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Abstract

In toxicity study, how to determine the allowable daily
intakes(ADI) is an important issue because of taking the
toxicant over acceptable region may cause an abnormal reaction.
In past study, we estimate the benchmark dose(BMD) and its lower
bound(BMDL) for ADI reference based on benchmark risk(BHiR) by
the allowable toxic effect when the data are suitable for the
accelerated failure time model with Log-logistic, Log-normal,
and Weibull distribution. In this study, we estimate the BHDL
under accelerated failure time model with error term which is
distributed to a generalized gamma distribution. We also
conduct a simulation study to investigate the coverage

probability of the AMDL proposed.

Keyword : accelerated failure time model ~ benchmark dose -

generalized gamma distribution
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o LBV B PRIV T [H BMR ™ li%ll>ﬁﬂ§%ﬂ‘}*9 90%BMDL

BMR | BMD | BMD | BMDL
0.01 7.10 6. 64 5. 59
0.005 3.952 3. 29 2.75
0.001 0.70 0. 66 0. 64
0.0005 | 0.35 0. 32 0.25
0.0001 0.07 0.06 0.05
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Fitted with Linear model

Fitted with Quadratic deb

BMR @, a  a,
LL LN w GG LL LN W GG
0.05 3.5 -0.005 1.000 1.000 0.938 0.934 1.000 1.000 0.941 0.940
107 1.000 1.000 0.935 0.936 0.997 1.000 0.923 0.926
5x10° 0.994 1.000 0.931 0929 0.990 0.990 0.921 0.921
-0.01 1.000 0.995 0.913 0.912 1.000 0.998 0.933 0.928
107 0.991 1.000 0.928 0.933 0.979 0.987 0.919 0.915
5x10° 0.988 1.000 0.929 0931 0984 0.990 0.899 0.902
50 -0.005 0.994 1.000 0.939 0.936 1.000 1.000 0.950 0.952
107 0.999 1.000 0.933 0.931 0.992 0.993 0.930 0.926
5x10° 1.000 0.999 0.928 0.925 1.000 0.999 0.927 0.924
-0.01 0.988 0.985 0.922 0.916 0.993 0.989 0.935 0.936
107 0.987 0.984 0.929 0.927 0.977 0.972 0.917 0.917
5x10° 0.982 0979 0925 0929 0971 0.969 0.912 0.908
0.01 3.5 -0.005 1.000 0.984 0.951 0.948 1.000 0.988 0.952 0.948
107 1.000 0.987 0.942 0.936 1.000 1.000 0.913 0.919
5x10° 1.000 0.991 0.946 0.939 1.000 1.000 0.905 0.907
-0.01 0.996 0.997 0.916 0.919 1.000 0.987 0.936 0.940
10 0.998 0.983 0.936 0.941 0.991 0.988 0.911 0.917
5x10° 0.989 0.984 0.937 0.939 0.969 0.964 0.909 0.909
5.0 -0.005 0.994 1.000 0.942 0943 0.995 0.996 0.946 0.948
107 0.990 0.995 0.930 0.925 0.989 0.994 0.929 0.929
5x10° 0.988 0.991 0.929 0.925 0.984 0.989 0.917 0.916
-0.01 0.991 0.994 0.921 0.919 0.996 0.994 0.928 0.929
107 0.985 0.990 0.928 0.924 0.978 0.980 0.918 0.915
5x10° 0.982 0989 0925 0926 0978 0.983 0.914 0.916
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i 2. (OB H=0.5

Fitted with Linear model

Fitted with Quadratic deb

BMR @, a  a,
LL LN w GG LL LN W GG
0.05 3.5 -0.005 1.000 1.000 0.938 0.937 0.998 1.000 0.950 0.957
107 1.000 1.000 0.944 0.948 0.995 0.992 0.933 0.931
5x10° 0.997 1.000 0.940 0.941 0.993 0.995 0.925 0.923
-0.01 1.000 0.996 0.933 0.932 1.000 1.000 0.943 0.945
107 0.995 1.000 0.942 0.949 0.988 0.989 0.935 0.939
5x10° 0.995 1.000 0.939 0.943 0.991 0.995 0.919 0.924
50 -0.005 1.000 1.000 0.947 0.946 0.992 1.000 0.948 0.951
107 0.994 0.994 0.943 0.945 0.994 0.998 0.940 0.935
5x10° 1.000 0.996 0.939 0941 1.000 0.999 0.929 0.928
-0.01 0.986 0.995 0.926 0.928 0.991 0.993 0.942 0.942
107 0.980 0.993 0.940 0.943 0.979 0.982 0.921 0.919
5x10° 0.979 0995 0946 0950 0.972 0.979 0.913 0.909
0.01 3.5 -0.005 1.000 0.984 0.951 0.948 0.996 1.000 0.938 0.943
107 1.000 1.000 0.941 0.949 1.000 1.000 0.923 0.924
5x10° 1.000 1.000 0.935 0.940 1.000 1.000 0.924 0.917
-0.01 1.000 0.999 0.916 0.917 1.000 1.000 0.936 0.941
10 1.000 0.996 0.944 0.950 1.000 0.998 0.911 0.914
5x10° 0.990 1.000 0.939 0.941 0.976 0.969 0.909 0.911
5.0 -0.005 0.996 1.000 0945 0.946 0.991 1.000 0.942 0.944
107 1.000 1.000 0.935 0.938 0.989 0.994 0.929 0.929
5x10° 1.000 0.995 0.940 0.941 0984 0.989 0.926 0.919
-0.01 0.993 0.994 0.931 0.932 0.990 0.993 0.939 0.940
107 0.989 0.992 0.936 0.940 0.988 0.991 0.929 0.935
5x10° 0.983 0991 0.940 0.942 0979 0.981 0.924 0.926
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Fitted with Linear model

Fitted with Quadratic deb

BMR &, a a,
LL LN w GG LL LN W GG
0.05 3.5 -0.005 0955 0945 0.788 0.946 0.957 0949 0.795 0.944
107 0.950 0.940 0.732 0.941 0.940 0.933 0.712 0.930
5x10°® 0.955 0.927 0.749 0.953 0.925 0.917 0.708 0.923
-0.01 0936 0928 0.715 0929 0946 0948 0.756 0.949
107 0945 0937 0.735 0939 0928 0921 0.675 0.919
5x10°® 0946 0.931 0.719 0.936 0917 0.910 0.661 0.904
5.0 -0.005 0.938 0.944 0.749 0.938 0.948 0.940 0.750 0.942
107 0943 0935 0.748 0.946 0.936 0.931 0.788 0.935
5x10° 0.937 0.932 0.723 0.930 0.927 0.922 0.720 0.920
-0.01 0927 0920 0.762 0.918 0.940 0.933 0.732 0.937
10 0935 0925 0.727 0.928 0.920 0911 0.719 0.908
5x10° 0.938 0.926 0.719 0.927 0.916 0.895 0.702 0.897
0.01 3.5 -0.005 0951 0946 0.709 0946 0951 0947 0.739 0.956
107 0938 0937 0.714 0929 0938 0927 0.694 0.927
5x10°® 0.946 0.936 0.707 0.935 0.926 0.918 0.668 0.915
-0.01 0940 0928 0632 0924 0940 0934 0.661 0.928
107 0935 0939 0.658 0.929 0.930 0.919 0.651 0.917
5x10° 0.939 0.938 0.637 0.931 0.919 0.904 0.638 0.901
5.0 -0.005 0942 0933 0.691 0.925 0.952 0.935 0.704 0.959
107 0946 0941 0.688 0.938 0.927 0.921 0.682 0.918
5x10°® 0.942 0.935 0.691 0.937 0.917 0.915 0.671 0.916
-0.01 0920 0919 0.701 0915 0941 0929 0.711 0.936
107 0.943 0927 0,670 0931 0923 0909 0.640 0.910
5x10°® 0.949 0.928 0.652 0.927 0.920 0.908 0.632 0.907
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i 3. (DRETEH=05

Fitted with Linear model

Fitted with Quadratic deb

BMR @, a  a,
LL LN w GG LL LN W GG
0.05 3.5 -0.005 0.985 0,949 0.792 0946 0.980 0.958 0.813 0.960
107 0.984 0956 0.822 0961 0950 0.944 0.733 0.940
5x10° 0.979 0948 0.748 0.953 0.932 0.928 0.754 0.925
-0.01 0.948 0933 0.795 0930 0.982 0.953 0.765 0.956
107 0.971 0956 0.737 0.970 0931 0.928 0.755 0.919
5x10°% 0970 0.963 0.722 0.963 0.927 0.915 0.721 0.914
5.0 -0.005 0.980 0.948 0.812 0935 0.967 0.947 0.830 0.959
107 0.966 0.949 0.841 0948 0947 0.938 0.808 0.935
5x10° 0.962 0954 0.801 0.958 0.937 0.928 0.810 0.927
-0.01 0.957 0.920 0.792 0928 0.965 0.960 0.773 0.961
107 0.968 0951 0.768 0955 0.930 0.909 0.735 0.918
5x10° 0.954 0.952 0.731 0954 0921 0.901 0.730 0.907
0.01 3.5 -0.005 0961 0956 0.769 0.949 0963 0.959 0.757 0.962
107 0.967 0961 0.764 0.964 0949 0.947 0.714 0.931
5x10° 0971 0953 0.742 0958 0.937 0.926 0.718 0.933
-0.01 0.947 0935 0.732 0941 0954 0.944 0.781 0.955
107 0955 0946 0.770 0.959 0932 0.920 0.744 0.927
5x10° 0.945 0.943 0.787 0.947 0.922 0911 0.739 0.922
5.0 -0.005 0.945 0943 0.765 0935 0950 0.952 0.777 0.953
107 0.957 0951 0.750 0951 0931 0.933 0.712 0.928
5x10° 0.961 0.943 0.755 0.945 0.921 0.935 0.721 0.924
-0.01 0.940 0922 0.715 0918 0972 0.955 0.793 0.959
107 0.969 0937 0.739 0.942 0932 0.919 0.711 0.916
5x10°% 0.965 0.946 0.748 0.949 0.922 0.913 0.702 0.907
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Fitted with Linear model

Fitted with Quadratic deb

BMR 4, a, a,
LL IN W GG  LL IN W GG

0.05 35 -0.005 0.831 0.824 0634 0932 0952 0966 0.742 0.945

10° 0.955 0.960 0.721 0.939 0.757 0.742 0622 0.923

5x10° 0.944 0954 0.677 0941 0710 0.712 0594 0.916

-0.01 0.778 0.755 0582 0924 0.945 0.953 0711 0.942

10° 0943 0957 0721 00931 0.723 0.673 0556 0.919

5x10° 0.950 0959 0.733 0.940 0699 0.709 0.518 0.908

5.0 -0.005 0.822 0.803 0.628 0935 0.958 0.955 0.712 0.941

10° 0959 0.952 0.698 0930 0.778 0.768 0578 0.927

5x10° 0.955 0.963 0.701 0.943 0721 0.711 0554 0.920

-0.01 0.818 0.811 0611 00931 0951 0956 0.684 0.938

10° 0961 0.968 0.693 0932 0.792 0.783 0.561 0.908

5x10° 0.950 0.960 0.687 0.930 0.787 0.786 0.499 0.896

0.0l 35 -0.005 0.825 0.778 0.673 00935 0.950 0.960 0.722 0.943

10° 0941 0958 0.703 0933 0.816 0.805 0537 0.919

5x10° 0.937 0949 0.669 0.931 0722 0.727 0504 0.918

-0.01 0.793 0.746 0555 00916 0.938 0.951 0671 0.940

10° 0941 0942 0725 00933 0.755 0.728 0.486 0.920

5x10° 0.944 0960 0.736 0.938 0.745 0.719 0.495 0.915

5.0 -0.005 0.809 0.815 0.659 0.926 0.951 0.957 0.692 0.935

10°  0.949 0.949 0695 00928 0.810 0.799 0544 0.925

5x10° 0.947 0960 0.681 0.941 0793 0.794 0507 0.922

-0.01 0.813 0.819 0564 00925 0.947 0.945 0.670 0.932

10° 0936 0949 0681 0931 0.787 0.781 0512 0.912

5x10° 0.935 0951 0.676 0.934 0793 0.788 0.477 0.907
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ik 4. (DRETUH=05

Fitted with Linear model

Fitted with Quadratic deb

BMR @, a  a,
LL LN w GG LL LN W GG
0.05 3.5 -0.005 0.855 0831 0.644 0936 0981 0.987 0.802 0.960
107 0.975 0.977 0.783 0948 0.776 0.750 0.611 0.925
5x10° 0.968 0974 0.776 0946 0.724 0.727 0.629 0.922
-0.01 0.783 0.759 0.636 0.929 0977 0.983 0.791 0.956
107 0.972 0969 0.756 0.951 0.744 0.713 0585 0.921
5x10°% 0.970 0.958 0.748 0.945 0.717 0.716 0.598 0.911
5.0 -0.005 0.843 0.813 0.638 0.937 0979 0.980 0.782 0.958
107 0.970 0.972 0.748 0957 0.779 0.771 0.627 0.937
5x10° 0.963 0973 0.741 0952 0.731 0.714 0.619 0.926
-0.01 0.822 0819 0.622 0934 0975 0.977 0.787 0.949
107 0.972 0971 0.790 0944 0801 0.780 0.631 0.908
5x10° 0.968 0970 0.779 0939 0.807 0.787 0.505 0.906
0.01 3.5 -0.005 0.836 0.802 0.682 0.955 0978 0.975 0.788 0.947
107 0.973 0968 0.773 0941 0820 0.821 0.546 0.939
5x10°% 0979 0962 0.769 0939 0.729 0.734 0.511 0.927
-0.01 0.800 0.763 0567 0929 0970 0.964 0.765 0.950
107 0.959 0969 0.770 0945 0.758 0.744 0.490 0.920
5x10° 0.962 0.960 0.762 0.948 0.745 0.732 0.501 0.919
5.0 -0.005 0.811 0.819 0.670 0930 0.969 0.977 0.757 0.947
107 0.952 0970 0.745 0939 0820 0.809 0578 0.926
5x10°% 0.955 0966 0.751 0943 0.795 0.811 0.566 0.927
-0.01 0.820 0.828 0.585 0.926 0965 0.967 0.748 0.940
107 0956 0959 0.736 0936 0.791 0.785 0.532 0.915
5x10°% 0.959 0962 0.733 0938 0.796 0.798 0.507 0.910
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Fitted with Linear model

Fitted with Quadratic deb

BMR @, a  a,
LL LN w GG LL LN W GG
0.05 3.5 -0.005 0.937 0951 0.806 0972 0954 0.975 0.825 0.976
107 0.945 0960 0.805 0960 0918 0.938 0.733 0.956
5x10° 0.943 0.954 0.793 0.951 0.909 0.927 0.697 0.944
-0.01 0.920 0936 0.754 0.967 0961 0.968 0.790 0.971
107 0.954 0970 0.811 0945 0916 0.920 0.714 0.936
5x10° 0.948 0971 0.808 0.962 0.910 0.913 0.707 0.928
5.0 -0.005 0.923 0,937 0.811 0965 0949 0.975 0.812 0.977
107 0.954 0951 0.814 0963 0912 0.937 0.750 0.963
5x10° 0.955 0.969 0.809 0.964 0.905 0.922 0.683 0.947
-0.01 0.918 0.922 0.743 0951 0938 0.956 0.796 0.962
107 0.939 0954 0.801 0957 0902 0.919 0.685 0.928
5x10° 0.940 0961 0.793 0.955 0.897 0.915 0.598 0.919
0.01 3.5 -0.005 0.932 0938 0.765 0.958 0970 0.992 0.817 0.980
107 0.956 0.982 0.801 0.959 0908 0.935 0.723 0.950
5x10°% 0950 0969 0.777 0960 0.890 0.931 0.710 0.946
-0.01 0,925 0936 0.684 0.950 0960 0.970 0.763 0.966
107 0.954 0974 0.789 0.970 0911 0.924 0.674 0.951
5x10°% 0.943 0971 0.791 0957 0.905 0.906 0.633 0.941
5.0 -0.005 0.924 0942 0.779 0953 0962 0.972 0.805 0.970
107 0.961 0.965 0.798 0.973 0.910 0.933 0.701 0.952
5x10° 0.955 0.975 0.810 0.972 0.904 0.914 0.673 0.948
-0.01 0.916 0933 0.690 0946 0948 0.971 0.787 0.969
107 0.945 0961 0.794 0954 0912 0.918 0.622 0.929
5x10° 0.944 0972 0.788 0.957 0.905 0.908 0.614 0.919
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i 5. (DRETE#=05

Fitted with Linear model

Fitted with Quadratic deb

BMR @, a  a,
LL LN w GG LL LN W GG
0.05 3.5 -0.005 0.945 0.967 0.811 0973 0966 0.991 0.830 0.980
107 0.958 0.982 0.818 0971 0931 0.958 0.803 0.960
5x10° 0.954 0984 0.813 0966 0.923 0.952 0.798 0.950
-0.01 0.929 0957 0.779 0971 0965 0.985 0.824 0.977
10°° 0.959 0978 0.821 0.960 0933 0.949 0.764 0.956
5x10°% 0.955 0973 0.817 0958 0930 0.951 0.755 0.953
5.0 -0.005 0.934 0.955 0.795 0969 0959 0.979 0.824 0.982
107 0.955 0.967 0.819 0975 0928 0.947 0.770 0.962
5x10° 0.951 0.969 0.815 0.971 0.925 0.944 0.752 0.959
-0.01 0931 0949 0.781 0963 0950 0.974 0.816 0.978
107 0.945 0970 0.812 0.963 0933 0.953 0.745 0.949
5x10° 0.942 0966 0.808 0.958 0.926 0.946 0.756 0.945
0.01 3.5 -0.005 0.942 0971 0.785 0961 0962 0.989 0.827 0.976
107 0.957 0.983 0.808 0.962 0934 0.964 0.749 0.952
5x10° 0.953 0.978 0.802 0.959 0.929 0.958 0.733 0.954
-0.01 0.930 0.966 0.774 0959 0959 0.977 0.793 0.973
107 0.955 0974 0.799 0970 0919 0.958 0.736 0.948
5x10° 0.949 0.969 0.801 0.964 0.922 0.954 0.730 0.944
5.0 -0.005 0.927 0960 0.769 0962 0964 0.971 0.795 0.969
107 0.960 0.967 0.788 0.966 0.923 0.952 0.723 0.951
5x10° 0.952 0960 0.790 0.963 0.920 0.953 0.713 0.947
-0.01 0.927 0950 0.745 0.955 0947 0.969 0.803 0.959
107 0.950 0964 0.798 0.961 0918 0.943 0.730 0.941
5x10°% 0.949 0962 0.794 0956 0915 0.940 0.728 0.938
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