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gl Qi (HGA_ EM) el fiaall 2y Jlaainls ol jiiall 3 sai¥) clalaa i o5 5 al3i / alal) Rige iiinse
20 L5 (MCV #lseall adll iy S ans Jassias (HB pall lad 30 gla <l jii5e & (4.5.] Llaa¥l) R 4al
[1][11] Urea_Blood
‘ (Hb) skl sdigall & idial) g3 gai¥) Ciladea piii 1,9
(Longitudinal Submodel) gl S (1,0) 5 skaall Adlay Jasi 3 o i Joh 235l JS
yhb (tij) = By, Hb + By yp( Sex); + B, yp( age)i + Bs yp(treat.)i
+By up(tij) + boup + brun(ti;) + € (ti))
(Survival Submodel) (Hb) < siwal Ape all 43 ghall 5 ) shadldl Allay Jas jall e Hal) sl 73 sai¥) Ll
hap,i, () = hyp 016X {11 b (Sex); + Wiz mp(ag)i + Wazmp( treat.); 21)
+ @pp,1Mpp,i (1)
Gaall Ggas sha e sl e (Hbs g5 seally Guialdl) @l pusiall 535 s iy, Uy, Pz 0y 0 O 3

(20)

Ay
(Hb) skl yisall (HGA-EM) 4 lally &l jidiall 23 sai¥) cilalaa ai zilis (1) Jgand)
. S Confidence
Methods Type model Variable Estimation (Mean) St-Dev Interval95%
(Intercept) 7.9397 0.58 (7.94, 8.68)
o Time 0.0551 0.10 (-0.15, 0.26)
Longﬁgﬁl Sub Age 0.0117 0.024 (-0.037, 0.061)
Gender 0.2085 0.21 (-0.20, 0.62)
B Drug_Type -0.0835 0.11 (-0.29,0.12)
HGA-EM Age -0.0789 0024  (-0.127,-0.030)
Gender -0.1847 0.22 (-0.62, 0.23)
Survival Sub Model Drug_Type 0.1039 0.11 (-0.14, 0.34)
value (HB) = o -0.0823 0.01 (-0.10, -0.06)
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Joint models are advanced statistical methods that enable the
integrated analysis of longitudinal and survival data, particularly
when there is a structural association between a biomarker's
temporal trajectory and the risk of a clinical event. In this context,
the present study aims to develop a more efficient estimation of joint
model parameters by adopting the Hybrid Genetic Algorithm-—
Expectation Maximization (HGA-EM) approach, which combines
the global search capability of genetic algorithms with the
optimization and stabilization properties of the EM algorithm, This
approach was applied to clinical data from patients with
thalassemia, including three longitudinal biomarkers (HB, MCV,
and Urea) measured over three follow-up visits. The results showed
that the HB index increased gradually over time (0.0551). Higher HB
values were associated with a noticeable reduction in the risk of
relapse, as indicated by a negative longitudinal-survival association
parameter (—0.0823), The mean MCV was approximately 77.99 with
a limited time effect (0.1205), and it demonstrated a slight risk-
reducing survival association (—0.0088), In contrast, Urea was the
most variable biomarker, increasing over time (0.2835) and showing
a clearer association with an increased probability of the event,
reflected by a relatively larger negative survival coefficient
(—0.02745), Overall, these findings highlight the efficiency of the
HGA-EM hybrid approach in achieving more stable and accurate
estimates than conventional methods and in precisely capturing the
dynamic relationship between longitudinal biomarkers and the risk
of clinical events.
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