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Abstract

Objectives: To determine survival and investigate associated prognostic factors in glioblastoma multiforme (GBM) patients receiving adjuvant
therapy.

Materials and Methods: The study population comprised patients with isocitrate dehydrogenase wild-type GBM who were enrolled between 1
September 2022 and 1 March 2024. The primary endpoint was overall survival (0S), while the secondary endpoint was progression-free survival.
Comparisons between groups were conducted using the log-rank test, and multivariate analyses were performed using Cox regression.

Results: A total of 67 patients were evaluated. The median OS of patients was 19.3 months [95% confidence interval (Cl) 15.1 to not reached (NR)].
A total of 60 patients (89.1%) underwent adjuvant treatment. The median OS was 31.1 months (95% CI 19.3 to NR) for patients treated within the
first four weeks, 15.7 months (95% ClI 15.1 to NR) for those treated within four to six weeks, and 11.3 months (95% Cl 9.8 to NR) for those treated
after six weeks.

Conclusion: The observed survival rate in our study was comparable to that reported in clinical trials. However, the survival rate was significantly
lower in patients who received treatment at a later stage. Therefore, further studies with larger patient populations are recommended to ensure that
the guidelines more accurately reflect the timing of adjuvant therapy in GBM patients.
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Amag: Bu calismanin amaci adjuvan tedavi alan glioblastoma multiforme (GBM) hastalarinda sagkalimi belirlemek ve iliskili prognostik faktérleri
arastirmaktir.

Gere¢ ve Yontem: Calisma poplilasyonu, 1 Eylil 2022 ve 1 Mart 2024 tarihleri arasinda kaydedilen izositrat dehidrogenaz vahsi tip GBM
hastalarindan olusmaktadir. Birincil sonlanim noktasi genel sagkalim, ikincil sonlanim noktasi ise progresyonsuz sagkalimdir. Gruplar arasindaki
karsilastirmalar log-rank testi kullanilarak yapilmis ve cok degiskenli analizler Cox regresyonu kullanilarak gerceklestirilmistir.

Bulgular: Toplam 67 hasta degerlendirildi. Hastalarin ortanca genel sagkalimi 19,3 aydi [%95 giiven araligi (GA) 15,1 ila ulasilamadi (NR)]. Toplam
60 hastaya (%89,1) adjuvan tedavi uygulandi. Ortanca genel sagkalim ilk d6rt hafta icinde tedavi edilen hastalar icin 31,1 ay (%95 GA ila 19,3-NR),
dort ila alti hafta icinde tedavi edilenler icin 15,7 ay (%95 GA ila 15,1-NR) ve alti haftadan sonra tedavi edilenler i¢in 11,3 ay (%95 GA ila 9,8-NR) idi.

Sonuc: Calismamizda gdzlenen sagkalim orani klinik ¢alismalarda bildirilenlerle karsilastirilabilir diizeydedir. Ancak, daha ge¢ dénemde tedavi alan
hastalarda sagkalim orani anlamli derecede diisiiktli. Bu nedenle, kilavuzlarin GBM hastalarinda adjuvan tedavinin zamanlamasini daha dogru bir
sekilde yansitmasini saglamak icin daha genis hasta popiilasyonlariyla daha fazla ¢alisma yapilmasi dnerilmektedir.
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Introduction

Glioblastoma multiforme (GBM) represents the most
prevalent primary central nervous system (CNS) tumor (1). In
accordance with the 2021 World Health Organization (WHO)
Classification of CNS tumors, GBM is characterised as isocitrate
dehydrogenase (IDH)-wild-type (2,3). The median survival
time for this aggressive tumor, with a median age of onset of
approximately 60 years, is currently 12 to 15 months, and the
5-year survival rate is 6% (4).

The current gold standard treatment for GBM, a tumor with
an adverse prognosis, comprises maximal safe resection and
subsequent adjuvant therapy. This consists of temozolomide
(TMZ), concurrent chemoradiotherapy (CRT), and six months
of maintenance TMZ (5). The Stupp protocol has been
demonstrated to enhance overall survival (0S) in patients under
70 with favorable performance status. The treatment regimen
entails the concurrent administration of 75 mg/m2/day TMZ in
2 Gy fractions, with a total dose of 60 Gy, followed by six cycles
of TMZ monotherapy (6). The long-term results of the trial
demonstrated that survival in the TMZ arm remained superior
to radiotherapy (RT) alone at both two-year (27% vs. 11%)
and five-year (10% vs. 2%) follow-up points (7). In patients
of an advanced age and/or with a markedly poor performance
status, a supportive care approach may be considered the most
appropriate course of action (8).

A number of studies have been conducted in order to
ascertain the optimal timing for the commencement of
adjuvant treatment in patients with various types of cancer.
In patients with non-small cell lung cancer who are to receive
adjuvant treatment following a curative resection, commencing
treatment after a period of six weeks has been demonstrated
to result in a reduction in disease-free survival (9). A study of
24,843 patients who had undergone surgery for breast cancer
revealed that those who received adjuvant therapy 91 days or
more after surgery exhibited a diminished OS rate [hazard ratio
(HR): 1.34, 95% confidence interval (Cl): 1.15-1.57] (10).

Despite adjuvant treatment currently being the standard
of care, there is no consensus regarding the optimal timing for
initiating treatment. The objective of this study was to ascertain
the OS of patients diagnosed with GBM who received adjuvant
treatment at our center and to evaluate the relationship
between treatment approach, clinical characteristics, and time
of treatment initiation and survival.

Materials and Methods

The present study is a retrospective cohort study that
encompasses patients diagnosed with GBM at our medical
center between 1 September 2022 and 1 March 2024. Patients

diagnosed with an International Classification of Diseases
10t Revision code C71 (malignant neoplasm of the brain),
histologically confirmed (biopsy or resection) GBM IDH-wild-
type, CNS WHO grade 4, aged 18 years or older, with no previous
chemotherapy or cranial RT, and no active infection, were
identified through medical records as meeting the requisite
criteria. Patients who did not fulfill the requisite criteria were
excluded from the study.

The demographic information of the patients, including
diagnosis dates and treatment initiation dates, as well as details
of the treatment methods employed (surgery, chemotherapy, RT),
the time elapsed between diagnosis and treatment initiation,
and survival data (survival time and date of death), were defined.
Additionally, data on recurrence and other treatment processes
were also determined. The time to diagnosis was defined as the
initial pathology date at which the primary brain tumor was
identified. The early treatment group was defined as comprising
those patients who commenced treatment within the first
four weeks of diagnosis, while the delayed treatment group
was defined as comprising those patients who commenced
treatment six weeks or more after diagnosis (Figure 1).

OS defined as the time elapsed between diagnosis and
death or the date of the last visit-served as the primary
endpoint in this analysis. The secondary endpoint, progression-
free survival (PFS), was operationalized as the time elapsed
between the commencement of treatment and the date of the
initial observational assessment of relapse, or death/last visit,
whichever occurred first.

The time elapsed between surgical intervention and the
commencement of CRT was examined as both a continuous
variable and a categorical one, based on three defined time

77 patients were diagnosed with
Glioblastoma Multiforme in our
department from September 1,
2022, to March 1, 2024,

IDENTIFICATION

Excluded (n= 10)
+ Not meeting inclusion criteria (n=10)

INCLUSION

Included according to
study criteria (n=67)

([ AnaLysis | | Analysed (1=67)

Figure 1: Patient flow diagram
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intervals. The intervals were defined as follows: less than four
weeks, four to six weeks, and greater than six weeks. This
study was approved by the Scientific Research Evaluation and
Ethics Committee of Etlik City Hospital (decision no.: AESH-
BADEK-2024-758, date: 02.10.2024).

Statistical Analysis

In order to facilitate the analysis and presentation of the
data, quantitative variables were expressed as means, with
accompanying ranges. Similarly, categorical variables were
described in terms of percentage frequency distributions.
Kaplan-Meier survival curves were employed to estimate
survival outcomes. Subsequently, intergroup comparisons were
conducted utilising log-rank tests. A Cox regression analysis was
employed to conduct multiple analyses. A two-tailed p-value
of less than 0.05 was considered statistically significant. The
statistical analyses were conducted using the BlueSky Statistics
version 10.3.2 software.

The mean age of the 67 patients included in the study was 60
years (range: 42-86 years). Upon analysis of the age distribution,
it was observed that approximately half of the patients were
under the age of 60. Of the total number of patients, 31 (46.2%)
were male. Upon diagnosis, 61.2% of patients exhibited an
Eastern Cooperative Oncology Group score of 0 to 1. Among
the patients included in the study, 38 (56%) had pre-existing
comorbidities. The most prevalent comorbidity was hypertension.
A summary of the patient and tumor characteristics is presented
in Table 1.

All patients included in the study underwent surgical
intervention. A total resection was performed in 41 patients,
representing 61.1% of the total number of patients included in
the study. Over 90% of the patients were eligible for adjuvant
treatment. Of the seven patients who were not eligible for
adjuvant treatment, three were excluded due to age and
performance status, two patients succumbed to postoperative
complications, and two patients refused treatment. Of the total
number of patients, 58 (86.5%) received and completed adjuvant.
Two patients received only RT due to thrombocytopenia,
which precluded the use of chemotherapy. The mean time to
commencement of adjuvant treatment was 30 days (range
15-119 days). All patients received the standard doses of RT.
During the follow-up period, 22 patients (32.8%) experienced
recurrence. The estimated median PFS was 5.3 months (95%
Cl 3.6 to 12.6) (Figure 2a). During the follow-up period of 9.1
months, 21 patients succumbed to their disease. The estimated
0S was 19.3 months (95% ClI 15.1 to NR) (Figure 2b) (Table 2).

The Kaplan-Meier curves for PFS and OS were analysed
according to the timing of adjuvant treatment initiation among
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patients. The median PFS was 7.0 months (95% Cl 4.4 to NR)
for 24 patients (35.8%) who commenced treatment within four
weeks, 5.3 months (95% Cl 3.5 to NR) for 21 patients (31.3%) who
initiated treatment between four and six weeks, and 3.6 months
(95% Cl 2.8 to NR) for 13 patients (19.4%) who started treatment
after six weeks. No statistically significant difference in PFS was
observed between treatment groups (p=0.18) (Figure 3a).

Table 1: Patient, and tumor characteristics

Age

Median, (year) ‘ 60 (42-86)
Distibution no, (%)

<60 32 (47.7)
>60 35 (52.2)
Sex no, (%)

Male 31 (46.2)
Female 36 (53.7)
ECOG PS no, (%)

0-1 41 (61.2)
2 18 (26.8)
3 7 (10.4)
4 1(1.4)
Comorbidty no, (%)

Yes 38 (56.7)
No 29 (43.3)
Comorbidity no, (%)

HT 20 (29.8)
DM 8(11.9)
HT + DM 10 (14.9)
Multifocal no, (%)

Yes 8(11.9)
No 59 (88.1)
Tumorvolum (em?) no, (%)

<200 2 (2.9)
200-400 34 (50.7)
>400 31 (46.2)

ECOG PS: Eastern Cooperative Oncology Group Performance Status, HT:
Hypertension, DM: Diabetes mellitus

Patients/Events= 67/22

Median PFS=5.31 months (95% CI 3.6 tg 12.6)

.....

Figure 2a: Kaplan-Meier curve for PFS of the whole population
PFS: Progression-free survival, Cl: Confidence interval
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The median OS was 31.1 months (95% Cl 19.3 to NR) for
patients whose treatment was initiated within the first four
weeks, 15.7 months (95% Cl 15.1 to NR) for patients whose
treatment commenced between four and six weeks, and 11.3
months (95% Cl 9.8 to NR) for patients whose treatment began
after six weeks. The OS time between the groups was statistically
significant (p=0.04) (Figure 3b).

The effects of demographic and therapeutic characteristics
on PFS were analysed and performance status at diagnosis
(p=0.04) and intraoperative resection (total/subtotal) status
(p=0.01) were statistically significant in univariate analyses.
The only significant effect in multivariate analyses was
intraoperative resection (p=0.03) (Table 3).

Univariate and multivariate analyses of OS revealed that
performance status (p=0.001), gender (p=0.03) and time of
chemotherapy initiation (p=0.03) had a statistically significant
effect in univariate analysis. In multivariate analysis, the only
significant effect was chemotherapy initiation time (p=0.01)
(Table 4). When evaluated as post hoc analysis, a statistically

Patients/Events= 67/21

Median PFS=19.3 months (95% CI 15.1 to NR)

Tene

Figure 2b: Kaplan-Meier curve for OS of the whole population
0S: Overall survival, PFS: Progression-free survival, Cl: Confidence interval

Koplon-Verer Estimates

roto —— CRT=bdweek == CRT=4-Gwoek ~— CRT=cOweek

OREL 70 months 5.3 months 3.6 months

P=0.18

Figure 3a: Kaplan-Meier curves of PFS according to the time of initiation
of adjuvant treatment

PFS: Progression-free survival, CRT: Chemoradiotherapy, mPES: Mean pulmonary
end systolic

significant difference was seen in all 3 groups 4 weeks/4-6
weeks, 4 weeks/6 weeks later, 4-6 weeks/6 weeks later (p<0.05).

Several factors contribute to the poor prognosis of GBM
and its resistance to current therapies. The heterogeneity of
GBM, the pro-tumorigenic role of the tumor microenvironment,
the blood-brain barrier as a barrier to systemic treatment, and
the low immunogenicity of GBM, which prevents a strong
immunological response, are all factors that contribute to the
poor prognosis of GBM and its resistance to current therapies

Table 2: Treatment and survival characteristics

Operation no, (%)

Total resection 41 (61.1)

Subtotal resection 21 (31.3)

Biopsy 5 (7.46)

Adjuvant theraphy no, (%)

Yes 60 (89.5)

No 7 (10.4)

CRT no, (%)

Yes 58 (86.5)

No 7 (10.4)

Only TMZ 2 (2.9)

RT waiting time, median (days) 30 (15-119)

RT waiting time no, (%)

<4 weeks 24 (35.8)

4-6 week 21 (31.3)

>6 weeks 13 (19.4)

RT dose no, (%)

60 Gy | 58 (89.5)

TMZ maintenance no, (%)

Yes 54 (80.5)

No 13 (19.4)

TMZ maintenance no, (%)

<6 months 22 (40.7)

>6 months 32 (59.2)
Recurrence no, (%)

Yes 22 (32.8)

No 45 (67.1)
Recurrence no, (%)

Lokal 20 (90.9)

Mutifocal 2 (9.9)

Median PFS (months) 5.3 (95% Cl 3.6 to 12.6)
Exitus no, (%)

Yes 21 (31.3)

No 46 (68.6)

Median OS (months) 19.3 (95% CI 15.1 to NR)
Median follow-up (months) 9.1

CRT: Chemoradiotherapy, RT: Radiotherapy, TMZ: Temozolamide PFS: Progression-
free survival, OS: Overall survival, NR: Not reached, Cl: Confidence interval
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(11). Furthermore, studies have demonstrated that patient
characteristics (age, comorbidity, performance status), as well as
surgical and adjuvant treatment-related factors (total resection,
subtotal resection/biopsy), can influence OS (12-14). The tumor-
and patient-related analyses, as well as the survival analyses, of
our study, are in accordance with the findings of the existing
literature on the subject.

The hypothesis that the growth rate of a tumor slows
down with increasing tumor size may prove useful as a general
rule for all tumors and may also assist in determining the
optimal time to commence treatment for GBM (15). Given

Koplon-Meser Estimates

Stroto = CRT=bweek = CRT=4-6week — CRT=cbweek

@RS 311months 157months 113 months

P=0.04

07
06
Bos

Time

Figure 3b: Kaplan-Meier curves of OS according to the time of initiation
of adjuvant treatment
mOS: Mean overall survival, CRT: Chemoradiotherapy

that radiosensitivity is inversely proportional to tumor growth
rate, the commencement of RT at a later stage may result in
a reduction in its efficacy (16). Nevertheless, an alternative
perspective posits that hypoxia and edema in the vicinity of
the surgical site in the immediate postoperative period may
result in a reduction in radiosensitivity (17). In fact, the studies
conducted support both of these perspectives.

A study conducted in 2007 investigated the efficacy of RT
in the early postoperative period. The findings indicated that,
contrary to the delay observed at the time of presentation to the
RT department, the delay at the time of surgery was associated
with a reduction in survival (17). It is important to acknowledge
that this study was conducted prior to the establishment
of TMZ concurrent RT as the standard treatment. However, a
recent retrospective study involving a substantial patient cohort
demonstrated that adjuvant treatmentinitiated within the initial
35 days following total resection was associated with enhanced
survival outcomes (18). However, the same improvement was
not observed in residual tumors in this study. In a further large
patient cohort, the early implementation of the Stupp protocol
in patients with high-grade glioma was associated with a
notable reduction in survival rates (19). In a separate study, a
minimum interval of six weeks between surgery and CRT was
associated with superior OS and PFS in patients with GBM (20).
Some studies have reached the conclusion that the timing of the
initiation of adjuvant treatment has no prognostic significance

Table 3: Univariate and multivariate analysis of prognostic factors for progression free survival

. Patients Median PFS Univariate HR Multivariate HR
Prognostic factor [recurrence (months) analysis p (95% CI) analysis p (95% CI)
ECOG PS
0-1 40/15 4.0 o
>2 27)7 12.7 0.04 0.33 (0.11-0.97) 0.07 0.31 (0.08-1.09)
Age
<60 32/12 3.8
~60 35/10 6.6 0.78 0.88 (0.37-2.09) 0.99 0.99 (0.22-4.31)
Sex
Male 31/11 4.4
r— 36/1 70 0.15 1.97 (0.78-4.98) 0.74 1.20 (0.38-3.78)
Comorbidty
Yes 38/12 6.6
No 29/10 38 0.28 1.6 (0.66-3.91) 0.86 0.90 (0.30-2.73)
Operation
Total resection 41/16 4.2 . .
Suliioiell it 21/5 132 0.01 0.14 (0.03-0.64) 0.03 0.14 (0.02-0.84)
RT waiting time
<4 weeks 24/9 7.0
4-6 week 21/8 5.1 0.14 1.58 (0.85-2.92) 0.78 1.12 (0.46-2.72)
>6 weeks 13/5 3.6

“Statistically significant

PFS: Progression-free survival, OS: Overall survival, Cl: Confidence interval, HR: Hazard ratio, ECOG PS: Eastern Cooperative Oncology Group Performance Status, RT: Radiotherapy
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Table 4: Univariate and multivariate analysis of prognostic factors for overall survival

. Patients Median 0S Univariate analysis Multivariate
Prognostic factor Jexitus (months) p HR (95%Cl) analysis p HR (95%Cl)
ECOG PS
0-1 40/15 15.0 .
>2 2717 15.7 0.001 5.05(1.83-13.94) | 0.17 2.41 (0.67-8.56)
Age
<60 32/12 15.0
>60 35/10 19.3 0.27 1.65 (0.67-4.06) 0.51 1.56 (0.40-6.14)
Sex
Male 31/1 15.1 .
Female 36/11 15.0 0.03 3.09 (0.11-8.58) 0.15 3.07 (0.65-14.50)
Comorbidty
Yes 38/12 17.7
No 29/10 15.0 0.53 0.75 (0.30-1.84) 0.17 2.63 (0.64-10.76)
Operation
Total resection 41/ 19.3
Subtotal resection 21/9 98 0.08 2.25 (0.90-5.62) 0.26 2.46 (0.50-12.09)
RT waiting time
<4 weeks 24/5 31.1
4-6 week 21/3 15.7 0.03" 2.5 (1.04-5.99) 0.01° 3.18(1.23-8.18)
>6 weeks 13/5 1.3
“Statistically significant
0S: Overall survival, HR: Hazard ratio, Cl: Confidence interval, ECOG PS: Eastern Cooperative Oncology Group Performance Status, RT: Radiotherapy

(21,22). The findings of our study indicate that the initiation of
treatment within the first four weeks had a significant positive
effect on OS.

While there is a paucity of evidence regarding the
optimal timing of treatment initiation, existing studies
have yielded conflicting results. Notably, only a handful of
investigations have focused on Of-methylguanine (0°-MeG)-
DNA methyltransferase (MGMT) promoter methylation, which
is regarded as a potential predictor of TMZ efficacy. In a study
comprising a limited number of patients, univariate regression
analysis demonstrated that although MGMT methylation
exhibited a borderline significant correlation with OS across
the entire population (p=0.048), the initiation of RT within 24
days had a detrimental impact (23). In a separate investigation,
MGMT was accessible in approximately half of the patients, and
the period of adjuvant therapy exceeding six weeks was linked
to diminished survival (24). It was not possible to analyse MGMT
in the context of this study. Nevertheless, in the entire cohort
of patients, the commencement of treatment after six weeks,
irrespective of MGMT methylation status, was associated with
a poorer prognosis.

In a 2016 systematic review and meta-analysis of 19
retrospective studies examining the relationship between
RT treatment delay and OS in GBM patients, no statistically
significant association was identified (HR: 0.98; 95% Cl: 0.90-
1.08; p=0.70) (25). It is important to note that the study also

examined the current standard pretreatment time. The findings
of our study indicate that early treatment initiation is a
statistically significant predictor of 0S, as demonstrated by both
univariate and multivariate analyses.

Study Limitations

The study is limited by the absence of investigation into
the role of promoter methylation in the pathology slides, the
relatively brief follow-up period, and the lack of detail regarding
the treatment options employed in the event of recurrence.
Furthermore, the lack of information regarding the rationale
for the prolonged adjuvant treatment process (e.g., infection or
post-operative complications) represents a significant limitation
of the study. Nevertheless, it is evident that this study, conducted
in a recently established center and clinic, is of significant value
and will inform future prospective studies.

A review of the literature and existing guidelines reveals a
lack of consensus regarding the optimal timing for initiating
adjuvant treatment in patients with GBM. The present study
offers significant insights into the subject matter, given the
characteristics of the patient population and the results
obtained. Further prospective, multicenter studies with larger
patient populations are required.
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