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Introduction

• The original SAM architecture is designed for 2D natural images, 
therefore would not be able to extract the 3D spatial information 
from volumetric medical data effectively.

• We propose a holistic 2D to 3D adaptation method via carefully 
designed modification of SAM architecture.

• We introduce a novel parameter-efficient fine-tuning method to 
effectively capitalize a large image model pre-trained on 2D 
images for 3D medical image segmentation



Method

• The original ViT is modifed to support volumetric inputs. The 
prompt encoder is redesigned to support 3D point prompt, and 
the mask decoder is updated to 3D CNN with multi-layer 
aggregation to generate 3D segmentation.



Adapting Image Encoder for Volumetric Inputs

• During the training phase, we only 
tune the parameters of convolutions, 
spatial adapters, and normalization 
layers, while keeping all other 
parameters frozen.



Prompt Encoding by Visual Sampler

• Structure of our prompt encoder 
based on visual sampler and global 
queries cross-attention.



Lightweight Mask Decoder

• To alleviate this issue and meanwhile maintain the lightweight 
property, we utilize a multi-layer aggregation mechanism in our 
decoder, where the intermediate output of the encoder is 
concatenated together to produce a mask feature map while the 
whole structure remains lightweight.



Experiments

• KiTS21(肾肿瘤), 300 abdominal CT scans

• MSD-Pancreas(胰腺), 281 abdominal CT scans

• LiTS17(肝脏肿瘤), 118 abdominal CT scans

• MSD-Colon(结肠癌), 126 abdominal CT scans

• The datasets are randomly split into 70%, 10%, and 20% for 
training, validation, and testing



• Qualitative visualizations of the proposed method and baseline 
approaches on kidney tumor, pancreas tumor, liver tumor and 
colon cancer segmentation tasks.



Comparison with classical medical image segmentation 
methods on four tumor segmentation datasets. 

• Distinct improvements can be specifically observed for 
pancreas tumors and colon cancers, of 12.44% and 10.11% in 
Dice against the prior state-of-the-art.



Normalized surface dice (NSD)



Comparison with existing parameter-efficient and full fine-
tuning methods

• We discard the prompt encoder and only tune the image 
encoder and mask decoder for fully automatic segmentation.



Ablation Studies

• The model is not very sensitive to the position of the point 
prompts. Giving prompt at different positions yield almost the 
same results.



• We analyze how the model 
performance is different when the 
point prompt is given at the center of 
the objects, at its adjacent regions, or 
at the margin.



• We conduct experiments to plug in the prompt encoder to other 
feature levels besides the final bottleneck levels.

• We find incorporating deep prompts brings no gain or even 
degenerates the performance. 



Conclusion

• We propose a comprehensive scheme to adapt SAM from a 2D 
natural image generalist to a volumetric medical imaging expert, 
especially for tumor segmentation. 

• Through parameter-efficient fine-tuning, our method significantly 
improves SAM’s performance in the medical domain, making it 
outperform SOTA, with only a single coarse click as the prompt.

• Our proposed method can also beat existing adaptation 
methods for volumetric adaptation.
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