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The influence of endothelial hyperplasia on pseudoprogression
development in patients with glioblastoma

VYTunaj engorenyjaaHe XAmnepIia3ruje Ha MojaBy MceyI0Iporpecuje Ko

naiyjeHara ca riamo01acToMOM

SUMMARY

Introduction/Objective Pseudoprogression
represents an enlarging contrast enhancing lesion that
occurs after chemoradiation and stabilizes with time
without any changes in the therapeutic procedure. This
phenomenon is highly significant, because it can have
influence on further therapeutic procedures, however
precise criteria for pseudoprogression diagnosis have
not yet been defined. The main goal of this study is to
examine the endothelial hyperplasia influence on
pseudoprogression.

Methods We analyzed a group of 106 patients with
glioblastoma who had undergone surgical treatment
from 2010-2012, at the Clinic of Neurosurgery,
Clinical Center of Serbia, who received Stupp
protocol. Pre-and post-treatment imaging was
evaluated using RANO criteria. Lesions that improved
or stabilized were defined as pseudoprogression, and
lesions that progressed were defined as true
progression. Endothelial hyperplasia was identified
based on the hematoxylin eosin pathohistological
examination.

Results Thirty-two (30.2%) of the patients were
diagnosed with pseudoprogression. Endothelial
hyperplasia was observed in 51 (48.1%)" of
glioblastoma tissue samples, and 28 (87.5%) of all the
patients with pseudoprogression were found to have
endothelial hyperplasia. The group of 51 (68.9%)
patients without pseudoprogression did not show the
presence of endothelial hyperplasia. Statistical
analysis showed significantly higher incidence of
pseudoprogression in patients with endothelial
hyperplasia. (y* = 26.269, r <0.01)

Conclusion Taking into._account that there are no
precise diagnostic methods that could determine the
presence of endothelial hyperplasia with certainty, it
could be an indicator, as a pathohistological entity, of
a higher likelihood of pseudoprogression which could
be used ineveryday clinical practice. In order to reach
definite conclusions — we believe it is necessary to
conduct prospective controlled studies with larger
sample sizes.

Keywords: glioblastoma; endothelial hyperplasia;
pseudoprogression
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CAKETAK

Yeon/Llnmm Ilceynonporpecuja mpeacTaBiba MojaBy
ne3dje  Koja ce mpedojaBa  KOHTPACTOM / HAaKOH
XeMoupaavjanrje M Koja He MNporpeaupa’ Wik, ce
nosiauyn Oe3 npomene tepanuje. Cam eHOMEH nMa
M3pa3uT KIMHUYKY 3HAauyaj 3aTO LITO Y BEJIUKO] MEPH
yTHYe Ha Jajbe Tepamujcke IOCTYNKe . aju
KPUTEPHjyMH 32 HCHO IHjarHOCTUKOBAHE jOII YBEK
HUCY jacHO neduHucaHu. L{nip OBOT HCTpakMBamkba je
WCTIIATHUBAKC YTUIaja CHAOTCIHjallHEe XHTePIUTa3Hje
Ha HAaCTaHaK IICeYAOIPOrpecHje.

Metoae lcmuruBano je 106 mamujeHaTta KOjU Cy
orepucany 300r riauodnactomay KilmHEYKOM HEHTpY
Cp6uje y nepuony on 2010.-2012. roaune, u Koju cy
HakoH Tora JieueHH CTYMOBHUM IPOTOKOJIOM.
CHuMame npe M HakoH Jiedema je yrBpheno RANO
kpurepujymom. IlpoMene koje cy Ouie ctabuiHe Hiu
cy ce moByKIe ¢y  JeduHHcaHe ~— Kao
TIICeyIoNporpecHja,. JIOK  Cy Jesnje Koje cy
nporpefiupaie  OKapakTepHCaHe  Kao  IpaBe
nporpecuje. EHpmoTenmjamHa  Xumepruiazmja  je
yTBpheHa HAKOH IaTOXMCTOJOLIKOT  Iperjieaa
XEMaTOKCHJIMHOM C€O3UHOM.

Pesyararn [ceynonporpecuja je perucrpoBasa Ko
32 (30.2%) marmjenata. Kom 51 (48.1%) y3opka
TKMBa TIHO0JacTOMa je YyodYeHa CHAOTEIujaHa
xumepmiasyja. OJ CBHX MaldjeHaTa KOJ KOJHX je
perucTpoBana rceyaonporpecuja, mux 28, (87.5%),
je wumamo eHmoTenujagHy xunepruiasujy. Kox
ManujeHaTa KOoju HHCY HMalH ICeYIONpPOTPECH])Y,
wux 51 (68.9%) Huje uUMaNo0 HU EHAOTEIHjATHY
xunepriasijy. Kon manujeHata Koju Cy HCIIOJBHITN
nceyonporpecujy  Owio  je  3Ha4ajHO  BUIIE
nanujeHaTa Koju cy y IaTOXHUCTOJIOUIKOM Halasy
MMaJIH ONKCaHy Y SHAOTENNjaIHY XHUIIEPIUIa3ujy, 10K
KOJI manujeHata 0e3 TCeyAolporpecuje uMa BHIIe
ciaydajeBa 0e3  eHAOTeNHWjallHE  XWIEpIUIa3Hje.
(x*=26.269, p <0.01).

3ak/pyyak C 003upoM Jjga 3a cajga HE TOCTOjH
Iperu3Ha JUjarHOCTHYKa MeToja Koja Om  ca
curypHomhy yTBpamia Jnga M ce  pagd o
NICEeYIONIPOTPECHjH,  IIPUCYCTBO  EHAOTENIHjaJIHE
xunepmiasuje O Moriao Ja ykaxe Ha Behy
BEpOBaTHONY TI0jaBe Iceymomporpecuje, mro Ou ce
MOTJIO KOPHUCTH Y CBaKOJHEBHOM KIMHHUYKOM pasy.
Wnak, pamgy AoHOLICHa NeQUHATHBHHUX 3aKJbydaka,
CMaTpaMo J1a je HEOIIXOAHO CIIPOBECTH IIPOCIIEKTHBHE
KOHTpOJIFCaHe CTyauje Ha BeheM y3opKky.

KibyuHe peum: mmobmacToM; eHIOTENHjaaHa
XUTIepIIIa3uja; ICeyI0NpOorpecHja
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INTRODUCTION

Pseudoprogression represents new or enlarging contrast enhancing lesion after
chemotherapy within the radiation field that stabilizes with time without any changes in the
therapeutic procedure [1]. This phenomenon is highly significant, because it mimics true tumor
progression and, if it is misinterpreted as such, it can have a negative influence on the further
therapeutic procedures. Pseudoprogression is commonly seen in asymptomatic patients.
However, some patients present with clinical deterioration. These complications can include
worsening of pre-existing symptoms, transient cognitive decline, subacute rhombencephalitis
or somnolence syndrome [2].

The pathophysiological basis of pseudoprogression remains poorly understood. There
are certain indications that it is part of the spectrum of radiation-induced changes ranging from
subacute radiation-induced changes to late radiation necrosis [3]. It is assumed that there are
two components of pseudoprogression: vascular injuries and treatment-related cell toxicity [4].
It is thought that transient breakdown of the blood brain barrier can cause the edema and
contrast enhancement seen on the magnetic resonance imaging (MRI) [5]. The cells most
sensitive to radiation are oligodendrocytes, endothelial cells and neural precursors. Cellular
damage can lead to cell death including p53 and p53-independent mechanisms of apoptosis.

Pathohistological examination of -patients. operated because of pseudoprogression
showed distinct characteristics. On the microscopic level, tumor recurrence is usually
characterized by microvascular-proliferation.-and highly cellular tumor tissue. This is
contradictory to the histological characteristics of the contrast enhancing tissue of
pseudoprogression that usually has a low cellularity. Typically, pleomorphic tumor cells can
also be found in these lesions with the low mitotic index. In addition, elements of coagulative
necrosis can be found, and it appears eosinophilic on light microscopy. Hyalinization of the
wall of blood vessels and fibrinoid necrosis is frequent. Telangiectatic blood vessels may be
seen, though they are less specific. Fibrillary and gemistocytic astrocytes may be observed as
well. Scattered. pleomorphic astrocytes are mostly associated with the tumor exposed to
radiation and are often present in the tissue obtained from pseudoprogression [6].

The accurate diagnosis of pseudoprogression from the true tumor progression is of great
significance in planning of further treatment [7]. Modern techniques and MR sequences are
developed with the goal of differentiating pseudoprogression and true tumor progression.

Diffusion-Weighted Imaging, Diffusion-Tensor Imaging, Perfusion-Weighted Imaging and
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MR spectroscopy can be helpful, but are not conclusive. Positron Emission Tomography
combined with other specific biomarkers is also used along with MRI. However, neither one
of the abovementioned methods can be used for diagnosing any pseudoprogression-related
changes with certainty.

In this paper we have examined if endothelial hyperplasia, being one of
pathohistological features of glioblastoma, affects the development of pseudoprogression in

patients with glioblastoma.

METHODS

We used a retrospective analysis of prospectively collected data in order to.analyze the
patients with glioblastoma who had undergone surgical treatment during the 3-year period
(2010-2012), at the Clinic of Neurosurgery, Clinical Center, Serbia and who received Stupp
protocol after the surgery. The patients were monitored by a series of MRI scans. While making
the final diagnosis, we used the RANO criteria, taking into consideration the fact, established
after the numerous literature data, that pseudoprogression may even occur-12 weeks after the
chemoradiation has been completed.

Statistical methods

IBM SPSS Statistics, Version 20.0 (IBM Corp., Armonk, NY, USA) was used for all
calculations in the study. Specific measures of central tendency and variability measures were
found for continual variability whereas the frequency of the separate categories was specified
for the categorical variables. A'chi-square test was used for examining the factors that have an
influence on pseudoprogression development. The maximum level of acceptability of the null
hypothesis probability used in our study is 0.05. The conducted study was approved by the

Ethics Committee (of the Clinical Centre of Serbia.

RESULTS

A total of 106 patients with glioblastoma who underwent surgery in the period from
January 1, 2010 to December 31, 2012 and who underwent Stupp protocol were included in
this study. 32 (30.2%) of the patients were diagnosed with pseudoprogression, whereas 74
(69.8%) of the patients showed no signs of pseudoprogression. On average, pseudoprogression
was observed after 4.64 months.

In the group of the patients with pseudoprogression, 59.4% of them were men and
40.6% were women, whereas in the group of the patients with no pseudoprogression 54.1% of
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them were men and 45.9% were women. In the group of the patients with pseudoprogression,
the average age of patients was 53.03 £+ 10.14 years, while in the group of the patients with no
signs of pseudoprogression the average age was 53.99 + 12.53 years. The highest number of
patients with developed pseudoprogression was found in the age group ranging from 51-60
years (53.1%), whereas the least number was found in the age group ranging from 71-80 years
(3.1%). The greatest number of patients had a radical operation: 74 (70.2%),and out of them
19 patients (17.2%) had subtotal resection, 12 (11.5%) patients had the tumor reduction,
whereas there was only one biopsy and that patient was excluded from further analysis (1.1%).
Pseudoprogression occurred in 15 (46.7%) of the patients who had received the radical surgery,
it occurred in 11 cases (33.3%) of the patients who had had subtotal tumor resection, whereas
6 (20%) of the patients with pseudoprogression had the tumor reduction. The influence, of a
degree of tumor resection on the incidence of pseudoprogression was. not significant
(x> = 5.493, p = 0.139).

Endothelial hyperplasia was observed in 51 (48.1%) of glioblastoma tissue samples.
Twenty-eight (87.5%) of all patients with pseudoprogression were found to have endothelial
hyperplasia, whereas four patients (12.5%) were without.it. Fifty-one (68.9%) patients who
were not diagnosed with pseudoprogression did not show: the presence of endothelial
hyperplasia either, whereas it was shown that 23 (31.1%) of the patients who were not
diagnosed with pseudoprogression had endothelial hyperplasia. In the group of patients who
developed pseudoprogression, the number of patients who had endothelial hyperplasia
described in their pathohistological findings was statistically significantly higher, whereas
there were more patients who were not diagnosed with pseudoprogression and who did not

have endothelial hyperplasia. (y~ =26.269, p < 0.01)

DISCUSSION

Pseudoprogression occurred in 32 patients (30.2%). When we compared our results
with_the literature data, we found the heterogeneity in the data related to the incidence of
pseudoprogression [8, 9, 10]. The study undertaken in 2017, which included the papers written
in the period from 2005 to October 8, 2014 due to the meta-analysis, published that
pseudoprogression was present in 36% of patients [11]. The reason for this may be found in
variouscriteria for its defining along with the fact that the results of a specific number of papers
were based on small sample sizes. In our study, we used the RANO criteria for defining the
pseudoprogression (Figurel). However, we carefully approached one specific piece of
information related to the incidence of pseudoprogression occurring even within 12 weeks after
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completing chemo-irradiation, because of various literature data claiming that
pseudoprogression can be observed much later and that it can be observed even later than 40
weeks and more [12, 8]. Our research demonstrated that pseudoprogression occurred on an
average of 4.64 months. The highest number of patients with pseudoprogression was found in
the age group ranging from 51-60 years, and then in the age group ranging from 61-70 years.
In a study published by Chu et al. [13], the average age of the patients with pseudoprogression
was 46.66 + 15.34 years, which is similar to the results obtained in our study. Endothelial
hyperplasia, commonly characterized by the formation of glomeruloid structures, represents
one of the main characteristics of glioblastoma (Figure 2). It is usually located in the vicinity
of necrosis and appears directionally oriented to it (Figure 3). After the analysis of all the
scientific papers published so far, we have not been able to find the results dealing with the
influence of endothelial hyperplasia on pseudoprogression development. The results obtained
in our study demonstrated that pathohistological characteristics such asendothelial hyperplasia,
are statistically significantly higher in the patients developing pseudoprogression. This
phenomenon could be primarily explained in terms of disturbing the integrity and normal
functions of the blood-brain barrier (BBB). Namely, one of the pathophysiological mechanisms
explaining the incidence of pseudoprogression is increased permeability of the BBB [5]. The
BBB is an extremely important structure which'maintains the balance of the central nervous
system (CNS) microenvironment and maintains the normal functioning of the brain. The BBB
is constituted of endothelial cells, astrocytes, peripheral cells, macrophage, fibroblasts,
neuronal cells, basement membranes, microglia and other cell types. There are many
transporters on the BBB, including P-glycoprotein (P-gp). Astrocytes are involved in nerve
signal transmission, nutrient transport, maintaining the balance of brain microenvironment and
extracellular matrix ion balance buffering. Peripheral cells are multifunctional cells, with
immune function in'the CNS neurovascular unit. Peripheral cells surround the endothelial cells
and play an important role in the BBB microenvironment and in maintaining the BBB function
by secreting growth factors and extracellular matrix. Microglia are a kind of long-standing
immune cell in the human brain. They can stimulate the opening of BBB, leukocyte
extravasation, and angiogenesis. Fibroblasts, when co-cultured with glioblastoma cells, can
induce production and activation of matrix metalloproteinase MMP2, and its activators
membrane type 1 metalloproteinase (MT1-MMP) and MT2-MMP, which affect the growth
progression of gliomas. Other cells, like endothelial cells, in the BBB microenvironment
maintain the normal function and integrity of the BBB by forming tight junctions that limit
transcytosis. CNS neurons bind chemicals and convey electrical signals. They can regulate the
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ionic microenvironment of the synaptic and axonal regions of the nerve cell, which are essential
to the nerve signal transduction. The basement membrane is attached as a support tissue to the
neurovascular unit cells. The endothelial cell is the most important structural component of the
BBB. Changes in the phosphorylation state of the tight junction protein (ZO-1 or occluding)
are critical to the control of BBB vascular permeability. In areas of tumor environment, the
endothelial cells connection is very loose and almost lacks integrity [14]. Endothelial
hyperplasia is a frequent finding in glioblastoma and it is connected with an increase in
nonselective transport through the BBB [15]. The major changes reflect in an increased number
of endothelial cells, endothelial hyperplasia leading to function loss and volume reduction in
the endothelial cells, cell form changes, tight junction damage, an increased number of vesicles,
caveolae and fenestrations, the basement membrane thickening, perivascular space expansion,
and the necrosis of capillary endothelial cells [16-19]. All the above-mentioned changes lead
to BBB degradation. A significant degradation of the integrity and an increase in the BBB
permeability in patients with endothelial hyperplasia may be the cause of contrast leaking the
blood vessels which may eventually induce radiology changes described under the notion of
pseudoprogression.

CONCLUSION

Pseudoprogression is a phenomenon of great clinical significance. Distinguishing
pseudoprogression from true tumor progression has significant influence on further treatment
of patients with glioblastoma. Considering the fact that no accurate diagnostic method has been
found so far due to which it'would be possible to undoubtedly confirm the presence of
pseudoprogression, the presence of endothelial hyperplasia as a pathohistological entity could
be an indicator of a higher likelihood of pseudoprogression which could be used in everyday
clinical practice. Nevertheless, in order to reach definite conclusions — we believe it is

necessary to conduct prospective controlled studies with larger sample sizes.

NOTE
This paper is based on Dr Marko Petrovi¢’s PhD thesis.

Conflict of interest: None declared.

DOI: https://doi.org/10.2298/SARH180801027P Copyright © Serbian Medical Society



Srp Arh Celok Lek 2019 | Online First March 21, 2019 | DOI: https://doi.org/10.2298/SARH180801027P 8

REFERENCES

1.

10.

11.

12.

13.

14.

15:

16.

17.

18.

Gahramanov S, Raslan AM, Muldoon LL, Hamilton BE, Rooney WD, Varallyay, et al. Potential for
differentiation of pseudoprogression from true tumor progression with dynamic susceptibility-weighted
contrast-enhanced magnetic resonance imaging using ferumoxytol versus gadoteridol: a pilot study. Int J
Radiat Oncol Biol Phys. 2011;79(2):514-23.PubMed PMID: 20395065. DOI: 10.1016/j.ijrobp.2009.10.072
Fink J, Born D, Chamberlain MC. Radiation necrosis: Relevance with respect to treatment of primary and
secondary brain tumors. Curr Neurol Neurosci Rep. 2012;12(3):276-85.PubMed PMID: 22350279. DOI:
10.1007/s11910-012-0258-7

Huang RY, Neagu MR, Reardon DA, Wen PY. Pitfalls in the neuroimaging of glioblastoma in the era of
antiangiogenic and immuno/targeted therapy - detecting illusive disease, defining response. Front Neurol.
2015;6:1-16.PubMed PMID: 25755649. DOI: 10.3389/fneur.2015.00033

Herbert B. Newton. Handbook of Neuro-oncology Neuroimaging. 2nd ed. OH, USA; 2016.

Yaman E, Buyukberber S, Benekli M, Oner Y, Coskun U, Akmansu M, et al. Radiation induced early necrosis
in patients with malignant gliomas receiving temozolomide. Clin Neurol Neurosurg. 2010;112(8):662—7.
PubMed PMID: 20627551. DOI: 10.1016/j.clineuro.2010.05.003

Woodworth GF, Garzon-Muvdi T, Ye X, Blakeley JO, Weingart JD, Burger PC. Histopathological correlates
with survival in reoperated glioblastomas. J Neurooncol. 2013;113(3):485-93.PubMed PMID: 23666202
DOI: 10.1007/s11060-013-1141-3

Young RJ, Gupta A, Shah AD, Graber JJ, Chan TA, Zhang Z, et al. MRI perfusion ‘in.determining
pseudoprogression in patients with glioblastoma. Clin Imaging. 2013;37(1):41-9.PubMed PMID: 23151413.
DOI: 10.1016/j.clinimag.2012.02.016

Stuplich M, Hadizadeh DR, Kuchelmeister K, Scorzin J, Filss C, Langen.KJ, et al. Late and prolonged
pseudoprogression in glioblastoma after treatment with lomustine and/temozolomide. J Clin Oncol.
2012;30(21):180-3. PubMed PMID: 22689800. DOI: 10.1200/JC0.2011.40.9565

Linhares P, Carvalho B, Figueiredo R, Reis RM, Vaz R./Early Pseudoprogression following
Chemoradiotherapy in Glioblastoma Patients: The Value of RANO Evaluation. J Oncol [internet].2013 July;
Available from: https://www.hindawi.com/journals/jo/2013/690585/. PubMed PMID: 24000284. DOI:
10.1155/2013/690585

Brandes AA, Franceschi E, Tosoni A, Blatt V, Pession A, Tallini G, et al. MGMT promoter methylation
status can predict the incidence and outcome of pseudoprogression after concomitant radiochemotherapy in
newly diagnosed glioblastoma patients. J Clin Oncol: 2008;26(13):2192—7. PubMed PMID: 18445844. DOI:
10.1200/JC0.2007.14.8163

Abbasi AW, Westerlaan HE, Holtman GA, Aden KM, van Laar PJ, van der Hoorn A. Incidence of Tumour
Progression and Pseudoprogression in High-Grade Gliomas: a Systematic Review and Meta-Analysis. Clin
Neuroradiol. 2017 Apr 4;1-11. Epub 2017 May 2. PubMed PMID: 28466127. DOI: 10.1007/s00062-017-
0584-x

Chaskis C, Neyns B, Michotte A; De Ridder M, Everaert H. Pseudoprogression after radiotherapy with
concurrent temozolomide for high-grade glioma: clinical observations and working recommendations. Surg
Neurol. 2009;72(4):423-8. PubMed PMID: 19150114. DOI: 10.1016/j.surneu.2008.09.023

Chu HH, Choi SH, Ryoo'I, Kim SC, Yeom JA, Shin H, et al. Differentiation of True Progression from
Pseudoprogression in Glioblastoma Treated with Radiation Therapy and Concomitant Temozolomide:
Comparison Study _of “Standard/ and High- b -Value Diffusion-weighted Imaging. Radiology.
2013;269(3):831-+40. PubMed PMID: 23771912. DOI: 10.1148/radiol.13122024

Zhao X, Chen R, Liu M, Feng J, Chen J, Hu K. Remodeling the blood—brain barrier microenvironment by
natural products for brain tumor therapy. Acta Pharm Sin B. 2017;7(5):541-53. PubMed PMID: 28924548.
DOI: 10:1016/j.apsh.2017.07.002

Vajkoczy P, Menger MD. Vascular microenvironment in gliomas. J Neurooncol. 2000;50(1-2):99-
108.https://doi.org/10.1023/A;1006474832189

Hellinger E, Veszelka S, Toth AE, Walter F, Kittel A, Bakk ML, et al. Comparison of brain capillary
endothelial cell-based and epithelial (MDCK-MDR1, Caco-2, and VB-Caco-2) cell-based surrogate blood-
brain barrier penetration models. Eur J Pharm Biopharm. 2012;82(2):340-51. PubMed PMID: 22906709.
DOI: 10.1016/j.ejpb.2012.07.020

Veszelka S, Téth AE, Walter FR, Datki Z, Mdzes E, Fulép L, et al. Docosahexaenoic acid reduces amyloid-
B induced toxicity in cells of the neurovascular unit. J Alzheimer’s Dis. 2013;36(3):487-501. PubMed PMID:
23645098. DOI: 10.3233/JAD-120163

Jahne EA, Eigenmann DE, Culot M, Cecchelli R, Walter FR, Deli MA, et al. Development and validation of
a LC-MS/MS method for assessment of an anti-inflammatory indolinone derivative by in vitro blood-brain
barrier models. J Pharm Biomed Anal. 2014;98:235-46. PubMed PMID: 24949819. DOI:
10.1016/j.jpba.2014.05.026

DOI: https://doi.org/10.2298/SARH180801027P Copyright © Serbian Medical Society



Srp Arh Celok Lek 2019 | Online First March 21, 2019 | DOI: https://doi.org/10.2298/SARH180801027P 9

19. Téth AE, Walter FR, Bocsik A, Santha P, Veszelka S, Nagy L, et al. Edaravone protects against
methylglyoxal-induced barrier damage in human brain endothelial cells. PLoS One. 2014;9(7):1-14. PubMed
PMID: 25033388. DOI: 10.1371/journal.pone.0100152

\‘Z)
Q@Q

DOI: https://doi.org/10.2298/SARH180801027P Copyright © Serbian Medical Society



Srp Arh Celok Lek 2019 | Online First March 21, 2019 | DOI: https://doi.org/10.2298/SARH180801027P 10

Figure 1. A — The first endocranial MR after treatment, radiological progression without

clinical deterioration; B — endocranial CT after two months, extensive edema followed by
clinical deterioration; C — complete regression after corticosteroid therapy and continuing

with chemotherapy
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Figure 2. Endothelial hyperplasia, formation of glomeruloid struct
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