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Abstract

Purpose The purpose of this study was to estimate the
association among the presence of subependymal nodules
(SENSs), subependymal giant cell tumours (SGCTs) and
gene mutation in tuberous sclerosis complex (TSC)
patients.

Methods Clinical records and images of 81 TSC patients
were retrospectively reviewed by two neuroradiologists in
consensus. All patients were assessed for gene mutations
and were categorized as TSC1 or TSC2 mutation carriers, or
no-mutations-identified (NMI) patients. They underwent a
brain magnetic resonance imaging (MRI) using 0.1 mmol/
kg of gadobutrol. Any enhancing SEN>1 c¢m and placed
near the foramen of Monro was considered SGCT. Two
MRI follow-up exams for each patient with SGCT were
evaluated to assess tumour growth using Wilcoxon and
chi-squared tests.

Results Of 81 patients, 44 (54 %) were TSC2 mutation
carriers, 20 (25 %) TSCI1 and 17 (21 %) NMI. Nine
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(11 %) had a unilateral and three (4 %) a bilateral SGCT.
Fifty of 81 patients (62 %) showed at least one SEN. None
of the 31 patients without SEN showed SGCTs, whilst 12
(24 %) of the 50 patients with at least one SEN showed
SGCTs (p=0.003). The association between the presence of
SGCT or SEN and gene mutation was not significant (p=
0.251 and p=0.187, respectively). At follow-up, the median
SGCT diameter increased from 14 to 15 mm (p=0.017),
whilst the median SGCT volume increased from 589 to
791 mm? (p=0.006).

Conclusions TSC patients with SENs are more likely to
present with SGCT than those without SENs, in partic-
ular for TSC2 mutation carriers. The SGCT growth rate
may be missed if based on the diameter instead of on
the volume.
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Introduction

Tuberous sclerosis complex (TSC) is an autosomal domi-
nant multisystem disease resulting from the improper differ-
entiation, proliferation or migration of neuroglial progenitor
cells during foetal development [1-3]. Its prevalence is of 9
in 100,000 individuals [4], with clinical presentation
depending on mutations in either of two genes—TSClI
(located on 9q34) or TSC2 (located on 16p13)—encoding
for hamartin and tuberin, respectively [5].

Current molecular diagnostic methods permit the identifica-
tion of mutations in either TSC1 or TSC2 gene in only 75-85 %
of TSC patients [6]. Therefore, as many as 20 % of patients with
the TSC phenotype has no mutations identified (NMI) [7].

Brain involvement may include cortical or subcortical
tubers, subependymal nodules (SENs), subependymal giant
cell tumour (SGCTs) and white matter abnormalities [8—10].
According to published series, the prevalence reported of
SGCT in TSC patients is from 5 to 20 % [11-13]. Dabora et
al. [14] studied a large sample of 224 TSC patients showing
an SGCT prevalence of 11 % overall, 9 % among TSCI
mutation carriers and 12% among TSC2 mutation carriers.
They also showed a higher prevalence of SENs among
TSC2 than in TSC1 mutation carriers.

In the present study, we aimed at evaluating the associa-
tion among the prevalence of SENs or SGCTs and the
genetic mutational status in a population of TSC patients.

Materials and methods
Study population
This study has been approved by the Institutional Review

Board of our hospital and complies with the standards of the
Declaration of Helsinki and current ethical guidelines.

Table 1 Imaging protocol adopted in this study

Clinical records and images of all the 81 TSC
patients referred at the radiology department of our
Institution from June 2005 to June 2010 for a brain
magnetic resonance imaging (MRI) examination were
retrospectively reviewed by two neuroradiologists in
consensus. They were 31 males and 50 females, with
a mean age of 28 years (range, 3—65 years). According
to clinical records, they had a median age at diagnosis
of TSC of 10 months (25th percentile, 5 months; 75th
percentile, 30 months). All of them had a genetic as-
sessment for gene mutations and were categorized as
having the TSCI mutation, the TSC2 mutation or as
NMI patients. All patients affected with SGCT under-
went a second brain MRI as a follow-up examination.

Imaging protocol and image analysis

All examinations were performed using a 1.0-T unit (Intera
1.0 T, Philips Medical Systems, Best, the Netherlands). For
each patient, MRI was performed according to the protocol
described in Table 1.

An SGCT was defined as a markedly enhancing lesion
larger than 1 cm in its maximal diameter and near the
foramen of Monro. For each SGCT, we measured the max-
imal diameter in the three dimensions (D1, D2 and D3) and
estimated the lesion volume applying the following ellipsoid
formula:

Dy -D;-Ds

4
y==2
3773

which falls into the sphere volume formula if D;=D,=D;.
Moreover, the number, side and presence of calcifications
were evaluated.

Sequence Acquisition plane TR (ms) TE (ms) Squared matrix ~ Squared FoV (mmxmm)  Slice thickness (mm)
Dual echo T2/PD-weighted ~ Axial 1,982 20/90 256 270 6
FLAIR? Coronal 5,000 100 256 270 5
IR spin-echo T1-weighted®  Coronal 2,500 20 256 200 3
Spin-echo T1-weighted Sagittal 592 11 256 280 5
Spin-echo T1-weighted Axial 539 15 256 230 6
Injection of 0.1 mmol/kg of gadobutrol (Gadovist®, Bayer Schering Pharma AG, Berlin, Germany)
Spin-echo T1-weighted Sagittal 592 11 256 230 5
Spin-echo T1-weighted Axial 539 15 256 230 6

TR time of repetition, TE time of echo, FoV field of view, PD proton density, FLAIR fluid attenuated inversion recovery, /R inversion recovery

2 Time of inversion=1,900 ms

° Time of inversion=350 ms
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Statistical analysis

We estimated the association among the presence of SGCT,
the presence of SEN and mutational status using the x? test.
Odds ratios and 95 % confidence intervals (CI) were
calculated.

Referring to SGCTs, the distribution of the maximal
diameter and of the volume was calculated at the first and
at the second examination. The difference in between was
estimated using the Wilcoxon signed-rank test for paired
data. We also calculated the percentage of patients with a
20 % increase in both diameter and volume.

All analyses were performed using SPSS Statistics v. 17
(SPSS, Inc., v.17, Chicago, IL), and p values<0.05 were
considered statistically significant.

Results
Distributions

Out of 81 patients, 17 (21 %) were NMI, 20 (25 %) had
TSC1 mutation, and 44 (54 %) had TSC2 mutation. Nine
patients (11 %) had a unilateral and three patients (4 %) had
bilateral tumours, for a total of 15 SGCTs. Fifty (62 %)
showed at least one SEN.

Correlations

At the bivariate correlation analysis, the presence of either
SGCT or SEN was not associated with the genetic mutation
(»=0.251 and p=0.187, respectively). However, a trend for
a higher prevalence of SGCTs among TSC2 patients (9/44,
20 %) with respect to the subset of NMI and TSC1 patients
(3/37, 8 %) was observed: the odds ratio was 2.9 (CI=0.7-
11.7). Similarly, there was a higher prevalence of patients
with at least one SEN among TSC2 patients (31/44, 70 %)
with respect to the subset of NMI and TSC1 patients (19/37,
51 %): the odds ratio was 2.3 (CI=0.9-5.6). All these
distributions are shown in Table 2.

In our population, a significant association between the
detection of further SEN in patients carrying SGCT was
observed: in fact, none of the 31 patients without SEN
showed an SGCT, whilst 12 (24 %) of the 50 patients with
at least one SEN showed an SGCT (p=0.003). The odds
ratio was not calculable due to the presence of a zero.

SGCT patients

Considering only the 12 SGCT patients, the median age at
the first MRI performed at our institution was 22 years (25th
percentile, 18 years; 75th percentile, 33 years), whilst the
mean age of SGCT diagnosis according to clinical records

Table 2 Distribution of the genetic mutation: association with the
presence of SENs or SGCTs

SEN SGCT
Yes No Yes No
NMI 8 9 2 15
TSC1 11 9 1 19
TSC2 31 13 9 35
p=0.187 p=0.251

TSC1 and TSC2 represent patients carrying mutations in the two
corresponding genes: TSCI1 (located on 9q34) or TSC2 (located on
16p13)

SEN subependymal nodules, SGCT subependymal giant cell tumour,
TSC tuberous sclerosis complex, NMI no mutations identified

was 17 years. Calcifications were observed in 11 out of 15
tumours, whilst ventriculomegaly was present in seven
(58 %) patients, only one of them being symptomatic and
needing neurosurgery. One patient, operated in an early age,
came to our attention for recurrence.

From the first to the second MRI examination, a median
of 2.5 years passed (25th percentile, 2.1 years; 75th percen-
tile, 3.6 years). Between the two examinations, the median
SGCT diameter significantly increased from 14 to 15 mm
(»p=0.017), whilst the tumour volume significantly increased
from 589 to 791 mm® (p=0.006). Evolutions of tumour
diameter and volume are shown in Fig. 1. Out of the 15
SGCTs, only one (7 %) showed an increase larger than 20 %
in diameter, whilst eight (53 %) showed an increase of more
than 20 % in volume.

Discussion

In this study, we evaluated the association among the pres-
ence of SEN and that of SGCT in a population of TSC
patients. Moreover, we estimated the impact of a gene
mutational status on these prevalence rates. The most im-
portant finding of this study is the significantly higher
prevalence of SGCT among patients with at least one
SEN. In fact, none of the 31 patients without SEN showed
an SGCT, whilst 12 (24 %) of the 50 patients with at least
one SEN showed an SGCT. In this regard, we should note
that SGCTs usually correspond to growing SENs and that,
cytologically, there is no difference between them [15, 16].
In fact, both lesions are of mixed glioneuronal lineage and
contain giant cells [16, 17]. Transformation of a SEN into an
SGCT is usually a gradual process, of which the highest rate
is in the first two decades of life [16]. SEN growth peaks at
puberty and stops by the end of the third decade [18].
Moreover, a SEN presenting larger than 5 mm in diameter,
located at the peri-Monro region, with incomplete
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Fig. 1 Graphs showing the a
temporal evolution of SGCTs in
terms of diameter (a) and
volume (b). Out of 15 SGCTs,
only one (7 %) showed an
increase larger than 20 % in
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calcification and with a marked contrast enhancement at
MRI is more likely to transform into an SGCT [19, 20].
This plays in favour of a temporal correlation between
SEN and SGCT. Our results show a “spatial correlation”:
SENs located over lateral ventricles were significantly as-
sociated with SGCT. In fact, we may reformulate our results
saying that all of the 12 patients (100 %) with an SGCT
showed at least one further SEN, whilst this percentage was
51 % (35/69) among those without SGCT (p=0.001). This
result may be thought as expected in that it mostly applies to
TSC2 patients who are most likely to develop SENs [14]. In
this regards, our results agree with those found by Dabora et
al., with about 70 % of the TSC2 patients presenting with at
least a SEN. Moreover, in this population, about 20 % of
patients had an SGCT. In practice, TSC2 patients are more

likely to present with SENs and to develop a SGCT (Fig. 2).

The radiological diagnostic criteria of SGCT in TSC
patients vary substantially between studies [21]. A shared
consensus about imaging signs has not been reached. The
definition of SGCT in the literature varies from any enhanc-
ing SEN in the brain of TSC patients [22] to only markedly
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enhancing lesions that are located near the foramen of
Monro [23]. The diagnostic performance of these radiolog-
ical criteria could be estimated against histopathology. How-
ever, few patients undergo surgery; thus, a real reference
standard is scarcely available. In order to overcome this
limitation and to obtain an estimation of the difference of
prevalence between the radiological criteria and histopathol-
ogy, Adriaensen et al. performed a meta-analysis [24]. They
obtained a pooled prevalence of SGCT of 16 % using
radiological criteria and 9 % using histopathology. Based
on these results, we can calculate a false-positive rate of the
radiological criteria of 16-9 %=7 % and a positive predic-
tive value of 56 % [24]. This means that on a sample of TSC
patients fulfilling the radiological criteria for SGCT, only
56 % actually have an SGCT. Applying this percentage to
our sample, we may speculate that only 8 out of the 15
observed SGCTs could be histopathologically confirmed.
As a matter of fact, in our series, we found only 8 out of
15 radiologically determined SGCTs with a volume increase
of at least 20 % (Fig. 1). Even with limitations, we may
speculate that these eight lesions are more likely to be real
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Fig. 2 Twenty-four-year-old
woman affected with tuberous
sclerosis complex carrying the
TSC2 gene mutation. a, b
Coronal and axial contrast-
enhanced T1-weighted images,
respectively, demonstrating a
16-mm enhancing lesion near
the right foramen of Monro
(arrowhead) corresponding to a
lesion volume of 2,144 mm?>.
The tumour was associated with
multiple subependymal nod-
ules, as indicated by arrow-
heads in axial and T2-weighted
(d) and contrast-enhanced, T1-
weighted (¢) images

SGCTs according to the aforementioned positive predictive
value. Moreover, these data partially demonstrate that the

Fig. 3 Two brain magnetic
resonance images obtained in a
tuberous sclerosis complex
patients carrying the TSC1 gene
mutation. Image in (a) was
acquired when the patient was
10 years old, whilst (b) shows
the corresponding image
obtained 3 years later. A
subependymal giant cell tumour
was clearly visible
(arrowhead), with an increase
in maximum diameter from 21
to 25 mm corresponding to an
increase in volume from 2,813
to 4,329 mm°. Furthermore, the
lesion morphology slightly
changed over time

tumour growth should be assessed looking at the volume
increase instead of the diameter increase (Fig. 3).
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The above considerations may help clinicians in the
management of patients with an SGCT, in particular
those with a high growth rate. Some authors suggest
preemptive neurosurgical intervention, even though it is
not known how many radiologically diagnosed SGCTs
really grow and cause clinical problems [20]. It is still
an important debate since some clinicians are appropri-
ately intervening and electively removing lesions that
would have progressed to cause significant problems.
For example, de Ribaupierre et al. [20] demonstrated
that the elective resection in an asymptomatic stage
reduces the risk of possible complications. However, it
is not possible to exclude that some patients underwent
unnecessary removal of lesions which would never have
caused clinical problems. As it is for other imaging
issues, the risk of overdiagnosis and overtreatment
should be considered.

The natural history of SGCT has not been completely
elucidated. Recommendations issued by the NIH Consensus
Conference [25] suggest that all TSC patients should under-
go brain MRI every 1-3 years up to 21 years of age.
Shortening of the monitoring interval is suggested in case
of lesion progression [25, 26]. However, subsequent pub-
lished articles recommend even a more frequent monitoring
[16], or not recommend screening at all [22].

Conclusions

In conclusion, TSC patients with SENs are more likely to
present with an SGCT, in particular those carrying the TSC2
gene mutation. Moreover, the growth rate of these lesions
should be assessed considering the volume instead of the
diameter increase.
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