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■ Methods

■ Results

Identification of a strong literature foundation:

• Multiple available population PK models of FLU and CYC with 
comparable characteristics.

• Various approaches for modelling immune cell depletion. 

Abbreviations

CAR        Chimeric antigen receptor
CYC        Cyclophosphamide
F-araA        Fludarabine nucleoside
F-araATP   Fludarabine triphosphate 
FLU        Fludarabine-phosphate
PD        Pharmacodynamic(s)
PK        Pharmacokinetic(s)
4-OHCP     4-Hydroxycyclophosphamide

Lymphodepletion is a factor impacting CAR-T cell therapy outcomes [1-2]. Review current modelling 
strategies

... Pharmacokinetics (PK) of 
fludarabine-phosphate (FLU) and 
cyclophosphamide (CYC) and their 

metabolites

... Pharmacodynamics (PD) 
of cell depletion

Leverage pharmacometric 
modelling to quantitatively 
assess dose-exposure-response 
relationships

Optimise lymphodepleting 
conditioning regimens 

Exclusion 
criteria

Population PK models

Cell depletion

PD models

Previously established PK 
model without additional 

modifications for FLU (n = 8) 
or CYC (n = 11)

No clinical PK model for 
FLU (n = 40) or CYC (n = 163)

278

278

278

12

Exclusion 
criteria

Unrelated to oncology or 
CAR-T cell therapy (n = 4) 

No mechanistic PD model of 
cell death (n = 261)

Duplicate (n = 1)

Based on selected key words (related to FLU, CYC, 
lymphodepletion, interleukins and 

pharmacometric modelling)

Based on selected key words (related to 
FLU, CYC and pharmacometric modelling)

PD metrics modelled

Modelling approaches

Mechanistic 

Empirical

Proportion of models

Semi-mechanistic

58%
25%

17%

66% other haemato-
poietic lineage cell

50% lymphocytes 17% cytokines

17% T cell therapy-
specific markers

(2009-2025)

109 (25-258)

40% (28-50)

80% stem cell transplant
20% CAR-T therapy

Integrated active metabolites

FLU population PK models (n = 10)

CYC population PK models (n = 29)

Clinical data

Model type 

F-araA F-araATP

(1996-2025)

PD models of cell depletion (n = 12)
(2006-2025)

105 (25-480)

75% chemotherapy
17% CAR-T therapy
8% stem cell transplant

75% (47-100)

Proportion of models

■ Conclusions ■ Perspective
Adapting and extending the existing population PK and PD models to 
CAR-T cell therapy using clinical data:

PK of
FLU and CYC 

PD of FLU and CYC: 
cell depletion

Expansion, efficacy, 
toxicity of CAR-T cells
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Screening of records

Assessment for eligibility

Inclusion of full-text articles

Record identification 
through PubMed database searching

Limited dedicated population PK and PD models developed in the context 
of lymphodepletion prior to CAR-T cell therapy.

Proportion of models

Model characteristics of FLU

Leveraging their full potential to optimise lymphodepleting regimens 
and enhance efficacy and safety of CAR-T cell therapies

Clinical data

[3-6]

Model structure (F-araA)

61 (3-267)

64% (14-100)

52% chemotherapy 
41% stem cell transplant 
3% CAR-T therapy 
3% other conditions 

14%

Integrated active metabolites

Clinical data
Model type 

4-OHCP
Phosphoramide 

mustard

Proportion of models

Model characteristics of CYC
Model structure (CYC and 4-OHCP)

62%

90% 20%

PKPDPK

KPD
20%

10%70%

PKPD

PK

KPD
10%

3%

86%

Mean (range)

Model characteristics

Proportion of models

Proportion of models

Proportion of models

Mean (range)

Mean (range)

Indication

Indication

Indication

Inter-individual variability

F-araA Vc F-araA Vp1

Q1

12.5-50 mg/m2 or 0.3-2.6 mg/kg, 

0.42-1.5h infusion
Vc:

CL:

CL

Age,

Height, weight, ideal body weight, BSA, fat-free mass,

  Creatinine clearance, GFR,

Aplastic anaemia compared to Fanconi anaemia

Variations in NT5E gene,

Tisa-cel compared to axi-cel

CL:

Vc:    Age

BSA, weight

F-araA Vp2

Q2

Vp1: Weight, BSA 
Vp2: Weight

Q2: Weight Q1: Weight

CYC Vc CYC Vp

Q1

250-6000 mg/m2 

13.3-200 mg/kg

1 min-96 h infusion
Vc:

CL:

CL

Weight, BSA,

Creatinine clearance,

   Albumin,

Enzyme-inducing antiepileptic drugs,

Phenobarbital,

Variations in CYP2C9, CYP2B6, ABCB1 

Height,

Age,

Creatinine,

Variations in CYP2C19, CYP2B6,

AST

CL:

Vc:   Sex (female)

BSA, weight,

Age 

4-OHCP Vc 4-OHCP Vp

Q1

Vc:

CL:

CL

Age, 

BSA,

  Albumin,

Variations in CYP2B6 

GFRCL:

Vc:   ALT

Weight
Vc: Weight
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