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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. En-
dothelial hyperplasia was identified based on the hematoxylin and eosin pathohistological examination.
Results Thirty-two (30.2%) of the patients were diagnosed with pseudoprogression. Endothelial hy-
perplasia 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.
(x*=26.269, p < 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 in everyday clinical practice. In order
to reach definite conclusions, we believe it is necessary to conduct prospective controlled studies with

larger sample sizes.
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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 pro-
gression 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 pseudopro-
gression remains poorly understood. There are
certain indications that it is part of the spec-
trum of radiation-induced changes ranging
from subacute radiation-induced changes to
late radiation necrosis [3]. It is assumed that
there are two components of pseudoprogres-
sion: 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 oligo-
dendrocytes, endothelial cells, and neural pre-
cursors. Cellular damage can lead to cell death
including p53 and p53-independent mecha-
nisms of apoptosis.

Pathohistological examination of patients
operated because of pseudoprogression showed
distinct characteristics. On the microscopic lev-
el, tumor recurrence is usually characterized by
microvascular proliferation and highly cellular
tumor tissue. This is contradictory to the histo-
logical 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 co-
agulative necrosis can be found, and it appears
eosinophilic on light microscopy. Hyalinization
of the wall of blood vessels and fibrinoid necro-
sis is frequent. Telangiectatic blood vessels may
be seen, though they are less specific. Fibrillary

Received  MpummeHo:
August 1, 2018

Revised - PeBusnja:
January 15,2019
Accepted - MpuxeaheHo:
March 5,2019

Online first: March 21,2019

Correspondence to:

Marko PETROVIC

Kapetana Lukica 18

34000 Kragujevac, Serbia
markopetrovickg@yahoo.com



312

and gemistocytic astrocytes may be observed as well. Scat-
tered 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 plan-
ning 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 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 pseudoprogres-
sion-related changes with certainty.

In this paper, we have examined if endothelial hyperpla-
sia, 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 three-year pe-
riod (2010-2012), at the Clinic of Neurosurgery, Clinical
Center, Serbia and who received Stupp protocol after the sur-
gery. The patients were monitored by a series of MRI scans.
While making the final diagnosis, we used the RANO crite-
ria, 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 vari-
ables. 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 Cen-
tre 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. Thirty-two (30.2%) patients were diagnosed
with pseudoprogression, whereas 74 (69.8%) of the pa-
tients showed no signs of pseudoprogression. On average,
pseudoprogression was observed after 4.64 months.
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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 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 av-
erage 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 six (20%) of the patients with pseudo-
progression had the tumor reduction. The influence of a
degree of tumor resection on the incidence of pseudopro-
gression 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 en-
dothelial hyperplasia, whereas four patients (12.5%) were
without it. Fifty-one (68.9%) patients who were not diag-
nosed 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 statisti-
cally significantly higher, whereas there were more patients
who were not diagnosed with pseudoprogression and who
did not have endothelial hyperplasia. (x* = 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 various
criteria 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 completing chemo-irradiation, because of
various literature data claiming that pseudoprogression
can be observed much later and that it can be observed
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Figure 1. A - The first endocranial magnetic resonance imaging after treatment, radiological progression without clinical deterioration; B —
endocranial computed tomography scan 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 structures

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 rang-
ing 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 demon-
strated that pathohistological characteristics such as endo-
thelial hyperplasia, are statistically significantly higher in
the patients developing pseudoprogression. This phenom-
enon could be primarily explained in terms of disturbing
the integrity and normal functions of the blood-brain bar-
rier (BBB). Namely, one of the pathophysiological mecha-
nisms explaining the incidence of pseudoprogression is
increased permeability of the BBB [5]. The BBB is an ex-
tremely important structure that maintains the balance of
the central nervous system (CNS) microenvironment and
maintains the normal functioning of the brain. The BBB
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Figure 3. Endothelial hyperplasia and necrosis

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 transmis-
sion, 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. Periph-
eral cells surround the endothelial cells and play an im-
portant role in the BBB microenvironment and in main-
taining 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 angiogen-
esis. Fibroblasts, when co-cultured with glioblastoma cells,
can induce production and activation of matrix metal-
loproteinase 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 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
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endothelial cell is the most important structural compo-
nent 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 hyper-
plasia leading to function loss and volume reduction in the
endothelial cells, cell form changes, tight junction damage,
an increased number of vesicles, caveolae and fenestra-
tions, 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 integ-
rity 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 pseu-
doprogression.
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CONCLUSION

Pseudoprogression is a phenomenon of great clinical sig-
nificance. 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 con-
tirm the presence of pseudoprogression, the presence of
endothelial hyperplasia as a pathohistological entity could
be an indicator of a higher likelihood of pseudoprogres-
sion, 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.
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YTuuaj eHpgoTenujanHe xunepnaasuje Ha nojasy nceyaonporpecuje Ko,

6onecHuKa ca rimobnactomom

Mapko Metposuh’, Pocanaa nuh?, Muxauno Munuhesuh?, Muogpar Meynuh', Oanuua Mpyjuunh?

'KnuHnukm uenTap Kparyjesa, LieHTap 3a Heypoxuvpyprujy, Kparyjesa, Cpbuja;
2KnuHuukn LeHTap Cpbuje, KnuHuka 3a Heypoxupyprujy, beorpag, Cpbuja

CAMETAK

YBoa/Lum MNceygonporpecuja npeAcTassba nojasy nesuje Koja
ce npebojaBa KOHTPACTOM MOC/IE XeMoMpaamrjaLmje 1 Koja He
nporpegupa vunu ce nosnauym 6e3 npomeHe tepanuje. Cam
deHOMEH MMa 13PasnT KNMHUYKIM 3Hauaj 3aTo LUTO Y BENVKOj
Mepu yTrYe Ha fasbe Tepanujcke MOCTYMKeE, ann KpUTepujymm
3a HeHO AWjarHOCTNKOBAkbE jOLU YBEK HICY jaCHO AedrHUCaH.
Linsb oBoOr ncTpaxuearba je McnuTMBatbe yTuLaja eHgoTenvjan-
He Xunepnasuje Ha HacTaHaK nceyaonporpecuje.

MeTtoge McnutuneaHo je 106 6onecHmKa Koju Cy onepucaHm
360r rnmobnactoma y KnuHnukom LeHTpy Cpbuje y neprogy of
2010. 5o 2012. roguHe, 1 Koju cy nocne Tora feyeHn Ctynosum
npotokonom. CH/Matrbe Npe 1 nocsie neyeta je ytepheHo Kpu-
Tepujymom RANO. MNpomeHe Koje cy 6une ctabunHe unu cy ce
noBykne fedpuHmcaHe cy Kao nceygonporpecuja, fOK Cy nesuje
Koje cy nporpepvpasne okapakTepucaHe Kao npase nporpecuje.
EHpoTenujanHa xunepnnasuja je ytepheHa nocne natoxucro-
JIOLIKOT Mpersiefa XeMaTOKCUIIMHOM 1 €03VIHOM.

Pesyntatu [ceynonporpecuja je pernctposaHa kog 32 (30,2%)
6onecHuKa. Kog 51 (48,1%) y3opKa TK1Ba rnobnactoma youeHa
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je enpotenujanta xunepnnasmja. Of cBrX 601eCHUKa Ko KOjuxX
je peructpoBaHa nceygonporpecuja, wux 28 (87,5%) nmano
je eHpoTenujanHy xunepnnaswjy. Ko 6onecHuKa Koju Hucy
umanu nceygonporpecujy, bux 51 (68,9%) Huje MMano HU eH-
poTenujanHy xvnepnna3sujy. Kog 6onecHnka Koju cy ncnosbunm
nceygonporpecyjy 6uno je 3HauajHo BuLLe GoNeCHMKa Koju Cy
y NaTOXMCTOMOLIKOM Hasla3y VManu onucany 1 eHaoTenujanHy
xvinepnnasujy, fOK Ko 6onecHyiKa 6e3 nceygonporpecrje uma
BlILLE CIlyYajeBa 6e3 eHpoTenujanHe xunepnnasuje (x> = 26,269,
p<0,01).

3aksbyuak C 0631pom Ha To fa 3a Caja He NOCTOoju NpeLy3Ha
AMjarHoCcTnyKa Metofa Koja 6u ca curypHolwhy yTepguna fa
N1 ce paan o Nceyfonporpecnjy, NPrcycTBo eHpoTenvjanHe
xvinepnnasuje 6y MOrno Aa ykaxe Ha Behy BepoBaTHohy nojase
nceygonporpecuje, WTo 61 ce MOrNo KOPUCTU Yy CBaKOAHEB-
HOM KNMHMYKOM pagy. inak, pagu foHoLweba AeGUHNTABHUX
3aK/byyaka, CMaTpamo Ja je HeONXoAHO CPOBECTUN MPOCMEeK-
TVIBHe KOHTPONIMCaHe cTyauje Ha Behem y30pKy.

KmyuHe peun: rnvobnactom; eHgoTennjanHa xmnepnnasuja;
nceyaonporpecuja
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