). The symptoms were related to a mass effect. A seriad in-
crease in hemangioblastoma size was observed in cerebellar, brainstem, and spinal cord tumors as patients progressed from
being asymptomatic to symptomatic and requiring surgery (p < 0.0001). Twenty-one (72%) of 29 symptom-producing
cerebellar tumors had an associated cyst, whereas only 28 (13%) of 221 nonsymptomatic cerebellar tumors had tumor-as-
sociated cysts (p < 0.0001). Nine (75%) of 12 symptomatic brainstem tumors had associated cysts, compared with only
four (8%) of 52 nonsymptomatic brainstem lesions (p < 0.0001). By the time the symptoms appeared and surgery was re-
quired, the cyst was larger than the causative tumor; cerebellar and brainstem cysts measured 34 and 19 times the size of
their associated tumors at surgery, respectively. Ninety-five percent of symptom-producing spinal hemangioblastomas
were associated with syringomyelia.

Theclinical circumstance was dynamic. Among the 88 patients who had undergone serial imaging for 6 months or long-
er (median 32 months), 164 (44%) of 373 hemangioblastomas and 37 (67%) of 55 tumor-associated cysts enlarged. No tu-
mors or cysts spontaneously diminished in size. Symptomatic cerebellar and brainstem tumors grew at rates six and nine
times greater, respectively, than asymptomatic tumors in the same regions. Cysts enlarged seven (cerebellum) and 15
(brainstem) times faster than the hemangioblastomas causing them. Hemangioblastomas frequently demonstrated a pattern
of growth in which they would enlarge for aperiod of time (growth phase) and then stabilize in a period of arrested growth
(quiescent phase). Of 69 patients with documented tumor growth, 18 (26%) harbored tumorswith at least two growth phas-
es. Of 160 patients with hemangioblastomas, 34 patients (median follow up 51 months) were found to have 115 new hem-
angioblastomas and 15 patients new tumor-associated cysts.

Conclusions. In this study the authors define the natural history of CNS hemangioblastomas associated with VHL dis-
ease. Not only were cysts commonly associated with cerebellar, brainstem, and spinal hemangioblastomas, the pace of en-
largement was much faster for cysts than for hemangioblastomas. By the time symptoms appeared, the majority of mass
effect—producing symptoms derived from the cyst, rather than from the tumor causing the cyst. These tumors often have
multiple periods of tumor growth separated by periods of arrested growth, and many untreated tumors may remain the
same size for several years. These characteristics must be considered when determining the optimal timing of screening
for individual patients and for evaluating the timing and results of treatment.
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von Hippel—Lindau disease

in Man No. 193300) is a multisystem familial can-
cer syndrome, which is inherited as an autosomal-
dominant trait with a greater than 90% penetrance and an
annual incidence of one per 36,000 live births.>> Common

V oN Hippel—Lindau disease (Mendelian Inheritance

Abbreviations used in this paper: CNS = central nervous system;
MR = magnetic resonance; NIH = National Institutes of Health;
PDGF = platelet-derived growth factor; SD = standard deviation;
VEGF = vascular endothelia growth factor; VHL = von Hippel—
Lindau.
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manifestations of VHL disease include retina and CNS
hemangioblastomas, rena cysts and carcinoma, pheochro-
mocytomas, pancreatic neuroendocrine tumors, endolym-
phatic sac tumors, and papillary cystadenomas of the
epididymis. If a family history of retinad or CNS heman-
gioblastoma exists, only one hemangioblastoma or viscerd
lesion needs to be identified to grant the diagnosis of VHL
disease.®® For patients without a family history of this dis-
ease, two or more hemangioblastomas or one hemangio-
blastoma and one visceral lesion are sufficient to determine
the diagnosis.® A method of VHL gene mutation analysisis

J. Neurosurg. / Volume 98 / January, 2003



Hemangioblastomas of the CNS in patients with VHL disease

available and may also be used for genetic testing within
families with VHL disease®

Hemangioblastomas, which can occur throughout the
neural axis, are benign vascular tumors composed of endo-
thelial and stromal cell components.t” Hemangioblastomas
have been reported to occur in the cerebellumin 44 to 72%
of patients with VHL disease, whereas such lesions in the
spine are reported to occur in 13 to 44% of patients with
the disease. 0227 Unlike cerebellar hemangioblastomas, of
which only 5 to 31% of tumors are said to be associated
with this disease, 80% of spinal cord hemangioblastomas
occur with VHL disease.?#

Treatment of hemangioblastomas associated with VHL
disease, whether performed surgically or with radiosurgery,
is more likely to be successful and without complication
when the tumor or its associated cyst is small. The devel-
opment of MR imaging has permitted the sensitive detec-
tion of CNS hemangioblastomas in patients with VHL dis-
ease.t7101114 Nevertheless, which lesions require treatment
and the optimal timeto treat them depend on the natural his-
tory of these tumors, and this has not previoudy been
addressed. The distinct margins, intense contrast enhance-
ment, and spherical shape of hemangioblastomas on MR
images permit the accurate and reliable measurement of tu-
mor volumes and longitudinal assessment of these lesions.
This alows us to measure any enlargement due to tumor
progression or a reduction in tumor size caused by a re-
sponse to trestment.

To define the naturd history and growth pattern of CNS
hemangioblastomas associated with VHL disease and to
identify featuresthat will help predict if aspecific hemangi-
oblastoma will progress from an asymptomatic to a symp-
tom-producing lesion that requires therapy, we reviewed se-
rial MR imaging studies of 160 consecutive patients with
VHL disease who harbored CNS hemangioblastomas and
correlated the MR imaging findings with the patients’ clini-
ca condition at the time of each imaging study.

Clinical Material and Methods
Patient Population and Imaging

The clinical charts and MR images of al patients with
VHL disease who were evaluated at the NIH between Jan-
uary 1986 and January 1997 were reviewed. All MR imag-
es of the head and spine were evauated separately by two
authors (JEW. and R.R.L.) for hemangioblastomas and
associated cysts. To avoid misinterpretation of ablood ves-
sel imaged in cross section as atumor, the arbitrary thresh-
old size for tumor detection was defined as 0.3 cm in di-
ameter. A lesion thus had to be at least 0.3 cm wide to be
included in this analysis. Maximum lesion diameters were
measured in three planes and lesion volumes were approx-
imated using the following formula: volume = (length X
width X height) X 0.5.2 Patients charts were evaluated
for documentation of their neurological condition at each
follow-up examination and the neurological status of each
patient was correlated with findings on MR images of the
head and spine that were obtained at that visit. Tumor and
cyst sizeswere recorded when patients were asymptomatic,
symptomatic, and at the time of surgery (which was gener-
aly performed when symptoms and signs were present).
Tumor growth rates were determined by measuring chang-
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es in tumor volume over time on serial MR images when
patients were asymptomatic and just before surgery. A de-
tailed description of the MR imaging techniques has been
reported.®

It should be noted that the number of patientsincluded in
this report does not correspond to those of other reports
from our group at the NIH inthisissue. During the past sev-
era years we have removed 329 hemangioblastomas from
patients with VHL disease at the NIH. Theinterval covered
by this report and those of the reports by Lonser, et d.,?
Well, et a.,* and Pluta, et al.,* began and ended at different
times during this experience.

Satistical Analysis

Statistical analyses were performed in the manner de-
fined in Results. Statistical significance was determined by
a probability value less than 0.05. All mean data presented
in this report represent means = SD.

Results
Patient Characteristics

Two hundred thirty-one patients were identified who met
the criteriafor the diagnosis of VHL disease, of whom 160
(69%) had CNS hemangioblastomas (79 femae and 81
mal e patients). The mean age of the patients at the time of
presentation to the NIH was 33.4 £ 10.2 years. In the pa-
tients with VHL disease who harbored hemangioblastomas
of the CNS, additiona organ systemswereinvolved includ-
ing the following: kidney (81% of cases), retina (68% of
cases), pancreas (55% of cases), epididymis (30% of cas-
es), adrenal gland (15% of cases), and endolymphatic sac
(9% of cases). The high percentage of patients with CNS
hemangioblastomas who aso harbored renal tumors almost
certainly reflects a patient-referral selection bias derived
from a particular interest in patients with VHL disease and
kidney tumors that existed a the NIH during much of the
time interval of this study. The mean MR imaging obser-
vation period for al patients with CNS hemangioblasto-
maswas 21 = 27 months (median 7.5 months) and that for
88 patients with at least 6 months follow up was 37 + 24
months (median 32 months).

Tumor and Cyst Distribution

Among the 231 patients diagnosed with VHL disease,
hemangioblastomas were detected in the cerebellum, brain-
stem, spinal cord, and supratentoria brainin 47, 22, 53, and
4% of patients, respectively, whereas cerebellar and brain-
stem cysts and spinal cord syringomyeliawere noted in 22,
5, and 15% of patients, respectively (Fig. 1A). Thedistribu-
tion of the 655 hemangioblastomas identified by MR im-
aging in the 160 patients with VHL was as follows. 250
cerebellar hemangioblastomasin 108 patients (68% of 160
patients with hemangioblastomas); 64 brainstem lesions in
50 patients (31% of patients with hemangioblastomas);
331 gspinal cord lesions in 122 patients (76% of patients
with hemangioblastomas); and 10 supratentorial lesions
in 10 patients (6% of patients with hemangioblastomas)
(Fig. 1B).

There was adistinct pattern of distribution among the su-
pratentorial, brainstem, and spinal tumors. Three (30%) of
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Fic. 1. Bar graphs demonstrating the distribution of 655 hemangioblastomasin 160 patients with confirmed VHL dis-
ease in whom there was CNS involvement of at least one hemangioblastoma. A and B: Distribution by the percentage
of patients affected (A) and by the number of hemangioblastomas affecting various regions of the CNS (B). C: Thereis
apreferentia distribution of hemangioblastomasin therostra portions of the spinal cord.  D: Ninety-six percent of spina
hemangioblastomas are located in the posterior haf of the spinal cord.

the 10 supratentorial tumors were located in the region of
the tuber cinereum and all 64 brainstem tumors were locat-
ed in the posterior medulla oblongata; 37 (58%) of the 64
brainstem lesionslay precisely within the region of the obex
and area postrema, the specific site within the entire CNS
that is most commonly affected by a hemangioblastoma.
There was a tendency on the part of spinal tumors to be
distributed more rostrally. Of the 331 spina cord heman-
gioblastomas, there were 141 cervica (43%), 154 thoracic
(47%), and 36 lumbar (11%) tumors. The average number
of tumors per vertebral segment of spine diminished from
the cervical through the thoracic and lumbar areas (Fig.
1C). Almost al spinal tumors were located in the posterior
half of the spinal cord (96%); in only 13 (4%) of the 331
spinal tumors was the epicenter of the lesion located in the
ventral half of the spinal cord (Fig. 1D).

Of the 160 patients with tumors, 33 harbored a single tu-
mor and 127 had multiple tumors. Of the 127 patients with
multiple tumors, in 25 patients al tumors were confined to
asingle region, in 73 patients two regions of the neuraxis
were involved, and in 29 patients three regions were in-
volved. Thus, there was no tendency for lesionsto cluster in
the same region or anatomica site in the same patient.

Cysts were frequently associated with hemangioblasto-
mas, regardless of tumor location (Fig. 2A). Occasionally
multiple cysts were found in the cerebellum, brainstem, and
spind cord in patients with multiple tumors. For instance,
among 56 patients who harbored 77 cerebellar cysts, 12 pa
tients had two cysts, two had three cysts, and one had five
cysts. Thirty-nine (32%) of the 122 patients with spind
cord hemangioblastomas had tumor-associated cysts.
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Clinical Findings

During the period of imaging review, 81 operations were
performed for resection of hemangioblastomas. Of these
81 operations, 23 (28%) were scheduled for remova of
cerebellar tumors, 10 (12%) for remova of brainstem tu-
mors, two (2%) for removal of supratentoria tumors, and
46 (57%) for resection of spinal hemangioblastomas (24
cervical [30% of al operations], 18 thoracic [22%)], and
four lumbosacral [5%] lesions). Although patients without
symptoms rarely underwent surgery because of concerns
about the large size and associated mass effect of a tumor
and/or its associated cyst, most patients (76 patients, 93%)
were symptomatic at the time of surgery. Patients with cer-
ebellar lesions presented with gait ataxia (64%), dysme-
tria (64%), headaches (12%), diplopia (8%), vertigo (8%),
and/ or emesis (8%). Those with brainstem lesions present-
ed with hypesthesia (55%), gait ataxia (22%), dysphagia
(22%), hyperreflexia (22%), headaches (11%), and/or dys-
metria (11%). Patients with spina cord tumors present-
ed with hypesthesia (83%), weakness (65%), gait ataxia
(65%), hyperreflexia (52%), pain (17%), and/or inconti-
nence (14%).

Relationship Between Tumor and Cyst Sizes and Their
Relative Contributions to Symptoms

Tumor Sze and Symptoms. The appearance of symptoms
was related to the volume of the mass effect of the lesion.
Asexpected, aseria increasein the size of ahemangioblas-
tomawas observed in cerebellar, brainstem, and spinal cord
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lesions, as patients progressed from being asymptomatic to
symptomatic (Fig. 3A; p < 0.0001, p < 0.01, and p <
0.0001 for the cerebellum, brainstem, and spind cord, re-
spectively; unpaired t-test). In addition, the development
of symptoms also was related to the size of the space avail-
able to accommodate a space-occupying lesion and its as-
sociated mass effect in the affected anatomical compart-
ment. At thetime of surgery, cerebellar hemangioblastomas
(mean tumor volume 3.4 = 6.8 cm®) were much larger than
those lesions in the brainstem or spina cord (mean tumor
volumes 0.7 = 0.5 cm?, and 0.8 = 1.8 cn®, respectively;
Fig. 3A).

Importance of the Cyst for the Development of Symptoms.
Most symptomatic tumors were associated with acyst (Fig.
2), and in most instances the cyst was larger than the tumor
associated with it (Figs. 3B and C, and 4). Among the 250
cerebellar hemangioblastomas, 29 (12%) were associated
with symptoms by the time the tumor or its associated cyst
had reached pesk size; 21 (72%) of these symptom-produc-
ing tumors had an associated cyst that was primarily re-
sponsible for the symptoms. On the other hand, only 28
(13%) of the 221 cerebellar tumors that remained asymp-
tomatic had tumor-associated cysts (p < 0.0001; chi-square
test). Similarly, 12 (19%) of the 64 brainstem tumors were
associated with symptoms; nine (75%) of these 12 tumors
had associated cysts, compared with an incidence of cysts
inonly four (8%) of the 52 brainstem tumors, which did not
produce symptoms (p < 0.0001; chi-square test).

Almost al symptom-producing spinal hemangioblasto-
mas had associated syringomyelia (Figs. 2B and 5). Be-
cause many patients harboring a spina hemangioblastoma
have multiple tumors, in some patientsit was difficult to es-
tablish which tumor was producing the symptoms or which
was responsible for asyrinx. To ensurereliable anaysiswe
examined the relationship between the presence of a syrinx
and the devel opment of symptomsonly in patientsin whom
it was clear which tumor was responsible for the symptoms
or syrinx. Among the 257 tumors that could be evaluated,
there was a significant correlation between the presence of
symptoms and the presence of a syrinx (p < 0.0001; chi-
square test).

When tumor-associated cysts were present, they account-
ed for most of the mass burden; the ratios of the average
volume of cysts associated with cerebellar and brainstem
tumorsto the average volume of the hemangioblastomasre-
sponsible for the cyst were 4.3 and 12.3, respectively. By
the time symptoms occurred and surgery was required, the
cyst was usualy much larger than the tumor causing it
(Figs. 3B and C, and 4). This could be accurately quanti-
fied for cerebellar and brainstem tumors, which measured
14.6 = 135 cm? and 8.6 + 15.2 cmd, respectively, at the
time of surgery, whereas cerebellar and brainstem cysts av-
eraged 34 (median 5.4) and 19 (median 2.4) times the size
of their associated tumors (Figs. 3B and C, and 4). A simi-
lar circumstance appeared to occur with the spinal tumors,
although it could not be accurately quantified because of
theinability to obtain reliable measurements of cyst volume
on MR images retrospectively.? Because patients frequent-
ly harbored multiple lesions or cysts in the same region, the
overdl mass burden to the patient was reflected by the sum
of all tumor and/or cyst volumes within an anatomical re-
gion; when symptoms appeared, this overall mass averaged
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Fic. 2. Bar graphs demonstrating the distribution of cysts. Many

patients (A) and hemangioblastomas (B) had associated cysts (gray

portion of bar indicates associated cyst). Most symptom-producing
hemangioblastomas had an associated cyst.

16.8 = 14.1 cmB in the cerebellum and 9.1 = 13 cmB in the
brainstem (Fig. 3B and C).

Induction of a Cyst by a Hemangioblastoma is Related to
Tumor Sze

The production of acyst by atumor was significantly as-
sociated with tumor size in the cerebellar, brainstem, and
spind tumors (all p < 0.0001; Mann—Whitney test) (Fig. 5).
There was considerable overlap in the range of tumor sizes
with and without a cyst in dl three anatomical zones, how-
ever (Fig. 5B and C). Although the accurate prediction of a
cyst could not be made based on aspecific tumor sizein any
anatomical region, in the cerebellum there was a transition
in the incidence of an associated cyst from 30 to 50% when
the tumor size increased from the 400 to 600—mm? range to
the 600 to 800—mm? range (10-12-mm diameter, Fig. 6A).
In the brainstem this transition occurred when the lesion
reached asize of approximately 500 mm? (10-mm diameter,
Fig. 6B). With spina hemangioblastomas the incidence of
an associated cyst increased progressively astumor sizein-
creased, but there was no abrupt transition in the likelihood
of producing an associated cyst at any tumor size (Fig. 6C).

Tumor and Cyst Growth and Rate of Growth
Tumor and Cyst Growth. Although some tumors enlarged,
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Fic. 3. Bar graphs showing mean hemangioblastoma volumes in the cerebellum, brainstem, and spina cord when
patients were asymptomatic, symptomatic, and at the time of surgery (means = SDs). The number of patients is indicat-
ed by the numbers beneath each column.  A: The development of symptoms and the need for treatment is associated with
tumor size in the cerebellum, brainstem, and spina cord. Note that the size required for symptom production is larger in
the cerebellum than in the brainstem or the spinal cord. B and C: The average volumes of cerebellar and brainstem cysts
are considerably larger than those of the hemangioblastomas, regardiess of whether the lesion produced symptoms. The
cyst size and the total regional mass (see text) increases as patients became symptomatic and at surgery (spina tumors are
not included because the size of the cyst [syrinx] associated with a spinal tumor could not be measured accurately). D:
Maximum hemangioblastoma sizeis Smilar in patients without symptoms and in patients with stable myelopathy associ-
ated with previous hemangioblastomas and/or surgery. The average size is substantialy greater in tumors that produce
symptoms. Note that of 331 spina hemangioblastomas, in 27 cases it was unclear whether the lesion produced symptoms
because the patient was symptomatic from another cord lesion, in three cases the lesion was resected while there were no

symptoms, and in nine it was unknown if the lesion produced symptoms.

many did not grow larger during theinterval of observation.
The tendency for enlargement was greater for cyststhan for
hemangioblastomas. Among 88 patients who underwent se-
rial imaging for at least 6 months (mean 37 = 24 months;
median 32 months), 164 (44%) of 373 hemangioblastomas
and 37 (67%) of 55 tumor-associated cysts were document-
ed to have enlarged. In patients with 6 months or longer
follow-up review, 82 (52%) of 159 cerebellar tumors, 21
(55%) of 38 brainstem tumors, 54 (32%) of 167 spinal cord
tumors, and seven (78%) of nine supratentorial tumor dem-
onstrated growth. No tumors or cysts spontaneoudly dimin-
ished in size during the interval of observation.

Rates of Tumor and Cyst Growth. In al tumors in which
the size of the lesion was documented over time by seria
MR imaging, the overal growth rate (the change in volume
between the last assessment and the initial MR imaging da-
ta available for the lesion divided by the interval between
those two consecutive images) and the fastest growth spurt
(the most rapid change in volume between any two scans)
were determined (Figs. 7-10).

There were no significant differences in the growth rates
of hemangioblastomas in the cerebellum, brainstem, and
spind cord. The overall absolute rates of expansion and
theintervals of rapid growth in symptom-producing tumors
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and cysts were greater than those in their asymptomatic
counterparts (Fig. 7). The absolute rate of growth of symp-
tomatic tumors was 5.7, 8.7, and 1.7 times the rates of
asymptomatic tumorsin the cerebellum, brainstem, and spi-
nal cord (Fig. 7A), respectively. Therates of growth of cere-
bellar, brainstem, and spina hemangioblastomas associated
with cystswere significantly (p < 0.05) greater than therate
of tumorsin these areas that were not associated with cysts
(Fig. 7B).

Cysts enlarged a much higher rates than hemangioblas-
tomas (Fig. 8). Cerebellar and brainstem cysts grew at rates
averaging seven and 15 times greater, respectively, than
hemangioblastomas in these areas. Nevertheless, there was
no significant difference in the appearance of symptoms or
associated cysts and the relative rates of growth of tumors
during growth spurts (p > 0.3), suggesting that tumor size,
rather than rate of growth, was the predominant factor un-
derlying the association of changein tumor size with symp-
toms or acyst.

Patterns of Tumor Growth

Theclinica circumstance was dynamic in many patients.
Hemangioblastomas of the CNS frequently demonstrated a
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Fic. 4. Graphsdepicting relative volumes of hemangioblastomas and cystsinindividual patientsat surgery. Distribution
of individual tumor and cyst volumes and the ratios of cyst volume to the volume of the hemangi oblastoma associated with
it for cerebellar and brainstem tumors. The volumes of cerebellar (upper) and brainstem (lower) cysts were consistently
and significantly (note log scale) larger than those of the hemangioblastomas that caused them. Shown are 27 hemangio-
blastomasin the 23 patients who underwent surgery for cerebellar hemangioblastomas (five cerebellar hemangioblastomas
did not have associated cysts) and 12 hemangioblastomasin 10 patients who underwent surgery for brainstem hemangio-
blastomas (three brainstem hemangioblastomas did not have associated cysts). At the time of surgery the cerebellar and
brainstem cysts averaged 34 (median 5.4) and 19 (median 2.4) times the Size of their associated tumors.

two-step pattern of growth consisting of a period of time
during which the lesions enlarged (growth phase) followed
by a period of arrested growth (quiescent phase). Plotting
volumes of al lesions detected on serial MR imaging from
an individua patient displayed the characteristics of this
disease process, the tumors, and their associated cysts. Fig-
ure 9 demonstrates patients with multiple tumors, each with
multiple growth and quiescent phases. Patients harbored as
many as 14 simultaneous growing tumors and four cysts
from cerebellum, brainstem, and spinal cord regions, as ex-
emplified by the patient whose tumor and cyst growth pat-
terns are shown in Fig. 10. In some patients individual tu-
mors would abruptly begin a growth spurt after an interval
of stahility (Fig. 9), suggesting the acquisition of an addi-
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tional genetic event such as an additional mutation. In con-
trast, in many patients several tumors would enter growth
phases and phases of stability concurrently (Fig. 10), sug-
gesting systemic influences, perhaps hormona ones. Of
the 69 patients with documented tumor growth, 51 patients
(74%) harbored tumors with one growth phase, whereas 18
patients (26%) had tumorswith at least two growth phases.
Conversdly, gradua tumor growth without an associated
quiescent phase was observed in 34 patients (49%), where-
asin 35 patients (51%) the tumors had one or two quiescent
phases.

The number of growth phases correlated with the mean
follow-up time: 23 = 21 months for those patients harbor-
ing tumors with one growth phase and 57 =+ 19 months for
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considerable overlap of sizes of tumors with and without associated cysts in the spind cord, cerebellum, and brainstem
(B and C).
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those harboring lesions with two growth phases. Similarly,
the number of quiescent phases correlated with the mean
follow-up time. Patients having zero, one, or two quiescent
phases had mean follow-up timesof 19 = 21, 32 + 21, and
59 + 19 months, respectively. Thus, with alonger period of
observation the fraction of tumors with sequentia intervas
of growth and stability would have increased.

Formation of New Hemangioblastomas

One hundred fifteen new hemangioblastomas (41 cere-
bellar, 58 spinal, 13 brainstem, and three supratentorial) and
15 new tumor-associated cysts developed in 34 of the 160
patients with hemangioblastomas. The mean follow-up pe-
riod for these 34 patients was 45 + 26 months (median 51
months). The distribution of new lesions in the neuraxis
closely matched the distribution of all lesionsdescribed pre-
vioudly. Of the 88 patients with at least 6 months follow up
(mean 37 = 24 months, median 32 months), 32 patients
(36%) were found to harbor 110 new hemangioblastomas
and 10 patients (11%) to harbor 14 new tumor-associated
cysts. The mgjority of new tumors (55 [50%]) were spindl,
whereas 39 (35%) were cerebellar, 13 (12%) were brain-
stem, and three (3%) were supratentoria. All new cysts
were associated with a preexisting hemangioblastoma.

Most patients (102 of 160) had more than one region of
hemangioblastoma involvement. Of 115 new tumors, al
occurred in regions associated with previous or current tu-
mor involvement, except for 13 tumors in nine patients. In
those nine patients new tumors developed in regions that
previoudy had been uninvolved, including the brainstem
(five patients), spine (three patients), supratentoria region
(three patients), and cerebellum (one patient). Of the 34 pa-
tientswith new lesions, five patientsinitialy presented with
tumors from a single region. A supratentorial lesion devel-
oped in one patient with a cerebellar lesion, whereas one
patient with five cerebellar lesions was later found to have
two more cerebellar lesions and two spinal lesions. Two
spinal tumors developed in one patient with abrainstem le-
sion. A patient with one spinal tumor was found to have
three new spina tumors, two brainstem tumors, and a su-
pratentorial tumor, whereas another patient who original-
ly had four spina tumors was found to have four more
spinal tumors and one cerebellar tumor. Thus, there was no
discernable tendency for new lesions to cluster in a region
of previous involvement. Nevertheless, patients in whom
new tumors were found harbored an average of ninelesions
compared with 4.5 lesions per patient in those in whom no
new tumors devel oped.

Discussion

The natural history of CNS hemangioblastomas in pa
tientswith VHL disease has not been well characterized, a-
though the establishment of centers of special expertisein
the various aspects of VHL disease, the introduction of MR
imaging, and advancesin molecular genetics arefacilitating
the understanding of this disease process. Some of our find-
ings are consistent with observations previoudy reported,
whereas some of our observations differ substantially from
previous studies. The 69% rate of CNS hemangioblastomas
in patientswith VHL disease reported hereis comparable to
the 48 to 72% reported previoudly,022% gnd the age of the
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Tumor size and Presence of Cyst:
Cerebellar Tumors
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Fic. 6. Bar graphs showing the relationship between tumor size
and the presence of acyst/syrinx or edema.  A: Although accurate
prediction of acyst in any anatomica region could not be based on
any specific tumor size, in the cerebellum there is atrangtion in the
incidence of an associated cyst from 30 to 50% when the tumor size
increases from the 400 to 600-mm? range to the 600 to 800-mm?®
range (10-12-mmdiameter). B: Inthe brainstem thistransition oc-
curs when the tumor is approximately 500 mm? (10-mm diameter).
C: With spind hemangioblastomas the incidence of an associated
cyst increases progressively as tumor size increases, but there is no
abrupt transition in the likelihood of producing an associated cyst a
any tumor size,

patient at the first NIH presentation for VHL diseaseissim-
ilar to the mean age of diagnosis of this disease in patients
with CNS lesions (33 years) in other reports (range 30-34
years).10#% |n contrast, the 53% incidence of spind cord
hemangioblastomasin our patientswith VHL disease great-
ly exceeds the 13 to 15% rates described in previous stud-
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Fic. 7. Bar graphs showing the relationshi ps between the hemangioblastoma growth rate and the presence of symptoms
andan associated cyst.  A: Theoveral growth rate and the rate of growth during theinterval of most rapid growth (fastest
growth spurt) is greater in symptom-producing tumors than in tumors without associated symptoms.  B: The rate of
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averages seven to 15 times grester than the average growth rate of
hemangioblastomes.

ies, possibly reflecting the frequent, extensve MR imag-
ing performed at our center.2273t Although referral patterns
may have emphasized patient selection for patients with
spinal tumorsin aminor way, because the great majority of
patientsoriginated inthe NIH VHL Clinic, referral to which
only adiagnosis of VHL disease is required, it is unlikely
that referral patterns were a factor influencing the distribu-
tions observed here.

Natural History of Individual Tumors

The observations in this study indicate that these tumors
grow in an unpredictable manner. Through serial imaging,
we have demonstrated that 44% of hemangioblastomas and
67% of tumor-associated cysts will grow during a medi-
an of 32 months of follow up. Nevertheless, the growth of
many tumors occursfor aperiod of several monthsand then
stops for several months. Whereas acoustic neuromas dem-
ongtrate a truncated form of this behavior with single phas-
es of growth and subsequent stability of tumor volume on
serial imaging,** the finding of multiple sequential growth
and quiescent phases has not been described previoudy in
CNS hemangioblastomas. We observed up to two growth
periods and two quiescent periodsin 26 and 51% of patients
with growing tumors, respectively. The fact that additional
growth or quiescent phases were more likely to develop in
patients with longer follow-up periods suggests that these
tumors may have more than two phases of growth if ob-
served for a sufficiently long interval. It is unclear why
these tumors behave in this fashion, athough genetic and
humoral factors may play arole.

Genetic Factors. The VHL gene, which was sequenced
in 1993 and localizes to the short arm of chromosome 3
(3p25-26), is a tumor-suppressor gene.?* Each patient with
VHL disease inherits a germline mutation of the VHL gene
from the affected parent and a normal somatic (wild-type)
gene from the other parent. Applying Knudson's two-hit
hypothesis of tumorigenesis with tumor suppressor genes,*®
germline mutations of the VHL gene are present in al cells;
however, only those cells that undergo a deletion or muta-
tion of the remaining norma somatic alele and are con-
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Fic. 9. Graphs demongtrating growth and growth arrest of tu-
morsinindividual patients. Upper: Multiple phases of growth and
growth arrest in a patient harboring four cerebellar hemangioblas-
tomas. Note the simultaneous interval of growth arrest in three of
four tumors between 8 and 40 months (> 2.5 years of no growth),
which isfollowed by a period of growth. Lower: Multiple phases
of growth and growth arrest of hemangioblastomas in the obex and
spinal cord in a patient with VHL disease. Note the appearance of a
new tumor at the seventh thoracic level (T-7) at 36 months.

stituents of susceptible target organs, such as the kidney,
adrenal, pancreas, or CNS, develop into tumors.*#*® The
CNS, one of the target organs susceptible to somatic muta
tions, usually contains multiple hemangioblastomas. Thus,
aprerequisitefor tumor formation isloss of function of both
copies of the VHL tumor suppressor gene. Our data demon-
strate widely variable tumor growth rates. Our observations
aso indicate that many of these tumors do not enlarge at
all over years of careful and precise measurement, whereas
others either enlarge rapidly after an interval of no growth
or enlarge for severd months and then maintain a stable
size for many months or even years before growing again.
Furthermore, in some patients severa tumors enlarge S-
multaneously over aperiod of several months and then con-
currently stabilize. Moreover, an interval of rapid tumor
growth frequently occurswith small preexisting tumorsthat
have been stable for some time; these tumors aready had to
have homologous loss of function of the VHL gene to be-
come tumors. These growth patterns are difficult to explain
based simply on the sporadic occurrence of a disabling
event on the wild-type dlele producing tumor formation.
These patterns indicate additiona genetic events com-
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Fic. 10. Graphs demonstrating absolute and relative rates of growth of tumors and associated cystsin a patient with 14
hemangioblastomas (open symbols connected by solid lines) in the cerebellum, brainstem, and spina cord, four of which
were associated with cysts (solid symbols connected by dashed lines). Arrows indicate pairs of hemangioblastomas and
associated cysts (each color represents a pair). The linear graph displays the wide range of volumes and the absolute rate
of growth of theindividual tumors and cysts (left). The graph with the log scale on the ordinate shows a comparison of rel-
ative changes in tumor volumes over time and permits visuaization of the growth patterns of the smaller tumors. Notethe
pattern of intervals of growth separated by intervals of stable tumor size that last for as long as 3.5 years. The absolute
growth rate of cystsis much greater than that for the tumors associated with them, and the absolute rate of the change in
volumeis greater with larger hemangioblastomas (l€ft), but the relative change in size is similar for tumors and cysts and
for large and small tumors (right). Note aso the tendency for tumor and cyst growth to coincide. Termination of the line
representing alesion indicates excision of that lesion. New tumors arose during the interval of observation, asindicated by
the appearance of a new symbol after the observation period began.

bined with paracrine or hormonal factorsinfluencing tumor
growth and stability. Extensive analysis of renal cell car-
cinoma cells from patients with VHL disease has dem-
ongtrated multiple mutations within the single VHL gene
locus.88374548 |f hemangioblastoma cells aso have multi-
ple mutations within the VHL gene, variable expression of
these could lead to variable growth rates.**? New mutations
to an existing hemangioblastoma aso could ater its subse-
quent growth rate. Anaysis of somatic mutations in two
tumors with widely differing growth rates from asingle pa-
tient may, in fact, demonstrate differences in the types and
number of somatic mutations in the VHL gene or in other
genes that regulate cell replication. Acquisition of addition-
a genetic events affecting * promoter” genes may aso in-
fluence tumor growth.** Hormonal variation, such as that
which occurs with pregnancy and puberty, has been ad-
vanced as a modifier of hemangioblastoma growth.*® Sev-
eral authors have reported that hemangi oblastomas become
active during pregnancy,’®®33 and elevated progester-
one receptor immunoreactivity has been demonstrated in
these lesions.® Based on increased clinical activity, surveil-
lance protocols for patients with VHL disease call for more
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frequent follow-up examinations during the reproductive
y%rs-7,26,27

Loca growth factors such as VEGF, placental growth
factor, epidermal growth factor, and PDGF as well as their
respective receptors have been shown to be eevated in
hemangioblastomas, possibly influencing their growth.2404
The finding of dramatic upregulation of VEGF, a potent
endothelia growth factor with vascular permeability-induc-
ing activity, in stromal cellsand of the corresponding recep-
tors, VEGFR-1 and VEGFR-2, in tumor endothelia cells
indicates that angiogenesisand cyst formation in hemangio-
blastomas may be regulated with paracrine mechanisms.*4
Additionally, Bohling, et d.,? found that hemangioblastoma
stromal cells contain high levels of epidermal growth factor
receptor and PDGF receptor and endothelial cells have ee-
vated levels of placental growth factor, VEGF, and PDGF
receptor, indicating the potentia for autocrine and paracrine
loops regulating these tumors.

Implications for Treatment of Patients
With these noninvasive tumors, symptom productionisa
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product of lesion (tumor and its associated cyst) sizeand lo-
cation. Thisisthe case whether the lesion is in the cerebel-
lum, brainstem, or spine, and whether thelesion isaheman-
gioblastoma or its associated cyst. As might be expected,
the volume necessary to produce symptomsisaso areflec-
tion of the space available to accommodate a mass effect in
the anatomical compartment that is affected; much smaller
lesionsin the spinal cord and brainstem produce symptoms
than are required to produce symptoms in the cerebellum.
Furthermore, not only are cysts commonly associated with
cerebellar, brainstem, and spinal hemangioblastomas by the
time symptoms appear, the mgjority of the mass effect—pro-
ducing symptoms derives from the cyst rather than the tu-
mor responsible for the cyst. Moreover, the larger the tu-
mor, the more likely it isto produce an associated cyst; the
cyst grows at arate several times the rate of growth of the
tumor causing it, and it reachesavolumethat almost always
is severa times the volume of the causative tumor by the
time symptoms appear. Thus, in most instances it is the
cyst that produces most of the mass effect underlying the
symptoms and the need for treatment, and that is so wheth-
er the tumor islocated in the cerebellum, brainstem, or spi-
nal cord.

Because of theimportance of the cystsin the evolution of
these tumors from an asymptomeatic to a symptom-produc-
ing stage requiring treatment, and the fact that in our expe-
rience and that of others® the presence of a cyst associated
with a hemangioblastoma is a contraindication to treatment
with radiosurgery, it is important to identify features of a
hemangioblastoma that will predict the development of a
cyst and the need for treatment. Identification of such fea
tures would permit treatment of tumors at a smaler size,
allowing safer surgery or safer and more effective radio-
surgery, and it may permit trestment of agreater fraction of
tumors with radiosurgery if the tumors that will ultimate-
ly require treatment can be identified before cysts develop.
Thus, we examined tumor size and rate of growth aspredic-
tors of symptoms and of the association with a cyst. Al-
though absolute tumor size and the absolute rate of change
in tumor size were associated with symptoms and the pres-
ence of a cyst, there was a wide range of tumor sizes and
rate of change in tumor size with and without symptoms
and with and without associated cysts. No reliable threshold
tumor size or threshold rate of growth was identified that
reliably predicted an association with either symptoms or
acyst.

The pattern of growth and quiescence that we have ob-
served is aso important when interpreting the results of
treatment with radiosurgery or antiangiogenic therapy. Ste-
reotactic radiosurgery has recently been used as an dterna-
tive to surgica therapy for some hemangioblastomas.*5%
3335 Stability of tumor size has been used as a criteria for
response to therapy.”” Nevertheless, we observed many tu-
mors that had intervals during which no growth occurred,
and these intervals were often as long or longer than thein-
tervalsrequired after radiosurgery to determine whether ar-
rest of tumor growth indicates response to therapy. Thus,
absence of growth in many tumors after radiosurgery may
simply coincide with a quiescent phase of tumor growth
and may not represent a response to therapy at all.

Because of the extremely vascular nature of these tumors
and their high expression of VEGF (also known as vascular
endothelial growth and permesbility factor),244 they are
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potentially one of the most susceptible tumorsto antiantian-
giogenic therapies, and stability of tumor size also has been
proposed as acriterion for tumor response to antiangiogenic
therapy. The tendency of untreated tumors to have long in-
tervals of stability in size will also have to be considered in
that setting.

Understanding the course of hemangioblastoma growth
should aso influence the optimal interval of radiographic
and clinical follow up and the timing of therapeutic inter-
vention of these tumors. For instance, patients may need to
be monitored more frequently during intervals of tumor en-
largement or after appearance of a cyt, and less often dur-
ing intervals of stability.

Findly, severa important features of tumor growth, such
as the influence of puberty, pregnancy, menopause, aging,
and hormond therapy such as birth control pills could not
be addressed in this retrospective study, but will require a
prospective study that encompasses severa years. A pro-
spective study that should capture these important features
recently began at the NIH (National Institute of Neurologi-
ca Disorders and Stroke Protocol No. 00-N-0140).
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