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Abstract: 

BACKGROUND  
Glioblastoma multiforme (GBM) is the most common malignant disease of 
the central nervous system. Its prognosis is rather unfavorable, and the 
median overall survival of patients is 16–24 months. The main cause of the 
poor survival data is the extensive invasion of cancer cells to the 
neighboring parenchyma, thus leading to inevitable local recurrence. The 
extracellular matrix (ECM) is a known factor in tumor invasion, and 
differences in the ECM of non-tumor brain and glioblastoma has been 
proved.  
 
METHODS  
In this research, 20 invasion-related expressions of ECM components were 
determined in 26 GBM flash-frozen samples using quantitative reverse 
transcription-polymerase chain reaction and proteomic measurements. 
Expression data were then set against the survival data of the patients.  
 
RESULTS  
Significant alterations between groups with different survival rates could 
not be established in the individual evaluation of the expression level of the 
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selected molecules. However, statistical analysis of the expression pattern 
of invasion-related molecules revealed correlation with prognosis. The 
positive predictive values of the mRNA and the proteomic expression 
studies were 0.85 and 0.89, respectively. The receiver operation 
characteristic value was 0.775 for the mRNA expression data and 0.875 for 
the protein expression data. Furthermore, a group of molecules, including 
brevican, cadherin-12, integrin β1, integrinα3, laminin α4, and laminin β1, 
playing a prominent role in invasion was identified.  
 
CONLCUSIONS  
Joint assessment of the expression of invasion-related molecules provides 
a specific invasion spectrum of the tumor that correlates with the survival 
of glioblastoma patients. Using statistical classifiers enables the adoption of 
an invasion spectrum as a considerably accurate prognostic factor while 
gaining predictive information on potential molecular oncotherapeutic 
targets at the same time.  
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INTRODUCTION 

Glioblastoma multiforme (GBM) is the most common tumor of the central nervous system 

(CNS), accounting for nearly half of CNS malignancies, and the incidence rate of GBM is 2-

3/100,000 1. The prognosis of the disease, despite accurate therapy, is rather unfavorable 

because of the almost inevitable local recurrence 2,3. The mean overall survival (OS) of 

adequately treated patients is between 16 and 24 months. 3,4 

Treating GBM patients demands the cooperation of a neurosurgeon, a radiotherapist and an 

oncologist, as GBM requires a complex neuro-oncologic approach. However, complete 

surgical removal is hindered by the invasion of tumor cells, which show only partial 

sensitivity to stand-alone irradiation and traditional chemotherapeutic agents 2,5,6
. According 

to the protocols used today, patients undergo biopsy or mass-reducing surgery and then 

concurring chemo-irradiation, followed by temozolomide monotherapy as long as the 

physical condition of the patient allows or until the disease progresses 2,4,6,7. After 

progression, treatment can be complemented with a biological treatment (bevacizumab, 

which is an anti-VEGF monoclonal antibody). However, no major advances in the 

oncotherapy of GBM have been made since temozolomide was introduced 6,8
. 

Previous research has proved that extracellular matrix (ECM) significantly affects the clinical 

behavior of tumors 9,10. The amount of ECM in tumor tissue is greater than that in normal 

brain tissue (50% vs. 20%), and the composition of tumor ECM differs from that of non-

tumor ECM 11–15
. The changed composition of ECM, with some components expressing in a 

higher or lower amount and some being undetectable in normal brain but suddenly 

appearing in ECM, seems to correlate with the invasivity of GBM 13,15–17. Understanding the 

ECM composition of normal and tumorous brain is not only academically relevant, but it also 
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provides important information to clinicians so that they are able to correctly choose the 

right targets of molecular therapy for their patients. 

In today’s clinical practice, only a single protocol is available for the neuro-oncological 

treatment of patients with GBM, and the efficacy of this protocol shows a great difference 

among patients. 1,2,4,18–21. No predictive factors are available in routine clinical practice to 

assess the treatment options of GBM patients, although screening patients with poor 

prognosis may give an opportunity to use other anti-cancer agents instead of the drugs of 

the current treatment protocol. As the inefficacy of oncotherapy lies in the peritumoral 

invasion of cancer cells that lead to local recurrence, studying the expression of invasion-

related ECM molecules and correlating the obtained data with patients’ survival can produce 

essential information on patient outcome. Furthermore, during the expression analysis, new 

targets are likely to be identified for research groups focusing on the anti-invasive therapy of 

GBM, which is a recently revived field of neuroscience. 

This study aims to investigate the prognostic role of the expression levels of invasion-related 

ECM molecules using samples from GBM patients. Furthermore, the composition of ECM in 

groups with different survival rates is analyzed to identify the key molecules in the 

development of the invasive character of glioblastoma. 

PATIENTS AND METHODS 

Intraoperatively harvested, flash frozen GBM tissue samples taken from the Brain Tumor and 

Tissue Bank of the Department of Neurosurgery, University of Debrecen, were studied using 

the methods of molecular biology. mRNA and protein expression were measured in 20 ECM 

components, which were chosen after a thorough study of the literature.11,13,14,16,22–25 Cell 

surface receptors, their extracellular matrix ligands, fibrous components, glycoproteins and 
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enzymes of the ECM were included in this study because members of these groups are all 

important in the process of glioma invasion. There are more than hundreds of relevant 

molecules, but based on our previous reports, twenty of them were selected for the recent 

investigations.9,10,12,26–28 Table 1 shows the molecules involved in the study.  

Patients and tissue samples 

Flash frozen GBM samples of 26 patients from the Brain Tumor and Tissue Bank of our 

departments were chosen for examination. The mean age of patients was 58.69±8.01 

(minimum: 43 years, maximum: 75 years). Each patient received the same treatment 

protocol: subtotal tumor resection followed by concurring chemo-irradiation and 

temozolomide monotherapy according to the Stupp protocol. In case of recurrence while on 

temozolomide monotherapy, bevacizumab monotherapy was initiated and continued as 

long as the tumor progressed further or the patients’ clinical condition allowed. Samples 

were divided into two groups based on the median overall survival of patients, and 23 

months was determined as a separating parameter, as suggested by the literature and the 

author’s institutional statistics (median overall survival for glioblastoma patients receiving 

the Stupp protocol complemented with bevacizumab). Patients with an OS of 23 months or 

less are included in Group A (n=12), and patients whose OS is more than 23 months (n=14) 

are included in Group B. The chosen samples were then analyzed to measure the mRNA and 

protein levels of the molecules. Table 2 presents the summary of the clinical data of patients 

included in the study.  

Immunohistochemistry 

Samples were analyzed to determine prognostic factors isocitrate dehydrogenase-1 (IDH1) 

and Ki-67 protein expression with fluorescent labeling. 4 µm thick sections from formalin-

fixed, paraffin-embedded blocks have been stained for the R132H mutant specific IDH1 
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mouse monoclonal antibody (DIA H09) (Dianova, Germany) and Ki-67/MIB-1 mouse 

monoclonal antibody (M7240) (DAKO, Denmark) according to the manufacturer’s 

instructions, using a 1:50 and 1:200 dilution for IDH1 and Ki-67, respectively. 

mRNA Expression Measurements 

The mRNA expression level of 20 molecules was determined through real-time quantitative 

reverse transcriptase–polymerase chain reaction (QRT–PCR) as described previously 9,28. 

Freshly frozen tissue samples were first pulverized and then homogenized using TriReagent® 

(Invitrogen, USA). Total RNA was isolated from TriReagent lysates according to the 

manufacturer’s instructions. A NanoDrop® ND-1000 Spectrophotometer (NanoDrop 

Technologies, USA) was used to measure the quantity and purity of RNA. In the next step, 

reverse transcription was performed to convert total RNA to single-stranded cDNA with the 

help of a High-Capacity cDNA Archive Kit with RNasin (Applied Biosystems, USA). The cDNA 

was then loaded onto a microfluidic card (cDNA from 100 ng of total RNA per port). An 

Applied Biosystems 7900HT real-time PCR system with Micro Fluidic Card upgrade (Applied 

Biosystems, USA) was used to perform TaqMan low-density array (TLDA) experiments. The 

Micro Fluidic Cards were analyzed with SDS 2.1 software as relative quantification studies, 

and the Ct (Cycle threshold) values were exported for further analysis. β-actin and 

glyceraldehyde 3-phosphate dehydrogenase housekeeping genes exhibited the least 

variation among the samples and were used as reference genes to calculate the dCt value for 

each gene. Expression values were calculated using the comparative CT method, as 

described previously 29. After determining the mRNA levels, concentrations of the 

transcribed proteins were measured with a mass spectrometer to discover the expressional 

changes.  
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Protein Expression Measurements 

After determining the mRNA levels, concentrations of the transcribed proteins were 

measured with a mass spectrometer to uncover expressional changes as described 

previously 9,28. Proteomic measurements were reproducibly acceptable in 14 cases. Tissue 

homogenization for protein analysis was performed as described in the case of RNA 

purification. However, a lysis buffer containing 50 mM Tris, 1 mM EDTA, 17 mM beta-

mercaptoethanol, and 0.5% Triton-X100™ was used in this case for tissue lysis. The protein 

content was measured using the Bradford method, and equal amounts of proteins were 

used for in-solution trypsin digestion 30. The selected reaction monitoring (SRM)-based 

targeted proteomic method was developed for relative protein amount determination 31–34. 

For protein concentration estimation, the area under the curve of the acquired spectra was 

calculated, and the SRM spectra were used for AUC calculations in which the intensity of the 

signal exceeds 500 cps. Data integration was conducted with the help of the Analyst 1.4.2 

software based on the curve shape determined from pilot analyses.  

Statistical analysis 

Survival and expression data were statistically analyzed with independent samples t-test, 

chi-square test, and comparison of ratios. To determine the effect of certain molecule 

patterns on survival, we used locally weighted learning and J48 pruned tree statistical 

classifiers. Statistical analysis was conducted by a biomathematician using the Weka 3.6 

statistical program. 

RESULTS 

Clinical parameters of patients do not influence patient survival significantly 

The mean progression free survival (PFS) of patients was 8.0±7.01 months for Group A and 

14.4±8.3 for Group B. The mean OS was 13.4±8.3 months and 35.2±13.6 months for Group A 
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and Group B, respectively. The PFS and OS significantly differed between the two groups 

(PFS: p=0.04, OS: p<0.001). The mean age of patients in Group A was 61.3±5.88 years and 

that for Group B was 56.42±9.06 years (p=0.12). The homogeneity of groups was not 

different in terms of lateralization or lobular location of the tumors (p= 0.92 and p=0.52, 

respectively). The average tumor size was 49.3 ±20.8 mm in Group A and 43.53±17.7 mm in 

Group B; the groups did not differ from one another significantly (p=0.42). The rate of 

reoperations due to recurrence was also statistically indifferent between Group A and B 

(7/12 vs. 12/14, p=0.13). These findings indicate that patients in Group A and Group B do not 

diverge significantly from one another except in the PFS and OS data.  

Ki-67 and IDH-1 revealed no heterogeneity between the samples of patients with different 

prognosis 

IHC analysis of the samples for known prognostic marker IDH-1 revealed that 25% and 28.5% 

of the samples were IDH-1 positive in group A and group B, respectively. The proportion of 

IDH-1 positive samples did not differ significantly in the two groups with different survival. 

Ki-67/MIB1 labeling index (LI) was also determined. Average LI was 12.5±6.09 for group A 

and 18.61±15.11 for group B; the alteration is not statistically different. 

Various survival groups have different mRNA expression patterns of invasion-related 

molecules 

 After analyzing the individual mRNA levels of the measured molecules, no significant 

differences were found between the two groups. The difference in the amount of mRNA 

might not be significant, but it was certainly present as some components were expressed to 

a higher degree in the patient group with better prognosis, while others were present in a 

smaller amount (Figure 1). These differences have a small effect alone, but when they are 

jointly analyzed, their individual insignificant relevancies add up.  
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The expression of 20 invasion-related molecules was examined at the same time. The 

expression pattern of the two prognostic groups was created and used for studying the 

effect of invasion-related molecules on patient outcome. Patients of various survival groups 

were separable using the expression pattern by statistical classifier algorithm called J48 

pruned tree (see Table 3), thus proving the specific and significant role of the expression 

pattern of glioblastoma samples in the prognosis of the disease. The method identified 

84.6% of the patients’ prognosis correctly, the sensitivity of the test was 0.852, and its 

positive predictive value was 0.858. The statistical analysis also revealed the prominent role 

of certain ECM components. The differences in the expression level of these molecules were 

substantial to distinguish separate prognostic groups. The mRNA level of brevican and 

integrin beta 1 proved to be important in the differentiation between Group A and Group B, 

as the decision tree used expression levels of these molecules to determine the prognosis 

(i.e. group A or group B) of the patients. Both molecules are equally important, however the 

first decision is based upon the integrin beta 1 levels, and the second decision is based upon 

brevican expression. 

Protein expression analysis confirms the connection of the expression pattern of invasion-

related ECM components with patient outcome while highlighting more key molecules in 

glioma invasion 

In the analysis of proteomic measurements, no significant difference in the amount of 

individual proteins could be confirmed. Nonetheless, differences in the average level of ECM 

components playing a role in tumor invasion were registered, thus further suggesting the 

importance of the expression pattern of gliomas (Figure 2). The expression spectrum created 

from the protein levels of ECM components could be used for the assessment of patient 

outcome, as 85.7% of the patients’ prognosis was correctly identified (sensitivity: 0.857, 
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positive predictive value: 0.893). Note that all of the patients with better outcome were 

correctly identified (100 %, Table 4). The protein levels of some molecules seemed to be 

more important in the patient differentiating process. These ECM components could play an 

important role in the invasivity of glioblastoma cells, and therefore the protein amounts of 

these molecules could influence patient survival more than other molecules. Brevican, 

cadherin-12, integrin alpha-3, as well as laminin alpha-4 and beta-1 proteins were identified 

statistically as key molecules by the decision making algorithm called locally weighted 

learning (LWL). LWL uses the expression levels of the mentioned proteins as equally 

evaluated attributes when deciding if a sample belongs to group A or group B. This means 

that all the five protein levels are needed at the same time to determine the prognostic 

group. 

DISCUSSION 

GBM is the most common malignant disease of the central nervous system 1,2. The prognosis 

is modest despite novel treatment strategies. The poor patient outcome is mostly attributed 

to the extensive peritumoral infiltration of tumor cells 12,14,16,17,24,27. Interaction among 

glioma cells and ECM components of the neighboring brain and the changed micro-milieu 

caused by the modified composition of ECM are important factors in tumor invasion 

13,22,24,35. Clinicians treating glioma patients should be able to assess prognosis and survival. 

Molecular prognostic markers (e.g., MGMT methylation, 1p19q co-deletion, IDH1 mutation, 

etc.) today have no influence on routinely used treatment protocols in glioblastoma patients 

5,19,21,36. Therefore, a demand exists for a relatively simple, widely available, and potentially 

routinely performable method to analyze glioblastoma samples and asses prognosis. As 

curative total surgical removal is impossible because of peritumoral infiltration that leads to 
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inevitable local recurrences, examining invasion-related molecules has been the focus of 

interest recently. Our research aims to study the correlation between ECM components 

playing a role in tumor invasion and GBM patient survival. To study the expression of these 

molecules, the mRNA and protein expressions of 20 ECM components in samples from 

glioblastoma patients were determined. 

Regarding OS, two groups of glioblastoma patients were created. Group A consisted of 12 

patients, with mean PFS: 8.0±7.01 months and OS: 13.4±8.3 months. Group B consisted of 14 

patients, with mean PFS: 14.42±8.3 months and OS: 35.2±13.6 months. The expression levels 

of the invasion-related ECM molecules create a characteristic invasion spectrum for each 

group. Through statistical analysis, the invasion spectrum was proved to be specific for the 

selected groups, and it was useful to separate patients with poor and better prognosis. 

Furthermore, studying the expression pattern of ECM components highlights the significance 

of certain molecules in prognosis; therefore, the invasion spectrum helps to identify 

potential therapeutic targets. Brevican, cadherin-12, integrin beta-1 and alpha-3, as well as 

laminin alpha-4 and beta-1 were selected as key molecules by statistical classifiers LWL and 

J48 pruned tree. Previous studies have described an increased amount of brevican RNA in 

glioma cells with increased motility 37,26. In Group A, the group with poor prognosis, the 

mRNA levels of brevican was increased compared with Group B. Therefore, the increased 

expression of brevican correlates with a more invasive phenotype of glioblastoma. Cadherin-

12 certainly has a role in other types of cancer, such as colorectal cancer, and its role was 

previously described in glioblastoma in rat models 23,38,39. Cadherin-12 expression has been 

reported to be inversely proportional to tumor invasivity. Our research confirms these data, 

as the levels of cadherin-12 mRNA were higher in Group B than in Group A. As described in 
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the literature, the level of integrin beta-1 increases in tumors, especially in the perivascular 

areas and on the infiltrating surface of tumor masses 25,35,40,41. GBM is known to be highly 

hypervascularized, and increased vascularization is an important criterion in 

histopathological diagnosis (astrocytoma WHO grade IV). The decreased level of integrin 

beta-1 detected in a recent study in Group B with better prognosis suggests less intensive 

neovascularization, and a decreased degree of infiltration was present in those samples. As 

integrin alpha-3 is a frequent heterodimer partner of integrin beta-1, it is not surprising to 

have it identified as an important factor in glioma invasiveness 25,35,42. Better prognosis 

correlates with decreased amount of integrin alpha-3. Laminin apha-4 and beta-1 protein 

levels are important factors according our findings. The laminin beta-1 chain is a unit of 

many laminin isoforms (laminin-1, -2, -6, -8, -10, -12), while the alpha-4 chain is a component 

of two isoforms (laminin-8 and -9) 43,44. Previously, these laminin chains were found to be 

secreted by glioma cells, and their role in peritumoral infiltration was found to be in the 

adhesion of cancer cells to ECM components and in cellular migration 43–46. More 

importantly, laminin-1, -8 and -10 are receptors for integrin apha-3 beta-1, which is 

responsible for the increased motility of glioma cells. Therefore our results confirm 

themselves. Like those of integrins, levels of laminin alpha-4 and beta-1 decreased in Group 

B compared with Group A. Therefore, the low levels of alpha-4 and beta-1 laminins are 

associated with less invasive tumor phenotype and better prognosis. 

Both RNA and protein expression studies are suitable to estimate prognosis. The expression 

pattern of the ECM components provides a specific invasion spectrum of the samples that 

can be used to efficiently appraise patients’ survival. From a clinical point of view, the 

method has a high positive predictive value, especially in group with worse prognosis. 
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Receiver operation characteristic (ROC) analysis, which estimates the accuracy of clinical 

tests, revealed that the method separates patients with poor from those with better 

prognosis well. The area under curve was 0.775 for the ROC curve of the invasion spectrum 

created from mRNA levels and 0.875 for the ROC curve of proteomic studies. These values, 

especially in case of a protein invasion spectrum, confirm the reliability of our method. 

CONCLUSIONS 

In the examination of tumor samples taken from glioblastoma patients, a single molecule 

was found to have no significant influence on patients’ survival. A specific invasion spectrum 

can be determined by measuring the expression of a selected panel of invasion-related 

molecules. The study of the expression pattern of invasion-related molecules confirms the 

connection between patient survival and invasion spectrum, which can be used as a 

prognostic factor. The method that evaluates the expression of multiple molecules jointly is 

reliable, and the true positive rate (sensitivity) can be further improved with the addition of 

properly chosen molecules. 

The analysis of the invasion spectrum of glioblastoma samples further presses the need for 

the complementation of the current treatment protocols. Additionally, the study on the 

invasion spectrum reveals information on the importance of certain ECM components. This 

information can guide scientists in choosing the targets for molecular anti-invasive research 

and can aid neuro-oncologists when making personalized treatment plans in the future. 
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FIGURE CAPTIONS 

Figure 1. mRNA expression differences between Group A and Group B among invasion-

related molecules. The bars represent the ratio of mRNA levels of the given molecule in the 

two survival groups. Bars below 0 show that the level of the given molecule decreased in 

Group B compared with Group A. Expression data are represented by the natural logarithm 

of the measured level of the given molecule. Group A = patients with an OS ≤ 23 months, 

Group B = with an OS > 23 months 

Figure 2. Protein expressional differences between Group A and B among invasion-related 

molecules. The bars represent the ratio of mRNA levels of the given molecule in the two 

prognostic groups. Bars below 0 show that the level of the given molecule in Group B is below 

that of Group A and vice versa. Group A = patients with an OS ≤ 23 months, Group B = with 

an OS > 23 months 

  

Page 19 of 25

Georg Thieme Verlag KG, P.O. Box 30 11 20, 70451 Stuttgart, Germany

Manuscript submitted to Editorial Office of Central European Neurosurgery

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Virga et al. 

18 

 

TABLE LEGENDS 

Table 1. ECM components selected for the study. The expression level of these molecules was 

determined by QRT–PCR for the mRNA levels and mass spectroscopy for the protein levels. 

 

Table 2. Summarized clinical data of the two groups of patients with different survival rates. 

Mean age of patients was set at the time of diagnosis. Tumor size was measured as the 

longest diameter of the tumor mass. Postoperative Karnofsky Performance Score (KPS) was 

set by experienced clinicians, progression free survival (PFS) was calculated from the date of 

the first operation and the date of first progression/recurrence confirmed by MRI. (OS = 

overall survival, R=right side, front = frontal, temp=temporal, pariet=parietal, 

occipit=occipital, cerebell=cerebellar, multilob=multilobular, postop. = postoperative, reop = 

re-operated) 

 

Table 3. Separation of groups after the statistical analysis of the mRNA expression data of 

invasion-related molecules. (No. = number, ROC = receiver operation characteristic) 

 

Table 4. Separation of groups after the statistical analysis of the protein expression data of 

invasion-related molecules. (No. = number, ROC = receiver operation characteristic). Group 

A = patients with an OS ≤ 23 months, Group B = with an OS > 23 months 
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 Mean 

age of 

patients 

(years) 

Mean 

tumor 

size 

(mm) 

Mean 

postop. 

KPS 

Mean 

PFS 

(months) 

Mean 

OS 

(months) 

Tumor 

side 

(%) 

Location 

(%) 

Reop. 

patients 

(%) 

Group A 

(n=12) 

61.3 

±5.8 

49.3 

±20.8 

77.5 

±18.2 

6.0 

±5.7 

13.4 

±8.3 
R: 33.3 

Front: 25 

Temp: 25 

Pariet: 8.4 

Occipit: 0 

Cerebell:0 

Multilob: 41.6 

58.33 

Group B 

(n=14) 

56.4 

±9.1 

45.5 

±17.8 

86.4 

±8.4 

14.6 

±9.8 

35.7 

±13.3 
R: 35.7 

Front: 42.9 

Temp: 14.3 

Pariet: 0 

Occipit: 7.1 

Cerebell: 7.1 

Multilob: 28.6 

85.71 
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Correctly identified cases 

Sensitivity ROC value 

Positive 

predictive 

value No. % 

Group A 9/12 75.0% 0.75 0.775 0.90 

Group B 13/14 92.8% 0.92 0.775 0.82 

Total/Weighted average 22/26 84.6% 0.84 0.775 0.85 
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Correctly identified cases 

Sensitivity ROC value 

Positive 

predictive 

value No. % 

Group A 6/8 0.75% 0.75 0.875 1 

Group B 6/6 100% 1 0.875 0.75 

Total/Weighted average 12/14 85.7% 0.857 0.875 0.893 
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