Synthetic CT imaging using limited patch-based CycleGAN
for adaptive radiotherapy
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INTRODUCTION (Generator RESULTS

)
Cycle generative adversarial network (GAN) — r = QOutput images (Fig. 3)
- Having a difficulty in maintaining the structural o - Compared to the other models, the visual similarity
integrity in a synthesized image 32 64 28 — se| 128 |64 A 1 between the GT and output CT images was highest for

- With a whole image-based training, causing the the proposed model.
degradation of the spatial resolution in an output image - The structural distortion was decreased by the proposed
- With a patch-based training, inducing the inconsistency model, while the other models distorted the details.
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= Location-limited patch-based loss calculation M5B AG
- Compensating for the limitations of both the a whole . »
image-based and patch-based approaches o ]_ il (1) ReLU ~  Sigmoid QF)—X
- Focusing on crucial image features during network - B
training | | .
: Conv 3x3 : Conv 7x7 : Conv 1x1 : Concatenate : Resampler Flg 3. (a) |nput and (b) GT CT

Images. (c)-(f) are the output CT

= Multi-scale block (MSB) & attention gate (AG) A
Images obtained by the Pix2Pix,

Fig. 1. Generator architecture of the proposed CycleGAN including

- MSB: Clearly conveying the trainable features of an )
Image during network training the MSBs and AGS | gﬁgv;r;gggseld C%ggg? I\:’esgeLétT_
- AG: Emphasizes essential image features while « Discriminator tively. (a”)-(f?) are the magnified
reducing redundant image teatures - Five convolution layers for a binary classification with images for the yellow box.
16x16 patches o .
= Objective = Quantitative analysis (Fig. 4)

- Vs. the input image: PSNR 10.20% 1, SSIM 9.12% 1,
NRMSE 63.12% |

- Proposing a CycleGAN with the MSBs and AGs for
Improving the accuracy of synthetic CT (sCT) images In

LOSS CALCULATION & TRAINING

adaptive radiotherapy _ _ - Vs. the other models: PSNR 6.02% 1, SSIM 13.20% 1,
- Applying the location-limited patch-based approach for " Loss calculation (Fig. 2) | o NRMSE 42.13% |
the precise loss calculation - 8 Patches: Location-limited extraction for rejecting a .
background 2] () (b)
- Network: Encoder of the generator, two convolution
ayers with a kel Size f L, up-sampling lye
- Mean squared error (MSE) - i
" Database L(Gegers Degers P) = (P(Ger (1eger )™?) = 1552 ) + (P(Ggger (1)) = 157)2 ii
- Planning CT (pCT) and cone-beam CT (CBCT) images Rl T o e el T nput Pix2Pix CycleGAN CUT Proposed  nput PixPix CyleGAN CUT Proposed
for 58 patients from The Cancer Imaging Archive Synthetic CT image

(¢)| Fig. 4. (a) PSNRs, (b) SSIMs

0.20- and (C) NRMSEs of the output
Encoder 128 1 . images.

(TCIA)
- pCT: 120 kVp, 92-503 mA, 512x512, 1 mm voxel,
3mm slice thickness

NRMSE

- CBCT: 120 kVp, 40-80 mA, 512x512, 1 mm voxel, a Fig. 2. Strategy
) _ —— Shared weight paichloss  fOI calculating b0l L . . | |
3mm S|IC€ thICkﬂeSS GT CT image the IOSS Input Pix2Pix CycleGAN CUT Proposed

- Training: 4,802 / Test: 120

between the GT
and output CT CONCLUSION
L~ ' ing th
NETWORK ARCHITECTURE N s el
Limited location | sy = The proposed CycleGAN model can be potentially

= Generator (Fig. 1) patenes utilized for improving the quantitative accuracy of
- U-Net structure including 8 MSBs and 4 AGs " Training synthetic CT images.
- MSB: Five convolution layers with the kernel sizes of - Adam optimizer with a learning rate of 2 X104 = The performance of the proposed model was superior to
1x1,3x3 and 7x7, concatenation |ayer - 200 epOChS the other SynthetiC CT Imaglng models.
- AG: Three convolution layers with a kernel size of 1x1, - Environment: Intel Xeon Scalable Gold 6526Y CPUs, = The proposed model is expected to precisely provide the
ReLU & sigmoid activation functions, addition & NVIDIA RTX 4090 GPU, Python 3.10, PyTorch 2.3, anatomical information of a patient for adaptive
multiplication procedures, resampler and TensorFlow 2.17 radiotherapy.
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