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Abstract

Introduction: High grade gliomas (HGG) are a group of tumors with infiltrative nature in general. Surgery is the first step in their
treatment. It can be beneficial in two aspects: firstly, in establishing normal intracranial pressure and, secondly, in reducing the tumour
volume. The choice of method depends on the location of the lesion, the expected grade of malignancy, and the general condition of the
patient. Despite constant development of neuro-oncology and microsurgical techniques, the 5-year survival rate in patients with HGG
remains less than 10% and the median survival is still less than 2 years.

Aim: At present, there is no final therapeutic “segment” to provide a better outcome than the complex treatment of HGG. Moreover,
the treatment’s relative efficacy and recurrence of these tumours carry an additional problem. The aim of this study was to estimate the
overall survival of patients with HGG operated in our clinic and compare it with literature data.

Materials and methods: One hundred twenty-one cranial operations for HGG were reviewed (conducted between 2014 and 2019).
Summary characteristics of the various parameters were presented in respect to the radical nature of the operative intervention using
Kaplan-Meier analysis and chi square tests. All patients were followed up at regular check-ups.

Results: HGGs were 103 or 85.12% of all gliomas operated for the 2014-2019 period. The most common cases were in the 51 to 60
age group. The cases in men were twice as common. The most common localization of the neoplasm is in the temporal region (36.36%)
and the rarest was found in the occipital region (3.30%). It was estimated that our operated patients with HGG had 12.23 months over-
all survival. Gross total resected patients had a median survival (OS) of 14.53 months, while subtotal resected patients had a median
survival (OS) of 10.44 months. It is estimated 7.97 months free tumor survival period (time to relapse - FTS) for our operated patients
with HGG. Gross total resected patients had a median FTS of 10.88 months, while subtotal resected patients had median FTS of 5.70
months. We noticed permanent new neurological deficit (NND) in 20 patients (19.45%) operated with GTR, and in 5 patients (4.85%)
operated with STR.

Conclusions: Median survival - OS, free tumor survival period - FTS and new neurological deficit - NND were statistically significant
(p<0.05) with extent of resection — GTR or STR in our study. Maximal safe radical (total) or supratotal resection is preferred in treating
HGG.
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INTRODUCTION

High grade gliomas (HGG) are a group of tumors with in-
filtrative nature in general. Traditionally, they have been di-
vided into primary and secondary (arising de novo (90%)
and developed from a pre-existing lower grade tumor
(10%)). High grade gliomas account for 15% of all intracra-
nial neoplasms and approximately 50% of all astrocytomas.
HGGs can arise anywhere within the brain; they have a
predilection for the subcortical white matter and deep grey
matter of the cerebral hemispheres, particularly the tempo-
ral lobe. They have a tendency to undergo cystic degenera-
tion with resultant intratumoural necrosis and hemorrha-
ges. The vast majority of HGGs are sporadic. Rarely, they
are related to prior radiation exposure (radiation-induced
GBM). Surgery can be beneficial in two aspects of HGGs
treatment: to establish the normal intracranial pressure
and to reduce the tumour volume. The choice of method
depends on the location of the lesion, the expected grade
of malignancy/infiltration, and the general condition of the
patient. Despite constant development of neuro-oncology
and microsurgical techniques, the 5-year survival rate in
patients with high grade gliomas remains less than 10% and
the median survival is still less than 2 years.!* However,
patients with extensive resection and adjunctive therapy
such as radiation and temozolamide (TMZ) chemothera-
py show a longer survival.> Accumulated knowledge of the
glioblastoma significant molecular, immunohistochemical
and gene heterogeneity, make prognostic expectations less
enthusiastic.*

AIM

At present, there is no final therapeutic “segment” to provi-
de a better outcome than the complex treatment of HGG.
Moreover, the treatment relative efficacy and recurrence of
these tumors present some additional problems. The aim
of this study was to estimate the overall survival of patients
with HGG operated in our clinic and compare it with lite-
rature data.

MATERIALS AND METHODS

Operative surgery reports from 2014 to 2019 were revie-
wed. One hundred twenty-one cranial operations for HGG
were reviewed. All craniotomies were planned by using
four methods: craniometric points, CT scans/topograms,
MRI scans/topograms, and intraoperative real-time ultra-
sonography.® Summary characteristics of the various para-
meters were presented in respect to the radical nature of the
operative intervention using Kaplan-Meier analysis and chi
square tests. All patients were followed up at regular check-
ups (1 month, 3 month, 1% year, 2nd year, 3rd year) estima-
ting the clinical status.

RESULTS

HGGs were 103 or 85.12% of all gliomas operated for the
study period. The most common cases are in the 51 to 60
age group. The cases in men were twice as common. In
64.46% of cases, the patient’s condition was assessed by 90
points on the Karnofsky scale. Classic clinical presentation
was presented in all cases. The most common localizati-
on of the neoplasm was in the temporal region (36.36%)
and the rarest one was in the occipital region (3.30%). In-
fratentorial localization was identified in 1.66% of cases.
Eloquent brain areas were affected by 60.33% of neop-
lasms, 36.36% of tumours were >6 cm in their largest di-
ameter. Twelve (09.91%) reoperations were performed
(see Table 1 and 2).

DISCUSSION

HGG surgical resection appears to be vital. A cause for fu-
ture recurrences is the existence of viable tumor cells over
and above the enhancing tumor margins. This suggests why
surgical resection is more useful as part of multimodal tre-
atment.%’

The impact of HGG surgery is a constant debate among
neurosurgeons. The infiltrative nature of HGG makes uni-
maginable the curative resection. The recurrence delay and
prolonging the OS is likely due to a wider margin resection
coupled with adjuvant therapy.!->7

Stummer et al. described the influence on the survival
using 5-aminolevulinic acid (ALA) in HGG tumor surge-
ry.% The authors reported for comparison of cytoreductive
surgery using 5-ALA (n=161) versus conventional white
light microscopy (n=161). The researchers concluded that
surgical resection using 5-ALA facilitates more complete
resections of contrast-enhancing tumour.

Lacroix et al.” described 416 patients operated for glio-
blastoma over a 6-year period. Pre- and post-operative
assessment of tumour volume was done using computer
image analyses. The authors reported 5 independent pre-
dictors of survival: age, KPS, extent of tumor resection, and
the amount of necrosis and enhancement on preoperative
MRI studies. Resection of 98% or more of the tumor was
associated with significant survival advantage [(13 months
versus 8.8 months median survival in patients operated
with gross total resection (98% or greater)] and less than
98% resection respectively (p=0.02)). This study supports
the concept of aggressive cytoreductive surgery as part of
the management of high grade gliomas.

Maximal safe tumour resection is the correct surgical
treatment of glioblastomas and other HGG gliomas. Tech-
nological development in the OR is improved by neurona-
vigation, awake craniotomy and supratotal resection by
fluorescence microscopy (not applied in the clinic).!%!
However, no extremely significant improvement in the OS
through the use of these technologies has been achieved.
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Table 1. Summary of characteristics in 121 patients harbouring

glial tumors

Characteristic No (%)
Age (years)
>60 40 (33.05)
51-60 49 (40.49)
41-50 20 (16.52)
31-40 9 (07.43)
0-30 3(02.47)
Age at operation (years)
Median 47.5 (/)
Range 14-81 (/)
Female 44 (36.36)
Male 77 (63.64)
Karnofsky scale
(KPS score preoperative)
100 12 (09.91)
90 78 (64.46)
80 21 (17.35)
<80 10 (08.26)
History of seizures 44 (36.36)
Cognitive deficit 80 (66.11)
Headache, dizziness, vomiting 50 (41.32)
Neurological deficit 37 (30.57)
Neoplasm location
Frontal 31 (25.61)
Temporal 44 (36.36)
Parietal 23 (19.01)
Insular 19 (15.70)
Occipital 4(03.30)
Supratentorial location 119 (98.34)
Infratentorial location 2 (01.66)
Eloquent zone 73 (60.33)
Maximal tumor diameter in cm
Median 5.1(/)
Range 1.4-11 (/)
Tumor diameter in cm
>6 44 (36.36)
4.1-6.0 38 (31.40)
2.1-4.0 35 (28.92)
<2.0 4 (03.30)
Reoperations 12 (09.91)
Low grade gliomas 18 (14.88)
High grade gliomas 103 (85.12)

88 glioblastomas

7 gliosarcomas

3 astrocytomas
grade IIT

3 oligodendroglio-
mas grade IIT

2 meduloblastomas

High Grade Glioma Surgery

HGG reoperation has also been debated in the neu-
rosurgical society and there are many studies showing im-
provement of survival with re-resection.!®1 Surgical resec-
tion of glioblastoma and other HGGs recidivisms should be
seriously considered in terms of quality of life and median
survival. Chemotherapy with bevacizumab (inhibits angio-
genesis) is the only widely accepted non-surgical treatment
for recurrent gliomas."

HGG treatment is a complex strategy including: surgical
tumor resection, radiation therapy, chemotherapy (temo-
zolamide, bevacizumab) and other investigational thera-
pies.

TTEF or tumor treating fields (FDA-approved 2015) - In-
crease 2-year survival from 29% (radiotherapy + TMZ) to
43% in patients treated with TTF in satisfactory postopera-
tive status. Other methods and therapies remain unclear or
are still unproven.’

Our results (following the country’s comprehensi-
ve treatment algorithm for this pathology) are poorer in
terms of postoperative survival as reported in highly spe-
cialized neuro-oncology centres in America and Europe
(24-months median survival).!121316 Post-operative survi-
val of at least 24 months with a high quality of life reaches
58% of the patients operated in San Francisco.!?

It is clear that effective methods for the treatment of
HGG will be more likely to be found in the scientific la-
boratories than in ORs. Unfortunately, the biological and
molecular HGG heterogeneity (even in the same tumour)
is a significant barrier for effective therapies.?’

The ultimate goal of surgery remains the radical (un-
der fluoroscopic microscopy - supratotal) resection and
the preservation of brain functions at the same time. Any
neurological deficit postoperatively leads to an undesirable
risk/benefit ratio for the patient.!2-14

Molecular biology and immunology have found mo-
lecular markers (MGMT, methyl-guanine-methyl-trans-
ferase gene, docking receptors) that are of prognostic sig-
nificance, thus making conventional histological diagnosis
inadequate today. More aggressive treatment is needed to
improve the median survival for glioblastoma and other
HGGs. More efforts are still needed to provide hope for
patients, though it is not clear how to achieve this.

CONCLUSION

Maximal safe radical (total) or supratotal resection is pre-
ferred in treating HGG. In our study, the extent of the tu-
mour resection is a statistically significant advantage that
influences the median survival, free tumor survival period,
and new neurological deficit. After 30 years of researching,
the prognosis for HGG patients is still disappointing. New
and original approaches originating from scientific labora-
tories are needed. It seems reasonable to start with a propo-
sal for all patients to be included in clinical trials.
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Table 2. Summary results (median survival, time to diagnosed relapse, new neurological deficit, and postoperative Karnofsky perfor-
mance scale) in correlation with type of resection - GTR or STR

Resection type of HGG GTR (radical ) STR (subtotal)
No (%) 45 (43.68) 58 (56.32)

(O 14.5 months 10.4 months
Median 12.2 months

FTS 10.8 months 5.7 months
Median 7.9 months

NND (permanent) 20 (19.45) 5 (4.85)

KPS score (post-op.) Z:g z ;; Z:g z Af;

OS: overall survival rate (in months) or median survival rate; FTS: free tumor survival rate; NND (permanent): permanent new neuro-

logic deficit; KPS: Karnofsky performance score.

Median survival (OS), free tumor survival period (FTS) and new neurological deficit (NND) are statistically significant (p<0.05) with

extent of resection — GTR or STR. See Tables 3, 4, and 5.

Table 3. Kaplan-Meier analysis for overall survival

Means and medians for survival time

Mean® Median
. 95% Confidence interval 95% Confidence interval
Type of operation
Estimate  Std.error  Iower Upper Estimate Std. error  Iower Upper
bound bound bound Bound
GTR (radical) 14.533 0411 13.727 15.340 14.000 0.838 12.357 15.643
STR (subtotal) 10.448 0.224 10.009 10.888 10.000 0.207 9.594 10.406
Overall 12.233 0.297 11.652 12.814 12.000 0.380 11.254 12.746
Overall Comparisons
Chi-Square df Sig.
Log Rank (Mantel-Cox) 54.502 1 0.000
Survival Functions
— kA
T GTR(radical)
STR(subtotal)
0,81
S o5
|4
3
u, 1
£ )
3 047
0.2
0,01 1
0 3 10 15 2

OS - overall survival

Our operated patients with HGG were estimated to have 12.23 months of overall survival. Gross total resected patients had median
survival (OS) of 14.53 months, while subtotal resected patients had median survival (OS) of 10.44 months. Long Rank (Mentel-Cox)

comparisons show significance for radical resection.
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Table 4. Kaplan-Meier analysis for free tumor survival period

Means and medians for free tumor survival period

Mean® Median
T . 95% Confidence interval 95% Confidence interval
ype of operation . .
Estimate  Std.error  Lower Upper Estimate Std. error  Lower Upper

bound bound bound Bound
GTR (radical) 10.889 0.329 10.244 11.534 11.000 0.411 0411 11.805
STR (subtotal) 5.707 0.248 5.220 6.194 6.000 0.200 0.200 6.392
Overall 7.971 0.323 7.337 8.605 8.000 0.722 0.722 9.415

Chi-Square  df Sig.
Log Rank (Mantel-Cox) 82.143 1 0.000
Survival Functions
107 ' P

- —1GTR(radical)
1 STR(subtotal)
0,89

0,6

|

L

0,0

Cum Survival

T T T T T T
0 2 4 6 8 10 12 14

FTS -Free tumor survival period

The HGG patients we operated were estimated to have 7.97 months of free tumor survival period (time to relapse). The gross total re-
sected patients had median FT'S of 10.88 months, while subtotal resected patients had median FTS of 5.70 months. Long Rank (Mentel-
Cox) comparisons shows significance for radical resection.

Table 5. Correlation between type of operation and patients’ new neurological deficit

Type of operation NND - new neurological deficit
Total
Yes No
GTR(radical) Count 20 25 45
% within type of operation 44.4% 55.6% 100.0%
% within NND 80.0% 32.1% 43.7%
STR(subtotal) Count 5 53 58
% within type of operation 8.6% 91.4% 100.0%
% within NND 20.0% 67.9% 56.3%
Total Count 25 78 103
% within type of operation 24.3% 75.7% 100.0%
% within NND 100.0% 100.0% 100.0%
Chi-Square Tests
Val df Asymptotic Significance  Exact Significance Exact Significance
aue (2-sided) (2-sided) (1-sided)
Pearson Chi-square 17.6922 1 0.000
Continuity correction® 15.797 1 0.000
Likelihood ratio 18.271 1 0.000
Fisher’s exact test 0.000 0.000
Linear-by-linear association  17.521 1 0.000
N of valid cases 103

Fisher exact test (p<0.001) shows significance of getting temporary NND after gross total resection. Patients operated with GTR had
44.4% chances to get NND, while patients operated with STR had 8.6% chances to get NND. We noticed permanent NND reducing
twice in our cohort [20 patients (19.45%) operated with GTR, and in 5 patients (4.85%) operated with STR]. This percentage could be
reduced by using neuronavigation, awake craniotomy and supratotal resection by fluorescence microscopy (not applied in the clinic).
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Pe3lome

BBefeHwe: oMbl BbICOKOI creneHn 3mokadectBeHHocTH (I'BC3) - aTo0 rpymma omyxosneit MHPMIBTPATUBHOIO Xapakrepa. Xu-
PYPI¥st — 9TO IEPBBIN 1Iar B UX JIEYeHUI. DTO MOXKET OBITD IOJIE3HO ABYM CIOCO6aMM: BO-TIEPBBIX, /I YCTaHOB/IEHVsI HOPMA/TbHOTO
BHYTpPUYEPETHOTO JJaB/ICHN, @ BO-BTOPBIX, [/Is1 yMEHbIIeHNsI 00BbEMa OIYX0/1. BEIOOP MeTOfia 3aBUCUT OT JIOKaTM3ALNY TIOPasKEHNS,
0XXMIAEMOTI CTETIeHN 37I0KaYeCTBEHHOCTM U OOIero COCTOsHMA manueHTa. HecMOTps Ha MOCTOSIHHOE pasBUTHE METOMOB HEBPOJIO-
TMYECKOJ OHKOJIOTMM M MMKPOXMPYPIUH, 5-7€THAA BbDKMBaeMOCThb y nanyeHToB ¢ [BC3 ocraérca Hmke 10% ypoBHA, a cpefHAA
BBDKIMBAEMOCTD BCE €lll€ COCTaBIIsIeT MeHee 2 JIeT.

Llens: B Hacrosiiee BpeMs He CYIeCTBYeT TePaNeBTIHIECKOTO «CerMeHTa», 00eCIeYnBaoIero Iy YIINil Pe3y/IbTaT, 4eM KOMIITIEKCHO®
nederne IBC3. Kpome TOro, ZOMOMHUTENBHOI IIPOOIEMOIT SIBIETCS OTHOCUTENbHAS 9P PEKTUBHOCTD TeUEHNS U PELUAUBDL ITUX
omyxoreil. 1]enpio0 JaHHOTO MCCIEFOBAHNSI OBIIO OLIEHNTD OOIIYIO BBDKMBAEMOCTD NManueHToB ¢ IBC3, mpoomeprpoBaHHBIX B HaIIIel

KJIMHMKE, I CPABHUTD € C TaHHbIMI B Haquoﬁ[ uTeparype.

Marepuanbl u MeTogbl: [IpoaHanu3npoBaHo CTO ABaALATh ofHa onepanys IBC3 (mposenéHbix B epuoy ¢ 2014 o 2019 rox). O6-
30pHbIe XapaKTePUCTUKY Pas/IMYHbIX [TAPaMeTPOB OTHOCUTEIBHO PaJMKaTIbHOIO XapaKTepa XMPYPriuieckKoro BMeLIaTe/IbcTBa Oblin
IpeACTaB/IeHbl C UCIIONb30BaHMeM aHanu3a Kammana-Meitepa 1 kputepus xu-kBagpat (X2). Bce malmeHTs! IPOXOANIN pery/sipHble
OCMOTPBIL

Pesynbrarbl: B nepuoxn 2014-2019 rr. 66110 npoonepuposano 103 cnydas I'BC3 wim 85.12% ot Bcex rmmoM. Hanbonee vacToie
cy4dan ObUIM B BO3pacTHOI rpymie ot 51 1o 60 net. Cyyan cpefu My>K4uH 6bUIM BABOe daie. Hanbosee yacTas nokanmsanys HOBO-
o6pasoBaHusl — BICOYHAsA 00macTh (36.36%), Hanbornee pexkast — B 3aTbU1049HOI o6mactu (3.30%). Bt cenan BeIBOA, 4TO 0011ast BBI-
JKIBAeMOCTDb HAIIMX IIPOOIEePYpPOBaHHbIX MarnyeHTos ¢ IBC3 cocraBmma 12.23 mecana. [TanneHTsl, lepeHecHne MOMHYIO Pe3eKIINIo
(ITP), nmenn BopkmBaemocts (OB) 10.44 mecsiua. st Hammx oneprupoBaHHBIX manyeHToB ¢ IBC3 mepnop o61ieil BBDKMBAEMOCTH
(free tumor survival period (FTS) cocraBun 7.97 MecsLeB, a Hal[MeHTDI C IIO/HO pe3eKiyeit omyxonu uMenu cpegamit FTS - 10.88
MecsILeB, B TO BpeM: Kak IaleHTsl ¢ cydToTanbHoit pesexuueit (CTP) umenu cpegumit FTS - 5.70 MecsA1LeB, 1 Mbl 0OHAPY>KIUIIN CTOM-
Kue HoBble HeBposnornyeckye feduuntsl (HH]I) y 20 maunenTos (19.45%), npoomnepupoBanHbix Ha I'BC3, n y 5 nanuenros (4.85%),
npoonepuposanubix ¢ CTP.

3akntoveHue: O6mias BBUKUBAEMOCTb, epuof FT'S n HoBbIit HeBponmornyeckuit geduunt — HHJT 66111 CTaTHCTHYECKY 3HAYVMBIMHU
(p <0.05) co crenennio pezexuuu — TP wan CTP B HateM uccnenoBannu. MakcuManbHast pafyKanbHas (TOTalbHasI) WK CYyOTOTANIb-
Has pe3eKLusA NpeanoyTuTenbHee npu nedenuu I'BC3.

KnroueBble c/oBa

CTE€NE€Hb pe3eKU NN, 06]].(1/[]‘/'[ 06']>éM, T/IIOMa BBICOKOVI CTEeIIeH!, IIpOTHO3, CY6TOTaTIbHaH pe3ekunAa
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