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Abstract

Purpose: Differential diagnosis of giant cell glioblastom@a) and classic glioblastoma (GBM) using converalon
radiological modalities is difficult. This studymaed to use diffusion-weighted imaging (DWI) to giguish GC from GBM

and thereby improve the accuracy of preoperatigesssnent of patients with GB.

Materials and Methods: The clinical, magnetic resonance imaging, and gatfical data of 12 patients with GC and 21
patients with GBM were retrospectively analyzedidpendent sample t-tests were used to compare ithieum apparent
diffusion coefficient (ADG,,) and the normalized apparent diffusion coefficgeADC) of the two tumor types. Receiver
operating curve (ROC) analysis was used to asBestidgnostic efficacy of ADg;, and nADC values.

Results: Compared with that of the classic GBM group, theG\R (0.98 + 0.14 vs. 0.80 + 0.19xFmnt/s, P = 0.007) and
nADC (1.42 £ 0.25 vs. 1.17 £ 0.25, P=0.011) of @@ group were significantly higher. ROC curve asayshowed that, the
maximum AUC of ADCmin and nADC were 0.800 + 0.08®a.778 + 0.082, respectively. The sensitivityedficity and
accuracy distinguishing GC and classic GBM was [8383%, 76.19%, and 78.79%, respectively) wherCAR=0.84x10°
mn¥/s (maximum area under the ROC, 0.800). Its pesitind negative predictive values under this comlitiere 88.89%
and 66.67%, respectively.

Conclusion: By distinguishing GC from classic GBM, the AR& parameter of DWI can improve the accuracy of the

preoperative differential diagnosis of the two turtypes.

Keywords: Giant cell; Glioblastoma; Magnetic resoce&imaging; Diffusion-weighted imaging; Apparefffusion coefficient



In
Giant cell glioblastoma (GC) are composed of lacgts with polymorphic nuclei, eosinophilic cytopta, and increased
reticular fiber$; furthermore, GCs are characterized by rare vasardothelial cell proliferation. Accounting for5% of all
glioblastoma (GBM) cases, GC primarily presentthimtemporal lobes of younger meA Although GC is a special subtype
of GBM with similar clinical sighs and symptomsetiprognosis of GC is better than that of classioViGBurthermore,
prolonged survival (i.e., 5 years) is rare for GRMstients, whereas it is observed in more than 10%@® patients (overall
5-year survival: GC, 12.3%; GBM, 3.4%) Compared with GBM, the boundaries of GC are eleaand it is easier to
completely resect the former with surgéryHence, maximal surgical resection combined wittive adjuvant chemoradiation
improves the prognosis of patients with GC. The accurate preoperative diagnosis of GC isl wiiathe success of
personalized clinical treatment.

As a functional magnetic resonance imaging (MRI}huod, diffusion-weighted imaging (DWI) can be ugedjuantify
the diffusion of water molecules along the diffusigradient in the tissue, which depends on thedsikity and membrane

integrity: the higher the cell density, the strontjee DWI signal” 8

At present, DWI and ADC values are widely usedhim
classification, molecular typing, and prediction the aggressiveness of various tumors. Using then@@zed apparent
diffusion coefficient (nADC) to grade nonfunctionphncreatic neuroendocrine tumors, Kulali et alinfib that the nADC
value of high-level nonfunctional pancreatic nemdecrine tumors was lower than those the valu@sdadium- and low-level
counterparts. Xing et al. found that the ADg, and nADC values of isocitrate dehydrogenase (IBtfant grade Il and
grade Il astrocytoma were significantly higher nihtnose of the IDH wild-type; the group further falithat combining
conventional MRI and dynamic susceptibility-contrparfusion-weighted imaging to predict the IDH atidgn status of grade

Il and IIl astrocytoma had a high sensitivity, sfieity, and positive and negative predictive vad& Song et al. used ADC
values to predict the invasiveness of papillaryaigy carcinoma and found that AR can provide quantitative information
to distinguish low-invasive from high-invasive PTi&sions'*. However, GC and classic GBM appear similarly on

conventional MRI and can thus be difficult to digfilish. This study aimed to use the ADC value forin the preoperative

differential diagnosis of GC and classic GBM to e the accuracy of diagnosing and treating eityyg of glioblastoma.

Materials and Methods
The present study was approved by the local initital review board and the need for informed cahseas waived due to

the retrospective study design.

Patients
The clinical, pathological, and imaging data of d&#d 21 randomly selected patients who were trefmleC and classic

GBM, respectively, from May 2015 to May 2020 wedlected. The diagnoses of GC and GBM were confiting surgery



an 2—73
years). The mean age of the patients with GB was 522.8 years (age range, 31-71 years). Climaalifestations included
28 cases of headache and dizziness, three casgsfahction or limb paralysis, one case of slurspdech, and one case of

other manifestations.

MRI protocol

Head MRI and enhanced scanning were performed aiiemens Verio 3.0 T superconducting MRI scannkitewthe

patients were in the supine position. Scanningrpatars were set to the following: T1-weighted imngg(T1WI) (gradient
echo sequence): TR, 550 ms; TE, 11 ms; layer teis&kn5.0 mm; layer interval, 1.5 mm; field of viwDV), 260 mm x 260
mm; matrix size, 256 x 256; T2WI (turbo spin-eclegeence): TR, 2200 ms; TE, 96 ms; echo time, 10egt® chain length,
8; excitation number, 2; DWI (spin-echo echo-plairaaging sequence): frequency-selective fat sugpastechnology
(retention time [TR], 4000 ms); echo time (TE), 1886; layer thickness, 5 mm; layer spacing, 1.5 m@Y, 260 mm x 260
mm; matrix size, 256x256. The two b values of 0 860 s/mm were used in three orthogonal directidfesused Gd-DTPA
([Bayer Schering Pharma AG, Berlin, Germany]/kg) the enhanced scanning contrast agent, which wagvéanously

administered via a bolus injection of 0.1 mmol/kgdlow rate of 3.0 ml/s.

MRI image evaluation

Two neuroradiologists with more than 10 years afgdbstic experience independently and blindly arealythe MRI images
of each patient. The tumor number, location, maximdiameter, necrosis/cystic changes, edema arcwndumor, tumor
boundary, and enhancement method were recordeel thi¢ DWI scan was completed, the correspondin@ Adage was
obtained with a computer post-processing algoritficeording to the original DWI image. The ADC imagmas then
transmitted to the Siemens post-processor to medkarADC of the solid part of the tumor. The sqatt of the tumor was
selected on multiple consecutive ADC maps, andstkeo eight regions of interest (ROI) with an aafal5—-20 mriwere
manually placed on each level. The area with theeth ADC value (ADG;,) was selected. The averages of the minimum
ADC values calculated by the two radiologists wesed as the final result. The ADC of normal whitatter (NAWM) was
measured from the center of both half eggs. Irep&iwith tumors or related angioedema involvirgystde of the semi-oval,
the ADC was calculated only from the side of thatee of the semi-oval. Free-form marking tools waesed to manually
draw tumor contour image slices on the ADC map athe ADC, and the mean ADC (ARE.,) was calculated. The

normalized ADC (nADC) was obtained by dividing thBC,..by the average NAWM value.

Satistical analysis

All data were analyzed with SPSS 25.0 statistioftiwsare. A chi-square test was used to comparduim®r count variables



be leters
calculated by the two radiologists. ICC values mfager than 0.75 indicated excellent consistenayp $ample t-tests were
performed to compare the patient's age, tumor $#\C,,,, and nADC. P-values of <0.05 were considered tlicate

statistical significance. The ROC curve was useasgess the differential diagnosis ability of ARR@Gnd nADC.

Results

The GC and GBM groups featured similar sex distidns (eight men and four women vs. 13 men andteigimen, P=1.00).

In addition, the average ages of the patients @®ithand classic GBM were also similar (51.3 + 11s752.5 + 12.8 years,
P=0.79). Six of the GCs were located in the temdolse, one in the frontal lobe, one in the cerklsdiemisphere, two in the
occipital lobe, and two in the parietal lobe. Sewéithe classic GBMs were situated in the templwiaé, four in the frontal

lobe, six in the parietal lobe, and four in the ipital lobe. There were no statistically signifitatifferences between the
distribution of the GCs and classic GBMs in the penal lobe (P=0.47).

Conventional MRI revealed the maximum diametehef@&Cs to be 7.6 cm (average, 5.08 + 2.09 cm; range7.6 cm)
and that of the classic GBMs to be 8.7 cm (averaghd) + 1.24 cm; range, 3.1-8.7 cm), indicating tha tumor sizes in both
groups were similar (P>0.05). No significant diffaces in the conventional MRI parameters of GCsdassic GBMs were
found (Table 1). Typical GC and classic GBM images shown in Figures 1 and 2. The ARCand nADC of the GC and
GBM groups are shown in Table 2. The solid partainé GCs showed high-signal intensities on DWbsthof two showed
equal signals, and that of one showed low signaé Jolid parts of 17 classic GBMs showed high-digntansities on DWI,
those of two showed equal signal, and that of drweved low signal. The agreement between the AD@maters calculated
by the two observers was excellent: the ICCs of AR@nd nADC were 0.83 and 0.79, respectively. In talti compared
with GBM group, the GC group featured significarftigher ADG,, (0.98 + 0.14 vs. 0.80 + 0.19x10-3 fis) P = 0.007) and
nADC (1.42 £ 0.25 vs. 1.17 £ 0.25, P=0.011). RO®rewanalysis showed that, when distinguishing Giinfclassic GBM,
the maximum AUC of ADG;, and nADC were 0.800 = 0.080 and 0.778 + 0.08)eetively (Table 3, Figure 3). When
ADCi» was 0.84x10-3 mffs, the sensitivity, specificity, and accuracy testttheir maximum values of 83.33%, 76.19%, and

78.79%, respectively; the positive and negativaligtive values under this condition were 88.89% &6 7%, respectively.

Discussion

This retrospective study aimed to evaluate thatglof DWI to overcome the difficulty in differeratlly diagnosing GC
and classic GBM with conventional MRI. We foundtA®Cmin and nADC DW!I parameters of the two tumorsh®
significantly different and can thus be used tainigaiishing them.

The 2016 World Health Organization (WHQO) Centrabteyn Tumor Classification classified glioblastonsaaaWWHOIV

tumor that originates from astrocytes and is charamd by high invasiveness and recurrence Fat@®atients with GC



re| ssion
13.14 Before adopting a chemotherapy regimen, howévisrnecessary to fully evaluate the prognostiplioations of GC. As
GC clinical symptoms are atypical and it can bdidlift to distinguish GC from GBM with convention&liRI, DWI
examination should be used to distinguish GC frdassic GBM and inform appropriate patient managenoertreatment
planning before performing a biopsy.

Concerning the clinical similarities between GC @&i8M that complicate their differential diagnosise features of GC
overlap with those of GBM. While the age of GC drisereportedly younger than that of GBM onSgtour study did not
identify a significant difference between the twsl @ + 11.7 vs. 52.5 + 12.8 years; P=0.79). Theral$o no significant
statistical difference between the two group (P50.0he literature reports that GC more commonispnts in the temporal
lobe than does GBM Of the 12 GCs considered in the present stugypasurred in the temporal lobe (50.00%), whileesev
of the 21 GBMs were observed in the temporal a2 1(7%). However, we found that the distributiontled GCs in the
temporal lobe did not differ statistically thattbe classical GBM (P>0.05). This finding is consigtwith those of a previous
report*. In addition, no signs on conventional MRI werarid to be reliably capable of distinguishing GQnirolassic GBM.

Research has confirmed that the ADC value obtagnafth DWI can be used to grade gliomas: the lalverADC value,
the higher the grad®. Daniel et al. found that ADC histograms can dfgdsw-grade astrocytoma, oligodendroglioma, and
oligodendro-astrocytoma, and that the accuracystinguishing astrocytoma from oligodendrogliomaildoreach 83%’. We
found that the ADCmin and nADC of GC to be sigrafitly higher than those of classic GBM. We furtfeund that the
sensitivity, specificity, and accuracy of distingling GC from classic GBM were the best (83.33%19%, and 78.79%,
respectively) when ADCmin reached 0.84x10-3%sm

Since the diffusion of water in tissues is highbpdndent on the ratio of intracellular to extradell space, the higher
cell density in advanced tumors reduces the diffusif water molecules by limiting the availableraxellular spacé GBM
is pathologically characterized by increased nttaiitivity, increased heterogeneity, and an ine@asimber of cell$®. In
contrast, GC cells are bulky, have atypically sidapaclei, are very basophilic, and have increasgidular fibers™ > The
ADC values of gliomas are significantly negativelyrrelated with cell density: the greater the delhsity, the smaller the
ADC value'®. We consider that the differences in these stratfieatures may account for the relatively larg@Q),, and
nADC values of GC. As ADC valuesreportedly decressenalignancy increasés the presently identified difference in ADC
values between GC and classic GBM verify the lomeatignancy of GC. Research has confirmed that [dCAvalues were
factors for a poor prognosis in gliomds In our study, the ADG, and nADC values of GC were significantly highearth
GBM, and the prognosis of GC was better than GBNhdicates that ADg, and nADC values are related to the prognosis of
GC and GBM. The prognosis of both can be evalubye8iDC value before surgery.

The study was subject to the limitation of smathpée sizes that may have caused statistical bizrshét, selection bias

may have been introduced by our having measure®®iein the solid parts of the tumor rather thangidering the entire



tur

Conclusions
DWI combined with ADC can distinguish GC from dasGBM and may be used as a non-invasive bio-intagiarker

for GBM subtype classification.
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6. Figure L egends

Figure 1 Female, 36 years old, giant cell glioblastomahefiight occipital lobe. A-C: Magnetic resonancegimg
cross-sections. T1-weighted imaging, T2-weighteddimg, and enhanced T1-weighted imaging show a-sigled parietal
subcortical-like circular footprint with clear boderies and uneven signals of about 6.0 cm x 4.5 &% cm in size with long
T1 and short T2 signals. Flaky high-signal edemadbaurround the solid part, which is obviouslgsgthened unevenly
after the enhancement. D-E: Diffusion-weighted imggThe main body of the lesion showed a low digmad the apparent
diffusion coefficient showed a low signal. F; Pdtigical image of the tumor. The tumor cells areaged in high density, the

cytoplasm is eosinophilic, the proportion of nugesm is increased, and the nuclear atypia is atigtéE, x200).

Figure 2 Female patient, 55 years old, giant cell glioldast of the left parietal lobe. A-C: Magnetic resarm imaging
cross-sections. T1-weighted imaging, T2-weightecgimg, and enhanced T1-weighted imaging show a defffparietal
cortex-like circular footprint, with unclear bouniéess and uneven signals of about 6.2 cm x 4.4 &R>cm in size, with long
T1 and long T2 signals. Flaky high-signal edemadbsaurround the solid part, which is obviously werdy strengthened. The
surrounding subfocals are visible. D-E: Diffusioeighted imaging. The main body of the lesion shoaeslightly higher
signal, and the apparent diffusion coefficient sbdva slightly lower signal. F: Pathological imadgettee tumor. The tumor

cells are densely hyperplastic, the nucleoplasio imincreased, and the nuclear atypia is evi@idat x100)

Figure 3 Giant cell glioblastoma and classic glioblastomae Tminimum and normalized apparent diffusion coddfits

indicate the differential diagnostic efficiency.ébreas under the curve is 0.800 £+ 0.080 and G7/882, respectively.



Table 1. The demographic data and conventional MRI characteristics of patients with GC and

classic GBM

GC (n=12) GBM (n=21) P-value
Age (years) 51.3+£11.7 52.5+12.8 0.79
Sex (man/woman) 8/4 13/8 1.00
Location (temporal lobe/other) 6/6 7/14 0.47
Number (single/multiple) 10/2 20/1 0.54
Maximum diameter of tumor 5.08+2.09 5.40+1.24 0.58

(cm)

Edema —vyes 11 (91.7%) 21 (100%) 0.36
Clear tumor-brain interface 7 (58.3%) 7 (33.3%) 0.27
Cystic change —yes 7 (58.3%) 14 (66.7%) 0.72
Necrosis — yes 10 (83.3%) 20 (95.2%) 0.54
Enhancement method (light-to- 2/10 1/20 0.54

moderate/obvious)

Abbreviations: GC, giant cell glioblastoma; GBM, classic glioblastoma



Table 2 Comparison of ADC,,i, value and nADC value between GC and classic GBM

Parameter (x10 GC (n=12) GB (n=21) P-value
mm?/s)

ADCrin 0.980.14 0.80£0.19 <0.05
nADC 1.4240.25 1.18+0.25 <0.05

Abbreviations: ADC, apparent dispersion coefficient; ADCpmin, minimum ADC; nADC, normalized ADC;

GC, giant cell glioblastoma; GBM, classic glioblastoma



Table 3 Diagnostic performance of ADC parameters for differentiating GC from classic GB

Cut-off (x10° Sen (%)  Sep (%) PPV (%) NPV (%) ACC (%)  AUC
mm?/s)
ADCin 0.84 83.33 76.19 88.89 66.67 78.79 0.800
nADC 1.25 83.33 71.43 88.24 62.50 75.76 0.778

Abbreviations: ADC, apparent dispersion coefficient; GC, giant cell glioblastoma; GBM, classic
glioblastoma; ADC,,, minimum ADC; nADC, normalized ADC; Sen, Sensitivity; Sep, Specificity; PPV, Positive

predictive value; NPV, Negative predictive value; ACC, Accuracy; AUC, Area under curve
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ADC: Apparent diffusion coefficient

ADCpin: minimum apparent diffusion coefficient
NADC: normalized apparent diffusion coefficients
ROC: Recelver operating curve

MRI: magnetic resonance imaging

DWI: Diffusion-weighted magnetic resonance imaging
FLAIR: Fluid-attenuated inversion recovery
FOV: Field of view

GRE: Gradient-recalled echo

GTR: Grosstota resection

ICC: Intraclass correlation coefficient

NAWM: Normal-appearing cerebral white matter
P/R: Progression/recurrence

PSPF: Parasagittal and parafalcine

ROI: Region of interest

T1WI: T1-weighted imaging

T2WI: T2-weighted imaging

TR/TE: Repetition time/echo time

WHO: World Health Organization

GC: giant cell glioblastomaand

GBM: glioblastoma

IDH: isocitrate dehydrogenase

ICC: intra-class correlation

WHO: World Health Organization



