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Metastasis is a common event in cancer progression.
Rich in blood supply and red marrow, the skeletal sys-
tem is one of the most common sites for malignant
tumor metastasis.1

Bone metastatic cancer is the most common malig-
nant bone tumor. After bone metastases, a range of
bone-related complications can occur, such as patho-
logical fractures, spinal compression, bone pain, etc.,
which can greatly affect the living quality and prognosis
of patients.2 Currently, the treatment of bone metastases
is usually drug therapy, radionuclide therapy, local
radiotherapy, and surgery. Treatment options for bone
metastatic cancer include drug therapy, radionuclide
therapy, local radiotherapy, and surgery. The specific
treatment depends on the primary site. At present, pri-
mary tumor biomarkers, whole body imaging exami-
nation, biopsy immunohistochemistry test and so on are
used to infer the origin for bone metastatic cancer
(OBMC). However, these methods are usually time-
consuming, laborious, lack of accuracy, and lack of
comprehensive diagnostic rules. Therefore, it is urgent
to develop a new method to predict OBMC, improve the
efficiency and accuracy of diagnosis, and assist treat-
ment decision-making.

To solve the above problems, in a recent issue of
eBioMedicine, the researchers proposed a deep
learning-based OBMC prediction algorithm, which
could extract key information of bone metastatic cancer
from hematoxylin-eosin (HE) staining slides of biopsy
tissues.3 The input to their prediction model was the
tumor region segmented by pathologists on HE slices.
By modifying several state-of-the-art deep learning
feature extractors, the researchers converted small
patches in each region into structured feature vectors.
They then fused the feature vectors using an attention
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mechanism to keep information flow highly represen-
tative and informative to the tumor region, and achieved
region-level prediction. Finally, the patient-level pre-
diction was obtained by averaging the results in each
region. The authors conducted a comprehensive and in-
depth validation of their proposed model. They not only
used an external dataset to test the robustness of the
model to different imaging devices, but also evaluated
its effect on improving the diagnosis process in a clin-
ical scene based on a group of patients with unknown
primary tumor sites. Since the digital HE slices are
readily available in routine clinical approaches, yielding
a high prediction accuracy for OBMC, the proposed
model is expected to provide significant auxiliary effects
for the diagnosis of bone metastatic cancer.

In recent years, artificial intelligence (AI) has made
great progress in disease diagnosis,4 staging,5 prognosis
prediction,6 efficacy evaluation,7 etc. It has the potential
to reshape medicine and improve clinical outcomes by
integrating AI deeply into critical clinical tasks and
creating collaborative effects in the workflow of clini-
cians. The fusion of digital pathology images and AI has
resulted in the novel pathology intelligence analysis
methods. This technique is able to extract deep-level
features of tumor pathology images and overcome the
difficulties of quantitatively measuring cell morphology
and intra-regional heterogeneity. It has developed into
an auxiliary diagnostic method with remarkable accu-
racy, stability, and automation, which has broad clinical
application prospects.8

A large number of novel AI frameworks with
outstanding performances provide a broad reference
for the design of intelligent cores in medical image
analysis. In this study, the researchers tested the
feature extraction capabilities of SwinTransformer and
ConvNeXt. Transformer is a deep learning architec-
ture based on multi-head self-attention mechanism
and forward full-connected network. It discards the
traditional convolutional structure and is particularly
suitable for processing sequence-to-sequence trans-
formations.9 Although transformer was originally
developed for natural language processing, various
improved models have been derived for image-related
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tasks. In particular, SwinTransformer has some of the
advantages of ResNet through sliding window opera-
tion and gradually expanding receptive field, and
achieves remarkable image analysis performance.
Correspondingly, ConvNeXt maintains the simple and
efficient structure of convolutional networks while
fully borrowing the advanced design of transformer. It
successfully improves the performance of convolu-
tional networks.

How to embed AI models into clinical processes is a
critical issue in the application of pathology intelligence
analysis. In this study, researchers explored the added
value of the model in clinical diagnosis when multiple
candidate primary tumor sites were provided. Experi-
mental results showed that their model achieved a top-3
accuracy of about 95%, and thus could be considered
capable of significantly reducing clinical workload and
diagnostic difficulty. Multiple highly informative candi-
dates may be more acceptable to clinicians than
providing only the result with the highest probability.

This study directly analyzed the characteristics of
tumor cells at the microscopic level based on routine HE
slices. It is worth noting that multi-modality images
tend to be complementary.10 For example, X-ray
computed tomography can display anatomic informa-
tion of lesions with high resolution, radionuclide im-
aging can specifically quantify metabolic function, and
magnetic resonance imaging can detect fat and metas-
tasis in bone marrow with high water content.
Designing feature fusion algorithms for multi-modality
images to leverage multi-source heterogeneous infor-
mation is a valuable research direction.
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