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Objectives of Phase I Trials

• Develop dose/schedule
• Determine whether the drug inhibits the 

targeted pathway
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Dose/Schedule

• Ideal is to have a drug and target so 
specific for cancer cells that the drug can 
be delivered repeatedly at doses that 
completely shut down the de-regulated 
pathway without toxicity to normal cells
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Dose/Schedule

1. Because most current targets are not 
specific to cancer cells, most molecularly 
targeted drugs are toxic

2. Few examples of drugs whose 
effectiveness at inhibiting target 
decreases with dose after maximum

3. Optimizing dose for maximum inhibition 
of target is difficult due to assay 
variability and need for tumor biopsies



Issues in the Design of Phase I & II Trials for 
Molecularly Targeted Drugs

Richard Simon, D.Sc.
Biometric Research Branch

Division of Cancer Treatment and Diagnosis, National Cancer Institute

2009年2月19日 転載禁止 http://www.icrweb.jp/icr/

Practical Strategy For Phase I 
Study of Molecularly Targeted Drug
1. Determine MTD
2. Determine dose just below MTD which 

can be delivered repeatedly
3. Accrue an additional cohort of patients at 

that repeatedly tolerable dose to 
determine whether the target is inhibited 
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Conventional Phase I Designs

• Starting dose 1/10th LD10 in most sensitive 
species

• Modified Fibonacci dose steps
– 100%, 67%, 50%, 40%, 33%, 33%, …

• Cohorts of 3-6 new patients per dose level
• Define MTD as highest dose with <33% DLT
• Use first course information only
• Use DLT vs non-DLT information
• No intra-patient dose escalation 
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0/3 1/3 >1/3

1/6 >1/6

Enter 3 patients
at same dose

Escalate dose for
next cohort

MTD
exceeded

Enter 3 patients
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Limitations of Conventional Phase I 
Trial Designs

• Many patients may be treated at very low doses

• Trial may take a long time to complete

• Limited information yield
– Crude estimate of first course MTD
– Inter-patient variability of MTD
– Tolerability for multiple courses?
– Cumulative toxicity?
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Accelerated titration designs 
for phase I clinical trials in 

oncology
R Simon, B Freidlin L Rubinstein et al.

JNCI 89:1138-47, 1997.
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Cohort Escalation Options

1 Cohorts of 3 new patients per dose level with 40% 
dose increments. If 1 of 3 experience DLT in first 
course, expand to cohort of  6 

2 Cohorts of 1 new patient per dose level. When first 
instance of first course DLT or second instance of first 
course grade 2 toxicity is observed, revert to design 1.

3 Same as design 2 except that double dose steps are 
used during accelerated stage. 

4 Cohorts of 1 new patient per dose level and double 
dose steps. When first instance of  any course DLT or 
second instance of any course grade 2 toxicity is 
observed, revert to design 1.  
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Within Patient Escalation Options

A No within patient dose escalation

B Escalate if grade 0-1 toxicity at previous course.

De-escalate if grade 3+ toxicity at previous course.

Do not  assign dose at which 2 previous pts have
      experienced 3+ toxicity at that course or earlier.
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We fit the model to 20 phase I trials, relating to:

Flavone acetic acid (5)
Piroxantrone (2)
Chloroquinoxaline sulfonamide (2)
Pyrazoloacridine (1)
Cyclopentenylcytosine (1)
Fostriecin (2)
9-Aminocamptothecin (2)
Penclomedine (2)

For each trial, we performed 1000 simulations for each of the 8 designs, using
the model.

We compiled the results to compare the performances of the 8 designs.

Testing the 8 Designs
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Model Relating Toxicity to Dose
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Model Relating Toxicity to Dose

Yij = log (dij + αDij) + βi  + εij
Yij < K1 grade 0-1 toxicity
K1 < Yij < K2 grade 2 toxicity
K2 < Yij < K3 grade 3 toxicity
Yij > K3 grade 4 toxicity
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Estimates of Parameters for 20 Clinical Trials

Drug α (K1-d0)ln1.4 (K2- K1)/ln1.4 (K3- K2)/ln1.4

Flavone acetic 
acid

0 16.2 6.9 35 no grade 4 0.26 1.9

Flavone acetic 
acid

0 16.1 8.4 29 no grade 4 2.9 0.85

Flavone acetic 
acid

0 4.4 2.4 0.95 0.47 0.59

Flavone acetic 
acid

0.24 8.0 2.9 2.2 0 0.83

Flavone acetic 
acid

0 18.5 6.4 20 no grade 4 0.006 2.8

Piroxantrone 0.08 8.4 2.7 2.3 1.03 0.42

Piroxantrone 0 16.4 13.3 no grade 
3+

9.5 no grade 3+ 0 1.8

Chloroquinoxali
ne

0.04 17.3 2.6 1.6 0.88 0.87

Chloroquinoxali
ne

0 13.7 4.6 2.9 0.62 0.90

Pyrazine
diazohydroxide

2.5 12.0 4.1 5.8 1.3 1.5

Pyrazine 0.24 6.6 1.3 0.53 0.002 0.65

Pyrazine 0.02 4.6 0.53 0.56 0.001 0.18

Pyrazoloacrine 0.04 8.9 1.0 1.3 0.24 0.32

Cyclopentomyl 0 4.4 0.83 0.18 0.21 0.27

Fostriecin 0.04 3.5 3.6 4.5 1.06 0.54

Fostriecin 0 6.3 7.2 18 no grade 4 0.58 1.6
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Patients and Cohorts D istribution  for
 8 Designs
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Accelerated Titration Designs
• Reduces patient under-treatment

– 1 patient per dose level
– intra-patient dose escalation

• Reduces number of patients 
– 1 patient per dose level
– dose doubling until toxicity

• Improves information yield
– cumulative toxicity
– inter-patient variability
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Software Available

• S+ function to fit model to phase I data
– Point and interval estimates of parameters
– Graphical representation of dose/response

• Excel spreadsheet and macro for quality control 
of dose level assignment and maintenance of 
dose/toxicity data

• Available at http://brb.nci.nih.gov
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Korn et al Phase I Design for Finding Biologically 
Active Dose

Buolamwini & Adjei, Novel Anticancer Drug Protocols, Humana 2003

• Treat one patient per dose level until one 
biological response is seen

• After the first response, treat cohorts of 3-6 
patients per dose
– With 0-1 responses in 3 patients, escalate dose for next cohort
– With 2-3 responses in 3 patients, expand cohort to 6 patients
– With 5-6 responses, end
– With <5 responses, escalate dose for next cohort 
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• Trying to determine an “optimal biological 
dose” or lowest dose with full biological 
response may require large numbers of 
patients
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Objectives of Phase II Trials of 
Targeted Agents

• Determine whether there is a population of 
patients for whom the drug demonstrates 
sufficient anti-tumor activity to warrant a phase 
III trial

• Optimize the regimen in which the drug will be 
used in the phase III trial

• Optimize the target population for the phase III 
trial

• Develop predictive biomarker for identifying 
target population and a robust test for use in the 
phase III trial
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Endpoints for Phase II

• Tumor size
– Objective response
– Continuous measurement of change in tumor 

size
• Time to progression or proportion of 

patients without progression at a specified 
time
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Phase II Designs

Single agent In combination with 
active agents

Response rate Simon Optimal 2-stage 
single arm design

•Single arm comparison 
to historical control

–Makuch-Simon
–Thall-Simon Bayesian

•Randomized design

Time to 
progression

•Dixon-Simon single 
arm comparison to 
historical control
•Randomized design

Randomized design
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Optimal two-stage Designs
R Simon, Controlled Clinical Trials 10:1-10,1989

• Tests hypothesis p ≤ p0 against alternative p ≥ p1 

• p0  represents inadequate activity

• p1 represents activity of interest
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Optimal Two-Stage Design

• Enter n1 patients
• If response rate r1/n1 reject drug
• Otherwise, enter n2 additional patients
• If response rate r2/(n1+n2) reject drug 
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• To distinguish 5% (p0) response rate from 25%  
(p1) response rate with 10% false positive and 
false negative error rates:
– Accrue 9 patients. Stop if no responses
– If at least 1 response in first 9, continue accrual to 24 

patients total
• “Accept” treatment if at least 3/24 responses

• For regimens with 5% true response rate, the 
probability of stopping after 9 patients is 63%
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Patient Accrual in Phase II

• If the phase II trial for a particular primary site is 
not enriched for patients thought responsive to 
the drug, an initial stage of 10-15 patients may 
contain very few responsive patients. 
– Single stage design of 25-30 patients may be better

• Accrual of separate cohort of 25-30 patients 
whose tumors express target gives best chance 
to evaluate drug 
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Non-randomized Phase II 
Designs of Combinations

• Difficult to interpret
– Activity compared to what?
– How accurately is outcome for control group 

known based on past data
– Is there a comparable group of past patients 

receiving the control regimen
– How comparable is response assessment and 

follow-up evaluation for historical control 
group?
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Limitations in Using Optimal Two-Stage 
Designs in Evaluating a New Drug with 

Active Agents
• For a new drug in combination with active agents, p0 represents the 

response probability of the active agents without the new drug in the same 
type of patients being selected for the phase II study of the combination 
regimen

• The effectiveness of the single arm design is limited by the availability of a 
large number of comparable patients who have been treated with the active 
agents alone

• For combination regimens, unless p0 is based on a large number of patients, 
the methods of Makuch-Simon or Bayesian Thall-Simon designs should be 
used instead of the optimal two-stage design. 

• The Makuch-Simon and Thall-Simon designs require individual patient data 
for historical controls. This increases focus on comparability and they take 
into account the actual number of historical controls and the resulting 
uncertainty in p0
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Thall-Simon Bayesian Single Arm Phase II 
Designs Using a Specific Set of Historical 

Control Patients

• Thall, PF, and Simon, R.  Incorporating historical control data in 
planning phase II clinical trials.  Stat. in Med. 9:215-228, 1990.

• Thall, P F and Simon R.  A Bayesian approach to establishing 
sample size and monitoring criteria for phase II clinical trials.  
Controlled Clinical Trials 15:463-481, 1994.

• Thall, PF, Simon R. and Estey E.  Bayesian designs for Clinical 
trials with multiple outcomes.Statistics in Medicine 14:357-379, 
1995.

• Thall PF, Simon R, Estey E: A new statistical strategy for 
monitoring safety and efficacy in single-arm clinical trials. 
Journal of Clinical Oncology 14:296-303, 1996.
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Sample Size Planning for Single Arm Phase II 
Studies With Historical Control

• Makuch, RW, and Simon, RM.:  Sample size 
considerations for non-randomized comparative 
studies.  J. Chron. Dis. 33: 175-181, 1980.

• Dixon, DO, and Simon, R.  Sample size 
considerations for studies comparing survival 
curves using historical controls.  J. Clin. 
Epidemiology 41: 1209-1214, 1988.
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Using Time to Progression or 
Stable Disease as Endpoint

• Requires comparison to progression times 
for control patients not receiving drug

• Proportion of patients with “stable disease”
also requires a control group for evaluation  
to be meaningful
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Time to Progression Endpoint

• It is difficult to reliably evaluate time to 
progression endpoint without a 
randomized control group

• With historical controls, specific controls 
should be used for whom comparability of 
prognosis and surveillance for progression 
can be established
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Number of Patients on Experimental Treatment to have 80% Power for 
Detecting 15% Absolute Increase (α=.05) in Proportion Without 

Progression at T months vs Historical Controls

(from Makuch & Simon)
Number of Historical 

Controls
90% Progression at T 

in Controls
80% Progression at T

In Controls
20 >1000 >1000

30 223 >1000

40 108 285

50 80 167

75 58 101

100 50 83

200 42 65
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Randomized Phase II Designs

• Randomized screening designs for 
selecting among new regimens

• Randomized discontinuation design
• Phase 2.5 design
• Factorial design
• Phase 2/3 design
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Randomized Phase II Screening Designs
Simon, Ellenberg, Wittes

Cancer Treatment Reports 69:1375,1985

• For evaluating multiple new drugs or regimens to select most 
promising for further evaluation
– Arm with greatest observed response rate is selected regardless of how 

small the difference is
– Not for comparing a new drug/regimen to control

• Randomization ensures uniform patient selection and evaluation

• Can be viewed as parallel optimum two-stage designs with 
randomization with each arm evaluated as activity level >p1 or <p0

• Can be used with time to progression endpoint
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Patients per Arm for 2-arm Randomized Selection Design 
Assures Correct Selection When True Response Probabilites Differ by 

10%

Response Probability 
of Inferior Rx

85% Probability of 
Correct Selection

90% Probability of 
Correct Selection

5% 20 29

10% 28 42

20% 41 62

40% 54 82
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Phase 2.5 Trial Design for Comparing New 
Regimen to Control Using PFS Endpoint

• Simon R et al. Clinical trial designs for the early 
clinical development of therapeutic cancer 
vaccines. Journal of Clinical Oncology 19:1848-
54, 2001

• Korn EL et al. Clinical trial designs for cytostatic
agents: Are new approaches needed? Journal of 
Clinical Oncology 19:265-272, 2001
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Phase 2.5 Trial Design

• Randomization to new regimen vs control
– E.g. std regimen + new drug vs std regimen

• Endpoint is progression free survival 
regardless of whether it is an accepted 
phase III endpoint

• Threshold of significance can exceed .05 
for sample size planning
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Number of Events Required for Randomized Trial 
With Time to Event Endpoint
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For α=0.05, β=0.20, δ=1.67 (40% reduction in hazard),
E=47 events are required

For α=0.10, 35 events 

For α=0.05, β=0.20, δ=1.5,  (33% reduction in hazard),
E=75 events are required

For α=0.10, 55 events 
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Total Sample Size
Randomized Phase 2.5

2 years accrual, 1.5 years followup

Improvement 
in median 

PFS

Hazard Ratio α=.05 α=.10 α=.20

4 → 6 months 1.5 216 168 116

6 → 9 months 1.5 228 176 120

4 → 8 months 2 76 60 40

6→12 months 2 84 64 44
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Randomized Discontinuation 
Design RDD

Ratain et al.

• The RDD starts all patients on the drug
• Patients with early progression go off study
• Patients with objective response continue on the 

drug
• Patients with stable disease are randomized to 

continue the drug or stop the drug
• PFS from time of randomization is the endpoint
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Randomize Discontinuation Design

• B Freidlin & R Simon. Evaluation of the randomized 
disconuation design, Journal of Clinical Oncology 23, 
2005

• In some cases the RDD is less efficient than a standard 
up-front randomized phase II design

• RDD may be more efficient than an up-front randomized 
phase II design if the following conditions hold:
– Disease is rapidly progressive
– Most tumors are resistant to the drug
– Continuous multi-course treatment is required for sensitive 

tumors
– No predictive biomarker available for sensitive tumors
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Randomized Discontinuation 
Design (RDD)

• The RDD requires a large sample size 
• The RDD is not a phase III trial because it 

does not establish the clinical utility of 
administering the drug to the patient 
compared to not administering it using a 
phase III endpoint
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Phase II/III Design

• Randomized trial comparing regimen 
containing new drug to control regimen

• Perform interim futility analysis comparing 
treatments using PFS (progression-free 
survival) endpoint

• If ppfs<p* then continue trial to evaluate 
phase III endpoint

• Otherwise, terminate the trial and consider 
the new treatment ineffective
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Alternative Hypothesis
HR: OS 1.5, PFS 2.0
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