
Page 1/17

The extent of resection and adjuvant treatment are
bene�cial to the outcome of secondary
glioblastoma
Yan Hu  (  huyan_xian@163.com )

Nanchang University Second A�liated Hospital
Ze-wei Tu 

Nanchang University Second A�liated Hospital
Pei-gang Ji 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital
Meng Xu 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital
Min Chao 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital
Hai-yan Cao 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital
Shunnan Ge 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital
Hua Guo 

Nanchang University Second A�liated Hospital
Guo-dong Gao 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital
Yan Qu 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital
Xin-gen Zhu 

Nanchang University Second A�liated Hospital
Liang Wang 

Air Force Medical University 2nd A�liated Hospital: Air Force Medical University Tangdu Hospital

Research

Keywords: Secondary glioblastoma, the survival of malignant progression (PMS), resection, adjuvant
treatment, prognostic factors

Posted Date: January 19th, 2021

https://doi.org/10.21203/rs.3.rs-147847/v1
mailto:huyan_xian@163.com


Page 2/17

DOI: https://doi.org/10.21203/rs.3.rs-147847/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-147847/v1
https://creativecommons.org/licenses/by/4.0/


Page 3/17

Abstract
Backgroud: to investigate secondary glioblastoma (sGBM) patients undergoing resection and evaluate
the impact of treatment on survival of malignant progression (PMS) and the prognostic factors of
secondary glioblastoma.

Method: the prognostic factors of secondary glioblastoma were analyzed retrospectively including
gender, age, the interval between �rst diagnosis and second, the extent of resection, adjuvant treatment,
postoperative Karnofsky score (KPS), 06-methylguanine-DNA methytransferase (MGMT) status, IDH1
mutation status, and PMS in patients with sGBM.

Result: Thirty-four patients with sGBM were included in this study. Sixteen patients were female and
eighteen were male. Median PMS in females was longer than male patients with sGBM (17.38 (95%CI
10.63–24.12) vs 10.06(95%CI 5.32–14.79), p = 0.032). 22(64.7%) patients achieved gross total resection
(GTR),12(35.3%) patients achieved subtotal resection (STR). Kaplan-Meier analysis showed that GTR
signi�cantly improved survival after malignant progression (PMS) compared with STR (17.18(95%CI
10.97–23.40) vs 7.17(95%CI 4.97–9.36), p = 0.004). Adjuvant treatment after resection was executed in
17 (50.0%) patients, radiotherapy in one (2.9%) patient, chemotherapy in seven (20.6%) patients, and
radio-chemotherapy in nine (26.5%) patients. Median preoperative KPS was 80(range 30–100), and
85(range 30–100) after surgery. The difference in PMS probability was signi�cant between patients
having a good postoperative clinical status (KPS 70)versus poor (KPS ≤ 70). Long term survival could be
achieved in patients with a good clinical status (16.57(95%CI 10.54–22.60) vs 9.00(95%CI 3.66–14.34),
p = 0.02). Patients with a greater interval after initial diagnosis had longer survival than those with
intervals less than 26.5 months (18.62(95%CI 10.81–26.43) vs 9.22(95%CI 5.61–12.83), p = 0.025).

Conclusion: GTR and any adjuvant treatment signi�cantly improved PMS in patients with secondary
glioblastoma. Gender, postoperative KPS, time interval since the �rst diagnosis are associated with
prognosis.

1. Background
Glioblastoma is the most common malignant tumor of the nervous system. Some of them have a history
of lower-grade glioma, which is called secondary glioblastoma(sGBM), is evolving from previously treated
World Health Organization (WHO) II or III grade tumors. Primary and secondary glioblastomas have an
identical histopathological feature but distinguishing molecular characteristic and prognosis [1].

Standard treatment for primary glioblastomas (GBM) is maximum safe resection followed by radio-
chemotherapy [2]. But for secondary glioblastoma, treatment regimens are not yet uniform, since the
previous stage of lower-grade glioma had been treated with surgery, radiation, and chemotherapy. And
data about treatment and prognosis of sGBM are very scarce [3–4], prognostic factors are not well
understood. This study was dedicated to investigating sGBM patients undergoing resection and sought
to evaluate the impact of treatment on survival and the prognostic factors of sGBM.
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2. Materials And Methods
2.1 Study population

All the patients with sGBM between 2014 and 2019 in our institute were reviewed. All patients had
undergone surgical resection and biopsy at the time of initial diagnosis, and the pathology showed
astrocytoma, oligodendroglioma, anaplastic astrocytoma, anaplastic oligodendroglioma, or anaplastic
oligoastrocytoma. All patients underwent surgery again and were pathologically diagnosed as
glioblastoma when new lesions were identi�ed by magnetic resonance imaging. We reviewed the clinical
data of these patients, including gender, age,interval from initial diagnosis  extent of resection, adjuvant
treatment, postoperative KPS, the interval between �rst diagnosis and second, MGMT status, IDH1
mutation status, survival after malignant progression (PMS). This study was approved by the hospital
ethical committee.

2.2 Surgical treatment

We made a decision for surgery (resection or biopsy) when the patient’s MRI contrast-enhancing mass
indicated the malignant transformation. All patients with recurrence were treated with surgery or biopsy,
and some patients were assisted with multimodal surgical techniques such as intraoperative arousal
anesthesia and neuronavigation. Early postoperative MRI (within 48 hours after surgery) was used to
determine the extent of resection (EOR). Gross total resection (GTR) was de�ned as the absence of
residual contrast-enhancing tissue on ceT1-weighted images. Any residual contrast enhancement was
assessed as subtotal resection (STR). KPS at postoperative discharge was also recorded.

2.3 Adjuvant treatment

Adjuvant treatment was conducted, included radiotherapy, chemotherapy, radio-chemotherapy, and
targeted therapy. Clinical and radiological follow-up was conducted every three months.

2.4 Statistical analysis

Statistical analyses were performed using SPSS Statistics Version 21 (IBM, Chicago IL). Survival rates
were estimated using the Kaplan–Meier method. A Chi-square test was used to compare ordinal and
categorical variables.

Univariate analysis (Log-rank test) was performed to identify covariables affecting PMS. The following
parameters were analyzed: gender, age at primary diagnosis, initial WHO grade, previous treatment, time
interview since the �rst diagnosis, age at diagnosis of sGBM, KPS, the extent of resection, and
postoperative adjuvant treatment. The univariate analysis is shown in Table 2.
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Table 2
Univariate analysis of the impact of patient, treatment on PMS.

  Median (range) p value

Gender   0.032

Male 10.06(5.32–14.79)  

female 17.38 (10.63–24.12)  

interval since �rst diagnosis   0.025

26.5 months 18.63(10.81–26.44)  

26.5 months 9.22(5.61–12.83)  

Primary tumor grade   0.122

WHO 17.81(9.63–25.99)  

WHO 9.94(6.59–13.30)  

Initial adjuvant treatment   0.881

yes 13.75(8.74–18.76)  

no 13.17(4.12–22.21)  

Pre-op KPS   0.578

70 13.63(9.16–18.10)  

≤70 13.33(5.54–21.12)  

post-op KPS   0.020

70 16.57(10.54–22.60)  

≤ 70 9.00(3.66–14.34)  

IDH mutation status   0.153

mutation 18.89(10.21–27.57)  

wildtype 9.79(6.81–12.76)  

MGMT status   0.272

methylation 19.86(8.51–31.20)  

Not methylation 13.50(5.95–21.05)  

STR 7.17(4.97–9.36)  

Adjuvant treatment   0.050
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  Median (range) p value

Yes 17.18(10.94–23.40)  

No 9.44(5.66–13.22)  

P values lower than 0.05 were considered statistically signi�cant.

3. Results
Clinical parameters and baseline epidemiological are shown in Table 1. Thirty-four patients with sGBM
were included in this study. Sixteen patients were female and eighteen were male. A gender difference
was found in this dataset, the median PMS in female was longer than male patients with sGBM (17.38
(95%CI 10.63–24.12) vs 10.06(95%CI 5.32–14.79), p = 0.032, Fig. 1).
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Table 1
Baseline and clinical characteristics of enrolled patients

Parameter n (%) Median (range)

Gender  

Female 16 (47.1)

Male 18 (52.9)

Age (years)  

First diagnosis glioma 40 (10–61)

Diagnosis sec. GBM 43.5 (15–63)

KPS 80 (30–100)

Initial histology  

Grade II 19 (55.9)

Grade III 15 (44.1)

Therapy prior to sec. GBM  

Resection 34 (100.0)

Radiotherapy 5 (14.7)

Chemotherapy 6 (17.6)

Radio-chemotherapy 17 (50.0)

None 6 (17.6)

Time since �rst diagnosis (months)  

Grade II 47 (7–102)

Grade III 18 (4–128)

All 26.5 (4-180)

Extent of resection (EOR)  

GTR 22 (64.7)

STR 12 (35.3)

Adjuvant treatment  

Radiotherapy 1 (2.9)

Chemotherapy 7 (20.6)

Radio-chemotherapy 9 (26.5)
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Parameter n (%) Median (range)

None 17 (50.0)

Molecular status  

MGMT promotor methylated (n = 21) 7 (33.3)

IDH1 mutation (n = 28) 17 (60.7)

P53 mutation (n = 23) 15 (65.2)

The median age at primary diagnosis was 40 years (range 10–61), the median age at secondary
glioblastoma diagnosis was 43.5 years (range 15–63). The median time interval from the initial
diagnosis to sGBM diagnosis was 26.5 months (range 4-128), patients with a greater interval after initial
diagnosis had longer survival than those with interval less than 26.5 months (18.62(95%CI 10.81–26.43)
vs 9.22(95%CI 5.61–12.83), p = 0.025, Fig. 2).

Primary histology tumor grade was WHO II in 19(55.89%) and WHO III in 15 (44.11%) patients. Patients
with low-grade tumors at the initial diagnosis tended to have longer survival (17.81 (95%CI 9.63–25.99)
vs 9.94(95%CI 6.59–13.30), p = 0.122).

Surgical resection was performed on 34 (100%) patients after the initial diagnosis, followed by adjuvant
treatment, including radiotherapy (5,14.7%), radio-chemotherapy (17,50%), and chemotherapy (6,17.6%).
Median PMS of patients who received adjuvant treatment was 13.75(8.74–18.76) months, which was
13.17(4.12–22.21) in patients not receiving adjuvant treatment (p = 0.881).

Median preoperative KPS was 80(range 30–100), and 85(range 30–100) after surgery. Patients with post-
op KPS greater than 70 had a longer PMS than those less than 70(16.57(10.54–22.60) vs 9.00(3.66–
14.34), p = 0.02, Fig. 3), but for pre-op KPS, PMS was 13.63(9.16–18.10) and 13.33(5.54–21.12) when
greater than 70 versus less than 70, (p = 0.578).

22(64.7%) patients achieved GTR, STR was achieved in 12(35.3%) patients in the operation after
malignant progression. Surgical treatment increased median KPS from preoperative 80 to postoperative
85. Median PMS was 10.5 months (range1-55), PMS after GTR and STR was17.18(95%CI 10.97–23.40)
and 7.17(95%CI 4.97–9.36), respectively, (p = 0.004, Fig. 4).

Adjuvant treatment after resection was executed in 17 (50.0%) patients, radiotherapy in one (2.9%)
patient, chemotherapy in seven (20.6%) patients, and radio-chemotherapy in nine (26.5%) patients.
Seventeen patients did not receive any adjuvant treatment. Kaplan-Meier analysis showed that any
adjuvant therapy prolonged PMS signi�cantly when compared with without adjuvant
treatment(17.44(95%CI 10.22–24.67)vs 9.44(95%CI 5.66–13.22), p = 0.05, Fig. 5). Interestingly, survival
after diagnosis of sGBM for the three kinds of adjuvant treatments was 16.00 months, 14.43 (95%CI
7.08–21.78) months, 15.78 (95%CI 5.31–26.25) months respectively, P values of the pairwise
comparisons are respectively 0.650,0.686,0.910.
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IDH mutation analysis was available in 28 patients, 17(60.7%) patients showed IDH1 mutation. We
observed a longer survival tendency in patients with an IDH1 mutation(p = 0.153). O6-methylguanine-
DNA-methyltransferase (MGMT) promoter methylation status analysis was available in 21
patients,7(33.3) patients showed MGMT promoter methylation. MGMT promoter methylation had no
signi�cant impact on PMS(p = 0.272).

A further recurrence in 4 patients was documented by MRI, 3 of these underwent reoperation and one
received adjuvant therapy.

No multivariate analysis was performed since the small cohort size.

4. Discussion
The median survival of secondary glioblastoma is shorter than that of primary glioblastoma. Survival of
primary glioblastoma can be prolonged by maximum excision, adjuvant chemoradiotherapy, and tumor-
treating �elds (TTFields) [5]. But the effect of postoperative treatment on survival is unclear.

Gender difference in incidence, prognosis, the outcome of human disease was broadly recognized,
however, it was controversial in glioblastoma. Standard therapy is more effective in female compared
with male patients with GBM, Yang et al.[6] provides a case in point, in a quantitative imaging-based
measure of response. Matteoni S et al. [7] analyzed data in the literature regarding glioblastoma, strongly
suggested that clinical approaches should consider patients’ sex as a key determinant. Coincidentally, our
results are consistent with previous studies, we also found the female has a longer malignant
progression survival than male. Other researchers also described the role of sex in glioma at the
molecular level, Yuan [8] provided a molecular-level understanding of sex effects and demonstrated that
> 50% of the gene (60/114) showed sex-biased signatures, in other words, sex was a key factor affecting
cancer prognosis. Sex-speci�c therapeutic options may be on the horizon in the future.

The interval between �rst diagnosis and second was signi�cant prognostic factors for survival. A study
about recurrent glioblastoma conducted by Minniti Gthe et al, his �nding indicated that the interval
between primary RT and reirradiation had an effect on survival [9]. This is similar to ours, however, the
interval is related to many factors, including the pathology of the initial operation, the EOR of the �rst
operation, and the mode of postoperative treatment. Large cohort studies are needed to study the effect
on prognosis.

The extent of resection was an independent prognostic factor of glioblastoma [10]. Tully’s study suggests
that reoperation in patients with recurrent glioblastoma may also prolong survival [11], and the results of
this study were similar. Median survival was signi�cantly longer in patients who underwent total excision
of the second operation than in those who did not. The application of multimodal assisted excision can
improve the success rate of surgical excision and reduce the dysfunction as much as possible.
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Postoperative quality of life score was an independent prognostic factor [12]. Jakola et al suggested in
their study that health-related quality of life (HRQoL) was a predictor for survival in GBM [13]. We also
discovered in this study that good clinical life status after the second operation in�uenced PMS
remarkably. A prospective study was documented by Jakola suggested that HRQoL was a predictor of
newly GBM survival [13]. This is consistent with our �ndings even though the postoperative clinical status
determined the patient compliance with follow-up adjuvant therapy and is to a large extent affect the
prognosis of glioblastoma.

Adjuvant treatment was associated with survival after secondary GBM in this study, the therapy model,
however, was irrelevant. What a coincidence, the survival of patients who undergo multiple molds of
adjuvant therapy is better than without adjuvant treatment for recurrent glioblastoma [14]. Interestingly,
no signi�cant differences were found in this study, regardless of the type of treatment received. This
�nding is contrary to Zhuo’s [15], in which he showed a signi�cant improvement in OS of patients treated
with RT plus oral chemotherapy compared with that of RT alone by meta-analysis. This difference may
be well explained by the small size of the subgroup and need to be veri�ed by a large cohort trial.

IDH1 is an important promoter gene in glioma, and also a prognostic factor [16]. Nobusawa S [3] holds
the opinion that IDH1 as a predictive factor of secondary glioblastomas. Similarly, mutations within the
IDH protein have been described as diagnostic markers indicative of sGBM [17]. However, the IDH
mutation probability of newly diagnosed GBM was low [17]. Interestingly, we revealed that 60% of the
patients with sGBM displayed an IDH1 mutation, and we only found a correlation trend between IDH1
mutation and longer survival after diagnosis of sGBM. MGMT promoter methylation is a strong
correlation with the survival of patients with glioblastoma [18]. A recent meta-analysis (34 studies,
4097patients) reported that MGMT methylated GBM patients had improved OS compared with
unmethylated patients with GBM, whereas, no correlation between MGMT status and PFS [19]. In
contrast, Brell et al. [20] indicated that there is no correlation between MGMT methylation and survival in
anaplastic glioma, this is similar to our result, we also did not observe a correlation between MGMT
status and survival of sGBM. These �ndings of molecular markers are acceptable as this is a
retrospective study with limited molecular information.

The potential limitations of our study include its retrospective nature, limited cohort size, exclusion of
other molecular markers, variability in the extent of follow-up, and lack of control groups. It is impossible
to say if any slight differences in these factors may have in�uenced our results. Nevertheless, our
�ndings may encourage prospective, larger cohort size and randomized controlled study.

5. Conclusion
GTR and any adjuvant treatment signi�cantly improved PMS in patients with secondary glioblastoma.
Gender, postoperative KPS, time interval since the �rst diagnosis are associated with prognosis. Further
investigation needed to be explored in the future.
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Abbreviations
sGBM
secondary glioblastoma
PMS
survival of malignant progression
KPS
Karnofsky
MGMT
O6-methylguanine-DNA-methyltransferase
IDH
Isocitrate dehydrogenase
GTR
gross total resection
STR
subtotal resection
EOR
the extent of resection

Declarations
Ethics approval and consent to participate

The study was approved by the ethics committee of The Second A�liated Hospital (TDLL-2017-172).

Consent for publication

All authors agree with the publication.

Availability of data and material

All the data are true and reliable, for original data, please email the corresponding author.

Competing interests

We declare no competing interests.

Funding

This work was funded by the National Natural Science Foundation of China (NSFC)
(81960457,81772661).

Author’s contributions



Page 12/17

YH collected the data, participated in the statistical analysis, and drafted the manuscript. ZT participated
in the writing of the manuscript. MX participated in collecting the data. PJ, MC, and HC carried out the
statistical analysis. HG, SG, GG, and YQ participated in its design and coordination. LW and XZ had the
idea for and designed the study and had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis. All authors reviewed and approved the
�nal version.

Acknowledgments

We are grateful to the research department of Tangdu Hospital for multi-sectoral coordination and data
inspection.

References
1.Ohgaki H, Kleihues P (2013) The de�nition of primary and secondary glioblastoma. Clin Cancer Res
19:764–772.doi:10.1158/1078-0432.CCR-12-3002

2.Jaoude DA, Moore JA, Moore MB, Twumasi-Ankrah P, Ablah E, Moore DF Jr. Glioblastoma and
Increased Survival with Longer Chemotherapy Duration. Kans J Med. 2019;12(3):65-69. Published 2019
Aug 21.

3.Nobusawa S, Watanabe T, Kleihues P, Ohgaki H (2009) IDH1 mutations as molecular signature and
predictive factor of secondary glioblastomas. Clin Cancer Res 15:6002–6007.doi:10.1158/1078-
0432.CCR-09-0715

4.Juratli TA, Kirsch M, Geiger K et al (2012) The prognostic value of IDH mutations and MGMT promoter
status in secondary high-grade gliomas. J Neurooncol 110:325–333. doi:10.1007/s11060-012-0977-2

5.Stupp R, Taillibert S, Kanner AA, Kesari S, Steinberg DM, Toms SA, Taylor LP, Lieberman F, Silvani A, Fink
KL, Barnett GH, Zhu JJ, Henson JW, Engelhard HH, Chen TC, Tran DD, Sroubek J, Tran ND, Hottinger AF,
Landol� J, Desai R, Caroli M, Kew Y, Honnorat J, Idbaih A, Kirson ED, Weinberg U, Palti Y, Hegi ME, Ram Z.
Maintenance Therapy With Tumor-Treating Fields Plus Temozolomide vs Temozolomide Alone for
Glioblastoma: A Randomized Clinical Trial. JAMA. 2015 Dec 15;314(23):2535-43. doi:
10.1001/jama.2015.16669. PMID: 26670971.

6.Yang W, Warrington NM, Taylor SJ, et al. Sex differences in GBM revealed by analysis of patient
imaging, transcriptome, and survival data. Sci Transl Med. 2019;11(473):eaao5253.
doi:10.1126/scitranslmed.aao5253

7.Matteoni S, Abbruzzese C, Villani V, et al. The in�uence of patient sex on clinical approaches to
malignant glioma. Cancer Lett. 2020;468:41-47. doi:10.1016/j.canlet.2019.10.012



Page 13/17

8.Yuan Y, Liu L, Chen H, et al. Comprehensive Characterization of Molecular Differences in Cancer
between Male and Female Patients. Cancer Cell. 2016;29(5):711-722. doi:10.1016/j.ccell.2016.04.001

9.Minniti G, Armosini V, Salvati M, et al. Fractionated stereotactic reirradiation and concurrent
temozolomide in patients with recurrent glioblastoma. J Neurooncol. 2011;103(3):683-691.
doi:10.1007/s11060-010-0446-8

10.Jin MC, Liu EK, Shi S, Gibbs IC, Thomas R, Recht L, Soltys SG, Pollom EL, Chang SD, Hayden Gephart
M, Nagpal S, Li G. Evaluating Surgical Resection Extent and Adjuvant Therapy in the Management of
Gliosarcoma. Front Oncol. 2020 Mar 11;10:337. doi: 10.3389/fonc.2020.00337. PMID: 32219069; PMCID:
PMC7078164.

11.Tully PA, Gogos AJ, Love C, Liew D, Drummond KJ, Morokoff AP. Reoperation for Recurrent
Glioblastoma and Its Association With Survival Bene�t. Neurosurgery. 2016 Nov;79(5):678-689. doi:
10.1227/NEU.0000000000001338. PMID: 27409404.

12.Simon M, Neuloh G, von Lehe M, Meyer B, Schramm J. Insular gliomas: the case for surgical
management. J Neurosurg. 2009 Apr;110(4):685-95.doi:10.3171/2008.7.JNS17639. PMID: 19099379.

13.Jakola AS, Gulati S, Weber C et al (2011) Postoperative deterioration in health related quality of life as
predictor for survival in patients with glioblastoma: A prospective study. PLoS ONE6:e28592.
doi:10.1371/journal.pone.0028592.

14.Nam JY, de Groot JF. Treatment of Glioblastoma. J Oncol Pract. 2017 Oct;13(10):629-638. doi:
10.1200/JOP.2017.025536. PMID: 29020535.

15.Wang Z, Yang G, Zhang YY, Yao Y, Dong LH. A comparison between oral chemotherapy combined with
radiotherapy and radiotherapy for newly diagnosed glioblastoma: A systematic review and meta-
analysis. Medicine (Baltimore). 2017 Nov;96(44):e8444. doi: 10.1097/MD.0000000000008444. PMID:
29095287; PMCID: PMC5682806.d

16.Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, Yuan W, Kos I, Batinic-Haberle I, Jones S, Riggins
GJ, Friedman H, Friedman A, Reardon D, Herndon J, Kinzler KW, Velculescu VE, Vogelstein B, Bigner DD.
IDH1 and IDH2 mutations in gliomas. N Engl J Med. 2009 Feb 19;360(8):765-73. doi:
10.1056/NEJMoa0808710. PMID: 19228619; PMCID: PMC2820383.

17.Ohgaki H, Kleihues P. The de�nition of primary and secondary glioblastoma. Clin Cancer Res.
2013;19(4):764-772. doi:10.1158/1078-0432.CCR-12-3002

18.Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, Kros JM, Hainfellner JA, Mason W,
Mariani L, Bromberg JE, Hau P, Mirimanoff RO, Cairncross JG, Janzer RC, Stupp R. MGMT gene silencing
and bene�t from temozolomide in glioblastoma. N Engl J Med. 2005 Mar 10;352(10):997-1003. doi:
10.1056/NEJMoa043331. PMID: 15758010.



Page 14/17

19.Binabaj MM, Bahrami A, ShahidSales S, Joodi M, Joudi Mashhad M, Hassanian SM, et al. The
prognostic value of MGMT promoter methylation in glioblastoma: a meta-analysis of clinical trials. J Cell
Physiol. 2018;233:378-386

20.Brell M, Tortosa A, Verger E, et al. Prognostic signi�cance of O6-methylguanine-DNA methyltransferase
determined by promoter hypermethylation and immunohistochemical expression in anaplastic gliomas.
Clin Cancer Res. 2005;11(14):5167-5174.doi:10.1158/1078-0432.CCR-05-0230

Figures

Figure 1

Survival after malignant progression (PMS) and gender.
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Figure 2

PMS and time interval since the �rst diagnosis.

Figure 3
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PMS and post-op KPS.

Figure 4

PMS and extent of resection.
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Figure 5

PMS and adjuvant treatment.


