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Integrated System

01

Each player needs electronic information 
management tools.

Steakholders in Clinical Trials

IRB DSMB

Data 
Monitor

Central
Pharmacy

Data 
Manager

Statistician

Outcome 
Adjudicator

Projector 
Manager

FDA

Subject, 
Investigator
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Silo Systems for Clinical Trial

Silo systems do not talk to each other –
a birth defect.

Electronic Data 
Capture

Randomization 
IVRS 

Drug/Device 
Tracking

Safety 
Monitoring

Central IRB

Regulatory 
Document

Lab Specimen 
Tracking

A Flip of the game

IVRS
Randomization

Medical Safety 
Reporting

Drug/Device 
Tracking

Integrated 
Trial Database

EDC
Regulatory 
Document

Integrated 
Trial Database

Benefit #1: Prevent redundant data capture  Higher efficiency.

Benefit #2: Prevent data discrepancy  Higher data integrity.
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Case Report Form Electronic Data Capture Module

Trial

Site

Subject

Subject Visit

Case Report Form

Database Table

Data Field

Institution

Team Member

User Group Member

User Permission

Investigator

User Group

Group Permission Data Query

Adjudication 

Rule Violation

Adjudication Step

Query Response

Validation Rule

Adjudication Result

Event Trigger

Skip Pattern

Subject Enrollment

Subject CRF Binder

Study Progress

Project Setup

Site Management

User Management

Site ID [Site].[ID]

Subject ID [Subject].[ID]

Visit ID [Visit].[ID]

Visit Date [SubjectVisit].[Visit Date]

Updated By

Data Collected (Code)

Updated On

CRF ID

ID

CRF ID

Q1 ~ Q#

[User].[ID]

CRF Header

CRF Body

Record ID

Database Structure of CRF EDC Module
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Project

Investigator

Institution

Clinical Site

Team Member

User Group (DOA Role) User Group Member

DOA Role Doc Requirement Investigator Doc Requirement

Investigator Reg Doc Status

Clinical Site Doc Requirement

Project Site Doc Requirement

Site Reg Doc Status

Investigator Doc Collection

Site Doc Collection

Data Integration for Regulatory Document Management

Document ID

Site Group ID

Site Doc Requirement

Site Group ID

Site ID

Site Group Member

Regulatory Document

Document ID

Type (Code)

Document Name

Project Specific (Code)

Document ID

User Group (Role) ID

Inv. Doc Requirement

User Group ID

User ID

User Group Member

Document ID

Site ID

Site Doc Status View

Status (Code) Effective Date

Expire Date

Document File

Document ID

Site ID

Collected Site Doc

Effective Date

Expire Date

Document File

Document ID

User ID

Collected Inv. Doc

Document ID

User ID

Inv. Doc Status View

Status (Code)

Integrated Regulatory Document Management Module
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Data Integration for Medical Safety Monitoring and Reporting

AE CRF Submitted

Serious?Serious?

Project Manager Review

Passed PM 
Review?

Medical Safety Monitor 
Review

Annual Safety Reporting

Adverse Event CRF 
Add/Edit

System Populates 
MedWatch CRF

MedWatch
Needed?

MedWatch
Needed?

Site Edit MedWatch CRF

Site Submit MedWatch
CRF

MedWatch PDF Attached 
to CRF

N

Y

N

Y

N

Y

MedWatch PDF Sent to 
Authority

MedWatch PDF Sent to 
cIRB

System Organ Class

Preferred Term

Lowest Level Term

MedDRA

Review Procedure

Procedure ID

Form ID = 104

Updated On

Procedure ID

Review Step ID

Question 1 ~ 5

Enable Logic 1 ~ 5

Review Step Definition 

Disable Logic 1 ~ 5

Edit User Group ID

View User Group ID

Freeze ID

Review Step ID

Q1 ~ Q5

Comments

Form Review

Reviewed By / On

ID

CRF ID

Q1: AE Name

F104 Adverse Event

Q2: Grade (Code)

Q3: Serious (Code)

Q4: Related (Code)

Q5: Expected (Code)

Q6 ~ Q12

CRF Header

CRF ID

Site ID

Subject ID

Updated By /On

Freeze ID

ID

F104 Freeze

CRF ID

Q1 ~ Q12

Updated By / On

ID

CRF ID

F127 MedWatch

Event ID

Q1 ~ Q50

CRF Header

CRF ID

Site ID

Subject ID

Integrated Medical Safety Monitoring Module
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Perform Subject 
Randomization

Subject 
Eligibility CRF Data

Drug/Device Shipping 
and Receiving

Site Team Delegation of 
Authority Log

Site released to 
enroll?

Document ready? Subject eligible?

User has 
permission?

Site has study 
drug?

Regulatory Document 
Requirement 

Regulatory Document 
Collection

Inventory low?

Y

Y

Y

Y

Y

Y

N

N

N N

NSTOP

Data Integration for Subject Randomization

Lost in
Shipping

Lost in 
Shipping

Site 
Removal

Site 
Removal

Lost in 
Shipping

Central 
Pharmacy

Central 
Lab

Clinical 
Site

Study 
Subject

Lab
Kit

Drug
Kit

F181
Biospecimen

Collection

F102/F512
Study drug 
assignment

1508 1808

1811

1812

1509 1809

1507 1807

Drug Bottle 
Kit Labels 
w/ Lot ID

Drug Kit 
Shipping 
Request

Lab Kit 
Shipping 
Request

Parameters
for site 

inventory
calculation

Parameters
for site 

inventory
calculation

Site Drug 
Inventory

Site Lab Kit 
Inventory

To be 
expired 

To be 
expired 

To be 
assigned 

To be 
used

Drug bottle 
Packing

Lab Kit 
Labels w/o 

Lot ID

Drug kit 
Assembling

dbo.usp for 
StudySupplyRequest

ShippingPackingSlip.asp

F102: Subject Randomization
F512: Drug Kit Assignment

D
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r 
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Subject ID

Site ID

Age

Sex

Subject

Site ID

Enrollment Status

Site

CRF ID

Q1 ~ Q#

CRF Header

ID

F101 Eligibility

CRF ID

Subject ID

Updated On

Randomization Code

Requested By / On

Drug Tracking

Treatment ID

Site ID

Shipped By / On

Received By / On

Removed By / On

Remove Reason

Randomization Code

Label Printed By / On

Drug Kit

Packet By / On

Lot ID

Treatment ID

Site ID

Subject ID

Randomized By / On

Allocation Probability

Random Number 

Freeze all data involved

ID

CRF ID

Q1 ~ Q5

CRF Header

F102 Randomization

CRF ID

Site ID

Subject ID

Submitted By / On

Integrated Randomization & Trial Supply Management Modules 

Generic Building 
Blocks
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The Great Innovation of Containner

Different contents, same shape of containers. 

Management Information System Basic Function Analysis

Put data 
into database

Pull data 
from database

Main Menu

List Records

View Record

Edit Record

Data Report

Add Record

Data Transfer

Save a Record Database Action

User Permission

Form Field 
Definition
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S
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e

List

Li
st

Report

Report

S
av

e

The Tangram Puzzles

1. List Records with Form ID

2. List only Fields with ‘For List = Yes’

3. Record sort by selected field data value

4. Record filter by specific value in selected field

5. Page navigation (First, Next, Previous, Last)

6. Change page size

7. Link to [View Record] page for individual record

8. Generic basic summary function

9. Show [Add Record] button for authorized users  

Generic [List Records] Page
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Source: www.clinicaltrials.gov searched on 03/04/2022

1. View a Records from a Table with the Form ID and Record ID specified
2. Display question number, name, (options), response
3. For CRFs, display CRF Header Information:
 Site, Subject, Visit
 Submit Date/Time, Rule Status, DCR Status, Verify Status

4. Show action buttons for authorized users:
 [Add], Edit], [Delete], [View Audit], [List Records], 
 [Verify], [Accept], [DCR] [Lock], [Unlock]

5. Display rule violation flags and responses to rule violation
6. Display data clarification requests and corresponding responses

Generic [View a Record] Page

1. Edit a record specified by Form ID and Record ID

2. Add a new Record when Record ID = 0

3. Display question number, name, description

4. Provide data entry fields based on field types with previous data displayed

5. Provide response options condition to response values in other fields 

6. Enforce skip pattern logic

7. Flag fields required for record saving

8. Add required [Reason for Change] for editing record

9. Show [Save], [Cancel] buttons

Genric [Edit a Record] Page
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Field

Form ID

Order 

DB Field Name

Field Name

Field Type (Code)

Field Format (Code)

Code Group ID

Required (Code)

Derived (Code)

For List (Code)

….

Code Group

Code Group ID

Code Group Name

Specific Form ID 

Code Item

Code Group ID

Code Item Value

Code Item Name

Skip Pattern

Form ID

Root Field Name

Root Field Value

Condition (Code)

Leaf Field Name

Leaf Required (Code)

Rule Violation

Form ID

Record ID

Field Value

Confirmed (Code)

Rule

Rule ID

Form ID

Field Name

Rule Level (Code)

Rule Type (Code) 

Rule SQL 

Rule Message

Form

Form ID

Table Name

Form Name

CRF Number

Menu Group

Rule ID

Generic User Interface Definition Elements

Implementation 
Examples
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STRATEGY FOR IMPROVING STROKE TREATMENT RESPONSE (SISTER) TRIAL

ClinicalTrials.gov registration ID: NCT05948566

1. Dose escalation from 3mg/kg to 5, 7, and 10 mg/kg for the first 50 subjects 

2. Response adaptive allocation ratio updated for every 50 following subjects 

3. Body weight adjusted infusing drug amount for each dose level

4. Site investigators and subjects are fully blinded

5. Site pharmacists are unblinded and responsible for infusing bag mixing 

6. Minimize study drug water due to expiration 

7. Control treatment imbalances

8. Control baseline NIHSS, Onset To Treat time, age imbalance

9. Protect allocation randomness

Study Drug Logistics Management
Drug Lot

Lot ID x

Manufacture Lot #

Expiry Date

Drug Kit

Lot ID

Kit ID

Verify Code

Date Label Printed

Date Kit Assembled 

Kit Size (# of Vials)

Drug Vial

Vial ID

Date Label Printed

Date Packed in Box

Kit ID

Date Removed

Date Used

Subject ID

Drug Mixing Form ID

Drug Kit Tracking

Date Requested

Kit ID

Date Shipped

Lost in Shipping

Date Received

Site Inventory

Site ID

Kit Size

Randomization Code

Site ID

Randomization Code

Treatment Arm ID

F102 Randomization

Site ID

Subject ID

NIHSS Category

OTT Category

Age Category

Body Weight Category

Date Randomized

Randomization Code

Drug Mixing Form

Site ID

Subject ID

Randomization Code

Treatment Arm ID

# of Vials

Vial ID (1~10)

Date Drug Mixed

Drug Mixing Form ID

Drug Dosing Table

Treatment Arm ID

Body Weight Category

Drug Amount

Vials Needed

Allocation

Target Ratio (I=1~5)

Allocation Size

Enrollment Cap (I=1~5)

Imbalance Limit (J=1~4)

Minimal Drug Inventory

Is Current

Allocation ID

Drug Shipping Request 
Algorithm

Site ID

Kit Size

Kit Quantity

Randomization 
Algorithm

NIHSS Category

OTT Category

Age Category

Body Weight Category

Available Arm (I=1~5)

Imbalance (J=1~4)

Allocation ID

Random Number

Treatment Assignment
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Randomization Algorithm Design
Start

Validated

Check available arms M
1. Target allocation probability>0
2. Allocation cap not reached
3. Weight adjusted dose drug available 

M>1

𝐷௜,ଵ =
ை೔,భିா೔,భ

ா೔,ೕ
 (𝑗 = 1~4, 𝑖 = 1~5)

Treatment: 𝐷ଵ = max
௜ୀଵ~ହ

𝐷௜,ଵ − min
௜ୀଵ~ହ

𝐷௜,ଵ

Covariates: 𝐷௝ =  ∑ 𝐷௜,௝
ଶହ

௜ୀଵ (𝑗 = 2,3,4)
Completely random assignment 
among available arms

D(J)>MTI(J)

Assign to the only available arm

Site submits CRF F102

Randomization Request Validation
1. Site released to enroll
2. Informed Consent obtained
3. Eligibility verified
4. Not previously randomized

M>0

Display Error Message

Arm K available

J=4

J=J+1

Assign to arm K

Stop

Y

N

N

Y

Y

N

N

N

N

Y

Y

Y

 Hierarchical imbalance control

 Maximal tolerated imbalance

 Big stick correction

 Completely random by default

Treatment Imbalance Assessment
TotalArm 5Arm 4Arm 3Arm 2Arm 1

21.71.51.31Target Allocation

10.2320.2140.2010.1870.164𝑃௜Target Allocation Probability

38710489𝑂௜Observed

388.8358.1457.6517.1236.247𝐸௜Expected

0-1.8351.855-3.6510.8772.753𝐷௜Imbalance

ResultFormulaAssessment methodOption #

6.404max
௜ୀଵ~ହ

𝑂௜ − 𝐸௜ − min
௜ୀଵ~ହ

𝑂௜ − 𝐸௜Imbalance range1

2.421max
௜ୀଵ~ହ

𝑂௜ − 𝐸௜

𝐸௜

− min
௜ୀଵ~ହ

𝑂௜ − 𝐸௜

𝐸௜

Scaled range2

5.337෍ (𝑂௜ − 𝐸௜)ଶ
ହ

௜ୀଵ

Euclidean distance3

3.867
P-value=0.4243෍

(𝑂௜ − 𝐸௜)ଶ

𝐸௜

ହ

௜ୀଵ
Pearson’s Chi-square test4

4.088
P-value=0.3943

−2 ෍ 𝑂௜ ln
𝐸௜

𝑂௜

ହ

௜ୀଵ
Likelihood ratio test5
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Baseline Covariate Imbalance Assessment

Observed

TotalArm 5Arm 4Arm 3Arm 2Arm 1

1311065Category 1

930123Category 2

2241188Entire Study

𝜒ଶ = ∑ ∑
ைೕ೔ିாೕ೔

మ

ாೕ೔

ହ
௜ୀଵ

ଶ
௝ୀଵ =4.936  > 𝜒ସ,଴.଻

ଶ =4.878

If the subject has in category 1 and arm 5 is available, vote for Arm 5.
If the subject has in category 2 and arm 2 is available, vote for Arm 2.
Otherwise, skip this covariate.

Expected

Arm 5Arm 4Arm 3Arm 2Arm 1

2.360.590.594.734.73

1.640.410.413.273.27

41188

Imbalance (𝑂௝௜ − 𝐸௝௜)/ 𝐸௝௜

Arm 5Arm 4Arm 3Arm 2Arm 1

-0.890.53-0.770.590.13

1.07-0.640.92-0.70-0.15

1. Emergency treatment require immediate randomization

2. Plan to enroll up to 900 subjects from about 45 sites in US

3. No study drug involved

4. No baseline covariate balancing required

5. Burn-in period with three-arm equal allocation for the first 150 subjects 

6. Response adaptive allocation among 10 arms updated every 10 weeks

7. Enrollment history: 18±6 subjects per 10 weeks for the first 145 subjects

8. Wish to control treatment imbalance

Pediatric Influence of Cooling duration on Efficacy in Cardiac Arrest Patients (P-ICECAP)

ClinicalTrials.gov registration ID: NCT05376267
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Mass-Weighted Urn Design
Target allocation = Desired allocation = 𝟏: 𝟐: 𝟑 = 0.2412 : 0.3411 : 0.4177

1. Start the with one ball for each arm. Mass of each ball is proportional to the 
target allocation ratio, in continuous format. 

2. Total mass in the urn = α units, a pre-specified value.

3. Randomly draw a ball with probability proportional to the mass of each 
ball. 

5. The mass of the ball is reduced by 1 unit.

4. Assign the subject accordingly.

6. This 1 unit mass is re-distributed to each arm based on the target 
allocation. 

7. Repeat steps 3 to 5 until the end of the study.

Simulation Results

10-arm equal allocation after 20 subjects, 50,000 simulation runs

Mass-weighted Urn DesignComplete 
Random

Number of empty arms
α = 12α = 10α = 8α = 6α = 4

19.54%14.16%7.77%3.23%0.5%78.50%≥ 1

0.38%0.29%0.08%0034.76%≥ 2

000007.33%≥ 3

000000.71%≥ 4

10-arm unequal allocation (1 : 1.1 : 1.2 : 1.5 : 1.7 : 1.8 : 1.9 : 2 : 2.5 : 3) after 20 subjects, 2,380 simulation runs

Mass-weighted Urn DesignComplete 
Random

Number of empty arms
α = 12α = 10α = 8α = 6α = 4

37.35%29.96%19.75%12.14%6.51%86.38%≥ 1

4.41%1.55%0.76%0.55%048.48%≥ 2

0.08%0.04%00014.90%≥ 3

000002.18%≥ 4

1.87±0.681.78±0.631.67±0.581.55±0.521.41±0.452.71±1.27Imbalance in Euclidian Distance
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Unconditional Allocation Probability

Mass-weighted Urn Design
10-arm unequal allocation (1 : 1.1 : 1.2 : 1.5 : 1.7 : 1.8 : 1.9 : 2 : 2.5 : 3) after 20 subjects, 2,380 simulation runs

Arm 10Arm 9Arm 8Arm 7Arm 6Arm 5Arm 4Arm 3Arm 2Arm 1Sequence 
Order

0.16950.14120.11300.10730.10170.09600.08470.06780.06210.05651

0.16110.13600.11220.10690.10280.09820.08680.07060.06530.06032

0.16120.13290.10920.10500.10110.09740.08850.07260.06840.06373

0.16380.13540.10490.10140.09870.09660.08870.07370.07030.06654

0.16660.13850.10570.09960.09530.09370.08710.07320.07150.06895

0.16630.14180.10720.10050.09720.09190.08380.07190.07090.06866

0.16400.14330.11090.10320.10020.09370.07960.06810.06910.06797

0.16350.14250.11470.10570.10230.09540.08070.06490.06490.06558

0.16690.13690.11790.10830.10500.09860.08240.05950.06190.06259

0.16970.13640.11800.11000.10740.10190.08590.05480.05800.057910

0.16350.13450.11290.10780.10180.09590.07880.07310.06870.063020

Unconditional allocation probability shifts toward equal allocation when alpha is small.
Need further research to eliminate or reduce this shit.   

Inspiration
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1. Creation of an integrated information system is feasible

2. Generic building blocks increase system development quality and efficiency  

3. Development of complex system requires collaboration from stakeholders 

Conclusions

Opportunity to be a Creative Thinker

Subject 
randomization 

data

Subject 
randomization 

algorithm

Site enrollment 
history

Site operation 
current status

Subject study 
progress

Subject drug use 
status

Site study drug 
inventory

Drug kit 
expiration date

Drug shipping 
cost

Treatment 
allocation

Baseline 
covariates to be 

balanced

Drug order time 
frame

Drug distribution 
tracking

Emergency 
unblinding

Study Logistics
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How are We Working?

Job done, finally.

Work done, correctly!

Work correctly done, always!

Work correctly done, automatically!

Contact me at: zhaow@musc.edu

Thank you!
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