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Phase I

� First stage of human experimentation with a new 
drug or combination

� Objective:
“Determination of the maximal dose of drug, either alone or as 

part of a combination, that will, when administered by a 
specific schedule and route, produce an acceptable toxicity”

In « Encyclopedia of Biostatistics » Peter Armitage, Theodore Colton 
(Wiley, 1998)

– To find a dose level associated with “acceptable” toxicity
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Endpoint - Dose Limiting Toxicity 
(DLT)

� No universally accepted definition
� Defined in advance of beginning trial
� Classically based on cycle 1 toxicity
� Common Terminology Criteria for Adverse Events 

(CTCAE) V4.0
– Grade 0 = no toxicity
– Grade 1 = mild
– Grade 2 = moderate
– Grade 3 = severe
– Grade 4 = life-threatening
– Grade 5 = fatal
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Frequent misconception

� “Phase I clinical trials in patients with advanced cancer are 
unethical”

� Informed consent is obtained from all patients 
� Most patients who are eligible for phase I trials are those for whom all 

existing therapy failed
� Alternative to palliative treatments

� “Patients participating in phase I trials must be expected to 
have severe toxicity”

� Definition of the DLT: it can be different according to the pathology studied
� Deaths due to toxicity are rare (≈ 0,5%)

� “Phase I clinical trials are not therapeutic trials”
– Responses are recorded 
– Quality of life
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The MTD is defined for the population and not for o ne person
Percentile of the dose-toxicity relationship, (33rd)

Maximum Tolerated Dose - MTD

Important inter-individual variability:
Imprecise estimation of the optimal 
dose for one patient
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Experimental designs (1)

� Existing Phase I Designs

– Algorithm-based approaches
� “Traditional” Design: “3+3”
� General “A+B” Designs
� Accelerated Titration
� …

– Model-based approaches
� Continual Reassessment Method

– One stage or two-Stage
� ...
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Standard design - “ 3+3” 
special case with A=B=3 and C=D=E=1

Enter 3 patients

if

0/3 patients 
have DLT

1/3 patients have 
DLT

> 1/3 patients 
have DLT

Enter 3 more patients

≤ 1/6 
patients have DLT

> 1/6 patients 
have DLT

Escalate to dose 
level i+1

Dose level i-1 is 
MTD

Dose level i:

Algorithm-based approaches
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Limits of the “standard design”

� Statistical (MTD inference)
– The MTD estimate depends on the patients included and 

the order of their inclusion
– What can you learn from 6 patients at a single dose?  What 

is the 95% exact C.I. for the probability of toxicity at a given 
dose if you observe
� 0/6 toxicities at that dose?  (   0, .4)
� 1/6 toxicities at that dose?  (.04, .65)
� 2/6 toxicities at that dose?  (.11, .78)
� 3/6 toxicities at that dose?  (.22, .89)

� Ethical
– Do not “under-treat” (inactive dose) a large number of 

patients
– Do not “over-treat” (too high toxicity) a large number of 

patients

Algorithm-based approaches
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The Continual Reassessment Method 
(CRM)

� Model the toxicity of a new treatment as a percentile of the 
dose-toxicity relationship, 

� Minimize the number of patients treated at unacceptably high 
toxic dose levels

� Minimize the number of patients treated at unacceptably low 
dose levels

� Minimize the number of patients needed to complete the study 

⇒The MTD can then be viewed as the level such that, 
above it we are over-treating, and below it we are 
under-treating

Model-based approaches
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Treat a patient at dose level di 

Observed DLT: Toxicity or not

Re-evaluation of the toxicity probability associate d 
with each dose level

N=25 to 30 subjects

The dose level to be administered to the next patie nt 
is that associated with the estimated toxicity 

probability closest to the toxicity target

The CRM
Model-based approaches
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CRM - Advantages

– Estimation method is not biased
– Does not depend strongly on starting dose
– Efficient for finding target dose
– Take into account subjectivity of dose-finding 

designs
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Combinations
� Two or more drugs escalated within the same dose-finding 

clinical trial
� Example

– Consider 2 drugs:

– Level d3 may be more or less toxic than d4

– There are two possible simple orders (models).

� Combinations clinical trials need specific dose-escalation rule 
that take into account the ordering issue

� 3+3 design – not valid



Illustration

� Suppose we have 2 drugs
– 5 dose levels for agent A
– 3 dose levels for agent B
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Review of combinations Phase I 
trials in oncology (1)

� Results: 
– All (except one) used designs for single agent 88% used a 

“3+3” or “modified 3+3” design 
– Bring the problem to one-dimension using combinations for 

which the toxicity order is known (62.7%)
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Review of combinations Phase I 
trials in oncology (2)

� ⇒ Pre-select a subset of 
combinations: 

– median ratio nb comb in the trial/nb
possible comb = 0.64 ⇒ 1/3 not 
considered!

� Interactions between drugs ⇒ risk not 
to select any combination with a 
toxicity rate close to the target 

– Targeted DLT = 33% in 70% but 
median toxicity rate for the RP2D = 
5% ⇒ Target not achieved!
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What other designs for non cytotoxics

� Cancer dose-finding non-cytotoxic clinical trials
� “Dose-Intensity Paradigm” : toxicity and efficacy 

increase with dose ⇒ not relevant
� Reasonable in most cases but might need to be 

questioned in certain new therapeutic areas;
– Cellular therapy
– Targeted therapies
– Vaccine
– Biomarkers
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� Higher toxicity associated with higher 
efficacy.

� Need to balance toxicity with efficacy.

• Shallower dose-toxicity curve
• Non-monotonically increasing  dose-efficacy 

curve
• Dose selection driven by safety and 

biological effect 
• Proof-of-principle of biologic effect in early 

trials

*Dose-toxicity and efficacy curves
Cytotoxic agents

Dose-toxicity and efficacy curves 
Cytostatic/biologic agents
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Phase I/II clinical trials (2)

� Phase I/II clinical trials

– Estimation of the most successful dose level
� The dose level that maximizes the probability of success 

under toxicity restrictions, 
– This determination is made under the assumption that, 

from the toxicity standpoint, the dose level can be 
considered tolerable

– Joint modeling of toxicity and efficacy
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Methods (1)

� Several approaches developed in the last 10 
years
– Joint modeling of the toxicity and the efficacy
– Toxicity modeled as binary outcome
– Efficacy modeled as binary or continuous 

outcome
– Not simple ⇒ need a statistician 



21

Conclusions

� Targeted clinical trials can be much more efficient 
than untargeted clinical trials, if we know what to 
target

– What is the need to use a traditional dose-finding dose 
allocation method for non cytotoxics?

– Need to use new statistical approaches in this field 

� Choosing a phase I trial design:
– Should not be a function of how easy the design is for 

implementation
– Take advice from a statistician


