
Feature meanings 1

Boolean features 2

Most of the boolean features are self-evident, and we were able to easily associate 3

false/true meaning labels to the 0/1 values (Table 1). It is possible to understand their 4

meaning from the analysis of the dataset and research studies available online. The only 5

arduous task was to discriminate to the boolean features from the category features 6

having binary values whose meaning is not true and false (for example, “gender”, which 7

clearly is male or female). 8

Following the scientific literature tradition in computer science, we assigned the 9

value 0 to “false” and the value 1 to “true” for all the boolean features listed hereafter. 10

The boolean feature named “ache on chest” is related to the presence or absence 11

in patient of pain in the abdomen area and in particular in chest in case of pleural 12

mesothelioma. 13

The boolean feature named “asbestos exposure” refers to whether or not a 14

patient has been exposed to the asbestos during his/her life. 15

A “cytology exam of pleural fluid” is a laboratory test to detect cancer cells 16

and certain other cells in the area that surrounds the lungs, the pleural space. In a 17

normal result normal cells are seen; in an abnormal test, there are cancerous 18

(malignant) cells and this may mean there is a cancerous tumor [79]. 19

“Dead or not” refers to whether or not a patient is still alive. 20

The feature named “diagnosis method” has possible values are 0 and 1. Its values 21

are exactly the same of the “class of diagnosis” target column of the dataset, which 22

state if each row is related to a non-mesothelioma patient (value 0), or to a patient 23

having a mesothelioma (value 1). This feature states if the patient has had a 24

mesothelioma diagnosed by a common diagnosis method, for example Blood tests such 25

as MESOMARK and SOMAmer, Imaging tests such as MRIs, CT scans, PET scans, 26

X-rays, Biopsies to investigate cancerous growth in tissue samples [80]. 27

Another boolean feature is “dyspnoea”, which means shortness of breath and refers 28

to whether a patient has difficulty breathing. 29

“Hemoglobin normality test” refers to the hemoglobin test that measures how 30

much hemoglobin is in blood. Normal results for adults vary, but in general are between 31

14-18 gm/dl for men, and 12-16 gm/dl for women. Higher hemoglobin level is most 32

often caused by low oxygen levels in the blood (hypoxia), present over a long period of 33

time, due to lung diseases [81]. 34

In some cases, the presence of an “pleural effusion” signals advancement of the 35

disease or mesothelioma. With mesothelioma, an effusion is a common symptom that 36

can inhibit the normal function of the affected organ [82]. 37

“Pleural level of acidity” means whether or not the pleural fluid is lower than 38

the normal pleural fluid, which has a pH around 7.60–7.64. Metabolic activity within 39

the pleural space results in a low pleural pH (< 7.3) in the several situations, for 40

example complicated parapneumonic effusions and emphysema, malignancy, tuberculous 41

pleuritis, oesophageal rupture, rheumatoid pleuritis and lupus pleuritis [83]. 42

“Pleural thickness on tomography” is a descriptive term given to describe any 43

form of thickening involving either the parietal or visceral pleura. Pleural thickening is 44

due to tumor infiltration: it could occur with both pleural plaques and with pleural 45

disease [84,85]. 46

“Weakness” or asthenia refers to whether or not patients feel lack of strength. 47

14th December, 2018 1/6



Category features 48

“City” refers to the place of provenance of the patients (Table 1). The values refer to 49

the place where the patients used to live related to the city downtown. The value 0 50

means that the patient used to live in the city center, the value 1 refers to the city 51

center surroundings, and so on. Finally, the value 8 means maximum distance from the 52

city downtown among the patients locations. 53

The patients were divided in two groups based on “gender”, indeed with 54

occupational asbestos exposure, pleural mesotheliomas usually occur in a male; women 55

are less likely to work in contaminated areas [86]. According to the original dataset 56

curators, 1 means men and 0 means women. 57

The feature named “habit of cigarette” is characterized by four category based 58

upon patient’s habit of smoking, where 0 means non-smoker, 1 means rare smoker, 2 59

means regular smoker, and 3 means frequent smoker. 60

For “keep side”, the possible values are 0, 1 and 2. This feature is related to the side 61

of the lung which has pleural plaques or clinical signs similar to mesothelioma traces, 62

with 0 referring to the left side of the lung, 1 referring to the right side of the lung, and 63

2 referring to both the lung sides. If the patient does not have mesothelioma, it refers to 64

the presence of pleural plaques in the lung. We then changed the name of this feature to 65

the more appropriate “lung side”. 66

Patient “performance status” plays a role both in shaping prognosis and in 67

determining the best treatment for a patient with cancer. The performance status is a 68

feature characterized by two category and estimates whether or not patients are able to 69

perform certain activities of daily living [87]. The value 0 means able to perform some 70

everyday tasks, while 1 means mesothelioma and unable to perform some everyday 71

tasks. 72

The feature named “type of malignant mesothelioma” refers to mesothelioma 73

staging to which the patient’s symptoms seem to belong, according to the TNM 74

Classification of Malignant Tumors [?, 88]. For the patients having mesothelioma, this 75

feature value means that their tumor can be classified in one of the TNM categories. 76

For patients who do not have mesothelioma, this feature value means that their pleural 77

plaques and general symptoms could be associated to one of the TNM categories. The 78

values are: 0 meaning no evidence of a primary tumor (T0 phase in the TNM 79

classification) or initial phase of the disease (T1 phase in the TNM classification); 1 80

meaning middle phase of the disease (T2 and T3 phases in the TNM classification); 2 81

meaning last and advanced phase of the disease (T4 phase in the TNM classification). 82

Time features 83

The dataset has only three time features, all measured in years. The numerical “age” of 84

the samples goes from 19 to 85 years. 85

One of the most important hallmarks to take into account is the “duration of 86

asbestos exposure”. Asbestos exposure is the leading cause for mesothelioma [89–91]. 87

“Duration of symptoms” refers to the time period, in years, in which the patients 88

show symptoms. Generally, those who develop asbestos-related diseases show no signs of 89

illness for a long time after their first exposure. It can take from 10 to 40 years or more 90

for symptoms of an asbestos-related condition to appear [92]. 91

Real valued features 92

The remaining features of the dataset had real values, and therefore were the easiest to 93

interpret. Most of them report values of standard clinical tests, which were set to be in 94

specific value ranges. This helped us in the comprehension of each feature meaning. 95
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The normal range for “albumin” is 3.4 to 5.4 g/dL a lower-than-normal level of 96

blood albumin may be a sign of many diseases such as liver and kidney disease. People 97

with the lowest levels of the blood protein albumin are less likely to live beyond a year 98

with pleural mesothelioma. That is the finding of Yao et al. who stated this abundant 99

protein might offer one of the simplest ways to predict mesothelioma prognosis [93]. 100

The feature “albumin” should not be confused with “pleural albumin”, that is another 101

real-valued feature in this dataset. 102

“Alkaline phosphatase (ALP)” is a protein found in all body tissues and the 103

normal range is 44 to 147 IU/L. The alkaline phosphatase test is used to help detect 104

liver disease or bone disorders. Any condition that affects the liver, or bone growth, 105

causes increased activity of bone cells, can affect ALP levels in the blood. An ALP test 106

may be used, for example, to detect cancers that have spread to the bones [94]. 107

“Lactate dehydrogenase test (LDH)” is a protein that helps produce energy in 108

the body. An LDH test measures the amount of LDH in the blood and the normal value 109

range is 105 to 333 IU/L. LDH is found in many body tissues such as the heart, liver, 110

kidney, skeletal muscle, brain, blood cells, and lungs. High LDH were found to be 111

prognostic indicators in mesothelioma. LDH-3 is highest in the lung [95,96]. 112

“C-reactive protein (CRP)”, an acute phase reactant, has been noted to be 113

significantly elevated in patients with metastatic disease across a variety of solid organ 114

and hematological malignancies, including pleural mesothelioma (MPM) [97,98]. In a 115

retrospective study of 115 patients with a pathologically confirmed diagnosis of pleural 116

mesothelioma, elevated C-reactive protein (≥1 mg/dL) was shown to be an independent 117

indicator of poor prognosis (HR=2.07; 95% CI: 1.23-3.46; P=0.001) [99,100]. 118

Another standard laboratory test is “glucose”, that is a blood glucose test which 119

measures the amount of glucose in a sample of blood. A level between 70 and 100 120

mg/dL is considered normal and higher value is linked to a non-healthy condition of the 121

patient [81]. 122

Another important feature is the originally named “white blood” and refers to the 123

count of white blood cells (leukocytes) in the pleural fluid. Normal pleural fluid has 124

fewer than 1000 white blood cells (WBCs) per mcL. The measurements of pleural fluid 125

WBC count is helpful in the diagnosis and management of patients with pleural effusion. 126

In general, a WBC count greater than 1,000 cells/microliter suggests an exudate, while 127

most transudates have WBC counts of lower than 1,000 cells/microliter. WBC counts 128

greater than 10,000 cells/microliter could be related to malignancy [101]. For these 129

reasons, we changed the name of this feature to “pleural fluid WBC count”. 130

A “platelet count (PLT)” is a lab test to measure how many platelets you have in 131

your blood. The normal number of platelets in the blood is 150,000 to 400,000 platelets 132

per microliter (mcL) [102] and a value greater than 400,000 mcL is considered as a poor 133

prognostic factors [82]. Pleural fluid is drawn out of the pleural space in a process called 134

thoracentesis, the fluid is analyzed and some values can be considered as prognostic 135

factors. 136

“Pleural albumin” (not to be confused with “albumin”, that is another 137

real-valued feature in this dataset) is the level of albumin in the pleural fluid and if the 138

difference between the albumin level in the blood and the pleural fluid is greater than 139

1.2 g/dL, this suggests that the patient has a transudative pleural effusion [103]. 140

A low level of “pleural fluid glucose” can be linked to infection or 141

malignancy [103]. The upper limit of the normal “pleural lactic dehydrogenase” is 142

200 IU/L. A high lactic dehydrogenase indicates that pericardial fluid, peritoneal or 143

pleural fluid is an exudate, while a low level indicates it is transudate. 144

Normal “pleural proteins” count is less than 1-2 g/dL. Pleural effusions are 145

classified as transudates or exudates on the basis of the fluid protein level, classically, a 146

pleural fluid protein level greater than 30 g/L is an exudate and lower than 30 g/L is a 147

14th December, 2018 3/6



transudate, in the context of a normal serum protein level [83]. 148

The “sedimentation rate” (sed rate) blood test measures how quickly red blood 149

cells (erythrocytes) settle in a test tube in one hour (mm/hr). The more red cells that 150

fall to the bottom of the test tube in one hour, the higher the sedimentation rate, the 151

normal rate is 15-30 mm/hr. Blood tests, in patients with mesothelioma, can reveal an 152

elevated erythrocyte sedimentation rate (ESR) [104], and there have been isolated case 153

reports of mesothelioma associated with autoimmune hemolytic anemia [105]. 154

“Total protein”, also known as serum total protein, is a biochemical test for 155

measuring the total amount of protein in serum. The reference range for total protein is 156

typically 6.0–8.0 g/dl [106]. Concentrations below the reference range usually reflect low 157

albumin concentration and may refers to liver disorder and kidney disorder. Elevated 158

total protein may indicate: inflammation or infections, such as viral hepatitis B or C, or 159

HIV and bone marrow disorders [107,108]. 160

Standard laboratory values including white blood “cell count (WBC)” is the 161

prognostic factors for mesothelioma [109]. This test measures the number and quality of 162

white blood cells, white cells count can detect hidden infections and undiagnosed 163

medical conditions. The normal number of white blood cells in the blood is 4,500 to 164

11,000 white blood cells per microliter, and people with mesothelioma can have an high 165

white blood cell level (leukocytosis) [110]. We changed the name of this feature into 166

“white blood cells (WBC)”. 167

After investigating the meanings of all these features, we contacted via email one of 168

the curators of the original dataset (Orham Er, [?]), who confirmed all our findings. 169
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