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Automated detection of dicentric chromosomes

* The Automated Dicentric Chromosome Identifier and Dose Estimator (ADCI) software completely automates DC
detection and estimates biological dose

* ADCI selects appropriate images for analysis, classifies each object as either a centromere-containing chromosome or
non-chromosome, further distinguishes chromosomes as monocentric or dicentric using machine learning-based image
processing techniques, determines DC frequency within a sample, and estimates biological radiation dose by
comparing sample DC frequency with calibration curves computed using calibration samples

ADCI can process a sample of 500 metaphase images in
3-5 min using a multicore desktop computer system
equipped with:

* Inteli7-6700HQ, 16 GB RAM

* graphics processing unit: Nvidia® GTX 960M / RTX 2070
This benchmark estimate is equivalent to ~1.7 images
per second, or ~6000 images per hour Centreline Centromere Candidates
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ADCI in the Cloud: ADCI Online

* Unanticipated radiation exposures require rapid dose estimation and discrimination of
homogeneous from partial-body exposures.

* Once metaphase cell images are captured by a computerized-microscope system, the
same computer typically performs image analysis, during which time the system is
unavailable for obtaining images from other samples.

e Qutsourcing image analysis to ADCI ™ eliminates this bottleneck and significantly
increases overall throughput.

* Accessing ADCI_Online:
* Eliminates the need for a dedicated computer system to run ADCI
* Generates the same results as dedicated systems
e Short-term subscription format reduces cost
e Can accommodate on-demand bursts of computing power when necessary
* Can ensure that cytogenetic data is collocated in the same region as the user

* Securely isolates individual user data and protects software analysis from intrusion, disruption
and corruption

* Dose estimation can be carried out anywhere there is a reliable internet connection



ADCI Online: Differences from MS Windows" version

Windows®-based ADCI has been ported to ADCI_Online, a secure web-streaming
platform (AppStream 2.0, Amazon Web Services) that can be accessed worldwide.

Operationally, ADCI_Online is indistinguishable from the MS Windows version that
runs on a dedicated, standalone computer.

Because the base hardware configuration of AWS ADCI_Online is a 2 processor CPU,
3.75Gb RAM, sample processing is ~3 fold slower than the recommended Desktop
computer running Windows” ADCI (Intel 17-7% gen 4 proc. CPU, 16 Gb RAM, w/o
GPU).

ADCI_Online runs exclusively on the cloud-based system and pixels are streamed to
the user through a web browser. The experience is similar to watching a movie in a
web browser in that computing resources and disk space are not consumed on the
local system. Local keyboard and mouse commands are sent to the cloud-based
system to control ADCI_Online.

ADCI_Online is accessed by streaming. The total duration of each subscribed
streaming session can be up to 96 hours or 4 days (actual clock time).



Scalability

* Although each system running ADCI_Online has less computing power than a high-performance system
running ADCI Desktop, the cloud-based nature of ADCI_Online allows for rapid expansion of resources.

* If many samples need to be processed quickly, more computing power can be added (but incurs additional
costs). ADCI_Online can be reconfigured quickly within ~15 minutes to:

* Clone the system as many times as necessary, providing an array of cloud-based systems available for use
* Increase the computing power of each system running ADCI_Online
* Both of the above

* Asimilar array of systems could be achieved by utilizing multiple physical computers, however the ability to
expand and reduce available resources as necessary provides flexibility and reduces costs.
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Data and Program Security

 When a new user accesses ADCI_Online:
* A UserName is created from their email address

* An Amazon Web Services (AWS) S3 Bucket is used to store their metaphase image files and
reports generated by analysis of the data.

* The user-specific directory in the S3 Bucket is mounted to the cloud-based
system, granting the user access to their uploaded images in ADCI_Online.

* Files are encrypted in transit to/from the Bucket (HTTPS protocol) and server-side
encryption is applied to all files in the Bucket (AWS Key Management Service)

* File types (e.g. images) are verified by the system upon uploading. Uploaded files
are prevented from running as executables on AWS AppStream.

* Internal elements of ADCI software are invisible/inaccessible to the user
* Internet and browser access from within ADCI_Online itself is disabled

* Only files created by ADCI_Online can be downloaded by the UserName that
generated them.



Validation of ADCI Online

* Dose estimates obtained through ADCI_Online were validated against
those obtained through ADCI Desktop

* Metaphase images associated with a test sample (HS01) obtained from
Health Canada (HC) were uploaded to ADCI_Online and processed. The
number of DCs detected matched ADCI Desktop results.

e Other previously processed HC and PHE samples were uploaded to
ADCI_Online

 HC: Dose estimates for homogeneously irradiated samples were generated after
application of 4 different image selection models (A_B, A_C, A_D,

Automated178981) and matched those presented in Rad. Prot. Dosimetry 186(1):
42-47, 2019.

 PHE: Estimates of partial-body dose and fraction of blood irradiated were generated
for partially irradiated samples (PHE_E, PHE_F, PHE_G) and agreed with those
presented in Int J Rad Biol. 96(11): 1492-1503, 2020.



Demonstration: Overview of user interaction

1) Before a subscription period begins,
a new user can sign into the AWS
Management Console (sign-in
credentials provided) and upload
metaphase images to cloud storage.
This mechanism is also used to
download ADCI reports after they have
been generated.

2) To access ADCI_Online, the user
signs into AppStream in their web
browser (sign-in credentials provided)
and requests a new streaming session.
Behind the scenes, a new streaming
instance is cloned from a snapshot of
the ADCI_Online system.

Simultaneously, the user’s S3
storage directory is mounted to the
streaming instance, allowing the user
to access their uploaded metaphase
images and save results generated
while executing ADCI.
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Demonstration: Metaphase image upload

A custom script adds the new user to the
ADCI_Online system, configures their S3 storage
directory, and generates a random password for the
user. An e-mail is sent to the user containing their

password, and the SHA-256 hash of their UserName.

The user signs in to AWS and accesses S3 to begin

uploading metaphase images to their own directory.

Sign in as |1AM user

Account ID (12 digits) or account alias

218125

IAM user name

newuser@cytognomix.com

Password
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AWS services

» Recently visited services

¥ All services

{af Compute
EC2
Lightsail [
Lambda
Batch
Elastic Beanstalk

Serverless Application
Repository
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EC2 Image Builder

f Containers
Elastic Container Registry
Elastic Container Service

Elastic Kubernetes Service

Storage
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EFS

AWS Management Console

&2 Quantum Technologies

Amazon Braket

-j Management & Governance

AWS Organizations
CloudWatch

AWS Auto Scaling
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Config

OpsWorks
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Control Tower
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IAM
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Secrats Manager
GuardDuty
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Amazon Macie

AWS Single Sign-On
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Key Management Service
CloudH5M

Directory Service
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AWS Firewall Manager
Artifact

Security Hub
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Demonstration: Metaphase image upload (cont.)

Other user directories are present in the user/userpool/

directory of the Bucket, however each user can view the =
content of their own directory only. Data stored within

[0 02551c470a2e8f65e8d63702e9af95b72c01c6fb68bd2515eb86b91ba84d0f1/

the “Persistent_ ADCI_Data” directory is preserved
between streaming sessions. Within that directory, an
empty “ADCI_Images” directory awaits metaphase
image uploads. Metaphase images for each sample are
uploaded into separate folders on the system.

Amazon 53 dppstreamZ- =T us-east-1-21872595"** usery userpool/ Oeladd9239ae3beeabedalf9e98aabbabff9aeaal3e7c20f4752%e 1e02dfBb2/ Persistent_ADCI_Data/ ADCI_Images)
(A Copy S3URI
ADCI_Images/ -
Objects Folder properties
Objects (0)
Dbjects are the fundamental entities stored in Amazon 53. For others to access your objects, you'll need to explicitly grant them permiissions. Learm morne E
(P List versions | O | Actions ¥ Create folder
Q 1 ®
MName Y Type v Last modified v Size v Storage class v

No objects

Wiy

1 don't have any objects in this folder

Upload (|



Demonstration: Metaphase image upload (cont.)

Folders of metaphase images can be uploaded to the
system.When the user uploads an entire folder to S3 using the 1
"Add Folder" button (circled on the slide), the name of the Upload
uploaded folder is the same as the name of the folder on the ,
. Add the files and folders you want to upload to 53. To upload a file larger than 160GB, use the AWS CLI, AWS SDK or Amazon
user's local computer. 53 REST AP, Learn more [2
ADCI expects each uploaded sample to be stored within its own
directory. In this example’ a ZGy calibration sample is being Drag and drop files and folders you want to upload here, or choose Add files, or Add folders,
uploaded to “ADCI_Images/2Gy/”
Regardless of the folder name on S3, the user provides a sample Files and folders (2180 Total, 1.6 GB) | Addfiles || Add folder
ID when they create a new sample in ADCI_Online. This ID is used |  #! files and falders in this tabie will be uploaded
to refer to the sample in all ADCI_Online functions. Q 1 2 3 4 5 6 7 218
Upload
Name s Folder v Type C Size 7
Add the files and folders you want to upload to 53. To upload a file larger than 160GB, use the AWS CLI, AWS SDE or Amazon _ )
$3 REST AP, Learn more [ INTCOSS01-4~C.1TIF 2Gy/ image/tiff 776.3 KB
INTCO5501-4~C.10.TIF 2Gy/ image/tiff 721.2 KB
Drag and drop files and folders you want to upload here, or choose Add files, or Add folders. INTCOS501-4~C.100.TIE 2Gy/ image/tiff 755.8 KB
INTCO55017-4~C101.TIF 200Gy image,/tiff /558 KB
Files and folders (0) e INTCOS501-4~C.102TIF  2Gy/ image /tiff 730.3 KB
All files and folders in this table will be uploaded
I INTCOS5501-4~C.103.TIF 2Gy/ image/tiff 758.7 KB
Q ! INTCO5501-4~C.105TIF 2Gy/ image/tiff 751.3 KB
MName A Folder v Type v Size v INTCO5S501-4~C.106TIF 2Gy/f image/tiff 776.4 KB
INTCO5501-4~CA07 TIF 26y image/tiff JEB5.6 KB
INTCO5501-4~C.109.TIF 2Gy/ image,/tiff BOGE.1 KB
Mo files or folders [me/
You have not chosen any files or folders to uploac » Additional upload options
I Cancel




Demonstration: Metaphase image upload (cont.)

Progress of the upload can be seen in the banner at the top of the page. Users can ensure all images have been
uploaded successfully by observing the “Succeeded” and “Failed” sections.

In this example, 2180 metaphase images (1.77Gb) were uploaded to the S3 Bucket in 17 minutes 33 seconds. This is a
rate of ~2 images / second.

Total remaining: 2026 files: 1.5 GB{93.32%)

Estimated time remaining: 18 minutes
Transfer rate: 1.4 MB/s

Upload: status

G} The information below will no longer be available after you navigate away from this page.

Summary

Destination Succeeded Failed

53 .l'l_l'lﬂpp'STrE'af'l'IE'“‘.'*‘*"-US-'E'HET'-l'21E12595*“* E'::' 154 files. 112.6 MB {6.68%) BIJ files, O B {0%)
Juserfuserpool

f0e1add923% e thesabeY9alf9e98aabbabff9aeaaf 3 7e 7 c20f
4752921e02df8b2 /Persistent_ADCI_Data/ADCI_Images/



Demonstration: Begin ADCI Online streaming session

Users receive an e-mail from AWS with a link to a log-on webpage containing a temporary password and it prompts
them to login and update their password. Once signed in, ADCI_Online can be accessed in an “Application” view with
no Windows desktop, or as a “Desktop” view which resembles a remote desktop session.

Users can access ADCI_Online in a web browser or using desktop software provided by AWS.

\ KSSStream 2.0 [yroGnomiX

Choose your app to get started

=

n to begin launching your

QyftiGromid fdfmepade ||| HOC! Ropfadand [1] DA dosimentdtion



Demonstration: Create a new sample

The content presented here is
streamed to the user’s web
browser.

The dose of a calibration
sample can be embedded in
its sample ID allowing it to be
recognized by ADCI
automatically. An embedded
dose must be in the format of
#Gy. For example, the 1.96Gy
sample here can contain the
text ‘1.96Gy’ or ‘1.96 GY’
allowing ADCI to pre-populate
dose fields which generating a
calibration curve.
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Samples

Plot

Identity Size Processed

Curves

Curve Identity  SVM  In Plot

ADCI Process Queue

Identity Size

BN Add New Sample to Werkspace ? *

Specify a unigue ID for the new sample

|HC_Ca|ibrah'0n_1.96G\;| Use name of directory

Directory of metaphase images

|C:ﬂ_lsersfPh0anLlserﬂ~"Iy FilesfHome Folder /PERSISTENT_ADCI_DATA/ADCI_Images/2Gy

Description of the sample (Optional)

Laboratory source:

Sample import date: 2021-02-03
Patient info(age, gender):
Exposure date:

Exposed physical dose:

Images in the folder: 2180 tifs, 2180 in total

INTC05501-4~C1.TIF A
INTCO05501-4~CA0.TIF

IMNTCO05501-4~C100.TIF

INTC05501-4~CA01.TIF

INTCO5501-4~C102.TIF

INTCO05501-4~C103.TIF

INTC05501-4~C.105.TIF

INTC05501-4~C106.TIF

INTCO05501-4~C107.TIF

INTC05501-4~C.109.TIF

TR et P R R i T

Rescale

Clear

Save As

2.4 3.2

4.8

Cancel




Demonstration: Process a sample

In this example, ADCI_Online processed a 2180 image calibration sample in 110.89 min. This is a rate of ~20 images / min.

When saving samples, curves, or reports ADCI_Online automatically navigates to the “Persistent_ADCI_Data” directory in
the user’s “Home Folder”. All files present in the Home Folder are preserved between streaming sessions.

ADCI Processing —

Processing Queue

Processing Result i i i ibrati
Sample Mo. Images Status g nest Processing Time Dlamaged File(s) save HC_Calibration_1.96Gy X
Howver for details
: s » PhotonUser » My Files » Home Folder » PERSISTENT_ADCI_DATA » v O Search PERSISTENT_ADCI_DA.. 0
1 IHC_Calibration_1.96Gy: 2180 7, _ 110.89 min. None
Organize w New folder SEER (7]
Mame Date modified Type Size
1 This PC
ADCl_Images File folder
* Downloads
BackupsOfContourFiles File folder
Home Folder Examples File folder
Temporary Files Log File folder
Recovery File folder
SelectionModels File folder
S
Save as type: | ADCI sample (".adcisample) w
# Hide Folders Cancel

All samples are finished, total time: 110,892 minutes.
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Post-processing: Metaphase cell image viewer

‘% Metaphase Yiewer -5 x|

# of segmented objects: 39 # of total objects: 54; # of valid objects: 27; # of DCs: 1 Ascending by Group Bin ﬂ

|(144) DCZ0L3 1S 169 v HELS 61] ;| ISlgma L3 ;‘ I Invert L ienlieent & Wiew all images ™ Excluds Include Al | Load Se\ectinﬂl Apply Image Filter5|
o atch List: ) i view included images
@ @ -i') - ‘_)_. Hateh Het ﬂ . :iaw exLI:d:d im:gas 1212{121Z images included  Exclude All | Save Selectionl Auto Scare.,, |
Segmented objects have colored contours. Red indicates DCs, indicate chromosomes that were initially

classified as DC, but eliminated based on FP morphology filters, green contours indicate MCs, and blue indicate objects
failing ILL segmentation. No highlight: Nuclei, inseparable chromosome clusters, artifacts etc. Controls below.image
direct inclusion/exclusion of images from dose calculation.



Distribution of (Chromosome) Objects in a Set of Metaphases

* Metaphases must have objects in the user-specified range
* Cell elimination of [<25-35, >60-75 objects] is recommended

Sample: Health Canada calibration data 2 Gy

Average: 49.6

o0 -

7S

&0 -

45 -

25 75

30 -

# of metaphases in the sample

R N | S I T Sy

] 15 30 45 60 75 a0

# of objects in a metaphase

ADCI can process images which have not been manually preselected. Thus, it was necessary to
derive a set of filters to remove suboptimal images. Object count is one such filter.
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Example:
Results of applying an
image selection model

Examples of metaphase images in sample HCSO5 (0.5Gy) ; unselected and selected by
the ‘group bin distance model, top ranked 250 images’*. (A) and (B) are selected
images. (C) and (D) are images that have been eliminated by the model. *Liu, Liet al. F1000Res. 2017, 6:1396



Demonstration: Determine an optimal image selection model

ADCI filters out suboptimal metaphase images by utilizing
image selection models.

The effectiveness of a specific image selection model on
calibration samples can be evaluated by observing the p-

value of the Poisson fit for each sample, curve fit residuals,

and leave-one-out dose estimation.

The “Optimal Image Selection Model Search” wizard
automatically evaluates a large pool of image selection
models and ranks them according to the selected
evaluation method. This process takes significantly longer
if the evaluation process is leave-one-out dose estimation
as much of the evaluation process must be repeated with
each calibration sample removed.

Optimal Image Selection Model Search ? et

Configuration Summary

Generated Models: 186624 combined z-score models 186624 models in total

Evaluation Method: Leave-One-0ut. It leaves one sample out as test sample and takes others as calibration
samples in iterations (at least 4 different doses required). It create a calibration curve using calibration samples and
calculates dose estimation error for the test sample. The errors are combined in 2%(sum of squares). A smaller score
indicates a better image selection model

Evaluating Samples: HC_Calibration_1.96Gy Dose 0 Gy full metaphases only Dose 0. 1 Gy full metaphases anly
Dose 0,5 Gy full metaphases only Dose 0,25 Gy full metaphases only Dose 0.74 Gy full metaphases only Dose 0,98
Gy full metaphases only Dose 1.46 Gy full metaphases only Dose 2.92 Gy full metaphases only Dose 3.9 Gy full
metaphases only Using 5VM Sigma 1.4

Search Progress
Search is in progress. .. Time to finish: | Click to check

I 2% Start

Search Results

Description of the Image Selection Model

Image Exclusion Filters

] Exdude If Length-Width Ratio z-score| > 1.5 S
[] Exdude If Centromere Candidate Density z-score| > 1.5 =
[ ] Exdude If Finite Difference z-su:u:ure| <-1.5 =
[] Exdude If Object Count{< 40 [S|or|=60 |=
[ ] Exdude If Segmented Count{< 35 [ 5|or|>50 |=
[] Exdude If Classified Object Ratio| < 0.70 =
Image Ranking and Inclusion

Image quality ranking method: | Mone -



Dispersion Index: 1.14583
Mu Test: 3.11

0481 Lambda: 0.68
© P Value: 2.596e-04
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Screenshots of proportionate DC frequencies fit to Poisson distributions of Sample HC4Gy in ADCI. (A) All

images are included (no image selection), (B) Only images selected by model (group bin distance, top 250
images) are included. The legend (top right) indicates the statistics of the fit to the Poisson distribution

(Dispersion Index, Mu test, and Lambda) and the Chi-square goodness of fit test (p-value).



Demonstration: Create calibration curve

. . . . . . b Fita curve ? >
The calibration curve wizard is prepopulated with the physical dose of 3

calibration samples if doses appear in the sample ID, otherwise the dose

Spedfy a unique identity for the new curve

IHC_Automated 173981

must be modified from “Unknown” to the known physical dose. Once Add 2 brief descrption for the curve to be reated
created, calibration curves can be saved to the “Persistent_ ADCI_Data” Curve fit methad: Maximum-Likelihood

. Calibration samples: HC_Calibration_1.96Gy Dose 0 Gy full metaphases only
d irecto ry. Dose 0.1 Gy full metaphases only Dose 0.5 Gy full metaphases only Dose 0,25

Gy full metaphases only Dose 0.74 Gy full metaphases only Dose 0.98 Gy full
metaphases only Dose 1.46 Gy full metaphases only Dose 2,92 Gy full
metaphases only Dose 3.9 Gy full metaphases only

< Curve Calibration Wizard
Curve fitting. This section has been automatically prepopulated by the wizard.

Select Samples SVM: Sigma 1.4 ¥
Select processed samples to be used as calibration samples Applied image selection model Spedify File
The list below presents processed samples loaded in ADCIL. Check the box beside each sample |,|"F'EFSiStEI'|t_.'5|DCI_Data,|"5E|EI:ﬁDI‘lMDdE|S,|"HC_LC|C|_1?39?3 1.adcimageselection |

you wish to use. If a desired sample is not present in the list, load it into ADCI first.

il = L e e g | ) [ ]

Dose-Response data

Sample Info Dose Res ™

1 HC_Calibration_1.96Gy_Sigma 1.4_0.113 -.

2 Dose D Gy full metaphases only_Sigma 1.4_0.023 -.
Dose 0,958 Gy full metaphases only |I:I.'5|8

Dose 0.5 Gy full metaphases only ||:|. 5 |
|
|
|
Dose 1.46 Gy ful metaphases only | L.46 | 4 Dose 0.5 Gy full metaphases only_Sigma 1.4 0.050 -.
|
|
|
|
|

Dose 0,25 Gy full metaphases only ||:|. 25

Dase 0,74 Gy full metaphases only ||:|. 74

Dose 2,92 Gy full metaphases only |2.92

5 Dose0.25 Gy full metaphases only_Sigma 1.4 0.033 -

Dose 3.9 Gy full metaphases only |3.9

_ I B | R
] HC INTCD3501 |Unknawn < >
[ Hc nTco3so4 |Llnknn:-wn @ Input @ Import @ Femowve @ Validate
(] HE INTC03505 Unknown v
Dosage Range (Gy): [0, 3.9] Degree of freedom: 7
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Screenshot of calibration curve (solid line) showing 95% confidence intervals (dotted lines).
Parameters: Sigma = 1.5; Image selection model: top 250 ranked images sorted by combined Z-
score method, for individual Z score tests I-VI, results weighted in proportion to: [5,2,4,3,4,1] for
each test. This weighting combination is one of the optimal parameters found in a grid search on
calibration data.



Demonstration: Estimate dose

The dose estimation
wizard requires a set of
samples of unknown
dose, a calibration
curve, and the
associated image
selection model.

The Plot and Console
sections of the ADCI
user interface are
automatically
populated when dose
estimation is complete.

Results presented here
mirror those described
in Rad. Prot. Dosimetry
186(1): 42-47, 2019.

Dose Calculator ? *

DC Freguendies for Dose Estimation

MNarne DC Frequency  SVM Info
1 éHCINTCOSSﬂ'I_Sigma 1.4_0.287; 0.286667 Sigma 1.4 Images are sel
2 HCINTCO3504_Sigma 1.4_0.317 0.316667 Sigma 1.4  Images are sel
3 HC INTC03505_Sigma 1.4_0.220 0.22 Sigma 1.4  Images are sel
4 HC INTCO3507_Sigma 1.4_0427 0.426667 Sigma 1.4 Images are sel
5 HC INTCO3508_Sigma 1.4_0.173 0.173333 Sigma 1.4 Images are sel
& HC INTC03510_Sigma 1.4_0.110 0.1 Sigma 1.4 Images are sel
£ >

O Input

Partial-body analysis

O Import @ Remaove

[] Enable

35 =
Curve used for dose estimation
|HC_Automated 173331 | sigma 1.4

Attached image selection model:

||:IerJ"PErsisbent_.-!\DCI_DatafSelecﬁnnModelsﬂ-IC_LOO_1?898 1.adcimageselection |

Description:

Curve fit method: Maximum-Likelihood

Calibration samples: HC_Calibration_1.36Gy Dose 0 Gy full metaphases only
Dose 0.1 Gy full metaphases only Dose 0.5 Gy full metaphases only Dose 0.25
Gy full metaphases only Dose 0.74 Gy full metaphases only Dose 0.93 Gy ful
metaphases only Dose 1.46 Gy full metaphases only Dose 2.92 Gy full
metaphases only Dose 3.9 Gy full metaphases only

Cancel

Plat
Rescale Clear Curve Legend Save As
1
F 1
0.36 1
---------------------------------------r""-’-f
E 0.3_-----------------------------------
1]
= b |
O L
I 0.24 :
= '
1}? [JJLB [ N RN RN BN N BN AN BN N . :
[ r 1
(] I ]
0.12§ hd " '
. P O N N O O . ’ I
r |
L I M |
0.06 ' 3 '
L 1 [ I
I 1 l. 1 i
Console
--------------------------- Feb 4 17:14:49
Dose Estimation using Curve: HC_Automated178981
Dose Estimation Result
| DC Frequency Name | DT Freguency | 5VM | Estimated Dose | Dose 35% LCL | Dose
| ~HC INTCO3S501_Sigma 1.4_0.287 | 0.28&88&7 | Sigma 1.4 | 3.80Cy | Disakled | Disa
| ~HC INTCO03504 Sigma 1.4 _0.317 | 0_3188687 | Sigma 1.4 | *3_30 Gy | Disakled | Disa
| ~HC INTCO3505_Sigma 1.4_0.220 | 0.22 | Sigma 1.4 | Z.75Ey | Disakled | Diza
| ~HC INTCO03507 Sigma 1.4 0.427 | 0.428887 | Sigma 1.4 | *3.30 Gy | Disakled lisge
| ~HC INTCO03508_Sigma 1.4 0.173 | 0.173333 | Sigma 1.4 | 2.15Gy | Disabled )i o=
| ~HC INTCO03510 Sigma 1.4 0.110 | 0.11 | Sigma 1.4 | 1.Z5Gy | Disakled Wlis=
< >




Demonstration: Estimating partial-body (PB) dose, confidence interval
and fraction cells irradiated

IC Frequency MName | DT Frequency | SVH | Estimated Dose | PR Estimsted Dose | EB Dose LCL | PB Dose UCL | EB Cells Exposed
~Test PHE A Sigma 1.4 0.099 | 0.0330502 | Sigma 1.4 | 1.85Gy | z.30Cy | 1.20Cy | 3.15Cy | 80.71%
Test PHE B Sigma 1.4 0_255 | O.2548&7 | Sigm= 1.4 | 2_.75Ey | 4.z20Gy | 3.80&y | 4._75&y | 54.54%
~Test PHE C Sigma 1.4 0.044 | 0.0443828 | Sigms 1.4 | 0.50Cy | 1.50Cy | *0.00Cy | 2.85Gy | 46.72%
~Tegt PHE D Sigma 1.4 0.035 | 0.0346667 | Sigm= 1.4 | *0.00 &Gy | 2_.835Cy | *0_00Gy | 4_B5&y | 17_.40%
~Teat PHE E Sigma 1.4 0_087 | 0_0866667 | Sigm= 1.4 | 1.c0Gy | 5.20Gy | 4._00Gy | &.20Gy | 47.c8%
~Teat PHE F Sigma 1.4 0.07& | 0.076 | Sigm= 1.4 | 1_40Gy | £.25Gy | O.30&y | 3.20Gy | 85.76%
~Teat PHE & Sigma 1.4 0.081 | 0.0813333 | Sigm= 1.4 | 1_50Gy | 3.55Gy | 2.30Gy | 4_55&y | 52.41%
. . . . . Dose Calculator 7 X
Often, radiation accident (and therapy) patients receive e -
reguencies for Dose Estimation
M M M M M DCF SVM Inf
inhomogeneous exposures. In ADCI, partial-body dose estimation Sl
1 Test PHE_A Sigma 1.4_0.099 0.0990302 Sigma 1.4 Images are select:

uses the 0Gy calibration sample in the selected calibration curve to
reduce false positive dicentric chromosomes to estimate partial-
body exposure and fraction of cells irradiated (/nt J Rad Biol. 96(11):

1492-1503, 2020).

When this option is enabled, estimates of the partial-body dose and
fraction of cells exposed are shown in the ADCI console and reports
(PHE -E, -F, -G above), in addition to the standard output generated
when analyzing homogeneously irradiated samples.

2 Test PHE B _Sigma 1.4 0.235 0.234667
3 Test_PHE_C_ Sigma 1.4_0.044 0.0443328
4 Test PHE D Sigma 1.4 0.035 0.0346667
5 Test_PHE_E Sigma 1.4 0.087 0.0266667
6 Test PHE_F_Sigma 1.4_0.076 0.076

7 Test PHE_G_Sigma 1.4_0.081 0.0813333

<

Sigma 1.4 Images are select
Sigma 1.4 Images are select
Sigma 1.4 Images are select:
Sigma 1.4 Images are select
Sigma 1.4 Images are select
Sigma 1.4 Images are select:

>

':::' Input ':::' Imnport
Partial-body analysis
Enable

@ Remawve

Dose 37% of cells survive (Gy) |3.5

Curve used for dose estimation

0Gy calibration sample in curve | Calibration_PHE_0.0Gy -

|pHE_C_B750

: ] St 1.4

Attached image selection model:

h—(ome Folder jPersistent ADCI_Data/SelectionModels/C_B750. adcimageselection |

NaocrrimBnan e




Demonstration: Generate and access written reports

ADCI_Online generates several
report types including:

 (Calibration curve

 Sample
* Optimal image selection model
* Dose estimation

Reports are displayed in a web
browser during the streaming
session.

Alternatively, saved reports can be
downloaded from the user’s AWS
S3 folder at the end of the
subscription period.

oo [ = X o o .-’I;IW o
- O X
2| C\Users\PhotonUser\My Fil 2 ~ & & Sample report
Samples Number ot such images bYo ol 3 . - S
'de":t? Frequency of such images 0928 | 0.068 | 0.004
L Frequency in Poisson 0927 | 0.070 | 0.003
2 Calibration_PH
3 Calibration_pr| 168t PHE_G
4 Calibration PH| Distribution of DCs detected in 750 images in sample: Test PHE_G T—ig:ugrlgle: »
¢ | Calibeation P Result of 5VM 1.4; FP flag: 126; Image selection model: images are selected by C:/Users/PhotonUser/My Files/Home I'ﬂedi:an: 41
alibration Folder/Persistent ADCI_Data/SelectionModels/C_B750 adciimageselaction MinDo i.;:iﬁgglen: 6.4
1-quértile: '

Curves

Curve |dentity
1 PHE_C_B730

ADCI Process Queue

Identity  Size

Poisson Fitting Stats: Lambda (average DCs per image) 0.0813333; Dispersion Index 1.11688; Mu 2.28038; p value of Chi-
square test §.251e-3

Number of DCs in an image | 0 1 2
Number of such images 695 49 6
Frequency of such images 0927 | 0.065 | 0.008
Frequency in Poisson 0922 | 0.075 | 0.003

SVM Sigma value: 1.5

Test PHE A - 1.5 Test PHE B - 1.5 Test PHE C - 1.5

i At 250th image:

Medign: 4.1 . '
3-qugrﬁle: gt S?Dih Mmage:

e 55.4 |
At 280th image: 3.0
eSOt image: 5.2

ge: 5.8 1

\ Dispersion I v Dispersion 1 0.9 \ Dispersion In |- ——————

U 8 A\ Mu Tt 0'7 A Mu T \ Mu Tes | Estimated Dose
o \ W \ © \ = 4| 1.z5eY
@ 0.7 \ Lamb 2 06 \ Lamb 2 0.75 \ Lambd |4 | z.7sey
= \ P Value < \ PValue = ¢ \ | retPrMalugs V|-4 1 0-socy

[=l 1 — — =N \ L — =1 (N - — |.4 1 *0.00 e¥

L4 > .4 | 1.808y
| ~Test_PHE_F Sigma 1.4_0.07¢ | 0.07% | Sigma 1.4 | 1.40&y
| ~Test_PHE_G Sigma 1.4_0.081 | 0.0813333 | Sigma 1.4 | 1.50Gy

CL: LCL, UCL: lower, upper CL._
*{if present in table): the estimated dose or dose CL

confidence limit.

€

is out of bougils




Demonstration: Download reports

Upon completion of a subscription, any reports generated by the user are compressed as a single zip file and moved
to a user-specific “download” directory where they can be downloaded to the Users local computer. The user
accesses the data by accessing S3 as they did when uploading metaphase images.

Amazon 53 appstream2-****+***42_ s past-1-21812595%** download/ Oel1add9239ae3beease9a0f9e98aabbabff9aeaaf37e7c20f47529e1e02df8b 2/

Oel1add9239ae3beea5e9a0f9e98aabbabff9aeaaf37e7c20f47529e1e02df8b2/

Objects Folder properties

Objects (1)

Objects are the fundamental entities stored in Amazon 53. For others to access your objects, you'll need to explicitly grant them permissions. Learn mare [A

‘ (3 H Delete H Actions & || Create folder | Upload

LB

. Open
Q | P
| Calculate total size
Name Copy Last modified v Size
[ reportszip Move February 4, 2021, 15:29:40 (UTC-05:00) 24.8

Query with 53 Select
Download actions

Download

Download as




Estimated time requirements

Estimating sample processing time

* When processing a set of samples, obtain an estimate of total processing time in minutes by summing image counts in all samples and dividing
by 19.659 (the approximate number of images processed in one minute on ADCI_Online).

Calibration sample processing
* Assuming 7 calibration samples
* 3 samples <1 Gy (1500 images), 4 samples >= 1 Gy (750 images)
e 7500 metaphase images in calibration samples
e 7500/19.659 =381.5 min (6 hr, 22 min)

Automated Image selection model generation
* An optimal image selection model must be determined only once for a set of calibration samples
* Examine all model categories, curve fit residuals or p-value of Poisson fit evaluation modes: ~¥94 min (1 hr, 34 min)
* Examine all model categories, Leave-one-out evaluation mode: ~233 min (3 hr, 53 min)

Test sample processing
* Assuming 7 homogeneously irradiated samples (700 images each) and 3 partially irradiated (1200 images each)

* 8500 metaphase images in test samples
* 8500/ 19.659 images =432.4 min (7 hr, 12 min)

Other categories of operations require little to no processing time, therefore the time required to perform them is limited by
the operator’s knowledge of the system. It is recommended to consult ADCI_Online documentation before a subscription
begins. Time estimates below assume a moderately experienced operator:

* Optional: Review of processed samples in the metaphase image viewer (variable)

* Review of automatically generated image selection models, pre-existing, supplied models, or manual created models (30 — variable min).
Manual creation and review of image selection models is an optional process and may require several hours.

* Calibration curve generation (5 — 30 min)
* Dose estimation (5 =30 min)
* Report generation and review (10 — 120 min)



Summary

* ADCI offers a cost-effective subscription-based service useful for
radiation research, proficiency testing, inter-laboratory comparisons,
and training.

 Security of data was considered at every step of the development
process, with images and results encrypted and stored in an S3
Bucket directory accessible only to them.

* ADCI_Online can be rapidly scaled to meet “burst” requirements such
as individuals in an emergency situation requiring processing of many
samples.



ADCI weblinks

Introduction and access to demonstration version
https://radiation.cytognomix.com

Partnerships and contact e-mail address
info@cytognomix.com

How ADCI works (online manual)
https://adciwiki.cytognomix.com

Dicentric chromosome classification by machine learning
https://cytobiodose.cytognomix.com

ADCI protocol in the Journal of Visualized Experiments (JoVE)
https://doi.org/10.3791/56245

To obtain ADCI

https://radiation.cytognomix.com/quoterequest.php



https://radiation.cytognomix.com/
mailto:info@cytognomix.com
https://adciwiki.cytognomix.com/
https://cytobiodose.cytognomix.com/
https://doi.org/10.3791/56245
https://radiation.cytognomix.com/quoterequest.php
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