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ABSTRACT

Purpose/Objective

A software resource in the form of Apps
distributed via our public project on the Cancer
Genomics Cloud (CGC) platform for
reproducible, out-of-the-box application of
analysis workflows for pre-trained radiological
and radiotherapy Al models.

Development and Validation Methods

The framework comprises of two main
components: the Python-native Computational
Environment for Radiological Research (pyCERR)
for radiological image processing, and the
Cancer Genomics Cloud (CGC), a National

Cancer Institute—funded resource that supports
cloud-hosted collaborative projects, with tools

for managing collaborators and compute-
hardware from providers such as Amazon Web
Services and Google Cloud Platform. pyCERR is
open-source (GNU GPL) and distributed at
https://github.com/cerr/pycerr; it
provides user-friendly data structures, simplified
access to metadata across radiological imaging
modalities, and tools for data transformation,
Al-based image segmentation, radiomics,

dynamic contrast-enhanced MRI analysis,
radiotherapy dose—volume histogram (DVH)
feature extraction, and normal-tissue
complication and tumor-control models.
Radiomics features comply with the Image
Biomarker Standardization Initiative (IBSI)
standards and are validated against published
reference values. Unit tests covering data
input/output, radiomics, DVH features, and
visualization run on every code update.
Workflows are containerized for reproducible,
identical execution on the CGC and on local
hardware. The CGC enables Al inference from
radiological images to be combined with other
data types such as genomics and proteomics.
Our public CGC project
(https://cgc.sbgenomics.com/u/sevenbridges/p
ycerr-radiological-radiotherapy-imageanalysis),
accessible with free registration, currently
includes apps for organ-at-risk (OAR) and lung-
nodule segmentation based on published
models trained in-house and clinically validated.
These apps can be run interactively from a web
browser or programmatically via a REST APl with
client support for multiple programming
languages. Notebooks demonstrating the CGC
API and pyCERR capabilities are provided at
https://github.com/cerr/pycerr-notebooks.
Potential Applications

The framework facilitates end-to-end
radiological image analysis and reproducible
research, including data access from public and
private repositories, training and inference with
Al models, and utilities for data management,
visualization, and simplified access to image
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INTRODUCTION

Slmpllﬁed application of analysis workflows

The framework allows for deployment of
radiological image analyses by pre-configuring
software and hardware resources in the form of
Apps on CGC and can be readily run as tasks via
the REST API with support for various
programming languages.

Users can readily combine imaging and genomics
data available on CGC.

Pre-trained Al models can be run readily allowing
for analysis on different datasets. Clinically
validated Al segmentation of 70+ organs is

available.
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Table below lists Al models for Image Segmentation
that are clinically used at our institution after
prospective validation and usable with pyCERR.
Jupyter Notebooks are distributed at
https://github.com/cerr/pyCERR-

Notebooks/tree/main/03 autosegmentation

Image Notebook
Modal =

Lung  Muti Sepmenttions | g autasegment_CT_Lung OARSipy
ung, left lun

et

DeeplabV3+?  Segmentations: aorta, autosegment_CT_Heart_OARs.pynb
SVC, IVC, PA, LA, LV, RA,

RV, atra, ventricles, and
pericardium

Selfdistiled  Segmentation:  Lung autosegment_CT_Lung_GTV_SMITipyn

: e tumor b

Transformer
DeeplabV3+* Segmentations:  CTV, autosegment_MR_Prostate_OARS.ipynb
ladder, penile  bulb,
rectum, urethra foley,
rectal  spacer,  large
bowel
ProRSeg’  Segmentations:  Liver, auto_register_segment_MR_Pancreas_
large bowel , small OARSipynb.
bowel,  duo-stomach
Deformable vector
el (st 1o st scan)
Segmentations: _Left autosegment_CT_HeadAndNeck_OARS.i

Head & Self-
Neck  Attention®,  parotid, right parotid, pynb
DeeplabV3+* left  submandibular
gland, right
e o)
mandible, spinal cord,
brain stem, oral cavity

pPYCERR DATA STRUCTURE

The plan container class planC houses
various medical imaging data types.
Metadata from DICOM and research-friendly
modalities such as Nifti are well-organized in
planC by retaining temporal and spatial
associations.

This data organization enables users to efficiently
prototype and build analysis workflows
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pyCERR GUI

Python-native Qt-based viewer supporting -

-> Loading and browsing multiple image modalities.

-> 3D visualization
-> Registration QA
-> Contouring

- IMRTP beams definition and QIB dose calculation

-> Programmatic control of GUI for batch runs

8 30 Visuakzation (voume render) ?
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CGC APPS

Apps from our public CGC project can be cloned by users to
run out of the box analysis.

Cancer Genomics Cloud (CGC) provides integrated
bioinformatics tools, automatic logging, versioning, and
access-controlled sharing, facilitating reproducibility and
collaboration.

Data can be persistently hosted in linked cloud buckets from
providers such as AWS and GCP or accessed from external
cloud repositories, including public sources such as TCIA and
IDC as well as proprietary databases such as XNAT, BOX.

Input data

ional Environment
logical Research

Seven Bridges

docker

User management and
Compute Environment

(a) Apps and workflows can be run from the command-line on
client computers by using the API. The APl supports
various programming languages including Python, Java, C#
etc.

(b)App execution via the web interface with user-
configurable inputs, outputs, and runtime settings.

(a)

B scnsox fesoten: 12 [ ciobox (fanmude [ reren ] cose

import sevenbridges as sbg
#rom getpass inport getpass

i CTHN_SCRRS... ©

ol = R e
proj = "/aptea/pycerr-analyse:

# Authenticate vio authentication token
authtoken = getpass()

api = sbg.Api(urleurl, token-authtoken)

task = api.tasks.create(nane=taskiame,
project=proj,
app=app,
inputs=appInputs,
run=True)

WS

hutes/eithub.com/<rmodelName>/model it
‘where <modelName> is one of the following:
CT_cardiac_structures_deeplab
CT_LungOAR_incrMRRN
IMR_Prostate_Deeplab

CT_Lur m
IMRI_Pancreas_Fullshot_AnatomicCtxShape
CT_HeadAndNeck_OARs

[ WHOLEBODV SMTpIus
MR_Rectum_GTV_SMIT
MR_HN_Nodule_SMIT

CONCLUSIONS

CGC and pyCERR together facilitate end-to-end
radiological image analysis and reproducible
research, including data access from cloud
sources, training or inferring from pre-configured
Al models, utilities for data management,
visualization, and simplified access to image
metadata.
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