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Summary

It is our hypothesis that low grade gliomas are the glial counterparts of other precancerous lesions such as
colon polyps and, therefore, suitable targets for chemoprevention. Steps in the molecular progression of glio-
mas have been described, indicating that an accumulation of abnormalities is required for progression Lo a
high grade and interruption of this progression might be possible. An animal model of chemical glial carcino-
genesis was uscd to test this hypothesis, Pregnant rats were injected intravenously with ENU (ethylnitrosou-
rea) on the 18th day of gestation to induce gliomas in the offspring, which were randomized to receive control
diet, dietl supplemented with vitamin A palmitate, or diet supplemented with N-acetylcysteine. Animals ex-
posed to ENUJ and recetving a control diet developed hrain fumars and had a shortened life expectancy
compared with rats unexposed to ENU. The animals treated with NAC showed no statistically significant
delay in the time to tumor and no change in the histologic grade of the tumors when compared with animals
receiving control diet, but the time to death from uny cause of NAC treated animals differed significantly from
untreated animals. Animals receiving high dose VA had statistically significantly prolonged time to tumor,
survived significantly longer than untreated animals, but had no reduction in the total number of tumors or
change in the histologic grade of their tumors. The theorctical basis of these resulis is likely duc to the putative
mechanism of action of these agents. These data indicate that glioma chemoprevention is possible and de-
serves further exploration.

Introduction low grade astrocytic tumors alone comprising as
much as 15% to 32% of surgical brain tumors |5, 6].
While a benign histologic picture, indolent growth,

and relatively prolonged survival arc characteristic

The annual incidence of primary malignant brain
tumors in the United States is estimated to be about

17,500 cases per year [1], of which 50 10 60% are ma-
lignant astrocytomas [2]. Despite many experimen-
tal protocols utilizing surgery, radiation, chemo-
therapy, immunotherapy, and other modalitics [3],
the treatment of these tumors has improved little in
the last 30 vears. Most of these tumors are inexora-
bly fatal, with 90% of Grade 111 and IV astrocytoma
patients dead within two years of diagnosis [4].
Low grade gliomas arc relatively common, with

of these lesions, their biologic behavior is unpre-
dictable [7-10]. Some lesions appear curable [9, 11,
12], but up to 85% of histologically identical low
grade tumors eventually develop anaplastic fea-
tures [9-11, 13] and progress o lake the life of the
patient [14], sometimes decades after diagnosis [8].

In recent years, some of the molecular events in
glial carcinogenesis have been elucidated and indi-
cate that an accumulation of genetic abnormalities,



30

including both gene loss and gain of function, is re-
quired for progression 1o a high grade malignancy
[see reviews in 15-19]. Because current treatment
for low grade gliomas is unsatisfactory and because
the progression from a low grade to a high grade
glioma appears to require the accumulation of addi-
tional genetic events, a potential treatment for low
grade gliomas might be designed to prevent the oc-
currence of the additional mutational events which
contribute o anaplastic transformation and there-
by maintain the indolent state of low grade glial tu-
mors. Such a treatment strategy would be called
chemoprevention, which has been defined as “the
administration of chemical agents to prevent the
initiational (mutational) and promotional ¢vents
that occur during the process of neoplastic devel-
opment’ [20] or the use of ‘chemical agents to re-
Verse, suppress, or prevent carcinogenic progres-
sion to invasive cancer’ [21]. The chemoprevention
strategy presupposes a multistep process of carci-
nogenesis (initiation, promotion, progression, clo-
nal cvolution) which can be interfered with at any of
these points [21].

While an enavmaus amount of animal chemopre-
vention rescarch has already been done [20,21], and
a number of human chemoprevention trials are al-
roady underway |20, 22, 23], little of this work has
been directed at central nervous system carcinoge-
nesis. A January, 1998 Medline literature scarch dis-
closes no references matching both ‘glioma’ and
‘chemoprevention’. This may be because the most
likely targets for chemoprevention trials are diseas-
es with easily detected precancerous lesions. A re-
cent review [23] lists 7 tumors and their precancer-
ous counterparts (in parentheses) as the subjcets of
ongoing chemoprevention trials: colorectal (adeno-
mas), prostate (carly stage or intraepithelial neo-
plasms), lung {(one primary at risk for a second),
breast (carcinoma in situ), bladder (caretnoma in si-
tu), oral (leukoplakia), and cervical (intraepithelial
neoplasia). It 1s our hypothesis that Grade II astro-
cytomas, oligodendrogliomas, and mixcd low grade
gliomas are the glial counterparts of these pre-
cancerous lesions and, therefore, suitable targets
for chemoprevention trials as well,

Because human low grade gliomas do not be-
come established in culture nor is there an in vitro

model of progression from low grade glioma to high
grade glioma, screening [or potential chemopre-
ventative agents requires an animal model. An ani-
mal model of central nervous system carcinngenesis
which may be suitable for screening chemopreven-
tative agents has been described. The offspring of
pregnantrats given asingle intravenous dose of eth-
yhiitrosourea (ENU) after the 12th day of gestation
develop malignant neuroectodermal tumors of the
cenlral and peripheral nervous systoms [24-20]. We
have established this model in our laboratory and
utilized it to screen a number of agents with puta-
tive chemopreventative activity against other tu-
mor types for the ability to prevent or delay the de-
velopment of gliomas. We report the results of this
cxperiment.

Materials and methods

All experiments were conducted with the approval
of the University of Michigan Comimnittee on the
Use and Care of Animals in accordance with NIH
regnlations in the care and handling of vertebrate
animals in experimental protocols. Twelve preg-
nant female Sprague-Dawley rats (average wt 325
20 o), ree of specific pathogens (Charles River,
Wilmington, Massachuselts) were injected with
75 mg/kg of a 0.1 M solution of ENU (Sigma, St.
Louis) dissolved in citric acid: disodium phosphate
buffer, pH 6.0immediately prior to injection via the
lateral tail vein on the 18th day of gestation as de-
scribed previousty [27, 28|, Four addilional preg-
nant animals received the buffer solution alongc.
The animals were allowed to deliver naturally, were
whelped by their natural mothers, and weaned at 21
days of age. Animals from ENU treated dams were
randomized to 3 groups by using a random number
table after stratifying by dam, and all amimals
housed in groups based upon sex and weight. The
three groups were vitamin A palmitate (VA), N-
acctyleysteine (NAC), observation alone.

Animals werc weighed weekly in all groups to
document growth rates. Chow and water consump-
tion were measured to document intake of chemo-
preventative agents. All animals had access to food
and water ad libitum. Control offspring were fed



standard lab chow containing approximately
15,000 TU vitamin A and 6.4 mg beta-carotene per
kg. This amount of total vitamin exceeds the recom-
mended minimum daily allowance for rodents and
allows for normal growth and longevity,

Administration of chemopreventative agents be-
gan after weaning at 21 days of age. VA treated ani-
mals receive standard chow supplemented with
150,000 1U vitamin A palmitate per kg as previously
deseribed [29]. This was accomplished by stirring
standard chow in an ethanol solution of Vitamin A
palmitate for 1.5 hours in the dark, during which
most of the cthanol evaporates. Control chow was
treated with ethanol alone. Treated offspring receiv-
ing NAC received dictary NAC {1% w/v in drinking
water) as previously described [30]. Water was
changed every 3 days to assurc stability of the com-
pound. Fresh batches of food and NAC solution
were preparcd at approximately one week intervals.

Control and treated offspring werc cxamined for
the type and distribution of tumors and for longev-
ity. Atmonthly inlervals approximately 6 animals (3
male, 3 temale) were randomly sclected, euthan-
ized, and brain and spinal cord removed. Samplcs
were fixed in 10% buffered formalin and processed
for paraffin sectioning (3-4 wm sections) and hema-
toxylin and cosin staining. Additionally, animals
displaying progressive neurclogic signs, weight loss,
and other decrements in normal health were eu-
thanized. Brains and spinal cords from these ani
mals were processed for histology as described
above. All surviving animals were sacrificed after
280 days of life.

All paraffin section were examined by a ncur-
pathologist (MB) blinded as to the treatment group
from which the specimens were derived. Each neo-
plasm was graded as low, intermediate, or high
grade based on the following critcria:

Low Intermediaie High

hypercellular, multi-
nucleated cells

low cellularity morc cellular

< 2 mitoscs > 1 mitoses conspicuous mitoses
no karvorrhexis karyorrhexis CONspicuous

present Karyorrhexis
no endothelisl endothelial conspicuous ende-

proliferation
NO NECrosis

proliferation
NO NECrosis

thelial proliferation
TECTORIS
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Statistical analysis was performed with the collab-
oration of a biostatisticlan (MS). Survival was ana-
lyzed by Kaplan-Meier statistics. Survival was mea-
sured from birth to decath with or without tumor.
Sacrificed animals were censored. The tumor inci-
dence rates were comparcd between groups using
two methods: one proposed by Malani and Van Ry-
zin [31] and the poly-3 test proposed by Bailer and
Porticr [32]. Both tests are based upon the chi-
squarcd distribution.

Results

Two hundred and four animals entered the trial dis-
tributed between groups as 51 control, 46 ENU, 36
ENU and VA, and 51 ENU and NAC. Weight gain
was similar in all 4 groups {(data not shown). No con-
trol animals died spontancously nor did any have
tumors of the brain or spinal cord visible at autopsy.
Eleven ENU animals, 8§ NAC animals, and 4 VA
animals were euthenized for deteriorating health or
died spontanecously. Kaplan-Meier survival curves
for the three treatment groups are shown in Figure
1. The three curves arc statistically significantly dif-
ferent from ech other by the logrank test withap =
0.0005. Similarly, the ENLT survival differed from
the NAC survival (p =0.0312) and also from the VA
survival (p = 0.0002).

Central nervous system tumors were first appar
ent m sacrificed animals in the ENU treated group
at 79 days of life (Figure 2). Both NAC and VA
treated auimals’ turnors were [irst apparenl at 165
days of life. with the proportion of tumors observed
at sacrifice still rising at 280 days. The time to death
or sacrifice with tumor present was compared be-
tween groups using the logrank test. We noted no
significant difference in time to ‘observed’ tumor
between NAC and ENU (p =0.1547). However, the
VA group appeared to have a longer time to ‘ob-
served’ tumor compared to the ENU group {p =
0.0001) and the NAC group (p =0.0048). We recog-
niz¢ that this analysisis [lawed due o the occult na-
ture of the tumor onset, the competing risk of non-
tumor mortality, and the differential effect of agents
on tumor lethality. These issues have been dis-
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Figure I. A) Kaplan-Meicr curves comparing probability of sur-
vival in all animals entering the trial receiving dietary vitamn A
palmitate (VA) or N-acetvleysteine (NAC) following an in utero
cxposure to ethylnitrosourca (ENUY. Logrank P valuc for NAC
verus ENU = 0.0312, for VA verus ENU = (L0002, and for NAC
versus VA = (0.1, * indicates censored animals due 1o interim sac-
rifice or rranma RY Numher of remaining living animals versus
time reflecting sacrifice or death secondary to illness or other
complications.

cussed in the literature by McKnight and Crowley
[33] and others [31, 32, 34].

The nonparametric methods of Malani and van
Ryzin [31], which test incidence rales in the pres-
ence of sacrificed animals, only assume the same
sacrifice scheme was used in all groups and that

there is no difference between groups in mortality
for animals without tumors. No significant differ-
ence in tumor incidence was detected between VA
and ENU (p = 0.6029) or NAC and ENU (p=
0.9592). However, itis known that this test performs
poorly when there are few observed natural deaths
in the intervals between sacrifices. Also, the high
proportion of sacrificed animals relative to the en-
tire cohort size probably adversely affected the
power Lo delect differences in incidence rales. We
also examined incidence rates using the Poly-3 test,
which is not affected by tumar lethality and adjusts
[or dilferential survival. Again, no dilference 1n in-
cidence of tumors over the study period was detect-
ed between VA and ENU groups (p = 0.5824) or be-
tween NAC and ENU (p = 0.8051). Although no
difference in tumor incidence was scen over the en-
tire study period, we wondered if the (imperfect)
analysis of time to ‘observable” tumor (tumor de-
tected by random sacrifice or when clinically symp-
tomaltic) might indicate a decrease in tumor lethal-
ity or delay in tumor onset, Using the standard {epi-
demiological} definition of incidence rate, the num-
her of new events over the total rat-days of
observation, the estimates of incidence rate are
0.2161,0.2270, and 0.2144 tumors per 100 days of ob-
servation for ENU, NAC, and VA respectively.
The total number of tumors in each group was
very similar when all animals whose tissues were
available for histopathology were considered:
34.1% (14/41) of the ENU animals, 37.5% (18/48) of
the NAC animals, and 41.1% (23/56) of the VA ani-
mals had histologically verified rumors. Of the 11
ENU animals which were euthanized (see Materi-
als and methods) or died spontaneously, 6 had hist-
ologically confirmed tumors, 3 had proptosis and
neurologic deficits prior to death but a central nerv-
ous system tumor was not found at autopsy, 3 had
histopathologic slides judged to be uninterpretable
duc to poor fixation, and 2 were necrotic secondary
to death several hours before discovery prohibiting
full examination. Of the 8 NAC animals which were
euthanized or died spontaneously, 4 had histolog-
ically verified tumors, 1 had neurologic deficits at
dcath but no central nervous system tumor was
found at autopsy, 2 died of trauma inflicied by cage-
mates, and 1 had necrosis at autopsy prohibiting full



Table 1. Number of animals with tumors and grading for cach
treatment group

Low Intermediate  High Total
ENU 3 6 5 14
NAC 6 10 2 18
RA 9 7 7 23
Total 18 23 14 55

Each animals tumor(s) were cxamined and graded as described
in the Materials and methods. In cascs of multiple grades the
highest grading was used. Using the Exact Kruskal-Wallis test,
pairwise comparisons for ENU vs. NAC {p = 0.1817); for ENU
versus RA (p = 0.4752).

examination. Of the 4 VA animals which were eu-
thanized or died spontaneousty, 3 had histologically
verified tumors and | had neurologic deficits but no
tumor found at autopsy.

Histologic slides of tumors were examined by a
neuropathologist (MB) and graded as low, interme-
diate, or high grade as described in Materials and
methods. Results are shown in Table 1. There was a
trend toward a higher percentage of low grade tu-
mors in the NAC and VA groups and higher per-
centage of intermediate and high grade tumors in
the ENTUJ group, but this did not reach statistical sig-
nificance (Exact Kruskal-Wallis test, p = 0.4088).

Discussion

The ENU model has been studied for more than 30
years [35], but to our knowledge has only rarcly
been utilized in a chemoprevention experiment [36,
37]. In the early work characterizing this model in
B X rats, brain tumors were not seen if the ENU
exposure came before the 12th day of gestation,
when teratogenic effects predominate over carcino-
genesis [38], Brain tumors increased in frequency
the laterin gestation the agent was given [25]. When
the injection was given on the 18th day of gestation,
the incidence of brain tumors approached 87% [26,
27]. The susceptibility period appears to corre-
spond to the major period of gliogenesis in the rat
brain [38]. The brain tumors induced by this carci-
nogen were reported to be mainly mixed gliomas,
astrocytomas, oligodendrogliomas, and ependymao-
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mas [26]. The median survival time of affected ani-
mals was 240 days [27]. Similarly, the offspring of
Sprague-Dawley rats given a single intravenous
dose of ENUJ on the twentieth day of gestation in-
duced neurogenic tumors in 100% of the offspring
with an average survival time of 211 days [28, 39].
Non-neural tumors comprised only 6.4% of the tu-
mors seen. In a number of reports, early histologic
changes can be seen in the periventricular zones of
ENU cxposcd animals as carly as the second month
of life [28, 35, 40-42].

The major mutagenic activity of ENU has been
reported 1o be due 1o DNA adduget formation at the
O-06 position of guanine, the misrepair of which re-
sults in a guanine Lo adenine alteration [38, 43-46].
A subsequent cell division prior to repair of the ad-
duct is necessary for persistence of the misrepair
[38]. The susceptibility of organs to ENU induced
carcinogenesis appears to be inversely related to
the organ’s ability to repair this DNA damage, with
the brain having a relatively poor ability to do so
with persistence of O-alkylated bases in the brain
for days to months [38, 46].

ENU has been reported to induce mutations in
the human p53 gene at hotspots [requently seen in
spontaneous human cancers and many of which are
guanine to adenine transition mutations [47]. In a
mouse model of in utero ENU exposure, homozy-
gous deletion of the p53 gene resulted in the accel-
erated appearance of brain tumors over wild type or
heterozygous mice, leading to the conclusion that
p53 loss may be an early event in brain tumor in-
duction by transplacenial carclirogen cxpusure [48].
Rat type 1 astrocyles exposed to ENU in vifro be-
come transformed when p53 mutant cells begin to
appeat, again implying that p33 mutation is impor-
tant in ENU carcinogenesis [49]. Other work sug-
gests involvement of the c-sis/PDGF system in
transformation after in ufero exposure to ENU [50].

Although the evidence of p33 mutation is strong,
the in vivo ENU model has not been otherwise well
characterized at the molecular level; therefore, it is
not known il tumors produced in this way progress
from low grade to high grade orif high grade tumors
appear de novo, or if both are likely. Early work
with this model found tumors at all stages of devel-
apment [?8]. Tissue culture sfudies of rat hrains ex-
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posed to ENU transplacentally has shown that ‘the
emergence of the malignant phenotype . . . is astep-
wise process which culminates in the concomitant
appearance of tumorogenicity and invasiveness’
[35]. As one third of the tumors we characterized
histologically were low grade, it is likely that at least
some of the high grade tumors progressed from
lower grade tumors in a process analogous to that
observed in human patients. ENU-induced rat glio-
mas have been thought o be a good model for hu-
man gliomas in general because they have been
noted to have many histologic and physiologic simi-
larities to human brain tumors [38]. Although the
ENU model is limited in its precise analogy to hu-
man low grade glioma progression, we are not
aware of any other cxperimental brain tumor sys-
tem which more closely models the human disease.

The total incidence of tumors in our experiment
was below the 87% to 100% reported by previous
authors [26-28, 39]. This is likcly to have been duc
at least in part to the regular sacrifice of animals
during the experiment which did not allow the
ENU-treated animals to live long enough tfor the
maximum number to develop tumars. Tn addition,
rat strains have been shown to differ in the inci-
dence of tumorsin this modcl and the precise day of
gestation and dose at which the ENU exposure is
made also affect the tumor yield [28, 39]. We chose
day 18 of gestation to be within the range previously
reported to be effective for Spraguc-Dawley rats
and a relatively high dose of ENU (75 mg/kg) to
shorten the latency to tumer appearance, but this
may not be the optimal day or dose for this partic-
ular Sprague-Dawley rat.

Approximately 2000 compounds have shown
some preclinical chemopreventative activity and at
least 35 randomized human trials of potential
agents have been conducted, most within the last 3
ycars [21]. A table of agents currently in preclinical
or clinical trials can be found in Lippman 1994 [21].
Chemopreventative agents generally fall into three
categories: 1)} carcinogen blocking (antimutagenic),
2) antiproliferative, and 3) antioxidant [23], or 1)
anti-initiation, 2) anti-promotion, or 3) anti-pro-
gression [21]. Because the ENTU model mandates
the use of agents given long after the initial carcino-
genic insult unless the apgent is administered to the

pregnant female, agents of the first types (anti-mu-
tagenic or anti-initiation) may not be cffective in
this model. We administered the agents after wean-
ing in an effort 1o model the human low grade glio-
ma in which case a tumor is already established and
the goal is to prevent progression to a fully malig-
nant phenotype. We chose NAC and VA for thisex -
periment due to their low toxicity, ease of adminis-
tration, and their differing putative mechanisms of
dcliont,

Retinoids and their receptors have been impli-
cated in the development of cancer. Lack of vitamin
A has been Inked to stomach cancer in rats and to
premalignant skin changes in humans [51]. Lower
blood retinol levels and a lower average consump-
tion of beta carotene have been reported in patients
with cancer [51]. Rearrangement of a retinoic acid
receptor (RAR) gene has beenimplicated in the de-
velopment of some leukemias [52]. The oncogene
v-erbA had been reported to interfere with retinoic
acid receptor action as its possible mode of on-
cogenesis [53]. Abnormal patterns of RAR expres-
sion, particularly low levels of RAR beta tran-
seripts, have heen implicated in ncoplastic progres-
sion of cpithclial cancers of the acrodigestive tract
[54]. Upregulation of RAR beta has been shown
when premalignant lesions are treated with reti-
noids [55]. The rapid decrease in chemopreventa-
tive effect upon cessation of therapy in some trials
suggests that retinoids are actling at a latc stage in
the carcinogenic process [23].

Studies of retinoids in various animal models
have shown chemopreveniative activity against
mammary, bladder, oral, lung, pancreas, cervix, liv-
er, colon, esophagus, skin, and prostatc tumors (re-
viewed in Lippman 1994 |21]). The synthetic refi-
noid fenretinide suppresses mammary cancer in
rats [56] and appears to be a particularly promising
compound duc toits potency and relatively low tox-
icity [20, 23, 57].

All trans-RA has been reported to produce re-
mission in patienis with acute promyelocytic leuke-
mia [58, 539] and 13-cis-RA produced similar results
in acute nonlymphocytic leukemia [60]. Another
synthetic retinoid (isotretinoin) prevented new
head and neck cancers, but not recurrence of the
primary lesion, in patients who had already had



them once [61]. Large scale human trials are under-
way using vitamin A (retinol palmitate) for chemo-
prevention of second upper acrodigestive cancers
[62]. Fenretinide has shown activity in human blad-
der cancer chemoprevention [63] and is being used
in a larger. ongoing breast cancer trial [57]. How-
ever, two recent human trials have shown no pro-
tective effect of beta-carotenc, and possibly a detri-
mental effect, in patients at high risk for lung cancer
sccondary to smoking or asbestos cxposure [64].

Thiol compounds have been shown to have che-
mopreventative properties in multiple animal mod-
els [65]. N-acetyleysleine (NAC), a precursor ol in-
tracellular cysteine and reduced glutathione, is al-
ready in human usc as a mucolytic, antioxidant, and
antidote [66]. When admunistered in the diet, NAC
decreased the incidence of lung tumors in mice giv-
en the carcinogen urethan [66] and has exhibited
protective elfects in rat models of colonic [30] and
squamous cell [67] carcinogenesis. NAC has also
protected rats from the cytogenetic damage caused
by tobacco smoke [68]. The only significantly eflec-
tive regimen in a mouse lung carcinogenesis model
was administration of NAC both before and after
the administration of carcinogen, consistent with a
rolc in preventing initiation, but not promotion or
progression of tumaors [66]. Humans have heen giv-
en NAC at doses as high as 500 mg/kg without ap-
parent ill effect [69]. Large scalc human trials are
underway using NAC (600 mg/day for two years)
for chemoprevention of second upper aerodiges-
tive cancers [62].

The statistical analysis of amimal carcinogencsis
experiments is difficult, as has been discussed previ-
ously by McKnight and Crowley [33]. The problem
in the ENU model comes from the occult naturg of
the tumors, which can only be detected at autopsy.
The actual time to tumor onset is unknown; there-
fore, tamiliar statistical methods used to study com-
peting risk do not apply [33]. Using time to death or
sacrificc as a measure of incidence is confounded by
tumor lethality and background mortality rate. We
have analyzed tumor incidence using methods cre-
ated to assist with this problem realizing that the
mcthods are imperfect.

Given the statistical limitations of this type of ex-
periment, our data indicate that VA increased the
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time to observation of tumors and prelonged sur-
vival, but did not reduce the total number of tu-
mors. NAC prolonged survival but did not increase
the time to obscrvation of tumors or reduce the to-
tal number of tumors. The histologic data do not
indicate a change in tumor grade being responsible
for the delayed incidence or prolonged survival of
treated animals. Thesc data arc consistent with the
putative mechanisms of action of these agents with
NAC acting early in carcinogenecsis {anti intiation)
and being relatively less effective when adminis-
tered late in the carcinogenetic process, while reti-
noids are often ellective later in the carcinogenic
pracess (anti-promotion or anti-progression), as
suggested by previous work [21, 23]. In the ENU
mode, VA may delay progression, but did not ap-
pear to prevent it,

Our data indicate that 1) the ENU model reliably
produces central nervous system meoplasms of var-
ving histologic grade which are amenable to chemo-
prevention cxperiments; 2) retinoic acid shows
promise as achemopreventative agent in this model
and that further studies of this agent, its mechanism
of action, and other potential agents are warranted:
and 3} human trials of agents active in animal mod-
els may eventually be indicated in patients with low
grade gliomas in an cffort to prevent the develop-
ment of anaplasia. Such therapy may be cspecially
usetul in children who arc so vuinerable to the side
effects of radiation and cytotoxic chemotherapy
and who have such a long at risk pertod for tumor
progression. Glioma chemoprevention may also be
indicated in paticnts without gliomas but at high
risk for glioma development, such as paticats with
neurofibromatosis, or the Li-Fraumeni, Turcotte,
or Lynch syndromes.
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