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Cellular immunotherapy in cancer

Immune cells are isolated 

from the blood of a patient 

with cancer

Genetically engineer 

immune cells to 

recognize cancer

T cells that recognize 

CD19-expressing 

tumor cells

Activated and 

expanded in culture

Transfused back into 

patient

Tumor cells

Immune cells
Cancer cells are 

selectively killed



Transplant

Transplant

Immunotherapy

Immunotherapy

Trial 1

Trial 2

Immunotherapy trials targeting pediatric ALL

ALL Relapse

ALL= Acute lymphoid leukemia



What makes a successful engineered T cell

• Cell characteristics pre-modification
– Last chemotherapy treatment

– Type of drug

– Cells before and after transplant

• Characteristics of genetically modified cells
– Cell markers that make them better “killers”

• Differentiation 

• Memory phenotype 

• Proliferative potential

• Function

• Persistence of engineered T cells
– How long is long enough to gain complete long term 

remission?



Multidisciplinary data collection

Expand product, release testing

Unscheduled events

- Flow 

- qPCR

- Cellular assays

- Luminex

- Deep sequencing

- Clinical report forms - Manufacturing

- Cell growth curves

- Release testing assays

LabKey

Correlative studies laboratory Clinical team Cell production core



Demand for LabKey continues to grow

Year twoYear one

CSL staff, LabKey administrator and user CSL staff

Trial 1

16 samples over 11 visits:

- Flow cytometry (5 panels)

- qPCR assay

- Luminex assays

- Deep sequencing analysis

128 data sets/patient

Trial 2

23 samples over 12 visits:

- Flow cytometry (5 panels)

- qPCR assay

- Luminex assays

- Deep sequencing analysis

184 data sets/patient

LabKey

server
Trial 1 data entry Study design Trial 2 data 

entry
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Data management

• Clinical data
– Clinical report forms (CRFs) entered into software 

designed to capture patient information (DatStat)

• Cell product data 
– Paper based

• Assay data 
– Shared drives (tabular data, flow files, luminex files)

• Specimen data
– Specimen repository software (FreezerPro)
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Subject information

CRFs completed by clinical staff

Trial 1

Trial 2

Loaded manually

Automatic integration

Push to 

study

Data entered 

by CRAs



CRF tables can be challenging to work with

Solutions:
• Transform tables to 

one row per visit 
– Trial 1: after import

– Trial 2: before import

Remaining problems:
• Repetitive data

• Comments section 
includes valuable data

• Design CRFs with 
LabKey in mind

Bad structure: 900 column table, multiple visits per row

Good structure: one row per patient per visit, information easy to access

…



Pre- and post-clinical cellular information

Cell production core:

- GMP facility

- Auditable by FDA

- Maintain paper records

Data entered into excel

Upload to 

study

Correlative studies:

- Cell processing recorded real-time

- Maintain paper records



Coping with paper-based systems

Problems:

• Not ideal for storage

• Error prone

• Not systematic

Solution:

• Create surveys

– Pre-clinical cell manufacturing

– Post-clinical cell processing
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Assay data: qPCR

General assay.txt

.xls

Push to 

study

• Problems:
– Time consuming

– Error prone

• Solutions:
– Develop process to 

properly read .txt data 
and queries to 
perform calculations



Assay data: luminex

• Straightforward entry
– Files exported from machine  LabKey

• Averages or replicates

• Can add keywords 

Luminex module



Graphing luminex data

Present normalized data instead of raw concentration

IL-6

Day Post Infusion

IL
-6

 f
o

ld
 c

h
a
n

g
e

-7 0 7 14 21 28 35 42 49 56 63
0

2

4

6

8

Granzyme B

Day Post Infusion

G
ra

n
z
y

m
e

 B
 f
o

ld
 c

h
a

n
g

e

-7 0 7 14 21 28 35 42 49 56 63
0

5

10

15

20

Perforin

Day Post Infusion

P
e

rf
o

ri
n

 f
o

ld
 c

h
a
n

g
e

-7 0 7 14 21 28 35 42 49 56 63
0

1

2

3

4

5

IL-10

Day Post Infusion

IL
-1

0
 f
o

ld
 c

h
a
n

g
e

-7 0 7 14 21 28 35 42 49 56 63
0

5

10

15

sFas

Day Post Infusion

s
F

a
s

 f
o

ld
 c

h
a
n

g
e

-7 0 7 14 21 28 35 42 49 56 63
0.0

0.5

1.0

1.5

2.0

MIP-1a

Day Post Infusion

M
IP

-1
a

 f
o

ld
 c

h
a
n

g
e

-7 0 7 14 21 28 35 42 49 56 63
0

1

2

3

4

TNFa

Day Post Infusion

T
N

F
a

 f
o

ld
 c

h
a

n
g

e

-7 0 7 14 21 28 35 42 49 56 63
0

1

2

3

4

sFasL

Day Post Infusion

s
F

a
s

L
 f
o

ld
 c

h
a
n

g
e

-7 0 7 14 21 28 35 42 49 56 63
0

1

2

3

4

MIP-1b

Day Post Infusion

M
IP

-1
b

 f
o

ld
 c

h
a

n
g

e

-7 0 7 14 21 28 35 42 49 56 63
0.0

0.5

1.0

1.5

2.0

2.5

BM Plasma

Serum

Normalize



Assay data: flow cytometry

Trial 1 Trial 2

- Embed metadata in .fcs 

files (~30% files)

- Compensate sample .fcs 

files

- Compensate sample .fcs 

files

- 115 .wsp files per patient

- 5 .wsp files per patient

- FTI client used to automate file upload

- Manually direct files to appropriate folder

- Provide metadata for .fcs files

- Quality control

- Push to study

Acquisition on FACSDiva

Analysis on FlowJo

File upload via Cyberduck

LabKey

Assay

Study



Organizing .fcs files is a bottleneck

• Import data to individual 
folders
– One panel per folder

• Trial 1: 300+ .wsp files

• Trial 2: 75+ .wsp files

• Create metadata

• Quality control



Managing .fcs metadata

• Link .fcs files to keywords

• Ways to link files

– Embed directly into .fcs files 

– Manually enter metadata

– Automate file parsing

Participant ID

Visit
Sample type

Linked metadata



Adapting ICS metadata for FMO controls

All stain FMO controlsubtract
true T cell 

population
=



QC, QC, QC!

• Quality control is a requirement
– FlowJo user errors

– FlowJo bugs- 10.0.6 

– Erroneous file transfer

• Thumbnail view is a helpful tool



The meat-and-potatoes: push to study

• Data
– Create  Import  QC

• Study design
– Define properties, visits, cohorts, etc.



Study: clinical and assay data

Reports

Graphs

Assay data

CRF data



Study: reports

• Table format
– Any variable that is a measure

– No graphs

• Very accessible for general LabKey user

• Multi-patient or cohort view



Advantages

• Fast and easy creation

• Multidisciplinary data 

integration 

• Can choose multiple 

measures

• Available to many users 

without the need for 

graphing software

Disadvantages

• Not as customizable as 

graphing softwares

• Not ideal for publications

• Time-consuming to find 

measures

Study: standard graphing feature



Study: flow graphs
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• Export data from FlowJo to excel

• Organize excel sheet

• Copy/paste data into Prism

• Modify graph

Using LabKey:
• New Time Chart 

• Choose measure(s)

• Modify graph

Graph depicting our modified T cell expression over:

All CD3+, CD3+/CD8+ and CD3+/CD4+ cells

> 30 minutes

< 60 seconds



Study: luminex graphs
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Luminex data: Multiple analyte view

Classical workflow:
• Transfer data from luminex excel to 

working spreadsheet

• Organize excel sheet

• Copy/paste data into Prism

• Modify graph(s)

Using LabKey:
• New Time Chart 

• Choose measure(s)

• Modify graph

> 60 minutes

< 60 seconds



Study: integrated graphs

Graphs

Assay data

CRF data

Luminex analytes

Patient temperature

Temperature and cytokines spike concurrently: 

indicative of cytokine release syndrome



Study: integrated graphs

Flow panel 1:

Modified T cells

Flow panel 2:

B cells

As T cells increase, B cells are depleted: Our modified T 

cells are capable of killing tumor cells

Graphs

Assay data

CRF data
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What we’ve learned

• Design data with LabKey in mind

– Keywords

– Data collection and storage

• Simpler system        no quality control

• Out-of-the-box does not mean ready to use

• You get out what you put in



Goals

• Import data from Trial 2

• Create surveys for pre- and post-clinical data

• Write SQL queries to customize tables

• Create user-friendly space
– Readily accessible and available data summaries

– Enhance data sharing

• Make report generation easy
– Milestones, FDA reports, etc.



Thank you!
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Questions? 


