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Abstract
Objective

This study aimed to determine the prognostic factors for disease-speci�c 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 signi�cantly
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 signi�cant 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 �ve-year relative survival rate for patients is merely 6.8 percent[1–3]. Female patients have a
signi�cant survival preponderance over males[4]. The predominant hallmarks of GBM are highly
in�ltrating 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-speci�c 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
signi�cant 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 �tness of
the regression model. And the regularization of coe�cients in Lasso regression can be used to solve the
over-�tting problem caused by multicollinearity. By regressing and penalizing all variable coe�cients to
make the relatively unimportant independent variable coe�cients 0, main characteristic variables were
selected.

In addition, continuous independent variables in cox regression model are usually classi�ed, but the
number of classi�cations and classi�cation 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 Classi�cation of Disease for Oncology
(ICD-O-3) was used to con�rm the histological type (9440/3) limited to “Brain and Other Nervous System”
in SEER database. All selected cases were con�rmed 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 in�uence 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 �exibility 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 signi�cantly 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
(3.7%) 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-speci�c survival among patients with glioblastoma diagnosed in SEER-18 database, 2004-
2015.
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aAsian or Paci�c Islander.

CI, con�dence interval; SD, standard deviation; IQR, interquartile range; Statistically signi�cant p values
are bolded; Red bars indicate risk factors, green bars indicate protective factors, and blue bars indicate no
statistical signi�cance.

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 signi�cantly 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 signi�cant 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 coe�cient value, and the upper abscissa represented the number
of non-zero coe�cient in the model. This �gure showed that as the lambda decreasing, the parameters
compressed were decreased and the absolute values of the coe�cients were increased. Figure 2(B) used
cross validation to select variables and then �t 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 coe�cient values
of different variables (Supplementary Table 2). If the variable coe�cient 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 signi�cance for DSS (coe�cient 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
signi�cantly 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%CI = 1.84–2.54, p < 0.001) and ≥ 65 years (HR = 3.61, 95%CI = 3.05–
4.27, p < 0.001) showed signi�cant increases in risk. Compared with white, the risks of others (Asian or
Paci�c Islander) were reduced by 20%. The larger the tumor size was, the higher was the risk of GBM (30-
50mm: HR = 1.17, 95%CI = 1.06–1.31, p = 0.003; >50mm: HR = 1.27, 95%CI = 1.15–1.41, p < 0.001).
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 signi�cantly 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 classi�ed to
convert into categorical variables and included in the analysis, which was impossible to actually observe
the continuous risk variation trend. Arti�cially transforming continuous variables into categorical
variables may cause bias, because there were di�culities 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 signi�cant 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
signi�cant (p < 0.0001), 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 �t 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 bene�t 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 < 0.001). 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 �elds are being tested as a
novel anti-mitotic therapy that interferes with cell division by delivering low-intensity alternating electric
�elds 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 signi�cantly 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
re�ect 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 their immune 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 �xed 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 bene�cial to the prognosis of GBM. Above-mentioned
�ndings 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 in�uence
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-�tting 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 signi�cance 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 veri�cation of the nomogram were based
on the same sample population, and it is necessary to perform veri�cation 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 signi�cantly 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.
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Figures

Figure 1

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

DSS survival analysis of glioblastoma strati�ed by age(A), race(B), sex(C), marital status(D).
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Figure 2

The relationship between the coe�cient and the Log(λ)(A); statistical graph(B).

Figure 2

The relationship between the coe�cient and the Log(λ)(A); statistical graph(B).
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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
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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.

Figure 4

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



Page 18/18

Figure 4

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