In [1]:

import torch
import torchtuples as tt

import torchtuples as pd
import numpy as np

from sklearn. preprocessing import StandardScaler, LabelEncoder
from sklearn.model selection import train test split

In [2]:

from sklearn.metrics import roc_auc_score

In [3]:

df raw = pd.read csv( model data.csv’, na_values="Unknown”)
df raw = pd.DataFrame (df raw)

df raw = df_raw. dropna()

df raw. head()

Out[3]:
Node Minimum Maximum Average
Age Sex Smoke Location P of CT of CT of CT Kurtosis ¢
classification
value value value(HU)

Superior Mixed

0 50 Female No lobe of  ground-glass -765 22 -563.0 0.19
right lung nodule
Superior

1 43 Female No lobe of  Solid nodule -361 54 -146.0 -0.05
right lung
Superior Mixed

2 70 Female No lobe of  ground-glass -528 25 -341.0 0.31
right lung nodule
Superior Mixed

3 37 Female No lobe of  ground-glass -591 -8 -382.0 0.21
right lung nodule
Superior Mixed

4 71 Female No lobe of  ground-glass -538 78 -258.0 0.01
right lung nodule

{ G



In [4]:

# take out y
df raw y = df raw[”VDT”]
df raw_y. head()

Out[4]:

B W N = O
—_ = O

Name: VDT, dtype: int64

In [5]:

df raw. columns

Out[5]:

Index ([’ Age’, ’Sex’, ’Smoke’, ’Location’, ’Node classification’,
"Minimum of CT value’, ’Maximum of CT value’, ’Average of CT value(HU)’,
"Kurtosis’, ’Skewness’, ’CT longest diameter’, ’CT shortes diameter’,
"CT average diameter’, ’Volume of nodules’,
"Proportion of solid ingredients’, ’Shape of nodules’, ’Lobulation’,
’Spiculation’, ’Pleural retraction’, ’VDT ],

dtype="object’)



In [6]:

# take out x

df raw x = df raw[[ Age’, ’Sex’, ’Smoke’, ’Location’, ’Node classification’,
"Minimum of CT value’, ’Maximum of CT value’, ’Average of CT value(HU)’,
"Kurtosis’, *Skewness’, ’CT longest diameter’, 'CT shortes diameter’,
"CT average diameter’, ’Volume of nodules’,
"Proportion of solid ingredients’, ’Shape of nodules’, ’Lobulation’,
"Spiculation’, ’Pleural retraction’]]

df raw x. head()

Out[6]:
Node Minimum Maximum Average
Age Sex Smoke Location Y of CT of CT of CT Kurtosis ¢
classification
value value value(HU)
Superior Mixed
0 50 Female No lobe of  ground-glass -765 22 -563.0 0.19
right lung nodule
Superior
1 43 Female No lobe of  Solid nodule -361 54 -146.0 -0.05
right lung
Superior Mixed
2 70 Female No lobe of  ground-glass -528 25 -341.0 0.31
right lung nodule
Superior Mixed
3 37 Female No lobe of  ground-glass -591 -8 -382.0 0.21
right lung nodule
Superior Mixed
4 71 Female No lobe of  ground-glass -538 78 -258.0 0.01
right lung nodule
4 G >
In [7]:
cat_var = [ Sex’, ’Smoke’, ’Location’, ’Node classification’,
"Shape of nodules’, ’Lobulation’,
"Spiculation’, ’Pleural retraction’ ]
num var = [ Age’, 'Minimum of CT value’, ’Maximum of CT value’, ’Average of CT value(HU) ,
"Kurtosis’, ’Skewness’, ’CT longest diameter’, 'CT shortes diameter’,
"CT average diameter’, ’Volume of nodules’,

"Proportion of solid ingredients’, ]



In [8]:
# to label encoding categorical variables
df raw x = pd.DataFrame (df raw x)
df raw x = pd. get dummies(df raw x, columns=cat_var)
df raw x. head()
Out[8]:
Minimum Maximum  Average CT CT CT
Age of CT of CT of CT Kurtosis Skewness longest shortes average
value value value(HU) diameter diameter diameter
0 50 -765 22 -563.0 0.19 -1.19 14 12 13
1 43 -361 54 -146.0 -0.05 -1.11 13 11 12
2 70 -528 25 -341.0 0.31 -0.86 11 7 9
3 37 -591 -8 -382.0 0.21 -0.93 14 11 13
4 71 -538 78 -258.0 0.01 -1.19 30 25 28
5 rows x 31 columns
4 G >

[n

X_train_raw, x test raw, y_train, y_test

In

[9]:

[10]:

x_train raw[num var]. describe ()

= train test _split(df raw x, df raw y, test size=0.2, re

Out[10]:
Minimum of Maximum of Average of . CT longes
Age CT value CT value cT Kurtosis  Skewness diamete
value(HU)

count 159.000000 159.000000 159.000000 159.000000 159.000000 159.000000 159.00000t
mean  54.993711 -648.584906 10.232704 -467.811321 0.558176 0.012516  12.29559'
std  10.849078 160.730386 319.627437 204.802813 0.536682 2.067507 5.77155
min  30.000000 -845.000000 -649.000000 -809.000000 -1.130000 -1.250000 5.00000t
25% 47.500000 -754.000000 -185.000000 -621.000000 0.150000  -1.000000 8.00000t
50% 57.000000 -709.000000 -8.000000 -530.000000 0.470000  -0.500000  10.00000t
75%  63.000000 -569.000000 138.000000 -333.000000 0.860000 0.500000  15.50000¢
max 76.000000 -92.000000 1886.000000  77.000000 3.250000 21.850000  30.00000!

4 G >



In [11]:

Xx_train = x_train raw. copy ()

x_train[“Age”] = (x_train_raw[”Age”] - 54.993711) / 10.849078

x_train[’Minimum of CT value’] = (x_train raw[ Minimum of CT value’] + 648.584906) / 160. 730386
x_train[ Maximum of CT value’] = (x_train raw[ Maximum of CT value’] - 10.232704) / 319. 627437
x_train[’ Average of CT value(HU)’] = (x_train _raw[ Average of CT value(HU) ] + 467.811321) / 204.
x_train[’ Kurtosis’] = (x_train rawl[ Kurtosis’] — 0.558176) / 0.536682

x_train[’ Skewness’] = (x_train raw[ Skewness’ ] — 0.012516) / 2.067507

x_train[’ CT longest diameter’] = (x_train raw[ CT longest diameter’ ] — 12.295597) / 5.771551
x_train[’ CT shortes diameter’] = (x_train_raw[ CT shortes diameter’ ] — 9.440252) / 4.265836
x_train[’ CT average diameter’ ] = (x_train raw[ CT average diameter’ ] — 11.157233) / 5.473220
x_train[’ Volume of nodules’ ] = (x_train raw[’ Volume of nodules’ ] — 449.534906) / 603. 666116
x_train[”Proportion of solid ingredients”] = (x_train raw[”Proportion of solid ingredients”] - 12

x_test = x_test_raw. copy()

x_test["Age”] = (x_test raw[”Age”] - 54.993711) / 10.849078

x_test['Minimum of CT value’] = (x_test_raw[ Minimum of CT value’ ] + 648.584906) / 160. 730386
x_test[ Maximum of CT value’] = (x_test_raw[ Maximum of CT value’ ] - 10.232704) / 319. 627437
x_test[ Average of CT value(HU)’ ] = (x_test raw[ Average of CT value(HU)’ ] + 467.811321) / 204. 8(
x_test[ Kurtosis' ] = (x_test_raw[ Kurtosis' ] - 0.558176) / 0.536682

x_test[ Skewness’ ] = (x_test_raw[ Skewness ] — 0.012516) / 2.067507

x_test[ CT longest diameter’] = (x_test raw[ CT longest diameter’ ] — 12.295597) / 5.771551
x_test[ CT shortes diameter’ ] = (x_test raw[ CT shortes diameter’ ] — 9.440252) / 4.265836
x_test[ CT average diameter’ ] = (x_test raw[ CT average diameter’ ] — 11.157233) / 5.473220
x_test[ Volume of nodules’] = (x_test_raw[ Volume of nodules’] — 449.534906) / 603. 666116
x_test[”Proportion of solid ingredients”] = (x_test raw[”Proportion of solid ingredients”] — 13.7

In [12]:

x_train use = np.array(x_train, dtype=np.float32)

Xx_test use = np. array (x_test, dtype=np.float32)

y_train use = np.array(y train, dtype=np.float32).reshape(-1, 1)
y_test_use = np.array(y_test, dtype=np.float32).reshape(-1,1)

In [13]:

import torchtuples as tt
import matplotlib. pyplot as plt
from torchtuples. practical import MLPVanilla, accuracy binary



In [20]:

in features = x_train. shape[1]

num_nodes = [16, 4, 2]

out features = 1

batch norm = True

dropout = 0.4

output_bias = False

epochs = 100

callbacks = [tt.callbacks. EarlyStopping(patience=30)]
metrics = { acc’ : accuracy binary}

net = MLPVanilla(in features, num nodes, out features, batch norm, dropout, output bias=output_ bi
loss = torch. nn. BCEWithLogitsLoss (pos_weight=torch. tensor ([0.6]))

optimizer = tt.optim. Adam(1r=0.01)

model = tt.Model (net, loss, optimizer)

log = model. fit(x_train use, y_train use, batch size=32, epochs=epochs, callbacks = callbacks, m
val data=(x_test use, y_test use))
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al loss: 0.4554, val acc: 0.7500
31: [0s / 0s], train loss: 0.4354, train acc:
al loss: 0.4591, val acc: 0.7500
32; [0s / 0s], train_ loss: 0.4148, train_acc:
al loss: 0.4467, val_acc: 0.7500
33: [0s / 0s], train loss: 0.4032, train_acc:
al loss: 0.4493, val_acc: 0.7250
34: [0s / 0s], train_loss: 0.3965, train_acc:
al loss: 0.4551, val acc: 0.7250
35: [0s / 0s], train loss: 0.4193, train_acc:
al loss: 0.4545, val acc: 0.7500
36: [0s / 0s], train loss: 0.4187, train_acc:
al loss: 0.4506, val _acc: 0.7500
In [21]:
log. to_pandas() [[’ train loss’, ’val loss’]].plot()
plt. xlabel (" epoch’)
_ = plt.ylabel ( loss’)
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In [79]:

0.7673,
0. 7800,
0. 8177,
0. 8046,
0.7792,

0. 7734,

preds_train = model. predict(x_train use, numpy=False).sigmoid(). numpy ()
preds_test = model.predict (x_test_use, numpy=False).sigmoid(). numpy ()

print ("Train data AUC:”)

print (roc_auc_score(y_train use. flatten(), preds_train. squeeze()))

print ("Test data AUC:”)

print (roc_auc_score(y_test use. flatten(), preds_test. squeeze()))

Train data AUC:

0. 7707264957264957

Test data AUC:

0.77



In [80]:

print ("Train data:”)

print (model. score_in_batches ((x_train use, y_train use)))
print ("Test data:”)

print (model. score_in batches ((x_test use,y_test_use)))

Train data:
{" loss’ : 0.4162150025367737, " acc’ : 0.8113207817077637}

Test data:
{ loss’ : 0.43435677886009216, ’acc’ : 0.7749999761581421}

In [81]:

log. to_pandas Q) [[’ train_acc’, ’val acc’ 1].plot()
plt. xlabel ( epoch’)
_ = plt.ylabel C accuracy’)
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In [82]:

auc_train = pd.DataFrame ({" Actual’ : y_train use.flatten(), ’Predicted : preds_train. squeeze()})
auc_train. head()

Out[82]:

Actual Predicted

0 0.0 0.617593
1 1.0 0.599563

2 1.0 0.571622
3 1.0 0.582445
4 1.0 0.617593



In [83]:

auc_test = pd.DataFrame ({’ Actual’ : y test use.flatten(), ’Predicted : preds_ test.squeeze()})
auc_test. head()

Out[83]:

Actual Predicted

0 1.0 0.604499
1 1.0 0.606305

2 1.0 0.573167

3 1.0  0.549073

4 1.0 0.608318
In [84]:

auc_test. to_csv(“auc_test.csv’, index=False)
auc_train. to_csv(“auc_train. csv”, index=False)



In [85]:

model. save model weights( myweights.pt’)
1z = torch. load ( myweights. pt’)
print (1z)
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. 1496, -0.

. 3350, -0.
4915],

.0191, -0.

. 1747, -0.

.0340, 0.
018917,
1669, 0.
2507, -0.
2427, 0.
1445],
2420, 0.
0584, -0.
2871, -0.
0145],
1443, -0.
2907, -0.
1620, O.
2005],
3616, -0.
1438, -0.
2676, 0.
013417,
0128, -0.
6564, 0.
0983, 0.

44961,

0. 3083,

. 1096,
0343,

0228,
0710,
9793,

4026,
4282,
0087,

0440,
1898,
0982,

6653,
2629,
4465,

0831,
3126,
2894,

0165,
4271,
2196,

0429,
6872,
1747,

4468,
1891,
1627,

1755,
1106,
0239,

1976,
0514,
3576,

5345,
5703,
7476,

4394,
0167,
0928,

1298,
1246,
3133,

3286,
2724,
0128,



[ 0.3091, -0.2718, -0.3571, —-0.2074, -0.0976, 0.2949, 0.3864, 0.2167
0.3029, 0.0275, -0.1999, -0.0200, -0.0686, 0.0602, 0.1919, 0.0818,
0. 1465, -0.3531, -0.1623, -0.0594, -0.0849, 0.4164, -0.0282, -0.1697,
-0.0166, —0.0484, -0.3099, -0.0782, 0.2413, 0.2272, -0.0336]71)), (ne
t.0. linear. bias’, tensor([-0.1782, —0.1824, 0.0843, 0.1026, —0.0531, 0.1303, -
0.1076, 0.0639,
0.0266, —-0.0650, -0.1351, -0.1029, -0.1023, 0.0836, —0.0704, -0.080
31)), C(Cnet.0.batch norm. weight’, tensor([0.9295, 1.0108, 0.8827, 0.9214, 1.0587
0.8696, 0.9399, 1.1375, 1.0779,
1.0161, 0.9557, 0.9663, 0.9725, 1.0471, 0.9958, 1.1263])), ( net.0.batch_
norm. bias’, tensor ([ 0.0848, -0.0227, 0.0448, 0.0325, 0.0708, 0.1036, 0.000
4, -0.0593,
-0. 1015, -0.1099, 0.0021, 0.0854, 0.0770, -0.0987, 0.0598, 0.059
6])), (net.0.batch norm. running mean’, tensor([0.1336, 0.0963, 0.8054, 0.5093
0.4819, 0.8539, 0.4265, 0.2443, 0.3120,
0.0068, 0.0522, 0.3057, 0.6914, 0.7961, 0.0356, 0.4151])), (net.0.batch_
norm. running var’, tensor ([0.2569, 0.1410, 0.7632, 0.2991, 0.8676, 0.8668, 0.298
2, 0.5468, 0.4992,
0.0267, 0.0935, 0.7387, 0.4921, 0.5556, 0.0680, 0.4550])), ( net.O0.batch_
norm. num_batches tracked , tensor(35)), ( net.l.linear.weight’, tensor([[ 0.3329,
0. 1580, 0.0078, -0.5310, -0.0791, -0.2291, -0.4120, 0.3710,
0.0674, 0.6538, 0.0012, 0.3210, -0.1025, -0.2791, 0.3111, 0.5077],
[-0. 1136, -0.8906, 0.2864, 0.2115, -0.3121, 0.7889, —0.4419, -0.5647,
-0.3551, 0.1669, —-0.0033, -0.0325, -0.0037, —0.6416, 0.4017, -0.1085],
[-0.6031, -0.8191, -0.0622, —0.0119, 0.0844, -0.5519, -0.2568, 0.1220,
0.1110, 0.0945, -0.2579, —0.0065, —-0.2717, -0.6187, 0.0770, 0.3024],
[ 0.0515, 0.1155, 0.0449, -0.1839, 0.2763, —-0.0829, 0.4230, 0.0484,
0.0514, 0.0790, 0.2433, 0.2058, 0.3336, 0.1823, -0.0302, -0.116
011)), (net.1.linear.bias’, tensor([0.0909, 0.2051, 0.0010, 0.1484])), Cnet.1.b
atch norm. weight’, tensor ([1.0819, 0.9667, 0.9495, 1.0124])), ( net.1l.batch norm.
bias’, tensor ([ 0.0593, -0.0628, —0.0369, -0.0706])), ( net.l.batch norm running
mean’, tensor ([0.6801, 1.0883, 0.5972, 0.4186])), ( net.1.batch norm. running va
r’, tensor([2.3105, 1.6089, 0.7816, 0.5535])), ( net.1.batch norm. num batches tra
cked’, tensor(35)), ( net.2.linear.weight’, tensor([[ 0.7677, —0.1703, 1.1562, -
0.1619],
[ 1.0178, -0.9461, 0.1425, 0.1483]1)), C( net.2.linear.bias’, tensor ([O0.
4059, 0.1404])), C(net.2.batch norm. weight’, tensor([0.8544, 0.7877])), (net.2.b
atch norm. bias’, tensor([-0.2634, —0.1641])), ( net.2.batch norm. running mean’, t
ensor ([0.8382, 0.7109])), C(net.2.batch norm. running var’, tensor ([2.3982, 1.837
4])), ( net.2.batch_norm. num batches tracked’, tensor(35)), ( net.3.weight’, tens
or ([[-0.2811, -0.4770]11))1)

In [ 1:



