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Abstract

In partial nephrectomy for kidney cancer treatment, accurate segmentation of the kidney tumor is crucial for surgical plannin
g, as it provides essential information on the precise size and location of the tumor. However, it is challenging due to the
tumor’s similar intensity to surrounding organs and the variability in its location and size across patients. In this study, we
propose a hybrid network that integrates a convolutional neural network and a transformer to capture both local and global
features, aiming to improve the segmentation performance of kidney tumors. We validated our method through comparative
experiments with UNETR++, outperforming it with a Dice Similarity Coefficient (DSC) of 78.54% and a precision of 85.0
7%. Moreover, in the analysis by tumor size, our method demonstrated improvements by reducing over-segmentation and ou
tlier cases observed in UNETR++.
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segmentation: (a) the various locations and sizes of kidney

Figure 1. challenging issue of kidney tumor

tumors, (b) the similar intensity values between kidney
tumors and surrounding organs. The red line represents the
kidney tumor.
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Dilated Convolution

Depthwise Separable
Convolution

5 Dilated and depthwise

i separable convolution

Patch Embedding

Efficient Paired-Attention Block
Downsampling

Upsampling

Convolution Block

Convolution 1x1x1

| @ additions

Figure 2. Overview of the proposed method.
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(b)

CT
image, (b) image after preprocessing. The red line represents

Figure 3. Data preprocessing example: (a) original

the kidney tumor.
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Figure 4. The structure of the EPA block. The blue and

orange lines represent spatial and channel attention,

respectively.
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Figure 5. The process of dilated and depthwise separable

convolution: (a) depthwise convolution, (b) pointwise
convolution.
3. 4% 9 A3

Ao AR dlo]El& KiTS19 A& X|olA A-Fst
70 dlolEl[17, 18]%, 2010 a3 2018 d7kA] md|4E} of
s oR AN A% AAGE De B4 F AN A
g 2109 HF CT FAFelth CT 942 19~105972]
Eefol2ag FAHY, HAEE 5125512, EEfola FAE
0.4375mm~1.041mm, &2to] 7442 0.5mm~5Smmeo]t}.

2182 NVIDIA GeForce RTX 3090 GPU, Intel Xeon CPU,
32GB RAMo| =¥ Ubuntu 20.04.6 LTS &3A|AL] AH]
oA e 5t3lal, CUDA 114 ¥He] GPU 7ol A }olA
(python) 38 3 ol £ A|(pytorch) 1121 2ol ueiel s 8
shoick WESZE Sl 99 A48 B4z 48
AL 3F7FH(Stochastic  Gradient Descent, momentum=0.95,
weight decay=3e-5)7} £ wx dEZ H|(cross
entropy)S ARSI TE  St5E(learning rate)2 0.001, #HX]
F7)(batch size)= 2 T 4, of|Z(epoch)> A AAS Al H
oAl FXof we} 750~1700 Afole] Frow H7s3iT

zﬂ-/\ T 2=

oA A e e Bral sl e
= Ttk 719k JEYF Q] UNETR++
|wstglon, 53 A T4 78 234
of ta] A¥(small), =¥ (medium), T H(large), =TH
(extremely large) 4] 7He] ZEOZ pro] EASFATHII.
F7HH o=, KiTS19 HolEAlS ARSSH 7] A7 ZAie}
dE BAsEn: A%E Pl 7Y ABE, thols §
AA%, AUE, AREEL S5 Wz e BT A4
Se BAART 94 BAIAE ME9T 2E A9k
A dolEg oWy olsty] AlZFHoR thFst fJx9 A
718 Al %ol tist 28 Ze= vla FASATE At
ol vEI 35 2 F7HE Sls AA 21071 dlolg el
s TF 271 doly A9 vleSs nH3t ASHE k-
A=TnT) ]— 7= (stratified k-fold cross validation) =}A1& 53]
th %

o WA AFS AT 24 B Holy AL

.

mlo
i

Table 1. Composition of the K-Fold dataset

Tumor size Foldl Fold2 Fold3 Fold4 Fold5

Small 8 8 8 8 8
Medium 16 16 15 15 13
Large 13 12 12 12 11
9

2

Extremely large 6 6 7
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Table 2. Performance evaluation of kidney tumor segmentation by size

Size Methods  Balanced Accuracy(%) DSC (%) Precision (%) Recall (%)

Small UNETR++ 81.92+16.72 57.32+31.89 69.93£29.35 63.90+33.44
(tumor<2.3cm) Ours 80.09+19.72 56.37+37.84 71.82+27.78 60.20+39.43
Medium UNETR++ 88.98+12.39 77.234+24.25 83.57+19.61 78.04+24.80

(2.3cm < tumor<4.3cm) Ours 88.73+12.65 77.14£23 .45 85.87+16.34 77.53+£25.34
Large UNETR++ 94.46+4.88 86.45+10.34 86.34+13.43 89.2349.78

(4.3cm < tumor<7.4cm) Ours 94.65+4.98 87.05+9.87 87.04+13.16 89.53+10.00
Extremely large UNETR++ 96.28+3.28 91.85+6.91 91.71+£8.72 93.09+6.56
(7.4cm < tumor ) Ours 96.52+2.85 92.29+7.54 92.1849.18 93.54+5.56
Overall UNETR++ 90.43+11.81 78.48+24.08 83.13+£20.71 81.08+23.69

Ours 90.07+12.95 78.54+25.42 85.07+18.92 80.33+£25.97

Small

Medium

Large

Extremely

large

(a) (b) (c) (d) (e) (3]
Figure 6. Results of kidney tumor segmentation in abdominal CT images classified by size. (a) and (d) CT image, (b)
and (e) segmentation results using UNETR++, (c) and (f) segmentation results using proposed method. The red, green,
blue colors represent true positive, false negative(under-segmentation), false positive(over-segmentation), respectively. The
vellow arrows in (b) and (e) indicate false negative and false positive regions.
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Table 3. Comparison of the proposed method with previous
studies using the KiTS19 dataset

Methods DSC (%)
Guo et al. [4] 77.0
Myronenko et al. [5] 81.03
CNN XiuzhenXie et al. [6] 74.32
Kang et al. [7] 78.91
Zhao et al. [8] 80.5
Transformer UNETR++ 78.48
Hybrid Ours 78.54
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Data 1
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Data 3

Data 4

Data 5

(a) (b)

Undetected  small

segmentation results: (a) CT image, (b) ours.

Figure 7. kidney tumors in the
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