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Abstract: An independent cohort study was conducted to validate a mathematical genomic model for survival of 
glioma patients that was introduced previously. Of the 102 new subjects that were employed in this study, 40 were 
long-term survivors (survival ≥ 3 years), and 62 were short-term survivors (survival ≤ 1 year). Utilizing the gene 
expression of 5 genes as captured by mRNA sequencing of primary tumor tissue, obtained from the initial biopsy 
during the diagnosis, and prior to the administration of any treatment, the model classified correctly all but three 
of the 102 subjects. More specifically, of the 62 STS (short-term survivors), 61 were classified correctly (sensitivity 
= 98.4%); and of the 40 LTS (long-term survivors), 38 were classified correctly (specificity = 95.0%). The 5 gene ex-
pression input variables to the model were: FAM120AOS, MXI1, OCIAD2, PCDH15, and PDLIM4. Of the top 29 most 
significantly differentially expressed genes between STS and LTS subjects, as identified in the original study, all but 
one were highly significant. Furthermore, with respect to survival, the model - designed to operate at the molecular 
level (gene expression of tumor cells) - was also able to statistically differentiate between the two subgroups of the 
STS group, namely, the STS subjects with lower grade glioma and the STS subjects with glioblastoma; whereas vari-
ables either at the tissue level or at the organismal level were not able to do so. Based on these results, and taking 
into account that accurate clinical prognosis for short-term vs. long-term survival for glioma patients is currently 
nonexistent, this study provides further, independent evidence for the accuracy and the clinical utility of the model.

Keywords: Glioma, survival, cancer genomics, computational biology, FAM120AOS, MXI1, OCIAD2, PCDH15, 
PDLIM4

Introduction

In a previous study [1], I introduced a mathe-
matical genomic model that can identify with a 
high accuracy those patients with glioma who 
will experience short-term survival (≤ 1 year), as 
well as those with long-term survival (≥ 3 years), 
at the time of diagnosis and prior to surgery 
and adjuvant chemotherapy. The normalized 
RNA-Seq gene expression values of the follow-
ing 5 genes, FAM120AOS, MXI1, OCIAD2, 
PCDH15, and PDLIM4, constitute the 5 input 
variables of the model. Also in the previous 
study [1], 29 genes were identified as the top 
most significantly differentially expressed 
between the two groups, i.e., the STS (short-
term survivors) and the LTS (long-term survi-
vors); and that list of 29 genes included the 
aforementioned 5 input genes to the model. In 
the original study, 89 subjects (14 STS and 75 
LTS) were used for the development and subse-

quent validation of the model. Based on those 
89 subjects, the performance of the model was 
as follows: sensitivity = (13/14) = 92.9% and 
specificity = (72/75) = 96.0%. Here in this 
study, an independent cohort, 102 new sub-
jects (62 STS and 40 LTS) were used for the 
second, independent validation of the model. 

Furthermore, in this study, in order to test and 
extend the domain of the model, and in order to 
test its theoretical foundation, the STS group 
was expanded to include STS subjects with 
grade IV glioma (glioblastoma multiforme or 
GBM). All of the STS subjects with GBM were 
classified correctly by the model. Upon further 
investigation, there was a statistically signifi-
cant difference between the STS subjects with 
LGG (lower-grade glioma) and the STS subjects 
with GBM. More specifically, according to indi-
vidual subject scores as calculated by the algo-
rithm of the model, the STS-GBM group had 

http://www.ajcr.us


Independent validation of a genomic model for survival of glioma patients

1409 Am J Cancer Res 2016;6(6):1408-1419

significantly higher scores than the STS-LGG 
group. That means that in comparison with the 
STS-LGG subjects, the STS-GBM subjects were 
significantly farther away from the cut-off point, 
which signifies the boundary between short-
term and long-term survival. This new experi-
mental evidence lends further support to the 
theoretical foundation of the model. The model 
was designed to detect a certain genomic pat-
tern in the tumor cells that represents the early 
stages of a progressive genomic development, 
which ultimately leads to patient short-term 
survival. Both the results of this study in con-
nection with the second and independent vali-
dation of the model and the further, indepen-
dent evidence of its theoretical foundation 
provide additional support for its clinical utility.

Methods

Data acquisition

The normalized data for 102 (62 STS and 40 
LTS) subjects with glioma [G2, G3, or G4 (grade 
2, 3, or 4)] generated from mRNA sequencing of 
primary tumor tissue (using the Illumina HiSeq 
2000 sequencer) were downloaded from The 
Cancer Genome Atlas (TCGA) of the National 
Cancer Institute under the category LGG and 
GBM (accessed on 2016-04-09).

Clinical

All STS subjects had a survival ≤ 1 year, and all 
LTS subjects had a survival ≥ 3 years. All sub-
jects selected for this study had G2, G3, or G4 
glioma; all had primary (de novo) glioma of one 
of the following types: astrocytoma, oligoden-
droglioma, oligoastrocytoma, or glioblastoma 
multiforme; and all had surgery, adjuvant che-
motherapy (mainly temozolomide), and/or ra- 
diation.

None of the subjects selected for this study had 
a prior diagnosis of brain cancer, and none of 
them received any neoadjuvant treatment. All 
tumor tissue samples used in this study were 
collected via a biopsy that preceded any 
treatment.

Table S1 contains clinical and demographical 
information about all 102 subjects employed in 
this study.

Statistical

General: All analyses performed in this study, 
including those of, and in connection with, the 

algorithm of the model, were based on a bioin-
formatic methodology that I have developed 
and presented previously [2-11].

Differential F1 score analysis: The significance 
level was set at α = 0.01 (two-tailed) to account 
for the following four comparisons in the differ-
ential F1 score analysis in this study. a) LTS vs. 
STS subjects. As can be calculated from the F1 
scores of all 102 subjects used in this study 
(Table S1), the F1 scores were normally distrib-
uted with respect to both groups (40 LTS vs. 62 
STS), but the condition of equality of variance 
with respect to both groups was not met. 
Therefore, the Aspin-Welch unequal-variance 
t-test for normal distributions was used to cal-
culate the probability of significance. b) LTS1-2 
vs. STS1-2. In this analysis, the 89 subjects of 
the original study [1] (75 LTS and 14 STS) (Table 
S7 of the original study) were pooled together 
with the 102 subjects used in this study (40 
LTS and 62 STS) (Table S1). In this case, the F1 
scores of the combined total of 191 subjects 
were not normally distributed with respect to 
both groups (115 LTS vs. 76 STS). Therefore, 
the Mann-Whitney U test for non-parametric 
distributions was used to calculate the proba-
bility of significance, and the approximate prob-
ability level with correction was reported. c) 
STS-LGG vs. STS-GBM. This analysis was per-
formed using all 62 STS subjects of this study. 
The F1 scores of the two subgroups of the STS 
group, namely, STS-LGG and STS-GBM, were 
parametrically distributed with respect to both 
of those groups (both the normality and the 
equality of variance conditions were met) (Table 
S1). Therefore, the equal-variance independent 
t-test was used to calculate the probability of 
significance. d) STS-LGG1-2 vs. STS-GBM1-2. In 
this analysis, all STS subjects from the original 
study [1], all of which were STS-LGG [subjects # 
76-89 (Table S7 of the original study)], were 
pooled together with all STS subjects of this 
study. The F1 scores of the two subgroups of the 
combined STS group from both studies, name-
ly, STS-LGG1-2 and STS-GBM1-2, were parametri-
cally distributed with respect to both of those 
groups (both the normality and the equality of 
variance conditions were met) (Table S1 and 
Table S7 of the original study). Therefore, the 
equal-variance independent t-test was used to 
calculate the probability of significance.

Differential gene expression analysis: The 
P-value for each one of the gene variables  
was calculated using the appropriate test. The 
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equal-variance independent t-test (TT) was 
used for parametric gene variables (both nor-
mality and equality of variance conditions were 
met); the Aspin-Welch unequal-variance t-test 
(AW) was used for those gene variables that 
met the normality condition but not the equality 
of variance condition; and the Mann-Whitney U 
test (MW) was used for the non-parametric 
gene variables. The Anderson-Darling test was 
used to assess normality, and the Levene abso-
lute test for equal variances was used to assess 
equality of variance throughout this study. The 

initial significance level was set at αO = 0.05 
(two-tailed). Since, however, there are 20,531 
gene variables (these are all the exome genes 
that were quantified by the mRNA sequencing 
of all tumor tissue samples using the Illumina 
HiSeq 2000 sequencer), the significance level 
was adjusted using the Bonferroni correction 
to: αB = 2.43 x 10-6 (two-tailed). Therefore, in 
order for any variable to be deemed statistically 
significant, the following condition must be 
met: P < 2.43 x 10-6. It should be pointed out 
here that since this study was designed to be 

Table 1. Gene expression results of the top 29 genes identified in the original study

No Gene Name NCBI 
Gene ID

DE 
(STS)

ROC 
AUC FC P ML SDL MS SDS

1 ABI1 10006 ↓ -0.9427 -1.882 9.09E-18 2452.22 859.41 1302.95 349.07
2 ADO 84890 ↓ -0.9048 -1.512 3.40E-14 1140.74 249.96 754.21 211.37
3 AP1S3 130340 ↑ 0.9306 2.845 1.64E-16 19.10 11.89 54.34 29.52
4 ARNTL2 56938 ↑ 0.9613 4.264 5.24E-20 24.89 19.77 106.15 47.49
5 ASCC1 51008 ↓ -0.9133 -1.580 6.57E-15 964.10 212.08 610.32 185.94
6 CMYA5 202333 ↑ 0.8827 4.712 1.69E-12 75.46 99.50 355.53 489.87
7 CTBP2 1488 ↓ -0.9581 -1.788 1.39E-19 1344.39 293.69 752.00 140.63
8 DIAPH1 1729 ↑ 0.9165 1.666 3.42E-15 972.26 232.33 1619.89 453.99
9 EIF4EBP2 1979 ↓ -0.9480 -1.614 9.05E-16 3649.52 719.00 2260.90 472.38
10 EMP3 2014 ↑ 0.9996 29.801 1.07E-28 79.11 87.93 2357.65 1452.41
11 ETV7 51513 ↑ 0.8940 4.613 2.47E-13 11.83 29.23 54.56 61.37
12 FABP5 2171 ↑ 0.9246 11.846 6.28E-16 23.22 24.82 275.11 304.44
13 FAM120AOS 158293 ↑ 0.9375 1.676 3.19E-17 608.66 109.96 1019.94 274.71
14 FBXO17 115290 ↑ 0.9843 7.834 9.51E-24 74.10 69.15 580.50 204.58
15 GJD3 125111 ↑ 0.9496 10.265 1.52E-18 10.92 11.38 112.08 161.46
16 LOC254559 254559 ↓ -0.9754 -6.188 4.14E-22 3141.36 1399.85 507.68 570.74
17 MAP1LC3C 440738 ↑ 0.9772 21.471 1.87E-22 2.11 2.80 45.34 53.98
18 MARCH5 54708 ↓ -0.9222 -1.456 1.06E-15 1049.88 171.21 721.06 153.89
19 MRPL43 84545 ↓ -0.8411 -1.366 7.76E-10 1199.77 229.95 878.01 358.98
20 MXI1 4601 ↓ -0.9742 -2.530 8.17E-17 2769.10 808.09 1094.39 411.89
21 OCIAD2 132299 ↑ 0.9649 16.288 1.66E-20 85.37 102.82 1390.48 1458.48
22 PCDH15 65217 ↓ -0.9827 -12.035 2.01E-23 1676.88 920.92 139.33 220.01
23 PDLIM4 8572 ↑ 0.9411 16.783 1.36E-17 77.65 91.82 1303.13 1344.10
24 RAP2A 5911 ↓ -0.9722 -2.901 1.38E-21 6042.71 3191.48 2083.20 864.91
25 RBM17 84991 ↓ -0.9661 -1.919 1.12E-20 2194.57 516.48 1143.68 322.71
26 SEPHS1 22929 ↓ -0.8738 -1.528 7.05E-12 1464.10 407.75 958.03 317.63
27 SLC12A7 10723 ↑ 0.9044 2.280 3.66E-14 392.13 188.62 893.88 365.23
28 SLC27A3 11000 ↑ 0.9694 3.966 3.76E-21 189.65 92.57 752.09 859.46
29 TMPRSS3 64699 ↑ 0.7649 7.528 3.45E-06 6.46 13.21 48.66 84.63
* TBP 6908 ↓ -0.6181 -1.090 4.46E-02 328.23 61.06 301.16 95.87
Gene expression results from this study of the top 29 genes identified in the original study in alphabetical order. The arrows 
indicate differential expression [over-expression (↑) or under-expression (↓)] of the STS subjects as compared with the LTS sub-
jects. The ROC AUC value, the fold change (FC) value, the P-value, the mean expression value of the LTS subjects (ML) and their 
standard deviation (SDL), the mean expression value of the STS subjects (MS) and their standard deviation (SDS) are listed for 
each gene variable. (*) TBP, a natural control gene, is also listed for comparison purposes.
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an independent validation study of the original 
one, only those 30 gene variables that are list-
ed in Table 1 were examined. Therefore, a 
much higher threshold of significance (P < 1.67 
x 10-3) is warranted. Nevertheless, the far more 
stringent threshold of significance, namely, P < 
2.43 x 10-6 was imposed for the differential 
gene expression analysis in this study. ROC 
curve analysis was performed on all 29 gene 
variables with respect to the two groups (40 
LTS vs. 62 STS) in order to calculate their 
respective ROC AUC value. For all 29 gene vari-
ables, the fold change was calculated as the 
mean expression value of the STS subjects 
over the mean expression value of the LTS sub-
jects of a particular gene variable.

Cox proportional hazards regression analyses: 
Two Cox proportional hazards regression analy-
ses were performed: one in connection with all 
of the STS subjects of this study (STS-LGG vs. 

Type: astrocytoma = 1, glioblastoma = 2, oli-
goastrocytoma = 3, oligodendroglioma = 4; and 
Tumor Histological Grade: as 2, 3, or 4 corre-
sponding to tumor grades 2, 3, or 4, respective-
ly. The survival cut-off point was set to 1 year 
since all STS subjects experienced a survival ≤ 
1 year. The survival time (Table S1 and Table S1 
of the original study) was used as the time-to-
event variable. Regarding the censoring vari-
able, since all of the STS subjects experienced 
a survival ≤ 1 year, i.e. within the survival cut-off 
point, none of the subjects was censored. The 
significance level for all Cox analyses was set at 
α = 0.05 (two-tailed).

Computer software

All analyses in this study were carried out with 
custom software written by JBN in MATLAB 
R2016a.

Figure 1. Model performance in the present study. The model classifies a sub-
ject as a long-term survivor (LTS) if the F1 score is < 25.2 or as a short-term 
survivor (STS) if the F1 score is ≥ 25.2. The cut-off score of 25.2 is represented 
here by the horizontal purple line. In this study, a total of 102 subjects were 
employed (40 LTS and 62 STS). The mean F1 score of the LTS subjects was 
19.463 (top of the green bar) and their standard deviation (whiskers above 
or below the top of the green bar) was 2.906. The 95% confidence interval 
of the mean F1 score of the LTS subjects was: [18.534, 20.393]. The mean 
F1 score of the STS subjects was 34.186 (top of the orange bar) and their 
standard deviation (whiskers above or below the top of the orange bar) was 
4.651. The 95% confidence interval of the mean F1 score of the STS subjects 
was: [33.005, 35.368]. The significance level was set at α = 0.01 (two-tailed), 
and the probability of significance for the F1 was P = 3.83 x 10-36 (Aspen-Welch 
unequal-variance t-test with a t-statistic = -19.674 and df = 99.93). The F1 
scores of all 102 subjects are listed in Table S1.

STS-GBM) (Table S2) and 
one in connection with all of 
the STS subjects combined 
from both studies (STS-
LGG1-2 vs. STS-GBM1-2) (Table 
S3). Each one of those two 
analyses was performed 
twice: the first time as Model 
A, wherein, in addition to the 
survival and censoring vari-
ables, the Group variable 
(STS-LGG vs. STS-GBM), wh- 
ich represents the tumor 
histological classification (lo- 
wer-grade glioma vs. glio-
blastoma) of the STS sub-
jects, was the only indepen-
dent variable; and the 
second time as Model B, 
wherein, in addition to the 
survival and censoring va- 
riables, five independent va- 
riables were used [Group 
(STS-LGG vs. STS-GBM), Ge- 
nder, Age, Tumor Histological 
Type, and Tumor Histological 
Grade]. The independent 
variables were inputted as 
follows: Group (Tumor Histo- 
logical Classification): STS-
LGG = 0 and STS-GBM = 1; 
Gender: female = 1 and ma- 
le = 2; Age: as a numerical 
variable; Tumor Histological 
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Results

Model performance

In the original study [1], the F1 algorithm of the 
model was developed and presented (Equation 
1); and the cut-off score of 25.2 was calculated 
such that if the score of a particular subject 
was < 25.2, the subject would be classified as 
LTS, or if the score was ≥ 25.2, the subject 
would be classified as STS. 

In (10)F ( ) ( )
( ) ( ) ( )
X X

X X X
1

4 5 4
1

1

2

2

2

3 2
5

2
1

= $
+ +

$888 BB B    (Equation 1)

In Equation 1 above, X1 = FAM120AOS, X2 = 
PDLIM4, X3 = OCIAD2, X4 = PCDH 15, and X5 =

 

2.906; whereas the mean F1 score of the STS 
group was 34.186 with a 95% confidence inter-
val of [33.005, 35.368] and SD = 4.651. 
Figures 1 & 2A depict the results of the afore-
mentioned statistical analysis, whereas Figure 
3A provides a 3D space position of all 102 sub-
jects according to their F1 scores and shows a 
clear separation between the two groups (LTS 
vs. STS). 

It should be pointed out here that those statisti-
cal values of the two groups were very close to 
the corresponding values of the two groups in 
the original study. More specifically, the original 
study utilized 89 different subjects, and the 
mean F1 score of the LTS group was 20.511 (SD 

Figure 2. Model performance (present study and overall performance). (A) Box 
plots of the model performance in the present study. In this study, a total of 
102 subjects were employed (40 LTS and 62 STS). The mean F1 score of the 
LTS subjects was 19.463, the median was 19.294, and the range was 13.873 
[15.175, 29.048]. There were two statistical outliers, represented here by the 
two green diamonds. The mean F1 score of the STS subjects was 34.186, the 
median was 34.606, and the range was 24.370 [19.560, 43.930]. There was 
one statistical outlier, represented here by the orange diamond. The F1 scores 
of all 102 subjects are listed in Table S1. (B) Box plots of the overall model 
performance. In order to assess the overall performance of the model, thus 
far, the 89 subjects (75 LTS and 14 STS) used in the original study (Table S7 
of the original study) were pooled together with the 102 subjects (40 LTS and 
62 STS) used in this study (Table S1). The mean F1 score of the 115 LTS1-2 
subjects was 20.147, the median was 19.653, and the range was 14.547 
[14.501, 29.048]. There was one statistical outlier, represented here by the 
green diamond. The mean F1 score of the 76 STS1-2 subjects was 33.444, the 
median was 32.666, and the range was 24.370 [19.560, 43.930].

MXI1. The X1-X5 are the nor-
malized RNA-Seq gene ex- 
pression values of the afore-
mentioned 5 genes. In this 
second, independent cohort 
study, utilizing the F1 algo-
rithm (Equation 1); em- 
ploying the normalized RNA-
Seq gene expression values 
of the above 5 genes as 
input variables; and using 
the same cut-off score of 
25.2; the model classified 
correctly all but three of the 
102 new subjects used (40 
LTS and 62 STS). More spe-
cifically, of the 62 STS sub-
jects, all but one were clas-
sified correctly [sensitivity = 
(61/62) = 98.4%]; and of the 
40 LTS subjects, all but  
two were classified correc- 
tly [specificity = (38/40) = 
95.0%]. Table S1 lists the F1 
scores of all 102 subjects. 
Statistical analysis of the 
scores of all 102 subjects 
revealed a large significant 
difference between the two 
groups (LTS vs. STS) [P = 
3.83 x 10-36 (Aspen-Welch 
unequal-variance t-test with 
a t-statistic = -19.674 and  
df = 99.93)]. Specifically, the 
mean F1 score of the LTS 
group was 19.463 with a 
95% confidence interval of 
[18.534, 20.393] and SD = 

http://www.ajcr.us/files/ajcr0032468suppldata.pdf
http://www.ajcr.us/files/ajcr0032468suppldata.pdf
http://www.ajcr.us/files/ajcr0032468suppldata.pdf


Independent validation of a genomic model for survival of glioma patients

1413 Am J Cancer Res 2016;6(6):1408-1419

= 2.790), while the mean F1 score of the STS 
group was 30.157 (SD = 4.068). 

In order to assess the overall performance of 
the model, thus far, the 89 subjects (75 LTS 
and 14 STS) used in the original study (Table S7 
of the original study) were pooled together with 
the 102 subjects (40 LTS and 62 STS) used in 
this study (Table S1). Out of 89+102 = 191 sub-
jects (115 LTS and 76 STS), the model classi-
fied correctly all but seven subjects (four in the 
original study and three in the present one) 
(Table S1 and Table S7 of the original study). 
More specifically, out of a total of 76 STS sub-
jects, the model classified correctly all of them 
except two [overall sensitivity = (74/76) = 
97.4%]; and out of a total of 115 LTS subjects, 
the model classified correctly all of them except 
five [overall specificity = (110/115) = 95.7%]. 
Just as was the case in the present study, sta-
tistical analysis of the F1 scores of the com-
bined total of 191 subjects revealed a large 
significant difference between the two groups 
(115 LTS vs. 76 STS) [P = 1.29 x 10 -44 (Mann-
Whitney U test with a z-value = 11.358)]. 

Specifically, the mean F1 score of the LTS group 
was 20.147 with a 95% confidence interval of 
[19.618, 20.676] and SD = 2.863; whereas the 
mean F1 score of the STS group was 33.444 
with a 95% confidence interval of [32.350, 
34.539] and SD = 4.789. Figure 2B depicts the 
results of the aforementioned statistical analy-
sis; Figure 3B provides a 3D space position of 
all 191 subjects according to their F1 scores 
and with respect to the two groups (LTS vs. 
STS) and shows a clear separation between 
them; whereas Figure 4 provides the same 3D 
space position of all 191 subjects but with 
respect also to the two STS subgroups (STS-
LGG1-2 and STS-GBM1-2) and shows also a dis-
tinct separation between those two sub- 
groups.

It is both interesting and important to note here 
that as the subject sample size increased con-
siderably [either from 89 (original study) or from 
102 (present study) to 191 (combined total 
from both studies)], the statistically significant 
difference between the LTS and the STS sub-
jects also increased considerably.

Figure 3. 3D space position of all subjects according to their F1 scores. (A) 3D space position of all 102 subjects 
employed in the present study according to their F1 scores. The F1 scores of all 102 subjects (40 LTS and 62 STS) 
are plotted in the z-axis. The subject number is plotted in the x-axis and the y-axis. A plane parallel to the x-y plane 
that intersects the z-axis at the point 25.2, which is the cut-off score, represents the cut-off plane. Subjects that are 
classified as STS lie above the cut-off plane, whereas subjects that are classified as LTS lie below the cut-off plane. 
The two groups are clearly separated. (B) 3D space position of all 191 subjects employed in both studies according 
to their F1 scores. The 89 subjects (75 LTS and 14 STS) used in the original study (Table S7 of the original study) 
were pooled together with the 102 subjects (40 LTS and 62 STS) used in this study (Table S1). The F1 scores of all 
191 subjects (115 LTS1-2 and 76 STS1-2) are plotted in the z-axis. The subject number is plotted in the x-axis and 
the y-axis. A plane parallel to the x-y plane that intersects the z-axis at the point 25.2, which is the cut-off score, 
represents the cut-off plane. Subjects that are classified as STS lie above the cut-off plane, whereas subjects that 
are classified as LTS lie below the cut-off plane. The two groups are clearly separated. In order to provide the same 
perspective as the one in (A), all 102 subjects of this study were assigned the same subject numbers as in (A), and 
all three axes were scaled the same way as in (A).
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Top 29 most significant genes

In the original study [1], the top 29 genes that 
were the most significant in terms of differen-
tial expression between the LTS and STS groups 
were identified and reported (Table 1 of the 
original study). Here, using the mRNA-Seq 
expression of those 29 genes for all 102 sub-
jects, and employing the appropriate tests, as 
reported in the Methods section, the statistical 
significance in connection with differential ex- 
pression between the two groups (LTS vs. STS) 
was also assessed for each of those 29 genes. 
All but one of those 29 genes were highly sig-
nificant according to the very stringent criterion 
of significance imposed in this study (P < 2.43 
x 10-6). It is worth mentioning here, however, 
that even according to this very stringent crite-
rion of significance, the TMPRSS3 gene (# 29 in 

tion with lower-grade glioma vs. glioblastoma

In this study, in order to be able to test the 
domain of the model, i.e., whether the model 
can identify correctly STS subjects (short-term 
survivors with survival ≤ 1 year) with grade IV 
glioma (glioblastoma), the STS group was 
expanded to include 54 STS-GBM subjects. In 
total, the STS group comprised 62 subjects [8 
STS-LGG (short-term survivors with lower-grade 
glioma) and 54 STS-GBM (short-term survivors 
with glioblastoma)]. Of the 8 STS-LGG subjects, 
the model classified correctly all of them except 
one as STS subjects; and of the 54 STS-GBM 
subjects, the model classified correctly all of 
them as STS subjects (Table S1).

STS-LGG vs. STS-GBM: Statistical analysis of 
the F1 scores of all 62 STS subjects used in this 

Figure 4. 3D space position of all 191 subjects used in both studies ac-
cording to their F1 scores. The F1 scores of all 191 subjects (115 LTS1-2 and 
76 STS1-2) from both studies are plotted in the z-axis. The subject number 
is plotted in the x-axis and the y-axis. A plane parallel to the x-y plane that 
intersects the z-axis at the point 25.2, which is the cut-off score, represents 
the cut-off plane. In this 3D scatter plot, the space position of the 115 LTS1-

2 subjects (green spheres) vs. the 76 STS1-2 subjects (orange & dark red 
spheres) is depicted. There is a clear separation between the LTS1-2 sub-
jects and the STS1-2 subjects; the former lie below the cut-off plane, where-
as the latter lie above it. Furthermore, the two STS1-2 subgroups, namely, 
the 22 STS-LGG1-2 [short-term survivors with lower-grade glioma (orange 
spheres)] vs. the 54 STS-GBM1-2 [short-term survivors with glioblastoma 
(dark red spheres)] are depicted. There is a distinct separation between 
those two subgroups. The STS-GBM1-2 subjects have significantly greater F1 
scores than the STS-LGG1-2 subjects do; the former lie much higher above 
the cut-off plane than the latter do.

Table 1) barely missed statisti-
cal significance (P = 3.45 x 
10-06). Figure 5 shows the heat 
map resulted by plotting the 
expression of the 29 genes for 
all 102 subjects (40 LTS and 
62 STS) and provides a distinct 
visual separation between the 
two groups. Table 1 lists statis-
tical details about the differen-
tial expression of those 29 
genes between the two groups 
(LTS vs. STS).

A comparison between the sta-
tistical values of the 29 genes 
in the original study (Table 1 of 
the original study) with the cor-
responding statistical values 
of those 29 genes in this study 
(Table 1) reveals a substantial 
increase in statistical signifi-
cance for all of those 29 genes 
except one (# 29 TMPRSS3). It 
is also important to note here 
that the 5 genes that are the 
input variables of the algorithm 
of the model, namely, FAM12- 
0AOS, MXI1, OCIAD2, PCDH15, 
and PDLIM4, demonstrated 
increases in the magnitude of 
statistical significance that we- 
re among the highest obser- 
ved (Table 1).

Short-term survival in connec-
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study revealed a significant difference between 
the two STS subgroups (8 STS-LGG vs. 54 STS-
GBM) [P = 6.88 x 10-4 (equal-variance indepen-
dent t-test with a t-statistic = -3.580 and df = 
60)]. Specifically, the mean F1 score of the STS-
LGG group was 29.158 with a 95% confidence 
interval of [25.172, 33.143] and SD = 4.767; 
whereas the mean F1 score of the STS-GBM 
group was 34.931 with a 95% confidence inter-
val of [33.789, 36.074] and SD = 4.185. 
According to the model, therefore, and from the 
molecular perspective, in comparison with the 
STS-LGG subjects, the STS-GBM subjects had 
significantly higher scores and were significant-
ly farther away from the cut-off point of 25.2, 
which demarcates long-term survival (< 25.2) 
from short-term survival (≥ 25.2). Figure 6A 
depicts the results of the aforementioned sta-
tistical analysis.

Two Cox proportional hazards regression analy-
ses were performed with respect to the two 
STS subgroups (STS-LGG vs. STS-GBM). The 
first analysis (Model A) revealed that when 
examined all by itself, the tumor histological 
classification (Group) [LGG (lower-grade glioma) 
vs. GBM (glioblastoma)] had no statistically sig-
nificant effect on the survival of the STS sub-

jects [Model A: Group variable (P = 0.2446)]. To 
state it differently and equivalently, with respect 
to survival, the STS subjects with LGG could not 
be statistically differentiated from the STS sub-
jects with GBM. The second Cox proportional 
hazards regression analysis (Model B) revealed 
that when examined together with the gender, 
age, tumor histological type, and tumor histo-
logical grade variables, the tumor histological 
classification (Group variable) had no statisti-
cally significant effect on the survival of the STS 
subjects either [Model B: Group variable (P = 
0.3475)]. The second Cox analysis also revealed 
that gender, age, tumor histological type (astro-
cytoma, glioblastoma, oligoastrocytoma, or oli-
godendroglioma), and tumor histological grade 
- as possible covariates - had no statistically 
significant effect on the survival of the STS sub-
jects either [Model B: Gender (P = 0.1546), Age 
(P = 0.2422), TH Type (P = 0.7689), and TH 
Grade (P = 0.2621)]. The log-likelihood of the 
Model A was LogL = -196.951, whereas the log-
likelihood of the Model B was LogL = -194.152 
(P = 0.2312), indicating that the Model B did 
not constitute a statistically significant improve-
ment over the Model A. Table S1 contains all of 
the data used in those analyses, whereas Table 
S2 lists all of their respective results. 

Figure 5. Heat map of the expression of the 29 most significant tumor tissue genes. Heat map of the tumor tissue 
gene expression, generated from mRNA sequencing, of the 40 LTS subjects (columns # 1-40) (x-axis) and the 62 
STS subjects (columns # 41-102) (x-axis) employed in this study with respect to the 29 most significant genes (rows 
# 1-29) (y-axis), identified in the original study. The order of those 29 genes is alphabetical (the same as the one 
in Table 1). The TBP gene (*), which is a natural control gene, was also included for comparison purposes. All 30 
gene variables were standardized (mean = 0 and SD = 1). The intensity scale of the standardized expression values 
represents, therefore, the z scores; and it ranges from -3.0 [blue: low expression (3 SD below the mean)] to +3.0 
[red: high expression (3 SD above the mean)], with 0 [white (mean = 0)] representing the reference intensity value 
(mean expression value of all 102 subjects). As can be seen, based on the expression of those 29 most significant 
genes, there is a distinct overall separation between the LTS and the STS subjects.
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According to the aforementioned Cox propor-
tional hazards regression analyses, with 
respect to survival, neither variables at the tis-
sue level [tumor histological classification (LGG 
vs. GBM), tumor histological type (astrocytoma, 
glioblastoma, oligoastrocytoma, or oligoden-
droglioma), or tumor histological grade (glioma 
grade II, III, or IV)] nor variables at the organis-
mal level (gender or age) were able to statisti-
cally discriminate between the two STS sub-
groups, i.e., STS-LGG vs. STS-GBM. The model, 
on the other hand, designed to operate at the 
molecular level (gene expression of tumor 
cells), was able to statistically discriminate 
between the two STS subgroups and showed 
that, with respect to survival, the STS-GBM sub-

with a t-statistic = -4.832 and df = 74)]. 
Specifically, the mean F1 score of the STS-
LGG1-2 group was 29.794 with a 95% confidence 
interval of [27.910, 31.678] and SD = 4.250; 
whereas the mean F1 score of the STS-GBM1-2 
group was 34.931 with a 95% confidence inter-
val of [33.789, 36.074] and SD = 4.185. 
According to the model, therefore, and from the 
molecular perspective, in comparison with the 
STS-LGG1-2 subjects, the STS-GBM1-2 subjects 
had significantly higher scores and were signifi-
cantly farther away from the cut-off point of 
25.2, which demarcates long-term survival (< 
25.2) from short-term survival (≥ 25.2). Figure 
6B depicts the results of the aforementioned 
statistical analysis.

Figure 6. Short-term survivors with lower-grade glioma (STS-LGG) vs. short-
term survivors with glioblastoma (STS-GBM). (A) The two box plots depict 
the results of the analysis between the two STS subgroups [8 STS-LGG sub-
jects (blue) vs. 54 STS-GBM subjects (red)] employed in the present study. 
The mean F1 score of the STS-LGG subjects was 29.158, the median was 
29.701, and the range was 17.065 [19.560, 36.625]. There were two statis-
tical outliers, represented here by the two blue diamonds. The mean F1 score 
of the STS-GBM subjects was 34.931, the median was 35.412, and the 
range was 16.134 [27.796, 43.930]. The F1 scores of all 102 subjects used 
in this study are listed in Table S1. (B) The two box plots depict the results of 
the analysis between the two STS subgroups [22 STS-LGG1-2 subjects (blue) 
vs. 54 STS-GBM1-2 subjects (red)] employed in both the present study and 
the original one. The mean F1 score of the STS-LGG1-2 subjects was 29.794, 
the median was 30.163, and the range was 18.336 [19.560, 37.896]. There 
were three statistical outliers, represented here by the three blue diamonds. 
The mean F1 score of the STS-GBM1-2 subjects was 34.931, the median was 
35.412, and the range was 16.134 [27.796, 43.930].

jects were significantly worse 
than the STS-LGG subjects 
were, that is to say that the 
former were significantly far-
ther away from the long-term 
survival area (significantly far-
ther away from the cut-off of 
25.2) than the latter were. 

STS-LGG1-2 vs. STS-GBM1-2: In 
order to ascertain whether 
the previous analyses and 
results about the two STS 
subgroups (STS-LGG vs. STS-
GBM) were skewed in any way 
by the relative small sample 
size of one of the two sub-
groups (8 STS-LGG vs. 54 
STS-GBM), all of the STS sub-
jects of the original study (14 
STS-LGG) (Table S1 of the 
original study) were pooled 
together with all of the STS 
subjects of this study. The 
combined STS group, there-
fore, comprised 22 = 8+14 
STS-LGG1-2 and 54 STS-GBM1-2 
subjects. Statistical analysis 
of the F1 scores of the com-
bined total of 76 STS subjects 
(used in both the original and 
the present studies) revealed 
a significant difference bet- 
ween the two STS subgroups 
(22 STS-LGG1-2 vs. 54 STS-
GBM1-2) [P = 7.12 x 10-6 (equal-
variance independent t-test 
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Two Cox proportional hazards regression analy-
ses were performed with respect to the two 
STS subgroups (22 STS-LGG1-2 vs. 54 STS-
GBM1-2), using all STS subjects from both the 
original and the present studies. The first analy-
sis (Model A) revealed that when examined all 
by itself, the tumor histological classification 
(Group) [LGG (lower-grade glioma) vs. GBM 
(glioblastoma)] had no statistically significant 
effect on the survival of the STS subjects 
[Model A: Group variable (P = 0.1387)]. To state 
it differently and equivalently, with respect to 
survival, the STS-LGG1-2 subjects could not be 
statistically differentiated from the STS-GBM1-2 
subjects. The second Cox proportional hazards 
regression analysis (Model B) revealed that 
when examined together with the gender, age, 
tumor histological type, and tumor histological 
grade variables, the tumor histological classifi-
cation (Group variable) had no statistically sig-
nificant effect on the survival of the STS sub-
jects either [Model B: Group variable (P =  
0.3875)]. The second Cox analysis also 
revealed that gender, age, tumor histological 
type (astrocytoma, glioblastoma, oligoastrocy-
toma, or oligodendroglioma), and tumor histo-
logical grade - as possible covariates - had no 
statistically significant effect on the survival of 
the STS subjects either [Model B: Gender (P =  
0.2417), Age (P = 0.2835), TH Type (P = 0.4171), 
and TH Grade (P = 0.6419)]. The log-likelihood 
of the Model A was LogL = -255.690, whereas 
the log-likelihood of the Model B was LogL = 
254.147 (P = 0.5435), indicating that the 
Model B did not constitute a statistically signifi-
cant improvement over the Model A. Table S1 
contains all of the data used in those analyses, 
whereas Table S3 lists all of their respective 
results.

It is interesting to point out here the following 
two observations. 1) By combining together all 
STS subjects from both studies (the original 
and the present one), the sample size of the 
STS-LGG subgroup increased from 8 to 22 
(nearly tripled). 2) Given that large sample size 
increase, the model’s ability to discriminate 
between the two STS subgroups became more 
statistically significant, whereas the ability of 
either the variables at the tissue level or the 
variables at the organismal level to discrimi-
nate between the two STS subgroups remained 
statistically non-significant at best.

Discussion

On the performance of the model

In the original study [1], employing 89 subjects, 
the model exhibited a sensitivity of 92.9% and 
a specificity of 96.0%, with a significant differ-
ence (P = 4.05 x 10-18) between the scores of 
the two groups (STS vs. LTS). In this second, 
independent cohort study, employing 102 new 
subjects, the model exhibited a sensitivity of 
98.4% and a specificity of 95.0%, with a signifi-
cant difference (P = 3.83 x 10-36) between the 
scores of the two groups. It is evident, there-
fore, that the performance of the model in this 
study improved considerably, and that the sta-
tistically significant difference between the two 
groups increased considerably. If the results of 
both studies are combined, the overall perfor-
mance of the model thus far is: overall sensitiv-
ity = 97.4% and overall specificity = 95.7%, with 
a significant difference (P = 1.29 x 10 -44) 
between the scores of the two groups (STS vs. 
LTS). It should be pointed out here that as the 
subject sample size increased substantially 
(either from 89 or from 102 to 191), the statisti-
cally significant difference between the scores 
of the two groups also increased substantially. 
These overall results provide another perspec-
tive of the considerable improvement in the 
model’s performance and demonstrate its 
overall accuracy.

Given that in this study, 54 STS subjects with 
GBM were included, and given that the model 
identified all of them correctly, it stands to rea-
son that the domain of the model, as was theo-
retically expected in the past, can now be 
expanded to include subjects with glioma grade 
II, III, or IV.

On the top 29 most significant genes

In this study, and compared with the original 
one, all 29 genes that had been identified in 
the original study as the most important in the 
process of short-term survival vs. long-term 
survival in patients with glioma became sub-
stantially more significant with the exception of 
one [# 29 TMPRSS3 (Table 1)]. Furthermore, 
and more importantly, and also in terms of sta-
tistical significance, the 5 genes that constitute 
the input variables of the algorithm of the 
model (FAM120AOS, MXI1, OCIAD2, PCDH15, 
and PDLIM4) attained levels that were among 
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the highest observed in this study (Table 1 and 
Table 1 of the original study). This in itself pro-
vides further support for the theoretical foun-
dation of the model.

On short-term survival in connection with 
lower-grade glioma vs. glioblastoma

The model was designed to operate in two very 
distinct survival time intervals [short-term sur-
vival (≤ 1 year) and long-term survival (≥ 3 
years)] and at the molecular level (gene expres-
sion of tumor cells). More specifically, the model 
was designed to quantify a certain genomic 
state of the tumor cells of a patient and, in rela-
tion to the cut-off point, to determine whether 
that patient will be a short-term survivor or a 
long-term survivor. Moreover, the farther away 
a patient’s score is from the cut-off point 
(whether below or above), then 1) the less - or 
the more - advanced the genomic state of the 
tumor cells of the patient is, respectively, and 
2) the higher the certainty is that the patient 
belongs to the respective group. The most 
important point here is that survival - a phe-
nomenon at the organismal level - is deter-
mined at the molecular level. Since molecular 
changes precede cellular changes, which in 
turn precede tissue changes, which in turn pre-
cede organismal changes, it follows that chang-
es at the molecular level may be the earliest 
accurate prognosticators of developments at 
the organismal level long before those develop-
ments occur. In this study, that was indeed the 
case. Because the short-term survival time 
interval is short (≤ 1 year), variables at the tis-
sue level (histology) were not able to detect a 
significant difference between the STS sub-
jects with lower glioma and STS subjects with 
glioblastoma in connection with survival. The 
model, on the other hand, examining genomic 
changes, i.e., changes at the molecular level, 
was able to detect a significant difference 
between those two groups in connection with 
survival. More specifically, based on the genom-
ic profile of their tumor cells, and in connection 
with survival, the model calculated scores for 
the STS subjects with glioblastoma that were 
significantly higher than those for the STS sub-
jects with lower-grade glioma, which means 
that, in terms of survival, the former subjects 
were farther away (higher) from the cut-off 
point of 25.2, that is to say that they were worse 
off, than the latter subjects were. Moreover, the 
ability of the model to detect a significant differ-
ence between those two groups increased in 

terms of statistical significance as the sample 
size of the STS subjects increased. In conclu-
sion, the results of this study lend additional, 
independent support for the model’s accuracy, 
theoretical foundation, and clinical utility.
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