24 Ukrainian Neurosurgical Journal

PISSN 1810-3154 eISSN 2412-8791

Original article = OpuriHanbHa ctaTtTa = OpuruHasibHas ctatbs

DOI: https://doi.org/10.25305/unj.126654

Heterogeneity of oligoastrocytoma: morphology, surgery, and survival in
the series of 163 patients. Retrospective study

Valentyn M. Kliuchka!, Artem V. Rozumenko?, Volodymyr D. Rozumenko?, Vira M. Semenova?,

Tatyana A. Malysheva 3

! Department of Neuro-Oncology,
Romodanov Neurosurgery Institute,
Kyiv, Ukraine

2Tissue Culture Laboratory,
Romodanov Neurosurgery Institute,
Kyiv, Ukraine

3Department of
Neuropathomorphology, Romodanov
Neurosurgery Institute, Kyiv, Ukraine

Received: 23 March 2018
Accepted: 06 August 2018

Address for correspondence:
Valentyn M. Kliuchka, Intracerebral
Tumors Department, Romodanov
Neurosurgery Institute, 32 Platona
Mayborody St., Kyiv, Ukraine, 04050,
e-mail:kimeria80@gmail.com

Introduction. The current approach to oligoastrocytoma (OA) treatment
includes surgery taking into account the anatomical and physiological
accessibility using various radio- and chemotherapy protocols. Nevertheless, it
should be recognized that influence of OA histological structure on the surgery
of these tumors has not conclusively established.

Objective. To improve diagnostic and surgical tactics in oligoastrocytoma by
comparing determined clinical-histological patterns.

Materials and methods. Retrospective clinical-morphological comparison
and analysis of treatment results in 163 patients with OA were performed
taking into account histological structure. OAII (WHOQO) was diagnosed in 32
patients (19.6 %), 131 patients (80.4 %) developed OAIII (WHO).

Results. In 52 OA cases (32 %) oligodendroglial component (0OA) prevailed,
in 48 OA cases (29 %) astrocytic component (aOA) prevailed, in 63 OA cases
(39 %) there was relatively equal cells distribution of both components
(0a0A). The surgical treatment of 163 patients included the following: gross
total removal, 60 patients (31.4 %); subtotal removal, 98 patients (60.2 %);
and partial removal, 4 patients (2.4 %). A total of 106 (65.0 %) patients
presented with Karnofsky Performance Status Scale (KPS) > 80. One hundred
and fifty-three patients (93.9 %) experienced postsurgery KPS > 80. There
was no perioperative death. All 163 patients received radiation therapy and
87 patients (53.4 %) received chemotherapy as well. A significant difference
(p< 0.05) in overall survival (OS) was found between surgery results of OA
histological groups. Clinical and MRI/CT findings significantly correlated with
histological types of OA as well as results of treatment: the overall survival
in patients with oOA was 100.5+4.6 months, aOA — 48.2 £4.5 months, caOA
— 76.6£4.9 months, averaging 49.9 + 2.4 months.

Conclusions. Diagnosing, surgery, and survival of OA are determined by the
uniqueness of the histological structure of these tumors, the interaction of
their components, topography and expansion direction. The key to successful
results is a differential approach to planning diagnostic tactics, method of
removal and management in late post-op period.
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BcTtyn. CyyacHui nigxia ao nikysaHHs oniroactpoumtoM (OA) nepeanbavace
XipypriyHe BTpy4YaHHS 3 ypaxyBaHHSM aHaToOMi4yHOi Ta ¢isionoriyHoi
LOCTYMHOCTI i3 3aCTOCyBaHHSAM MpPOTOKONIB pajio- Ta xiMioTepanii. OgHak
BMJ/INB FiCTONOrIYHOI CTPYKTYpn OA Ha pe3ynbraTu NAiKyBaHHSA UMX NYXJWH
He BUBYEHO.

MeTa: onTuMMi3yBaTK AiarHOCTUYHY Ta XipypriyHy TakTuky npu OA niBKyfb
BE/IMKOro MO3KY 3a pe3ynbTaTaMW BUBYEHHS KJiHIKO-TICTONOTiYHNX
3icTaBneHb.

MaTtepianm i metoaun. KniHiko-rictonoriyHe 3icTaBieHHsA Ta aHanis
pe3ynbTaTiB NikyBaHHA 163 xBopux 3 OA npoBeneHO peTPOCMNeKTUBHO 3
ypaxyBaHHSAM ricToNOriyHoi cTpykTypu. Tunosy OA giarHocTtoBaHo y 32 (19,6%)
nauieHTiB, aHannactuyHy OA -y 131 (80,4%).

PesynbtraTn. B 52 (32%) OA nepeBaxaB oflirogeHApornianbHUiM KOMMOHEHT
(00A), y 48 (29%) - actpouutapHuii (@aOA), y 63 OA (39%) Bunagkax
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KiNbKiCTb KNITUMH 060X KOMMOHeHTIB 6yna npunbnusHo oaHakosoto (0aOA).
Y 98 (60,2%) nauieHTiB NpoBeAeHO ToTanbHe BUAaneHHs, y 60 (31,4%)
- cybToTanbHe, y 4 (2,4%) - yacTtkoBe. IHaekc KapHoBcbkoro=80 no onepauii
BiA3Ha4veHo y 106 (65,0%) nauieHTiB, Yy nicnaonepauiiHnii nepioa — y 153
(93,9%). MicnsonepauinHa cMmepTHicTb — 0 %. BciM nauieHTam nposeaeHo
npomeHeBy Tepanito, 87 (53,4%) - ximioTepanito. KniHiyHi Ta pagionoriyHi AaHi
KopentoBanu 3 rictonoriyHum Tunom OA, a TakoX 3 pe3ynbTaTaMu NiKyBaHHS:
3aranbHe BUXMBaAHHSA Yy nauieHTiB 3 0OA ctaHoBmno 100,5+4,6 mic, 3 aOA
- 48,2 +£4,5 wmic, 3 0aOA - 76,6 £4,9 mic, y cepegHboMy — 49,9+ 2 4 mMic.

BucHoBKkKM. Ocob6AMBOCTI AiarHOCTUKK, Xipyprii Ta BMXWUBaHHSA XBOpUX 3
OA BM3HayalTbCA FICTONMOMYHOK CTPYKTYPOK LUMX MYXJNH, B3AEMOLIEID iX
KOMIMOHEHTIB, Tonorpagi€to Ta HaNpPsiIMKOM NOLIMPEHHS. 3an0pyKO YCMilHOro
NiKyBaHHSA € 3acTOoCyBaHHA andepeHuinHoro nigxoAy A0 NAaHyBaHHSA
AiarHoCcTnyHMXx nobyaos, cnocoby BuAaneHHsS Ta BeAEHHSA NauieHTIB Yy
nicnsonepauinHuin nepioa.

KnrouoBi cnoBa: osiroactpoyntoma; rictosiorisi; Xipypris; BMXXUBaHHS
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B cepum n3 163 naumeHTOB. PeTpOoCNneKTMBHOE uccsiieqoBaHue

Knouka B.H.?, Po3ymeHko A.B.!, Po3ymeHko B./[.,, CemeHoBa B.M.?, ManbiweBa T.A.3

tOTaeneHne BHyTPMMO3roBbIX
onyxoneu, MHCTUTYT HENPOXUPYPrum
nM. akaa. A.lN. PomogaHosa HAMH
YKkpauHbl, Knes, YkpanHa
2labopaTopust KyN1bTUBUPOBAHUS
TKaHeW, UHCTUTYT Hellpoxupyprum
nM. akaa. A.lN. PomogaHosa HAMH
YKkpauHbl, Knes, YkpanHa

3 OTaen HeliponaTtomopdonorum,
WNHCTUTYT HEpOXUpyprum uM. akaa.
A.TM. PomogaHoBa HAMH YkpawuHbl,
Kunes, YkpanHa

lMoctynuna B peaakymo 23.03.2018
lMpuHaTa k ny6bankauymn 06.08.2018

Aapec ans nepenucku:

Knwuyka BaneHTuH Hukonaesund,
OTaeneHne BHyTPUMO3roBbIX
onyxoneu, IHCTUTYT HENPOXUPYPIrum
uMm. akag. A.ll. PomogaHosa, yii.
lMnatoHa Maiibopoasl, 32, Kues,
YkpaunHa, 04050, e-mail: kimeria80@
gmail.com

BcrtynneHme. CoBpeMeHHbIi Noaxoa K nedeHuto onuroactpountom (OA)
npeaycMaTpuBaeT XMpypruyeckoe BMeLaTeNbCTBO C YYETOM aHaTOMUYECKOM
n dU3Monornyeckolr AOCTYNHOCTU C NPUMEHEHWEM MPOTOKOSIOB paano- U
xummnoTtepanun. OAHAKO BAUSHWE TUCTONIOrMYeckon cTpykTypbl OA Ha
pe3ynbTaTbl 1e4YEHUS 3TUX ONYXONel He U3y4YeHo.

Llenb: oNTUMMU3MPOBATb AMArHOCTUYECKYID U XUPYPrUYECKYH TaKTUKY
npu OA monywapuin 60/bWOro Mo3ra no pesysbtTataM U3yuyeHUs KAUHUKO-
rMCTONOMMYECKMX COMOCTaBEHNA.

MaTtepuanbl n MmeToabl. KIMHMKO-rMCTONOrMYECKOEe COMOCTaBleHne U
aHanus pe3ynbTaToB sieyeHus 163 60sbHbIX ¢ OA NpoBeAeHbl pETPOCNEKTUBHO
C Y4EeTOM rMCTONI0rM4YecKom cTpyKTypbl. TunmuHyto OA anarHoctmpoBanmy 32
(19,6%) naumeHTOB, aHannacTmyeckyto — y 131 (80,4%).

PesynbraTtbl. B 52 (32%) OA npeobnagan onuroaeHapornnanbHbIn
KoMnoHeHT (00A), B 48 (29%) - acTpouuTtapHbiin (@0OA), B 63 (39%) cnyyasx
KOJINYECTBO K1eTOK 060MX KOMMNOHEHTOB 6b1710 NpUMepHO oaMHakoBbIM (0a0A).
Y 98 (60,2%) naumeHTOB NpoBeAeHO ToTanbHoe yaaneHue, y 60 (31,4%)
- cybToTtaneHoe, y 4 (2,4%) — yacTu4yHoe. MHpaekc KapHoBckoro >80 oTMeuyeH
no onepauun y 106 (65,0%) naumeHTOB, B NOC/eonepauuoHHbIi nepuoa — y
153 (93,9%). MNMocneonepaumoHHas cMmepTHoCcTb — 0 %. BceMm nauyveHTam
nposeaeHa ny4vesas Tepanus, 87 (53,4%) - xummnotepanusa. KnmHuyeckme m
paanonornyeckme AaHHble KoppenmpoBanu ¢ ructonornyeckmm tunom OA, a
TakxXe C pe3ynbraTtaMun nevyeHuns: obwasa BbKMBAeMOCTb Y nauneHTos ¢ 0OA
coctaBuna 100,5+4,6 mec, c aOA - 48,2+4,5 mec, c 0aOA - 76,6 £4,9 mec,
B cpegHeM — 49,9+ 2 4 mec.

BbiBoAbl. OCO6EHHOCTN ANArHOCTUKN, XUPYPrumn n BbXknBaHue 60bHbIX € OA
onpeaenstoTCs rMCTONIOrMYECKOM CTPYKTYPOM 3TUX OMNyXOsein, B3auMoaeNnCcTBMEM
MX KOMMOHEHTOB, Tonorpaduen n HanpassieHMEM pacnpoCTpaHeHus. 3aaorom
YCMELHOro Ie4eHns aBnseTcs npuMMmeHeHne anddepeHunpoBaHHOro noaxoaa K
NJ1aHNMPOBAHUIO AUArHOCTMYECKMX MOCTPOEHM, cnocoba yaaneHuns n sBefeHns
nauMeHTOB B NOCNEONEPaUMOHHBIN NEPUOA,.

KnrwoueBble cnoBa: osiMroacrpoymntoma, ructosiorusi; Xupyprus,
Bbl>XkKnBaHune

YKpanHCKUA HEMPOXUPYpruuyeckum xxypHan. 2018;(3):24-33.

Introduction

Oligoastrocytoma (OA) is a subset of brain
tumors that present with an appearance of mixed
astrocytic and oligodendroglioma glial cell [1]. About
2.3-23 % of all reported gliomas are diagnosed as
oligoastrocytoma, the OA incidence rate is 0.16-1.47
cases per 100,000 population per year [2-4].

Despite the fact that the first reports of OA date
back to the beginning of the last century, for a long time
OAs were considered as a type of oligodendrogliomas. It
could be explained by the lack of clear histological criteria
for this tumor. Only in 1993 OA was included into the
WHO classification of brain tumors [3,5]. No purposeful
histological studies of OA on significant material have
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been conducted. There is no ratio and interaction analysis
of oligodendroglioma and astrocytoma components in
OA in the literature. There are no clear morphological
criteria for anaplasia of these neoplasms. At the present,
OA as an independent tumor type is confirmed by the
achievements of immunohistochemistry and genetics
[6-8]. However, even the results of these studies cannot
explain OA origin and its histological features [4,6,9].

The long-term neurosurgical experience has shown
that OA treatment remains one of still unclarified
problems in oncology [10,11]. It is known that the
deep expansion of OA, especially in the central brain
structures, in combination with the histological features
and infiltrative nature of the tumor, adversely impact
the treatment results [12]. Insufficient knowledge of
OAs topography limits the surgical treatment potential
or leads to unreasoned total resection with damage of
eloquent cortical areas and central brain structures
[9,12,13]. This fact can cause neurological deficiency
and irreversible disorders, which significantly affect the
results of OAs treatment in general, worsening the early
results and quality of life and life expectancy [13,14]. All
this necessitates the development and implementation
of advanced methods to remove OA.

Objective. To improve diagnostic and surgical
tactics in OA by comparing determined clinical-
histological patterns.

Material and methods

Patients

All patients with supratentorial mixed
oligoastrocytoma operated within the 10-year period
from 2005 to 2015 were identified using the data of the
Intracerebral Tumors Department, the State Institution
Romodanov Neurosurgery Institute of the National
Academy of Medical Sciences of Ukraine. Patient charts,
as well as histological sections, were reviewed and all
pertinent clinical data were entered into an electronic
database. Some follow-up information was retrieved
by contacting patients, their family or their physicians
directly. Patients under 18 yrs and cases with inadequate
pathological material or pure oligodendroglioma as well
as astrocytoma were excluded. One hundred and sixty-
three patients were considered eligible for the study.

Clinical data

The diagnostic method that determined the surgical
tactic included the results of a complex neurological
examination and CT, MRI, SPECT findings in routine
modes as well as advanced (fMRI, DWI, PWI). All patients
were examined by a therapist, an ophthalmologist, and
an anesthetist. The general condition of patients in
the pre- and postoperative period was evaluated using
Karnofsky Performance Status Scale, and the degree
of neurological deficiency was determined at all stages
of treatment.

Table 1. Components of PCV chemotherapy

pPISSN 1810-3154 eISSN 2412-8791

Pathological findings

The analysis of the material applied the international
classification of CNS tumors, adopted by the WHO in
2007, taking into account WHO 2016 [5]. The microscopic
examination was carried out after biopsy sample
staining with hematoxylin at 200-, 400- and 800-fold
magnification.

Treatment

The neuronavigation and laser techniques were used
during surgical interventions. The navigational support
was carried out using the Medtronic StealthStation TREON
Plus (Medtronic, USA). The following was used as a source
of laser radiation: Semiconductor Lika-Chirurg (wave
length A=0.808 and 1.47 ym, 30 W and 7 W). The volume
of OA removal was evaluated according to CT/MRI findings,
performed within 24 hours after surgery. Assessing
tumor volume to be removed the following classification
was used [15]: total (tumor removal more than 95 %),
subtotal (tumor removal 80-94 %), partial (tumor
removal 50-79 %), and the biopsy (tumor removal less
than 50 %). Radiotherapy (60 Gy) was recommended for
all patients at the time of discharge from the department;
chemotherapy (PCV) was additionally recommended for
patients with high-grade OA (Table 1).

Statistical analysis

All statistical analyses were performed using SPSS
23.0 software (SPSS, Chicago, IL, USA). Descriptive sta-
tistics was performed. A probability value less than 0.05
was deemed significant. Standard procedures (Fisher
exact test, chi-square test, Student’s t-test, ANOVA)
were used for univariate analyses as indicated. Survival
endpoints were analyzed with Kaplan-Meier estimates
using the log-rank test for comparisons. To assess the
association of survival with multiple characteristics of a
patient, tumor, and treatment, backward step-wise pro-
cedures were used for generating proportional hazards
general linear models, as proposed by Cox.

Results

Patient demographics and treatment

The study group of 163 patients consisted of 91
male patients (55.8 %) and 72 female patients (44.2 %),
ranging in age from 18 to 71 years (median, 37.4+11.4
yrs). A total of 106 (65.0 %) patients presented with KPS
>80 %. A postoperative KPS = 80 % was determined in
87.7 % of patients. New neurological deficits or increased
neurological deficits were observed in 3.2 % of cases.

The surgical treatment of 163 patients included the
following: gross total removal, 60 patients (31.4 %); subtotal
removal, 98 patients (60.2 %); and partial removal, 4
patients (2.4 %). There was no postsurgery death.

All 163 (100 %) patients received radiation therapy,
and 87 (53.4 %) received chemotherapy. Detailed
demographical data, tumor characteristics, and
treatment options can be found in Table 2.

Drug Schedule and dosage

Frequency of delivery

Procarbazine

Days 8-21: 60 mg/m?/day, orally

CCNU (Lomustine) Day 1: 110 mg/m?, orally

Every 8™ week

Vincristine Days 8 and 29: 1.4 mg/m?, IV

Every 6" week
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Table 2. Comparison of OA histological types
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Parameter Total, N=163 00A, N=56 0a0OA, N=50 aOA, N=57

Sex (male) 91 31 28 32
Age 374+11.4 35.1+6.4 38.1+11.9 39.4+£9.1
Median duration of symptoms 1.1+£0.7 2.5+£0.9 1.9+0.8 0.5+0.3
Histopathology

OA Il 32 10 14 8

OA III 131 46 36 49
Tumor size

<3cm 23 4 6 13

3-5cm 106 35 33 39

>5cm 34 17 11 5
Eloguent tumor location 54 18 16 20
Presurgery neurological deficit 103 33 29 41
Neurological deficit at discharge 34 11 10 13
Pre-surgery seizures 135 67 43 25
Seizures at discharge 22 8 7 7
Contrast enhancement (MRI) 81 26 25 30
Calcification (CT) 84 42 30 12
Paraventricular location 81 44 30 7
Cysts 35 17 13 5
Preoperative KPS > 80 % 106 37 31 38
KPS > 80 % at discharge 153 54 46 53
Extent of resection

Total 61 25 22 14

Subtotal 98 31 28 39

Partial 4 0 0 4
Neuronavigation 163 56 50 57
Laser 34 11 10 13
Adjuvant therapy

Radiotherapy 163 56 50 57

Chemotherapy 87 30 26 31

Clinical manifestations and neuroimaging

The OA signs were represented with seizures, head-
ache, mental status changes, vertigo or nausea, visual
complaints, and weakness, which are similar in general
to other intracerebral tumors. However, the tumor place,
the expansion direction and histological type determined
the dynamics of clinical course in OA patients. So, these
tumors are characterized by relatively long period of
the disease from the first complaints occurrence to
hospitalization: it was the longest in OA of the parietal
compartment, with the dominant oligodendroglioma
component (p=0.041), and the shortest in the localiza-
tion of OA with dominant astrocytic component in the
eloquent brain compartment (p=0.035).

The onset and the progress of the disease also
depended on the OA histological characteristics and to-
pography. Thus, OAs with dominant oligodendroglioma
component in structure were more often characterized
by periventricular growth (p=0.021); therefore, a head-
ache was the determining factor in the disease. First of
all, it concerned with the following topographic groups of
OAs: frontal-basal, temporal-parietal, frontal-parietal. A
focal sign that occurred in patients with histological vari-
ant of OA mentioned above was characterized by seizures
that after a long time gave way to lose symptoms. In
patients with a prevalence of astrocytoma component,
the tumor affected more superficial parts of the cerebral
hemispheres (p=0.041); therefore, focal deficit exacer-
bated patient’s condition and hypertension syndrome at
the time of hospitalization was slightly expressed. The
focal symptoms in these cases were characterized by a
rapid change in clinical manifestations — from symptoms

http://theunj.org

of irritation to loss symptoms that often occurred in the
frontoparietal, frontotemporal and front-temporal-pari-
etal localization of OA.

In the preoperative period, neuroimaging findings
demonstrated the location of the lesion, size, relation
to brain tissue and vessels, determined the expansion,
involvement of eloquent brain areas. Obtained data
permitted to suppose the OA histological structure.
Despite the differential diagnosis of OA is quite difficult, it
should consider specific features such as localization, the
presence of calcifications, heterogeneity of tumor node
structure and contrast enhancement. The presence of
calcifications (on CT), predominant localization in frontal
and fronto-parietal areas, and growth nearby the lateral
ventricles are common for OAs and oligodendrogliomas
[13]. However, in OA calcifications are less common — in
60 % of cases (under 90 % in OG), intensive thinning of
the cortex and the average size of the tumor node are
larger (due to more rapid growth). Structure heteroge-
neity, the severity of perifocal edema, fuzzy boundaries
make OA similar to astrocytoma, but the presence of
oligodendroglioma signs, lower ability to contrast en-
hancement allow to differentiate these tumors.

Pathological features

The WHO grade of OA II was diagnosed in 32 patients.
The microscopic architectonics of the oligodendroglioma
component in the WHO grade OAII in most cases cor-
responded to the typical histological structure of oligo-
dendrogliomas with a characteristic isomorphic cellular
composition. The tumor cell nuclei were predominantly
spherical, compact, fine-grained chromatin and well-de-
fined nucleolus, and around a nucleus, a narrow optically-
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devastated zone was identified, which is a typical feature
of the so-called “comb-like” structure of oligodendroglio-
mas. Due to the close location of tumor cells in such areas,
intercellular membranes — contours of the cytoplasmic
bodies are well observed. Cell-dense oligodendroglioma
complexes, surrounded by thin fibers of astrocytoma glia
were partially determined on the background. In contrast
to the oligodendroglioma regions, the rarefied location
of tumor cells with the formation of glial reticulum is
typical in dominant astrocytoma component of this OA.
Oligodendroglioma component predominated in 10 OAII
cases, astrocytoma component prevailed in 8 OAII cases.
Approximately equal cell distribution of both components
was determined in 14 OAII cases (Fig. 1).

pPISSN 1810-3154 eISSN 2412-8791

The WHO grade OAIII was diagnosed in 131
patients. The morphological signs of anaplasia — cellular
polymorphism, cellular densification, pathological
mitoses, vascular pathologies, necrosis and violations
of typical microarchitectonics were determined in OA
grade III. The severity of anaplasia signs may differ
in the oligodendroglioma and astrocytic components
of the same tumor. Like OAs grade II, anaplastic OAs
also contained the areas of oligodendroglioma and
astrocytoma tumors in different proportions. In 46
observations areas of oligodendroglioma predominated
in OA tissue. More common areas of astrocytoma were
found in 49 observations. In 36 OAs, the prevalence of
both components was approximately the same.

Fig. 1. a. The predominance of oligodendroglioma component in OA. Hematoxylin, x800. b. The predominance
of an astrocytic component in OA. Hematoxylin, x 800. c. The accumulation of tumor oligodendrocytes among
astrocytic cells is a conditionally uniform distribution of OA components. Hematoxylin, x800. d. Expression of
MBP antibodies & Mayer Hematoxylin, x800. e. Expression of GFAP antibodies & Mayer Hematoxylin, x800. f.
Expression of Ki-67 antibodies & Mayer Hematoxylin, x800
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Surgery

In 54 (33 %) patients OA affected eloquent
brain areas. Surgery in these cases had some tricks,
which, first of all, concerned with access and removal
techniques. In case of tumor localization in the eloquent
brain area, we performed an encephalotomy using no
direct approaches to OA. Thus, to access the tumor of the
precentral gyrus, encephalotomy was performed in the
premotor area, and in tumors of the post-central gyrus,
encephalotomy was performed in the upper-parietal
brain area. Those parts of tumors located directly
inferior the precentral gyrus were removed subcortically
by aspiration, but then in the direction from the center
to the edge (as far as possible, until the tissue of the
unaffected brain appears).

In 81 (49 %) patients the OA affected the median
structures or placed in immediate proximity to the brain
ventricles. Encephalotomy in OAs associated with the
anterior horn of lateral ventricle was performed through
the middle frontal gyrus. In case of the temporal-basal
OAs, the encephalotomy was performed in the dominant
hemisphere within the inferior temporal gyrus, in the
non-dominant — within the inferior and middle temporal
gyri. Access to OAs of the lateral ventricle triangle was
performed through the inferior parietal lobe. Careful
inspection of ventricular cavity found OA to invade its
wall but was separated from its cavity by ependyma.

The use of multimodal neuronavigation systems for
OA removal allowed determine safe resection volume
considering the tumor characteristics, the degree
of anatomical and functional permissibility. Due to
detailed neuronavigation 3D-planning and intraoperative
neuronavigation support of surgical intervention, the
optimal surgical path was chosen in every single point of
surgical instrument position that determined radicality of
surgical treatment and minimized injury to surrounding
neural structures.

Methods of laser-surgical removal of OA include laser
vaporization, thermodestruction and coagulating laser
radiation mode with changing parameters, depending
on the planned effect of laser influence at the stages
of intervention and in accordance with the structural
and histological features of the tumor. When planning
the laser stage, the results of CT/MRI/SPECT allowed
optimizing the choice of laser radiation parameters

pPISSN 1810-3154 eISSN 2412-8791 29

(wave length, power) and an effective method for laser
tumor removal. So, in low-grade OAs, which vascularity
is not contrasted during the CT examination, and the
enhancement of the radioisotope is not observed during
SPECT examination, the tumor removal was planned
using the laser vaporization method. For this purpose,
laser radiation with wave length A=1.47 ym and power
of 7 W was used. The intensive vascularity, typical for
anaplastic OAs, required the application of semiconductor
laser radiation with wave length A=0.808 pm and power
of 30 W, which has good coagulating properties. Tumor
expansion to eloquent areas and to the medial central
structures (according to CT and MRI findings), were
mainly subject to laser destruction. The laser destruction
allowed fragmentarily destroy the tumor, avoiding injury
to adjacent brain structures.

Univariate and multivariate survival analyses

There were 12 feasible prognostic factors for
which adequate data were available to permit uni-
and multivariate analyses of patient survival: three
patient factors: age (<44 vs >45), sex (male vs
female), and KPS before resection (<80 vs >81);
five tumor factors: tumor site (frontal vs temporal
vs other), size (<5 cm vs >6 cm), tumor crossing
midline (present vs absent), ventricles involved
(present vs absent), calcification (present vs absent),
and MRI enhancement (present vs absent); two
pathological factors: tumor grade (the WHO: low
vs high) and dominant cellular component (0OA vs
a0A vs 0aOA) and two treatment factors: extent of
surgical resection (gross total or subtotal vs partial),
chemotherapy (none [i.e., surgery with radiotherapy]
vs <PCV).

In the univariate analyses, low WHO grade
(p=0.001), dominant cellular component (p=0.001),
KPS (p=0.045), tumor none crossing midline
(p=0.0481), intact ventricles (p=0.036), gross total
resection (p=0.001), and chemotherapy (p=0.001)
were associated with improved survival. In the
multivariate analyses, low WHO grade (p=0.001),
dominant cellular component (p=0.001), gross total
resection (p=0.001) and chemotherapy (p=0.008)
were associated with improved survival (Table 3). Age,
sex, tumor site, size, calcification, MRI enhancement
were not significantly associated with survival.

Table 3. Median survival and hazard ratio in patients with OA: multivariate model construction

Parameter O/N | Survival (mm) Lowe?S% C:l[.lpper HR Lowe?5°/|° cfjpper P
WHO grade
11 32 107.1+£5.9 95.4 118.9 0.229 0.122 0.428 0.001
IIT 131 67.6+3.4 60.9 74.2 1
Dominant component
00A 56 100.5+4.6 91.5 109.6 0.324 0.191 0.550 0.001
aOA 57 48.2+4.5 39.4 57.0 2.046 1.339 3.128 0.001
0a0A 50 76.6+4.9 66.9 86.4 1
Tumor volume removal
Subtotal/ partial | 102 52.9+3.3 46.5 59.4 2.117 1.415 3.166 0.001
Total 61 111.4+£29 105.6 117.2 1
Chemotherapy
None 76 67.1+5.6 56.1 78.1 2.340 1.435 3.816 0.008
Yes 87 82.1+3.4 75.4 88.7 1
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Fig. 2. Graphs shows survival of patients with OA: a — by WHO grade, b — by the dominant component, c — by

the extent of surgical resection, d — by chemotherapy

Figure 2a shows the association of WHO grades
with survival. The median survival was 8.9 years, and
the 5- and 10-year survival rates of 32 patients with
grade II tumors were 78 % and 42 %, respectively,
compared with 5.6 years, 51 %, and 15 % for the 131
patients with grades III tumors (P=0.001).

Figure 2b demonstrates the correlation of survival and
dominant cellular component (00A, aOA, or 0oaOA). For 56
patients with 0OA, the median survival and 5- and 10- year
survival rates were 8.3 years, 78 % and 35 %, respectively,
compared with 4.0 years, 25 % and 8 %, respectively,
for 49 patients with aOA and 6.3 years, 52 % and 20 %,
respectively, for 50 patients with oaOA (P=0.001).

Figure 2c shows the survival curves for the
patients who did or did not undergo gross total
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resection. Sixty-one patients who had undergone
gross total resection had a median survival of 9.3
years and 5- and 10-year survival rates of 82 % and
46 %, respectively, compared with 4.2 years, 32 %
and 7 %, respectively, for 102 patients undergone
subtotal resection (P=0.001).

Figure 2d demonstrates the association of
postoperative chemotherapy with survival. The median
survival of the patients with OA undergone surgery +
radiotherapy (n=76) or chemotherapy (n=87) was 5.6
years, with 5- and 10-year survival rates of 41 % and
19 %, respectively, compared with 6.8 years, 68 %
and 35 %, respectively, for the patients receiving
postoperative PCV.
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Discussion

The specificity of neurosurgical treatment in patients
with OAs is determined by the uniqueness of the
histological structure of these tumors, the heterogeneity
of their morphology, the interaction of the constituent
components and the features of growth. A detailed
study of the OAs morphological properties explains the
clinical manifestations, the neuroimaging examination,
and surgical treatment results. In our opinion, the
key to successful neurosurgical treatment of OAs is a
differentiated approach to planning diagnostic, surgical
strategy and management of a patient in the late
postoperative period.

We divided OAs cases into 3 groups by histology
specificity: dominant astrocytic component — 35.6 %,
dominant oligodendroglioma component — 33.7 %, with
approximately similar representation of astrocytic and
oligodendroglioma components — 30.7 %. E.G. Shaw in
his studies paid much attention to the heterogeneity of
OAs histological structure [13]. The point of view of differ-
ent scientists regarding the contribution of the astrocytic
component in OAs is still ambiguous. Most authors do not
focus on any particular minimum percentage of tumor-
ous astrocytes in OA and simply state the astrocytoma
fraction, which can usually range from 1 to 50 % [16]. D.
Naugle [17] gives to the astrocytic component a portion
of 30 %. According to other researchers, the portion of
astrocytic component may be at least 20 % [6,7]. We
believe that this approach of researchers is not quite
true because the diagnosis of OA is often determined
by subjective evaluation made by histologist, who also
investigated not the entire volume of the removed tumor,
but only a certain slice. Overall, we believe that tumor
must be diagnosed as OA when the oligodendroglioma
cells are mixed with tumor astrocytes from glial fibers
formed by them, or when the same tumor combines
oligodendroglioma and astrocytoma areas.

The results of many molecular genetic studies also
demonstrate the heterogeneity of OAs [8,12,18]. It would
seem that since OA is a mixed tumor, it must combine the
properties of astrocytoma and oligodendroglioma, but
the biological, therapeutic and prognostic significance of
genetic changes in OA remains unclear. It is known that
30-70 % of OAs are characterized by LOH 1p and LOH
199 mutations, i.e. genetic features of oligodendroglioma
[7,9]. At the same time, 30 % of OAs are associated with
gene TP 53 or LOH 17p mutations — signs of astrocy-
toma [4,19]. That is, there is heterogeneity of OA, not a
simple banal combination of astrocytoma and oligoden-
droglioma properties. Analysis of genetic factors for OAs
development may play an important role in determining
the tactics of their treatment [13,17,19].

Taking into account the results of the clinical and
morphological comparison, arguably, a detailed study of
the patient’s neurological status, as well as anamnesis,
gives to neurosurgeon valuable information about the
topography, nature, expansion of OA. Our investigation
demonstrates a great variety of clinical manifestations,
which is largely due to the variability of OA structure
and should be taken into account by the surgeon before
planning further diagnostic strategy.

It is necessary to note that the possibilities of
modern neuroimaging diagnostic methods are limited
due to the properties of OA. First of all, this relates to
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early diagnosis and control of the tumor volume removal.
Thus, oligodendroglioma component is characterized by
slow growth, dense cellularity, and preserved blood-brain
barrier. This means that the contrast reaches the tumor
through the blood and is accumulated in the tumor in a
very small amount, which, in turn, causes a low rate of
detection of patients with the tumor at the early stages
and with a small tumor size. Astrocytic component
is characterized by faster growth, but relatively poor
vascularity. The restrictions in performing radiological
examinations caused by this component are associated
with insufficient osmolality of a small number of cells
(which are located between normal CNS cells), especially
in the postoperative brain, to form postoperative edema,
which allows the surgeon to talk about total removal
based on MRI and CT findings. In addition, despite the
presence of some specific diaghostic signs obtained
by neuroimaging, diagnosing OA is extremely difficult
without histological examination.

Currently, surgery continues to be the mainstay in
treatment for most OA patients [14,20,21]. Obtaining
tissue sample is still essential for establishing an
accurate diagnosis, and tumor resection can be used to
reduce mass effect causing symptoms and neurologic
deficits [13,20]. The features of surgical intervention
for OA appear at all stages of the surgery. So, given
the relatively slow rate of OA growth, at the time of
hospitalization the size of the tumor is already quite
significant and therefore requires a relatively large
trepanation window. A high incidence of dominant cystic
component in the structure of OA also impacts the
tactics of the neurosurgeon in the planning of access,
since aspiration of the liquid content at the initial stage
of tumor removal creates an additional and rapid factor
for intracranial decompression. The presence of two
components in OA and their various ratios predetermine
the heterogeneity of the tumor topography within
the cerebral hemispheres, and hence the peculiarity
of the surgical approach to the tumor. Thus, OA with
dominant astrocytic component is often located more
superficially, often with invasion into cortex, therefore in
such cases removal of the tumor should be started with
a circular resection of the affected area of the cortex.
In OA with dominant oligodendroglioma component,
the tumor is mostly located deep, and access to it
should be through encephalotomy. Features of each of
the components of OA also determine the method of
removing these neoplasms. Oligodendroglioma variant
of OA has dense consistency with the inclusion of calcium
salts and insignificant peritumoral edema, and is often
removed by a single complex in the perifocal zone after
encephalotomy. The astrocytoma variant of OA has
a milder, gelatinous consistency, significant perifocal
edema, and therefore these tumors are usually removed
using wedge-shaped resection. The histogenesis of OAs
mostly appears in the periventricular compartments
of the cerebral hemispheres; therefore, in order to
remove the entire volume of the tumor, the surgery is
often complicated with porencephalia development. The
last one, in addition, provides an additional factor for
intracranial decompression.

The results of the performed surgical interventions
using laser radiation and neuronavigation demonstrated
their high efficiency, which finds expression in positive
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postoperative CT, MRI findings, in the uncomplicated
course of the postoperative period and patient’s high
quality of life. Thus, the number of patients with
preoperative KPS of 60 points and below decreased from
57 (35.0 %) to 10 (6.1 %). At the same time, the number
of patients with preoperative KPS of 80 points increased
from 106 (65.0 %) to 153 (93.9 %).

This study did not pay attention to the role of
adjuvant therapy, especially chemotherapy in the end-
point treatment results of patients with OAs. We have
not distributed patients by groups according to the
type of chemotherapy, the number of courses, and the
therapeutic pathomorphosis. These issues will be the
subject of our further researches. We believe that in the
near future, the progress in the treatment of patients
with OAs will be determined by successful molecular
genetic studies of this tumor, which would shed light on
its origin, reveal processes determining the further tumor
progression, and will find new effective mechanisms of
sensitivity to chemotherapeutic agents.

Conclusions

The histological structure of OAs has similar evi-
dence with oligodendroglioma and astrocytoma as well
as distinctive. According to the histological features,
there are three types OAs: with dominant astrocytic
component, dominant oligodendroglioma component,
and with the equal representation of the astrocytic
and oligodendroglioma components that coexist in the
complex interaction. Diagnostic, surgery, and survival in
OA are determined by the uniqueness of the histologi-
cal structure of these tumors, the interaction of their
components, topography and direction of expansion. The
key to successful results is a differential approach to the
planning of diagnostics, method of removal and manage-
ment of a patient in the late postsurgery period.

Disclosure

Conflict of interest

The authors declare no conflict of interest concerning
any drugs, materials, devices or methods used in this
study or the findings specified in this paper.

Ethical approval

All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and national research
committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Informed consent

The written informed consent was obtained from
each patient or appropriate family member before the
surgery.

References

1. Cooper E. The relation of oligocytes and astrocytes in cerebral
tumors. The Journal of Pathology and Bacteriology. 1935
Sept; 41(2):259-266. doi: 10.1002/path.1700410206.

2. Ostrom QT, Gittleman H, Farah P, Ondracek A, Chen Y,
Wolinsky Y, Stroup NE, Kruchko C, Barnholtz-Sloan JS.
CBTRUS statistical report: Primary brain and central
nervous system tumors diagnosed in the United States in
2006-2010. Neuro Oncol. 2013 Nov;15 Suppl 2:ii1-56. doi:
10.1093/neuonc/not151. Erratum in: Neuro Oncol. 2014
May;16(5):760. PubMed PMID: 24137015; PubMed Central
PMCID: PMC3798196.

3. Kim SI, Lee Y, Won JK, Park CK, Choi SH, Park SH.

2018, N3

PISSN 1810-3154 eISSN 2412-8791

Reclassification of Mixed Oligoastrocytic Tumors Using a
Genetically Integrated Diagnostic Approach. J Pathol Transl
Med. 2018 Jan;52(1):28-36. doi: 10.4132/jptm.2017.09.25.
Epub 2017 Sep 29. PubMed PMID: 28958143; PubMed Central
PMCID: PMC5784226.

4. Wesseling P, van den Bent M, Perry A. Oligodendroglioma:
pathology, molecular mechanisms and markers. Acta
Neuropathol. 2015 Jun;129(6):809-27. doi: 10.1007/s00401-
015-1424-1. Epub 2015 May 6. Review. PubMed PMID:
25943885; PubMed Central PMCID: PMC4436696.

5. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-
Branger D, Cavenee WK, Ohgaki H, Wiestler OD, Kleihues P,
Ellison DW. The 2016 World Health Organization Classification
of Tumors of the Central Nervous System: a summary. Acta
Neuropathol. 2016 Jun;131(6):803-20. doi: 10.1007/s00401-
016-1545-1. Epub 2016 May 9. Review. PubMed PMID:
27157931.

6. Huse JT, Diamond EL, Wang L, Rosenblum MK. Mixed glioma
with molecular features of composite oligodendroglioma and
astrocytoma: a true “oligoastrocytoma”? Acta Neuropathol.
2015 Jan;129(1):151-3. doi: 10.1007/s00401-014-1359-y.
Epub 2014 Oct 31. PubMed PMID: 25359109.

7. Cryan JB, Haidar S, Ramkissoon LA, Bi WL, Knoff DS, Schultz
N, Abedalthagafi M, Brown L, Wen PY, Reardon DA, Dunn IF,
Folkerth RD, Santagata S, Lindeman NI, Ligon AH, Beroukhim
R, Hornick JL, Alexander BM, Ligon KL, Ramkissoon SH.
Clinical multiplexed exome sequencing distinguishes adult
oligodendroglial neoplasms from astrocytic and mixed lineage
gliomas. Oncotarget. 2014 Sep 30;5(18):8083-92. PubMed
PMID: 25257301; PubMed Central PMCID: PMC4226668.

8. Chen R, Ravindra VM, Cohen AL, Jensen RL, Salzman
KL, Prescot AP, Colman H. Molecular features assisting
in diagnosis, surgery, and treatment decision making in
low-grade gliomas. Neurosurg Focus. 2015 Mar;38(3):E2.
doi: 10.3171/2015.1.FOCUS14745. Review. PubMed PMID:
25727224,

9. Michaud K, de Tayrac M, D’Astous M, Duval C, Paquet C,
Samassekou O, Gould PV, Saikali S. Contribution of 1p, 19q,
9p and 10g Automated Analysis by FISH to the Diagnosis and
Prognosis of Oligodendroglial Tumors According to WHO 2016
Guidelines. PLoS One. 2016 Dec 28;11(12):e0168728. doi:
10.1371/journal.pone.0168728. eCollection 2016. PubMed
PMID: 28030632; PubMed Central PMCID: PMC5193469.

10. Abrigo JM, Fountain DM, Provenzale JM, Law EK, Kwong
JS, Hart MG, Tam WWS. Magnetic resonance perfusion for
differentiating low-grade from high-grade gliomas at first
presentation. Cochrane Database Syst Rev. 2018 Jan 22;1:
CDO011551. doi: 10.1002/14651858.CD011551.pub2. Review.
PubMed PMID: 29357120.

11. Mueller W, Hartmann C, Hoffmann A, Lanksch W, Kiwit J,
Tonn J, Veelken J, Schramm J, Weller M, Wiestler OD, Louis
DN, von Deimling A. Genetic signature of oligoastrocytomas
correlates with tumor location and denotes distinct molecular
subsets. Am J Pathol. 2002 Jul;161(1):313-9. PubMed PMID:
12107116; PubMed Central PMCID: PMC1850690.

12. Cairncross G, Wang M, Shaw E, Jenkins R, Brachman
D, Buckner J, Fink K, Souhami L, Laperriere N, Curran
W, Mehta M. Phase III trial of chemoradiotherapy for
anaplastic oligodendroglioma: long-term results of RTOG
9402. ] Clin Oncol. 2013 Jan 20;31(3):337-43. doi: 10.1200/
JCO0.2012.43.2674. Epub 2012 Oct 15. PubMed PMID:
23071247; PubMed Central PMCID: PMC3732012.

13. Shaw EG, Scheithauer BW, O’Fallon JR, Davis DH. Mixed
oligoastrocytomas: a survival and prognostic factor analysis.
Neurosurgery. 1994 Apr;34(4):577-82; discussion 582.
PubMed PMID: 8008153.

14. Alonso D, Matallanas M, Riveros-Pérez A, Pérez-Payo
M, Blanco S. Prognostic and predictive factors in high-
grade gliomas. Experience at our institution. Neurocirugia
(Astur). 2017 Nov - Dec;28(6):276-283. doi: 10.1016/
j.neucir.2017.07.005. Epub 2017 Sep 28. Spanish. PubMed
PMID: 28965807.

15. Macdonald DR, Cascino TL, Schold SC Jr, Cairncross JG.
Response criteria for phase II studies of supratentorial
malignant glioma. J Clin Oncol. 1990 Jul;8(7):1277-80.
PubMed PMID: 2358840.

16. Bai HX, Zou Y, Lee AM, Tang X, Zhang P, Yang L. Does
morphological assessment have a role in classifying

http://theunj.org



YKpaiHCbKHH HeHpOXipypriuHHMA ZKypHaa

oligoastrocytoma as ‘oligodendroglial’ versus ‘astrocytic’?
Histopathology. 2016 Jun;68(7):1114-5. doi: 10.1111/
his.12891. Epub 2016 Jan 12. PubMed PMID: 26466141.

17. Naugle DK, Duncan TD, Grice GP. Oligoastrocytoma.
Radiographics. 2004 Mar-Apr;24(2):598-600. PubMed PMID:
15026604

18. Capper D, Reuss D, Schittenhelm J, Hartmann C, Bremer J,
Sahm F, Harter PN, Jeibmann A, von Deimling A. Mutation-
specific IDH1 antibody differentiates oligodendrogliomas
and oligoastrocytomas from other brain tumors with
oligodendroglioma-like morphology. Acta Neuropathol. 2011
Feb;121(2):241-52. doi: 10.1007/s00401-010-0770-2. Epub
2010 Nov 11. PubMed PMID: 21069360.

19. Hewer E, Vajtai I, Dettmer MS, Berezowska S, Vassella
E. Combined ATRX/IDH1 immunohistochemistry predicts
genotype of oligoastrocytomas. Histopathology. 2016
Jan;68(2):272-8. doi: 10.1111/his.12743. Epub 2015 Jul 27.
PubMed PMID: 26016385.

20. Vogelbaum MA, Hu C, Peereboom DM, Macdonald DR,
Giannini C, Suh JH, Jenkins RB, Laack NN, Brachman
DG, Shrieve DC, Souhami L, Mehta MP. Phase 1II trial of
prerradiation and concurrent temozolomide in patients with
newly diagnosed anaplastic oligodendrogliomas and mixed
anaplastic oligoastrocytomas: long term results of RTOG
BRO131. J Neurooncol. 2015 Sep;124(3):413-20. doi:10.1007/
s11060-015-1845-7. Epub 2015 Jun 19. PubMed PMID:
26088460; PubMed Central PMCID: PMC4584176.

21. Lassman AB, Iwamoto FM, Cloughesy TF, Aldape KD, Rivera
AL, Eichler AF, Louis DN, Paleologos NA, Fisher B], Ashby
LS, Cairncross JG, Roldan GB, Wen PY, Ligon KL, Schiff D,
Robins HI, Rocque BG, Chamberlain MC, Mason WP, Weaver
SA, Green RM, Kamar FG, Abrey LE, DeAngelis LM, Jhanwar
SC, Rosenblum MK, Panageas KS. International retrospective
study of over 1000 adults with anaplastic oligodendroglial
tumors. Neuro Oncol. 2011 Jun;13(6):649-59. doi: 10.1093/
neuonc/nor040. PubMed PMID: 21636710; PubMed Central
PMCID: PMC3107101.

http://theunj.org

PISSN 1810-3154

eISSN 2412-8791

33

2018, N3



