
Comparison of Phase I combination therapy  
designs by clinical trial simulations to evaluate  

early tumor shrinkage

INTRODUCTION
•	 In oncology, there is a growing interest in the use of combination therapies 

in early clinical trials, but most of the time only monotherapy data from each 
agent and no data from combination agents are available at early stage to 
evaluate trial design performances and optimize them

•	 Literature evidence suggests that early tumor shrinkage (ETS) is a good 
predictor of overall survival1,2

OBJECTIVE
•	 To compare several designs for the combination of drug M with cetuximab (C) 

in the treatment of solid tumors by clinical trial simulations, notably in terms of 
type I error and power to detect the superiority of the combination C+M vs. C 
alone, based on ETS at week 8

METHODS
Model and simulations settings
•	 Longitudinal tumor sizes for the combination of C and M are simulated under 

a tumor growth inhibition (TGI) model, the parameters used (Table 1) were 
reported in a previous cetuximab analysis3

Table 1: TGI model parameters 

Parameter Value

PD Parameters
TS0 (mm) 100

KS (week-1) 0.001*

KDSoC (week-1) 0.015*

KDC 0.00025

KDM 0.00025

KR (week-1) 0.2*

ω² TS0 0.5

ω² KDSoC 1.5*

ω² KDC 1.5

ω² KDM 1

ω² KR 1*

Covar (ηKR ηKD) 1 (ρ=0.82)

σprop 0.15

Synergy Parameters
INT_CM 2

INT_AUC50_CM 75*

ω² INT_CM 0.4

μ: fixed effect; ω²μ: variance of random effect

Exponential random effect model, excepted for INT_CM (additive)

*: fixed at estimation step

•	 AUC of cetuximab (AUCC) and M (AUCM) are simulated (Table 2) and used as a 
regressor in the TGI model

Table 2: PK parameters of C and M 

Parameter Value

PK Parameters

BSA (m²) 1.75

CLC (L.h-1) 0.023

CLM (L.h-1) 0.03

ω² bsa 0.01

ω² clc 0.0025

ω² clm 0.01

μ: fixed effect; ω²μ: variance of random effect

Exponential random effect model

•	 Different scenarios investigated concerning the combination C + M (Figure 1)

–– Under H0, to evaluate type I error, no effect of M (KDM = 0)

–– Under H1, Additivity (INT_CM = 0) / synergy (INT_CM = 2) 

Figure 1: Tumor size evolution if additivity (left) or synergy (right) of C and 
M, for different doses of C

Designs & Analysis
•	 Tumor size data are simulated for a total of N=60 patients
•	 Measuring times: before treatment, at week 2, 4, 6 and 8 
•	 Three different designs investigated: 1 arm (historical comparison), 2 arms and 

4 arms (with lower doses of C in the combination)
•	 For each design and each scenario: K=500 simulated datasets
•	 Parameter estimation using SAEM algorithm in Monolix 2018R24

•	 Statistical tests (two-sided, α=5%) performed on individual ETS at week 8 
(ETS8) using individual observations (OBS), predictions using EBE (PRED) and 
true values (TRUE)

1 arm 2 arms 4 arms

 C500 + M 60 patients/arm C500 (reference) 
C500 + M 30 patients/arm

C500 (reference) 
C500 + M
C400 + M
C200 + M

15 patients/arm

One-sample Wilcoxon test
ETS8 compared to a «reference» ETS8 value 
expected under C only (reference obtained by 

simulation without effect of M)

Two-sample Wilcoxon test
Comparison of ETS8 between the 2 arms

Global Kruskal-Wallis test
Comparison of ETS8 between the 4 arms.  

If significant:

Dunnett test
Comparison of ETS8 in each combo arm to the 

reference arm
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RESULTS

1 arm

Ad
di

tiv
ity

ETS8 « reference » 
from historical data

Theoretical median 
of ETS8 (%)

Type I error (%) Power (%)

OBS PRED TRUE OBS PRED TRUE

Lower than true
20 56.6 78.2 68.6 100.0 100.0 100.0

25 13.2 33.8 18.0 98.6 99.6 99.8

Reliable 29 5.6 12.8 6.0 89.0 97.6 93.6

Higher than true
35 27.4 32.2 37.4 45.2 69.2 51.0

40 74.8 76.6 82.6 9.8 25.0 10.6

PI95 by binomial test with 
K=500: [3.3,7.3]

Sy
ne

rg
y

ETS8 « reference » 
from historical data

Theoretical median 
of ETS8 (%)

Type I error (%) Power (%)

OBS PRED TRUE OBS PRED TRUE

Lower than true
20 56.6 78.8 68.6 100.0 100.0 100.0

25 13.2 32.4 18.0 100.0 100.0 100.0

Reliable 29 5.6 12.8 6.0 100.0 100.0 100.0

Higher than true
35 27.4 31.2 37.4 99.4 99.8 99.8

40 74.8 75.2 82.6 90.2 97.8 93.0

•	 The 1 arm design provides the maximum power, but could lead to a strong 

inflation of type I error in case of wrong historical reference

2 arms

Ad
di

tiv
ity

ETS8 Type I error (%) Power (%)

OBS 6.2 66.6

PRED 6.2 69.2

TRUE 6.2 89.0

Sy
ne

rg
y

ETS8 Type I error (%) Power (%)

OBS 6.2 97.4

PRED 7.0 98.6

TRUE 6.2 99.8

•	 The 2 arm design provides a better control of type I error than 1 arm

4 arms
Ad

di
tiv

ity

Power Kruskal- 
Wallis (%)

OBS 30.2
PRED 52.0
TRUE 44.0

Power  
Dunnett (%)

M + C200 
vs. C500

M + C400  
vs. C500

M + C500  
vs. C500

OBS 3.0 13.0 19.8
PRED 5.4 13.2 25.6
TRUE 4.0 19.8 29.2

Type I error 
Dunnett (%)

M + C500  
vs. C500

OBS 1.6
PRED 2
TRUE 2.4

Sy
ne

rg
y

Power Kruskal- 
Wallis (%)

OBS 69.4
PRED 76.6
TRUE 87.8

Power  
Dunnett (%)

M + C200 
vs. C500

M + C400  
vs. C500

M + C500  
vs. C500

OBS 26.4 51.8 60.2
PRED 18.6 52.0 65.4
TRUE 34.0 70.4 79.0

Type I error 
Dunnett (%)

M + C500  
vs. C500

OBS 1.6
PRED 2
TRUE 2.4

•	 Due to a smaller number of patients per arm, the 4 arm design (15 patients/
arm) provides lower power than the 2 arm design (30 patients/arm). However, 
the superiority of a lower dose in the combination could be detected, 
especially in case of synergy

CONCLUSIONS
•	 This work highlights the strengths and weaknesses of different early clinical 

combination designs in ETS, in the context where we have a fixed dose of one agent 
and different doses of another

•	 The 1 arm design demonstrated a better power of tests than 2 or 4 arms, but implies 
strong assumptions on the historical control, leading to strong inflation of type I error 
in case of under-estimated reference

•	 Choosing 2 or 4 arms may depend on the objective of the study: a 2 arm design is 
preferable to reach a good power of tests, but a 4 arm design allows for better dose 
selection

•	 An extension of this work is to perform model-based adaptive two-stage designs5,6 
using the Fisher Information Matrix to optimize the second stage
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