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Abstract
Background: The update of 2018 NCCN guidelines (central nervous system can-
cers) recommended the risk classification of postoperative patients diagnosed as 
adult low‐grade (WHO grade II) infiltrative supratentorial astrocytoma/oligodendro-
glioma (ALISA/O) should take tumor size into consideration. Moreover, the guide-
lines removed postoperative radiotherapy (PORT) for low risk patients. Our study 
aimed to explore the specific tumor size to divide postoperative patients into rela-
tively low‐ or high risk subgroups and the effect of PORT for ALISA/O patients.
Methods: We conducted a retrospective study choosing 1277 postoperative ALISA/O 
patients from the Surveillance, Epidemiology, and End Results database. The X‐tile 
analysis provided the optimal cutoff point based on tumor size. The differences be-
tween surgery alone and surgery +RT groups were balanced by propensity score‐
matched analysis. The multivariable analysis and the nomogram evaluated multiple 
prognostic factors based on cancer‐specific survival (CSS) and overall survival (OS).
Results: X‐tile plots defined 59 mm (P < 0.001) as the optimal cutoff tumor size value in 
terms of CSS, which was verified in multivariate analysis (P < 0.001). The Kaplan‐Meier 
analysis showed that the surgery alone had higher CSS and OS than surgery +RT, while 
the low risk group had no statistical significance after propensity score match. 
Multivariable analysis showed that surgery +RT was independently associated with di-
minished OS and CSS for high risk group, which had no statistical significance for low‐
risk group.
Conclusions: Our study suggested that tumor size of 59 mm was an optimal cutoff point 
to divide postoperative patients into relatively low‐ or high risk subgroups. PORT may 
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1 |  INTRODUCTION

WHO grade II astrocytoma and oligodendroglioma are the 
main components of low‐grade glioma, which accounts for 
<25% of gliomas and <10% of all CNS tumors.1 Although 
low‐grade astrocytoma and oligodendroglioma are slow‐
growing and have a relatively good prognosis, they eventually 
turn malignant, leading to very different outcomes. Extensive 
resection is still a preferred treatment. With the development 
and popularization of magnetic resonance imaging (MRI), it 
had been the gold standard for brain tumor, which provides a 
reasonably good delineation of tumors, as this might decide 
the procedure of surgery or an effective treatment. According 
to the 2017 NCCN guidelines (CNS cancers),2 surgeons 
should evaluate whether maximal safe resection of a tumor 
is feasible by MRI for ALISA/O patients.3 When maximal 
safe resection of a tumor is feasible, patients would receive 
attempted gross total resection, and if not, patients would re-
ceive subtotal resection or biopsy. After operation, patients 
would be divided into low‐ (age ≤40 years and gross total 
resection) or high risk (age >40 years or no gross total resec-
tion) group to select the next treatment.

Recently, the 2018 NCCN guidelines4 for ALISA/O re-
defined high risk standard, recommended to take tumor size 
into consideration. Some studies revealed tumor size >6 cm 
was associated with unfavorable prognosis for survival,5 
while others suggested risk grading of tumor size should 
refer to primary tumor classification (T classification: tumor 
size ≤3; 3‐5; >5 cm).6-8 There were also several artificial 
classification methods of tumor size.9,10 The demarcation 
of exact tumor size was disputed. What is more, the guide-
lines removed postoperative radiotherapy (PORT) for low 
risk patients. The European Organization for Research and 
Treatment of Cancer (EORTC 22844) conducted a random-
ized trial, which had shown no difference in CSS and OS 
for low‐grade glioma patients who received PORT.6 Another 
trial from EORTC 22845 found that PORT improved CSS, 
but did not affect OS.11 The role of PORT for ALISA/O pa-
tients remained controversial.

In our study, we used data from the Surveillance, 
Epidemiology, and End Results (SEER) database12 to ex-
plore criteria for tumor size to differentiate low‐ and high risk 
subsets. Meanwhile, we focused on the effects of PORT for 
ALISA/O patients in low‐ and high risk groups.

2 |  MATERIALS AND METHODS

2.1 | Data source

Data were obtained from the SEER 18 registries research da-
tabase, which covers approximately 26% of the total US pop-
ulation from 18 areas of United States.12 SEER is committed 
to reduce the cancer burden among the US population by pro-
viding detailed information on cancer statistics. It is supported 
by the Surveillance Research Program in NCI’s Division of 
Cancer Control and Population Sciences (DCCPS). However, 
a signed SEER Research Data Agreement form was required to 
gain access the SEER database. So we submitted a request for 
access to the database. Once the agreement was accepted, we 
could download the SEER*Stat software and data files from the 
SEER database directly.

2.2 | Cohort selection

When meeting following inclusion criteria, patients were se-
lected in our study: pathological types of astrocytoma (includ-
ing Histologic Type ICD‐O‐3: “9400: Diffuse astrocytoma,” 
“9410: Protoplasmic astrocytoma,” “9411: Gemistocytic 
astrocytoma,” “9420: Fibrillary astrocytoma,” “9424: 
Pleomorphic xanthoastrocytoma”) or oligodendroglioma 
(Histologic Type ICD‐O‐3:9500) between January 1988 and 
December 2013; older than or equal to 18 years old; WHO 
grade II; history of gross total resection (GTR), subtotal re-
section (STR), or biopsy; and only one primary tumor. And 
the exclusive criteria were as follows: receipt of radiation 
preoperation, unawareness of radiation status, infratentorial 
tumor, no surgery, or surgical information unknown.

The data from the SEER database contained the baseline 
demographics of patients (age, sex, race/ethnicity, and year of 
diagnosis), characteristics of tumors (size, site, and histologic 
type), and treatment details (surgical type and PORT). In this 
study, histologic subtypes were classified as astrocytoma and 
oligodendroglioma. Patients were divided into frontal lobe, 
temporal lobe, parietal lobe, occipital lobe, and other sites 
(cerebrum NOS, overlapping lesion, and ventricle) according 
to the tumor site.

The end points for this study included cancer‐specific sur-
vival (CSS) and overall survival (OS) according to specific 
codes provided by SEER. End points were obtained through 

not benefit patients, while the effects of PORT for low risk patients need further 
research.

K E Y W O R D S
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31 December 2013. CSS was defined as the time in months 
from diagnosis until death as a result of cancer, and OS was 
defined as the interval from diagnosis until death as a result 
of any cause.

2.3 | Statistical analysis
The X‐tile13 program was used to determine the tumor size 
cutoff points, and it identified the cutoff value according to 
the minimum P values from log‐rank chi‐square statistics for 
the continuous tumor size in terms of CSS. Survival curves 

were generated using Kaplan‐Meier analysis, and their dif-
ferences were evaluated by log‐rank test.

Pearson chi‐square test was used to analyze categorical 
variables, and two‐sample t test was used to analyze contin-
uous variables. Significant differences in the characteristics 
were balanced by propensity score match (PSM)14 (ratio 1:1). 
The survival curves of CSS and OS were compared by log‐
rank test in different groups with the Kaplan‐Meier method. 
In order to adjust for baseline variables in the comparison, 
we used a Cox proportional hazards model that included all 
predictors from the SEER database.

Characteristic

No. (%) of patients

PTotal (n = 1277)
Surgery alone 
(n = 668)

Surgery +RT 
(n = 609)

Age, y, mean ±SD 41.3 ± 14.2 38.8 ± 14.0 44 ± 13.9 <0.001

Age group, y <0.001

≤40 708 (55.4) 419 (62.7) 289 (47.5)

>40 569 (44.6) 249 (37.3) 320 (52.5)

Sex 0.369

Male 772 (60.5) 396 (59.3) 376 (61.7)

Female 505 (39.5) 272 (40.7) 233 (38.3)

Race/ethnicity 0.271

White 1133 (88.7) 585 (87.6) 548 (90.0)

Black 67 (5.2) 36 (5.4) 31 (5.1)

Others 77 (6.0) 47 (7.0) 30 (4.9)

Year of diagnosis <0.001

1988‐1995 243 (19.0) 73 (10.9) 170 (27.9)

1996‐2004 543 (42.5) 273 (40.9) 270 (44.3)

2005‐2013 491 (38.4) 322 (48.2) 169 (27.8)

Tumor sites <0.001

Frontal lobe 636 (49.8) 370 (55.4) 266 (43.7)

Temporal lobe 248 (19.4) 132 (19.8) 116 (19.0)

Parietal lobe 150 (11.7) 66 (9.9) 84 (13.8)

Occipital lobe 23 (1.8) 13 (1.9) 10 (1.6)

Others 220 (17.2) 87 (13.0) 133 (21.8)

Histologic types <0.001

Astrocytoma 696 (54.5) 323 (48.4) 373 (61.2)

Oligodendroglioma 581 (45.5) 345 (51.6) 236 (38.8)

Tumor size, mm,  
mean ±SD

43.6 ± 20.5 41.7 ± 20.9 45.6 ± 19.9 0.001

Surgical type <0.001

Gross total resection 515 (40.3) 333 (49.9) 182 (29.9)

Subtotal resection 431 (33.8) 171 (25.6) 260 (42.7)

Biopsy 331 (25.9) 164 (24.6) 167 (27.4)

Median(range)
follow‐up time, mo

69 (0‐306) 77 (0‐290) 63 (0‐306) 0.156

RT, radiotherapy.

T A B L E  1  Baseline characteristics of 
postoperative patients with adult low‐grade 
(WHO grade II) infiltrative supratentorial 
astrocytoma/oligodendroglioma
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A nomogram based on variables with significant dif-
ferences in multivariate Cox analysis used the package of 
rms15 in R version 3.5.0. We used the concordance index 
(C‐index) and compared nomogram‐predicted vs observed 
Kaplan‐Meier estimates of survival probability to measure 
and assess the performance of the nomogram. The C‐index 
was positively correlated with accuracy of the prognostic 
prediction. During the internal validation of the nomo-
gram, we calculated the total points of each patient based 
on established nomogram, which were used as a factor by 
Cox regression in this cohort, and finally, the C‐index and 
calibration curve were obtained based on the regression 
analysis.

A two‐sided P value of 0.05 was considered statistically 
significant. Most analyses were executed with SPSS 25.0 

(SPSS, Chicago, IL), and the K‐M curve was depicted by 
GraphPad Prism 6.0 (GraphPad Software, San Diego, CA).

3 |  RESULTS

3.1 | Baseline characteristics of study cohort
A total of 1277 ALISA/O patients (1988‐2013) were in-
cluded in our study, of whom 668 patients underwent 
surgery alone and 609 underwent surgery +RT (Table 1). 
Significant differences were found with respect to the vari-
ables of age (P < 0.001), year of diagnosis (P < 0.001), 
tumor sites (P < 0.001), histologic types (P < 0.001), 
tumor size (P = 0.001), and surgery type (P < 0.001). 
The median follow‐up time was 77 months for the surgery 

F I G U R E  1  Overall (A) and cancer–specific (B) survivals in all patients with adult low‐grade (WHO grade II) infiltrative supratentorial 
astrocytoma/oligodendroglioma (ALISA/O) undergoing surgery alone or surgery +RT. CSS, cancer‐specific survival; HR, hazard ratio; OS, overall 
survival; RT, radiotherapy

Tumor size (mm) No. of patients CSS RR χ2 P

≤10 46 76.1% ref 4.760 0.342

>10 1231 61.3% 1.62

≤20 185 74.1% ref 14.127 0.006

>20 1092 59.7% 1.55

≤30 400 72.3% ref 23.389 0.000

>30 877 57.0% 1.55

≤40 658 67.9% ref 20.269 0.001

>40 619 55.3% 1.40

≤50 884 66.5% ref 29.870 0.000

>50 393 51.2% 1.46

≤59 966 67.4% ref 50.107 0.000

>59 311 44.4% 1.71

≤60 1068 65.1% ref 33.407 0.000

>60 209 45.0% 1.58

≤70 1181 64.0% ref 45.946 0.000

>70 96 34.4% 1.82

≤80 1234 62.6% ref 15.796 0.003

>80 43 37.2% 1.68

CSS, cancer‐specific survival.

T A B L E  2  Univariate analysis of the 
influence of different tumor size for CSS in 
all patients who received surgery (n = 1277)
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alone group and was 63 months for surgery +RT group, 
which had no significant differences. Table 1 shows the 
baseline characteristics of patients and tumors. Elderly, 
astrocytoma histology or no gross total resection patients 
seemed more likely to receive PORT by surgeons. There 
were no significant differences in sex and race/ethnicity 
between the two groups.

According to survival analysis by log‐rank test, surgery 
+RT rather than surgery alone was significantly associated 
with worse OS (hazard ratio [HR], 2.32; 95% CI, 1.93‐2.70; 
P < 0.001) and CSS (HR, 2.41; 95% CI, 1.97‐2.83; P < 0.001) 
for patients with ALISA/O (Figure 1A,B).

3.2 | The optimal cutoff value for tumor size 
calculated with X‐tile
Individual results were analyzed using different tumor sizes 
ranging from 10 to 80 mm to assess the influence of tumor size 
on CSS. The CSS was calculated for patients with larger or 
smaller than the tumor size. As shown in Table 2, tumor size 
in postoperative patients with ALISA/O was a prognosis factor 
for size ranging from 10 to 80 mm. With the tumor size increas-
ing from 10 to 80 mm, the CSS rate increased from 34.4% to 
76.1% (Table 2). Next, X‐tile plots13 were constructed, and the 
maximum chi‐square log‐rank value of 50.107 (the tumor size 
as 59 mm, Figure 2A,B, P < 0.001) was produced, identifying 

59 mm as the optimal cutoff point to divide the cohort into 
high‐ and low risk groups in terms of CSS. A significant im-
provement in CSS was observed between two groups (67.4% 
vs 44.4%, Table 2). The K‐M analysis also showed significant 
difference in OS (HR, 1.77; 95% CI, 1.59‐2.39; P0< 0.001) and 
CSS (HR, 1.86; 95% CI, 1.66‐2.57; P < 0.001) between two 
subsets (Figure 2C,D).

3.3 | The effects of tumor size and port for 
postoperative patients in low‐ and high risk 
groups before and after PSM
Then, we divided 1277 patients into low‐ (n = 323) and 
high risk (n = 954) groups. In the low risk group, 229 pa-
tients were receiving surgery alone and 94 patients receiv-
ing surgery +RT, while 439 patients receiving surgery alone 
and 515 patients were receiving surgery +RT in the high 
risk group. Significant differences emerged in year of di-
agnosis (P < 0.001) in the low risk group and year of diag-
nosis (P < 0.001), tumor sites (P < 0.001), histologic types 
(P < 0.001), surgery type (P < 0.001) in the high risk group. 
Therefore, PSM was performed to balance the above vari-
ables. After PSM, 87 patients in the surgery +RT group were 
matched to 87 patients in the surgery alone group for low‐
risk patients, while 247 patients in the surgery +RT group 
were matched to 247 patients in the surgery alone group for 

F I G U R E  2  X‐tile analysis of survival data from the SEER registry reveals a continuous distribution based on tumor size, equally divided 
into training and validation sets. A shows tumor size divided at the optimal cut‐point, as defined by the most significant (brightest pixel) on the 
plot (59 mm, P < 0.0001). Diffuse red indicates a continuous indirect association between increasing tumor size and good prognosis. B shows the 
cut‐point on a histogram of the entire cohort. Kaplan‐Meier analysis is provided to analyze overall (C) and cancer–specific (D) survivals based on 
optimal tumor size cutoff point in the whole cohort. P values were determined using the cutoff point defined in the training set and applying it to 
the validation set. (The optimal cutoff value for tumor size is 59 mm, χ2 = 50.107, P < 0.001). CSS, cancer‐specific survival; HR, hazard ratio; OS, 
overall survival.
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high risk patients. There was no significance in any variable 
within the group of low risk or high risk (Tables 3 and 4).

Before PSM, we analyzed OS and CSS of the surgery 
alone vs surgery +RT groups using the Kaplan‐Meier anal-
ysis and log‐rank test (Figure 3). In the low risk group, the 
survival analysis showed that surgery +RT rather than sur-
gery alone was significantly associated with worse OS (HR, 
1.89; 95% CI, 1.29‐3.25; P = 0.0024) and CSS (HR, 1.87; 
95% CI, 1.23‐3.30; P = 0.0054; Figure 3A,B). A similar 

trend was found in the high risk group, with worse OS (HR, 
2.14; 95% CI, 1.70‐2.46; P < 0.001) and CSS (HR, 2.26; 
95% CI, 1.75‐2.61; P < 0.001; Figure 3C,D). Using the sur-
gery alone group as the reference, multivariable analysis was 
performed to determine the HR (95% CI) of OS (HR, 1.51; 
95% CI, 0.96‐2.39; P = 0.077) and CSS (HR, 1.51; 95% CI, 
0.93‐2.46; P = 0.100) in the low risk group (Table 5). In the 
high risk group, there were significant differences with worse 
OS (HR, 1.46; 95% CI, 1.18‐1.79; P < 0.001) and CSS (HR, 

T A B L E  3  Baseline characteristics of patients in low‐ and high risk before PSM

Characteristic 

No.(%) of patients

Low risk (n = 323) High risk (n = 954)

Surgery alone 
(n = 229)

Surgery +RT 
(n = 94) P

Surgery alone 
(n = 439)

Surgery +RT 
(n = 515) P

Age group, y / 0.089

≤40 229 (100) 94 (100) 190 (43.3) 195 (37.9)

>40 0 (0) 0 (0) 249 (56.7) 320 (62.1)

Sex 0.598 0.117

Male 146 (63.8) 57 (60.6) 250 (56.9) 319 (61.9)

Female 83 (36.2) 37 (39.4) 189 (43.1) 196 (38.1)

Race/ethnicity 0.911 0.286

White 198 (86.5) 82 (87.2) 387 (88.2) 466 (90.5)

Black 16 (7.0) 7 (7.4) 20 (4.6) 24 (4.7)

Others 15 (6.6) 5 (5.3) 32 (7.3) 25 (4.9)

Year of diagnosis <0.001 <0.001

1988‐1995 17 (7.4) 23 (24.5) 56 (12.8) 147 (28.5)

1996‐2004 116 (50.7) 42 (44.7) 157 (35.8) 228 (44.3)

2005‐2013 96 (41.9) 29 (30.9) 226 (51.5) 140 (27.2)

Tumor sites 0.759 <0.001

Frontal lobe 129 (56.3) 56 (59.6) 241 (54.9) 210 (40.8)

Temporal lobe 51 (22.3) 17 (18.1) 81 (18.5) 99 (19.2)

Parietal lobe 15 (6.6) 9 (9.6) 51 (11.6) 75 (14.6)

Occipital lobe 4 (1.7) 2 (2.1) 9 (2.1) 8 (1.6)

Others 30 (13.1) 10 (10.6) 57 (13.0) 123 (23.9)

Histologic types 0.222 <0.001

Astrocytoma 11 2(48.9) 53 (56.4) 211 (48.1) 320 (62.1)

Oligodendroglioma 117 (51.1) 41 (43.6) 228 (51.9) 195 (37.9)

Tumor size group, mm 0.078 0.194

≤59 188 (82.1) 69 (73.4) 335 (76.3) 374 (72.6)

>59 41 (17.9) 25 (26.6) 104 (23.7) 141 (27.4)

Surgical type / 0.001

Gross total resection 229 (100) 94 (100) 104 (23.7) 88 (17.1)

Subtotal resection 0 (0) 0 (0) 171 (39.0) 260 (50.5)

Biopsy 0 (0) 0 (0) 164 (37.4) 167 (32.4)

Median (range) follow‐up 
time, mo

95 (0‐258) 83 (5‐263) 0.964 64 (0‐290) 57 (0‐306) 0.850 

PSM, propensity score match; RT, radiotherapy.
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1.48; 95% CI, 1.18‐1.85; P < 0.001) using the same reference 
in multivariable analysis (Table 5). What is more, using tumor 
size ≤59 mm as the reference, the HR of OS was 3.907 (95% 
CI, 2.275‐6.709, P < 0.001), and the HR of CSS was 3.575 
(95% CI, 2.031‐6.293, P < 0.001). In the high risk group, the 
HR of OS was 1.689 (95% CI, 1.243‐2.295, P = 0.001), and 
the HR of CSS was 1.852 (95% CI, 1.338‐2.562, P < 0.001; 
Table 5). Moreover, the results also revealed that age, year 
of diagnosis, tumor sites, histologic types, and surgery type 

were independent prognostic factors for CSS in the high risk 
group.

After PSM, unadjusted OS and CSS of the surgery 
alone vs surgery +RT group for low‐ and high risk pa-
tients, using the Kaplan‐Meier method and log‐rank test, 
were also determined. In patients with high‐risk, signifi-
cant degradations of OS and CSS were observed between 
surgery alone and surgery +RT in OS (surgery +RT vs sur-
gery alone: HR, 1.76; 95% CI, 1.33‐2.29; P < 0.001) and 

T A B L E  4  Baseline characteristics of patients in low‐ and high‐risk after PSM

Characteristic 

No.(%) of patients

Low risk (n = 174) High risk (n = 494)

Surgery alone 
(n = 87)

Surgery +RT 
(n = 87) P

Surgery alone 
(n = 247)

Surgery +RT 
(n = 247) P

Age group, y / 0.928

≤40 87 (100) 87 (100) 106 (42.9) 105 (42.5)

>40 0 (0) 0 (0) 141 (57.1) 142 (57.5)

Sex 0.527 1.000 

Male 58 (66.7) 54 (62.1) 146 (59.1) 146 (59.1)

Female 29 (33.3) 33 (37.9) 101 (40.9) 101 (40.9)

Race/ethnicity 0.806 0.716

White 76 (87.4) 75 (86.2) 229 (92.7) 224 (90.7)

Black 5 (5.7) 7 (8.0) 8 (3.2) 10 (4.0)

Others 6 (6.9) 5 (5.7) 10 (4.0) 13 (5.3)

Year of diagnosis 0.303 0.813

1988‐1995 13 (14.9) 18 (20.7) 41 (16.6) 38 (15.4)

1996‐2004 50 (57.5) 40 (46.0) 110 (44.5) 117 (47.4)

2005‐2013 24 (27.6) 29 (33.3) 96 (38.9) 92 (37.2)

Tumor sites 0.801 0.774

Frontal lobe 54 (62.1) 51 (58.6) 131 (53.0) 140 (56.7)

Temporal lobe 17 (19.5) 16 (18.4) 50 (20.2) 43 (17.4)

Parietal lobe 5 (5.7) 9 (10.3) 24 (9.7) 27 (10.9)

Occipital lobe 1 (1.1) 2 (2.3) 4 (1.6) 2 (0.8)

Others 10 (11.5) 9 (10.3) 38 (15.4) 35 (14.2)

Histologic types 0.095 0.588

Astrocytoma 38 (43.7) 49 (56.3) 130 (52.6) 136 (55.1)

Oligodendroglioma 49 (56.3) 38 (43.7) 117 (47.4) 111 (44.9)

Tumor size group, mm 0.603 0.459

≤59 63 (72.4) 66 (75.9) 192 (77.7) 185 (74.9)

>59 24 (27.6) 21 (24.1) 55 (22.3) 62 (25.1)

Surgical type / 0.923

Gross total resection 87 (100) 87 (100) 56 (22.7) 54 (21.9)

Subtotal resection 0 (0) 0 (0) 118 (47.8) 116 (47.0)

Biopsy 0 (0) 0 (0) 73 (29.6) 77 (31.2)

Median (range) follow‐up 
time, mo

106 (0‐258) 82 (5‐259) 0.047 79 (0‐290) 67 (0‐285) 0.415 

PSM, propensity score match; RT, radiotherapy.
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in CSS (surgery +RT vs surgery alone: HR, 1.73; 95% CI, 
1.28‐2.30; P < 0.001; Figure 4A,B). In the group with low 
risk patients, there was no significant difference in sur-
vival between surgery +RT and surgery alone (OS: HR, 
1.48; 95% CI, 0.90‐2.44; P = 0.120; CSS: HR, 1.39; 95% 
CI, 0.83‐2.37; P = 0.206; Figure 4C,D). Using the surgery 
alone group as the reference in multivariable analysis, we 
found that the HR of OS was 1.535 (95% CI, 0.916‐2.574; 
P = 0.104), the HR of CSS was 1.482 (95% CI, 0.863‐2.546; 
P = 0.154) in the low risk group and the HR of OS was 
1.482 (95% CI, 1.127‐1.950; P = 0.005), the HR of CSS 
was 1.440 (95% CI, 1.073‐1.933; P = 0.015) in the high 
risk group (Table 6), which maintained consistency with 
the analysis before PSM. Comparing tumor size >59 mm 
group with tumor size ≤59 mm, multivariable analysis 
showed tumor size >59 mm was independently associated 
with diminished OS and CSS both in the low‐ and high 
risk groups. (OS in the low risk group: HR, 3.907; 95% CI, 
2.275‐6.709; P < 0.001; CSS in the low risk group: HR, 
3.575; 95% CI, 2.031‐6.293; P < 0.001; OS in the high risk 
group: HR, 1.689; 95% CI, 1.243‐2,295; P = 0.001; CSS 
in the high risk group: HR, 1.852; 95% CI, 1.338‐2.562; 
P < 0.001; Table 6). Other independent prognostic factors 
for CSS in the high risk group were age, tumor sites, histo-
logic types, and surgery type after PSM, which eliminated 
year of diagnosis comparing with the data before PSM.

3.4 | Prognostic nomogram for CSS in the 
high risk group after PSM
On multivariate analysis of the primary cohort in the high‐
risk group after PSM, independent factors for CSS were 

age group, tumor sites, histologic types, size group, surgery 
type, and PORT, which were all selected into the nomogram 
(Figure 5). The C‐index of the nomogram was 0.68 (95% 
CI, 0.65‐0.72) according to predicting survival. The sur-
vival probability calibration curve (Figure 6) was in good 
agreement between prediction by nomogram and actual 
observation.

4 |  DISCUSSION

The guidelines had recommended tumor size as an indi-
cator to distinguish between low‐ and high‐risk for post-
operative patients with ALISA/O. Inadequate tumor size 
grading would affect the next treatment. Therefore, it is 
of great significance to develop effective tumor size clas-
sification based on survival to guide further treatment. 
Conventional methods can be used to group tumor size by 
referring to references, guidelines, or consensus. But, this 
method was subjective and may reduce the chance of de-
tecting differences.

Several studies, investigating the prognostic factors of 
ALISA/O, had found tumor size was a significant predictor 
for survival.5-9 They have tried to evaluate the survival dif-
ference in tumor size for ALISA/O patients. Authoritatively, 
conducting a multivariate analysis of two high‐quality 
EORTC phase III trials, Pignatti et al5 revealed that a tumor 
size ≥6 cm was an unfavorable factor for patients with cere-
bral low‐grade glioma, which was widely accepted. Based 
on a large population, we obtained very similar results. We 
used X‐tile13 to identify the optimal cutoff point for tumor 
size as 59 mm with the maximum chi‐squared value. The 

F I G U R E  3  Kaplan‐Meier survival 
curves illustrating ALISA/O overall and 
cancer‐specific survival between the surgery 
alone and surgery +RT groups for low‐ (A 
and B) and high‐risk (C and D) patients 
before propensity score matching. CSS, 
cancer‐specific survival; HR, hazard ratio; 
OS, overall survival; PSM, propensity score 
matched; RT, radiotherapy.
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K‐M analysis showed that tumor size >59 mm had sig-
nificantly worse OS and CSS. Both before and after PSM, 
multivariable Cox proportional hazard regression mod-
els showed tumor size >59 mm was independently asso-
ciated with diminished OS and CSS in the low‐ and high 
risk groups. Thus, these findings strongly confirm 59 mm 
was a reasonable tumor size cutoff point for patients with 
ALISA/O.

Management of patients with ALISA/O (WHO 
grade II) has mainly concentrated in prognostic fac-
tors. One issue is its relatively long life span compared 
to other CNS tumors, which makes it important to 
take benefits and potential damage of treatment such 
as surgery, radiation, and chemotherapy into consider-
ation. Early and maximal surgical resection was now 
fully recognized as the first therapeutic option when-
ever feasible.16 At a time when neither modern imaging 
technology nor alternative treatment modalities were 
available, radiation therapy (RT) was the accepted 
treatment for progressive and inoperable low‐grade 
glioma. Several studies concluded that patients with 
low‐grade glioma demonstrated a tumor volume de-
crease,17 improved seizure outcome,18 and prolonged 
both progressive‐free survival (PFS) and overall sur-
vival19 after RT. In addition, other studies suggested 
that PORT was associated with improved PFS and was 
recommended for patients receiving subtotal resection 
or biopsy only.8,20,21 However, because of the low level 
of evidence in these reports, the influence of PORT 
still should be verified in future phase III trials. The 
debate still continues about whether PORT could be a 
beneficial treatment for ALISA/O patients.

As aforementioned studies have found, it is rea-
sonable to assume that PORT could be adequate for 
ALISA/O patients. However, evidence from our study 
conflicts with that assumption that ALISA/O was 
resistant to PORT. Our results showed that surgery 
alone was superior to surgery +RT for ALISA/O pa-
tients both in the low‐ and high risk groups. There 
was no significant difference for low risk patients. We 
found selective biases between the surgery alone and 
surgery +RT groups, resulting in failure to draw an 
accurate conclusion. We used an advanced statistical 
method, named propensity score matched (PSM) to 
control for the biases of covariates, and we obtained 
the same result. The most likely reason for no sig-
nificant differences in the low risk group was the 
weaker power of sample size in this group, which had 
approximately 65% less samples than the high risk 
group before or after PSM. Therefore, because of a 
larger sample size in the high risk group, a differ-
ence in survival could be observed in patients with 
ALISA/O who underwent surgery alone vs surgery V
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+RT. Furthermore, we believe that high‐quality ev-
idence from future randomized controlled trials is 
needed to verify our results.

The reasons why patients receiving RT had a worse 
prognosis deserve further discussion. Several studies 
found that radiotherapy has been associated with addi-
tional long‐term cognitive disability22-24 and impaired 
executive function,25 as well as potential fatal radiation 
necrosis even at low doses.7 Toward the end of the last 
century, a randomized controlled trial by Kiebert et al26 
provided evidence for high dose RT reported significantly 
decreased levels of functioning and a higher symptom 
burden for postoperative patients. Although data suggest-
ing that radiation is relatively safe when lower fractions 
are used,27 patients and physicians were often hesitant 
to proceed with this treatment. The use of PORT for pa-
tients with ALISA/O has declined in the period from 1998 
to 2006 for both low‐ and high risk patients.28 Recent 
studies indicate a role in the treatment of ALISA/O for 
chemotherapy, which could offer an alternative to radio-
therapy.29 What is more, a treatment strategy combining 
radiation and chemotherapy has been confirmed with a 
clear advantage for ALISA/O patients.30,31

Considering the adverse effects of PORT, a strategy 
of “wait and see” with strict observation on MRI until 
disease progression has been advocated in patients with 
ALISA/O who have had an extensive resection. A pro-
spective study of observation in low risk patients with 
ALISA/O found that slightly more than 50% recurred 

within 5 years of surgery.10 Thus, strict observation is 
a reasonable option for postoperative low risk patients. 
Observation is sometimes elected for high risk patients 
who have had surgery, but the risk is correspondingly 
increased.

Following the recommendations in the guideline and 
the results of our study, age, surgery type, and tumor size 
have been identified as important prognostic factors. But 
the role of tumor sites, histologic types and PORT should 
also be taken into account to determine prognosis for high 
risk patients with ALISA/O. These factors were used to 
derive a prognostic scoring system, nomogram, that can 
be readily calculated based on the total scores of prognos-
tic factors present, with increasing scores corresponding to 
worse survival.

We have to admit that there are some limitations in 
our study. First, although we have used PSM to balance 
the obvious significant covariates between groups, some 
potential biases are still difficult to avoid because this 
was a retrospective study. We hope that there will be 
more evidence‐based research in the future to confirm 
our results. Second, we cannot obtain detail information 
of PORT, such as radiation dose, field, and duration, lim-
iting our further research because of the inherent defects 
in the SEER database. Also, the SEER database cannot 
provide the information of postoperative chemotherapy. 
Yet, patients with ALISA/O often receive this therapy; 
thus, this limitation confounds our results and makes it 
difficult to assess the role of PORT accurately. As a final 

F I G U R E  4  Kaplan‐Meier survival curves illustrating ALISA/O overall and cancer‐specific survival between the surgery alone and surgery 
+RT groups for low‐ (A and B) and high‐risk (C and D) patients after propensity score matching. CSS, cancer‐specific survival; HR, hazard ratio; 
OS, overall survival; PSM, propensity score matched; RT, radiotherapy
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comment, the SEER database lacks the special code for 
pilomyxoid astrocytoma, which affected the integrity of 
our study. We recommend that the SEER database can 
incorporate the code of this tumor subtype in the future.

5 |  CONCLUSION

Comparing with 2017 NCCN guideline (CNS cancer), we 
undertook this study to assess two changes of its update in 
2018 for patients with ALISA/O in a population‐based co-
hort. We concluded that tumor size of 59 mm was an optimal 
cutoff point to divide patients into relatively low‐ or high risk 
subgroups and that PORT may not benefit patients. The nom-
ogram established in our study objectively and accurately 

predicted the prognosis for high risk patients with ALISA/O. 
Additional studies are required to verify our conclusion.
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F I G U R E  5  A cancer‐specific survival nomogram for high risk patients with ALISA/O. To use the nomogram, an individual patient's value 
is located on each variable axis, and a line is drawn upward to determine the number of points received for each variable value. The sum of these 
numbers is located on the Total Points axis, and a line is drawn downward to the survival axes to determine the likelihood of 1‐, 3‐, or 5‐year 
survival

F I G U R E  6  The calibration curve for predicting patient survival at (A) one year, (B) three year, and (C) five year in the primary cohort. 
Nomogram‐predicted probability of cancer‐specific survival is plotted on the x‐axis; actual cancer‐specific survival is plotted on the y‐axis
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