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Abstract: Sex disparities in glioblastoma (GBM) have received increasing attention. Sex-related
differences for several molecular markers have been reported, which could impact on clinical factors
and outcomes. We therefore analyzed data on all patients with GBM reported to the Swedish
National Quality Registry for Primary Brain Tumors, according to sex, with a focus on prognostic
factors and survival. All glioma patients registered during 20 years, from 1 January 1999 until
31 December 2018, with SNOMED codes 94403, 94413, and 94423, were analyzed. Chi?-test, log-rank
test, and Kaplan-Meier analyses were performed. We identified 5243 patients, of which 2083 were
females and 3160 males, resulting in a ratio of 1:1.5. We found sex related differences, with women
having diagnostic surgery at a significantly higher age (p = 0.001). Women were also reported to have
a worse preoperative performance status (PPS) (<0.001). There was no gender difference for the type
of surgery performed. For women with radical surgery, overall survival was slightly better than for
men (p = 0.045). The time period did not influence survival, neither for 1999-2005 nor 2006-2018,
after temozolomide treatment was introduced (p = 0.35 and 0.10, respectively). In the multivariate
analysis including sex, age, surgery, and PPS, a survival advantage was noted for women, but this
was not clinically relevant (HR = 0.92, p = 0.006). For patients with GBM; sex-related differences in
clinical factors could be identified in a population-based cohort. In this dataset, for survival, the only
advantage noted was for women who had undergone radical surgery, although this was clinically
almost negligible.

Keywords: glioblastoma; population-based cohort; sex differences; clinical factors; survival

1. Introduction

Glioblastoma (GBM) is the most common and aggressive glioma, with the median
survival for unselected, population-based cohorts reported to be between 9-11 months [1,2].
For those with good prognostic factors, allowing for extensive, multimodal treatment
with surgery, radiation, chemotherapy, and tumor treating fields, the median survival can
be prolonged to nearly 21 months [3]. A well-known fact is that men are affected more
often than women, with the ratio between men and women reported in the literature as
being 1.4-1.6:1 [4,5]. This relationship has received increasing attention in recent years,
with researchers investigating the role of molecular patterns related to sex. As a conse-
quence, this has led to an increased understanding of the basic sex differences, identified
for mutations [6] and methylation profiles [7], followed by transcriptomes [8] and tumor
metabolism [9]. In addition, an influence in the proportion of patients being MGMT pro-
moter methylated and response to alkylating agent treatment in a sex specific manner have
been identified [10]. Whether survival is affected by these disparities is debated [8,11-13].

In Sweden, the National Quality Registry for Primary Brain Tumors (SQRBT) was
launched in 1999, covering all primary intracranial tumor patients, 18 years and older, in

J. Clin. Med. 2022, 11, 486. https:/ /doi.org/10.3390/jcm11030486

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm11030486
https://doi.org/10.3390/jcm11030486
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-8410-4939
https://doi.org/10.3390/jcm11030486
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11030486?type=check_update&version=2

J. Clin. Med. 2022, 11, 486

20f12

the six regions of Sweden. The collected data include clinical factors, such as age, sex,
preoperative performance status (PPS), type of surgery, pathology, and survival, as well
as lead times. In later years, oncological treatment, patient reported outcome measures
(PROM), and patient reported experience measures (PREM) have also been collected. Since
2018, molecular markers, IDH1/2 mutations, codeletion of 1p/19q, and MGMT promoter
methylation status have been reported as well. As these data require longer follow-up, they
are not reported here.

Since 1999, there have been several updates on the pathology of tumors of the central
nervous system. In 2007, a minor revision in the pathology guidelines was published [14].
A change with a larger impact occurred in 2016, when the WHO guidelines for primary
brain tumors were updated to include molecular markers [5]. This led to many tumors
previously diagnosed as grade 3 glioma being reclassified as IDH wildtype (IDHwt) GBM,
for example in the NOA-04 and CATNON studies, where around 30% were found to
be IDHwt tumors [15,16]. Approximately 10% of GBMs have been identified as IDH
mutated (IDHmut), these previously being secondary GBMs [5], but according to the latest
guidelines they are now astrocytoma grade 4 [17,18].

Sex disparities, some related to the increasing number of molecular differences be-
tween males and females that have been identified in later years in GBM, could potentially
affect the outcome in a population-based cohort. We therefore here report on the sex specific
analyses in relation to the clinical and prognostic factors for all Swedish patients diagnosed
with GBM and reported in the SQRBT.

2. Materials and Methods

Patients registered in the SQRBT between 1 January 1999 and 31 December 2018
were identified. Due to the above-mentioned change in the WHO tumor classification
since the start of the registry, we focused on those reported as GBM, giant cell GBM, or
gliosarcoma, with SNOMED codes 94403, 94413, and 94423, respectively, as in this cohort
only a minority of the GBMs are expected to be IDHmut tumors. This is also in line
with previous publications from the National Cancer Database; the Central Brain Tumor
Registry of the United States; and Surveillance, Epidemiology and End Results (SEER)
databases [2,19].

Registered prognostic and clinical factors were retrieved and analyzed for the whole
cohort, subdivided by sex. We focused on patient related factors, including age at diagnosis,
WHO PPS, and treatment related factors, such as type of surgery. We investigated the
lead times according to sex. We subdivided the cohort into two different time periods to
check for any changes in sex related survival over time. The cut-off chosen was 1999-2005,
being before the introduction of combined radio-chemotherapy with temozolomide, and
2006-2018, when it had been introduced into clinical practice. Comparison of groups were
done by Chi square test and survival was calculated with the log rank and the Kaplan-Meier
method. Survival was also calculated using multivariate analysis, taking the prognostic
factors PPS, age, and type of surgery into account.

This study was approved by the Ethical Review Authority, Umea, Sweden, numbers
2014-95-31 and 2020-06886.

All of the statistical analyses were performed with IBM SPSS Statistics for Windows,
Version 26.0. Armonk, NY, USA.

3. Results

A total of 5243 patients with the pathological diagnosis of GBM, giant cell GBM,
or gliosarcoma were reported to SQRBT between 1 January 1999 and 31 December 2018.
This means that approximately 90% of all patients diagnosed with GBM in Sweden were
reported to the quality registry from all six regions every year, apart from two regions that
did not report during 2000-2005 and 20052011, respectively. This was calculated compared
to the number of patients reported to the Swedish Cancer Registry, where all cancer cases
in Sweden are registered. The vast majority, 96.3%, were GBM (SNOMED 94403), with
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gliosarcoma and giant cell GBM constituting only 3.7% together. Of all patients, 2083 were
women and 3160 men, giving a ratio of 1:1.5. The median age at the time of diagnostic
surgery was higher in women than in men, namely 64 versus 63 years, and with only 1 in
5 being diagnosed below the age of 55 for women, in contrast to near one quarter in men
(p = 0.001) (Table 1 and Figure 1).

Table 1. Age at diagnostic surgery according to sex for patients with GBM between 1999-2018.
Percentages reflect the fraction for each sex separately.

Age, Years Sex Number Percent, %
Men 131 4.1
18-39 Women 70 3.4
Men 642 20.3
40-54 Women 350 16.8
Men 1543 48.8
55-69 Women 1053 50.6
Men 844 26.7
270 Women 610 293
Gender
60 W Women
Men
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Figure 1. Age at the time of diagnostic surgery for men and women. Only 20% of all women were
diagnosed below the age of 55 years, while for men this was 24%. A larger proportion of women
were diagnosed in the age groups >55 & <70 years and >70 years than for the men (p = 0.001), using
the Chi square test. The faction within each sex is reported in percent (%).

Interestingly, WHO PPS was judged to be 0 in considerably more men than women,
and conversely, less men were reported with PPS 2, 3 and 4, with these sex differences
being significant (p < 0.001) (Figure 2).
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Figure 2. WHO preoperative performance status (PPS) for men and women. Significantly more men
had a better PPS (p < 0.001) using the Chi square test. The fraction within each sex is reported in
percent (%).

We found no significant differences for the type of surgery performed in males and
females during the investigated period, with 26.7% of males having a biopsy versus 26.3% of
females. The corresponding percentages for partial resection were 40.1% and 39.3%, and
for radical resection 33.3% and 34.4% (p = 0.71).

We compared survival for men versus women for the whole 20-year period, and for
the periods 19992005 and 2006-2018. For the 20-year period, the median survival was
312 days (95%CI 301-323 days) for men and 305 days for women (290-320 days), this
difference being near significant (p = 0.06). Median survival for the earlier period was
271 days for men (95%CI 247-295 days) and 248 for women (95%CI 215-281 days) (p = 0.35).
For the later period, survival had increased in general, but still no differences were noted
related to sex, with the median survival for men being 324 days (95%CI 311-337 days) and
for women 316 days (95%CI 299-333 days) (p = 0.10) (Figure 3A-C).

We also searched for potential differences in survival between sexes related to the type
of surgery. As expected, the best survival was found for those who had undergone radical
surgery and the poorest was for those biopsied only. For women with radical resection,
a small but statistically significant survival advantage was noted (p = 0.045) (Table 2 and
Figure 4A-C).

Table 2. Median survival in relation to sex and type of surgery. Better survival was noted for more
extensive surgery, with a sex difference for radical resection favoring women. Significant p-value in bold.

Median 95% Confidence

Sex Survival, Days Interval, Days p-Value
Biopsy Men 165 149-181 0.86
Women 153 132-174
. . Men 311 296-326 0.66
Partial resection Women 291 269-313
Men 447 424-470 0.045

Radical resection Women 461 431-491
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Figure 3. Survival for men and women for different time periods. (A) For the complete 20-year
period from 1999-2018 (p = 0.06); (B) 1999-2005, before temozolomide was introduced into routine
treatment (p = 0.35); (C) 2006-2018, after the introduction of concomitant radio-chemotherapy with
temozolomide (p = 0.10), using Kaplan-Meier survival curves.

Biopsy
1.00
0.75 1
0.50
0.25
ooo4{ T === =
T T T T T T T T
0 1 2 3 4 5 6 7
Years after surgery
Male ———-—- Female
(A)

Figure 4. Cont.



J. Clin. Med. 2022, 11, 486 7of12

Non-radical
1.00
OS5
0.50
0.25
0.00
Male —-——-—-—- Female
(B)
Radical
1.00
0.75
0.50
0.25
0.00
T T T T T T T T
0 1 2 3 4 5 6 il
Years after surgery
Male ———-—- Female
©

Figure 4. Survival for men and women with different types of diagnostic surgery. (A) Biopsy
(p = 0.86); (B) partial resection (p = 0.66); (C) radical resection (p = 0.045) using Kaplan-Meier sur-
vival curves.

An additional multivariate analysis, including the prognostic factors age, PPS, type of
surgery, and sex, revealed a statistically significant survival advantage for women with HR
0.92 (95%CI 0.87-0.98; p = 0.006; Table 3).
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Table 3. Multivariate analysis including the prognostic factors; preoperative performance status
(PPS), age, type of surgery, and sex.

95% Confidence Significance,

Prognostic Factor Hazard Ratio Interval p-Value
. 0-1 1.00
Preoperative (lxg‘g)mame 2 127 119-1.36 <0.001
status 3-4 1.89 1.72-2.07 <0.001
<54 1.00
Age 55-69 1.59 1.47-1.71 <0.001
>70 2.46 2.26-2.68 <0.001
Radical 1.00
Surgery Partial 1.47 1.37-1.57 <0.001
Biopsy 2.43 2.25-2.62 <0.001
S Male 1.00
ex Female 0.92 0.87-0.98 0.006

Lastly, the role of lead times was investigated. The median time from radiologic
diagnosis to surgery was 17 days for men and 18 days for women, and from surgery to the
pathology report it was 8 days for all patients.

4. Discussion

For decades it has been known that GBM affects far more men than women. In the last
10 years, there has been an increasing interest in investigating the factors that could cause
this disparity and how these can influence outcomes. Whether, in line with personalized
medicine, these factors could or should lead to different tumor treatments according to the
sex of the patient is a hot topic [20,21].

Several publications have addressed the sex disparity in GBM incidence. An interest-
ing study investigating the discrepancy in GBM incidence between men and women found
that intracranial volume (ICV), as a substitute for brain size, was correlated to the risk of
developing high-grade glioma, with increasing ICV leading to a higher risk [22]. This was
believed to be associated with a larger number of neuroglial stem-cell divisions in a larger
brain, and could be one factor accounting for a larger proportion of GBM in men. Sun et al.
found that loss of p53 function increases the risk of malignant transformation, in particular
in male astrocytes, being an additional mechanism for the differences in incidences [23].
The p53-associated sex disparity is also observed in other cancers, which is linked to the
location of negative regulators of p53 on the X chromosomes [24]. A further study found
that the genetic risk for acquiring glioma was associated with EGFR in males, and to TERT
instead in females, indicating biologically relevant sex differences in gliomagenesis [25].

A debated topic without a definitive answer today is the role of hormones [26-30].
Interestingly, we did note a small but significant difference related to age at diagnostic
surgery, with female patients generally being older, which could suggest a role for hormonal
factors. Estrogen is found at higher concentrations in female brains, where it binds to
nuclear or membrane receptors. This leads to many different and complex effects that
could contribute to the sex disparity [26]. While some studies have found a correlation of
glioma incidence to exogenous hormone treatment, such as oral contraceptives or hormone
replacement therapy, others have not [28,30]. Regarding the findings in GBM tumor
tissue, a high expression of prolactin and the prolactin receptor has been shown to have
a detrimental effect on survival in males only [29]. Interestingly, the androgen receptor
(AR) gene has been found to be amplified in both male and female GBM, and AR RNA was
overexpressed in more than 90% of the samples examined [31].

Yang et al. found a better tumor response to standard treatment in females, detected
by imaging, and even sex differences at the transcriptome level, with cell cycle signaling
being of importance for male survival and integrin signaling for females [8]. In the study by
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Johansen et al., different methylation patterns were identified for males and females with
IDHwt GBM [7]. This would lead to differentially expressed genes. Additional molecular
markers have been reported to be differentially expressed in GBM, depending on the sex of
the patient. Such a marker is the WNT-receptor Frizzled-7 [32], where high Frizzled was
correlated to shorter survival in men only. In the same study, surprisingly, the methylated
MGMT promoter was not a significant factor for survival for male patients treated with
alkylating agents. We, together with others, have reported that a larger proportion of
women with GBM have MGMT promoter methylated tumors, approximately 50%, in
comparison to only around one third in men [10-12,19]. Apart from this, our data seem to
support women having a better response to alkylating agent treatment when the MGMT
promoter is methylated. On the other hand, women treated with temozolomide are more
likely to be affected by serious hematological toxicity [33].

An unexpected finding in our cohort was that women, in general, were found to
have worse PPS compared to men, the reason for this being unclear. This is a factor
related to the judgment of the neurosurgeon. Despite its subjectivity, PPS has been shown
to be an important prognostic factor for patients with GBM [34], as we found in our
multivariate analysis.

In our population-based dataset, we noted an increase in survival over time in the
total cohort of GBM patients, this surely mainly reflecting the introduction of concomitant
radio-chemotherapy, in line with previous reports [1,34]. During the later time period,
additional improvements in the treatment of GBM patients could also have contributed [35],
including the use of 5-ALA during surgery [36].

In the present study, including the vast majority of all GBM patients diagnosed in
Sweden between 1999 and 2018, we could not detect any survival difference between men
and women in the cohort in general, although there was a trend towards better survival
for men. As both age and PPS, where we noted differences related to sex, are important
prognostic factors that will have an impact on the patient’s survival together with the type
of surgery, a multivariate analysis including these factors was done. This showed a small
survival advantage for women, although this was not clinically relevant. In addition, in
the subgroup of those with radical resection, a small female survival benefit of just 14 days
was found in median. This could be argued to be in line with previous publications in
this area, describing better survival for women [7,12,19]. On the other hand, a recently
published report from the CBTRUS noted a small but significant survival disadvantage
for female patients with GBM, with HR 1.02 (p < 0.001), as compared to men [37]. One
explanation could be, as indicated above, that different biological factors, some surely yet
to be identified, have a different or opposite effect on survival for men and women. Other
reasons could be the oncological tumor treatment provided to the patients, a factor that
was not available for this analysis, this constituting a shortcoming of the study. If only
a portion of all patients were fit enough to receive concomitant radio-chemotherapy, a
survival difference that would have been expected to favor females with MGMT promoter
methylated tumors, who received temozolomide treatment, could go undetected. In fact,
data from Norway, a similar health care setting to Sweden, imply that only approximately
43% of patients diagnosed with GBM will be candidates for concomitant and adjuvant radio-
chemotherapy [38]. This could then also possibly be an explanation for the small survival
benefit that was noted for the subgroup of women with radical resection, as patients with
radical surgery are more likely to receive more extensive oncological treatment such as
concomitant radio-chemotherapy with temozolomide.

The treatment related factors investigated in this study, namely lead times and type of
surgery performed, were the same among men and women, pointing towards equal care
regardless of sex for patients with GBM in Sweden.

Another limitation of this study is that molecular markers were not available. As
mentioned above, approximately 10% of this cohort could be expected to be IDHmut GBM
(now astrocytoma grade 4) [5,18]. As this is a new entity, the role of sex is still not completely
known from larger datasets. According to the CBTRUS report, anaplastic astrocytoma
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(now astrocytoma grade 3) (A3) were more frequent in males, with no significant survival
difference between males and females [37]. In line with findings from the CATNON trial,
also in the CBTRUS data, the majority of A3 patients were surely IDHmut [16]. We note
that the CBTRUS findings for A3 are similar to that of IDHwt GBM, with male dominance,
but with small differences in survival between sexes, if any. This in turn indicates that the
inclusion of IDHmut GBM (astrocytoma grade 4) in the Swedish cohort should not have a
major impact on the results reported here.

5. Conclusions

In this population-based dataset of Swedish patients diagnosed with GBM during a
20-year period, we identified that the prognostic factors of age at the time of diagnostic
surgery and preoperative performance status differ according to sex, apart from the well-
known difference in incidence between men and women. Despite this, survival was not
clearly affected for men or women when focusing on the total cohort. For the subgroup of
radically resected patients, a minor survival difference favoring women was identified.

For future cohorts, diagnostic molecular markers will be known, thus allowing for
correct selection of IDHwt GBM. Even data on oncological treatment will be available. This
will undoubtedly further contribute to the understanding of the role of sex for prognosis
and the effect of tumor specific therapy in GBM in a population-based cohort.

Additional study of the molecular disparities and their effect on outcome can be
expected to lead to improved sex-dependent tumor treatments in the future. This might
lead to increased survival for both men and women, and then also on a population level, as
the incorporation of concomitant radio-chemotherapy with temozolomide did more than a
decade ago.

Author Contributions: Conceptualization, A.M.; methodology, B.T. and A.M.; software, B.T.; formal
analysis, B.T.; investigation, B.T. and A.M.; data curation, B.T.; writing—original draft preparation,
A M.; writing—review and editing, A.M. and B.T.; visualization, A.M. and B.T.; supervision, A.M.;
project administration, A.M.; funding acquisition, A.M. and B.T. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by grants from the Swedish Cancer Foundation, the Medical
Research Council of Southeast Sweden (FORSS), the Cancer Research Foundation of Northern Sweden,
LiUCancer and an ALF grant from Region Ostergotland.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and the ethical approvals of 2014-95-31 and 2020-06886 from Umea, Sweden.

Informed Consent Statement: Patient consent was waived due to fully anonymized national
population-based data being analyzed, as approved by the Ethical Committee.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available due to the database being continually
expanded with additional cases and only data relevant for this analysis were retrieved.

Acknowledgments: We would like to thank Malgorzata Lysiak for scientific input; Lars Valter and
Forum Ostergotland for supervision of data and figures; Ann Tavelin for layout of figures; and
Roger Henriksson for making the data available. We also thank all those who reported patients to
the Swedish National Quality Registry for Primary Brain Tumors over the years and all patients
who contributed.

Conflicts of Interest: The authors declare no conflict of interest.

1. Bruhn, H,; Strandeus, M.; Milos, P.; Hallbeck, M.; Vrethem, M.; Lind, J. Improved survival of Swedish glioblastoma patients
treated according to Stupp. Acta Neurol. Scand. 2018, 138, 332-337. [CrossRef]

2. Ostrom, Q.T.; Cote, D.J.; Ascha, M.; Kruchko, C.; Barnholtz-Sloan, J.S. Adult Glioma Incidence and Survival by Race or Ethnicity
in the United States From 2000 to 2014. JAMA Oncol. 2018, 4, 1254-1262. [CrossRef] [PubMed]


http://doi.org/10.1111/ane.12966
http://doi.org/10.1001/jamaoncol.2018.1789
http://www.ncbi.nlm.nih.gov/pubmed/29931168

J. Clin. Med. 2022, 11, 486 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Stupp, R,; Taillibert, S.; Kanner, A.; Read, W.; Steinberg, D.; Lhermitte, B.; Toms, S.; Idbaih, A.; Ahluwalia, M.S.; Fink, K.; et al.
Effect of Tumor-Treating Fields Plus Maintenance Temozolomide vs Maintenance Temozolomide Alone on Survival in Patients
With Glioblastoma: A Randomized Clinical Trial. JAMA 2017, 318, 2306-2316. [CrossRef]

Ostrom, Q.T.; Gittleman, H.; Truitt, G.; Boscia, A.; Kruchko, C.; Barnholtz-Sloan, J.5S. CBTRUS Statistical Report: Primary Brain and
Other Central Nervous System Tumors Diagnosed in the United States in 2011-2015. Neuro Oncol. 2018, 20, iv1-iv86. [CrossRef]
[PubMed]

Louis, D.N.; Perry, A.; Reifenberger, G.; von Deimling, A.; Figarella-Branger, D.; Cavenee, W.K.; Ohgaki, H.; Wiestler, O.D.;
Kleihues, P; Ellison, D.W. The 2016 World Health Organization Classification of Tumors of the Central Nervous System: A
summary. Acta Neuropathol. 2016, 131, 803-820. [CrossRef]

Zhang, H.; Liao, ].; Zhang, X.; Zhao, E.; Liang, X,; Luo, S.; Shi, J.; Yu, E; Xu, J.; Shen, W.; et al. Sex difference of mutation clonality
in diffuse glioma evolution. Neuro Oncol. 2019, 21, 201-213. [CrossRef] [PubMed]

Johansen, M.L.; Stetson, L.C.; Vadmal, V.; Waite, K.; Berens, M.E.; Connor, ].R.; Lathia, J.; Rubin, J.B.; Barnholtz-Sloan, J.S. Gliomas
display distinct sex-based differential methylation patterns based on molecular subtype. Neurooncol. Adv. 2020, 2, vdaa002.
[CrossRef]

Yang, W.; Warrington, N.M.; Taylor, S.J.; Whitmire, P.; Carrasco, E.; Singleton, K.W.; Wu, N.; Lathia, ].D.; Berens, M.E.; Kim, A.H.;
et al. Sex differences in GBM revealed by analysis of patient imaging, transcriptome, and survival data. Sci. Transl. Med. 2019, 11,
eaao5253. [CrossRef]

Ippolito, J.E; Yim, A K,; Luo, J.; Chinnaiyan, P.; Rubin, J.B. Sexual dimorphism in glioma glycolysis underlies sex differences in
survival. JCI Insight 2017, 2, €92142. [CrossRef]

Smits, A.; Lysiak, M.; Magnusson, A.; Rosell, J.; Soderkvist, P.; Malmstrom, A. Sex Disparities in MGMT Promoter Methylation
and Survival in Glioblastoma: Further Evidence from Clinical Cohorts. J. Clin. Med. 2021, 10, 556. [CrossRef]

Franceschi, E.; Tosoni, A.; Minichillo, S.; Depenni, R.; Paccapelo, A.; Bartolini, S.; Michiara, M.; Pavesi, G.; Urbini, B.; Crisi, G.; et al.
The Prognostic Roles of Gender and O6-Methylguanine-DNA Methyltransferase Methylation Status in Glioblastoma Patients:
The Female Power. World Neurosurg. 2018, 112, e342—e347. [CrossRef] [PubMed]

Ostrom, Q.T.; Rubin, ].B.; Lathia, ].D.; Berens, M.E.; Barnholtz-Sloan, ].S. Females have the survival advantage in glioblastoma.
Neuro Oncol. 2018, 20, 576-577. [CrossRef] [PubMed]

Thakkar, J.P.; Dolecek, T.A.; Horbinski, C.; Ostrom, Q.T.; Lightner, D.D.; Barnholtz-Sloan, J.S.; Villano, J.L. Epidemiologic and
molecular prognostic review of glioblastoma. Cancer Epidemiol. Biomarkers. Prev. 2014, 23, 1985-1996. [CrossRef] [PubMed]
Louis, D.N.; Ohgaki, H.; Wiestler, O.D.; Cavenee, W.K.; Burger, P.C.; Jouvet, A.; Scheithauer, B.W.; Kleihues, P. The 2007 WHO
classification of tumours of the central nervous system. Acta Neuropathol. 2007, 114, 97-109. [CrossRef]

Wick, W.; Roth, P,; Hartmann, C.; Hau, P.; Nakamura, M.; Stockhammer, F.; Sabel, M.C.; Wick, A.; Koeppen, S.; Ketter, R.; et al.
Long-term analysis of the NOA-04 randomized phase III trial of sequential radiochemotherapy of anaplastic glioma with PCV or
temozolomide. Neuro Oncol. 2016, 18, 1529-1537. [CrossRef] [PubMed]

Tesileanu, C.M.S.; van den Bent, M.].; Sanson, M.; Wick, W.; Brandes, A.A.; Clement, PM.; Erridge, S.C.; Vogelbaum, M.A;
Nowak, A.K; Baurain, J.E; et al. Prognostic significance of genome-wide DNA methylation profiles within the randomized,
phase 3, EORTC CATNON trial on non-1p/19q deleted anaplastic glioma. Newuro Oncol. 2021, 23, 1547-1559. [CrossRef]

Weller, M.; van den Bent, M.; Preusser, M.; Le Rhun, E.; Tonn, ]J.C.; Minniti, G.; Bendszus, M.; Balana, C.; Chinot, O.; Dirven, L.;
et al. EANO guidelines on the diagnosis and treatment of diffuse gliomas of adulthood. Nat. Rev. Clin. Oncol. 2021, 18, 170-186.
[CrossRef]

Wen, P.Y.; Packer, R.]J. The 2021 WHO Classification of Tumors of the Central Nervous System: Clinical implications. Neuro Oncol.
2021, 23, 1215-1217. [CrossRef]

Gittleman, H.; Ostrom, Q.T.; Stetson, L.C.; Waite, K.; Hodges, T.R.; Wright, C.H.; Wright, J.; Rubin, ].B.; Berens, M.E.; Lathia, J.;
et al. Sex is an important prognostic factor for glioblastoma but not for nonglioblastoma. Neurooncol. Pract. 2019, 6, 451-462.
[CrossRef] [PubMed]

Matteoni, S.; Abbruzzese, C.; Villani, V.; Malorni, W.; Pace, A.; Matarrese, P.; Paggi, M.G. The influence of patient sex on clinical
approaches to malignant glioma. Cancer Lett. 2020, 468, 41-47. [CrossRef]

Sun, T.; Plutynski, A.; Ward, S.; Rubin, ].B. An integrative view on sex differences in brain tumors. Cell Mol. Life Sci. 2015, 72,
3323-3342. [CrossRef] [PubMed]

Fyllingen, E.H.; Hansen, T.IL; Jakola, A.S.; Haberg, A.K.; Salvesen, O.; Solheim, O. Does risk of brain cancer increase with
intracranial volume? A population-based case control study. Neuro Oncol. 2018, 20, 1225-1230. [CrossRef]

Sun, T.; Warrington, N.M.; Luo, J.; Brooks, M.D.; Dahiya, S.; Snyder, S.C.; Sengupta, R.; Rubin, J.B. Sexually dimorphic RB
inactivation underlies mesenchymal glioblastoma prevalence in males. J. Clin. Investig. 2014, 124, 4123-4133. [CrossRef]

Haupt, S.; Caramia, F,; Herschtal, A.; Soussi, T.; Lozano, G.; Chen, H,; Liang, H.; Speed, T.P.; Haupt, Y. Identification of cancer
sex-disparity in the functional integrity of p53 and its X chromosome network. Nat. Commun. 2019, 10, 5385. [CrossRef] [PubMed]
Ostrom, Q.T.; Coleman, W.; Huang, W.; Rubin, ].B.; Lathia, ].D.; Berens, M.E.; Speyer, G.; Liao, P.; Wrensch, M.R.; Eckel-Passow,
J.E.; et al. Sex-specific gene and pathway modeling of inherited glioma risk. Neuro Oncol. 2019, 21, 71-82. [CrossRef] [PubMed]
Hirtz, A.; Rech, E; Dubois-Pot-Schneider, H.; Dumond, H. Astrocytoma: A Hormone-Sensitive Tumor? Int. . Mol. Sci. 2020, 21,
9114. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.2017.18718
http://doi.org/10.1093/neuonc/noy131
http://www.ncbi.nlm.nih.gov/pubmed/30445539
http://doi.org/10.1007/s00401-016-1545-1
http://doi.org/10.1093/neuonc/noy154
http://www.ncbi.nlm.nih.gov/pubmed/30256978
http://doi.org/10.1093/noajnl/vdaa002
http://doi.org/10.1126/scitranslmed.aao5253
http://doi.org/10.1172/jci.insight.92142
http://doi.org/10.3390/jcm10040556
http://doi.org/10.1016/j.wneu.2018.01.045
http://www.ncbi.nlm.nih.gov/pubmed/29337169
http://doi.org/10.1093/neuonc/noy002
http://www.ncbi.nlm.nih.gov/pubmed/29474647
http://doi.org/10.1158/1055-9965.EPI-14-0275
http://www.ncbi.nlm.nih.gov/pubmed/25053711
http://doi.org/10.1007/s00401-007-0243-4
http://doi.org/10.1093/neuonc/now133
http://www.ncbi.nlm.nih.gov/pubmed/27370396
http://doi.org/10.1093/neuonc/noab088
http://doi.org/10.1038/s41571-020-00447-z
http://doi.org/10.1093/neuonc/noab120
http://doi.org/10.1093/nop/npz019
http://www.ncbi.nlm.nih.gov/pubmed/31832215
http://doi.org/10.1016/j.canlet.2019.10.012
http://doi.org/10.1007/s00018-015-1930-2
http://www.ncbi.nlm.nih.gov/pubmed/25985759
http://doi.org/10.1093/neuonc/noy043
http://doi.org/10.1172/JCI71048
http://doi.org/10.1038/s41467-019-13266-3
http://www.ncbi.nlm.nih.gov/pubmed/31772231
http://doi.org/10.1093/neuonc/noy135
http://www.ncbi.nlm.nih.gov/pubmed/30124908
http://doi.org/10.3390/ijms21239114
http://www.ncbi.nlm.nih.gov/pubmed/33266110

J. Clin. Med. 2022, 11, 486 12 of 12

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Massey, S.C.; Whitmire, P.; Doyle, T.E.; Ippolito, J.E.; Mrugala, M.M.; Hu, L.S.; Canoll, P.; Anderson, A.R.A.; Wilson, M.A;
Fitzpatrick, S.M.; et al. Sex differences in health and disease: A review of biological sex differences relevant to cancer with a
spotlight on glioma. Cancer Lett. 2021, 498, 178-187. [CrossRef] [PubMed]

Qi, Z.Y.; Shao, C.; Zhang, X.; Hui, G.Z.; Wang, Z. Exogenous and endogenous hormones in relation to glioma in women: A
meta-analysis of 11 case-control studies. PLoS ONE 2013, 8, e68695. [CrossRef]

Asad, A.S.; Nicola Candia, A.].; Gonzalez, N.; Zuccato, C.F,; Abt, A.; Orrillo, S.J.; Lastra, Y.; De Simone, E.; Boutillon, E; Goffin, V.;
et al. Prolactin and its receptor as therapeutic targets in glioblastoma multiforme. Sci. Rep. 2019, 9, 19578. [CrossRef]

Michaud, D.S.; Gallo, V.; Schlehofer, B.; Tjenneland, A.; Olsen, A.; Overvad, K.; Dahm, C.C.; Kaaks, R.; Lukanova, A.; Boeing, H.;
et al. Reproductive Factors and Exogenous Hormone Use in Relation to Risk of Glioma and Meningioma in a Large European
Cohort Study. Cancer Epidemiol. Biomark. Prev. 2010, 19, 2562-2569. [CrossRef] [PubMed]

Zalcman, N.; Canello, T.; Ovadia, H.; Charbit, H.; Zelikovitch, B.; Mordechai, A.; Fellig, Y.; Rabani, S.; Shahar, T.; Lossos, A.; et al.
Androgen receptor: A potential therapeutic target for glioblastoma. Oncotarget 2018, 9, 19980-19993. [CrossRef]

Schiffgens, S.; Wilkens, L.; Brandes, A.A.; Meier, T.; Franceschi, E.; Ermani, M.; Hartmann, C.; Sandalcioglu, L.E.; Dumitru, C.A.
Sex-specific clinicopathological significance of novel (Frizzled-7) and established (MGMT, IDH1) biomarkers in glioblastoma.
Oncotarget 2016, 7, 55169-55180. [CrossRef]

Gupta, T.; Mohanty, S.; Moiyadi, A.; Jalali, R. Factors predicting temozolomide induced clinically significant acute hematologic
toxicity in patients with high-grade gliomas: A clinical audit. Clin. Neurol. Neurosurg. 2013, 115, 1814-1819. [CrossRef]
Asklund, T.; Malmstrom, A.; Bergqvist, M.; Bjor, O.; Henriksson, R. Brain tumors in Sweden: Data from a population-based
registry 1999-2012. Acta Oncol. 2015, 54, 377-384. [CrossRef] [PubMed]

Asklund, T.; Malmstrom, A.; Bjor, O.; Blomquist, E.; Henriksson, R. Considerable improvement in survival for patients aged
60-84 years with high grade malignant gliomas—Data from the Swedish Brain Tumour Population-based Registry. Acta Oncol.
2013, 52, 1041-1043. [CrossRef] [PubMed]

Stepp, H.; Stummer, W. 5-ALA in the management of malignant glioma. Lasers Surg. Med. 2018, 50, 399-419. [CrossRef] [PubMed]
Ostrom, Q.T.; Cioffi, G.; Waite, K.; Kruchko, C.; Barnholtz-Sloan, ].S. CBTRUS Statistical Report: Primary Brain and Other Central
Nervous System Tumors Diagnosed in the United States in 2014-2018. Newuro Oncol. 2021, 23, iii1-iii105. [CrossRef]

Bjorland, L.S.; Fluge, O.; Gilje, B.; Mahesparan, R.; Farbu, E. Treatment approach and survival from glioblastoma: Results from a
population-based retrospective cohort study from Western Norway. BM] Open 2021, 11, e043208. [CrossRef]


http://doi.org/10.1016/j.canlet.2020.07.030
http://www.ncbi.nlm.nih.gov/pubmed/33130315
http://doi.org/10.1371/journal.pone.0068695
http://doi.org/10.1038/s41598-019-55860-x
http://doi.org/10.1158/1055-9965.EPI-10-0447
http://www.ncbi.nlm.nih.gov/pubmed/20802020
http://doi.org/10.18632/oncotarget.25007
http://doi.org/10.18632/oncotarget.10465
http://doi.org/10.1016/j.clineuro.2013.05.015
http://doi.org/10.3109/0284186X.2014.975369
http://www.ncbi.nlm.nih.gov/pubmed/25383446
http://doi.org/10.3109/0284186X.2012.754993
http://www.ncbi.nlm.nih.gov/pubmed/23398620
http://doi.org/10.1002/lsm.22933
http://www.ncbi.nlm.nih.gov/pubmed/29737540
http://doi.org/10.1093/neuonc/noab200
http://doi.org/10.1136/bmjopen-2020-043208

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

