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A. Existing Phase 1 Designs

1. Introduction

· Goal first delineated by Schneiderman (1967) as estimation of dose yielding a fixed percent (often 33%) of dose-limiting toxicities (DLTs) but not lower.  This is called the Maximum Tolerable Dose (MTD).

Phases of a Clinical Trial

· Biochemical and pharmacological research.

· Animal Studies (Gart, 1986 & Schneiderman, 1967). 

· Phase I, Cancer (Storer, 1989) - estimate toxicity rates using few (~ 10 - 40) typically very sick subjects.

· Phase II (Thall & Simon, 1995) - determines a therapy’s potential efficacy using a few very sick patients.

Phases of a Clinical Trial (cont.)

· Phase III – a large randomized controlled, possibly blinded, possibly multicenter, experiment

· Phase IV - a controlled trial of an approved treatment with long-term followup of safety and efficacy.

  Schematic of Phase I Trial

Allowable DLT rate can be lower than 33% but rarely higher

2. “Traditional” Designs

· Groups of three; dose increased (only) until some stopping criterion is achieved.

· “Designed” to estimate the MTD as 33%-ile or the next-largest dose.

· Underestimates the MTD.

· Not flexible (can spend a lot of patients at low-toxicity doses).

3. “Up-and-Down” Designs

· Groups of three or less.

· Dose levels increased and/or decreased until a predetermined sample size is reached.

· Designed to estimate the MTD as 33%-ile, as before.

· Not flexible (can also spend a lot of patients at low-toxicity doses), but can easily be modified to speed up.

Design A (“Traditional”):  Groups of three patients are treated. Escalation occurs if no toxicity is observed in all three: otherwise, an additional three patients are treated at the same dose level. If only one of six has toxicity, escalation again continues; otherwise, the trial stops.

Design B:  Single patients are treated. The next patient is treated at the next lower dose level if a toxic response is observed, otherwise at the next higher dose level until sample size is reached.

Design D:  Groups of three patients are treated. Escalation if no toxicity is seen and de-escalation if more than one patient has toxicity. If  one patient has toxicity, next group of three is treated at same dose level; repeat until sample size is reached.  Similar to traditional except can go down.

( Design C:  Similar to design D, except that the rule applies to the preceding three patients at any point, instead of using discrete batches of three. )

Note these designs center around the dose with 1/3 = 33% toxicity rate.  Larger cohorts can be used to estimate the MTD as the dose with a 1/4 = 25%, 1/5 = 20% or 1/6 = 17% rates.

Storer and DeMets (1987) gave a clear illustration of bias potential in a phase I trial using the traditional stopping rule (“Design A”).

Due to the multiple opportunities for stopping, it stops too early and does not re-escalate.  The stopping dose is not the 33rd %-ile - it is lower.  But we don’t know how much lower:

Dose 
Actual (Unknown)
Pr (Stopping)

Level 
       
Percentile
       at D.L.


1


.15

19%


2


.20

24%


3


.25

23%

 
4


.30

18%


5


.33

10%

Furthermore, there is a limited amount of information to be gained from 3 patients treated at a single dose.  The following table gives 95% confidence intervals for the toxicity rate given various numbers of toxicities out of a cohort of size 3.

·     0/3 toxicities at that dose  (  0, .64)

·     1/3 toxicities at that dose  (.09, .91)

·     2/3 toxicities at that dose  (.29, .99)

·     3/3 toxicities at that dose  (.36, 1)

These are very wide.  Note that if no toxicities are observed the true incident rate could be as high as 64%.  The situation is only slightly better for a cohort of size six:
·     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)

Here, no toxicities out of six tells us only that the true rate is likely to be less than 40%, and two out of six, which the traditional design tells us is unacceptable, tells us only that the true rate is likely to exceed 11%.  Thus single or double cohorts tell you little about a dose unless it is revisited.  This ignores the effects of false positive toxicities among these ill and often heavily pretreated patient.  This is why biostatisticians are almost unanimous in condemning the “traditional” design and consider it to be bad science and thus bad ethics:  “There is something morally wrong about carrying out bad science” (Boomgarden, et al., 2003).

4. Two Stage Designs (Storer, 1989):

In these designs, a fast initial stage (one-at-a-time assignment), is pursued until a toxicity is found.  Then assignment proceeds in groups of three until a predetermined sample size is reached.  They are designed to estimate the MTD as a 33%-ile.  One example of a two-stage design is to use B followed by D (one-at-a-time escalation until DLT, or even grade 2 toxicity, followed by up-and-down with cohorts of 3).  
5. Accelerated Titration  (Simon, et al., 1999)


The goal of accelerated titration is to conduct “Rapid intrapatient dose escalation … in order to reduce the number of undertreated patients [in the trials themselves] and provide a substantial increase in the information obtained.”

If a first dose does not induce toxicity, a patient may be escalated to a higher subsequent dose.  This technique obviously requires toxicities to be acute.

If they are, the trial can be shortened. After the MTD is determined, a final “confirmatory” cohort is treated at a fixed dose. Jordan, et al. (2003) studied intrapatient escalation of carboplatin in ovarian cancer patients and found “The median MTD documented here using intrapatient dose escalation ... is remarkably similar to that derived from conventional phase I studies.”  I.e., accelerated titration seems to work.  Also, since it gives an MTD for each patient, it provides an idea about how MTDs vary between patients.

6. Combined Outcomes  (Gooley, et al. [1994], Thall and Russell [1998], Huang and Chappell [2008] and Braun [2002])
Trials with combined efficacy/toxicity outcomes, sometimes called phase I/II, are designed to give simultaneous information on efficacy and toxicity.

The situation may be logically symmetrical (e.g., graft vs. host / rejection in bone marrow transplantation).  There are three ordered outcomes (best to worst):

· Efficacy+, Toxicity-

· Efficacy+, Toxicity+   or   Efficacy-, Toxicity+

· Efficacy-,  Toxicity+

7. The Continual Reassessment Method (CRM, O’Quigley 1990):
A Prior guess is made as to the dose-response (toxicity) curve;

The First patient is assigned to the prior MTD; After the patient is fully followed, his or her outcome is used to update the prior curve and the next patient is assigned to the new “posterior” MTD; this process is repeated until sample size is reached.

The dose-response curve is parameterized with slope β, so that the probability of  toxicity at a given dose = function of dose and β.  The current dose is chosen such that it doesn’t exceed the MTD and all higher doses do.
Advantages of the CRM:

· It is highly flexible;

· Allows groups of any size;

· Can be modified to allow incomplete information;

· Can incorporate prior information.
Disadvantages of the CRM:

· Escalation rules are not intuitive or known in advance - “black box”;

· Requires prior information;

· Extra rules required (limits on number of doses escalated per patient; starting dose lower than that dictated by the prior) for ethical considerations;

· The prior may need to be modified for appropriate operating characteristics.

B. Practical Considerations 
1.  Choosing Doses

Consider all possibilities!:

a)  What if you start at “dose 1” and it is toxic:
Stop, conclude agent is unsafe or de-escalate to prespecified “dose 0”.

· If latter, what if “dose 0” is toxic?

· If you want to de-escalate, all doses or the rules for determining them should be stated in the protocol.

b)  What if your highest dose appears nontoxic? 

· Stop, designate highest dose MTD; or

· Continue escalating.

· If latter, all doses or the rules for determining them should be stated in the protocol.

c)  What if one dose appears toxic and the next lower one elicits no toxicities? 

· Stop, designate the lower dose MTD; or

· Choose an intermediate dose.

· If latter, all doses or the rules for determining them should be stated in the protocol.

· Choice may depend of route of administration (oral vs. IV).
2.  Defining the DLT

a) Specify your own definition - Grade 3 isn’t written in stone.  Possible exceptions:

· Grade 3 neutropenia not DLT (reversible)?

· Grade 3 radiation pneumonitis requiring < 2 weeks oxygen not DLT (transitory)?

· Grade 2 late post-radiation rectal bleeding is a DLT (irreversible)?

b) Also, don’t forget to specify time frame of DLT. 
3.  Escalation rules

a)  If at all possible, de-escalate and re-escalate to a fixed sample size (e.g., with rules “C” or “D”).

b)  Consider intrapatient escalation (accelerated titration) when feasible.

c)  Consider rapid initial escalation (e.g., rule “B” until an initial toxicity is seen, then “D”) when ethical.

d)  Consider using additional information (e.g., rapid initial escalation in absence of grade 2 toxicities).

e)  Consider adding 6-15 patients at final dose.

4.  Biomarker collection

Avoid “Feature Creep” by not including biomarker measurements without compelling reasons.

Ratain and Glassman (2007) state: “... biomarkers rarely, if ever, affect dose and schedule selection ... sponsors should reconsider the value of including any biomarker evaluations in phase I oncology studies.”  They go on to criticize many studies “especially research-specific biopsies of solid tumors for ... ‘secondary objectives’” as unethical.

C.  Designs for Long-Term Toxicities

When looking for long-term or chronic toxicities all of the above designs take a long time, even with rapid accrual.  Suppose investigators are interested in toxicities over a span of (say) two years.  For a study with only 15 patients, “three-at-a-time” designs require 10 years to complete, even with perfect accrual.

Since sequential (one-at-a-time or three-at-a-time, etc.) methods take so long in such cases, other designs should be considered.  The following scenario assumes that we are interested in the MTD as the 20%-ile of a toxicity which requires 2 years followup (so we now have cohorts of 5, not 3).
Prorated Designs (Cheung & Chappell, 2000) involve the following tradeoff:
Instead of collecting data on a group of 5 patients for 2 years each, they collect data on more than 5 patients for a total of 10 patient-years. One patient measured for one year counts (is “prorated” as) 1/2 of a patient.  A Bayesian version (TIme-To-Event Continual Reassment Method, TITE-CRM, is available).  These designs require more patients than traditional designs, provide more information at study’s conclusion; and are much quicker than traditional designs (commensurate with the number of extra patients).

Proration Example - Dose-per-fraction Escalation in Prostate Cancer

This trial under way with spiral tomoradiotherapy at UWCCC with M. Ritter and M. Mehta.  It uses the result of Teshima (1997) that the incidence of grade 2 rectal complications is roughly constant within first 2 years.  Teshima’s results also show that 2-year rate is close to final one.

The MTD here is defined as dose which yields at most a 20% rate of grade 2 rectal toxicity at 2 years.  Escalation requires: at least 10 patient-years of observation; at most a 20% toxicity rate per two years (I.e., at most 1 toxicity per 10 patient-years); and a minimum of 5 patients followed for a full year, for safety’s sake. Study duration is roughly halved.

D. “Linked” Phase I Trials

What happens if you have 2 or more “linked” phase I trials?   Suppose you run phase I trials in 5 groups at different levels of risk such that:

·      Pr(Toxicity | group 1, dose=d)

·   (  …

·   ( Pr(Toxicity | group 5, dose=d)?

There are 5 “bins” with total lung volume irradiated 0-19%, 20-39%, … , 80-100%.  What happens if a high risk group escalates dose past that in a low risk group(s)?  E.g., what if MTD among high-volume patients exceeds that for patients with lower irradiation volumes?  Solution: pool adjacent violating bins.

In its simplest form, the PAV algorithm just takes the average of conflicting results

E. Conclusion

These are all examples of tailoring the design to the science.  “One size fits all” doesn’t work for phase III trials.  Why should it work for phase I?  Pick your design to simply and ethically answer your unique question.
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