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A b s t r a c t  : In this paper, we propose a new method to extract tumor regions from
thin-slice chest X-ray CT images. The tumor regions which are used for benign/
malignant discrimination must keep boundary shape information as exactly as pos-
sible, because the tumor regions specify the regions for which features are calcu-
lated. The proposed method is based on the thresholding of CT values and distance.
Since the change of CT values suggest the existence of tumors, it is reasonable to
use thresholding of CT values for extraction of  tumor regions. We assume that the
position of tumors are known beforehand, because the thin-slice chest X-ray CT im-
ages are taken with the view to be used in the close medical examination. We applied
the method to seventy-eight practical CT images, and sixty-seven tumors were ex-
tracted properly. Furthermore, the benign/malignant discrimination was carried out
suitably using the tumor regions extracted by the proposed method. The correct clas-
sification rate was improved from 0.84 to 0.91. This shows the usefulness of the method
developed here.
K e y w o r d s  : tumor extraction, boundary information, benign/malignant
discrimination, chest X-ray CT image

Extraction of tumor regions keeping boundary shape information from
chest X-ray CT images and benign/malignant discrimination



1 .  I N T R O D U C T I O N

In this paper, we propose a new method to extract lung tumor regions in three
dimensional (3D)  chest X-ray CT images, keeping details of the shape in the bound-
ary of tumors. Methods to extract lung tumor region have been reported already by
several authors [1-3]. The goal of their methods was indication of the position and
the rough size of tumors, because they intended to use the results for screening of
lung cancer. Tumor regions which are used for benign/malignant discrimination in
CAD(Computer Aided Diagnosis) system are required to have exact edge informa-
tion, because tumor regions specify the regions for which features are calculated in
order to discriminate for benign/malignant tumors and to quantify edge informa-
tion itself. Many features for discrimination have been reported[4-6], but the accu-
racy of extracted figures were not enough for such classification.

The method proposed here is based on the thresholding against CT values and
the distance transformation. Use of thresholding based on CT values is reasonable
to extract a tumor region, because the significant difference in CT values is frequently
observed with the existence of tumor.

2 .  M E T H O D

In the proposed method, the central part of the tumor region is first extracted
roughly, and then the peripheral region of the tumor is added to it. The aim of the
method is to be used for a close medical examination, so that we assume that the
position of tumor is known, and also assume that at least one point (denoted by Psp)
near the center of the tumor region indicated beforehand.

The procedure is as follows, where α and β are the predetermined constants.
  [Step 1] Thresholding of the CT image (threshold : Tct) is performed. The voxels

which have the CT values less than the threshold Tct are set to 0, and the others
are set to 1. Voxels outside the lung region are also set to 0. The resulting re-
gion is called the candidate region.

  [Step 2] Euclidian distance transformation of the candidate region is performed.
The distance at the point Psp is denoted as Rsp.

  [Step 3] Thresholding to the candidate region against the distance( threshold :
Tdist = Rsp − β) is performed. Voxels which have the distance less than the
threshold are set to 0.

  [Step 4] A connected component which contains Psp is called the central region 1
(C1).



  [Step 5] Inverse distance transformation of the boundary voxels of C1 is applied
after the constant α  is added to the distance values of all voxels. The obtained
region is called the expanded tumor region.

  [Step 6] The set of the voxels of the candidate region which exist in the expanded
tumor region and have the values more than Tdist is called the central region 2
(C2).

  [Step 7] If C2 coincides with C1, go to [Step 8]. If not, rename C2 as C1 and go to
[Step5].

  [Step 8] Logical  AND of the expanded tumor region and the candidate region is
calculated. Connected components which do not contain Psp are deleted. The
resulting region is called the rough tumor region.

  [Step 9] The rough tumor region is eliminated from the set of candidate regions.
  [Step 10] Connect components with the volume smaller than Tv  is deleted. Re-

maining regions are called the detailed peripheral region.
  [Step 11] Logical OR of the detailed peripheral region and the rough tumor re-

gion is calculated.
  [Step 12] Connected components which do not contain the point Psp are deleted.

The resulting region is called the tumor region.

3 .  R E S U L T S

We applied the proposed method to seventy-eight chest X-ray CT images taken
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T a b l e  1 .  Specification of CT images

Solid type
Middle type

Air-containing type
Unknown

Total

Malignant
27
8
15
1
51

Benign
19
3
1
4
27

Total
46
11
16
5

78

T a b l e  2 .  Details of all cases

F i g u r e  1 .  Example of proper extraction
(a) Lung window (b) Mediastinal window

F i g u r e  2 .  Example of mis-extraction
(b) Mediastinal window(a) Lung window



by the Helical CT scanner(TCT-900s/Super Helix). The specification of images is
shown in Table 1. Table 2 summarizes the details of cases which were used in this
experiment. Figure 1 and Figure 2 present examples of the results. The extracted
tumor regions are indicated as white regions in the lung area in (b) of each figure.
Tumor regions in sixty-seven cases were extracted properly(Figure 1). The tumors
which were not extracted connected with vessels which have almost the same radius
as tumors(Figure 2). All tumors will be extracted if vessels are recognized before-
hand. These sample images contained fifty-one malignant tumors and twenty-seven
benign tumors. Forty-two malignant tumors and twenty-five benign tumors were
extracted as tumor regions correctly.

Eighteen features for benign/malignant discrimination were calculated from
tumor regions extracted. The details of cases used in the benign/malignant discrimi-
nation are given in Table 3. The best combination of features was selected from com-
binations of five or less features to obtain the best correct classification rate ( = {(num-
ber of true positives) + (number of true negatives )} / (number of all cases) ). The

nearest neighbor method was used for
the classification and the leave-one-out
method was employed for performance
evaluation. In the case using tumor re-
gions extracted by the proposed method,
the best feature set was the combination
of the entropy of CT values in the tumor
region, the volume of the set of inscribed

Solid type
Middle type

Air-containing type
Unknown

Total

Malignant
25
7
9
1

42

Benign
18
2
1
4
25

Total
43
9

10
5

67

T a b l e  3 .  Details of the cases used in the
benign/malignant discrimination

 Previous method

Proposed method

Correct classification rate

0.79

0.84

Sensitivity

0.83(35/42)

0.88(37/42)

Specificity

0.72(18/25)

0.76(19/25)

T a b l e  4 .  Result of benign/malignant discrimination
without type classification

 Solid type

Air-containing type
Total

Correct classification rate

0.90

0.93

0.91

Sensitivity

0.90(28/30)

1.00(12/12)

0.95(40/42)

Specificity

0.86(19/22)

0.67(2/3)

0.84(21/25)

T a b l e  5 .  Result of benign/malignant discrimination
with type classification



spheres, and the standard deviation of CT values in the central region of tumor. The
correct classification rate was 0.84. Using tumor regions extracted by the previous
method, the combination of the standard deviation of CT values in the peripheral
region of the tumor and the volume of the set of inscribed spheres was selected, and
the correct classification rate was 0.79(Table 4).

Furthermore, tumors were discriminated between benign tumors and malig-
nant tumors after classification into the solid type and the air-containing type. We
also tried to classify the cases which belong to the middle type or the unknown into
the above-mentioned two types. By introducing the type-classification process, the
correct classification rate was improved from 0.84 to 0.91(Table 5). Two features were
used in the type classification, and three features for the solid type and two features
for the air-containing type in the benign/malignant discrimination. Here, we used
again the nearest neighbor method and evaluated the performance by the leave-
one-out method for both the type classification and benign/malignant discrimina-
tion, and combinations of five or less features were selected. The combinations of the
features which was employed in each classification are given in Table 6.

4 .  D I S C U S S I O N  A N D  C O N C L U S I O N

It was shown that the correct classification rate was improved using the tumors
extracted by the proposed method. It is thought that this was achieved by the im-
proved extraction of tumor region. In eleven out of seventy-eight cases, tumor re-
gions were not extracted successfully. In these cases, tumors were connected to ves-
sels which have almost the same radius. If the recognition of vessels or tumors is
possible, tumors in these eleven cases will be extracted successfully.

By adding the process of the classification into the solid type and the air-con-

 Type classification

Benign/malignant discrimination

T a b l e  6 .  Features which used for classification

for solid type

for air-containing type

Mean of  CT values in the tumor region
SD of  CT values in the tumor region

Volume of the tumor
SD of  CT values in the peripheral region of tumor
Mean of  CT values in the peripheral region of tumor
Concentration index
Mean of  CT values in the peripheral region of tumor

SD = Standard deviation



taining type, the correct classification rate increased further.
The future work includes the improvement of tumor extraction method, devel-

opment of better features for benign/malignant discrimination, and development of
CAD system for the discrimination of lung tumor from chest X-ray CT images.
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