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A Comparison of the CRM vs 3+3 in an Oncology phase 1 setting

The principal aim of an Oncology phase 1 trial is the identification of the Maximum Tolerated Dose (MTD). The majority of
oncology phase 1 trials are run using a design called “3+3”[1]. Under this design, subjects are treated in cohorts of 3, and based
on the number of dose limiting toxicities seen in that cohort, decisions on which dose to give the next cohort and whether to stop
the trial are made.

In [2], Reiner at al argue that this design does not give very good operating characteristics. “the probability of recommending
the [correct] MTD at the end of the trial ... never exceeds 44% and is most often closer to 30%”. Despite this, the 3+3 design
remains in common usage due to its simplicity, the straightforward (and appealing) nature of its decision rules and its familiarity.

Possibly one other reason is the difficulty of doing a lot better. In this essay we look at using the oft touted alternative to the 3+3,
the Continuous Reassessment Method (CRM) proposed by O’Quigley in 1990 [3] and given some modest but important design
tweaks by Goodman in 1995 [4].

Comparison

In [2] a set of 10 scenarios are given, for the possible probability of toxicity on each of 6 doses. The doses are in increasing
strength and hence in all scenarios there is an increasing probability of toxicity.

Doses
Scenarios 1 2 3 4 5 6
S1 0.09 0.15 0.25 0.38 0.55 0.65
S2 0.02 0.09 0.16 0.27 0.35 0.45
S3 0.01 0.05 0.08 0.2 0.35 0.5
S4 0.05 0.1 0.22 0.32 0.4 0.5
S5 0.24 0.39 0.5 0.6 0.65 0.7
S6 0.05 0.1 0.25 0.35 0.5 0.7
S7 0.3 0.4 0.5 0.6 0.7 0.75
S8 0.15 0.26 0.4 0.57 0.65 0.7
S9 0.06 0.09 0.12 0.24 0.4 0.6
S10 0 0.01 0.04 0.09 0.24 0.49

The figures in bold show the dose that it is desired the phase 1 trial identify as the MTD (in Scenario S7 it is actually required
that no dose is identified as the MTD). These are consistent with the 3+3 design as the mean toxicity of the doses 3+3 selects is
~25%.

The results of simulating trials using a 3+3 design with these scenarios will be compared with a CRM based design. Both
designs will use cohorts of 3 subjects at a time and start allocating at the lowest dose. The CRM will target the highest dose with
an estimated toxicity of 25% or less.

The CRM'’s escalation will be limited to incrementing no more than one dose strength above the highest dose to which a cohort
has already been allocated. One variant of the 3+3 is to include a ‘validation’ cohort. Once the 3+3 stopping rule applies, if the
dose level selected as MTD has only one cohort tested at that dose level, then a second cohort is tested at that level. If 2 or
more toxicities are observed in the validation cohort then the selection of MTD drops a level and the process repeated. This
reduces the probability that the 3+3 selects too high a dose for MTD.

The CRM stops when either the maximum number of cohorts is reached, or the probability that one dose is the MTD exceeds
some chosen threshold. To give a similar sample size to the 3+3 over these scenarios, a threshold of 60% is used.

We present 3 metrics estimated from 1,000 simulations of each design under each scenario — the average sample size, the
probability of selecting the MTD and the probability of selecting a dose above the ‘desired MTD’.



3+3 CRM
Scenario Avg. Sample PpnMcEI(_)[r)rect Ppn above Avg. Sample Ppn correct Ppn above
Size MTD selected Size MTD selected | MTD selected
selected
S1 15.4 29.7% 11.1% 15.9 40.9% 13.1%
S2 18.5 34.9% 36.6% 18.0 33.2% 5.5%
S3 20.0 38.3% 20.5% 17.3 54.1% 15.8%
S4 17.0 32.1% 22.9% 16.8 49.1% 22.4%
S5 9.6 82.2% 17.8% 10.5 85.9% 14.1%
S6 16.5 31.0% 17.0% 17.5 53.0% 15.3%
S7 8.4 86.6% 13.4% 8.4 91.0% 9.0%
S8 12.0 33.6 10.4% 14.6 35.6% 12.4%
S9 18.4 33.0% 9.7% 15.7 37.7% 9.0%
S10 21.6 40.4% 10.1% 16.3 48.6% 0.0%

Only in scenario 2 does the 3+3 method select the correct MTD more often than the CRM (34.9% vs. 33.2%); in several
scenarios (S1, S3, S4 & S6) the CRM selects the correct MTD significantly more often than the 3+3 (more than 10 percentage
points difference).

In only 2 scenarios (S1 and S8) does the 3+3 select dose levels above the correct MTD with less frequency than the CRM,
the differences are marginal (~2 percentage points), in all the others the CRM is better than the 3+3 in this regard as well,
sometimes significantly so (S2 & S10).

The CRM has the further advantage that, unlike the 3+3 its operating characteristics can be easily optimised in light of the
current circumstance, different levels of toxicity can be targeted, different cohort sizes used and different levels of accuracy
required before stopping (offering better determination of the MTD at the cost of greater sample size). For example:

o 1
CRM stop when 1 dose 70% likely to be MTD | CRM: Stop when 1 dose 60% likely to be MTD
& 4 subjects per cohort
Scenario Avg. Sample PpnMcTo[r)rect Ppn above Avg. Sample Ppn correct Ppn above

Size selected MTD selected Size MTD selected | MTD selected
S1 229 44.6% 8.6% 19.6 44.2% 8.9%
S2 255 34.6% 3.8% 20.8 30.7% 6.1%
S3 23.8 67.8% 9.9% 19.8 52.6% 15.2%
S4 251 59.5% 15.6% 20.4 55.4% 19.6%
S5 15.3 90.0% 10.0% 15.2 84.6% 15.4%
S6 253 57.9% 15.1% 21.2 59.0% 13.9%
S7 10.3 95.7% 4.3% 12.2 90.0% 10.0%
S8 20.3 36.0% 9.1% 19.2 43.3% 13.4%
S9 22.3 41.5% 4.6% 19.7 34.5% 5.0%
S10 221 43.3% 0.0% 10.1 50.0% 0.0%

These show varying degrees of improvement in the estimation of the ‘true’ MTD, for the cost of 3-6 additional subjects.
Interestingly in scenario 2 no significant improvement is seen — but this can be traced to the CRM target rule and the scenario.
In scenario 2 the simulated probability at the target dose 4 is 27%, and the target rule we have used for the CRM is the highest
dose with probability of toxicity of less than 25%, so these designs are increasing the probability of selecting the dose below this
one.

Finally — your mileage may vary. The relative merits of the 3+3 and the CRM are dependent of the toxicity profile of the drug
being studied.
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