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Abstract

Background: Prognostic models of glioma have been the focus of many studies. However, most of them are based
on Western populations. Additionally, because of the complexity of healthcare data in China, it is important to select a
suitable model based on existing clinical data. This study aimed to develop and independently validate a nomogram
for predicting the overall survival (OS) with newly diagnosed grade II/1ll astrocytoma after surgery.

Methods: Data of 472 patients with astrocytoma (grades II-Ill) were collected from Qilu Hospital as training cohort

while data of 250 participants from Linyi People’s Hospital were collected as validation cohort. Cox proportional haz-
ards model was used to construct the nomogram and individually predicted 1-, 3-, and 5-year survival probabilities.

Calibration ability, and discrimination ability were analyzed in both training and validation cohort.

Results: Overall survival was negatively associated with histopathology, age, subtotal resection, multiple tumors,
lower KPS and midline tumors. Internal validation and external validation showed good discrimination (The C-index
for 1-, 3-, and 5-year survival were 0.791, 0.748, 0.733 in internal validation and 0.754, 0.735, 0.730 in external validation,
respectively). The calibration curves showed good agreement between the predicted and actual 1-, 3-,and 5-year OS

rates.

Conclusion: This is the first nomogram study that integrates commmon clinicopathological factors to provide an
individual probabilistic prognosis prediction for Chinese Han patients with astrocytoma (grades II-Ill). This model can
serve as an easy-to-use tool to advise patients and establish optimized surveillance approaches after surgery.
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Introduction

Glioma is the most common type of brain tumor, com-
prising approximately three-fourths of malignant primary
brain tumors in adults [1]. Diffuse infiltrating astrocyto-
mas are the main type of glioma, including diffuse astro-
cytoma (WHO grade II) and anaplastic astrocytoma
(WHO grade III) [2]. Due to their high invasiveness,
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complete resection is almost impossible. The progno-
sis is still poor despite effective systemic chemotherapy
and radiotherapy [3], with 50% of diffuse astrocytoma
and 30% of anaplastic astrocytoma patients surviving 5
years after diagnosis [4]. Malignant progression to higher
WHO grade gliomas, including glioblastoma (GBM), is
almost inevitable. Thus, adult diffuse infiltrating astrocy-
tomas are ultimately lethal malignant tumors regardless
of WHO classification [5].

Although the 2016 World Health Organization
(WHO) classification has incorporated molecular mark-
ers, mainly for isocitrate dehydrogenase (IDH), into the
new definition of diffuse astrocytoma (grade II/III) [6],
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while oligodendroglioma is defined both by IDH and
1p/19q co-deletion [6, 7], and genetic testing technology
is becoming more and more available, the reality is that
molecular examination is not a routinely performed pro-
cedure in most hospitals in China due to the cost [8—10].
As a result, molecular information could not be available
for many patients with astrocytomas (grade II/III). Thus,
there is a need for tools that aid in predicting the over-
all survival of astrocytomas (grade II/III) through eas-
ily acquired clinical variables to better fit with modern
practice.

Multiple prognostic models have been developed
based on a combination of clinical variables among dif-
ferent types of glioma, such as GBM and low-grade gli-
omas (LGGs). Jacob et al. [11] built a prognostic model
for patients > 70 years of age with newly diagnosed GBM
based on both pretreatment factors [age and Karnofsky
performance status (KPS)] and extent of surgery. Appli-
cation of this prognostic model to the French cohort
resulted in significantly different (?<0.001) median sur-
vivals for different risk subgroups. Thierry Gorlia et al.
[12] constructed prognostic models in a more homoge-
neous LGGs European population diagnosed by central
pathology review based on pretreatment factors (baseline
neurological deficits, time since first symptoms, astro-
cytic tumor type and diameter of tumor). The perfor-
mance of the model was 0.67 measured by the Harrell’s
concordance statistic (C-index). Chul-Kee Park et al. [13]
evaluated the hierarchical risk groups for the estimated
survival of WHO grade III glioma with the patients
from a Korean hospital. The model was based on five
prognostic factors, including histological subset, age,
performance status, extent of resection, and treatment
modality. Survival analysis showed significant differences
in mean survival between different risk groups (P<0.001).
Additionally, a preoperative scale (tumor involvement of
prespecified eloquent/critical brain regions, KPS, and
tumor volume) has been used for identifying recurrent
GBM patients likely to have poor, intermediate, and good
relative outcomes (P<0.001) [14].

To our knowledge, the prognostic model for astrocy-
toma (grade II/III) is not well established and therefore,
need more attention. Attempts have been made to iden-
tify efficient prognostic factors in astrocytoma (grade II/
III). Various investigations have shown that tumor grad-
ing, other clinical variables (age, performance status, etc.)
and therapeutic methods have significant effect on prog-
nosis, as does the extent of resection [2, 15, 16]. Other
clinical factors, such as seizure [17, 18], longest dura-
tion of first presenting symptom [19], smoking [20] and
drinking [21], have also been discussed in many papers.

A nomogram is a graphical depiction of a prediction
model that can be used as a statistically based tool for
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assessing the overall probability of a specific outcome for
any individual patient [22]. This study hypothesizes that
astrocytoma prognosis can be effectively predicted by
clinical variables, which can be applied in most hospitals
in China.

Materials and methods
Study population
This was a retrospective cohort analysis. The flow chart is
shown in Fig. 1. Data of 472 patients were collected from
Qilu Hospital as training set while data of 250 patients
were collected from Linyi People’s Hospital as validation
set. Inclusion criteria of the study were as follows: (1) a
histopathological diagnosis of newly-diagnosed astrocy-
toma [23, 24], including WHO grade II astrocytoma and
grade III anaplastic astrocytoma according to the 2016
WHO classification [6]; (2) underwent surgery between
January 2010 and May 2018 for training set, between
December 2010 to September 2017 for validation set,
respectively; and (3) age > 18 years (Supplemental Fig. 1).

We restricted our investigation to factors that have
been associated with astrocytoma (grade II/III) prognosis
in previous studies. In addition, these factors were lim-
ited to those that are routinely available or can be easily
ascertained from existing data systems. For each patient,
the following variables were collected by the HIS system
in the training set and validation set: baseline demo-
graphics of the patients (age at diagnosis, sex, preopera-
tive KPS, seizure history, smoking status, and drinking
status), characteristics of the tumor (histopathological
diagnosis, midline tumor, single tumor, the blood supply
of tumor, tumor margin and tumor texture), and extent
of resection. The extent of resection was assessed by
the operating neurosurgeon’s judgement based on post-
operative MRI. The blood supply of the tumor, tumor
margin and tumor texture were assessed by the preop-
erative MRI. Midline tumors included the corpus callo-
sum, septum pellucidum, ventricular system, conarium,
brain stem, thalamus, cerebellar vermis and other cere-
bral midline structures [25]. Single tumors were in con-
trast with multiple lesion tumors, which were grouped
into two categories: multifocal and multicentric [26].
Single tumors and midline tumors were gathered retro-
spectively from patient medical records and preoperative
imaging. Both of the hospitals are Grade A class 3 hospi-
tals and neurosurgeons and radiologists are well trained
and experienced. When selecting input variables for the
model, all adjuvant therapies, such as chemotherapy and
radiotherapy, were excluded to ensure that any prognos-
tic model generated could be used for all patients at the
time of histopathologic diagnosis [11].

The details of the missingness are shown in Supple-
mental Fig. 2. Missing data were imputed via multiple
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Fig. 1 Flow chart of this study. The clinical nomogram is constructed in training set (N=472) and validated in test set (N=250)

imputation using the random forest algorithm with 1000
imputations. All the above 13 variables were included in
the model for the imputation.

Follow-up

The primary end point of this study was OS, defined as
the interval between the initial diagnosis (date of surgery)
and the date of death. Patients still alive were censored.
We linked to the database of death registration and medi-
cal insurance of Shandong Province by civil ID number,
and we also made phone calls to patients and their fami-
lies for follow-up.

Statistical analysis

Descriptive analyses

Means + standard deviations (SD) or medians (interquar-
tile ranges, IQRs) were reported for quantitative vari-
ables. Frequencies and proportions (N, %) were reported
for categorical variables. Quantitative variables were
compared using the ¢-test. Categorical variables were
compared between groups using the chi-square test. The
survival curves for both cohorts were evaluated using the
Kaplan—Meier method, and the difference in the survival

curves was tested using the log-rank test. The survival
curves between the two histopathological grades were
evaluated and compared as well.

Model construction

Univariable Cox regression was first performed to test
the correlation between overall survival and each clinical
variable in the training set. A multivariable Cox regres-
sion model was then constructed by including all the var-
iables with a P value lower than 0.10 in univariable Cox
regression along with other variables that we thought
might be related to prognosis but did not demonstrate
significance in univariable analysis. The stepwise back-
ward variable selection process was performed in this
multivariable Cox regression model based on the maxi-
mum Akaike information criterion (AIC) [27]. The num-
ber of variables we used was smaller than one tenth of the
number of OS events, which is generally thought to have
sufficient power in multivariate analyses [28].

Assessment of model performance in the training set
The final Cox regression model was used to individu-
ally predicted 1-, 3-, and 5-year survival probabilities.
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Internal validation was performed using 1000 bootstrap
resamples. The C-index [29] and calibration curve [30]
were used to assess the performance of the established
model.

External validation

We tested the performance of the 1-, 3-, and 5-year pre-
diction model in the validation set. The C index and cali-
bration curve were used for the external validation.

The prognostic nomogram

A visual prognostic nomogram was derived based on
the established Cox regression model for better clinical
application. To further validate the prognostic ability,
the survival probabilities of all the patients at 12-month
after surgery were classified into three subgroups using
the tertile values as thresholds. The survival curves of
three subgroups were evaluated using the Kaplan—Meier
method and compared statistically using the log-rank
test.

Sensitivity analysis
To test the robustness of the model, the performance of
the nomogram on the raw data without imputation was
evaluated and compared with that on the imputed data.
The study was performed in accordance to the trans-
parent reporting of a multivariable prediction model for
the individual prognosis or diagnosis (TRIPOD) state-
ment (Supplemental file). All statistical analyses were
performed using R v3.5.1 (http://www.rproject.org/).
Imputation was performed using the “mice” package,
stepwise AIC was implemented using the R function
“step’, and the nomogram was built using the “rms” pack-
age. A 2-sided P value of 0.05 was considered statistically
significant.

Results
Population characteristics
Table 1 shows the characteristics in the training set and
validation set. The median age at diagnosis was 45 years,
with the training set slightly younger than the valida-
tion set (training set 45 year vs validation set 46 year).
The majority of patients were men (training set: 57.84%;
validation set: 56.80%). There were significant differ-
ences between the two cohorts in terms of KPS score,
histopathology diagnosis, tumor resection, blood supply
of tumor, tumor margin and tumor texture (P<0.05). In
addition, there were no significant differences in other
clinical characteristics between cohorts, including sei-
zure history, smoking status, and drinking status, etc.

For the entire cohort, the median follow-up period was
36.2 months (interquartile range, 17.7-61.3 months).
The median survival was 91.0 months (95% confidence
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interval [CI], 66.7 to — months, where means the
observed time was not reached) for the training set and
66.1 months (95% CI, 41.2 to — months) for the validation
set. A significant difference in the median survival time
was found between the two cohorts (P=0.026) (Fig. 2).
The Kaplan—Meier estimates of OS of two tumor grades
are shown in Fig. 3.

Model construction

The final Cox regression model included six clini-
cal variables, including age (P<0.001, HR=1.027, 95%
CI1.015-1.040), histopathological diagnosis (anaplas-
tic astrocytoma (P<0.001, HR=2.603, 95% CI1.915—
3.538)), subtotal resection (P=0.020, HR=1.455, 95%
CI1.060-1.997), multiple tumors (P=0.007, HR=1.892,
95% CI1.194-2.998), midline tumors (P=0.051,
HR=1.467, 95% CI[0.999-2.156), and KPS score
(P=0.019, HR = 0.680, 95% CI10.493-0.939) (Table 2).

Validation of prognostic model

Supplemental Table 1 shows the discrimination perfor-
mance of the prognostic model in the training set and
validation set. The model yielded good prediction accu-
racy in the training set (C-index: 0.791, 0.748, and 0.733
at 1, 3, and 5 years) and in the validation set (C-index:
0.754, 0.735, and 0.730 at 1, 3, and 5 years). The calibra-
tion curves showed good agreement between the pre-
dicted and actual 1-, 3-, and 5-year OS rates in both the
training set and validation set (Fig. 4).

Nomogram

On the basis of the final multivariable Cox regression
model, we constructed a clinical nomogram that visu-
ally depicted the multivariate impact of each variable in
the Cox regression model (Fig. 5). An online webserver
was built based on the proposed nomogram for conveni-
ent clinical use (https://lijiewang.shinyapps.io/DynNo
mapp/). The survival curves of three subgroups defined
according to tertiles of nomogram-predicted survival
probabilities were presented in Supplemental Fig. 3 and
a significant difference was found in the training set
(P<0.0001) and testing set (P<0.0001).

Sensitivity analysis

The raw data of the clinicopathologic characteristics are
shown in Supplemental Table 2. Six variables (age, his-
topathological diagnosis, resection, single tumor, mid-
line tumor, and KPS score) were included in the Cox
model to predict OS. The results of the univariate and
multivariate Cox proportional hazards model analyses
for OS are presented in Supplemental Table 3. Sup-
plemental Fig. 4 shows the nomogram for predicting
the overall survival probabilities of patients at 1, 3 and
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Table 1 Descriptive characteristics of the study population

Characteristic Training set Validation set P (training set vs
(n=472) (n=250) validation set)
Age at diagnosis, mean (SD?), years 4541 (1247) 46.07 (13.07) 0.504
Median (interquartile range) 45.00 (37.00, 54.25) 46.00 (38.00, 56.00) 0.397
Gender, No. (%) 0.850
Women 199 (42.16) 108 (43.20)
Men 273 (57.84) 142 (56.80)
KpsP score, No. (%) 0.002
<60 124 (26.27) 94 (37.60)
>60 348 (73.73) 156 (62.40)
Seizure history, No. (%) 0.400
No 299 (63.35) 167 (66.80)
Yes 173 (36.65) 83(33.20)
Smoking status, No. (%) 0.110
No 384 (81.36) 190 (76.00)
Yes 88 (18.64) 60 (24.00)
Drinking status, No. (%) 0.170
No 386 (81.78) 193 (77.20)
Yes 86 (18.22) 57(22.80)
Histopathology diagnosis, No. (%) <0.001
Diffuse astrocytoma, NOS 312 (66.10) 115 (46.00)
Anaplastic astrocytoma, NOS 160 (33.90) 135 (54.00)
Midline tumor, No. (%) 0.995
No 398 (84.32) 210 (84.00)
Yes 74 (15.68) 40 (16.00)
Resection, No. (%) <0.001
Total (gross) 263 (55.72) 171 (69.23)
Subtotal 209 (44.28) 76 (30.77)
Single tumor, No. (%) 0.078
Single 437 (92.58) 220 (88.35)
Multiple 35(7.42) 29 (11.65)
Blood supply of tumor, No. (%) <0.001
Rich 237 (50.21) 156 (69.64)
Poor 235 (49.79) 68 (30.36)
Tumor margin, No. (%) 0.006
Well-defined 61(12.92) 13 (5.73)
Obscure 411 (87.08) 214 (94.27)
Tumor texture, No. (%)
Hard 233 (49.36) 68 (32.23) <0.001
Soft 154 (32.63) 73 (34.60)
Mixed 85(18.01) 70(33.18)
@ SD standard deviation

b KPS Karnofsky performance status
€ NOS insufficient information to assign a more specific code, tumors have not been fully tested for the relevant genetic parameters

5 years without imputation. Supplemental Fig. 5 shows lower than the C-index from imputed data, as shown
the calibration curves for the nomogram. The inter- in Supplemental Table 4. This shows that the model is
nal C-index was almost the same as the C-index from relatively robust.

imputed data, but the external C-index was slightly



Wang et al. Health Information Science and Systems (2023) 11:23

Page 6 of 11

1.00
=+ Training Data
=+ Testing Data

0.75
2
=
<
=)
7]
c 0501
o J
h = 1 1
S | |
<] 1 1
6—. 1 1
0.254 1 1
p = 0.026 ! !
1 1
0.004 : |
0 365 730 1095 1460 1825 2190 2555 2920
Time in Days
Number at risk
Training Data | 472 415 303 234 176 127 82 42 18
Testing Data | 250 208 164 121 86 56 26 12 6

1983 (1237, NA); log-rank test P=0.026

Fig. 2 Kaplan—-Meier survival results with 95% Cl curves for median survival in days and 95% Cl for training data: 2730 (2001, NA) and testing data:

Strata =+ Diffuse astrocytoma

Anaplastic astrocytoma

Tab: Training Data

| I Tab: Testing Data

1.001

0.751

0.501

Survival probability

0.251
p <0.0001

0.00

p <0.0001

0 1000 2000

3000 0 1000 2000 3000
Time
Fig. 3 Kaplan—Meier survival plots stratified by histological grade on overall survival

Discussion

To date, most of the research in this field, including
research on anaplastic oligodendroglioma [31] and high
grade glioma [32, 33], has been done in Western popu-
lations. Only a few studies have investigated the charac-
teristics of glioma in Chinese patients (Asian) [34]. On

the one hand, many retrospective studies in the litera-
ture were usually conducted on a very small number of
patients, which can limit the analyzed accuracy of prog-
nostic factors; on the other hand, the findings of existing
analyses based on larger data sets have not been con-
firmed in subsequent studies. In addition, no externally
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Table 2 Cox proportional hazards model showing the association of variables with overall survival
Variable Univariate analysis Multivariate analysis
Estimate 95% Cl P Estimate 95% Cl P

Age at diagnosis (continuous) 1.039 1.026-1.052 <0.001 1.027 1.015-1.040 <0.001
Histopathology diagnosis

Diffuse astrocytoma, NOS? Reference Reference

Anaplastic astrocytoma, NOS 2.982 2.223-4.000 <0.001 2.603 1.915-3.538 <0.001
Resection

Total (gross) Reference Reference

Subtotal 1.684 1.255-2.259 0.001 1455 1.060-1.997 0.020
Single tumor

Single Reference Reference

Multiple 2.769 1.768-4.337 <0.001 1.892 1.194-2.998 0.007
Midline tumor

No Reference Reference

Yes 1.811 1.266-2.591 0.001 1467 0.999-2.156 0.051
KPSP score

<60 Reference Reference

>60 0.505 0.372-0.685 <0.001 0.680 0.493-0.939 0.019
Gender

Women Reference

Men 1.381 1.020-1.871 0.037
Seizure history

No Reference

Yes 0.602 0436-0.833 0.002
Blood supply of tumor

Rich Reference

Poor 0.632 0.470-0.850 0.002
Smoking status

No Reference

Yes 1.166 0.802-1.694 0421
Drinking status

No Reference

Yes 1.225 0.839-1.789 0.293
Tumor margin

Well-defined Reference

Obscure 0.887 0.589-1.336 0.567
Tumor texture

Hard Reference

Soft 1.201 0.868-1.664 0.269

Mixed 1.046 0.696-1.571 0.830

2 NOS insufficient information to assign a more specific code, tumors have not been fully tested for the relevant genetic parameters

b KPS Karnofsky performance status

validated nomogram has been reported to date because
of the rarity of the disease and the difficulty in collecting
a sufficient number of patients.

To our knowledge, no such prediction model exists
for astrocytoma (grade II/III). Our goal was to obtain a
prognostic model suitable for adult Chinese patients

with diffuse astrocytoma (grade II/III). We developed
a Cox model-based nomogram using data from a large
cohort of patients with astrocytic glioma in Qilu Hospi-
tal for assessing individual survival probabilities (1-, 3-,
and 5-year survival). We validated this model in a large,
external, independent dataset. Our model has moderate
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discrimination, which was indicated by the C-index value
of over 0.7 in both the training and testing datasets.

After fitting the univariate and multivariate Cox mod-
els in the training dataset, WHO grading, greater age at
diagnosis, lower KPS scores, subtotal resection, multiple
tumors, and midline tumors were the six most power-
ful prognostic variables and had a significant impact on
survival in our study. Certainly, age is a critical prognos-
tic factor that has been successfully applied to the prog-
nosis prediction of glioma, including but not limited
to WHO grade II [35], anaplastic gliomas [13, 36], and
glioblastoma [22]. The KPS score was also proved to be
an important factor in glioma prognostics based on a
recent study by Gittleman et al. [37]. The survival rate of
patients decreases as the KPS score decreases [38]. When
compared with total resection, subtotal resection exerts a
negative effect on patient survival and can thus serve as
a strong indicator [39, 40]. Multiple and midline tumors
have been demonstrated to be harmful to survival due to
the increased difficulty in surgery and recovery [35, 39].
In a recent study [37], it was shown that sex was not a
significant factor for glioma prognosis (WHO II and
III) with a P-value of 0.445, which is consistent with our
finding.

IDH mutation appears early in glioma formation and
has an important impact on patient survival [41]. The
IDH mutation status was primarily tested through immu-
nohistochemistry in routine glioma management. Only
a limited number of patients, to be more specific, 132
patients in the training set and 67 patients in the testing
set, had the IDH status tested by immunohistochemistry
method. For immunohistochemistry negative case, DNA
sequencing needs to be done for determining the muta-
tion status of IDH. In common clinical practice in China,
it is, obviously, not ethical or economical to have the
molecular examination on every patient. On the other
hand, the IDH mutation information was absent because
of the retrospective nature of the current study where
most patients were collected before 2016, earlier than the
time when the 2016 WHO classification was released.

There are several limitations in this study. Similar to
other studies, the series generated in this study is ret-
rospective and can therefore potentially be subjected to
bias and variation. Our follow-up was not long enough
to obtain the end point for all patients. Consequently,
for grade II astrocytoma, we did not reach the exact
median survival time. Further efforts on patient follow-
up are encouraged to improve our model. Chemotherapy
and radiotherapy can be important factors related to the
overall survival. In the original data from the two hos-
pitals in this study, some patients only finish part of the
chemotherapy or radiotherapy treatment process after
surgery (including total resection) due to the high costs.
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This makes it quite difficult to draw a solid conclusion in
this case of not enough data. Besides, the major aim of
our study is to provide the prognosis after surgery. This
is quite important since it could help patients decide
whether to accept the surgery or not by providing the
predictions of the overall survival. Notably, other infor-
mation, such as the tumor size, preoperative presence of
neurological signs and symptoms of brain tissue destruc-
tion, postoperative disappearance of original symptoms
and signs or occurrence of new symptoms and signs are
also important factors related to the disease. We will keep
expanding our dataset so as to include more additional
relevant information in future studies. What’s more, the
lack of 1p/19q co-deletion information may yield latent
bias. A very small subset of astrocytomas (grade II/III)
diagnostically by histology may have 1p/19q codeletion
and molecularly classified as oligodendroglioma [42].
We will try to collect more data of patients who have
these factors prospectively and make a further analysis in
future. The inclusion of such factors in our model might
may help to improve the predictive precision.

Despite these limitations, to the best of our knowledge,
this study is the first to develop a nomogram for predict-
ing the overall survival of astrocytoma patients based on
a large-scale sample of the patient population. Because of
the complexity of healthcare data, it is important to select
a suitable modeling method based on existing clinical
data. This nomogram offered a reliable and accurate pre-
diction. We expect our proposed model for astrocytoma
can serve as the basis for expanding more additional
demographic, clinical, and molecular prognostic mark-
ers, yielding more precise, individualized survival esti-
mates and adopted in the patient care setting as well as
the clinical trial setting.

In summary, we have developed a nomogram that
accurately predicts the 1-, 3-, and 5-year survival prob-
abilities of Chinese Han patients with newly diagnosed
astrocytoma (grade II/III). This model can serve as an
easy-to-use tool to predict survival and to help with
developing individualized management and therapies for
astrocytoma patients.

Abbreviations

OS: Overall survival; GBM: Glioblastoma; WHO: World Health Organization;
IDH: Isocitrate dehydrogenase; KPS: Karnofsky performance status; LGGs: Low-
grade gliomas; SD: Standard deviations; IQRs: Interquartile ranges; AIC: Akaike
information criterion; C-index: Concordance index; Cl: Confidence interval;
MMSE: Mini-Mental State Examination.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1007/513755-023-00223-0.


https://doi.org/10.1007/s13755-023-00223-0
https://doi.org/10.1007/s13755-023-00223-0

Wang et al. Health Information Science and Systems (2023) 11:23

Below is the link to the electronic supplementary material.Supplementary
filel (DOCX 3890 KB)

Author contributions

LW, JW, GL, FY and FX contributed to the study conception and design. LW,
JW, JZ, HX, LD, FC, XH, ZL, and LY performed the material preparation and data
collection. LW, JW, JZ, HX, and LD performed the data analysis and wrote the
manuscript. JZ, HX, XZ contributed to the interpretation. QT, YX, YZ, XJ, GL,

FY, and FX revised the article critically for important intellectual content. All
authors discussed the results and commented on the manuscript. All authors
read and approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (Grant No. 81773547 to Fuzhong Xue), the Major Special Science
and Technology Project of Shandong Province (Grant No. 21320004011801
to Fuzhong Xue), China Postdoctoral Science Foundation (Grant No.
2019M662373 to Fan Yang), Shandong Key Laboratory of Cardiovascular
Disease Proteomics Open Research Program (Grant No. 2020XXGJB002 to
Fan Yang), Shandong Key Laboratory of Brain Function Remodeling Open
Research Program (Grant No. 2020NGNOO3 to Fan Yang), and Shandong
Province major science and technology innovation project (Grant No.
2018CXGC1210 to Fuzhong Xue).

Declarations

Competing interests

The authors made no disclosures. Author Yeping Xu was employed by the
company Synthesis Electronic Technology Co,, Ltd. Jinan, China. The remain-
ing authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Ethical approval and consent to participate

The protocol of this study was approved by the Public Health Ethics Com-
mittee of Shandong University (Approval No. LL20200701). The requirement
for informed consent was waived because of the retrospective nature of the
study. The analysis used anonymous clinical data.

Author details

'Department of Epidemiology and Health Statistics, School of Public Health,
Cheeloo College of Medicine, Shandong University, 44 Wenhua West Road,
Jinan, Shandong Province, China. 2Institute for Medical Dataology, Shandong
University, Jinan, China. 3Cancer Center & the Research Center of Function
Image on Brain Tumor, Linyi People’s Hospital, Shandong University, Linyi,
China. “Department of Neurosurgery, Qilu Hospital of Shandong University,
Jinan, China. °Institute of Brain and Brain-Inspired Science, Shandong Provin-
cial Key Laboratory of Brain Function Remodeling, Shandong University, Jinan,
China. ®Neurology Department & the Research Center of Function Image

on Brain Tumor, Linyi People’s Hospital, Shandong University, Linyi, China.
"Neurosurgery Department & the Research Center of Function Image on Brain
Tumor, Linyi People’s Hospital, Shandong University, Linyi, China. SDepartment
of Radiology, Linyi People’s Hospital, Shandong University, Linyi, China. °The
Department for Chronic and Non-Communicable Disease Control and Pre-
vention, Shandong Center for Disease Control and Prevention, Jinan, China.
1%The Department for Chronic and Non-Communicable Disease and Endemic
Disease Control and Prevention, Linyi Center for Disease Control and Preven-
tion, Linyi, China. HEpidemiology and Biostatistics, Department of Public
Health, University of Southern Denmark, Odense, Denmark. ?Unit of Human
Genetics, Department of Clinical Research, University of Southern Denmark,
Odense, Denmark. '*Synthesis Electronic Technology Co,, Ltd,, Jinan, China.
Institute for Sustainable Industries & Liveable Cities, College of Engineering
and Science, Victoria University, Melbourne, VIC, Australia.

Received: 19 July 2022 Accepted: 3 April 2023
Published: 4 May 2023

Page 10 of 11

References

1.

Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barnholtz-Sloan JS.
CBTRUS statistical report: primary brain and other central nervous system
tumors diagnosed in the United States in 2011-2015. Neuro Oncol.
2018;20:1-86. https://doi.org/10.1093/neuonc/noy131.

Ichimura K, Narita Y, Hawkins CE. Diffusely infiltrating astrocytomas:
pathology, molecular mechanisms and markers. Acta Neuropathol.
2015;129:789-808. https://doi.org/10.1007/500401-015-1439-7.

Picca A, Berzero G, Sanson M. Current therapeutic approaches to diffuse
grade Il and Il gliomas. Ther Adv Neurol Disord. 2018. https://doi.org/10.
1177/1756285617752039.

Lapointe S, Perry A, Butowski NA. Primary brain tumours in adults. Lancet.
2018;392:432-46. https://doi.org/10.1016/50140-6736(18)30990-5.
Cancer Genome Atlas Research Network, Brat DJ, Verhaak RGW, Aldape
KD, Yung WKA, Salama SR, Cooper LAD, Rheinbay E, Miller CR, Vitucci M,
et al. Comprehensive, integrative genomic analysis of diffuse lower-grade
gliomas. N Engl J Med. 2015;372:2481-98. https://doi.org/10.1056/NEJMo
a1402121.

Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D,
Cavenee WK, Ohgaki H, Wiestler OD, Kleihues P, Ellison DW. The 2016
World Health Organization Classification of tumors of the central nervous
system: a summary. Acta Neuropathol. 2016;131:803-20. https://doi.org/
10.1007/500401-016-1545-1.

Rogers TW, Tsui A, Gonzales M. Re-classification of gliomas by the

2016 revision of the who classification of CNS tumours. Pathology.
2018;50:5123. https://doi.org/10.1016/j.pathol.2017.11.002.

Overmaat T, Heitner JA, Mischel FR, Heitner M. Consumer-facing genetic
testing in China: a status report. Lancet. 2018;392:550. https://doi.org/10.
1016/50140-6736(18)32679-5.

DNA Sequencing Costs: Data. Genome.gov https://www.genome.gov/
about-genomics/fact-sheets/DNA-Sequencing-Costs-Data Accessed
December 18,2019

. Zhao X, Wang P, Tao X, Zhong N. Genetic services and testing in

China. J Commun Genet. 2013;4:379-90. https://doi.org/10.1007/
$12687-013-0144-2.

. Scott JG, Bauchet L, Fraum TJ, Nayak L, Cooper AR, Chao ST, Suh JH,

Vogelbaum MA, Peereboom DM, Zouaoui S, et al. Recursive partitioning
analysis of prognostic factors for glioblastoma patients aged 70 years or
older. Cancer. 2012;118:5595-600. https://doi.org/10.1002/cncr.27570.
Gorlia T, Wu W, Wang M, Baumert BG, Mehta M, Buckner JC, Shaw E,
Brown P, Stupp R, Galanis E, et al. New validated prognostic models and
prognostic calculators in patients with low-grade gliomas diagnosed

by central pathology review: a pooled analysis of EORTC/RTOG/NCCTG
phase Il clinical trials. Neuro Oncol. 2013;15:1568-79. https://doi.org/10.
1093/neuonc/not117.

Park C-K, Lee S-H, Han JH, Kim C-Y, Kim D-W, Paek SH, Kim DG, Heo DS,
Kim IH, Jung H-W. Recursive partitioning analysis of prognostic factors
in WHO grade Ill glioma patients treated with radiotherapy or radio-
therapy plus chemotherapy. BMC Cancer. 2009. https://doi.org/10.1186/
1471-2407-9-450.

Park JK, Hodges T, Arko L, Shen M, Dello lacono D, McNabb A, Olsen
Bailey N, KreisI TN, lwamoto FM, Sul J, et al. Scale to predict survival after
surgery for recurrent glioblastoma multiforme. JCO. 2010,28:3838-43.
https://doi.org/10.1200/JC0O.2010.30.0582.

van den Bent MJ, Smits M, Kros JM, Chang SM. Diffuse infiltrating oligo-
dendroglioma and astrocytoma. JCO. 2017;35:2394-401. https://doi.org/
10.1200/JC0O.2017.72.6737.

Buckner J, Giannini C, Eckel-Passow J, Lachance D, Parney |, Laack N,
Jenkins R. Management of diffuse low-grade gliomas in adults—use of
molecular diagnostics. Nat Rev Neurol. 2017;13:340-51. https://doi.org/
10.1038/nrneurol.2017.54.

Ruda R, Bello L, Duffau H, Soffietti R. Seizures in low-grade gliomas: natu-
ral history, pathogenesis, and outcome after treatments. Neuro Oncol.
2012;14:iv55-64. https://doi.org/10.1093/neuonc/nos199.

Pallud J, Audureau E, Blonski M, Sanai N, Bauchet L, Fontaine D, Mandon-
net E, Dezamis E, Psimaras D, Guyotat J, et al. Epileptic seizures in diffuse
low-grade gliomas in adults. Brain. 2014;137:449-62. https://doi.org/10.
1093/brain/awt345.


https://doi.org/10.1093/neuonc/noy131
https://doi.org/10.1007/s00401-015-1439-7
https://doi.org/10.1177/1756285617752039
https://doi.org/10.1177/1756285617752039
https://doi.org/10.1016/S0140-6736(18)30990-5
https://doi.org/10.1056/NEJMoa1402121
https://doi.org/10.1056/NEJMoa1402121
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1016/j.pathol.2017.11.002
https://doi.org/10.1016/S0140-6736(18)32679-5
https://doi.org/10.1016/S0140-6736(18)32679-5
https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data
https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data
https://doi.org/10.1007/s12687-013-0144-2
https://doi.org/10.1007/s12687-013-0144-2
https://doi.org/10.1002/cncr.27570
https://doi.org/10.1093/neuonc/not117
https://doi.org/10.1093/neuonc/not117
https://doi.org/10.1186/1471-2407-9-450
https://doi.org/10.1186/1471-2407-9-450
https://doi.org/10.1200/JCO.2010.30.0582
https://doi.org/10.1200/JCO.2017.72.6737
https://doi.org/10.1200/JCO.2017.72.6737
https://doi.org/10.1038/nrneurol.2017.54
https://doi.org/10.1038/nrneurol.2017.54
https://doi.org/10.1093/neuonc/nos199
https://doi.org/10.1093/brain/awt345
https://doi.org/10.1093/brain/awt345

Wang et al. Health Information Science and Systems (2023) 11:23

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Rasmussen BK, Hansen S, Laursen RJ, Kosteljanetz M, Schultz H, Nergard
BM, Guldberg R, Gradel KO. Epidemiology of glioma: clinical character-
istics, symptoms, and predictors of glioma patients grade I-IV in the the
Danish Neuro-Oncology Registry. J Neurooncol. 2017;135:571-9. https.//
doi.org/10.1007/511060-017-2607-5.

Holick CN, Giovannucci EL, Rosner B, Stampfer MJ, Michaud DS. Prospec-
tive study of cigarette smoking and adult glioma: dosage, duration, and
latency. Neuro Oncol. 2007;9:326-34. https://doi.org/10.1215/15228
517-2007-005.

Qi Z-Y, Shao C, Yang C, Wang Z, Hui G-Z. Alcohol consumption and

risk of glioma: a meta-analysis of 19 observational studies. Nutrients.
2014;6:504-16. https://doi.org/10.3390/nu6020504.

Gittlernan H, Lim D, Kattan MW, Chakravarti A, Gilbert MR, Lassman AB,
Lo SS, Machtay M, Sloan AE, Sulman EP, et al. An independently validated
nomogram for individualized estimation of survival among patients with
newly diagnosed glioblastoma: NRG Oncology RTOG 0525 and 0825.
Neuro Oncol. 2016. https://doi.org/10.1093/neuonc/now208.

Diffuse astrocytoma, NOS. https://www.pathologyoutlines.com/topic/
cnstumordiffuseastrocytomaNOS.html Accessed October 5, 2021
Astrocytic tumors | Radiology Reference Article | Radiopaedia.org. https://
radiopaedia.org/articles/astrocytic-tumours Accessed October 5, 2021
Hayakawa K, Konishi Y, Matsuda T, Kuriyama M, Konishi K, Yamashita K,
Okumura R, Hamanaka D. Development and aging of brain midline struc-
tures: assessment with MR imaging. Radiology. 1989;172:171-7. https://
doi.org/10.1148/radiology.172.1.2740500.

Zamponi N, Rychlicki F, Ducati A, Regnicolo L, Salvolini U, Ricciuti RA.
Multicentric glioma with unusual clinical presentation. Child's Nerv Syst.
2001;17:101-5. https://doi.org/10.1007/PLO0013723.

Akaike H. A new look at the statistical model identification. In: Parzen

E, Tanabe K, Kitagawa G, editors. Selected Papers of Hirotugu Akaike.
Springer Series in Statistics. New York: Springer; 1998. p. 215-22.

Harrell FE, Lee KL, Mark DB. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measur-
ing and reducing errors. Stat Med. 1996;15:361-87. https://doi.org/10.
1002/(SIC1)1097-0258(19960229)15:4%3¢361::AID-SIM168%3e3.0.CO;2-4.
Uno H, Cai T, Pencina MJ, D’Agostino RB, Wei LJ. On the C-statistics for
evaluating overall adequacy of risk prediction procedures with censored
survival data. Stat Med. 2011. https://doi.org/10.1002/sim.4154.

Royston P, Altman DG. External validation of a Cox prognostic model:
principles and methods. BMC Med Res Methodol. 2013;13:33. https://doi.
org/10.1186/1471-2288-13-33.

Liu S, Liu X, Xiao'Y, Chen S, Zhuang W. Prognostic factors associated

with survival in patients with anaplastic oligodendroglioma. PLoS ONE.
2019;14:20211513. https://doi.org/10.1371/journal.pone.0211513.

Yang F, Yang P, Zhang C, Wang Y, Zhang W, Hu H, Wang Z, Qiu X, Jiang

T. Stratification according to recursive partitioning analysis predicts
outcome in newly diagnosed glioblastomas. Oncotarget. 2017. https:.//
doi.org/10.18632/oncotarget.17322.

Xia'Y, LiaoW, Huang S, Liu Z, Huang X, Yang C, Ye C, Jiang Y, Wang J.
Nomograms for predicting the overall and cancer-specific survival of

34.

35.

36.

37.

39.

40.

41.

42.

Page 11 of 11

patients with high-grade glioma: a surveillance, epidemiology, and end
results study. Turk Neurosurg. 2019. https://doi.org/10.5137/1019-5149.
JIN.26131-19.2.

Ma X, Lv, Liu J, Wang D, Huang Q, Wang X, Li G, Xu S, Li X. Survival analy-
sis of 205 patients with glioblastoma multiforme: Clinical characteristics,
treatment and prognosis in China. J Clin Neurosci. 2009;16:1595-8.
https://doi.org/10.1016/jjocn.2009.02.036.

Pignatti F, van den Bent M, Curran D, Debruyne C, Sylvester R, Therasse

P, Afra D, Cornu P, Bolla M, Vecht C, et al. Prognostic factors for survival

in adult patients with cerebral low-grade glioma. JCO. 2002;20:2076-84.
https://doi.org/10.1200/JC0.2002.08.121.

Tortosa A, Vinolas N, Villa S, Verger E, Gil JM, Brell M, Caral L, Pujol T, Acebes
JJ, Ribalta T, et al. Prognostic implication of clinical, radiologic, and patho-
logic features in patients with anaplastic gliomas: Prognostic Factors in
Anaplastic Gliomas. Cancer. 2003;97:1063-71. https://doi.org/10.1002/
cner.11120.

Gittleman H, Sloan AE, Barnholtz-Sloan JS. An independently validated
survival nomogram for lower-grade glioma. Neuro Oncol. 2020. https://
doi.org/10.1093/neuonc/noz191.

. Péus D, Newcomb N, Hofer S. Appraisal of the Karnofsky performance

status and proposal of a simple algorithmic system for its evaluation.
BMC Med Inform Decis Mak. 2013;13:72. https://doi.org/10.1186/
1472-6947-13-72.

Zhao Y-Y, Chen S-H, Hao Z, Zhu H-X, Xing Z-L, Li M-H. A nomogram for
predicting individual prognosis of patients with low-grade glioma. World
Neurosurg. 2019;130:e605-12. https://doi.org/10.1016/jwneu.2019.06.
169.

Jakola AS, Skjulsvik AJ, Myrmel KS, Sjavik K, Unsgard G, Torp SH, Aaberg K,
Berg T, Dai HY, Johnsen K, et al. Surgical resection versus watchful waiting
in low-grade gliomas. Ann Oncol. 2017;28:1942-8. https://doi.org/10.
1093/annonc/mdx230.

Eckel-Passow JE, Lachance DH, Molinaro AM, Walsh KM, Decker PA,
Sicotte H, Pekmezci M, Rice T, Kosel ML, Smirnov IV, et al. Glioma groups
based on 1p/19q, IDH, and TERT promoter mutations in tumors. N Engl J
Med. 2015;372:2499-508. https://doi.org/10.1056/NEJMoa1407279.
lorgulescu JB, Torre M, Harary M, Smith TR, Aizer AA, Reardon DA,
Barnholtz-Sloan JS, Perry A. The misclassification of diffuse gliomas: rates
and outcomes. Clin Cancer Res. 2019;25:2656-63. https://doi.org/10.
1158/1078-0432.CCR-18-3101.

Publisher’s Note  Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive
rights to this article under a publishing agreement with the author(s) or other
rightsholder(s); author self-archiving of the accepted manuscript version of
this article is solely governed by the terms of such publishing agreement and
applicable law.


https://doi.org/10.1007/s11060-017-2607-5
https://doi.org/10.1007/s11060-017-2607-5
https://doi.org/10.1215/15228517-2007-005
https://doi.org/10.1215/15228517-2007-005
https://doi.org/10.3390/nu6020504
https://doi.org/10.1093/neuonc/now208
https://www.pathologyoutlines.com/topic/cnstumordiffuseastrocytomaNOS.html
https://www.pathologyoutlines.com/topic/cnstumordiffuseastrocytomaNOS.html
https://radiopaedia.org/articles/astrocytic-tumours
https://radiopaedia.org/articles/astrocytic-tumours
https://doi.org/10.1148/radiology.172.1.2740500
https://doi.org/10.1148/radiology.172.1.2740500
https://doi.org/10.1007/PL00013723
https://doi.org/10.1002/(SICI)1097-0258(19960229)15:4%3c361::AID-SIM168%3e3.0.CO;2-4
https://doi.org/10.1002/(SICI)1097-0258(19960229)15:4%3c361::AID-SIM168%3e3.0.CO;2-4
https://doi.org/10.1002/sim.4154
https://doi.org/10.1186/1471-2288-13-33
https://doi.org/10.1186/1471-2288-13-33
https://doi.org/10.1371/journal.pone.0211513
https://doi.org/10.18632/oncotarget.17322
https://doi.org/10.18632/oncotarget.17322
https://doi.org/10.5137/1019-5149.JTN.26131-19.2
https://doi.org/10.5137/1019-5149.JTN.26131-19.2
https://doi.org/10.1016/j.jocn.2009.02.036
https://doi.org/10.1200/JCO.2002.08.121
https://doi.org/10.1002/cncr.11120
https://doi.org/10.1002/cncr.11120
https://doi.org/10.1093/neuonc/noz191
https://doi.org/10.1093/neuonc/noz191
https://doi.org/10.1186/1472-6947-13-72
https://doi.org/10.1186/1472-6947-13-72
https://doi.org/10.1016/j.wneu.2019.06.169
https://doi.org/10.1016/j.wneu.2019.06.169
https://doi.org/10.1093/annonc/mdx230
https://doi.org/10.1093/annonc/mdx230
https://doi.org/10.1056/NEJMoa1407279
https://doi.org/10.1158/1078-0432.CCR-18-3101
https://doi.org/10.1158/1078-0432.CCR-18-3101

	Postoperative prognostic nomogram for adult grade IIIII astrocytoma in the Chinese Han population
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study population
	Follow-up
	Statistical analysis
	Descriptive analyses
	Model construction
	Assessment of model performance in the training set
	External validation
	The prognostic nomogram
	Sensitivity analysis


	Results
	Population characteristics
	Model construction
	Validation of prognostic model
	Nomogram
	Sensitivity analysis

	Discussion
	Anchor 25
	References




