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Abstract

Despite recent signs of progress in diagnostic radiology, it is quite rare that a glioblastoma (GBM) is
detected asymptomatically. We describe two patients with asymptomatic nonenhancing GBMs that
were not diagnosed with neoplasia at first. The patients had brain scans as medical checkups, and in-
cidentally lesions were detected. In both cases, surgical specimens histopathologically showed no evi-
dence of neoplasia, whereas molecular genetic findings were isocitrate dehydrogenase (IDH)-wildtype,
O°-methylguanine-DNA methyltransferase promoter (pMGMT) unmethylated, and telomerase reverse
transcriptase (T7ERT) promoter mutated, which matched to GBM. One patient was observed without
adjuvant therapy and the tumor recurred 7 months later. Reoperation was performed, and histopa-
thologically GBM was confirmed with the same molecular diagnosis as the first surgical specimen. An-
other patient was carefully observed, and chemoradiotherapy was begun 6 months after the operation
following the extension of the lesion. Eventually, because of disease progression, both patients de-
ceased. We postulate that in each case, the tumor was not lower-grade glioma but corresponded to
the early growth phase of GBM cells. Thus far, cases of malignant transformation from lower-grade
glioma or asymptomatic GBM with typical histologic features are reported. Nevertheless, to the best of
our knowledge, no such case of nonenhancing, nonhistologically confirmed GBM was reported. We
conjecture these cases shed light on the yet unknown natural history of GBM. GBM can take the form
of radiological nonenhancing and histological nonneoplastic fashion before typical morphology. Mo-
lecular genetic analysis can diagnose atypical preceding GBM, and we recommend early surgical re-
moval and adjuvant treatment.
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Introduction 14.6 months from diagnosis.” When the tumor is smaller,

it is more amenable to maximal safe resection. The higher

Glioblastoma (GBM), the most common malignant brain  the removal rate is the better the prognosis.”” Hence, early
tumor, bears a dismal prognosis with a median survival of = detection of GBM is an attractive approach to obtaining a
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better prognosis. Despite the recent advancement in diag-
nostic radiology, however, almost all GBMs are diagnosed
when the tumors become symptomatic and their sizes are
as large as 40 mm in diameter of the enhanced lesion.*”
One of the possible reasons for it could be that unlike
many other cancers, the natural history of early GBM re-
mains fully unproven. The origin of GBM has long been
debated but is still unsettled. We present two cases of as-
ymptomatic nonenhancing GBMs, each of them was de-
tected incidentally by medical checkups. In both cases,
molecular profiles of the surgical specimen corresponded
to GBM, but histologically neoplastic change could not be
detected. After months of observation, a huge enhancing
mass lesion was detected in the first case, and a ring-
enhancing lesion emerged despite chemoradiotherapy in
the second case.

Materials and Methods

Study design and patients

The patients were having brain magnetic resonance
(MR) images for medical checkups periodically. They were
asymptomatic and healthy when preceding lesions were
detected. This study was approved by the Institutional Re-
view Board of Kyoto Prefectural University Graduate
School of Medical Science (ERB-C-2048), and written in-
formed consent was obtained from all patients.

Neuroradiological examinations

Standard MR imaging protocol including T1-weighted
image (T1WI) with or without gadolinium (Gd) enhance-
ment, T2-weighted image (T2WI), and fluid-attenuated in-
version recovery (FLAIR) was routinely studied. Addition-
ally, before each surgery, perfusion images to measure re-
gional cerebral blood flow/volume (rCBF/rCBV) were stud-
ied. All MR imaging examinations were obtained using a
1.5-Tesla whole-body imager (Philips Medical Systems,
Best, The Netherlands).

Histopathological and molecular examinations

Tumor tissues obtained from surgery were divided into
half and provided for histopathological and molecular ex-
aminations. For histopathological examinations, tumor
samples were formalin fixed immediately, then embedded
in paraffin, and thin sliced at 5 wm thickness. Sections
were then stained with hematoxylin-eosin using standard
protocols. Immunohistochemistry was also performed us-
ing standard procedures, with primary antibodies as de-
scribed below: p53 (mouse monoclonal, Nichirei Bi-
osciences, Tokyo, Japan), ATRX (rabbit polyclonal, Atlas
Antibodies, Stockholm, Sweden), GFAP (rabbit monoclonal,
Cell Marque, Rocklin, CA), IDH1 R132H (mouse monoclo-
nal, dianova, Germany), Ki-67 (mouse monoclonal, Dako,
Glostrup, Denmark). For molecular investigation hotspot
mutations of IDH1/2 (codon 132 of IDHI and codon 172 of

IDH2) and the TERT promoter (pTERT, termed C228 and
C250) were assessed using Sanger sequencing. The methyl-
ation status of the O°-methylguanine-DNA methyltrans-
ferase promoter (pMGMT) was analyzed and assessed by
quantitative methylation-specific PCR after bisulfite modifi-
cation of DNA extracted from tissue.” Allele frequency of
tumor genome DNAs containing pTERT mutations was es-
timated from the peak height of signals using Sanger se-
quencing data. C228T allele was also confirmed using SNP
Genotyping assay by QuantStudio 3D Digital ProFlex PCR
system (Thermo Fisher Scientific, Carlsbad, CA, USA) ac-
cording to the manufactures instruction. When the mo-
lecular examination revealed IDH-wildtype, H3-wildtype,
and pTERT mutated, we assigned that the tumor has the
molecular GBM signature.”

Adjuvant treatments

For adjuvant treatment, Stupp’s regimen including re-
gional irradiation with a total of 60 Gy in 30 fractions with
concomitant temozolomide (TMZ, 75 mg/m* daily for 6
weeks), followed by a maintenance chemotherapy with a 4-
week course of TMZ (150 mg/m’ daily for 5 days in the in-
itial cycle and then dose up to 200 mg/m® for further cy-
cles), was applied. When necessary, 15 mg/kg of bevacizu-
mab every 3 weeks was added.

Case Presentation

Case 1: A 58-year-old right-handed woman, whose MR
imaging was normal 10 years ago (Fig. 1A), was referred to
our institution because of a hyperintense lesion on T2-
weighted MR images in the right mesial temporal lobe and
amygdala detected incidentally (Fig. 1B). She had under-
gone a plain MR imaging scan as medical checkups and
was asymptomatic and neurologically intact. She had no
medical history at the initial MR scan, and during the dec-
ade, she did not experience seizure attacks, stroke, head
trauma, or other cerebral diseases. This time, the lesion
was poorly circumscribed, with isointensity on TIWI and
hyperintensity on T2WI. Further investigation revealed that
it was nonenhancing by Gd and showed no significant ele-
vation of rCBF (Fig. 1C-F). Angiography indicated no cere-
brovascular abnormality, and “F-fluorodoexy glucose-
positron emission tomography displayed no uptake (figure
not shown). From these results, lower-grade glioma (LGG)
was suspected, and we recommended her to have the tu-
mor removed. Eight months later, in which a follow-up
scan showed no remarkable aggravation of the lesion, the
operation was performed. Via a right frontotemporal crani-
otomy, with an aid of neuronavigation, a partial temporal
lobectomy for removal of the lesion was achieved. The
color and hardness of the lesion were indistinguishable
macroscopically from the normal brain. Removal of the hy-
perintensity area on T2WI was confirmed via immediate
postoperative MR imaging (Fig. 1G). Histopathologically,
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Fig. 1 Initial radiological and histopathological images of Case 1. Magnetic resonance (MR) images of the patient studied for
medical checkups (A, B). Axial FLAIR image obtained 10 years before when the patient was 48 years old shows no abnormality (A).
Axial FLAIR scan at this time showing a hyperintensity lesion in the right hippocampus and uncus (B). MR images taken 4 months
after the discovery of the right hippocampal lesion. Axial FLAIR image (C), axial Gd-enhanced T1-weighted image (D), and coronal
Gd-enhanced T1-weighted image (E) indicating no enhancement of the hippocampus. Perfusion-weighted axial image showing no
aggregation of cerebral blood flow (F). A postoperative FLAIR image indicating removal area containing almost the whole area of
the lesion (G). Hematoxylin and eosin staining (H) showing no proliferation of atypical cells. Inmunohistochemical staining for
Ki-67 (I), original magnification: x40. A result of Sanger sequencing of the specimen (J), showing 27.8% had C250T TERT promoter
mutation.
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the specimen showed normocellularity, and there was no
evidence of atypical cells, indicating nonneoplastic features
(Fig. 1H). Immunohistochemically, no positive cells for Ki-
67 (Fig. 1I) and p53 were found. Thus, no tumor lesion
could be identified in histological examination. The result
of the molecular investigation was IDH-wildtype, H3-
wildtype, and pTERT mutated (Fig. 1J) (molecular GBM sig-
nature), and pMGMT unmethylated. Because the MR imag-
ing findings had not changed during 8 months of follow-
up and the histopathological diagnosis could not show
neoplastic transformation, no adjuvant therapy such as ir-
radiation or chemotherapy was planned. The patient was
discharged home without any neurological deficit. We of-
fered close observation with repeat MR images, but a few
months after the operation, she canceled the clinic visit
and was lost to follow-up. Seven months after the surgery
(15 months from the initial scan), she came to our emer-
gency room complaining of general fatigue, headache, and
nausea. MR images revealed a massive large enhanced
mass with high blood flow that had a maximum diameter
of 45 mm located in the previous surgical cavity (Fig. 2A-
C). Two days later, reoperation for subtotal removal of the
lesion was performed. Postoperatively, her symptoms im-
proved swiftly. This time, a histopathological diagnosis of
GBM was made because necrosis, microvascular prolifera-
tion, and atypical cells were evident (Fig. 2D-F). Immuno-
histochemically Ki-67 labeling index was approximately
15% (Fig. 2G), p53 was positive for only a few tumor cells
(Fig. 2H), IDH1 (R132H) was negative (Fig. 2I), ATRX was
positive (retained) (Fig. 2J), and GFAP was positive (figure
not shown). Molecular analysis again revealed a molecular
GBM signature that was completely the same as the initial
one: IDH-wildtype, H3-wildtype, pTERT mutated (Fig. 2K),
and pMGMT unmethylated. After the second operation, ad-
juvant therapy according to Stupps regimen was carried
out, but tumor recurrence was confirmed 17 months after
the first operation, until when five courses of maintenance
TMZ had been administered. During the course, bevacizu-
mab was added, and the patient deteriorated and deceased
26 months after the first operation.

Case 2: This 50-year-old right-handed woman annually
underwent MR imaging as a medical checkup since the
FLAIR image detected multiple hyperintensity lesions in
the deep white matter 8 years ago (Fig. 3A). The white
matter lesions were asymptomatic, and the FLAIR image
remain unremarkable until a year ago (Fig. 3B). Neverthe-
less, this time aggregation of the T2WI/FLAIR hyperinten-
sity area developed in the left frontal white matter
(Fig. 3C, arrowheads). Additional imaging showed the le-
sion was slightly hypointensity in TIWI and was not en-
hanced with Gd (Fig. 3D and E). She underwent awake
surgery to resect the lesion. The correctness of the surgical
removal of the lesion was confirmed by postoperative MR
images (Fig. 3F and G). The histopathological study
showed that slightly higher cellularity mainly with reactive

astrocytes or infiltration of histiocytes was observed, indi-
cating the existence of inflammation. On immunohisto-
chemical analysis, those cells were positive for ATRX, and
negative for IDH1 (R132H) and p53, and the Ki-67 labeling
index was 0.8% (Fig. 3H-L). Thus, cell proliferation was in-
terpreted not as neoplastic change but rather as reactive
gliosis. In the molecular diagnosis, molecular GBM signa-
ture, IDH-wildtype, H3-wildtype, and pTERT mutated (Fig.
3M), and unmethylated pMGMT, was detected. Despite this
discrepancy between histopathological and molecular re-
sults, we assumed the possibility of GBM-like behavior of
the lesion, and we began a close observation with monthly
MR studies. Five months after the operation, elongation of
the T2WI hyperintensity tail toward the corpus callosum
was detected (Fig. 3F and G). Consequently, we have ad-
vised chemoradiotherapy, and at that moment, she did not
show any neurological manifestation. Treatment according
to Stupp’s regimen was started 7 months after the surgery.
However, during maintenance chemotherapy with TMZ,
she got progressive cognitive decline and MR images ob-
tained 10 months after the operation revealed a ring-
enhancing lesion in the left frontal lobe (Fig. 3N and O). A
proposal to re-operate for removal of the mass lesion was
not realized by refusal from the patient and the family.
Eventually, her symptom exacerbated and chemotherapy
was abandoned after three courses of TMZ, and then, she
passed away 12 months after the operation.

Discussion

We have reported cases in which “nonspecific” lesions
both from neuroradiological and histopathological points
of view progressed into massive GBM in just a couple of
months (Supplementary Figure). These tumors would be
interpreted as two kinds of disease course: very early
growth phase of GBM and progression of LGG to GBM. We
assume these cases were the former, not the latter. We also
assume that these cases would be a corroboration of the
ultra-early growth phase of GBM, which traditional diag-
nostic modalities cannot detect. With compelling data, di-
agnosis of GBM, IDH-wildtype will be made when an IDH-
wildtype diffuse and astrocytic glioma have either of mi-
crovascular proliferation, necrosis, pTERT mutation, EGFR
gene amplification, or +7/-10 chromosome copy number
changes.” These molecular changes (pTERT mutation,
EGFR gene amplification, and +7/-10 chromosome copy
number changes) are called “molecular GBM signature.
Even when the tumor histologically shows benign features
that for example lack necrosis or microvascular prolifera-
tion, the existence of one or more molecular GBM signa-
tures is enough to diagnose GBM. In that case, the tumor
contains features of diffuse astrocytoma such as increased
cellularity and nuclear atypia. Compared with that, the
cases here showed no such glioma-like characteristics; in
both cases, there could not be found atypical cells, and in
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Fig. 2 Radiological and histopathological images after the recurrence of Case 1. An axial FLAIR (A) and coronal Gd-enhanced
image (B) showing solid enhanced mass, typical findings of GBM just the same place as the removed lesion at the initial operation.
Perfusion image (C) showing elevated blood flow. Hematoxylin and eosin staining showing necrosis (D), microvascular prolifera-
tion (E), and proliferation of atypical cells (F), original magnification: x10 (D, E), x40 (F). Inmunohistochemical staining for Ki-67
(G), p53 (H), IDH1 (R132H) (I), ATRX (J), original magnification: x40. A result of Sanger sequencing of the specimen (K), showing

17.0% had C250T TERT promoter mutation.

Case 1, the cellularity was almost normal and in Case 2,
somewhat higher cellularity was due to infiltration of reac-
tive astrocytes or histiocytes. Additionally, clinically, symp-
toms deteriorated more rapidly. One could argue that his-

NMC Case Report Journal Vol. 9, 2022

tological diagnosis was made based on incorrectly sampled
tissue from a normal brain. However, for the following rea-
sons, it is indisputable that the samples were indeed taken
from the core of the tumors themselves; first, the accuracy
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Fig. 3 Radiological and histopathological images of Case 2. An MR image taken 8 years before showing multiple deep white mat-
ter hyperintensity (A). An MR image taken 1 year before also showing deep white matter hyperintensity (B). MR images showing
the emergence of T2WI hyperintensity lesion in the left frontal white matter (C, arrowhead) that are hypointensity in TIWI (D) and
not enhanced with Gd (E). MR images 3 months after the operation indicating that the hyperintensity area was elongating toward
the corpus callosum (F) but was not enhanced with Gd (G). Note that the removal cavity of the operation is seen in exactly the
same loci of the T2WI hyperintensity lesion in C. Histopathological findings indicating a slight increase in cell density in HE (H),
and scarce positive cells for Ki-67 staining (I), and negative for p53 (J) and IDH1 (R132H) (K), and positive for ATRX (L). Original
magnification: x20 (H, I), x40 (J, K, L). A result of Sanger sequencing of the specimen (M), showing 13.3% had C228T TERT promot-
er mutation. Radiological images after disease progression of Case 2. Ten months after the operation, images revealed a massive
enhanced lesion next to the operative cavity (N, O).
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of location was proven by the usage of neuronavigation
and postoperative MR images. Second, each specimen pro-
vided for histological diagnosis came from the same sam-
ple that was used for molecular diagnosis. Third, although
the Ki-67 labeling index was low, we think GBM cells not
in division cycle were included. By molecular analysis, the
same sample revealed wildtype IDH and mutated pTERT,
which corresponds to GBM. We did not analyze EGFR am-
plification and chromosomal changes, but as the result of
the recent study indicates, analysis of pTERT mutation
status is sufficient to diagnose GBM, IDH-wildtype.” As the
high signal of pTERT mutation might explain the higher
tumor cell ratio, the results of the cases indicate only a
small percentage (27.8% and 13.3%, respectively) of the tis-
sue containing GBM cells. Unexpectedly, in Case 1, the sig-
nal in recurrence (17.0%) was lower than the initial. The
possible reasons for this, we guess, are the heterogeneous
nature of glioma affected as intratumoral dispersion or ne-
crotic tissue in the recurrence reduced the intensity of the
signal. We also speculate that it needs an accumulation of
similar cases for a detailed discussion of this phenomenon.
As far as we know, there are 48 cases of GBMs first de-
fined as “nondiagnostic” or “normal image” by MR images
(Table 1).""¥ Most of them were discovered by seizure at-
tack and consequently demonstrate typical GBM findings
such as ring-like enhancement in a median of 5 months.
Some were operated on in the nonenhancing period and
histological diagnosis turned out to be LGG or GBM. In
our cases, the patients were asymptomatic, and we per-
formed surgical removal 7-10 months before the tumor
showed a typical radiological GBM appearance. Addition-
ally, histopathological findings were without evidence of a
tumor. By investigating 16 cases of nonenhancing lesions
that rapidly progressed to GBM, Toh and colleagues men-
tioned that these lesions were not low-grade gliomas but
high grade from their origin.” There also is a reported
case of nonenhancing lesions distant from histologically
proven GBMs."”

In Japan, the number of MR imaging units is approxi-
mately 60 per million population, which is the highest
number in the world.”” To make use of it, healthy or as-
ymptomatic people often have an MR imaging scan of the
brain for medical checkups. On some occasions, unrup-
tured aneurysms or small meningiomas are detected, but
only 2% of GBM is diagnosed asymptomatically.”” One rea-
son for the scant asymptomatic GBM is that the very early
stage of GBM progression is not fully recognized. The cell
of origin of GBM is discussed but not solved so far. Re-
cently, a report proved that in IDH-wildtype GBM, the
founder cell emerges approximately 2-7 years before diag-
nosis and undergoes several years of evolution before be-
ing detected.” Another report demonstrated that GBM
arises from the subventricular zone (SVZ) cells and mi-
grates to the cerebral cortex and develops into GBM.* Ad-
ditionally, the findings of monoclonal multicentric GBM
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show that the existence of GBM cells is not visible on the
MR images and migration from SVZ is speculated.”” Taken
together, founder cells of GBM arise from SVZ cells years
before the onset, and then migrate to the tumor location,
which cannot be detected by current neuroimaging tech-
niques. Based on this hypothesis, our cases correspond to
the early growth phase of GBM cells. In Case 1, as the re-
maining tumor of 4 mm in the diameter grew up to 4 cm
mass in the next 7 months, by our calculation, the cell
doubling time was 20 days. Based on reports GBM’s cell
division rate was approximately once in 10-49.6 days.”**’
To our knowledge, therefore, these are the first cases in
which an early growth phase of GBM cells was identified
wherein the lesion was neuroradiologically and histopa-
thologically nonspecific.

Conclusion

We have detected GBMs in the very early growth phase
in two cases, which previously might have been thought of
as indeterminate lesions. As we have experienced, even
when conventional modalities cannot detect neoplastic
change, molecular profile clearly indicate GBM nature an-
tecedent to radiological or histological manifestation.
Thanks to the progress of molecular biology, we now can
decide these cases as GBM, IDH-wildtype. These cases may
be a help to understand the natural history of yet un-
known early phase of GBM. Neuropathologists and neuro-
surgeons should be aware of the existence of nonenhanc-
ing early phase of GBM. Additionally, early therapeutic in-
tervention based on molecular diagnosis shall be consid-
ered.
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