(* Mathematica Code for determination of optimal decision thresholds

[aC1,bC1]:
[aC2,bC2]:
[aT1,bT1]:

[aT2,bT2]:

prev:
tauoO:
taul:
cO:
cl:
g0[:
ho[l:
g1[l:
h1[:

fo[]:

fa[:

b[]:

optO[]:
opt1][]:

opt[]:

prior interval for event rates in G_1 in the control group

prior interval for event rates in G_2 in the control group

prior interval for event rates in G_1 in the treatment group

prior interval for event rates in G_2 in the treatment group
number of patients per group and stage

prevalence of G_1

relevance threshold for G_0

relevance threshold for G_1

decision threshold for G_0 to be optimized

decision threshold for G_1 to be optimized

derivative of the expected loss given G_0 is wrongly selected
derivative of the expected loss given G_0 is wrongly not selected
derivative of the expected loss given G_1 is wrongly selected
derivative of the expected loss given G_1 is wrongly not selected

derivative of the expected loss given a false decision concerning G_0
occurred

derivative of the expected loss given a false decision concerning G_1
occurred

function that rounds the results on four digits and maps values smaller than
- 1to -1 and values larger than 1 to 1, respectively

yields the root of f0, i.e. the optimal threshold cO*
yields the root of f1, i.e. the optimal threshold c1*

yields [c0*,c1*]

Local adaptive method was applied for numerical integration with precision of 8 digits.

Secant method was applied for numerical root solving with precision of 3 digits.*)
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gO0[aCl_?NumericQ, bC1l_?NumericQ, aC2_?NumericQ, bC2_?NumericQ,
aTl _?NumericQ, bT1 ?NumericQ, aT2_?NumericQ, bT2_?NumericQ,
tau0_?NumericQ, n_?NumericQ, prev_?NumericQ, cO_?NumericQ] :=
NIntegrate[- ((prev % (pT1l-pCl) + (1 -prev) (pT2-pC2) - taul0)) ™ (2) *
Boole[ ((prev = (pT1l-pCl) + (1 -prev) (pT2-pC2))) < tau0] » Exp[- (cO -
(prev x (pT1l-pCl) + (1 -prev) (pT2-pC2)))n2/
(2% ((prev (pT1 (1 -pT1l) +pCl (1-pCl)) +
(1-prev) (pT2 (1-pT2) +pC2 (1-pC2))) /Nn))1,
{pT1, aT1, bT1}, {pCl, aCl, bC1l}, {pT2, aT2, bT2}, {pC2, aC2, bC2},
Method - "LocalAdaptive",
PrecisionGoal - 8]

hO[aCl_7?NumericQ, bC1l_?NumericQ, aC2_?NumericQ, bC2_?NumericQ,
aTl_7?NumericQ, bT1_?NumericQ, aT2_?NumericQ, bT2_?NumericQ,
tauO_7?NumericQ, n_?NumericQ, prev_?NumericQ, cO_?NumericQ] :=
NIntegrate[+ ((prev % (pT1-pCl) + (1 -prev) (pT2 - pC2) - taul)) ™ (2) =
Boole[ ((prev x (pT1l-pCl) + (1 -prev) (pT2-pC2))) > tau0] » Exp[- (cO -
(prev x (pT1-pCl) + (1-prev) (pT2-pC2)))"2/
(2% ((prev (pT1 (1-pT1) +pC1l (1-pCl)) +
(1-prev) (pT2 (1-pT2) +pC2 (1-pC2))) /n))1,

{pT1, aT1, bT1}, {pCl, aCl, bC1l}, {pT2, aT2, bT2}, {pC2, aC2, bC2},
Method - "LocalAdaptive",

PrecisionGoal - 8]

gl[aCl_7?NumericQ, bC1_?NumericQ, aTl_7?NumericQ, bT1_?NumericQ,
taul_?NumericQ, n_?NumericQ, prev_?NumericQ, cl_?NumericQ] :=
NIntegrate[- ((pT1l-pCl) - taul) ™ (2) » Boole[ (pT1l - pCl) < taul] » Exp[- (cl -
(PTL-pCL)) N2/ (2% ((PT1 (1 -pT1l) +pCl (1-pCl))) / (prev+n))1,
{pT1, aT1, bT1l}, {pCl, aCl, bC1l}, Method - "LocalAdaptive", PrecisionGoal - 8]

hl[aCl_?NumericQ, bC1l_?NumericQ, aTl_?NumericQ, bT1l_?NumericQ,
taul_7?NumericQ, n_?NumericQ, prev_?NumericQ, cl_?NumericQ] :=
NIntegrate[+ ((pT1l - pCl) - taul) ™ (2) » Boole[ (pT1 - pCl) > taul] *Exp[- (cl -
(PTL-pCL)) "2/ (2% ((PT1 (1 -pT1) +pCl (1-pCl))) / (prev+n))1,
{pT1, aT1, bT1}, {pCl, aCl, bCl}, Method - ""LocalAdaptive", PrecisionGoal - 8]

fOo[aCl_, bC1_, aC2_, bC2_, aTl1l_, bT1_, aT2_, bT2_, tau0_, n_, prev_, c0_1] :
g0[racCi, bCi, aC2, bC2, aTl, bT1, aT2, bT2, tau0, n, prev, c0] +
hO[aC1, bCl1l, aC2, bC2, aTl, bT1, aT2, bT2, tau0, n, prev, cO0]

fl[aCl_, bCl_, aTl_, bTl1 , taul_,n_, prev_,cl ] :=
glraCi, bCi, aT1, bT1, taul, n, prev, cl] +hl[aCl, bC1, aTl, bT1, taul, n, prev, cl]

b[x_] := Round[Sign[x] * Min[Abs[x], 1], 0.0001]

optO[aCl_?NumericQ, bC1_?NumericQ, aC2_?NumericQ,
bC2_?NumericQ, aTl_ ?NumericQ, bT1l_ ?NumericQ, aT2_?NumericQ,
bT2_?NumericQ, tau0_?NumericQ, n_?NumericQ, prev_?NumericQ] :=
b[cO /. FindRoot[fO[aCl, bC1, aC2, bC2, aT1, bT1l, aT2, bT2, tau0, n, prev, c0],
{cO, -1, 1, -2, 2}, PrecisionGoal -» 3]]

optl[aCl_?NumericQ, bCl_?NumericQ, aTl_?NumericQ,
bT1_?NumericQ, taul_ ?NumericQ, n_?NumericQ, prev_?NumericQ] :=
b[cl /. FindRoot[fl[aCl, bC1, aTl, bT1, taul, n, prev, cl],
{c1, -1, 1, -2, 2}, PrecisionGoal -» 3]]
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opt[pCll_, pClh_, pC2l_, pC2h_, pT1l_, pT1h_, pT21_, pT2h_, tau0O_, taul_, n_,

prev_] := {optO[pC1ll, pCih, pC2l, pC2h, pT1l, pT1h, pT2l, pT2h, tau0, n, prev],
optl[pCil, pClh, pT1ll, pT1lh, taul, n, prev]}

(* some example x)

opt[0.05, 0.35, 0.2, 0.5, 0.3, 0.6, 0.2, 0.5, 0.05, 0.1, 100, 0.25]
(0.0455, ~0.0826)



