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Conditions the full development

• Too high dosage may bring safety concerns, potentially

leading to an efficacious compound not entering into

market

• Wrong dosing regimen may decrease the efficacy

• Postmarketing trials to evaluate lower doses

On the importance of finding the best 

dosage…

More is not necessarily better and sometimes

less is definitively better…

The Drug-Dosing Conundrum in Oncology — When Less Is More | NEJM

Cytotoxic Targeted therapy

https://www.nejm.org/doi/10.1056/NEJMp2109826?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
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Reforming the dose optimization and dose 

selection paradigm in oncology



How should the Optimal dosage 
(/RP2D) be selected ?
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Exposure
- drives activity (safety and efficacy) of the compound. 

- Assessed using a relevant exposure metric (e.g. plasma AUC24)

Target engagement
- Identification of active exposure/dosages

- Assessed using PDy marker(s)

Efficacy
- Reach clinical anti tumor activity 

- Assessed from tumor shrinkage (e.g. sum of target lesions diam) 

Safety
- Only safe dosage can be considered

- Assessed using safety parameters (e.g. DLT) 

Recommended Phase 2 dosage(s) (RP2D) should not necessary be the Maximum Tolerated 
Dose (MTD)

Propose a unified approach to support dosage recommendation. Balancing safety, 
activity and efficacy in taking into account the exposure and its variability



Data (Simulated): Pharmacokinetics, 

Pharmacodynamics, safety and anti-

tumor activity
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Quantification of the physiological 
processes and benefit risk balance

P(PDy>c)

P(DLT)

SLD 

decrease 

from bsl

Dosage 
Dose + regimen

AUC 24 Utility

Target engagement

Safety

Efficacy

Exposure

Population PK 

model

Exposure-DLT model Utility

function

DLT: Dose limiting toxicity

SLD: Sum of the longest diameter of tumor target lesions



Dose-exposure relationship – Population 

PK model

• Nonlinear mixed effects model for drug 
concentration C from repeated 
measurements

𝐶𝑖(𝑡, 𝑑) = 𝑓 𝜃𝑖 , 𝑡, 𝑑 + ℎ 𝜃𝑖 , 𝑡, 𝑑, 𝜉 𝜀

With: 
• 𝒊 = 1, … , 𝑁: patient

• 𝒕: time

• 𝒅: dose

• 𝑪𝒊: concentration for patient 𝑖

• 𝒇: structural model (Compartment model defined from a 
system of differential equations)

• 𝜽𝒊: patient-specific parameters, 𝜽𝒊 = 𝝁𝒆𝜼𝒊 with 𝝁 the fixed 
effects and 𝜼𝒊~𝑵(𝟎,𝜴) the random effects

• 𝒉: error model

Patient i



Models and Bayesian calibration
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Target engagement: 
Exposure- PDy marker, 
qi , ri, 

Safety: Exposure-

DLT rate, pi

Efficacy: Exposure-
Tumor shrinkage, si

𝑙𝑜𝑔𝑖𝑡 𝑝𝑖 = 𝜙1 + 𝑒𝜙2 . log
𝐴𝑈𝐶𝑖
𝐴𝑈𝐶𝑟𝑒𝑓

Prior: 𝜙 = 𝜙1, 𝜙2 ~ 𝐵𝑉𝑁(𝜇𝜙, Σ𝜙)

• 𝑝𝑖: DLT probability for AUC of patient 𝑖

𝑟𝑖 = 𝛽1 + 𝛽2. log
𝐴𝑈𝐶𝑖
𝐴𝑈𝐶𝑟𝑒𝑓

+ 𝜀𝑖

𝑞𝑖 = 𝑃(𝑟𝑖 ≥ 𝑐)

Priors: 𝛽 = 𝛽1, 𝛽2 ~ 𝐵𝑉𝑁 𝜇𝛽 , Σ𝛽
1

𝜎𝑟
2~Γ(0.1,0.1)

• 𝑖 = 1,… , 𝑁: patient
• 𝐴𝑈𝐶𝑖: AUC of patient 𝑖
• 𝐴𝑈𝐶𝑟𝑒𝑓: reference AUC

𝑠𝑖 = 𝑎0 +෍

𝑘=1
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𝑎𝑖 ∗ 𝐵𝑘,𝑖
𝐴𝑈𝐶𝑖
𝐴𝑈𝐶𝑟𝑒𝑓

+ 𝜀𝑖

Prior: 𝑎0~𝑁 0,100 , 

𝑎𝑖~Γ 0.01,0.01 ,
1

𝜎𝑠
2~Γ(0.01,0.01)

• 𝑠𝑖: relative decrease from baseline vs 
AUC for patient 𝑖
• 𝜀𝑖: errors, 𝜀𝑖~𝑁(0, 𝜎𝑠

2)
• 𝑎𝑖 ∈ ℝ : spline coefficients 

• 𝐵𝑘,𝑖
𝐴𝑈𝐶𝑖

𝐴𝑈𝐶𝑟𝑒𝑓
k’th member of a 

family of B-splines functions

Dose - Exposure

𝐶𝑖(𝑡, 𝑑)
= 𝑓 𝜃𝑖 , 𝑡, 𝑑 + 𝑔 𝜃𝑖 , 𝑡, 𝑑, 𝜉 𝜀

෍

• 𝑟𝑖: relative pCDC2 reduction from baseline 
of AUC of patient 𝑖
• 𝑞𝑖: probability that relative pCDC2 
reduction is greater than a threshold 𝑐
• 𝜀𝑖: errors, 𝜀𝑖~𝑁(0, 𝜎𝑟

2)
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Dose exposure relationship

Dose (mg)

For each

dose 𝒅

𝒑 𝑨𝑼𝑪 ȁ𝒅

AUC = 5DLT rate

AUC=…DLT rate

AUC = 20

𝑝 𝐴𝑈𝐶 = 5ȁ𝑑

𝑝 𝐴𝑈𝐶 = ⋯ ȁ𝑑

𝑝 𝐴𝑈𝐶 = 20ȁ𝑑

Exposure-DLT

DLT

DLT rate

𝑝 𝐷𝐿𝑇 = 1ȁ𝐴𝑈𝐶 = 20

𝑝 𝐷𝐿𝑇 = 1ȁ𝐴𝑈𝐶 = ⋯

𝑝 𝐷𝐿𝑇 = 1ȁ𝐴𝑈𝐶 = 5

𝑮 𝒑, 𝒒, 𝒔

𝑝 𝐴𝑈𝐶 = 5ȁ𝑑 . 𝑝 𝑫𝑳𝑻ȁ𝐴𝑈𝐶 = 5

𝑝 𝐴𝑈𝐶 = ⋯ ȁ𝑑 . 𝑝 𝑫𝑳𝑻ȁ𝐴𝑈𝐶 = ⋯

𝑝 𝐴𝑈𝐶 = 20ȁ𝑑 . 𝑝 𝑫𝑳𝑻ȁ𝐴𝑈𝐶 = 20

𝒑 𝒅 =

+

+

+ …

𝑝 𝐴𝑈𝐶 = 5ȁ𝑑 . 𝑝 𝒔ȁ𝐴𝑈𝐶 = 5

𝑝 𝐴𝑈𝐶 = ⋯ ȁ𝑑 . 𝑝 𝒔ȁ𝐴𝑈𝐶 = ⋯

𝑝 𝐴𝑈𝐶 = 20ȁ𝑑 . 𝑝 𝒔ȁ𝐴𝑈𝐶 = 20
𝒔 𝒅 =

+

+

+ …

/ Shrinkage

shrinkage

𝑝 𝐴𝑈𝐶 = 5ȁ𝑑 . 𝑝 𝑷𝑫𝒚ȁ𝐴𝑈𝐶 = 5

𝑝 𝐴𝑈𝐶 = ⋯ ȁ𝑑 . 𝑝 𝑃𝐷𝑦ȁ𝐴𝑈𝐶 = ⋯

𝑝 𝐴𝑈𝐶 = 20ȁ𝑑 . 𝑝 𝑃𝐷𝑦ȁ𝐴𝑈𝐶 = 20
𝒒 𝒅 =

+

+

+ …

/ PDy

PDy



Utility as a function of endpoint 
estimates

𝐺 𝑝𝑘 , 𝑞𝑘 , 𝑠𝑘; 𝛼1, 𝛼2, 𝛿, 𝜓 = ൞

−∞ if 𝑝𝑘 ≥ 𝛿
𝛼1. 𝑠𝑘 + 𝛼2. 𝑞𝑘 + 𝛼3. (𝑝𝑘 − 𝛿𝑚𝑖𝑛) if 𝛿𝑚𝑖𝑛 ≤ 𝑝𝑘 < 𝛿

𝛼1. 𝑠𝑘 + 𝛼2. 𝑞𝑘 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 (𝑝𝑘 ≤ 𝛿𝑚𝑖𝑛)

For 𝜶𝟏= 𝟏, 𝜶𝟐 = 𝟏, 𝜹 = 𝟎. 𝟑𝟓, 𝜹𝒎𝒊𝒏 = 0. 𝟏𝟓, 𝜶𝟑= −𝟕

Optimal MTD



Dose recommendation: The dose with the 

highest probability to maximize the gain 

For each MCMC sample, the Optimal Dose is defined as:

• The lowest dose

• among the doses having the highest gain (less than 1% of the maximum gain)

The recommended dose is the one with the highest probability of being the 
optimal dose



Design’s performance: Simulations
• Scenario 1 « targeted therapy: optimal dose is lower than MTD». 1000 simulated trials
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Safety, p(AUC) Anti-tumor activity, s(AUC) Target engagement, q(AUC)Pharmacodynamy PDy, 
r(AUC)

D1=30 D2=90 D3=150 D4=260 D5=350 D6=460

% selected as MTD 0 0.9 7.5 16.3 17.8 57.4

% recom Opt. Dose U-DESPA 0.8 0.2 23.1 63.9 10.8 1.1

Median gain (MCMC) -0.24 0.02 1.19 1.30 1.13 0.86

Mean % being OD 1.68 7.19 28.32 44.01 15.24 3.45

Mean number of patients 39.9

(1) MTD: Maximum Tolerated Dose
(2) OD: Optimal Dose



Design’s performance: Simulations
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Safety, p(AUC) Anti-tumor activity, s(AUC) Target engagement, q(AUC)Pharmacodynamy PDy, 
r(AUC)

• Scenario 2 « optimal dose close to the MTD ». 1000 simulated trials 

D1=30 D2=90 D3=150 D4=260 D5=350 D6=460

% selected as MTD 0 0 11.2 70.6 17.4 0.8

% recom Opt. Dose U-DESPA 0 0 47.8 38.7 13.3 0.2

Median gain (MCMC) -0.236 -0.083 0.774 0.644 -5 -5

Mean % being OD 1.62 17.26 39.54 34.1 7.24 0.24

Mean number of patients 39.26
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U-DESPA: a new tool to support RP2D 

selection and optimal dosage

• Relying on different endpoints relevant for dosage selection

• Allows to compare not only doses but also dosages (dose and dosing regimen)

• Approach in line with Optimus guidance

New approach to support dosage selection for phase 2 and optimal dosage 

• Limited number of patients in dose escalation trial: remaining uncertainty in the estimates…
➢ identification of 2 or 3 candidate dosages for further assessment (e.g. in a later randomized portion)

➢ Use of relevant data outside of the study to inform models (e.g. PK data from other trials with the same 
compound)

• Many « parameters » to calibrate (Gain elicitation/function, exposure-response models,…)

Discussion 

• Extended simulations under different scenarios

• Robustness to different sample sizes 

• Implementation in a real study for RP2D selection

Next steps
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Thank you !


