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Recurrence rate of glioblastoma and role
of extent of resection: a retrospective study

Objective — to assess the recurrence rate of surgically freated glioblastoma (GBM) and its correlation with
various factors, including the extent of resection (EOR), in a cohort of 120 patients. The role of EOR as a prognostic
factor in recurrence will be investigated as part of this analysis.

Materials and methods. We conducted a retrospective analysis of 120 patients diagnosed with Wild-type
Isocitrate Dehydronease (IDH) GBM multiforme, aged 18 years and above, who underwent surgical intervention at
Uzhhorod Regional Neurosurgical Center between 2010 and 2020. These patients were subsequently treated with
chemoradiotherapy. Our study aimed to investigate the recurrence rate and the impact of EOR on recurrence and
overall survival in glioblastoma. The follow-up period for these patients ranged from 2 to 144 months, with a median
follow-up duration of 36 months post-surgical resection. We employed the Chi-square test to assess the relationship
and association between EOR and recurrence as well as overall survival variables, considering a statistically significant
p-value of 0.05 or below.

Results. In our study comprising 120 cases, with 62 % being male (n = 74) and 38 % female (n = 46). On average,
patients with glioblastoma survived for 14 months. The median survival time after partial and subtotal resection was 6
and 12 months, respectively, while patients who underwent gross total resection (GTR) had a median survival duration
of 16 months. Regarding extent of resection (EOR), 56 % of patients had GTR (n = 67), 29 % had subtotal resection
(STR) (n = 35), and 15 % had partial resection (PR) (n = 18). Throughout the follow-up period, approximately 86 % of
patients had deceased since surgery (n = 103), while 14 % (n = 17) remained under follow-up. Notably, a significant
association was observed between overall survival and EOR(%) (32 (2) = 8.752, p < 0.05). The recurrence rate in our
study, observed post-hospital discharge during a follow-up period ranging from 2 to 144 months (median 36 months),
was approximately 39 % (n = 47) among patients who underwent surgical resection for glioblastoma. However, upon
multivariate analysis, we found no association between resection type and EOR(%) (x2 (2) = 2.563, p = 0.278), with the
majority of patients across all three EOR groups showing no recurrence.

Conclusions. Glioblastoma patients derive significant benefit from comprehensive tfreatment strategies, which
typically involve maximal safe tumor resection followed by adjuvant therapy to improve overall survival outcomes.
While maximal resection of the tumor is often pursued, our study did not find a significant association between the
extent of resection and recurrence rates.
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lioblastoma multiforme (GBM) is the most extentofresection (EOR)and better survival outcomes

common malignant primary brain tumour in
adults [8]. At present, there is no widely agreed-upon
treatment plan that includes medication, surgery, or
radiation for the management of GBM [18].

Extensive studies conducted in the field of neuro-
oncology have shown a clear link between a greater
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in patients newly diagnosed with GBM, research have
shown that survival rates have increased gradually,
ranging from 78 to 98 % [13, 17].

Only surgical resection has been linked to an
increase in the median survival of GBM patients
to 6 months. Combining surgical resection with
radiation treatment significantly increases 12-month
survival rates. Due to GBM'’s invasive characteristics,
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the combination of radiation treatment and
chemotherapy has shown additional improvements
in survival rates. An important development is the
implementation of concurrent chemotherapy with
temozolomide (TMZ) after surgical removal of the
tumour and radiation therapy. This has resulted in
a considerable improvement in survival rates, with
patients living for an average of 14.6 months [7].

A study published in the Journal of Neuro-Oncology
has found that patients with GBM who underwent
gross total resection (GTR) had a median a median
overall survival (0S) of 18.9 months. These results
highlight the impact of various factors, such as the
extent of resection, on the recurrence rates of GBM.
Nevertheless, the rate of recurrence among patients
who had GTR was seen to be 67.7 % [10].

Objective — to assess the recurrence rate of
surgically treated glioblastoma (GBM) and its
correlation with various factors, including the extent
of resection (EOR), in a cohort of 120 patients. The
role of EOR as a prognostic factor in recurrence will be
investigated as part of this analysis.

Materials and methods

Patients and methods

At the Regional Center for Neurosurgery and
Neurology in Uzhhorod, Ukraine, a retrospective
analysis was conducted on 120 consecutive patients
diagnosed with glioblastoma who underwent surgical
intervention between January 1, 2010, and December
31, 2020. Follow-up data were collected until Ja-
nuary 1, 2022. Patient inclusion criteria encompassed
an age of at least 18 years, a radiological and
histopathological diagnosis of glioblastoma, and being
IDH wild type. Additionally, patients were required to
undergo post-operative brain MRI within 72 hours after
surgery. Volumetric analysis of gadolinium-enhanced
T1 MRI scans was performed both pre- and post-
operatively to ascertain the extent of EOR. EOR was
categorized as Partial Resection (PR) if less than 70 %
of the tumor volume was removed, sub-total resection
(STR) if 70—95 % of the tumor volume was excised,
and GTR if more than 95 % of the tumor volume was
resected. The relationship and association between
EOR and variables such as recurrence and OS were
assessed using the Chi-square test, with a significance
level set at a p value of 0.05 or below.

Results

In this study, data from 120 retrospective cases
were meticulously evaluated, with thorough analysis,
comparison, and assessment of the findings.

Descriptive statistics

Surgical Resection and Survival

Following the volumetric analysis of GBM tumor
volume both pre-operatively and post-operatively, it
was observed that approximately 56 % of patients
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Table 1
EOR(%) and survival
f %

EOR(%)

GTR 67 55.8
STR 35 29.2
PR 18 15
Overall survival

Dead 103 85.8
Alive 17 14.2
GTR 55,1
STR 29,2

PR 15

Fig. 1. Levels of EOR(%)

B Dead
[ Alive

Fig. 2. Levels of EOR(%)

achieved GTR (n = 67), while nearly 29 % underwent
STR (n = 35), and the remaining 15 % underwent
partial resection (PR) (n = 18) (Table 1 and Fig. 1).
Throughout the follow-up period, it was noted that
approximately 86 % of patients had succumbed since
undergoing surgery (n = 103), leaving 14 % (n = 17)
of patients still under observation (Table 1 and Fig. 2).

Recurrence

In this study, following discharge from the hospital,
patients were monitored for a duration ranging from 2
to 144 months (with a median follow-up of 36 months).
It was observed that approximately 39 % of patients
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Table 2 Table 3
Recurrence after surgical removal Chi-Square Test between Overall Survival and EOR
f % EOR
Recurrence — YES a7 39.2 GTR STR PR Total
Recurrence — NO 73 60.8 Dead Count 52 33 18 103
ea
Overall % 776 943 1000 858
Survival Count 15 2 0 17
Alive
% 22.4 5.7 0.0 14.2
Count 67 35 18 120
Total

W Recurrence — YES
[JRecurrence — NO

Fig. 3. Recurrence after surgical removal

(n = 47) who underwent surgical resection experienced
recurrence in GBM patients (Table 2 and Fig. 3).

Multivariate Analysis

EOR Relationship with Overall Survival

A notable association was observed between OS
and EOR (y? (2) = 8.752, p < 0.05). Among patients
who underwent GTR, approximately 22 % were found
to be alive (n = 15). In contrast, only about 6 % of
patients who underwent Subtotal Resection were
alive (n = 2). Interestingly, all patients who underwent
Partial Resection were deceased (100 %, n = 18).
These findings underscore the significantly higher
chances of survival associated with GTR compared to
STR or PR (Table 3 and Fig. 4).

EOR Relationship with Recurrence

No significant association was identified between
the type of resection and EOR (y? (2) = 2.563, p = 0.278).
It is noteworthy that the majority of patients across
all three EOR groups did not experience recurrence
(Table 4 and Fig. 5).

Discussion

In our investigation, we have delineated the
median survival duration subsequent to GBM
excision. Notably, our analysis underscores the impact
of surgical resection extent on post-operative survival
rates. Surprisingly, while recurrence rates did not
demonstrate a direct correlation with median survival
duration post-surgery, a significant association
between the EOR and OS was observed.

Extensive studies have affirmed the substantial
predictive value of EOR in determining survival
outcomes. Notably, the rates of total tumor resection
for GBM, characterized by its infiltrative nature, have
been reported to range from 17.4 % to 40.0 %. Despite

% 100.0 100.0 100.0 100.0

Asymptotic
Value df Significance (2-sided)
Pearson Chi-Square 8.752 2 0.013
Bar Chat
35
30
25
€ 20
>
0
O 15
10
5
0
Alive <10 10—20 21—30
months months months

BGIR OSTR HEPR

Fig. 4. Overall survival with EOR(%)

the recognition of multiple variables influencing EOR in
clinical practice, empirical evidence supporting these
factors remains elusive in the existing literature [8].

Through comprehensive analysis of pre-operative
and post-operative volumetric data of GBM volume,
we identified distinct categories of EOR in our
patient cohort. Specifically, our findings revealed
that 56 % of patients underwent GTR (n = 67),
29 % underwent STR (n = 35), and 15 % underwent
PR (n = 18). The range of resection percentages
spanned from 40.12 % to 99.87 %, with a median of
95.74 % (mean — 89.45 %, standard deviation —
13.39 %). These results underscore the efficacy of
surgical interventions aimed at achieving complete
excision of advancing IDH wild-type GBM. Notably,
while debulking procedures appear safe for the
management of rare IDH wild-type non-enhancing
glioblastoma, their efficacy in improving survival
outcomes remains unsubstantiated [4].

Optimal management of patients diagnosed
with GBM necessitates a multidisciplinary approach
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Table 4
Chi-Square Test Recurrence and EOR

EOR
GTR STR PR
Not  Count 39 20 14 73

Total

recurrence % 582 57.1 77.8 60.8
Recurrence
Count 28 15 4 47
Recurrence
% 41.8 429 222 39.2
Count 67 35 18 120
Total

%  100.0 100.0 100.0 100.0

Asymptotic
Value  df Significance (2-sided)
Pearson Chi-Square 2.563 2 0.278
40
30
g
o 20
@)
10
0
Primary resection Reccurence

B GIR OSTR EPR
Fig. 5. Recurrence with EOR(%)

involving a team of specialized professionals.
Extensive research underscores the significance of
complete resection as an independent prognostic
factorassociated with favorable clinical outcomes. The
concept of GTR continues to evolve within the medical
community. Recent studies have proposed various
enhancement cutoffs to define gross total resection,
including thresholds such as 100 % [1, 11, 14, 16],
96 % [2], and 97 % [6, 15]. These advancements in
defining resection criteria contribute to the ongoing
refinement of surgical strategies aimed at enhancing
patient prognosis and treatment efficacy.

N. Sanai et al. [18] demonstrated that patients
with  GBM who underwent complete removal of
contrast-enhanced tumors exhibited superior
outcomes compared to those with only 98 % reduction
in tumor visibility enhancement. Additionally, their
study revealed that resection rates exceeding 78 %
were associated with a survival benefit among a
cohort of 500 patients with GBM [18]. These findings
underscore the importance of achieving high resection
rates to improve clinical outcomes in GBM patients.

2024, N°2—3

Advancementsinthe surgical management of GBM
have led to a personalized and multimodal approach.
Integration of advanced imaging techniques, refined
surgical equipment, and meticulous intraoperative
monitoring has significantly enhanced tumor
resection while minimizing damage to surrounding
brain tissue [5].

The consensus in current literature advocates
for maximal safe surgical resection as the preferred
approach [3, 19]. However, the debate surrounding
the impact of PR on survival persists [9, 12]. Evidence
suggests that significant resection is necessary to
exert a substantial influence on survival outcomes.

From our study, it is evident that patients who
underwent GTR had a significantly higher survival
rate, with 22 % of them still alive (n = 15). Conversely,
only 6 % of patients who underwent STR were still
alive (n = 2), and all patients who underwent PR
had deceased. The differences in median survival
times were statistically significant between GTR
(median survival time — 16 months) and STR
(median survival time — 12 months) (x? = 11.120,
p < 0.01). Furthermore, GTR exhibited a significantly
longer median survival time compared to PR (median
survival time — 6 months; y2 = 47.929, p < 0.001),
and STR also showed a significantly longer survival
time compared to PR (y? = 18.613, p < 0.001). These
findings highlight the importance of achieving GTR for
maximizing patient survival outcomes. Additionally,
the statistically significant relationship between
OS and EOR% further emphasizes the impact of
surgical resection completeness on patient prognosis
(x2(2) =8.752, p <0.05).

The recurrence rate of GBM varies considerably
based on several factors, including the extent of
surgical resection. Research published in the
Journal of Neuro-Oncology indicates that patients
who underwent GTR a median OS of 18.9 months.
However, the recurrence incidence for these patients
was reported to be 67.7 % [10]. Conversely, patients
who underwent maximal safe resection exhibited a
median OS of 15.2 months, as per findings published
inthe Journal of Neurosurgery. In this study, individuals
who underwent gross complete resection experienced
a recurrence incidence of 77.8 % [10]. These findings
underscore the complexity of managing GBM and
highlight the need for further research to optimize
treatment strategies and improve patient outcomes.

The research indicates that patients with glio-
blastoma who underwent STR experienced a median
0S of 11.2 months. Moreover, the recurrence incidence
for patients who underwent STR was reported to be
90.9 % [13]. These findings emphasize the challenges
associated with managing glioblastoma and highlight
the importance of exploring strategies to improve
treatment outcomes and reduce recurrence rates.

In our study, we observed a recurrence rate of 39 %
(n =47)among GBM patients who underwent surgijcal
resection, with patients being followed for a median
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of 36 months after hospital discharge. Interestingly,
our analysis did not reveal a significant correlation
between the type of resection and extent of resection
percentage (EOR(%) (x> (2) = 2.563, p = 0.278).
Notably, there was a lack of recurrence observed
across all three EOR groups (Fig. 5). These findings
underscore the complex nature of GBM recurrence and
highlight the need for further investigation into factors
influencing tumor recurrence post-surgical resection.

Limitation

While our retrospective study provides valuable
insights, it is important to acknowledge its limitations,
including a small sample size and potential selection
bias inherent in cohort studies. The requirement for
pre- and post-operative tests for volumetric analysis
may have led to the exclusion of certain glioblastoma
patients from our study cohort. Additionally, the lack
of routine measurement of EOR with postoperative
MRI at our hospital may have impacted the accuracy
of our findings. Moving forward, larger and more
representative studies involving comparative imaging

techniques are warranted to validate our findings and
provide a more comprehensive understanding of the
relationship between EOR and clinical outcomes in
glioblastoma patients.

Conclusions

The treatment of glioblastoma necessitates
comprehensive therapeutic strategies, including
maximal safe resection coupled with adjuvant therapy,
to enhance OS rates. Despite the maximal resection of
tumors, our study revealed no significant association
between the extent of resection and recurrence,
with only 14 % of patients surviving. These findings
underscore the complexity of managing GBM and
highlight the need for further research to elucidate
factors influencing recurrence and survival outcomes.
Nonetheless, our study provides valuable insights
that may guide treatment decisions regarding extent
of resection and adjuvant therapy, aid in identifying
patients at higher risk of recurrence, and inform
postoperative surveillance imaging protocols for
individuals with GBM.
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A. HAYAATAIH, B.l. CMOAAHKA, A.B. CMOAAHKA, T. TABPVAIB

OBAACHUIN KAIHIYHWA LEEHTP HEWPOXIPYRTii T HEBPOAOTIT
Y)KrOpOACBKOTO HOLOHOABHOTO YHIBEpPCUTETY

Yacrota peunAmBiB TAIOBAACTOMU TA POAb OBCSAry pesekLii:
peTpocnekTUBHE AOCAIAXKEHHS

Meta po60TK — OLHUTY YOCTOTY PELMAMBIB XiPYPRMYHO BUAIKYBAHOI rAioBAacToMm (GBM) ta i kopeasuji 3 pis-
HMM GAKTOPAMM, BKAKOHAKOHM CTyMiHb pe3ekuii (EOR), y koropTi 3i 120 naujeHTiB. Y pAMKAX LIbOro AHAAIZY AOCAIAKEHO
POAb [MHIT K APOrHOCTUYHOTO GAKTOPA PELIMAVIBY.

Marepiaan Ta meToaun. [ToDOBEAEHO PETPOCNEKTUBHUIM AHAAI3 AQHKX 120 NOLJEHTIB i3 AIArHO30M MYALTUGOPMHA
rAiobaactoma (FbM) izoumtparaeriaporeHasn amkoro tmny (I3A) BikoMm NoHOA 18 POKiB, SIKMM MPOBEAEHO ONEepPAaTBHE
BTPYYOHHS1 B Y)KTOPOACBKOMY OBAQCHOMY HEMpOXipyprivHOMY LieHTpi B 2010—2020 pp. i xiMionpomMeHeBy Tepanito.
BriByaAn yacToty peumamsiB i BNAMB obcsry pesekuii (OP) Ha peumamB TQ 30ranbHy BYDKMBOHICTb. [lepioa cnocTte-
PEXEHHS NICAS XipypPridHOI pe3eKLii CTaHOBMB Bip 2 A0 144 MiC (CepeAHs TPMBAAICTb CMOCTEPEXKEHHS — 36 MIC).
30CTOCOBYBOAM TECT %2, WO OUIHWTK 3B930K MibK OP i peLlMaAMBOM TA MOKA3HUKAMW BUXKMBAHOCTI. CTATUCTUYHO 3HO-
YYLLIMM BBAYKOAM 3HAYEHHS p < 0,05.

Pesyabtatn. Cepep, NauieHTiB 6yAO 74 (62 %) HOAOBIKM Ta 46 (38 %) »iHOK. Po3noain 3a OP 6ys Takum: 67 (56 %)
MNALEHTOM MPOBEAEHO TOTAABHY pPe3eKLjio, 35 (29 %) — CyOTOTAABHY pe3eKkuito, 18 (15 %) — YACTKOBY pPE3EKLHO.
CepepHst BUXKMBOHICTb NALYEHTIB i3 TBM CTOHOBMAQ 14 MiC, 30KpPEMA MNICAS YHOCTKOBOI TA CYBTOTAABHOI pesekuji — 6
i 12 miC BIANOBIAHO, MICAS1 TOTOABHOI pe3eKLii — 16 mic. [MpoTarom ycboro nepioay crnoctepeenHst 103 (86 %) nauy-
EHTN MoOMEPAM nicas onepauii, a 17 (14 %) — 30AULLAAKCS Mip COCTEPEXKEHHSIM. YCTAOHOBAEHO 3HAYHWM 3B 130K MidK
3AraAbHOKO BUDKMBAHICTIO TA OP (32 (2) = 8,752; p < 0,05). HYacToTa peumamBiB MiICAS BUMUCKU 3 AIKQPHI BIPOAOBXK NepIOAY
CNoCcTepeXeHHs! Bia 2 A0 144 mic (MeaiaHa — 36 MiC) CTOHOBUAQG 39 %. OAHAK 3a PE3YALTATAOMM BAraToPAKTOPHOrO
QHAAIZY HE BUSIBAEHO 3B’ 3Ky MK TUMoM pesekuji Ta OP (x2 (2) = 2,563; p = 0,278). Y GiAbLLOCTI NALEHTIB Y TPbOX rpynaX,
BUAIAEHVX 30 OP, He BYAO peLmAMBIB.

BucHoBku. [MauieHT 3 [BM oTprMyIOTb 3HAYHY KOPWCTb BiA KOMMAEKCHUX CTPATETIN AIKYBAHHS, $IKi 3013BUYOM
nepeAdAYaOTb MOKCUMOABHO ©e3MneYHy pe3eKLjto MyXAMHU N MPOBEAEHHST OA ' FOBAHTHOI Tepanii AAST MOAIMLLEHHS
30ArAAbHUX PEIYALTATIB BUYKMBAHHST, XO4Q YHOCTO HAMArQKOTbCST AOCSIITA MOKCUMOABHOI pe3eKLji MyXAMHW, HOLE AOCAIA-
YKEHHS1 HE BUSIBUAO CYTTEBOTO 3B'513Ky MibK OP TQ YOCTOTOK peLMAVBIB.

KA04OBi cAOBQ: TAIOOAQCTOMA, PELMAMB, OBCST pe3eKLLi, 3araAbHO BUYKMBAHICTb.
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