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Abstract
Objective

This study aimed to determine the prognostic factors for disease-specific survival (DSS) of glioblastoma
(GBM) and establish a corresponding effective nomogram for clinical prediction.

Methods

This study was based on Surveillance, Epidemiology, and End Results database between 2004 and 2015.
Kaplan-Meier survival analysis was used to evaluate the effect of various prognostic factors on DSS.
Lasso regression was used to determine the independent prognostic factors of DSS and multivariate cox
regression analysis was performed correspondingly. Additional restricted cubic spline cox regression was
used to analyze the trend of the risk effect (hazard ratio) of continuous variables on DSS. Based on the
multivariate cox regression model, a nomogram was established to predict DSS.

Results

The average age at diagnosis of all enrolled patients was 59.8+12.2 years, of which 40.5% were women
and 59.5% were men. Lasso regression analysis showed that age at diagnosis, sex, marital status, race,
tumor size, primary site, laterality, surgery, radiotherapy and chemotherapy, radiotherapy sequence with
surgery, and year of diagnosis were independent prognostic factors for DSS. Multivariate cox regression
analysis showed that elderly, males, unmarried status, larger tumors were all risk factors for DSS.
Restricted cubic spline cox regression showed that the risk of death from GBM was significantly
increased for the elderly, especially older than 75 years. When the tumor was smaller than 75mm, an
increasing risk linearly was associated with DSS, but the risk effect remained constant after 75mm.
Constructing the nomogram to predict the DSS probability of 1-, 3- and 5-year respectively, and its good
predictive performance was proved by the calibration curve.

Conclusion

The advanced age was one of the significant risk factors for GBM. How the change of tumor size
affected DSS needed further study and discussion. The established nomogram was robust in predicting
1-, 3-, and 5-year DSS.

Introduction

Glioblastoma (GBM) associated with particularly invasive activities and high lethality is the main
histological subtype of glioma, accounting for 48.3% of malignant brain tumors in the United States, and
the five-year relative survival rate for patients is merely 6.8 percent[1-3]. Female patients have a
significant survival preponderance over males[4]. The predominant hallmarks of GBM are highly
infiltrating and often affecting the surrounding brain parenchyma, but the tumor is usually limited to the
central nervous system and does not metastasize[5, 6]. Recognized risk factor for GBM is exposure to
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ionizing radiation, and it can be potentially altered[7]. Additionally, several studies have explored the
factors that affect the overall survival and prognosis of GBM, including age at diagnosis, sex, surgery,
radiotherapy and chemotherapy, etc[8—11]. Prognostic factors to predict diseases-specific survival (DSS)
of patients are generally less studied. Therefore, we attempted to evaluate the predictive factors for DSS
of GBM patients and develop a clinical prediction nomogram.

The morbidity of GBM is relatively high about 3.22/100000 in the United States[12, 1]. We used the SEER-
18 database, which covers approximately 28% of the population in the United States, to analyze the
significant prognostic factors related to the DSS of GBM. In the construction of the multivariable cox
regression model, different from using traditional univariate cox regression, we used least absolute
shrinkage and selection operator (Lasso) regression[13], a regularized regression calculation method, to
select appropriate variables, which could optimize the bias-variance trade-off and improve the fitness of
the regression model. And the regularization of coefficients in Lasso regression can be used to solve the
over-fitting problem caused by multicollinearity. By regressing and penalizing all variable coefficients to
make the relatively unimportant independent variable coefficients 0, main characteristic variables were
selected.

In addition, continuous independent variables in cox regression model are usually classified, but the
number of classifications and classification thresholds are often subjective, which can cause bias in
research results. So, restricted cubic spline cox regression, one of the commonly used methods to
analyses the nonlinear relationship between continuous variables and DSS, was used in our study. This
provides support for in-depth understanding of prognostic factors on DSS.

Materials And Methods
Data source and subjects

Our study was based on the public access database (SEER) with corresponding information from the
reports of 18 cancer registries in the United States, using SEER*Stat 8.3.8 to extract the GBM cases
diagnosed in 2004 and later. The third edition of International Classification of Disease for Oncology
(ICD-0-3) was used to confirm the histological type (9440/3) limited to “Brain and Other Nervous System”
in SEER database. All selected cases were confirmed by microscopically pathological diagnosis.

Related diagnostic exclusion criteria were established according to the following variables for GBM in
adults: (1) One primary tumor only (2) Age at diagnosis > 18 (3) IV grade (4) Tumor size recorded with
accurate numbers (1- 989 millimeters), excluding uncertain records (5) Primary sites: Frontal lobe(C71.1),
Temporal lobe(C71.2), Parietal lobe(C71.3), Occipital lobe(C71.4), Overlapping lesion of brain(C71.8) (6)
Laterality: Left-origin of primary, Right-origin of primary, and Not a paried site (7) According to the
treatment information of radiotherapy and chemotherapy, we generated a new variable “Radiation and
Chemotherapy”: Both, and Radiation only.
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All variables analyzed in this study including age at diagnosis, sex, race, marital status, tumor size,
primary site, laterality, surgery, radiotherapy and chemotherapy, and radiotherapy sequence with surgery,
eliminating unknown or missing information. A total of 4310 cases were incorporated in the analysis
(Table 1).

Statistics and Analysis

For better observing the long-term trend of age-adjusted incidence of GBM over time, the Supplementary
Fig. 1 based on SEER-18(2000-2017) were made. Kaplan-Meier survival analysis were used to determine
the influence of each research variable on DSS, and comparison were performed by Log-rank test. Lasso
regression was used to screen the characteristic variables that affected the prognosis of GBM, and then
multivariate analysis was performed based on the cox regression model. The associations between
continuous variables and DSS were flexibility modeled by restricted cubic splines cox regression, adjusted
by other covariates in cox regression, to explore the potential non-linear correlation. The multivariate cox
regression model was represented as a nomogram to predict DSS for clinical application, and calibration
curves of predicting 1-, 3-, and 5-year DSS were plotted to assess the predictive accuracy. All statistical
analysis was conducted using RStudio (Version 4.0.2)

Resullts
Characteristics of the study subjects

Based on the SEER database, we plotted the age-adjusted incidence of GBM patients from 2000 to 2017
(Supplementary Fig. 1). The incidence rate of GBM showed ubiquitous steady high trends for total
population, males only and females only. Taken together, incidence rate of GBM was significantly higher
in males than in females.

Our study included 4310 patients of GBM from 2004 to 2015, and the demographic characteristics for all
subjects are summarized in Table 1. The average age at diagnosis for all cases in study was
59.8(standard deviation: 12.2), and the median age was 75 (quartile: 52, 68). After converting the
continuous variable “age at diagnosis” into a categorical variable, the number of patients in the 40-65
stage was the largest, accounting for 58% cases. There were more males than females for all subjects:
59.5% male. Most of the patients were white (91.2%), and the proportions of black (5.1%) and others
(8.7%) were relatively low. Details for other prognostic factors can be found in Table 1.

Table 1. Chracteristics and multivariable cox regression analysis of the independent prognostic factors
for diseases-specific survival among patients with glioblastoma diagnosed in SEER-18 database, 2004-
2015.
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Survival analysis

The cases included in this study had a total of 3490 deaths due to GBM at the end of follow-up.
Supplementary Table 1 shows the complete 1-. 3-, and 5-year DSS list. DSS was strongly age-dependent
and the elderly populations (> 65 years) had a poorer prognosis compared to younger populations (< 40
years, 40—65 years). Likewise, males and white were more likely to have a poor DSS, respectively. Married
patients had an advantage in short-term survival than unmarried patients, but it was opposite in long-
term survival. The group with tumor size less than 30 mm was significantly better in 1-year DSS (64.1%)
than the groups with 30-50 mm (55.9%) and > 50 mm (52.4%). The highest 3-year DSS of the tumor
located in occipital lobe compared to those located in other primary site was observed and the highest 5-
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year DSS was observed in the tumor located in frontal lobe. left-origin of primary laterality, and diagnosed
after 2010, were all related to a better DSS prognosis.

In terms of treatment methods, patients who received surgery had a more obvious advantage in DSS than
patients who did not; Patients who received radiotherapy alone had a worse prognosis than patients who
received a combination treatment with radiotherapy and chemotherapy; In addition, the sequence of
radiotherapy with surgery did not show a significant effect on DSS. The above results were showed
pictorially by Fig. 1 and Supplementary Fig. 2-3.

Variable selection

In Fig. 2(A), the ordinate represented the coefficient value, and the upper abscissa represented the number
of non-zero coefficient in the model. This figure showed that as the lambda decreasing, the parameters
compressed were decreased and the absolute values of the coefficients were increased. Figure 2(B) used
cross validation to select variables and then fit the model. The default ten-fold cross validation method
was to divide the data into ten parts, and nine parts were used to build the model, the other part was used
to validate. By establishing and verifying the model, the results obtained were more stable. Overall,

Figs. 2(A) and (B) showed the changes in the calculation operation of the model with the change of
lambda.

Finally, we selected the best lambda value (lambda.min) and output the corresponding coefficient values
of different variables (Supplementary Table 2). If the variable coefficient was not 0, it indicated that it was
meaningful for predicting DSS. Lasso regression results showed that age at diagnosis, sex, marital
status, race, tumor size, primary site, laterality, surgery, radiotherapy and chemotherapy, radiotherapy
sequence with surgery, and year of diagnosis all showed significance for DSS (coefficient not 0).

Multivariate cox regression model

The cox regression model is a semi-parametric model, and uses survival outcome and survival time as
dependent variables to analyze the impact of multiple prognostic factors on survival. According to the
Lasso regression results, factors that may affect the prognosis of GBM were selected into the cox
regression model for multivariate analysis (Table 1). The results showed that age at diagnosis, sex,
marital status, race, tumor size, surgery, radiotherapy and chemotherapy, and year of diagnosis were all
significantly correlated with DSS (P < 0.05). Individually, taking the < 40 years old group as a reference, the
group of 40-65 years (HR=2.16, 95%CIl = 1.84-2.54, p < 0.007) and = 65 years (HR =3.61, 95%Cl = 3.05—
4.27, p < 0.007) showed significant increases in risk. Compared with white, the risks of others (Asian or
Pacific Islander) were reduced by 20%. The larger the tumor size was, the higher was the risk of GBM (30-
50mm: HR=1.17,95%Cl = 1.06-1.31, p = 0.003; >50mm: HR = 1.27, 95%Cl = 1.15-1.41, p < 0.0017).
Patients who did not choose surgery were more likely to have an increased risk for DSS than those who
choosed (HR=1.77,95% CI = 1.00- 3.12, p = 0.050). Males, unmarried status, and choosing radiotherapy
only were also shown to be risk factors.
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In addition, tumor located in the temporal lobe, later year of diagnosis indicated certain protective effects
for DSS. No other prognostic factors were found to be correlated significantly with DSS(p > 0.05).

Restricted cubic spline cox regression

In the cox regression model, the continuous variables age at diagnosis and tumor size were classified to
convert into categorical variables and included in the analysis, which was impossible to actually observe
the continuous risk variation trend. Artificially transforming continuous variables into categorical
variables may cause bias, because there were difficulities in realizing the association between continuous
variables chaging and DSS. In this study, we used restricted cubic spline cox regression to better observe
the effect of continuous changes with age and tumor size on DSS. Results showed that taking the
minimum age of 19 years as a reference for the included population, the risk effect value(harzard ratio)
gradually increased as the age increasing and had a faster growth trend in the elderly population(>

75 years), suggesting that advanced age was an significant risk factor for DSS (Fig. 3(A)). When 30 mm
of tumor size was used as a reference, the value of harzard ratio rapidly increased below 75 mm, and
after that it remained a rather stable risk trend (Fig. 3(B)).

The non-linear associations between continuous variables (age, tumor size) and DSS were statistically
significant (p < 0.0007), indicating that the application of restricted cubic spline regression was
necessary. Additionally, it still maintained similar trends in age and tumor size categorted by other
variables (Supplement Fig. 4-7).

Nomogram

The nomogram with multivariable cox regression model was constructed by scoring independent
prognostic factors and it could provide guidance for clinical prediction (Fig. 4 and Supplementary table
3). New samples generated by bootstrap self-sampling were used to evaluate the accuracy of the
nomogram. The horizontal axis of the calibration chart was the predicted survival rate, and the vertical
axis was the actual survival rate. In theory, the standard curve is a straight line that passes through the
origin of the coordinate axis and its slope is 1. If the predicted calibration curve is closer to the standard
curve, the better is the predictive ability of the nomogram. Supplementary Fig. 8 showed that the 1-, 3,
and 5-year predicted probabilities of the nomogram constructed based on the variables selected by Lasso
regression fit better with the true probability. Moreover, we selected variables based on the traditional
univariate cox regression analysis method (Supplementary table 4), and then constructed a nomogram
(Supplementary Fig. 9), which showed that the prediction probability level was poor (Supplementary
Fig. 10). Therefore, the choice of disease prognostic factors should not be limited to use traditional
analysis methods.

Discussion

This study analyzed the prognostic factors related to DSS in the GBM patients from 18 cancer registries
in SEER. Despite our data only covers part of the U.S. population, it was necessary to study the effects of
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its prognostic factors and DSS outcomes for rapid disease progression, poor prognosis, and high
incidence level of GBM.

Results from the multivariable cox regression showed the cases diagnosed in 2011-2015 had better DSS
than those diagnosed in 2004-2010, which may benefit from the continuous improvement of medical
treatments over time. Such as, radiotherapy plus temozolomide chemotherapy to GBM replaced
radiotherapy alone from 2005[14-16]. And this protocol was supported by a randomized Phase 3
study[17]: adding temozolomide could extend the median survival time to 15 months, while radiotherapy
alone could increase the median survival to 12 months (HR = 0.63, P< 0.007). Then, bevacizumab was
used as a rescue treatment for GBM in the United States in 2009. Bevacizumab is a humanized
monoclonal antibody generally being recommended for those patients in severe symptoms and can
reduce brain edema and tumor shrinkage[18]. In addition, tumor treatment fields are being tested as a
novel anti-mitotic therapy that interferes with cell division by delivering low-intensity alternating electric
fields to the tumor for GBM patients[19]. Extensive efforts are needed to explore new treatments in areas
such as immunotherapy and precision oncology. However, compared with other solid tumors, biological
factors such as the blood-brain barrier, unique tumors and immune microenvironment pose major
challenges in developing new therapies[20].

Advanced age was an increased significantly risk factor for DSS of GBM, particularly if patients aged
more than 75 years. Studies have found that T cell dysfunction is prone to occur in GBM, and the
effective immunity in the brain tumor microenvironment is suppressed, which easily leads to poor
prognosis[21]. However, the increasing age will accelerate the senescence of T cells[22, 23], and the
human mRNA expression factors related to immunosuppression in the brain will increase[24], which may
reflect one of the possible reasons for the increased risk of the elderly. It was suggested that elderly
patients, especially those over 75 years, should be considered theirimmune status and carefully cared to
minimize the risk of death and improve the quality of life[25].

In the restricted cubic spline regression analysis, we found that for tumors smaller than 75 mm, the risk of
DSS increased with the increasing of tumor size, but the risk value (HR) remained at a stable level and no
longer increased from 75 mm. The size of the tumor was demonstrated that having an impact on survival
prognosis[26—28]. However, there is still a lack of research on the impact of larger diameter tumors on
DSS. We speculate that larger tumors may be more likely to detect and receive clinical treatment, which
may place patients at a fixed risk for DSS. Further exploration about how larger tumors affect prognosis
remained warranted.

Furthermore, we also found that male and white population were associated with poor prognosis.
Unmarried population had a short-term protection advantage compared to married, but in long-term
survival, the protective effect of married began to become obvious. Surgery and the combined treatment
with radiotherapy and chemotherapy were also beneficial to the prognosis of GBM. Above-mentioned
findings have good agreements with other studies[4, 11, 29-33].
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Our study only analyzed GBM patients diagnosed with the only one primary tumor to avoid the influence
of secondary or other tumor history on the research results. And two methodological strengths were
existed in the current study: 1) Lasso regression was used to select feature variables to avoid eliminating
variables based on p-value in univariate cox regression analysis, while considering the collinearity
between variables to avoid over-fitting of the model. 2) Restricted cubic spline cox analysis could
evaluate the nonlinear exposure response effects of continuous variables in cox regression and avoid
resulting in the loss of important information. Meanwhile, the cases included in the SEER database have
a large time span and involve a wide range of populations, and are still of great significance for clinical
analysis. So, the nomogram was constructed, which provides useful information for clinical prediction of
DSS. However, this study also had some limitations: Firstly, this study is a retrospective study based on
the SEER database, which may have biases; Secondly, the variable recording in the database are limited,
and information related to biomarkers and immune statuses are not recorded, which is not conducive to
comprehensive analysis of GBM; Thirdly, the construction and verification of the nomogram were based
on the same sample population, and it is necessary to perform verification and reliability evaluation in
other populations.

Conclusion

GBM is a malignant brain tumor with high incidence and poor prognosis. Patients over the age of 75 had
a significantly increased risk of DSS, so special attention should be paid. Tumors smaller than 75 mm
had an approximately linear increasing risk of death from GBM as the diameter increasing, but tumors
larger than 75 mm maintained a stable high-risk state. In-depth research on the relevant impact
mechanisms about tumor size is required. The constructed nomogram had a robust prediction effect.

Declarations

Availability of data and materials

All data used to generate the main analyses and figures are available at https://seer.cancer.gov/data-
software/.

Conflicts of interest
The authors declare no actual or potential competing financial interests.
Funding

This work was supported by Program of the National Natural Science Foundation of China, grant number
81772680.

Acknowledgements

Page 9/18



Jing Wei conceived the study idea, analyzed the data, and critically revised the manuscript. Lihua Wu
reviewed the literature, and drafted the manuscript. Jianbo Song, Junping Zhang, Wenhui Yang, and
Mengxian Zhang contributed to study design. All authors read and approved the final version of the
manuscript as submitted and agree to be held accountable for all aspects of the work.

References

1. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, Barnholtz-Sloan JS (2019) CBTRUS
Statistical Report: Primary Brain and Other Central Nervous System Tumors Diagnosed in the United
States in 2012-2016. Neuro-oncology 21 (Suppl 5):v1-v100. doi:10.1093/neuonc/noz150

2. Ostrom QT, Gittleman H, Liao P, Vecchione-Koval T, Wolinsky Y, Kruchko C, Barnholtz-Sloan JS (2017)
CBTRUS Statistical Report: Primary brain and other central nervous system tumors diagnosed in the
United States in 2010-2014. Neuro-oncology 19 (suppl_5):v1-v88. doi:10.1093/neuonc/nox158

3. Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barnholtz-Sloan JS (2018) CBTRUS Statistical
Report: Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in
2011-2015. Neuro-oncology 20 (suppl_4):iv1-iv86. doi:10.1093/neuonc/noy131

4. Ostrom QT, Rubin JB, Lathia JD, Berens ME, Barnholtz-Sloan JS (2018) Females have the survival
advantage in glioblastoma. Neuro-oncology 20 (4):576-577. doi:10.1093/neuonc/noy002

5. Omuro A, DeAngelis LM (2013) Glioblastoma and other malignant gliomas: a clinical review. JAMA
310 (17):1842-1850. doi:10.1001/jama.2013.280319

6. Brandes AA, Tosoni A, Franceschi E, Reni M, Gatta G, Vecht C (2008) Glioblastoma in adults. Critical
reviews in oncology/hematology 67 (2):139-152. doi:10.1016/j.critrevonc.2008.02.005

7. Fisher JL, Schwartzbaum JA, Wrensch M, Wiemels JL (2007) Epidemiology of brain tumors. Neurol
Clin 25 (4):867-890, vii. doi:10.1016/j.ncl.2007.07.002

8.YangY,YaoM, Long S, XuC, LiL,LiYV,LiG (2020) Prognostic Nomograms for Primary High-Grade
Glioma Patients in Adult: A Retrospective Study Based on the SEER Database. BioMed research
international 2020:1346340. doi:10.1155/2020/1346340

9. Xia Y, Liao W, Huang S, Liu Z, Huang X, Yang C, Ye C, Jiang Y, Wang J (2020) Nomograms for
Predicting the Overall and Cancer-Specific Survival of Patients with High-Grade Glioma: A
Surveillance, Epidemiology, and End Results Study. Turkish neurosurgery 30 (1):48-59.
doi:10.5137/1019-5149.Jtn.26131-19.2

10. Best B, Nguyen HS, Doan NB, Gelsomino M, Shabani S, Ahmadi Jazi G, Sadati M, Sheikh S, Adl FH,
Taqgi MA, Mortazavi MM (2019) Causes of death in glioblastoma: insights from the SEER database.
Journal of neurosurgical sciences 63 (2):121-126. doi:10.23736/s0390-5616.18.04599-x

11. Bartek J, Jr., Alattar AA, Dhawan S, Ma J, Koga T, Nakaji P Dusenbery KE, Chen CC (2019) Receipt of
brachytherapy is an independent predictor of survival in glioblastoma in the Surveillance,
Epidemiology, and End Results database. Journal of neuro-oncology 145 (1):75-83.
doi:10.1007/s11060-019-03268-y

Page 10/18



12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Leece R, Xu J, Ostrom QT, Chen Y, Kruchko C, Barnholtz-Sloan JS (2017) Global incidence of
malignant brain and other central nervous system tumors by histology, 2003-2007. Neuro-oncology
19 (11):1553-1564. doi:10.1093/neuonc/nox091

Zhou ZR, Wang WW, Li Y, Jin KR, Wang XY, Wang ZW, Chen YS, Wang SJ, Hu J, Zhang HN, Huang P,
Zhao GZ, Chen XX, Li B, Zhang TS (2019) In-depth mining of clinical data: the construction of clinical
prediction model with R. Ann Transl Med 7 (23):796. doi:10.21037/atm.2019.08.63

Johnson DR, O'Neill BP (2012) Glioblastoma survival in the United States before and during the
temozolomide era. Journal of neuro-oncology 107 (2):359-364. doi:10.1007/s11060-011-0749-4

Wick W, Cloughesy TF, Nishikawa R, Mason W, Saran F, Henriksson R, Hilton M, Kerloeguen Y, Chinot
OLJJoCO (2013) Tumor response based on adapted Macdonald criteria and assessment of
pseudoprogression (PsPD) in the phase Ill AVAglio trial of bevacizumab (Bv) plus temozolomide (T)
plus radiotherapy (RT) in newly diagnosed glioblastoma (GBM). 31 (15):-

Simon T, Pinioti S, Schellenberger P, Rajeeve V, Wendler F, Cutillas PR, King A, Stebbing J, Giamas G
(2018) Shedding of bevacizumab in tumour cells-derived extracellular vesicles as a new therapeutic
escape mechanism in glioblastoma. Mol Cancer 17 (1):132. doi:10.1186/s12943-018-0878-x

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, Belanger K, Brandes AA,
Marosi C, Bogdahn U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A, Lacombe D,
Cairncross JG, Eisenhauer E, Mirimanoff RO, European Organisation for R, Treatment of Cancer Brain
T, Radiotherapy G, National Cancer Institute of Canada Clinical Trials G (2005) Radiotherapy plus
concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med 352 (10):987-996.
doi:10.1056/NEJM0a043330

Diaz RJ, Ali S, Qadir MG, De La Fuente MI, lvan ME, Komotar RJ (2017) The role of bevacizumab in
the treatment of glioblastoma. Journal of neuro-oncology 133 (3):455-467. doi:10.1007/s11060-017-
2477-x

Stupp R, Taillibert S, Kanner A, Read W, Steinberg D, Lhermitte B, Toms S, Idbaih A, Ahluwalia MS,
Fink K, Di Meco F, Lieberman F, Zhu JJ, Stragliotto G, Tran D, Brem S, Hottinger A, Kirson ED, Lavy-
Shahaf G, Weinberg U, Kim CY, Paek SH, Nicholas G, Bruna J, Hirte H, Weller M, Palti Y, Hegi ME, Ram
Z (2017) Effect of Tumor-Treating Fields Plus Maintenance Temozolomide vs Maintenance
Temozolomide Alone on Survival in Patients With Glioblastoma: A Randomized Clinical Trial. JAMA
318 (23):2306-2316. doi:10.1001/jama.2017.18718

Tan AC, Ashley DM, Lopez GY, Malinzak M, Friedman HS, Khasraw M (2020) Management of
glioblastoma: State of the art and future directions. CA Cancer J Clin 70 (4):299-312.
doi:10.3322/caac.21613

. Chongsathidkiet P, Jackson C, Koyama S, Loebel F, Cui X, Farber SH, Woroniecka K, Elsamadicy AA,

Dechant CA, Kemeny HR, Sanchez-Perez L, Cheema TA, Souders NC, Herndon JE, Coumans JV, Everitt
JI, Nahed BV, Sampson JH, Gunn MD, Martuza RL, Dranoff G, Curry WT, Fecci PE (2018)
Sequestration of T cells in bone marrow in the setting of glioblastoma and other intracranial tumors.
Nat Med 24 (9):1459-1468. doi:10.1038/s41591-018-0135-2

Page 11/18



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Liu Y, Sanoff HK, Cho H, Burd CE, Torrice C, Ibrahim JG, Thomas NE, Sharpless NE (2009) Expression
of p16(INK4a) in peripheral blood T-cells is a biomarker of human aging. Aging Cell 8 (4):439-448.
doi:10.1111/j.1474-9726.2009.00489.x

Li G, Yu M, Lee WW, Tsang M, Krishnan E, Weyand CM, Goronzy JJ (2012) Decline in miR-181a
expression with age impairs T cell receptor sensitivity by increasing DUSP6 activity. Nat Med 18
(10):1518-1524. doi:10.1038/nm.2963

Ladomersky E, Scholtens DM, Kocherginsky M, Hibler EA, Bartom ET, Otto-Meyer S, Zhai L, Lauing KL,
Choi J, Sosman JA, Wu JD, Zhang B, Lukas RV, Wainwright DA (2019) The Coincidence Between
Increasing Age, Immunosuppression, and the Incidence of Patients With Glioblastoma. Frontiers in
pharmacology 10:200. doi:10.3389/fphar.2019.00200

Roth P Gramatzki D, Weller M (2017) Management of Elderly Patients with Glioblastoma. Current
neurology and neuroscience reports 17 (4):35. doi:10.1007/s11910-017-0740-3

Leu S, Boulay JL, Thommen S, Bucher HC, Stippich C, Mariani L, Bink A (2018) Preoperative Two-
Dimensional Size of Glioblastoma is Associated with Patient Survival. World neurosurgery 115:e448-
€463. doi:10.1016/j.wneu.2018.04.067

Bette S, Barz M, Wiestler B, Huber T, Gerhardt J, Buchmann N, Combs SE, Schmidt-Graf F, Delbridge C,
Zimmer C, Kirschke JS, Meyer B, Ryang YM, Ringel F, Gempt J (2018) Prognostic Value of Tumor
Volume in Glioblastoma Patients: Size Also Matters for Patients with Incomplete Resection. Ann
Surg Oncol 25 (2):558-564. doi:10.1245/s10434-017-6253-0

van Leyen K, Roelcke U, Gruber B, Remonda L, Berberat J (2019) Susceptibility and Tumor Size
Changes During the Time Course of Standard Treatment in Recurrent Glioblastoma. J Neuroimaging
29 (5):645-649. doi:10.1111/jon.12631

Zhang H, Liao J, Zhang X, Zhao E, Liang X, Luo S, Shi J, Yu F, Xu J, Shen W, Li Y, Xiao Y, Li X (2019)
Sex difference of mutation clonality in diffuse glioma evolution. Neuro-oncology 21 (2):201-213.
doi:10.1093/neuonc/noy154

Ostrom QT, Cote DJ, Ascha M, Kruchko C, Barnholtz-Sloan JS (2018) Adult Glioma Incidence and
Survival by Race or Ethnicity in the United States From 2000 to 2014. JAMA oncology 4 (9):1254-
1262. doi:10.1001/jamaoncol.2018.1789

Camelo-Piragua S, Kesari S (2016) Further understanding of the pathology of glioma: implications
for the clinic. Expert review of neurotherapeutics 16 (9):1055-1065.
doi:10.1080/14737175.2016.1194755

Aizer AA, Ancukiewicz M, Nguyen PL, Shih HA, Loeffler JS, Oh KS (2014) Underutilization of radiation
therapy in patients with glioblastoma: predictive factors and outcomes. Cancer 120 (2):238-243.
doi:10.1002/cncr.28398

Lacroix M, Abi-Said D, Fourney DR, Gokaslan ZL, Shi W, DeMonte F, Lang FF, McCutcheon IE,
Hassenbusch SJ, Holland E, Hess K, Michael C, Miller D, Sawaya R (2001) A multivariate analysis of
416 patients with glioblastoma multiforme: prognosis, extent of resection, and survival. Journal of
neurosurgery 95 (2):190-198. doi:10.3171/jns.2001.95.2.0190

Page 12/18



Figures

= <4 years = 40-63 years = 65+ years == White == Black = Other
A B
1.007 - 1.007 -
E 0.751 s 0.75
=3 =
= =
= =
o | o
2 0501 2 050
5 s}
L] ]
b 025 B 025
o A
= L -]
'{2 \“"1-”\“»""*%--54‘ g
) p 00001 Wit i o S bt b o i A e e bt | )
0.001 e fetrad 0.00
0 50 100 150
Survival time(months)
MNumber at risk Munber at risk
— 24 &2 B i e l 36T 2326 ak 1
== N | S i i _i gl M e
— L. e~ i A i = = _i Ha- - Int == = -4 {
0 50 100 150 0 50 100 150
C = Female -~ Male D = Marmied -~ Unmarried
1.00 100
E 075 E 075
Z o
z Z
] 5]
= 0.50 g 0.50
g 3
j=1 o
oy ol
y 025 4 0.25(
g g
et i i
] p 00011 | B oEetiohic. L
0 50 100 150 0 50 100 150
Survival time(months) Survival time(months)
Number at risk Numher at risk
—_—l.2 ;;\:.: Hiz iy 4 — e 2 B 47 3
= -9 - 33 -- - - ¥ P - —_—l e - - o4 . - e - - - 3
0 50 100 150 0 50 100 150
Survival time(months) Survival time(months)

Figure 1

DSS survival analysis of glioblastoma stratified by age(A), race(B), sex(C), marital status(D).
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Figure 1

DSS survival analysis of glioblastoma stratified by age(A), race(B), sex(C), marital status(D).
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Figure 3

Association between age at diagnosis and DSS outcome among GBM populations, adjusted by sex,
marital status, race, tumor size, primary site, laterality, surgery, radiation and chemotherapy, radiation
sequence with surgery(A); Association between tumor size and DSS outcome among GBM populations,
adjusted by age at diagnosis, sex, marital status, race, primary site, laterality, surgery, radiation and
chemotherapy, radiation sequence with surgery(B). The p values for non-linearity were less than 0.0001
for A and B.
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Association between age at diagnosis and DSS outcome among GBM populations, adjusted by sex,
marital status, race, tumor size, primary site, laterality, surgery, radiation and chemotherapy, radiation
sequence with surgery(A); Association between tumor size and DSS outcome among GBM populations,
adjusted by age at diagnosis, sex, marital status, race, primary site, laterality, surgery, radiation and
chemotherapy, radiation sequence with surgery(B). The p values for non-linearity were less than 0.0001
for Aand B.
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Figure 4

Nomogram for predicting the 1-, 3-, and 5-year disease-specific survival of glioblastoma patients.
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