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R package BOIN Design Parameters I

1. ncohort: The total number of cohorts.

2. cohortsize: The cohort size.

3. n.earlystop: The early stopping parameter. If the number of patients treated at 

the current dose reaches n.earlystop, stop the trial early and select the MTD 

based on the observed data. The default value of n.earlystop = 100 essentially 

turns off this type of early stopping.

This package allows the user to pre-specify target dose limiting toxicity (DLT) 
rate (ϕ) as well as the following 8 design parameters:
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• ncohort = 4

• cohortsize = 3

• n.earlystop = 12

https://trialdesign.org/


R package BOIN Design Parameters II
4. p.saf (𝝓𝟏): The highest toxicity probability that is deemed subtherapeutic (i.e., 

below the MTD) such that dose escalation should be made. The default value 

of p.saf = 0.6 * target DLT rate.

5. p.tox (𝝓𝟐): The lowest toxicity probability that is deemed overly toxic such that 

dose de- escalation is required. The default value of p.tox = 1.4 * target DLT 

rate.
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https://trialdesign.org BOIN Parameters 

• p.saf = 𝝓𝟏 = 0.15

• p.tox = 𝝓𝟐 = 0.35

https://trialdesign.org/


R package BOIN Design Parameters III
6. cutoff.eli: The cutoff to eliminate the overly toxic dose for safety. We 

recommend the default value cutoff.eli = 0.95 for general use.

7. extrasafe: Set extrasafe = TRUE to impose a stricter stopping rule.

8. offset: A small positive number (between 0 and 0.5) to control how strict the 

stopping rule is when extrasafe = TRUE. A larger value leads to a stricter 

stopping rule. The default value offset = 0.05 generally works well.
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https://trialdesign.org BOIN Parameters 

• cutoff.eli = 0.95

• extrasafe = TRUE

•  offset = 0.05

https://trialdesign.org/
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3 + 3 Design

https://doi.org/10.1016/j.conctc.2018.10.006
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3 + 3 Design
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BOIN Example
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BOIN Example
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BOIN Example
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Question
§ As with other model-based dose-finding algorithms, the 

operating characteristics of a BOIN design are greatly 
affected by the choice of its design parameters. 

§ Although setting the BOIN design parameter p.tox = 1.4 * 
target.DLT.rate is recommended in almost all BOIN 
methodology articles and is the default value in the R 
package BOIN, it’s unclear why the choice of p.tox should 
only depend on the target DLT rate and whether certain 
range of p.tox could produce the same BOIN boundary 
table.
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Simulation Setup
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• In this simulation study, following parameters will be varied one at a time, using 
R package BOIN, to explore each parameter’s effect on the equivalence 
intervals of p.saf and p.tox: 

• 1) target DLT rate, 

• 2) n.earlystop, 

• 3) cutoff.eli, 

• 4) cohortsize

• 5) ncohort. 

• The 3+3 design boundary table will be used as a simple example to explore all 
equivalent sets of BOIN design parameters that can generate the same 
boundary table. 



Simulation Setup
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• All dose escalation/de-escalation boundary tables were calculated using the 
get.bounddary() function from R package BOIN 

• tryCatch() function was used to handle get.bounddary() errors such as “the 
probability deemed safe cannot be higher than or too close to the target!”

• All p.saf and p.tox values that produce the same BOIN boundary table (i.e. the 
same $boundary_tab output) are considered equivalent.

• While the $boundary_tab output remain the same, the $full_boundary_tab 
outputs may be different. 



Equivalent p.saf and p.tox under varying target DLT rates
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Equivalent values of p.saf and p.tox were explored via uniform search under 
varying target DLT rates: target = 10%, 15%, 20%, 25%, 30%, 35%, or 40% and 
fixed values of following parameters :

• ncohort = 10
• cohortsize = 3
• n.earlystop = 12
• cutoff.eli = 95%
• extrasafe = FALSE

For each target DLT rate under evaluation, 100,000 pairs of p.saf and p.tox values 
were randomly drawn from the following uniform distributions :

• p.saf <- runif(1, min=0, max=target-0.0000001)
• p.tox <- runif(1, min=target+0.0000001, max=1) 
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Equivalent p.saf and p.tox under varying n.earlystop

33

Equivalent values of p.saf and p.tox were explored via uniform search under 
varying n.earlystop = 15, 18, 21, 24, 27, or 30 and fixed values of following 
parameters:
• ncohort = 10
• cohortsize = 3
• target = 10% (target DLT rate)
• cutoff.eli = 95%
• extrasafe = FALSE

For each n.earlystop value, 100,000 pairs of p.saf and p.tox values were randomly 
drawn from the following uniform distributions:
• p.saf <- runif(1, min=0, max=target-0.0000001)
• p.tox <- runif(1, min=target+0.0000001, max=1)
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Equivalent p.saf and p.tox under varying cutoff.eli
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Equivalent values of p.saf and p.tox were explored via uniform search under 
varying cutoff.eli = 70%, 80%, 90%, 97%, or 99% and fixed values of following 
design parameters:

• ncohort = 10
• cohortsize = 3
• target = 10% (target DLT rate)
• n.earlystop = 12
• extrasafe = FALSE

For each cutoff.eli value, 100,000 pairs of p.saf and p.tox values were randomly 
drawn from the uniform distributions described in the previous sections.
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Equivalent p.saf and p.tox under varying cohortsize

42

Equivalent values of p.saf and p.tox were explored via uniform search under 
varying cohortsize = 4, 5,  6, 7, or 8 and fixed values of following design 
parameters:

• ncohort = 10
• cutoff.eli = 95%
• target = 10% (target DLT rate)
• n.earlystop = 12
• extrasafe = FALSE

For each cohortsize, 100,000 pairs of p.saf and p.tox values were randomly drawn 
from the uniform distributions described in the previous sections.
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Equivalent p.saf and p.tox under varying ncohort
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Equivalent values of p.saf and p.tox were explored via uniform search under 
varying ncohort = 5,  6, 7, 8, 9, 12, 20, 40, or and fixed values of following design 
parameters:

• target = 10% (target DLT rate)
• cohortsize = 3
• n.earlystop = 12
• cutoff.eli = 95%
• extrasafe = FALSE

For each ncohort value, 100,000 pairs of p.saf and p.tox values were randomly 
drawn from the uniform distributions described in the previous sections
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When target DLT rate = 10%, cohortsize = 3, n.earlystop = 12, cutoff.eli = 95%, and extrasafe = 
FALSE, there are the same 10 possible BOIN boundary tables, regardless of the choices of 
ncohort ∈ {5, 6, 7, 8, 9, 10, 12, 20, 40, 100}. 
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BOIN parameters for generating the 3+3 boundary table
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Equivalent values of BOIN design parameters were explored via uniform search 
under varying offset = 0.01, 0.05, 0.1, 0.2, 0.3, 0.4, or 0.49 and fixed values of 
following design parameters:

• cohortsize = 3
• ncohort = 10
• n.earlystop = 6
• extrasafe = TRUE
• target <- runif(1,min=0,max=0.5)
• p.saf <- runif(1,min=0,max=target-0.0000001)
• p.tox <- runif(1,min=target+0.0000001,max=1)
• cutoff.eli <- runif(1,min=0,max=1)

All parameter sets of BOIN design capable of yielding the 3+3 boundary table are 
viewed as being equivalent.



3 + 3 BOIN Design
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• 0.17 < 	𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒 < 	0.30

• 0.08	 < 	𝑝. 𝑠𝑎𝑓	 < 	0.26

• 0.306	 − 	0.85 ∗ 𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒 < 𝑝. 𝑠𝑎𝑓 < 0.0002 + 0.9 ∗ 𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒

• 𝑝. 𝑠𝑎𝑓 > 	0.4295	 − 	2.11 ∗ 𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒	 + 	3.1171 ∗ 	𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒#

A random search script was used to sample 8,127 sets of BOIN parameters that 

can generate the 3+3 design boundary table. These 8,127 sets of BOIN parameter 

values satisfy following conditions:
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3 + 3 BOIN Design
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• 0.17 < 	𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒 < 	0.30

• 0.08	 < 	𝑝. 𝑠𝑎𝑓	 < 	0.26

• 0.38	 < 	𝑝. 𝑡𝑜𝑥	 < 1

• 0.725	 − 1.2 ∗ 𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒 < 	𝑝. 𝑡𝑜𝑥	 < 	1
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3 + 3 BOIN Design
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• 0.17 < 	𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒 < 	0.30

• 0.08	 < 	𝑝. 𝑠𝑎𝑓	 < 	0.26

• 0.38	 < 	𝑝. 𝑡𝑜𝑥	 < 1

• 0.66	 < 	𝑐𝑢𝑡𝑜𝑓𝑓. 𝑒𝑙𝑖	 < 0.89

• 𝑐𝑢𝑡𝑜𝑓𝑓. 𝑒𝑙𝑖	 > 1.085 − 1.1141 ∗ 𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒 − 1.1438 ∗ 	𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒#

• 𝑐𝑢𝑡𝑜𝑓𝑓. 𝑒𝑙𝑖 < 1.0215 − 0.00858 ∗ 𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒 − 4.11 ∗ 	𝑡𝑎𝑟𝑔𝑒𝑡. 𝐷𝐿𝑇. 𝑟𝑎𝑡𝑒#
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Summary/Discussion:
§ In addition to target DLT rate, equivalent intervals of p.tox also depend heavily 

on cohortsize, cutoff.eli and n.earlystop. 
§ Although ncohort is one of the required input parameter of get.boundary(), the 

choice of ncohort value has no effect on the calculation of BOIN boundary 
table. The main purpose of specifying ncohort is to terminate dose finding 
process when the sample size budget is reached. 

§ When the early stopping parameter n.earlystop is relatively small or the 
cohortsize value is not optimized via simulation, it might be better to use p.tox 
< 1.4 * target.DLT.rate, or try out different cohort sizes, or increase n.earlystop, 
whichever is both feasible and provides better operating characteristics.
– When target DLT rate = 10%, cohortsize = 5, ncohort = 10, n.earlystop = 12, cutoff.eli = 95%, and 

extrasafe = FALSE, using p.tox = 1.4 * target.DLT.rate to calculate BOIN boundary table is 
equivalent to using p.tox > 3 * target.DLT.rate. 
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Summary/Discussion:
§ While changing target DLT rate, cohortsize, and n.earlystop will affect the 

equivalent intervals for both p.saf and p.tox, increasing or decreasing cutoff.eli 
will only affect p.tox equivalent intervals. 

§ It appears that increasing cutoff.eli will add more equivalent interval boundary 
points from both side of p.tox = 0.5 but won’t be able to narrow p.tox intervals 
that are either close to target DLT rate (plus a small margin) or close to 1. 

§ And cutoff.eli < 90% may need to be used with caution because the resulted 
equivalent interval of p.saf could be too wide for some pediatric trials.
– when target DLT rate = 10%, cohortsize = 3, ncohort = 10, n.earlystop = 12, cutoff.eli =  80%, and 

extrasafe = FALSE, using p.tox = 1.4 * target.DLT.rate to calculate BOIN boundary table is 
equivalent to using any p.tox ∈ (12.3%, 99.9%), as long as p.saf values fall into one equivalent 
interval of p.saf. 

56



Summary/Discussion:
§ This research highlights the importance of interpreting the BOIN design 

parameter p.tox as a range of toxicity rates regarded as excessively toxic, as 

opposed to one pre-determined value reflecting the lowest toxicity probability 

deemed overly toxic.

§ It’s also essential to perform simulation studies to recognize comparable sets 

of BOIN design parameters capable of producing an identical boundary table. 
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Thank you for your attention!
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