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Purpose: Glioma may affect patients of any age. So far, only a limited number of big data
studies have been conducted concerning oligodendroglioma (OG) in diverse age groups. This
study evaluated the risk factors for OG in different age groups using the Surveillance,
Epidemiology, and End Results (SEER) database built by the National Cancer Institute,
which is part of the National Institutes of Health.

Patients and Methods: A total of 5437 cases within the SEER database were included.
These patients were divided into seven age groups. The Kaplan-Meier method was employed
for survival analysis. The independent risk factors for the survival of OG patients were
identified using the Cox regression model. A nomogram was drawn with R software based
on the independent risk factors. The X-tile software was adopted to find the optimal age
group at diagnosis.

Results: The all-cause mortality and the tumor-specific mortality increased with age. The
univariate analysis showed that the patients’ age, gender, primary lesion location, side
affected by the primary lesion (left or right), surgery for the primary lesion, and tumor
size were correlated with survival (P<0.05). Multivariate Cox regression analysis showed
that age was an independent risk factor for the survival of OG patients (P<0.05). The optimal
cutoff value of age in terms of overall survival (OS) and cause-specific survival (CSS) were
identified as 48 and 61 years and 48 and 59 years, respectively.

Conclusion: The older the age, the worse the survival would be. That’s, the mortality
increased with age. In the clinic, healthcare professionals should be fully aware of the
variability in the prognosis of OG patients in different age groups. Therefore, individualized
treatments are recommended to OG patients in different age groups to optimize the
prognosis.

Keywords: oligodendroglioma, SEER, age, prognosis, all-cause mortality, tumor-specific
mortality

Introduction

Oligodendroglioma (OG) is a rare tumor in the central nervous system. In 1929, the name
of oligodendroglioma was first proposed by Bailey and Bucy due to its appearance
similarity with oligodendrocytes under the microscope. With an annual incidence of 1—
2/1,000,000 cases, OG accounts for about 5% of all primary brain tumors." OG usually
affects the deep subcortical structures in the cerebral hemisphere, and the supratentorial
region and frontal lobes are most common. New-onset epilepsy is the most frequent
clinical manifestation of OG.>* Upon CT scans, OG lesions show hypodensities with
calcification and sometimes with cystic changes and bleeding. The lesions may show
hypointensities on T1-weighted MRI images and hyperintensities on T2-weighted MRI
images. The histological diagnostic criteria for OG include uniform round and deeply
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stained nuclei surrounded by clear cytoplasm (ie, fried egg
appearance), with a branched capillary network. OG was
once diagnosed by the histological appearance alone. In
2016, the new WHO classification of tumors incorporated the
molecular typing of OG, which further divides OG into iso-
citrate dehydrogenase (IDH) 1 and IDH2 mutations, 1p/19q
codeletion, and no special type. OG with 1p/19q codeletion
and IDH1 mutation is associated with better prognosis than the
common type, and the efficacy of radiotherapy is favorable.*>
Nowadays, the role of the microenvironment in low grade
glioma tumor was become more and more important.® The
tumour microenvironment is made up of numerous cell types:
(1) tissue-resident cells such as neurons and astrocytes; (ii)
myeloid cells such as resident microglia; (iii) bone marrow-
derived macrophages, bone marrow-derived DCs and neutro-
phils; (iv) other immune cells as lymphoid cells; (v) endothelial
cells, pericytes, and fifibroblasts. All these cells are surrounded
by a distinctive extra-cellular matrix. For example, CD11a
operates to regulate microglia migration and NF1-OPG growth
factor production to generate a supportive LGG microenviron-
ment, providing novel insight into the role microglia cells play
in LGG tumor development.”

OG may affect patients of any age, but it is more likely to
affect those aged 4050 years and young adults are rarely
affected. OG is the third most common primary brain tumor
after glioblastoma and diffuse astrocytoma. Little is still known
about OG, and the death risk of this disease can be hardly
predicted. Many studies have been conducted on the risk
factors for the prognosis of OG patients, which have revolu-
tionized the treatment regimens for OG. However, little is
known about the role of each risk factor in the development
of this disease. Population-based studies have shown that the
incidence of glioma varies across different age groups. Low-
grade glioma is a common brain tumor found in children, while
high-grade glioma is most frequently present in adults. Some
achievements have been made concerning the role of age in
glioma patients. However, only a limited number of big data
studies have been conducted concerning OG in diverse age
groups. This study evaluated the risk factors for OG in different
age groups using the SEER database built by the National
Cancer Institute as part of the National Institutes of Health.

Materials and Methods

Data Sources and Selection Criteria

All data were extracted from the SEER database using the
SEER*Stat software (version 8.3.9). The SEER database is
an authoritative source for cancer statistics in the United

States, covering the incidence of cancers and demographic
statistics, socioeconomic status, and survival of cancer
patients. This database has been used in many high-
quality studies in the cancer field. The data source used in
the present study was the latest data (2000-2018) submitted
to the SEER database in November 2020. We extracted the
cases that were pathologically diagnosed with GO in the
brain and other neural systems from 2000 to 2018. The
patient data included age, race, gender, tumor size, survival
status, cause of death, survival (months), primary lesion
location, and surgery for the primary lesion.

Inclusion criteria: Histologically diagnosed with OG (ICD-
0-3=9450/9451; Oligodendroglioma, NOS, anaplastic).

Exclusion criteria: (1) Not the first-onset of OG or the
only primary disease; (2) The survival time was less than
one month or entirely unknown; (3) the patient data and
follow-up data were incomplete.

Variables and Results

The variables included age, race, gender, tumor size, survival
status, tumor-related death, survival (months), primary lesion
location, and surgery for primary lesions. These patients
were divided into seven age groups, namely, 0-17, 18-30,
31-40, 41-50, 51-60, 61-74, and above 75. Subgroup ana-
lysis was conducted by age, gender, and surgery for the
primary lesion. Survival analysis was carried out, including
all-cause mortality and tumor-specific mortality.

Statistical Method

SPSS 22.0 software was used for statistical analysis. The
baseline characteristics of patients across different age
groups were compared using the C2 test and Fisher’s
test. In univariate analysis, the Kaplan-Meier method was
performed for survival analysis under each risk factor. The
Log rank test was used for intergroup comparison. The
risk factors for prognosis were analyzed using the univari-
ate Cox regression model. For multivariate analysis, the
independent risk factors for the survival of OG patients
were identified using the Cox regression model.
A nomogram was drawn with R software (R version
4.0.5) based on the independent risk factors.

Finally, X-tile software was adopted to divide the
patients into three subgroups (low-, medium- and high-
risk groups) by age. The ages of patients were stratified
using the X-tile software (version 3.6.1; Yale University,
New Haven, CT, USA), which was initially developed to
determine the optimal cutoff values of wvariables for

patients with breast cancer.
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Results
Baseline Characteristics of the P

A total of 5437 eligible OG patients were recruited

(Figure 1). There were 219 patients aged 0-1
patients aged 18-30 years, 1277 patients aged

1393 patients aged 41-50 years, 1030 patients aged 51-60

atients

years, 584 patients aged 61-74 years, and 124 patients aged

75 years and above. The patient data, including race, gen-

7 years, 810  der, primary lesion location, laterality (left or right), sur-

31-40 years,  gery, and tumor size are summarized in Table 1.

(2000-2018)
N=6365

Brain Groups: 0Oligodendroglioma

Excluded—————p

Patient diagnosed by other method
N=168

N=6197

Histologic confirmation

Excluded————p;

Survival months =1 (N=216)
Unknown survival (N=15)

Survival months >1
N=5966

Excluded——p

oligodendroglioma
N=5437

Final study population of

Not first or only primary disease
N=529

Figure | Flowchart of patient selection. Detailed selection of OG patients in 2000-2018 from SEER database.
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Influence of Age on All-Cause Mortality

and Tumor-Specific Mortality

Kaplan-Meier curves showed that both the all-cause mor-
tality and tumor-specific mortality increased with age
(Figure 2). In addition to age, the univariate analysis
showed that gender, primary lesion location, side affected
by the primary lesion (left or right), surgery for the pri-
mary lesion, and tumor size were also correlated with
survival (all-cause mortality and tumor-specific mortality)
(P<0.05). These variables were further included in the Cox
regression analysis, and the results showed that gender,
primary lesion location, laterality (left or right), and tumor
size were all independent risk factors for survival (P<0.05)
(Tables 2 and 3).

Nomogram for Predicting OS and CSS of
OG Patients

Nomogram is widely used to predict prognosis of cancer
patients because it can reduce statistical predictive models
into a single numerical estimate of the probability of an
event, such as death or recurrence, which is tailored to the
profile of an individual patient. The nomogram was comprised
of five variables above in the training set. The detailed steps for
the application of the nomogram were as follows: a vertical
line was drawn to the horizontal axis marked “points™ at the top
of the nomogram according to the classification (eg, sex was
divided into male and female) of each prognostic variable (age,
sex, tumor site, laterality, and tumor size). At the position
where the vertical line passed through the “Points” axis, each
prognostic variable was given a score. The scores of the five
variables were added for the total score, the position of the total
score on the horizontal axis marked as “total points” was

All-cause mortality based on age

Age
groups
—10-17yrs
—118-30yrs
31-40yrs
—141-50yrs
51-60yrs
—161-74yrs
=75yrs

0.8

°
i

Survival probability
o
%

0.2

0.0

T T T T T
0 50.0 100.0 150.0 200.0 250.0

Survival (months)

found, and a vertical line from the total score position marked
on the horizontal axis of “Total Points” was drawn to the 5-, 10-
and 15-year OS axis. Where the vertical line intersected the
5-year OS axis was the 5-year overall survival rate (Figure 3).

X-Tile Analysis Determined the Best
Cut-off Value for the Age

X-tile software was used to investigate the association
between patients’ age and risk of mortality. The plots
were created by dividing age into three populations, ran-
domly: low, middle and high. All possible cut-off points
were assessed. The brightest pixel (indicated by the black/
white circle on the 2 high/low axis) denoted the optimal
cut-off point. As a result, the optimal cutoff value of age in
terms of overall survival (OS) was identified as 48 and 61
years, and survival curves were plotted using the Kaplan-
Meier method for those age subgroups for OS (Figure 4A);
Meanwhile, the optimal cutoff value of age in terms of
cause-specific survival (CSS) was identified as 48 and 59
years, and survival curves were plotted using the Kaplan-
Meier method for those age for CSS
(Figure 4B).

subgroups

Discussion

Although many studies are associated with OG, there are
no novel findings concerning the prognostic factors of OG
due to its low incidence. To our knowledge, no researchers
have used a large-scale database for an independent ana-
lysis of the prognostic difference in OG patients in differ-
ent age groups. Clinical and biological data have
demonstrated that adults and children are significantly

different in the features and outcomes of malignant

Tumor-specific mortality based on age

Survival probability

T T T T
0 500 100.0 150.0 200.0 250.0

Survival (months)

Figure 2 All-cause mortality and tumor-specific mortality based on age upon diagnosis. The difference between the curves was statistically significant according to the Log

rank test (p < 0.001).
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Table 2 Univariate and Multivariate Cox Regression Analysis of Factors Associated with OS in the Training Set (n =5437)

Variance Median SurvivaltSD (Months) Univariate Analysis Multivariate Analysis
P value HR 95% CI P value HR 95% CI
Race 0.046 0.899 | 0.810-0.998
Black 147.0+£14.579
White 164.0+4.990
Asian or Pacific Islander 181.0+16.773
American Indian/Alaska Native | 134.0£32.663
Unknow
Sex 0.001 0.859 | 0.786-0.939
Male 151.0£6.043 Reference
Female 178.0+8.628 <0.001 0.848 0.776-0.927
Age <0.001 1.531 | 1.48-1.584 <0.001
0-17yrs Reference
18-30yrs <0.001 2.340 1.610-3.401
31-40yrs 197.0+£7.931 <0.001 2.601 1.808-3.740
41-50yrs 175.0+9.232 <0.001 3.429 2.391-4917
51-60yrs 126.0+7.041 <0.001 5.101 3.555-7.321
61-74yrs 46.0£4.931 <0.001 10.742 | 7.461-15.467
275yrs 19.0+£3.306 <0.001 23.135 | 15.479-34.579
Tumor site <0.001 1.082 | 1.066—-1.099 | <0.001
Frontal lobe 185.0+£6.470 Reference
Temporal lobe 128.0£11.117 <0.001 1.542 1.370-1.736
Parietal lobe 169.0£11.597 0.003 1.256 1.079-1.462
Occipital lobe 182.0 0.337 1.178 0.843-1.647
Cerebellum 0.573 0.806 0.382-1.703
Brain stem 54.0+13.096 0.007 2.530 1.293-4.950
Ventricle 127.0£63.931 0.005 2.432 1.299—4.551
Overlapping lesion of brain 109.0+7.389 <0.001 1611 1.391-1.866
Others 118.0£22.415 <0.001 1.843 1.528-2.223
Laterality <0.001 1.158 | 1.096-1.224 | <0.001
Left 170.0 Reference
Right 179.0+8.352 0414 1.048 0.936—1.174
Unknow 134.0+8.644 <0.001 1.362 1.199-1.546
Extend of surgery <0.001 1,172 | 1.121-1.226 | 0.346
(Continued)
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Table 2 (Continued).

Variance Median SurvivaltSD (Months) Univariate Analysis Multivariate Analysis

P value | HR 95% CI P value HR 95% CI
Gross total resection 206.0 Reference
Subtotal resection 154.0£5.791 0.100 1.096 0.983-1.222
Unspecified 154.0+11.441 0.769 0.945 0.650-1.375
No surgery 124.0+8.874 0.671 0.805 0.296-2.188
Surgery (Y/N) <0.001 1.402 | 1.257-1.563 | 0.671
Yes 174.0+5.207 Reference
No 124.0£9.131 0.371 1.579 0.580—4.300
Unknow 98.0+38.632 0.562 1.306 0.530-3.219
Tumor size 0.002 1.09 1.032-1.151 | 0.001
<4.9cm Reference
>4.9cm 144.0+6.978 <0.001 1.268 1.110-1.450
Unknow 158.0+6.046 0.267 1.075 0.946-1.220

glioma. Age is considered an important prognostic factor
in glioma patients.® Several studies have shown that the
susceptible site, histopathology, prognosis, and some
molecular markers of glioma also vary across the age
groups.”'® The recent studies tend to dismiss the differ-
ences between the age groups while focusing on either
children or adults alone."' "> A growing number of studies
have demonstrated that glioma is more aggressive in
elderly patients than in younger patients. As surgery and
radiochemotherapy are less indicated for the aging, the
prognosis of elderly patients may be very poor.'®'® It is
noteworthy that the treatment regimens may be developed
cautiously for children with glioma to minimize the
adverse impact of radiotherapy on brain development and
also the risk of tumor-induced neurological dysfunction.
On the contrary, there may not be too many concerns of
possible risks when developing treatment regimens for
elderly patients. An active radiochemotherapy plan is gen-
erally preferred for elderly patients.'®* Many researchers
have been aware of the differences between children and
adults, but the differences across various age groups are
not generally analyzed and the influence of age on the
prognosis of OG patients has not yet been investigated.

Some studies'*!*

compared the mortality between chil-
dren and adult cohorts, and it was found that the mortality

was significantly lower in children than in adults. It was

hypothesized that the mortality of OG patients increased
with age. Our study supported this viewpoint, as the uni-
variate and multivariate analyses showed that both the all-
cause mortality and tumor-specific mortality increased
noticeably with age in the seven age groups.
Individualized treatments are recommended for OG
patients to achieve better outcomes.

On univariate and multivariate analysis, we found that
female gender was associated with a low all-cause mortal-
ity and tumor-specific mortality compared to male.
However, the evidence regarding the effect of reproductive
factors and hormones on glioma has not been well inves-
tigated. Recent studies indicated that patients who have
received standard treatment (surgery, radiation, and TMZ)
within GBM, females was associated with a better out-
comes compared to male. Barone et al** shown that estro-
gen increases the survival rate in the in situ model of
GBM, and studies based on estradiol may be beneficial
in the treatment of GBM. Li et al*® observed hypermethy-
lation of estrogen receptor in GBMs, indicating that estro-
gen might be a protective factor. Tian et al*® suggested that
estrogen might protect against GBM genesis and promote
a more favorable biology once GBM develops. Moreover,
Yu et al*’

promote tumorigenesis of GBM in adult men by inhibiting

found that androgen receptor signaling could

TGF-B (transforming growth factor ) receptor signaling.
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Table 3 Univariate and Multivariate Cox Regression Analysis of Factors Associated with CSS in the Training Set (n =5437)

Variance Median SurvivaltSD (Months) Univariate Analysis Multivariate Analysis

P value HR 95% CI P value HR 95% CI
Race 0.079 0.904 | 0.807-1.012
Black 169.0
White 197.0+12.721
Asian or Pacific Islander
American Indian/Alaska Native
Unknow
Sex 0.001 0.847 | 0.770-0.933
Male 187.0£7.751 Reference
Female 0.001 0.844 0.766-0.929
Age <0.001 1.471 | 1.418-1.525 | <0.001
0-17yrs Reference
18-30yrs <0.001 2.331 1.573-3.453
31-40yrs 217.0 <0.001 2.569 1.753-3.765
41-50yrs 207.0 <0.001 3.189 2.182-4.662
51-60yrs 155.0+12.020 <0.001 4.687 3.203-6.857
61-74yrs 60.0+6.133 <0.001 9.544 6.498-14.018
275yrs 23.0+6.548 <0.001 17.668 | 11.447-27.271
Tumor site <0.001 1.088 | 1.070-1.106 | <0.001
Frontal lobe Reference
Temporal lobe 163.0 <0.001 1.697 1.494-1.926
Parietal lobe 193.0 <0.001 1.356 1.153-1.596
Occipital lobe 0.199 1.267 0.883-1.817
Cerebellum 0.963 0.983 0.465-2.078
Brain stem 157.0£97.542 0.039 2.226 1.042-4.755
Ventricle 127.0+£63.393 0.006 2.527 1.305-4.894
Overlapping lesion of brain 125.0+£10.074 <0.001 1.677 1.431-1.966
Others 154.0+£19.292 <0.001 1.887 1.541-2.312
Laterality <0.001 1.183 | 1.114-1.256 | <0.001
Left Reference
Right 217.0+21.092 0.300 1.067 0.944-1.207
Unknow 166.0+9.703 <0.001 1.415 1.233-1.625
Extend of surgery <0.001 1.192 | 1.136-1.252 | 0.066

(Continued)
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Table 3 (Continued).

Variance Median SurvivaltSD (Months) Univariate Analysis Multivariate Analysis

P value | HR 95% CI P value HR 95% CI
Gross total resection reference
Subtotal resection 184.0+7.852 0.011 1.168 1.036-1.317
Unspecified 0.982 0.995 0.662—1.497
No surgery 155.0£12.066 0.571 0.720 | 0.231-2.243
Surgery (Y/N) <0.001 1.423 | 1.266-1.600 | 0.537
Yes 213.0 Reference
No 155.0£11.689 0.269 1.900 0.609-5.926
Unknow 98.0 0.563 1.338 0.499-3.590
Tumor size 0.001 1.101 | 1.038-1.168 | 0.00I
<4.9cm Reference
>4.9cm 162.0 <0.001 1.303 1.127-1.505
Unknow 193.0 0.337 1.070 0.932-1.229

of sex hormones with an
further

However, the association
increased OS in female patients warrants
investigation.

Since the publication of the new WHO classification of
glioma in 2006, growing importance has been attached to
the molecular features of glioma. For example, the OG
cannot be confirmed unless determination of IDH muta-
tional status and 1p/19q codeletion status. Besides, the
IDH mutational status and 1p/19q codeletion status are
known to be closely related to the prognosis of patients.
Many reports have demonstrated the close connections
between biomarkers and age.”® For example, in breast
cancer, age is closely related to tumor grading and EGFR
and HER-2 expressions.”” However, no molecular detec-
tion data in OG patients are available from the SEER
database. Therefore, we could not further investigate the
influence of age on the OG-related biomarkers, which is
one of the defects of the present study.

Maximal safe resection of the tumor is the first and
foremost step in the combination therapy for glioma.
However, for OG and its molecular subtypes, the influence
of tumor resection (GTR vs STR) on the prognosis seems
very mild."'> This phenomenon may be explained by the
sensitivity of OG to radiochemotherapy and the growth
inertia of OG. Since total resection of OG may not bring
significant survival benefits, a radical surgery that may

cause nerve function impairment is usually unnecessary.
We arrived at a similar conclusion as above. In our study,
various degrees of surgical resection and whether the
patients received surgical resection at all had little impact
on all-cause mortality and tumor-specific mortality. In
addition, many scholars believe that radiochemotherapy
should be delayed for OG patients, which is entirely dif-
ferent from the importance attached to radiochemotherapy
in glioblastoma. This belief is based on the findings from
several studies: postponing the start of radiochemotherapy
does not influence the survival of OG patients. More
importantly, radiochemotherapy may cause significant
toxic and side effects, such as radiation necrosis.>*>>
However, studies using population databases are not with-
out inherent limitations, including the heterogeneity of clinical
practice in participating centers. Furthermore, there is a lack of
Karnofsky
Performance Scale status, and other clinical variables in the

information on chemotherapeutic regimens,

SEER database. Additionally, the neurooncology community
is largely defining oligodendroglioma based on the presence of
genetic events such as isocitrate dehydrogenase mutations and
1p19q loss. These information are not available in the current
SEER database. Another limitation of the SEER data set is that
the extent of resection is subjectively and there is no volu-
metric quantitation. Finally, survival studies, such as the one
conducted here, fail to take into consideration nonsurvival
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Figure 3 Nomogram for predicting OS and CSS of OG patients. (A) Nomogram for predicting 5-, 10- and |5-year OS of OG patients; (B) Nomogram for predicting 5-, 10-
and |5-year CSS of OG patients.
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Figure 4 (A) Optimal cut-off point determined using X-tile software for OS; (B) Optimal cut-off point determined using X-tile software for CSS.

clinical benefits associated with extended resection of oligo- Conclusion
dendroglioma, such as reduction of seizure frequency, neuro-  The correlation between age and survival of OG patients
cognitive function, and quality of life. was confirmed based on the SEER database. The older the
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age, the worse the survival would be. That’s to say, the
mortality increased with age. In the clinic, healthcare profes-
sionals should be fully aware of the variability in the prog-
nosis of OG patients in different age groups. An
individualized treatment is recommended for OG patients.
It is not possible to distinguish oligodendrogliomas based on
children, adults, and the elderly, but to develop diagnosis
and treatment plans based on more detailed age groups.
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