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Abstract Although a large amount of data supports early sur-
gical resection for symptomatic diffuse low-grade glioma, the
therapeutic strategy is still a matter of debate regarding inci-
dentally discovered diffuse low-grade glioma. Indeed, early
and Bpreventive^ surgery has recently been proposed in
asymptomatic patients with silent diffuse low-grade glioma
with better outcomes. The present review discusses the impor-
tance of an early diagnosis and of a preventive surgical treat-
ment to improve the outcomes of incidental diffuse low-grade
glioma and suggests the possible relevance of a tailored
screening policy.
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Introduction

World Health Organization grade II glioma (diffuse low-grade
glioma, LGG) is a heterogeneous group of brain tumors char-
acterized by a slow and continuous growth, by a preferential
migration along white matter pathways and by an evolution
toward a higher grade of malignancy [1–3]. Their natural his-
tory is a matter of debate and questions the possibility of an
early detection in the attempt to apply preventive neuro-
oncological treatments [4, 5]. Indeed, LGG are usually re-
vealed by inaugural seizures in young adults with no or only
mild neurological and neuropsychological deficits [1, 3, 6]. At
the time of clinical revelation, a long Bsilent^ period has
passed and, even with maximal neuro-oncological treatment,
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including maximal surgical resection under functional map-
ping, chemotherapy, and/or radiotherapy, it is already too late
for a possible cure, as demonstrated by the outcomes [4, 5, 7].
The question of the management of incidentally discovered
supratentorial LGG in adults is a recent topic since only few
articles reported case series or individual case reports, the first
series being published in 2010 by our group [8–13]. The pres-
ent review discusses the natural history and evolution of silent
diffuse low-grade glioma, discusses the possible usefulness of
a screening policy for early diagnosis, and discusses the role
of a Bpreventive^ and early neurosurgical treatment in the
attempt to improve the outcomes.

Natural history

Based on epidemiological and mathematical models describ-
ing the diffusion-proliferation processes, estimates for
gliomagenesis support the evidence that LGG arises more
likely Bex nihilo^ rather than from a preexisting congenital
lesion [14–16]. Based on the imaging observations that LGG
are continuously slow-growing lesions, a four-period devel-
opment can be proposed to summarize their natural history
(Fig. 1): (1) the biological birth where glioma-initiating cells
neoplastically transform, does not give rise to any symptoms
and even remains below the detection limit of routine MRI;
this is the occult stage; (2) at some point, the glioma becomes
visible onMRI, yet the patient is still asymptomatic; this is the
clinically silent stage; (3) the glioma elicits clinical symptoms,
usually epileptic seizures; this is symptomatic stage; (4) at
some point in time, the glioma switches its rather indolent
behavior toward an aggressive one, in keeping with the onset
of neoangiogenesis andmalignancy, until the patient dies from
tumor spread and growth; this is the malignant transformation
[5, 7].

As the occult stage cannot be detected by MR images, we
know virtually nothing until the glioma becomes visible on
MRI. However, during the silent period, gliomas can be inci-
dentally discovered on brain MRI. As incidental LGG repre-
sent earlier stages in the development of LGG, it appears valu-
able to investigate the genetic and molecular abnormalities
that sequentially occur at the initial stage of the tumor’s natural
history. According to a model for chronological order of mu-
tations, IDH mutations may be the first one to occur, followed
by mutations in TERT promoter and 1p19q co-deletion. The
chronological order for TERT promoter mutations and 1p19q
co-deletion remains undetermined [17]. There are few data
regarding molecular markers in incidental LGG. The two larg-
est series only report histopathological subtypes, than are
known to be correlated with molecular markers, and show
no significant difference in subtype distribution by incidental
or symptomatic discovery [8, 9]. A recent series analyzed the
IDH1 mutation status, TERT promoter mutation status, and
the 1p19q co-deletion status in 23 incidental LGG [18]. They

also described that oligodendroglial component, IDH1 muta-
tion, TERT mutation, and 1p19q co-deletion were present in
61, 96, 44, and 70 %, respectively. The distribution of molec-
ular subgroups in this cohort suggested that incidental LGG
was not a unique entity largely discrepant from other LGG. In
addition, the high incidence of IDH mutations in incidental
LGG supports the possibility that IDH mutations occurred
early in the natural course of glioma development. The pub-
lished case series highlights that incidental LGG are progres-
sive tumors leading to clinical transformation and that they
represent an earlier step in the natural history of a glioma than
the symptomatic LGG [8]. Indeed, as compared to symptom-
atic LGG, incidentally discovered LGG have a lower age at
radiological discovery and a smaller tumor volume at the time
of diagnosis [8, 9, 18]. Previous studies showed that incidental
LGG were progressive tumors with (1) a constant imaging
growthwith a velocity of diametric expansion of approximate-
ly 3.5 mm/year, i.e., very close to the growth rate of symp-
tomatic LGG, (2) a clinical revelation toward symptomatic
LGG at a median interval of 48 months after radiologic dis-
covery, (3) histopathological and molecular findings similar to
those of symptomatic LGG, (4) a risk of malignant transfor-
mation at about 30 % at a median interval of 5.7 years of
follow-up (Fig. 2) [8, 9, 18–20]. Recently, the asymptomatic
Bsilent^ period has been estimated at about 14 years in a sub-
set of 148 LGG [7]. This very long period of silent evolution,
without clinical revelation and without dedicated oncological
treatment, could explain the current failure to cure these tu-
mors. In accordance, it has been shown that malignant
microfoci with endothelial proliferation were already individ-
ualized in the tumor core in up to 27 % of incidental LGG
operated on before clinical revelation, showing that the malig-
nant transformation may occur before any clinical symptoms
and imaging changes [10, 21]. This observation may explain
why, in some cases, a tumor can be discovered as a secondary
anaplastic glioma or a secondary glioblastoma, after the ma-
lignant but silent transformation of the LGG [5]. This suggests
a possible benefit of an early diagnosis of LGG.

A rationale for brain screening?

The treatment options and survival of cancers are related to
stage, which is generally characterized by the anatomic extent
of disease. On this basis, it is assumed that the early detection

Fig. 1 Schematic illustration of the four-step natural course of a diffuse
low-grade glioma from biological «birth» to transformation toward a
higher grade of malignancy
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of any cancer at an earlier stage may yield better outcomes.
As advocated for nearly all cancers by the cancer screening
program of the National Cancer Institute, the cancer screen-
ing programs in colon cancer, cervical cancer, melanoma, and
breast cancer have been established since decades with doubt-
less results and with reasonable cost-effectiveness, even in-
cluding incorporation of new immunogenetic tests and tech-
niques [22–25]. Regarding gliomas, there is no consensus
about the indication for brain screening. In the healthy popu-
lation, the prevalence of silent LGG is estimated between
0.02 and 0.09 % and the rate of incidentally diagnosed glio-
mas was reported from 3 % in a series of 4309 gliomas from
the French Brain Tumor Databank, 3.8 % in a French Glioma
Study Group database of 1249 LGG, and up to 10.4 % in a
recent Chinese series of 229 gliomas [4, 8, 17, 18, 26–30]. A
Bbrain check-up^ campaign made in Japan with 4000 asymp-
tomatic subjects between 1996 and 2000 detected 11 (0.3 %)

silent tumors; among all, one glioma , not surprisingly, be-
came symptomatic after 2 years of follow-up without dedi-
cated oncological treatment [31]. Even though, many authors
question the usefulness of a brain screening program and
advocate: (1) how can we be sure that there are more risks
to decrease from the silent glioma detected by screening rath-
er than from another cause with a glioma possibly remaining
silent during the whole life of the patient? (2) We cannot
currently prove that patients could be definitively cured from
their silent LGG even by an early and supratotal resection?
(3) Cost issues as the number needed to scan is of approxi-
mately 2000 subjects for one glioma diagnosis; (4) the diffi-
cult management of other central nervous system neoplasms
or other pathological conditions that can be incidentally dis-
covered under screening, such as meningiomas,
schwannomas, pituitary adenomas, vascular malformations,
or unspecific brain signal abnormalities; and (5) the anxiety

Fig. 2 Spontaneous velocity of
diametric expansion of two
incidentally discovered diffuse
low-grade gliomas through the
evolution of their mean tumor di-
ameter over time. Each point rep-
resents an MR examination. Be-
fore any clinical revelation, the
tumors grew spontaneously and
continuously with a spontaneous
velocity of diametric expansion at
2.4 mm/year in case of a right
temporo-insular tumor (dotted
line, a to c) and at 3.4 mm/year in
the case of a left frontal LGG (full
line, d, e)
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that can be induced by such a brain tumor screening program.
Most of these concerns can be addressed without definite
answers. First, when a silent glioma is incidentally diagnosed,
there are more chances of dying from the evolution of the
silent glioma toward a symptomatic glioma than dying from
another cause with the glioma (which would have remained
silent), unless patient survival is expected to be less than
4 years [5]. Second, a recent study demonstrated that a
supratotal resection using awake surgery with intraoperative
functional for LGGs involving non-eloquent areas signifi-
cantly reduced the recurrence rates and the risk of malignant
transformation and death [32]. Third, the question of cost
effectiveness is a particularly difficult issue in this specific
population as the long lead-time biases comparisons between
symptomatic and incidental LGG survival times. A recent
commentary discussed this fundamental point: if one assumes
that the cost of a screening «basic» MRI is approximately
$150 in US dollars, then the screening of 10,000 individuals
will cost $1,500,000; and, among those screened, four will
have a LGG incidentally detected [5]. Economists estimate
that the value of one person/year is $120,000. This means that
the cost effectiveness ratio of a screening policy for LGG will
be positive if at least 3 years of life can be saved by applying
an early oncological treatment in incidentally discovered
LGG. As a practical example, a pilot project supported by
the Brain Tumor Foundation in the United States of America
offered head MRI scans to volunteers and demonstrated the
practical feasibility of such approach [4]. The brain screening
MRI strategy should incorporate low cost, rapid feasibility,
and high sensibility. Thus, morphological sequences (Flair)
that could be performed in less than 10 min should be pre-
ferred. With this approach, the cost of the brain screening
MRI was reduced at approximately $70 [4]. In addition, the
screening strategy can be refined at the light of previous clin-
ical observations. The timing should be tailored on the fact
that LGG appear to become visible on MRI without clinical
revelation (i.e., entering the silent period) at a mean age of 25
to 30 years [16]. The screening might be focused on the 18-
to 40-year-old population and on specific conditions, such as
pregnancy. Indeed, it has been reported that pregnancy in-
creased the tumor growth of LGG and a MRI might be pro-
posed before conception or after delivery [33]. Moreover, we
can reasonably anticipate that epidemiologic advances (in-
cluding biomathematical models to determine the optimal
class age to be targeted) and the availability of new bio-
markers of glioma risk will enable the screening to focus on
specific subpopulations, hence greatly reducing the cost. In
this context, a French team recently proposed a blood test for
identification of the R132H IDH1 gene mutation [34]. Al-
though, the accuracy of this test was better in high-grade
gliomas and in enhancing tumors with a volume greater than
3.5 mL, it appears as a feasible and promising concept for
future screening.

Practical aspects of LGG screening using brain MRI

After the initial MRI discovery of a silent LGG, conventional
and advanced MRI should be performed, including contrast-
enhanced sequence, proton magnetic resonance spectroscopy,
diffusion sequence, and dynamic susceptibility contrast se-
quences [3]. Indeed, the incorporation of advanced MR vari-
ables, including relative cerebral blood volume, relative apparent
diffusion coefficients, N-acetyl-aspartate/creatine ratio at short
echo time, and choline/creatine ratio at long echo time, improves
glioma grading and the identification of restricted malignant
areas within the tumor [35, 36]. If no malignancy is suspected,
the patient and the possible tumor must be evaluated in the next
3 to 6 months, before any therapeutic management [14]. A com-
plete language and neuropsychological evaluation is mandatory,
as already proposed for symptomatic LGG [37, 38]. The second
MRI should be performed, approximately 3 to 6 months after
lesion discovery and should comprise the same sequences. It
will allow the evaluation of imaging tumor growth, easily cal-
culated by the evolution of the mean tumor diameter over time
(the so-called velocity diameter expansion) [14]. The demonstra-
tion of a growing tumor on MRI, even in an asymptomatic
patient, strongly suggests an incidental LGG (Fig. 2).

At the light of (1) a tumor growth demonstrated on follow-
up MRI and/or (2) an impaired neurocognition in these pa-
tients, the neurosurgeon can propose a therapeutic manage-
ment, which is, in our experience, a maximal surgical resec-
tion based on onco-functional balance [39]. Such an approach
may help increase the outcomes of patients harboring a LGG
with a compensatory balanced cost-effectiveness ratio if
3 years of active life can be saved by the yearly screening
and treatment [5].

Toward a preventive therapeutic management?

Despite the lack of level I evidence, the recent literature strongly
supports the significant impact of early andmaximal resection in
LGG patients [1, 6, 39–44]. For example, the Norway experi-
ence elegantly demonstrated that a proactive Bearly surgical^
resulted in longer overall survival favoring operated patients,
as compared with a conservative Bbiopsy-watchful waiting^ ap-
proach [42]. Consequently, the first therapeutic option in Euro-
pean guidelines for LGG is surgical resection [3].

The management concerning incidental LGG is not well
established [8, 13, 45–48]. Beyond ethical implications, the
risk of inducing neurological deficits, seizures, or changes in
quality of life must be discussed with the patient before final
decision-making. Incidental LGG likely represent an earlier
step in the natural history of glioma and have particular find-
ings that may help their surgical management: (1) they have a
smaller tumor volume in comparison with symptomatic LGG,
(2) they are preferentially located in non-eloquent brain areas,
(3) their surgical management allows the achievement of a
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greater rate of both total and supratotal resections [8, 9, 18].
For example, the neurosurgical team of UCSF reported a 60%
rate of gross total resection in incidental LGG against only
31.5 % in symptomatic LGG [9]. This remains true in elo-
quent brain areas, where supratotal and total resections can be
performed in 27 and 36 %, respectively, of incidental LGG
[10]. The concept of a supratotal resection, i.e., the removal of
a Bsecurity^ margin around the tumor visible on FLAIR and/
or T2-weightedMRI sequences when feasible in non-eloquent
brain areas, was proposed at the light of the observation that
isolated glioma cells were present at a distance of 10–20 mm
beyond MRI-defined abnormalities [32, 49]. Thus, a larger
resection is a possible way to change the natural history of
LGG, especially by delaying their malignant transformation.
This is an important issue and such a supratotal resection has
been demonstrated to delay malignant transformation in a
subset of LGG [32]. Recent reports confirm that patients op-
erated on for an incidental LGG have significantly improved
overall survival in comparison with a control group of symp-
tomatic LGG [8, 9, 18]. However, the ideal margin of resec-
tion beyond MRI-defined abnormalities on MR imaging is
unknown as isolated glioma cells were identified Bas far as
searched,^ up to 26 mm in a correlative study of MRI-based
serial stereotactic biopsies in well-delineated LGG [49]. In this
instance, a functional-based maximal resection under intraop-
erative functional mapping should be preferred to ensure the
best onco-functional ratio by removing as much as possible
infiltrated glioma beyond MRI-defined abnormalities without
inducing definitive cognitive impairments [6].

At the light of these observations, the concept of
Bpreventive surgery^ has recently been proposed for inciden-
tal LGG [10, 46]. The surgical management of incidental
LGG must be associated with an extremely low rate of mor-
bidity and with a preserved quality of life. Previous reports
have confirmed the low surgical morbidity after resection of
incidental LGG explained by a smaller tumor volume, usually
in non-eloquent brain areas [8, 9, 18]. About the risk of devel-
oping postoperative seizures or experiencing a worsening of
the quality of life, the prospective follow-up of 21 patients
operated on for an incidental LGG demonstrated only one
(4.7 %) case experienced one postoperative partial seizure
related to the abrupt disruption of the anti-epileptic drug
[50]. This low rate is in agreement with the known risk of
postoperative seizures after brain surgery [1, 51–54]. In addi-
tion, these 21 patients are still alive, all enjoying a normal
familial, social, and professional life with preserved quality
of life [10]. Of note, four patients were excluded from this
analysis because they experienced seizures in the time interval
between imaging discovery and surgery, confirming the risk
of seizure occurrence in incidental LGG. This is in agreement
with previous observations that demonstrated, in untreated
incidental LGG, the clinical evolution toward symptomatic
LGG at a median 48 months after imaging discovery [8].

Conclusions

The observation of the natural history of LGG confirms the
continuum spectrum of this tumor since its biological birth
then imaging discovery until progression toward symptomatic
and then malignant glioma. The long silent period (of almost
15 years) before clinical revelation with no dedicated onco-
logical treatment may explain the reason for not achieving
better outcomes and possible cure. We discuss the rationale
of a screening policy for LGG. In case of a possible LGG
discovered incidentally, the patient should be oriented to per-
form multimodal and serial imaging investigations until con-
firmation of a progression on imaging follow-up. The propo-
sition of preventive surgical resection should be made for
delaying tumor progression, ensuring good quality of life,
low risk of inducing seizures, and possibly better outcomes.
Even if it is not possible to draw definitive evidence based on
this review, these data support, from an oncological point of
view, the concept of preventive and maximal resection for
incidental LGG, before symptomatic revelation and before
transformation toward a higher grade of malignancy. Such a
proposal for screening and preventive surgery is conceivable
only if the reliability of this treatment is optimal, withmaximal
resection and minimal morbidity, meaning that patients with
incidental LGG should be referred to centers hyper-
specialized in surgical neuro-oncology that are able to perform
the required preoperative evaluations, pluridisciplinary dis-
cussions, maximal safe resections using intraoperative func-
tional mapping, and postoperative evaluations of the benefit-
to-risk ratio of the surgical resection [55, 56].
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Comments

Michel Wager, Poitiers, France
This is a very nice article, addressing various aspects of low-grade

glioma management. Three main themes emerge from this text:
The oncological rationale for early and aggressive surgical treatment

of these tumors: this first aspect probably has become the most consen-
sual today due to mounting evidence in literature during the last two
decades. This paper brings an enriching view on what has now become
the standard of care.

The second point, raising the question of a screening policy, might get
a more mixed reaction from readers because it goes far beyond neurosur-
gical care per se and might even be somewhat polemical, all the more so
that it calls upon partly intangible arguments. But in any event, this would
be in my view a sound and healthy controversy.

Last but not least, the authors introduce the concept of centers «hyper-
specialized in neuro-oncological care». This concept embodies the orga-
nizational aspects of the emerging concept of «functional neuro-
oncology»1.

Indeed, as any innovative therapeutic strategy, functional neuro-
oncology requires a dedicated environment. Well-trained, dedicated
surgeons—hyper-specialization is a well-illustrated cause of lower rates
complications2—sustained and regular rate of procedures (awake brain
surgeries on a minimum weekly basis would probably reach large agree-
ment in the community); technical choices supporting the widest multi-
disciplinary management in the operating room3; committed, specialized
anesthetists; mandatory presence, in the operating room, of speech
therapists/neuropsychologist during awake procedures; detailed pre- and
postoperative neuropsychological assessments; detailed neuro-
oncological assessments—even standards of resection are now available
for (not only) junior teams4, allowing comparison with colleagues and
monitoring of learning curves; expert neuroradiological diagnosis and
follow-up; perfect timing of pre- and/or postoperative chemotherapy in
collaboration with dedicated board-certified neuro-oncologists. Function-
al neuro-oncology is by essence multidisciplinary, and networks have
long illustrated this, up to the European level as exemplified by the Eu-
ropean Low Grade Glioma (ELLG) network5.

In this context, the concept of «hyper-specialized centers in neuro-
oncology» might constitute an encouragement for committed teams in
presenting the healthcare provision of their institutions, on dedicated
websites, for example. This would be of great help both for referring
physicians and for patients, in making their choice of who will treat brain
tumors in the future—on sound evidences.

This article, altogether expert and refreshing, should stimulate discus-
sions and initiatives regarding these various aspects of that exciting grow-
ing field.
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Krasimir Minkin, Sofia, Bulgaria

Lima et al. try to defend the idea of preventive neuro-oncological
surgery in cases of low-grade gliomas. The authors divide the clinical
evolution of low-grade gliomas in occult, silent, symptomatic, and ma-
lignant transformation periods. Early surgery during the silent period
(MRI visible but asymptomatic) was proposed based on the data of better
tumor and symptom control in patients with possible gross total resection.
This strategy could be also cost-effective after MRI protocols and target
population adjustments. However, we have to keep in mind that cure of
low-grade gliomas even treated in early stage remains an impossible
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mission because of the extensive tumor spread probably during the occult,
MRI invisible stage1. Real total and supratotal resections remain
unachievable because of the high functional price, but quality of live
and overall survival gains seem sufficient prerequisites for preventive
neurooncological surgery2,3,4.
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