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ZUMA-1 vs. SCHOLAR-1: CAR-T vs. chemotherapy for LBCL 

• 7.2-fold increase in 
odds of ORR

• 11.5-fold increase in 
odds of CR

• A 73% reduction in 
risk of death 

Prolonged survival with axi-cel versus (ZUMA-I; N=81) 
standard salvage regimens (SCHOLAR-1; N=331) in a 

propensity-balanced comparison

Time from onset of salvage therapy, months
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Lymphodepleting 
chemotherapy

1

2 3

4

21-28 days 
manufacturing

3 Days

Fludarabine 30 mg/m2 
OR

Cladribine  5 mg/m2

OR
Bendamustine  90 mg/m2

+
Cyclophosphamide 500 mg/m2

Therapies leading up to CAR-T cell infusion
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Bucklein et al. Hemasphere 2023

LeukapheresisIndication for 
CAR T 

treatment

CAR T-cell 
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Holding 
chemotherapy
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MTV = metabolic 
tumor volume

Tumor Burden & lower CAR T Expansion 
lead to poor outcomes
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ZUMA-1. Neelapu, Locke et al. NEJM 2017; Dean et al. Blood Advances 2020



Lickefett et al. Frontiers in Immunology 2023

Possible suppresions that limit CAR-T
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Ecological 
Restoration



System Disruption

Healthy ecosystems are 
diverse and functional.
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Disruption =

System Disruption

Healthy ecosystems are 
diverse and functional.
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A disruption to the system 
can cause species loss, and 
changes to overall 
ecosystem function.

This motivates Ecological 
Restoration efforts.

System Disruption
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Disruption =



Ecological Restoration
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Ecological Restoration

Establish 
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Ecological Restoration

Site 
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Ecological Restoration

Abiotic 
Intervention3
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Ecological Restoration

Biotic 
Intervention4
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Ecological Restoration
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Ecological Restoration Inspires Treatment

Cure via 
CAR-T1
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(Restoration Goals)



Ecological Restoration Inspires Treatment

Patient 
Stratification
(Site Selection)
2
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Ecological Restoration Inspires Treatment

Lymphodepletion
(Abiotic Intervention)3 Team 

Red



Ecological Restoration Inspires Treatment

CAR T-cell 
engineering
(Biotic Intervention)
4
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Bibliometric Overlap

>2000 papers     
 >2000 papers
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Bibliometric Overlap

Restoration ecology is a viable path to improve CAR-T resilience

We are 
here
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Restoration 
Ecology + MathCAR-T + B-Cell 

Lymphoma



AI Research Assistant: IRIS

UserContext
Papers

LLM
Prompt

AI Research Assistant
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● Other Math Models
● Parameter values
● Insights from the literature
● …



LLMs for Literature-informed Modeling
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LLMs for Literature-informed Modeling

Development Assistance ReportResult Type 1

Result Type 2
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Hypothesis:
Possibility of adverse effects 

of lymphodepletion
to the CAR-T cell
microenvironment  



Hematopoietic Hierarchy in Homeostasis

Healthy hematopoiesis 
maintains a normal balance of 
myeloid and lymphoid cells
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Progenitors

Stem

LymphoidMyeloid

Monocytes Neutrophils B-Cells        T-Cells



Lymphodepletion Before CAR T Therapy
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Lymphodepletion (LD) 
reduces white blood cell 
count to create space for 
CAR T-cells



Emergency myelopoiesis
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myeloid bias 
LD triggers emergency myelopoiesis that boosts myeloid cell production

Monocytes     Neutrophils



Hypothesis

myeloid bias 

● LD is a necessary abiotic intervention
before CAR-T therapy;

● its result, emergency myelopoiesis,
increases cells from myeloid lineage;

○  

● such cells, like macrophages, can 
suppress (or promote) 
CAR-T cell activity.   

● Use of clinical/experimental data
and AI-assisted math modeling

● to categorize, understand, and 
manipulate the CAR-T 
microenvironment. Monocytes     Neutrophils

CAR-T 
cells



Clinical blood test dataset
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● 599 patients
● 26 tests
● 15 months of data

LD CAR-T



CAR T-cell Therapy Timeline

First-line 
chemotherapy

Disease 
recurrence

CAR T-cell 
manufacturing

Bridging 
therapy

Flu/Cy or 
Clad/Cy

CAR T-cell 
infusion and  
expansion
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Clinical Blood Test Dataset

First-line 
chemotherapy

Disease 
recurrence

CAR T-cell 
manufacturing

Bridging 
therapy

CAR T-cell 
infusion and  
expansion
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Flu/Cy or 
Clad/Cy



Lymphodepletion Dynamics

y = re⍺x

Does Flu/Cy or Clad/Cy lymphodepletion promote a more 
favorable immune microenvironment?
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LDH

Neutrophils



Quantifying patient-specific cell kinetics

Clad/Cy
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Flu/Cy

Status at day 100
Complete Remission
Unknown
Progressive Disease
Partial Remission
Stable Disease

Clad/Cy
Flu/Cy
Unknown

LD Agent

α eosinophil %
α eosinophil count
α ferritin
α LDH
α lymphocyte %
α lymphocyte count
α neutrophil band 
α neutrophil band %
α neutrophil poly 
α neutrophil poly %
α neutrophil 
α neutrophil %
α monocyte % 
α monocyte count 

Status at D100

Negative kinetics (⍺ < 0)               Positive kinetics (⍺ > 0)

● Each column is a patient
● Each row measures the rate of 

immune cell kinetics for each 
subpopulation



Blood biomarkers of response
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p < 0.001 p < 0.001 p < 0.001



Modeling white blood 
cell hematopoiesis 

before/after 
lymphodepletion



Hierarchical model for hematopoiesis

A hierarchical model captures the stepwise nature of 
hematopoiesis: each layer feeds the next, from stem cells to 
specialized blood cells.

System of ODEs

HSC

Myeloid Progenitors     Lymphoid Progenitors   

Neutrophils   Monocytes         T cells  B cells 
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ODE vs. Stochastic Model for Hematopoiesis

when populations are small, random events have a large impact on dynamics

ODE model Stochastic model
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Cells divisions, differentiations and deaths occur at random: stochastic model



Lymphodepletion & Emergency Myelopoiesis

Cell Type Before LD (106 cells) After LD (106 cells)

Monocytes 0.089 0.117

Neutrophils 0.640 1.900

CD19 B-cells 4.100 3.500

Other lymphoid cells 1.800 1.600

Experimental data from mice (Molgora lab)

Quantify the changes in hematopoiesis during emergency myelopoiesis
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Modeling Lymphodepletion Dynamics

Monocytes increase after LD, potentially suppressing CAR-T expansion
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myeloid bias Increased 
stem cell divisions



Effect of microenvironment on CAR-T

Case 1: Biotic Intervention + 
Weak Abiotic Intervention
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Model for B cells containing cancer cells, and T cells containing CAR-T cells



Effect of microenvironment on CAR-T

Case 2: Biotic Intervention + Strong 
Abiotic Intervention
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Model for B cells containing cancer cells, and T cells containing CAR-T cells



AI-assisted rapid 
math model 
development



LLM

● Bibliometrics
● Code 

Knowledge
● Math 

Knowledge

Human

● Mathematical 
Model

● Running Code

UserContext
Papers

LLM
Prompt

UserContext

LLM

Prompt

● Independently generated 
mathematical model

● Running code

Papers

Bibliometrics

Scientific APIs

Expanding the AI-assistant suite
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● Other Math Models
● Parameter values
● Insights from the literature
● …

AI Mathematical OncologistAI Research Assistant



UserContext

Papers

LLM
Prompt

● Other Math Models
● Parameter values
● Insigths from the literature
● …

AI Research Assistant

UserContext

LLM

Prompt

● Independently generated mathematical model
● Running code

AI Mathematical Oncologist

Papers

Bibliometrics

Scientific APIs

Expanding the AI-assistant suite

No sensitive data was 
uploaded to LLMs 

during our 
investigation
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AI-Mathematical Oncologist

Tumor

CAR-T

CD8T cells

Reproduced results  

Adapt this model to my 
problem

We should add a suppressive 
immune compartment



Experimental 
Integration



Experimental design 

Determine the effect of lymphodepletion on the generation 
of an immunosuppressive non-favorable environment prior to 

CAR-T cell infusion.

Hypothesis
We hypothesize that targeting myeloid suppression and 

myelopoiesis represents a promising avenue for prophylactic 
intervention to improve CAR-T therapy.

Aim:
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Dampening myelopoiesis to restore a favorable 
environment

How do lymphodepletion regimens affect myelopoiesis and 
immune cell repopulation?
Can we inhibit stress-induced myelopoiesis to restore a favorable 
environment for CAR-T cells? 
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Dampening myelopoiesis to restore a favorable 
environment

Can we inhibit stress-induced myelopoiesis to restore a favorable environment for 
CAR-T cells? 
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How do lymphodepletion regimens affect myelopoiesis and immune cell 
repopulation?

Abiotic intervention:



Immunophenotype of peripheral blood immune cells

35 parameter-flow panel

Can we identify immune cell targets in pre/post- CAR-T infusion 
samples associated with CAR-T response?
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Modeling macrophage states

Mathematical and experimental model to mimic 
macrophage functional states

How are differentiated macrophages affected by lymphodepletion, 
and how do they affect CAR-T therapy?
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Budget: $50,000

Supplies:
Mice: $2,000
Flow antibodies: $3,000
Chemicals: $5,000
Enzymes: $500
Cytokines: $500
Cell isolation kits: $1,000
Reagents: $500
Plastics: $500

Personnel:
Postdoc (Immunology): $10,000
Postdoc (IMO): $10,000

Other expenses:
Mouse facility: $6,000
Flow core: $1,000
Tissue Core: $9,994.67

AI team (OpenAI): $5.33
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AI Revolution: 
What’s next.



Easy

Effective (especially with recent 
iteration)

Interaction with LLMs

Can hallucinate

Not grounded on domain specific 
knowledge Team 

Red

Pros Cons



Interaction with LLMs: RAGs

Retrieval-Augmented Generation 
is a technique to ground LLMs on 
a database of knowledge

Efficient search using embeddings

Grounded on knowledge

Ensures privacy
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Interaction with LLMs: RAGs
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Clinical Bibliometrics 
(CAR-T + B-Cell 
Lymphoma)

MathOnco Bibliometrics 

Restoration Ecology
Bibliometrics

LLM

LLM

LLM

Clinical RAG

MathOnco RAG

Ecology RAG

Prompt

Integrative 
LLM Agent



Interaction with LLMs: RAGs

Clinical Bibliometrics 
(CAR-T + B-Cell 
Lymphoma)

MathOnco Bibliometrics 

Restoration Ecology
Bibliometrics

LLM

LLM

LLM

Integrative 
LLM 

Agent

Clinical RAG 

MathOnco RAG 

Ecology RAG

Prompt



In this work, we explored CAR-T therapy in B-Cell Lymphomas 
from a revolutionary angle (restoration ecology) using a 
revolutionary methodology (AI-assisted research), for a 
revolutionary clinical impact (prophylactic myelopoiesis inhibition).

● Generated math modeling to improve CAR-T through holistic, 
ecological approach, inspired by clinical and preclinical data

● Developed experimental plan to measure myeloid suppression 
and emergency myelopoiesis

● Demonstrated the possibility of rapid math model prototyping 
using AI leveraging the context to generate novel fully 
implemented ideas

Conclusion
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Thank You!
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