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LAMPIRAN 

 

Lampiran 1. Titik Kesetimbangan, Analisis Kestabilan Lokal, dan Analisis 

Kestabilan Global dari 𝐸𝐾 
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Lampiran 2. Matriks 𝑃𝐾 

clc; close all; 
%Nilai Parameter 
r1 = 0.44;  
r2 = 0.18;  
r3 = 0.0245; 
b1 = 9.8*10^(-8);  
b2 = 1*10^(-9);  
b3 = 1*10^(-10); 
rho1 = 1.1*10^(-10);  
rho2 = 4.8*10^(-10); 
mu1 = 0.01;  
mu2 = 0.0412; 
alpha1 = 1.101*10^(-7);  
alpha2 = 3.422*10^(-10); 
beta = 6.2*10^(-9);  
gamma1 = 0.01; 
q1 = 0.08;  
q2 = 1*10^(-12);  
q3 = 1*10^(-5); 
q4 = 2*10^(-11); 
delta1 = 0.0357;  
u0 = 0.5; 

%EK 
EKC = 0; 
EKH = (r2*gamma1-mu1*gamma1-q2*delta1*u0)/(r2*b2*gamma1); 
EKIP = (mu2*gamma1+q4*delta1*u0)/(beta*gamma1); 
EKIS = (r3*beta*gamma1-r3*b3*mu2*gamma1-r3*b3*q4*delta1*u0-

beta*q3*delta1*u0)/(((beta)^2)*gamma1); 
EKDK = (delta1*u0)/gamma1; 

%Nilai JK 
xi1 = r1-2*r1*b1*EKC-rho1*EKH-alpha1*EKIS-q1*EKDK; 
xi2 = -rho1*EKC; 
xi3 = -alpha1*EKC; 
xi4 = -q1*EKC; 
xi5 = -rho2*EKH; 
xi6 = r2-2*r2*b2*EKH-mu1-rho2*EKC-q2*EKDK; 
xi7 = -q2*E1H; 
xi8 = r3-2*r3*b3*EKIP-beta*EKIS-q3*EKDK; 
xi9 = -beta*EKIP; 
xi10= -q3*EKIP; 
xi11= -alpha2*EKIS; 
xi12= beta*EKIS; 
xi13= beta*EKIP-mu2-alpha2*EKC-q4*EKDK; 
xi14= -q4*EKIS; 
xi15= -gamma1; 

%Matriks JK 
JK = [xi1 xi2 0 xi3 xi4; xi5 xi6 0 0 xi7; 0 0 xi8 xi9 xi10; xi11 0 

xi12 xi13 xi14; 0 0 0 0 xi15] 
JKT = transpose(JK); 

%Matriks RK 
RK = eye(5); 

%Matriks P by Lyapunov Eq 
PK_Ly = lyap(JKT,RK); 
PK = vpa(PK_Ly,15) 
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Lampiran 3. Titik Kesetimbangan, Analisis Kestabilan Lokal, dan Analisis 

Kestabilan Global dari 𝐸𝐼 
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Lampiran 4. Matriks 𝑃𝐼 

clc; close all; 
%Nilai Parameter 
r1 = 0.44;  
r2 = 0.18;  
r3 = 0.0245; 
b1 = 9.8*10^(-8);  
b2 = 1*10^(-9);  
b3 = 1*10^(-10); 
rho1 = 1.1*10^(-10);  
rho2 = 4.8*10^(-10); 
mu1 = 0.01;  
mu2 = 0.0412; 
alpha1 = 1.101*10^(-7);  
alpha2 = 3.422*10^(-10); 
beta = 6.2*10^(-9);  
gamma2 = 0.02; 
s1 = 1*10^(-2);  
s2 = 1*10^(-5);  
delta2 = 0.0179; 
v0 = 0.4; 
%EI 
EIC = 0; 
EIH = (r2-mu1)/(r2*b2); 
EIIP = (mu2*gamma2+s2*delta2*v0)/(beta*gamma2); 
EIIS = (r3*beta*gamma2-

r3*b3*mu2*gamma2+r3*b3*s2*delta2*v0+beta*s1*delta2*v0)/(((beta)^2)

*gamma2); 
EIDI = (delta2*v0)/gamma2; 
%Nilai JI 
ze1 = r1-2*r1*b1*EIC-rho1*EIH-alpha1*EIIS; 
ze2 = -rho1*EIC; 
ze3 = -alpha1*EIC; 
ze4 = -rho2*EIH; 
ze5 = r2-2*r2*b2*EIH-mu1-rho2*EIC; 
ze6 = r3-2*r3*b3*EIIP-beta*EIIS+s1*EIDI; 
ze7 = -beta*EIIP; 
ze8 = s1*EIIP; 
ze9 = -alpha2*EIIS; 
ze10= beta*EIIS; 
ze11= beta*EIIP-mu2-alpha2*EIC+s2*EIDI; 
ze12= s2*EIIS; 
ze13= -gamma2; 
%Matriks JI dan JIT 
JI = [ze1 ze2 0 ze3 0; ze4 ze5 0 0 0; 0 0 ze6 ze7 ze8; ze9 0 ze10 

ze11 ze12; 0 0 0 0 ze13] 
JIT = transpose(JI); 
%Matriks RI 
RI = eye(5);  
%Matriks PI by Lyapunov Eq 
PI_Ly = lyap(JIT,RI); 
PI = vpa(PI_Ly,15) 
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Lampiran 5. Penjabaran 𝑗1, 𝑗2, … , 𝑗5 pada Analisis Kestabilan Lokal 𝐸𝐾 
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Lampiran 6. Penjabaran 𝑘1, 𝑘2, … , 𝑘5 pada Analisis Kestabilan Lokal 𝐸𝐼 
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Lampiran 7. Simulasi Numerik untuk Sistem Tanpa Terapi 

function dy =  F_TanpaTerapi (t,y) 
clc; close all; 

  
%Nilai Parameter 
r1 = 0.44;  
r2 = 0.18;  
r3 = 0.0245; 
b1 = 9.8*10^(-8);  
b2 = 1*10^(-9);  
b3 = 1*10^(-10); 
rho1 = 1.1*10^(-10);  
rho2 = 4.8*10^(-10); 
mu1 = 0.01;  
mu2 = 0.0412; 
alpha1 = 1.101*10^(-7);  
alpha2 = 3.422*10^(-10); 
beta = 6.2*10^(-9);  

  
%Sistem Tanpa Terapi 
dy = zeros(4,1); 

  
dy(1)= r1*y(1)-r1*b1*y(1)*y(1)-rho1*y(2)*y(1)-alpha1*y(4)*y(1); 
dy(2)= r2*y(2)-r2*b2*y(2)*y(2)-mu1*y(2)-rho2*y(1)*y(2); 
dy(3)= r3*y(3)-r3*b3*y(3)*y(3)-beta*y(4)*y(3); 
dy(4)= beta*y(3)*y(4)-mu2*y(4)-alpha2*y(1)*y(4); 
end 

 
%SIMULASI NUMERIK:  
%Tanpa Pengaruh Terapi 
clc; clear all; 
time1 = linspace(0,350); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History1 = [ na1; na2; na3; na4 ]; 

  
%----------------------------TANPA TERAPI------------------------- 
sol0 = ode23s(@F_TanpaTerapi, time1, History1); 
S1 = sol0.x'; X1 = sol0.y'; 
S2 = sol0.x'; X2 = sol0.y'; 
S3 = sol0.x'; X3 = sol0.y'; 
S4 = sol0.x'; X4 = sol0.y'; 
P1 = spline (S1, X1(:,1),time1); 
P2 = spline (S2, X2(:,2),time1); 
P3 = spline (S3, X3(:,3),time1); 
P4 = spline (S4, X4(:,4),time1); 

  
%Plot 
subplot (321) 
plot (time1, P1, 'black', 'LineWidth', 1.5) 
hold on 
xlabel('Waktu (Hari)','Fontsize',12) 
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ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, P2, 'black', 'LineWidth', 1.5) 
hold on 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, P3, 'black', 'LineWidth', 1.5) 
hold on 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, P4, 'black', 'LineWidth', 1.5) 
hold on 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 
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Lampiran 8. Simulasi Numerik untuk Sistem Kemoterapi Konstan 

function dy =  F_Kemo_Konstan (t,y) 
clc; close all; 

  
%Nilai Parameter 
r1 = 0.44;  
r2 = 0.18;  
r3 = 0.0245; 
b1 = 9.8*10^(-8);  
b2 = 1*10^(-9);  
b3 = 1*10^(-10); 
rho1 = 1.1*10^(-10);  
rho2 = 4.8*10^(-10); 
mu1 = 0.01;  
mu2 = 0.0412; 
alpha1 = 1.101*10^(-7);  
alpha2 = 3.422*10^(-10); 
beta = 6.2*10^(-9);  
gamma1 = 0.01; 
q1 = 0.9;  
q2 = 1*10^(-12);  
q3 = 1*10^(-5); 
q4 = 2*10^(-11); 
delta1 = 0.0357;  
u0 = 0.5; 

  
%Sistem Kemoterapi Konstan 
dy = zeros(5,1); 

  
dy(1)= r1*y(1)-r1*b1*y(1)*y(1)-rho1*y(2)*y(1)-alpha1*y(4)*y(1)-

q1*y(5)*y(1); 
dy(2)= r2*y(2)-r2*b2*y(2)*y(2)-mu1*y(2)-rho2*y(1)*y(2)-

q2*y(5)*y(2); 
dy(3)= r3*y(3)-r3*b3*y(3)*y(3)-beta*y(4)*y(3)-q3*y(5)*y(3); 
dy(4)= beta*y(3)*y(4)-mu2*y(4)-alpha2*y(1)*y(4)-q4*y(5)*y(4); 
dy(5)= delta1*u0-gamma1*y(5); 
end 

  
%SIMULASI NUMERIK:  
%Pengaruh Pemberian Kemoterapi secara Konstan 
clc; clear all; 
time1 = linspace(0,350); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History2 = [ na1; na2; na3; na4; na5 ]; 

  
%-------------------------KEMOTERAPI KONSTAN---------------------- 
sol1 = ode23s(@F_Kemo_Konstan, time1, History2); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
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T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 
Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%Plot  
subplot (321) 
plot (time1, Q1,'red', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 

  
subplot (325) 
plot (time1, Q5,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('DK (mg/L)', 'Fontsize', 12) 
title ('(e)'); 
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Lampiran 9. Simulasi Numerik untuk Sistem Kemoterapi Periodik 

function dy =  F_Kemo_Periodik (t,y) 
clc; close all; 

  
%Nilai Parameter 
r1 = 0.44;  
r2 = 0.18;  
r3 = 0.0245; 
b1 = 9.8*10^(-8);  
b2 = 1*10^(-9);  
b3 = 1*10^(-10); 
rho1 = 1.1*10^(-10);  
rho2 = 4.8*10^(-10); 
mu1 = 0.01;  
mu2 = 0.0412; 
alpha1 = 1.101*10^(-7);  
alpha2 = 3.422*10^(-10); 
beta = 6.2*10^(-9);  
gamma1 = 0.01; 
q1 = 0.9;  
q2 = 1*10^(-12);  
q3 = 1*10^(-5); 
q4 = 2*10^(-11);  
delta1 = 0.0357;  
psi1 = 2; 
omega = 0.2; 
u0 = 0.5; 

  
%Sistem Kemoterapi Periodik 
dy = zeros(5,1); 

  
dy(1)= r1*y(1)-r1*b1*y(1)*y(1)-rho1*y(2)*y(1)-alpha1*y(4)*y(1)-

q1*y(5)*y(1); 
dy(2)= r2*y(2)-r2*b2*y(2)*y(2)-mu1*y(2)-rho2*y(1)*y(2)-

q2*y(5)*y(2); 
dy(3)= r3*y(3)-r3*b3*y(3)*y(3)-beta*y(4)*y(3)-q3*y(5)*y(3); 
dy(4)= beta*y(3)*y(4)-mu2*y(4)-alpha2*y(1)*y(4)-q4*y(5)*y(4); 
dy(5)= delta1*(u0+psi1*sin(omega*t))-gamma1*y(5); 
end 

  
%SIMULASI NUMERIK:  
%Pengaruh Pemberian Kemoterapi secara Periodik 
clc; clear all; 
time1 = linspace(0,350); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History2 = [ na1; na2; na3; na4; na5 ]; 

  
%-------------------------KEMOTERAPI PERIODIK--------------------- 
sol1 = ode23s(@F_Kemo_Periodik, time1, History2); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
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T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 
Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%Plot  
subplot (321) 
plot (time1, Q1,'red', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 

  
subplot (325) 
plot (time1, Q5,'red', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('DK (mg/L)', 'Fontsize', 12) 
title ('(e)'); 
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Lampiran 10. Simulasi Numerik untuk Sistem Imunoterapi Konstan 

function dy =  F_Imuno_Konstan (t,y) 
clc; close all; 

  
%Nilai Parameter 
r1 = 0.44;  
r2 = 0.18;  
r3 = 0.0245; 
b1 = 9.8*10^(-8);  
b2 = 1*10^(-9);  
b3 = 1*10^(-10); 
rho1 = 1.1*10^(-10);  
rho2 = 4.8*10^(-10); 
mu1 = 0.01;  
mu2 = 0.0412; 
alpha1 = 1.101*10^(-7);  
alpha2 = 3.422*10^(-10); 
beta = 6.2*10^(-9);  
gamma2 = 0.02; 
s1 = 1*10^(-2);  
s2 = 1*10^(-5);  
delta2 = 0.0179; 
v0 = 0.4; 

  
%Sistem Imunoterapi Konstan 
dy = zeros(5,1); 

  
dy(1)= r1*y(1)-r1*b1*y(1)*y(1)-rho1*y(2)*y(1)-alpha1*y(4)*y(1); 
dy(2)= r2*y(2)-r2*b2*y(2)*y(2)-mu1*y(2)-rho2*y(1)*y(2); 
dy(3)= r3*y(3)-r3*b3*y(3)*y(3)-beta*y(4)*y(3)+s1*y(5)*y(3); 
dy(4)= beta*y(3)*y(4)-mu2*y(4)-alpha2*y(1)*y(4)+s2*y(5)*y(4); 
dy(5)= delta2*v0-gamma2*y(5); 
end 

  
%SIMULASI NUMERIK:  
%Pengaruh Pemberian Imunoterapi secara Konstan 
clc; clear all; 
time1 = linspace(0,350); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History2 = [ na1; na2; na3; na4; na5 ]; 

  
%-------------------------IMUNOTERAPI KONSTAN--------------------- 
sol1 = ode23s(@F_Imuno_Konstan, time1, History2); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 
Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
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Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%Plot  
subplot (321) 
plot (time1, Q1,'blue', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 

  
subplot (325) 
plot (time1, Q5,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('DI (mg/L)', 'Fontsize', 12) 
title ('(e)'); 
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Lampiran 11. Simulasi Numerik untuk Sistem Imunoterapi Periodik 

function dy =  F_Imuno_Periodik (t,y) 
clc; close all; 

  
%Nilai Parameter 
r1 = 0.44;  
r2 = 0.18;  
r3 = 0.0245; 
b1 = 9.8*10^(-8);  
b2 = 1*10^(-9);  
b3 = 1*10^(-10); 
rho1 = 1.1*10^(-10);  
rho2 = 4.8*10^(-10); 
mu1 = 0.01;  
mu2 = 0.0412; 
alpha1 = 1.101*10^(-7);  
alpha2 = 3.422*10^(-10); 
beta = 6.2*10^(-9);  
gamma2 = 0.02; 
s1 = 1*10^(-2);  
s2 = 1*10^(-5);  
delta2 = 0.0179; 
psi2 = 2; 
omega = 0.2; 
v0 = 0.4; 

  
%Sistem Imunoterapi Periodik 
dy = zeros(5,1); 

  
dy(1)= r1*y(1)-r1*b1*y(1)*y(1)-rho1*y(2)*y(1)-alpha1*y(4)*y(1); 
dy(2)= r2*y(2)-r2*b2*y(2)*y(2)-mu1*y(2)-rho2*y(1)*y(2); 
dy(3)= r3*y(3)-r3*b3*y(3)*y(3)-beta*y(4)*y(3)+s1*y(5)*y(3); 
dy(4)= beta*y(3)*y(4)-mu2*y(4)-alpha2*y(1)*y(4)+s2*y(5)*y(4); 
dy(5)= delta2*(v0+psi2*sin(omega*t))-gamma2*y(5); 
end 

  
%SIMULASI NUMERIK:  
%Pengaruh Pemberian Imunoterapi secara Periodik 
clc; clear all; 
time1 = linspace(0,350); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History2 = [ na1; na2; na3; na4; na5 ]; 

  
%-------------------------IMUNOTERAPI PERIODIK-------------------- 
sol1 = ode23s(@F_Imuno_Periodik, time1, History2); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 



 

103 

 

Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%Plot  
subplot (321) 
plot (time1, Q1,'blue', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 

  
subplot (325) 
plot (time1, Q5,'blue', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('DI (mg/L)', 'Fontsize', 12) 
title ('(e)'); 
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Lampiran 12.  Simulasi Numerik untuk Sistem Kombinasi Imunoterapi Konstan-

Kemoterapi Konstan 

%SIMULASI NUMERIK KOMBINASI: 
%Pengaruh Pemberian Imunoterapi Konstan-Kemoterapi Konstan 
clc; clear all; 

  
%--------------------------TERAPI PERTAMA------------------------- 
time1 = linspace(0,60); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History1 = [ na1; na2; na3; na4; na5 ]; 

  
%Imunoterapi Konstan 
sol1 = ode23s(@F_Imuno_Konstan, time1, History1); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 
Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%--------------------------TERAPI KEDUA--------------------------- 
time2 = linspace(60,350); 
%Kondisi Awal 
na11 = 7.774e+06;  
na22 = 9.238e+08;  
na33 = 1.484e+06;  
na44 = 2.56e+04;  
na55 = 0; 
History2 = [ na11; na22; na33; na44; na55 ]; 

  
%Kemoterapi Konstan 
sol01 = ode23s(@F_Kemo_Konstan, time2, History2); 
T01 = sol01.x'; Y01 = sol01.y'; 
T02 = sol01.x'; Y02 = sol01.y'; 
T03 = sol01.x'; Y03 = sol01.y'; 
T04 = sol01.x'; Y04 = sol01.y'; 
T05 = sol01.x'; Y05 = sol01.y'; 
Q01 = spline (T01, Y01(:,1),time2); 
Q02 = spline (T02, Y02(:,2),time2); 
Q03 = spline (T03, Y03(:,3),time2); 
Q04 = spline (T04, Y04(:,4),time2); 
Q05 = spline (T05, Y05(:,5),time2); 

  
%Plot 
subplot (321) 
plot (time1, Q1, 'g',time2, Q01, 'g', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 
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ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2, 'g',time2, Q02, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3, 'g',time2, Q03, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4, 'g',time2, Q04, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 
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Lampiran 13.  Simulasi Numerik untuk Sistem Kombinasi Imunoterapi Konstan-

Kemoterapi Periodik 

%SIMULASI NUMERIK KOMBINASI: 
%Pengaruh Pemberian Imunoterapi Konstan-Kemoterapi Periodik 
clc; clear all; 

  
%--------------------------TERAPI PERTAMA------------------------- 
time1 = linspace(0,60); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History1 = [ na1; na2; na3; na4; na5 ]; 

  
%Imunoterapi Konstan 
sol1 = ode23s(@F_Imuno_Konstan, time1, History1); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 
Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%--------------------------TERAPI KEDUA--------------------------- 
time2 = linspace(60,350); 
%Kondisi Awal 
na11 = 7.774e+06;  
na22 = 9.238e+08;  
na33 = 1.484e+06;  
na44 = 2.56e+04;  
na55 = 0; 
History2 = [ na11; na22; na33; na44; na55 ]; 

  
%Kemoterapi Periodik 
sol01 = ode23s(@F_Kemo_Periodik, time2, History2); 
T01 = sol01.x'; Y01 = sol01.y'; 
T02 = sol01.x'; Y02 = sol01.y'; 
T03 = sol01.x'; Y03 = sol01.y'; 
T04 = sol01.x'; Y04 = sol01.y'; 
T05 = sol01.x'; Y05 = sol01.y'; 
Q01 = spline (T01, Y01(:,1),time2); 
Q02 = spline (T02, Y02(:,2),time2); 
Q03 = spline (T03, Y03(:,3),time2); 
Q04 = spline (T04, Y04(:,4),time2); 
Q05 = spline (T05, Y05(:,5),time2); 

  
%Plot 
subplot (321) 
plot (time1, Q1, 'g',time2, Q01, 'g', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 
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ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2, 'g',time2, Q02, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3, 'g',time2, Q03, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4, 'g',time2, Q04, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 
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Lampiran 14.  Simulasi Numerik untuk Sistem Kombinasi Imunoterapi Periodik-

Kemoterapi Konstan 

%SIMULASI NUMERIK KOMBINASI: 
%Pengaruh Pemberian Imunoterapi Periodik-Kemoterapi Konstan 
clc; clear all; 

  
%--------------------------TERAPI PERTAMA------------------------- 
time1 = linspace(0,60); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History1 = [ na1; na2; na3; na4; na5 ]; 

  
%Imunoterapi Periodik 
sol1 = ode23s(@F_Imuno_Periodik, time1, History1); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 
Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%--------------------------TERAPI KEDUA--------------------------- 
time2 = linspace(60,350); 
%Kondisi Awal 
na11 = 7.773e+06;  
na22 = 9.238e+08;  
na33 = 1.58e+06;  
na44 = 2.603e+04;  
na55 = 0; 
History2 = [ na11; na22; na33; na44; na55 ]; 

  
%Kemoterapi Konstan 
sol01 = ode23s(@F_Kemo_Konstan, time2, History2); 
T01 = sol01.x'; Y01 = sol01.y'; 
T02 = sol01.x'; Y02 = sol01.y'; 
T03 = sol01.x'; Y03 = sol01.y'; 
T04 = sol01.x'; Y04 = sol01.y'; 
T05 = sol01.x'; Y05 = sol01.y'; 
Q01 = spline (T01, Y01(:,1),time2); 
Q02 = spline (T02, Y02(:,2),time2); 
Q03 = spline (T03, Y03(:,3),time2); 
Q04 = spline (T04, Y04(:,4),time2); 
Q05 = spline (T05, Y05(:,5),time2); 

  
%Plot 
subplot (321) 
plot (time1, Q1, 'g',time2, Q01, 'g', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 
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ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2, 'g',time2, Q02, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3, 'g',time2, Q03, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4, 'g',time2, Q04, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 
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Lampiran 15.  Simulasi Numerik untuk Sistem Kombinasi Imunoterapi Periodik-

Kemoterapi Periodik 

%SIMULASI NUMERIK KOMBINASI 
%Pengaruh Pemberian Imunoterapi Periodik-Kemoterapi Periodik 
clc; clear all; 

  
%--------------------------TERAPI PERTAMA------------------------- 
time1 = linspace(0,60); 
%Kondisi Awal 
na1 = 10^6;  
na2 = 10^9;  
na3 = 3*10^5;  
na4 = 3*10^5;  
na5 = 0; 
History1 = [ na1; na2; na3; na4; na5 ]; 

  
%Imunoterapi Periodik 
sol1 = ode23s(@F_Imuno_Periodik, time1, History1); 
T1 = sol1.x'; Y1 = sol1.y'; 
T2 = sol1.x'; Y2 = sol1.y'; 
T3 = sol1.x'; Y3 = sol1.y'; 
T4 = sol1.x'; Y4 = sol1.y'; 
T5 = sol1.x'; Y5 = sol1.y'; 
Q1 = spline (T1, Y1(:,1),time1); 
Q2 = spline (T2, Y2(:,2),time1); 
Q3 = spline (T3, Y3(:,3),time1); 
Q4 = spline (T4, Y4(:,4),time1); 
Q5 = spline (T5, Y5(:,5),time1); 

  
%--------------------------TERAPI KEDUA--------------------------- 
time2 = linspace(60,350); 
%Kondisi Awal 
na11 = 7.773e+06;  
na22 = 9.238e+08;  
na33 = 1.58e+06;  
na44 = 2.603e+04;  
na55 = 0; 
History2 = [ na11; na22; na33; na44; na55 ]; 

  
%Kemoterapi Periodik 
sol01 = ode23s(@F_Kemo_Periodik, time2, History2); 
T01 = sol01.x'; Y01 = sol01.y'; 
T02 = sol01.x'; Y02 = sol01.y'; 
T03 = sol01.x'; Y03 = sol01.y'; 
T04 = sol01.x'; Y04 = sol01.y'; 
T05 = sol01.x'; Y05 = sol01.y'; 
Q01 = spline (T01, Y01(:,1),time2); 
Q02 = spline (T02, Y02(:,2),time2); 
Q03 = spline (T03, Y03(:,3),time2); 
Q04 = spline (T04, Y04(:,4),time2); 
Q05 = spline (T05, Y05(:,5),time2); 

  
%Plot 
subplot (321) 
plot (time1, Q1, 'g',time2, Q01, 'g', 'LineWidth', 1.5); 
xlabel('Waktu (Hari)','Fontsize',12) 



 

111 

 

ylabel('C (sel)', 'Fontsize', 12) 
title ('(a)'); 

  
subplot (322) 
plot (time1, Q2, 'g',time2, Q02, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
title ('(b)'); 

  
subplot (323) 
plot (time1, Q3, 'g',time2, Q03, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Ip (sel)', 'Fontsize', 12) 
title ('(c)'); 

  
subplot (324) 
plot (time1, Q4, 'g',time2, Q04, 'g', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('Is (sel)', 'Fontsize', 12) 
title ('(d)'); 
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Lampiran 16.  Perhitungan Efek Toksisitas terhadap Sel Normal yang Dihasilkan 

oleh Kemoterapi Tunggal dan Kombinasi Terapi 

function dy =  F_Toksik_KemoK (t,y) 
clc; close all; 
%Nilai Parameter  
gamma1 = 0.01; 
q2 = 1*10^(-12);  
delta1 = 0.0357;  
u0 = 0.5; 
%Efek Toksisitas Kemoterapi Konstan terhadap Sel Normal 
dy = zeros(2,1); 
dy(1)= -q2*y(2)*y(1); 
dy(2)= delta1*u0-gamma1*y(2); 
end 

  
function dy =  F_Toksik_KemoP (t,y) 
clc; close all; 
%Nilai Parameter  
gamma1 = 0.01; 
q2 = 1*10^(-12);  
delta1 = 0.0357;  
psi1 = 2; 
omega = 0.2; 
u0 = 0.5; 
%Efek Toksisitas Kemoterapi Periodik terhadap Sel Normal 
dy = zeros(2,1); 
dy(1)= -q2*y(2)*y(1); 
dy(2)= delta1*(u0+psi1*sin(omega*t))-gamma1*y(2); 
end 

  
%Perhitungan Efek Sitotoksik dari KEMOTERAPI TUNGGAL 
clc; clear all; 
time1 = linspace(0,350); 
%Kondisi Awal 
na2 = 10^9;  
na5 = 0; 
History2 = [ na2; na5 ]; 
%-------------------------KEMOTERAPI KONSTAN---------------------- 
sol1 = ode23s(@F_Toksik_KemoK, time1, History2); 
T2 = sol1.x'; Y2 = sol1.y'; 
Q2 = spline (T2, Y2(:,1),time1); 
%Plot  
plot (time1, Q2,'black', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
%Besar Efek Toksisitas dari Kemoterapi Konstan terhadap Sel Normal 
ET_H_KK = trapz(T2, Y2(:,1)) 
%-------------------------KEMOTERAPI PERIODIK--------------------- 
sol11 = ode23s(@F_Toksik_KemoP, time1, History2); 
T22 = sol11.x'; Y22 = sol11.y'; 
Q22 = spline (T22, Y22(:,1),time1); 
%Plot  
plot (time1, Q22,'black', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
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%Besar Efek Toksisitas dari Kemoterapi Periodik terhadap Sel 

Normal 
ET_H_KP = trapz(T22, Y22(:,1)) 

 

%Perhitungan Efek Sitotoksik dari KOMBINASI TERAPI 
%IMUNOTERAPI KONSTAN-KEMOTERAPI KONSTAN: 
clc; clear all; 
%--------------------------TERAPI PERTAMA------------------------- 
%Besar Efek Toksisitas Imunoterapi Konstan terhadap Sel Normal = 0 
ET_H_IK = 0; 
%--------------------------TERAPI KEDUA--------------------------- 
time1 = linspace(60,350); 
%Kondisi Awal 
na22 = 9.238e+08;  
na55 = 0; 
History1 = [ na22; na55 ]; 
%Kemoterapi Konstan 
sol1 = ode23s(@F_Toksik_KemoK, time1, History1); 
T2 = sol1.x'; Y2 = sol1.y'; 
Q2 = spline (T2, Y2(:,1),time1); 
%Plot  
plot (time1, Q2,'black', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
%Besar Efek Toksisitas dari Kemoterapi Konstan terhadap Sel Normal 
ET_H_KK = trapz(T2, Y2(:,1)); 
%Total Efek Toksisitas dari Imunoterapi Konstan-Kemoterapi Konstan 

terhadap Sel Normal 
ET_H = ET_H_IK + ET_H_KK 

 
%IMUNOTERAPI KONSTAN-KEMOTERAPI PERIODIK: 
clc; clear all; 
%--------------------------TERAPI PERTAMA------------------------- 
%Besar Efek Toksisitas Imunoterapi Konstan terhadap Sel Normal = 0 
ET_H_IK = 0; 
%--------------------------TERAPI KEDUA--------------------------- 
time1 = linspace(60,350); 
%Kondisi Awal 
na22 = 9.238e+08;  
na55 = 0; 
History1 = [ na22; na55 ]; 
%Kemoterapi Periodik 
sol1 = ode23s(@F_Toksik_KemoP, time1, History1); 
T2 = sol1.x'; Y2 = sol1.y'; 
Q2 = spline (T2, Y2(:,1),time1); 
%Plot  
plot (time1, Q2,'black', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
%Besar Efek Toksisitas dari Kemoterapi Periodik terhadap Sel 

Normal 
ET_H_KP = trapz(T2, Y2(:,1)); 
%Total Efek Toksisitas dari Imunoterapi Konstan-Kemoterapi 

Periodik terhadap Sel Normal 
ET_H = ET_H_IK + ET_H_KP 
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%IMUNOTERAPI PERIODIK-KEMOTERAPI KONSTAN: 
clc; clear all; 
%--------------------------TERAPI PERTAMA------------------------- 
%Besar Efek Toksisitas Imunoterapi Periodik terhadap Sel Normal= 0 
ET_H_IP = 0; 
%--------------------------TERAPI KEDUA--------------------------- 
time1 = linspace(60,350); 
%Kondisi Awal 
na22 = 9.238e+08;  
na55 = 0; 
History1 = [ na22; na55 ]; 
%Kemoterapi Konstan 
sol1 = ode23s(@F_Toksik_KemoK, time1, History1); 
T2 = sol1.x'; Y2 = sol1.y'; 
Q2 = spline (T2, Y2(:,1),time1); 
%Plot  
plot (time1, Q2,'black', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
%Besar Efek Toksisitas dari Kemoterapi Konstan terhadap Sel Normal 
ET_H_KK = trapz(T2, Y2(:,1)); 
%Total Efek Toksisitas dari Imunoterapi Periodik-Kemoterapi 

Konstan terhadap Sel Normal 
ET_H = ET_H_IP + ET_H_KK 

 
%IMUNOTERAPI PERIODIK-KEMOTERAPI PERIODIK: 

clc; clear all; 
%--------------------------TERAPI PERTAMA------------------------- 
%Besar Efek Toksisitas Imunoterapi Periodik terhadap Sel Normal= 0 
ET_H_IP = 0; 
%--------------------------TERAPI KEDUA--------------------------- 
time1 = linspace(60,350); 
%Kondisi Awal 
na22 = 9.238e+08;  
na55 = 0; 
History1 = [ na22; na55 ]; 
%Kemoterapi Periodik 
sol1 = ode23s(@F_Toksik_KemoP, time1, History1); 
T2 = sol1.x'; Y2 = sol1.y'; 
Q2 = spline (T2, Y2(:,1),time1); 
%Plot  
plot (time1, Q2,'black', 'LineWidth', 1.5) 
xlabel('Waktu (Hari)','Fontsize',12) 
ylabel('H (sel)', 'Fontsize', 12) 
%Besar Efek Toksisitas dari Kemoterapi Periodik terhadap Sel 

Normal 
ET_H_KP = trapz(T2, Y2(:,1)); 
%Total Efek Toksisitas dari Imunoterapi Periodik-Kemoterapi 

Periodik terhadap Sel Normal 
ET_H = ET_H_IP + ET_H_KP 
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Berdasarkan hasil simulasi tersebut, diperoleh bahwa besar efek toksisitas 

dari kemoterapi tunggal baik kemoterapi konstan dan kemoterapi periodik, yaitu 

sebesar  3,50 × 1011 sedangkan dari kombinasi terapi baik imunoterapi konstan-

kemoterapi konstan, imunoterapi konstan-kemoterapi periodik, imunoterapi 

periodik-kemoterapi konstan, dan imunoterapi periodik-kemoterapi periodik, yaitu 

sebesar 2,65 × 1011. Jika dilakukan perhitungan sebagai berikut: 

3,50 × 1011 − 2,65 × 1011

3,50 × 1011
× 100% = 24,29%, 

maka diperoleh bahwa efek toksisitas terhadap sel normal yang dihasilkan oleh 

kombinasi terapi yaitu 24,29% lebih rendah dibandingkan dengan yang dihasilkan 

oleh kemoterapi tunggal. 


