
Comparability Considerations 
when In-Licensing an Early-
Stage Academic Program
Annie Chiu, PhD
Associate Director, Process Development

CGTP Summit
June 10, 2024



2

FORWARD-LOOKING STATEMENTS

⚫ This presentat ion contains forward‐looking statements within the m e a n i n g of the Private Securit ies L it igat ion R e f o r m Act of 1995. These statements m a y inc lude the 
words “believe”, “expect”, “anticipate”, “intend”, “plan”, “estimate”, “project”, “will”, “may”, “targeting” a n d similar expressions as well as statements other t h a n statements 
of historical facts including, without limitation, those r e g a r d i n g bus iness strategy, plans, est imated milestones a n d object ives of the m a n a g e m e n t of the C o m p a n y . S u c h  
forward-look ing statements reflect the current views of the C o m p a n y with respect to future events a n d are subject to k n o w n a n d u n k n o w n risks, i n c l u d i n g business,  
regulatory, e c o n o m i c a n d competit ive risks, uncertainties, cont ingenc i es a n d a s s u m p t i o n s about the C o m p a n y , including, without limitation, risks inherent in
develop ing firi-cel or C R G - 023, future results f rom the C o m p a n y ' s o n g o i n g a n d p l a n n e d clinical trials, the C o m p a n y ' s ability to obtain a d e q u a t e f inanc ing to f u n d its 
p l a n n e d clinical trials a n d other expenses, trends in the industry, the legal a n d regulatory framework for th e industry a n d future expenditures. In l ight of these risks and  
uncertainties, the events or c i rcumstanc es referred to in the forward-look ing statements m a y not occur. Th e actual results m a y vary from the ant ic ipated results a n d the 
variations m a y b e material. These forward-looking statements shou ld not b e taken as forecasts or promises nor shou ld they b e t a k e n as i m p l y i n g a n y indication, 
assurance or g u a r a n t e e that th e a s s u m p t i o n s o n w h i c h s u c h forward-look ing statements have b e e n m a d e are correct or exhaust ive or, in the case of the assumptions,  
fully stated in the presentation. Y o u are caut ioned not to p lace u n d u e reliance o n these forward-looking statements, w h i c h s p e a k only as of the date this presentat ion is 
g iven. These a n d other risks are descr ibed m o r e fully in CARGO’s fi l ings with the Securit ies a n d E x c h a n g e C o m m i s s i o n (SEC) its A n n u a l Report o n F o r m 10-K for the year 
e n d e d D e c e m b e r 31, 2023 filed with the S E C o n March 21, 2024, its Quarterly Report o n F o r m 10-Q for the quarter e n d e d March 31, 2024 filed with the S E C o n May 14, 2024 
or in other d o c u m e n t s C A R G O subsequent ly files with or furnishes to the S E C . C A R G O undertakes n o duty or obl igat ion to u p d a t e a n y forward-look ing statements as a 
result of n e w information, future events or c h a n g e s in its expectations.

⚫ Information in this presentat ion ( inc lud ing m a r k e t data a n d statistical information) h a s b e e n obta ined from various sources ( inc lud ing third-party sources) a n d the 
C o m p a n y does not g u a r a n t e e the accuracy or completene s s of s u c h information. All projections, valuat ions a n d statistical analyses are provided for information purposes  
only. They m a y b e b a s e d o n subject ive assessm ent s a n d a s s u m p t i o n s a n d m a y use o n e a m o n g m a n y alternative methodolog ies that p r o d u c e different results a n d to the 
extent they are b a s e d o n historical information, they shou ld not b e relied u p o n as a n accurate predict ion of future performance, a n d you are cau t ion ed not to g ive u n d u e  
w e i g h t to them.

⚫ This presentat ion discusses product cand idates that are u n d e r clinical study a n d w h i c h have not yet b e e n approved for m a r k e t i n g b y the U.S. F o o d a n d D r u g  
Administrat ion. N o representat ion is m a d e as to the safety or effectiveness of these product cand idates for the therapeut ic u s e for w h i c h s u c h p rod u ct cand idates are 
b e i n g studied.

⚫ The P h a s e 1 clinical trial for firi-cel referenced herein w a s c o n d u c t e d b y Stanford u s i n g their formulat ion of C R G - 022. The C o m p a n y h a s m a d e addit ional process a n d  
analytical i m p r o ve m e n t s to the Stanford process to create the intended c o m m e r c i a l m a n u f a c t u r i n g process for firi-cel in a n effort to improve m a n u f a c t u r i n g yields a n d  
efficiency.

⚫ This presentat ion shall not const itute a n offer to sell or the solicitation of a n offer to buy, nor shall there b e a n y sale of these securit ies in any state or other jurisdiction in 
w h i c h s u c h offer, solicitation or sale w o u l d b e unlawful prior to registration or qualif ication u n d e r the securit ies laws of a n y s u c h state or other jurisdiction.

 See footnote in Appendix. .
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CARGO – deve lop ing and del iver ing potentially curative
cell therapies

Q1’24 Key takeaways

⚫ S t rong execut ion and momen t um of potentia l ly pivotal Pha se 2 cl in ical s tudy (F IRCE -1), w i th inter im results

expec ted in 1H 2025

⚫ >20 patients dosed; 26 sites activated

⚫ I n d e p e n d e nt D ata Monitor ing C o m m i t t e e ( IDMC) r e c o m m e n d e d continuat ion of F I R C E - 1 without modif ications 

to protocol

⚫ C o nt in u e d impressive m a n u fa c t u r i n g success

⚫ Impress ive , on go i ng follow-up from Stanford Pha se 1 study for firi-cel in CD19 C A R T R/R L B C L patients

⚫ N o add’l relapses from patients w h o achieved C R at 31.4m m e d i a n follow up; m O S of 25.7m with 29.8m of follow-

u p for DL1*(1). For L B C L patients w h o are R/R to CD19 C A R T cell therapy, m e d i a n O S is less t h a n 6m (2).

⚫ Pipel ine advancement – o n g o i n g I N D - e n a b l in g studies for C R G - 023 platform

*Dose be ing eva lua ted in CARGO’s ongo ing F I RC E - 1Phase 2 clinical study of firi-cel

F i r i c a b t a g e n e a u t o l e u c e l (firi-ce l ) ( C R G - 022) is C A R G O T h e r a p e u t i c s ' a u t o l o g o u s C D 22 C A R T - c e l l p r o d u c t c a n d i d a t e . T h e u n d e r l y i n g C A R of w h i c h t h e C o m p a n y  ex c lu s iv e l y l i c e n s e d

w a s t h e c o n s t r u c t e v a l u a t e d b y S t a n f o r d U n i v e r s i t y i n a P h a s e 1c l in i ca l trial i n p a t i e n t s w i t h l a r g e B - c e l l l y m p h o m a w h o s e d i s e a s e r e l a p s e d o r w a s  re f ra cto ry to C D 1 9 C A R T - c e l l

th era p y . T h e C om p a n y ’ s C R G - 0 2 2 I n v e s t i g a t i o n a l N e w D r u g a p p l i c a t i o n i n c l u d e d a c o m p r e h e n s i v e p a c k a g e i n w h i c h C A R G O p e r f o r m e d a n d  d e m o n s t r a t e d a n a l y t i c a l C R G - 0 2 2

p r o d u c e d u s i n g t h e i n t e n d e d c o m m e r c i a l p r o c e s s to t h e C R G - 0 2 2 p r o d u c e d u s i n g t h e p r o c e s s u s e d for t h e S t a n f o r d P h a s e 1c l in i ca l  trials. C A R G O c a n n o t a s s u r e t h a t t h e F D A wil l

a g r e e w i t h its c l a i m of c o m p a r a b i l i t y a n d t h e s u f f i c i e n c y of t h e d a t a to s u p p o r t it w h e n it fi les i ts B i o l o g i c s L i c e n s e  A p p l i ca t io n .

Source: (1) K r a m e r et al. E H A 2024; (2) Blood A d v (2023) 7 (12): 2657–2669.
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History of Firicabtagene autoleucel (Firi-cel) 

• Autologous, CD22 directed CAR T cells

• 120+ patients dosed across multiple clinical trials and firi-cel (CRG-022) was generally well-tolerated 

Year Study Site Description

2014 National Cancer Institute (NCI) • CD22 CAR made from human CD22 antibodies
• first-in-human studies
• Open manufacturing process

2019 Stanford University • Clinical trial for relapse/refractory large B cell lymphoma (R/R LBCL) 
• Positive Phase 1 results in CD19 CAR T R/R LBCL impressive durability and safety 
• Granted Breakthrough Therapy Designation (BTD) by FDA
• Closed manufacturing process 

2022 Cargo Therapeutics • In-licensed CD22 CAR from NCI 
• Initiated potentially pivotal Phase 2 clinical trial; multiple patients dosed 

with successful manufacturing to date
• Leveraging readily transferrable, closed manufacturing process intended 

towards commercial
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Process changes from v1.0 to v2.0 to balance speed to pivotal 
and line of sight to commercialization

Drug Product CDMO 2: enable pivotal-ready technical development and GMP manufacture; 
includes commercial launch optionManufacturing Site

Change in starting material status increases process consistency and manufacturing flexibilityStarting Material Status

Optimized cell culture conditions to minimize number of cell doublings, enable flexible harvest 
window, and increase likelihood of meeting target dose for consistent turnaround time (TAT)T Cell Expansion

Vector CDMO 2: commercially-suitable, scalable platform providing increased titerLentiviral Vector

Closed automation improves process consistency, lower failure risk; 
synergistic with automated formulation and fill systemConcentration

Closed and automated formulation improves consistency and microbial control Filling

New vendor intended for commercial container configurationFinal Product Container

Process ChangeAspects

Phase appropriate analytics developed assays to assess dose, safety, and functionality (potency)Analytical Methods
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Increased drug product characterization with newly 
developed analytical methods (v2.0)

Cell Count & Viability

CAR Expression

Vector Copy Number 
(VCN)

Mycoplasma

Sterility

Potency

Analytical Comparability ComplicationsDrug Product Attributes

• For phase appropriate testing, v2.0 analytical methods were qualified prior 
to completion of comparability studies

• Release and extended characterization assays needed re-development for 
going straight into pivotal studies (v2.0 methods)

• No potency method existed in Phase I, development needed to establish 
mechanism of action (MoA) reflective assay matrix prior to start of 
comparability studies

• New v2.0 analytical methods needed to bridge original v1.0 methods prior 
to establishment of comparability study criteria

• Re-testing drug product retains from Phase 1 clinical studies using v2.0 
analytical methods to build pre-change data set for comparison to post-
change drug product

T Cell Phenotypes; 
Memory

Activation 
Exhaustion
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Comparability can demonstrate clinical data before 
process changes remains applicable post-changes
Comparability study executed by CARGO allows leveraging Phase 1 clinical data, specifically for 
safety, dose, and efficacy, to facilitate further clinical development.

Due to the product complexity, health authority starting point for gene therapies (such as CAR-T 
products) means that the product is the process.

For CAR-T programs, studies should include side-by-side analyses of the pre- and post-change 
vector. Additionally, there should also be side-by-side analyses of CAR-T cells manufactured 
using the same cellular starting material with pre- and post-change vector (e.g., splitting the 
leukapheresis starting material from the same donor)(2, 3).

Comparability studies should be analyzed using appropriate statistical methods using 
predefined acceptance criteria based on lots shown to be safe and effective (2). Appropriate 
statistical methods are for the sponsor to determine, but FDA current thinking is that an 
equivalence approach is most appropriate for setting acceptance criteria(4).

1. ICH Q5E: Comparability of Biotechnological/Biological Products (ICH, June 2005)
2. Considerations for the Development of  Chimeric Antigen Receptor (CAR) T Cell Products: Draft Guidance for Industry (US FDA, March 2022)
3. Questions and answers Comparability considerations for Advanced Therapy Medicinal Products (ATMP). (EMA, December 2019)
4. Dr K. Schultz, Branch Chief, Gene Therapy 2, CBER OTAT, CASSS CGTP, Arlington Virginia, June 8, 22
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Comparability Study Rationale

• CARGO’s intention to leverage Phase I clinical data required demonstration of comparability 
between Stanford initiated v1.0 CD22 drug product and the CARGO developed v2.0 CRG-022 
drug product (firi-cel) 

• Assessment of potential Critical Quality Attributes (pCQA) and risk ranking of pCQAs into tiers 
based on availability of historical data and SME technical rationale resulted in four Tier 1 
attributes:
• Cell Viability (%)
• Transduction Efficiency (%)
• Vector Copy Number (VCN) (copies per CAR+ cell)
• Purity (%) 

• Phase I study objective =  determine maximum tolerable dose (MTD) and product safety

• CARGO proposed to supply phase 2 study with v2.0 drug product, so v1.0 and v2.0 drug 
products need only be established as sufficiently comparable with respect to Tier 1 
attributes (viability, TE, VCN, Purity)
• Tier 2/3 attributes assessed for extended characterization to supplement package
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Vector Comparability: Analytical Assessment of 
Vector Changes by v2.0 Analytical Methods

Strategy

Aim to leverage Ph I clinical data

Critical Quality Attribute (CQA) assessment

Risk assessment

Study Design (integrated evaluation with 
donor matched runs)

Strategy verification with FDA 

Constraints
Limited v1.0 vector supply

Vector CDMO 1 platform not scalable for 
commercial readiness
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Drug Product Comparability: Integrated evaluation of all 
process changes by v1.0 vs v2.0 drug product testing 

*Excess cryopreserved patient apheresis from Ph I manufacturing 
de-identified before processing at CARGO
**Ph I drug product retains thawed and tested side by side with 
v2.0 drug product retains generated at CARGO

Constraints

Limited v1.0 drug product retains for side-by-side comparison

Limited excess patient apheresis for v2.0 process to supplement comparability package

v2.0 analytical methods needed redevelopment and qualification

Lack of historical data and implementation of new v2.0 assays require different statistical approach

Justification for Study Size: 
• Power calculations for Tier 1 attributes 

evaluated with EAC: 
• assumed mean paired difference 

between v1.0 and 2.0 process
• standard deviation for paired 

difference 
• Based on significance level of α = 0.05 

and power of >80%, comparability 
study is sufficiently powered when 
executing n=6 healthy donor runs.
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FDA Feedback on Proposed Comparability Strategy

• Received valuable feedback from FDA consistent with 
comparability guidance

• No significant changes to study design in process flow or 
analytical testing
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Critical Quality Attribute (CQA) Assessment Strategy
• Preliminary critical quality attributes (pCQA) determined to have potential impact on drug 

product safety and/or efficacy used to assess v1.0 vs v2.0 drug product comparability

• pCQA scored for severity and uncertainty based on patient safety and product efficacy and ranked 
by SMEs 
• Tier 1 = could impact product safety and/or efficacy
• Tier 2/3 = extended characterization 

• v1.0 clinical data used to assess potential equivalence acceptance criteria (EAC) for paired runs, 
but too tight and not biologically meaningful 

• No paired runs and method variability data so subject matter experts (SMEs) established 
“practical significant differences (PSD)” based EAC

• PSD based EAC = interval within which difference is not anticipated to be clinically or scientifically 
meaningful, set by SME manufacturing history and product safety and/or efficacy
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Key Comparability Attributes and Acceptance Criteria

Comparability Assessment Approach Attribute pCQA Tier Comparability Acceptance Criteria

Equivalence Test (TOST)1

Transduction 
efficiency

1

EAC of ± X%

Vector copy number EAC of ± X copies/CAR+ cell

Viability EAC of ± X%

EAC of ± X%Purity

Meet v2.0 acceptance criteria Dose 1 ± X% of target dose

Graphical/ Tabular Assessment of paired 
runs

Primary Potency
1

Report Results

Orthogonal Potency

T Cell Memory
2

T Cell Activation

T Cell Exhaustion 3
1Equivalence Acceptance Criteria (EAC) determined using SME determined practical significant difference
2Appearance test only performed for v2.0 due to fresh sample requirement
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Tier 1 Equivalence Test Possible Outcomes

Calculated using Two One-Sided T-test (TOST), 
90% Confidence Interval (CI)

✓ PASS

Probable 
Equivalent

Probable 
Non-Equivalent

Fail
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Test Equivalence

Lower UpperTarget

-6 -4 -2 0 2 4 6

Viability Delta

Legend

90% Confidence Interval

Equivalence Region

Mean

2.46

Lower Bound

-5

Upper Bound

5

Lower 90%

0.725286

Upper 90%

4.194714

Null

Hypothesis

Mean ≤ -5
Mean ≥ 5

DF

5
5

t Ratio

8.6656
-2.95

p-Value

0.0002*
0.0159*

The maximum p-value of both tests is 0.0159.

Mean is equivalent to 0.

Distributions

VCN Delta

Test Equivalence

Lower UpperTarget

-4 -3 -2 -1 0 1 2 3 4

VCN Delta

Legend

90% Confidence Interval

Equivalence Region

Mean

1.298333

Lower Bound

-3

Upper Bound

3

Lower 90%

0.918797

Upper 90%

1.67787

Null

Hypothesis

Mean ≤ -3
Mean ≥ 3

DF

5
5

t Ratio

22.821
-9.035

p-Value

<.0001*
0.0001*

The maximum p-value of both tests is 0.0001.

Mean is equivalent to 0.

Tier 1 Equivalence Test Results: Viability, Purity, TE, VCN

TE

VCN

• All four Tier 1 
attributes met 
EAC with PSD 
considerations, 
and thereby, 
v1.0 and v2.0 
drug products 
are considered 
comparable

Calculated using Two One-Sided T-test (TOST), 90% Confidence Interval (CI)

Viability

Purity

✓ PASS

✓ PASS✓ PASS

✓ PASS

Purity
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• No statistically significant difference observed between v1.0 and v2.0
• Graphical/tabular assessment due to implementation of new assay, lack of historical data, and 

leveraging efficacy data was not necessary to start phase 2 studies

Tier 1 Equivalence Test Results: Potency Assay 1

Solid Red Line = Mean
Dashed Red Lines = 90% Confidence Interval

Run

1

- 1
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T Cell 
Phenotype A
v2.0 increase • T cell phenotypes include assessment of 

memory, activation and exhaustion

• Tier 2 attribute -impact on safety and 
efficacy is expected to be minimal

• Variability in patient material given line of 
therapy could mask observing differences 

T Cell 
Phenotype B
v2.0 increase

T Cell
Phenotype C
v2.0 decrease

Tier 2 Equivalence Test Results: T Cell Phenotypes

Solid Red Line = Mean
Dashed Red Lines = 90% Confidence Interval

Run

1

-1

1

-1

-1

Run

1

Run
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Key Comparability Outcomes and Conclusions

Comparability Assessment 
Approach Attribute pCQA Tier Result

Equivalence Test (TOST)1

Transduction efficiency

1

Pass Equivalence

Vector copy number Pass Equivalence

Viability Pass Equivalence

Purity Pass Equivalence

Meet v2.0 acceptance criteria Dose 1 Pass Release Specification

Graphical/ Tabular 
Assessment of paired runs

Potency Assay 1
1

Comparable

Orthogonal Potency No EAC established; 
highly similar between v1.0 and v2.0

T Cell Phenotype
(memory, activation, 

exhaustion)
2, 3 No EAC established; 

highly similar between v1.0 and v2.0

1Equivalence Acceptance Criteria (EAC) determined using SME determined practical significant difference
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Learnings for Comparability of In-Licensed Academic Process

• Anticipate and strategize for comparability exercise in advance
• Think “outside the box” to maximize limited supply while balancing risk (materials 

for current treatment, prioritized attributes based on risk assessment, SME input)
• Reserve critical materials (i.e., drug product retains) for future testing

• Vector Control Strategy 
• Plan early and thoroughly for all contingencies (i.e., material overage for repeat)

• Integration of Automation in Drug Product Process
• Automated platforms have potential for equipment failure, ensure back-up or 

buffer time/resources available for repeat runs if necessary
• Cross-functional collaboration to identify potential failure modes in operations and 

develop recovery plans for clinical manufacturing
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