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The study by Tian et al. trained a multitask neural network model for tumor
origin  differentiation  using  cytological  histology  (TORCH)  by  integrating
attention- and transformer-based multiple-instance learning methods, which
can identify malignancy and predict the origin of cancer of unknown primary
(CUP) simply by analyzing cytopathological images.1 In this commentary, we
highlight  the  model  development  and  validation  process  and  provide  our
insights into the role of deep learning (DL) in predicting tumor origin in CUP,

aiming to further explore the potential of TORCH as a clinically assisted diag-
nostic tool (Figure 1).

CUP is a group of heterogeneous tumors with clinically proven metastatic
and undetermined primary anatomical sites of tumor origin, which is charac-
terized by difficult diagnosis, multiple organ involvement and poor prognosis.
In  recent  years,  advances  in  precision  medicine  targeting  tumor  genomic
mutations  have  significantly  improved  outcomes  for  cancer  patients;

however,  identification  of  tumor  origin  remains  critical  to  guide  treatment
options for CUP cases. Clinical manifestations and routine histological diag-
nosis are used to describe specific subgroups of CUP to suggest the primary
site,  but  only  15-20%  of  patients  respond.2 For  an  unfavourable  subset  of
CUP, molecular  detection  and  artificial  intelligence  (AI)  methods  are  emerg-
ing as promising tools. AI-based methods for analyzing molecular and imag-
ing  data  have  been  attempted  to  guide  the  inference  of  tumor  origin.  For
example,  Nguyen  et  al.  developed  a  random  forest  classifier  based  on
somatic driver and passenger mutations utilizing whole-genome sequencing
data from primary and metastatic tumors, which could improve the classifi-
cation  of  CUP  origin.3 Similarly,  Darmofal  et  al.  described  a  DL  model  that
relies on targeted panel sequencing to demonstrate the potential application

of  AI-based  molecular  profiling  in  CUP  origin  prediction  from  a  perspective
close  to  clinical  implementation.4 However,  considering  the  high  economic
and time costs of genetic testing, DL methods for pathology image analysis
offer new opportunities.

DL algorithms, a subset of machine learning, have emerged as potent tools
in  pathological  image  analysis  due  to  their  ability  to  capture  nonlinear  and
multi-layer  image  features,  showing  great  potential  in  clinical  oncology
research. By  analyzing  extensive  digital  histopathology  images  and  extract-
ing valuable morphological features from them, DL models can help patholo-
gists  improve diagnostic  accuracy and speed,  and provide valuable  insights
for  prognostic  prediction,  ultimately  benefiting  patient  outcomes.  Therefore,
under  the limitations of  existing methods,  the use of  DL methods to predict
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Figure 1.  TORCH workflow, advantages, limitations and prospects The model input included cytological imaging data and clinical parameters (age, sex, and specimen sampling
site). TORCH was trained and validated on datasets from four large medical institutions. With ResNet50 extracting features, the model was trained using attention- and trans-
former-based multiple-instance learning, and finally assembled into a multitask neural network model by averaging the prediction probabilities. The model output included the
identification of malignancy and the classification of primary tumor origin. Finally,  top-n differential diagnosis accuracy was used to evaluate the performance of TORCH. The
advantages, limitations and prospects of the model are shown at the bottom.
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CUP origin has a wide range of  applicability  and facilitates the development
of  a  new  paradigm  of  AI-assisted tumor  pathology  diagnosis.  In  a  ground-
breaking study published in 2021, Lu et al. trained a weakly supervised model,
Tumor Origin  Assessment  via  Deep Learning (TOAD) on a  large whole-slide
image (WSI) dataset spanning 18 common origins of primary cancer,  which
can predict whether a tumor is metastatic and assign a differential diagnosis
for  the origin of  the primary tumor.5 When evaluated using top-k differential
diagnosis accuracy,  TOAD achieved a top-3 accuracy of  93.4% in the exter-
nal test cohort and 94.9% in the difficult cases of metastatic tumors cohort.
Meanwhile, researchers are actively exploring more rapid and effective auxil-
iary examination methods,  given the intolerability  of  surgery in patients with
late-stage CUP.  Notably,  many  cases  of  CUP  present  with  pleural  or  peri-
toneal metastasis, and cytological examination by fine-needle aspiration may
provide  evidence  of  tumor  origin  sites.  In  this  article,  Tian  et  al.  proposed
TORCH,  a  cytology-based  DL  model,  which  achieved  a  top-1  accuracy  of
82.6% and a top-3 accuracy of 98.9% in predicting the primary system origin
of  tumors.  Unlike  the common use of  histopathological  images as input  for
model feature extraction, the AI-assisted diagnosis of tumor origin by liquid-
based  smear  containing  malignant  cells  overcomes the  difficulties  of  visual
diagnosis caused by the scarce number and morphological heterogeneity of
tumor  cells  in  pleural  effusion  and  ascites,  demonstrating  the  potential  of
TORCH in  this  clinical  oncology  task.  In  addition,  predictions  of  TORCH can
help  CUP  patients  select  more  appropriate  treatment  strategies,  such  as
tumor type-specific therapy rather than empirical chemotherapy—often the
former showing  a  better  prognosis.  In  conclusion,  with  its  high  perfor-
mance, the model demonstrates diagnostic accuracy beyond pathologists,
laying  the  foundation  for  future  human-machine  collaborative  integration
into clinical diagnostic tasks.

During  model  development,  The  Cancer  Genome  Atlas  (TCGA)  database
and  cytological  smear  images  from  three  independent  training  sets  were
used  for  feature  extraction,  and  three  internal  cohorts  and  two  external
cohorts  were  used  to  validate  the  model.  Tian  et  al.  developed  TORCH  by
integrating  neural  network  models  trained on  different  types  of  input,  which
demonstrated  high  performance  and  relatively  reliable  generalization  in
predicting  tumor  origin  in  both  internal  and  external  testing  sets.  They  also
compared  the  predictive  performance  of  TORCH  with  that  of  pathologists,
showing  that  TORCH  outperformed  pathologists  (diagnostic  score  of  1.677
versus 1.265, P < 0.001) in accuracy, sensitivity, and precision for the task of
cytology-based  differentiation  of  benign  diseases  from  malignant  tumors,
which has significant expert variability.  Subsequently,  the authors tested the
performance of junior pathologists assisted by TORCH and found that while
they  made  better  predictions  compared  to  before  AI  assistance,  they  were
still lower overall  than the performance of  TORCH itself  and senior  patholo-
gists. In  addition,  the  researchers  embedded  clinical  variables  into  multidi-
mensional  vectors  obtained  from  the  image  feature  extractor  to  train  the
model.  The  overall  performance  of  the  model  decreased  significantly  after
removing  clinical  parameters  such  as  age,  sex  and  specimen sampling  site
from the input of TORCH. The results of ablation studies and random pertur-
bations  showed  that  the  clinical  parameters  in  the  input  modalities  had  an
important impact  on  the  predictive  ability  of  TORCH,  particularly  the  speci-
men  sampling  site.  Further  survival  analysis  linked  TORCH  predictions  to
better clinical outcomes in CUP patients,  with those who received treatment
consistent  with  TORCH-predicted  cancer  origin  having  significantly  better
overall  survival  (27  versus  17  months, P =  0.006).  This  finding  reveals  the
clinical significance of TORCH in oncology research.

The analysis of false results indicated that the overall false-positive rate of
TORCH  in  differentiation  between  malignancy  and  benignity  was  11.0%
(1,171 of 10,635) and the overall false-negative rate was 5.4% (904 of 16,702),
mainly  due  to  the  misdiagnosis  caused by  the  similarity  of  cell  morphology
and  tissue  structure  as  well  as  the  quality  control  problems  during  smear
preparation.  Furthermore,  the  model  interpreted  the  prediction  results  by
highlighting  the  histomorphological  features  of  regions  with  high  diagnostic
value and generating attention heatmaps. In contrast to previous studies, the
innovation of this study lies in predicting CUP origin from cytological images,
which is  particularly  useful  for  patients  with  effusions,  especially  those with
late-stage  CUP.  In  this  context,  more  accessible  cytology  samples  can

provide rapid results in a minimally invasive manner, which is not only critical
for timely diagnostic decisions, but also spares late-stage patients with poor
tolerance from unnecessary surgery.

The research team highlighted the great  potential  of  TORCH in  predicting
the tumor  origin  of  CUP while  also acknowledging several  limitations of  the
study. First,  the model development process considered only a few quantifi-
able  parameters  in  clinical  practice,  neglecting  other  variable  factors  of
patients  such  as  medical  history  and  metastatic  site.  Second,  the  cytology
samples  from  hydrothorax  and  ascites  were  insufficient  to  cover  all  CUP
patients,  leaving the model unable to provide effective predictive support for
tumor  types  with  non-thoracoabdominal  metastases.  Third,  compared  to
histological images that can provide information on organizational structures
and cellular interactions, the limited abundance of cytological image informa-
tion  allows TORCH to  localize  tumor  origins  only  at  the  organ-system level,
thus to some extent  limiting more detailed treatment guidance.  Additionally,
given the heterogeneity of CUP, models incorporating molecular markers may
provide meaningful predictions for different CUP subsets and help to enhance
considerations  for  tumor  type-specific  therapy  and  biomarker-guided ther-
apy. However, this combined strategy must strike a balance between improv-
ing  prediction  accuracy  and  maintaining  the  efficiency  and  cost-effective-
ness  of  the  detection  to  achieve  technical  synergies.  Future  models  can
explore the integration of clinical parameters through architectural optimiza-
tion and be extended to large datasets of other ethnic groups to enhance the
clinical usefulness of the model.

Overall,  the  study  proposes  a  highly  accurate  and  generalized  DL  model,
TORCH,  which  combines  clinical  parameters  and  cytological  images  to
predict  the  origins  of  metastatic  free  tumor  cells  in  pleural  and  peritoneal
serous effusions. It is worth noting that previous studies generally focused on
histopathological  images,  but  driven  by  advances  in  AI  technology  and
patients'  demand  for  early  cancer  screening,  more  and  more  studies  have
begun to  focus  on  biopsy  samples  and  even  cell  samples.  Tian  et  al.  high-
lighted the feasibility of cytological samples in the field of AI-assisted patho-
logical  image analysis and provided a new perspective on the application of
DL models to predict tumor origin.
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