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Abstract:

Introduction: Management of patients on the waiting list for deceased donor kidney transplantation (DDKT) 

remains a major challenge in organ transplantation.  Understanding the factors that influence access to trans-

plantation is essential for optimizing allocation systems.  Objective: This study aimed to evaluate the cumulative 

incidence of DDKT and identify independent predictors of transplant probability among patients with end-stage 

kidney disease (ESKD).  Materials and Methods: This study analyzed a cohort of 5,276 ESKD patients registered 

at the Organ Donation Centre, Thai Red Cross Society (ODC-TRCS), between January 1, 2010 and December 31, 

2020.  Demographic characteristics, ABO blood groups, human leukocyte antigen (HLA) sensitization and HLA-A, 

-B, -DR haplotypes were analyzed.  Transplantation was assessed by using cumulative incidence functions, 

with death treated as a competing risk.  Significant factors were identified by using descriptive statistics and 

multivariate Fine–Gray sub-distribution hazard models.  Results: A total of 1,996 patients (37.83%) underwent 

transplantation. The median follow-up time for kidney transplantation was 3.5 years.  The probability of receiving 

a DDKT was 15% within the first year and increased to 45% by year 3. Older age was strongly associated with 

increased transplant likelihood, particularly among patients aged ≥ 60 years [subdistribution hazard ratio (SHR): 

5.63, 95% confidence interval (95%CI): 4.12-7.70; p < 0.001].  Intermediate (50-80% PRA) and high (81-100% PRA) 

sensitization were associated with modestly higher transplant probability compared with low sensitization (SHR 

1.37; 95%CI: 1.02-1.84; p = 0.037 and SHR 1.41, 95%CI: 1.01-1.99; p = 0.045).  Each additional year of dialysis 

reduced the likelihood of transplant by 29% (SHR 0.71, 95%CI: 0.67-0.75; p < 0.001).  ABO blood group and HLA 

haplotype were not significant.  Conclusion: Age, HLA sensitization and dialysis duration significantly influence 

the probability of DDKT.  These findings provide a framework for refining organ allocation policy and may serve 

as one consideration in its improvement. 
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นิพนธต์น้ฉบบั

ปจัจยัท�ำนายระยะเวลารอคอยการปลูกถา่ยไตจากผูบ้รจิาคสมองตายในประเทศไทย: 
การวเิคราะหค์วามเสีย่งที่แข่งขนักนั
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บทคดัย่อ

บทน�ำ  การบริหารจดัการผูป่้วยในบญัชรีายชือ่รอรบัการปลูกถา่ยไตจากผูบ้ริจาคสมองตาย ยงัคงเป็นความทา้ทายหลกัในดา้นการปลูก

ถา่ยอวยัวะ การท�ำความเขา้ใจปจัจยัทีม่อีทิธิพลต่อการเขา้ถงึการปลูกถา่ยไตจงึมคีวามส�ำคญัยิง่ต่อการพฒันาระบบจดัสรรอวยัวะใหม้ี

ประสทิธิภาพสูงสดุ  วตัถุประสงค ์ เพือ่ประเมนิอบุตักิารณส์ะสมของการปลูกถา่ยไตจากผูบ้ริจาคสมองตาย และระบปุจัจยัพยากรณ์

อสิระทีม่ผีลต่อความน่าจะเป็นในการไดร้บัการปลูกถา่ยไตในผูป่้วยโรคไตเร้ือรงัระยะสดุทา้ย  วสัดุและวธิกีาร ท�ำการศึกษาเชงิวเิคราะห ์

ในกลุม่ตวัอย่างผูป่้วยโรคไตเร้ือรงัระยะสดุทา้ยจ�ำนวน 5,276 ราย ทีล่งทะเบยีน ณ ศูนยร์บับริจาคอวยัวะ สภากาชาดไทย ระหวา่ง

วนัที ่1 มกราคม พ.ศ. 2553 ถงึวนัที ่31 ธนัวาคม พ.ศ. 2563 โดยวเิคราะหข์อ้มลูลกัษณะทางประชากร หมูเ่ลอืดระบบ ABO ระดบั

ภมูคิุม้กนัต่อระบบ HLA (HLA sensitization) และลกัษณะทางพนัธุกรรม HLA-A, -B และ -DR สถติทิีใ่ชป้ระเมนิการปลูกถา่ยไต

คือฟงักช์นัอบุตักิารณส์ะสม (cumulative incidence function) โดยก�ำหนดใหก้ารเสยีชวีติเป็นเหตกุารณค์วามเสีย่งคู่แขง่ (compet-

ing risk) และวเิคราะหป์จัจยัทีม่นียัส �ำคญัดว้ยสถติเิชงิพรรณนาและแบบจ�ำลองความเสีย่งส่วนย่อยของ Fine-Gray (multivariate 

Fine–Gray sub-distribution hazard models)  ผลการศึกษา  มผูีป่้วยไดร้บัการปลูกถา่ยไตทัง้หมด 1,996 ราย (รอ้ยละ 37.83) 

ระยะเวลามธัยฐานของการตดิตามผลการปลูกถา่ยไตคือ 3.5 ปี โดยโอกาสทีจ่ะไดร้บัการปลูกถา่ยไตจากผูบ้ริจาคสมองตาย คิดเป็น

รอ้ยละ 15 ภายในปีแรก และเพิม่ขึ้นเป็นรอ้ยละ 45 เมือ่เขา้สู่ปีที ่3 ปจัจยัดา้นอายทุีม่ากขึ้นมคีวามสมัพนัธอ์ย่างมากกบัโอกาสไดร้บั

การปลูกถา่ยไตทีเ่พิม่ขึ้น โดยเฉพาะในกลุม่ผูป่้วยอาย ุ≥ 60 ปี [subdistribution hazard ratio (SHR) 5.63; 95%CI: 4.12-7.70; 

p < 0.001]  ส�ำหรบัผูป่้วยทีม่รีะดบัภมูคิุม้กนัต่อระบบ HLA ระดบัปานกลาง (PRA 50-80%) และระดบัสูง (PRA 81-100%) มี

ความน่าจะเป็นในการไดร้บัการปลูกถา่ยไตเพิม่ขึ้นเลก็นอ้ยเมือ่เทยีบกบักลุม่ทีม่รีะดบัภมูคิุม้กนัต�ำ่ (SHR 1.37; 95%CI: 1.02-1.84; 

p = 0.037 และ SHR 1.41, 95%CI: 1.01-1.99; p = 0.045 ตามล �ำดบั)  นอกจากน้ีพบวา่ ระยะเวลาการฟอกเลอืดทีเ่พิม่ขึ้นทกุ ๆ 

1 ปี สมัพนัธก์บัโอกาสไดร้บัการปลูกถา่ยไตทีล่ดลงรอ้ยละ 29 (SHR 0.71, 95%CI: 0.67-0.75; p < 0.001) ในขณะทีห่มูเ่ลอืดระบบ 

ABO และลกัษณะทางพนัธุกรรม HLA ไมพ่บความแตกต่างอย่างมนียัส�ำคญั  สรุป อาย ุ ระดบัภมูคิุม้กนัต่อระบบ HLA และระยะ

เวลาการฟอกเลอืด เป็นปจัจยัส�ำคญัทีม่อีทิธิพลต่อความน่าจะเป็นในการไดร้บัการปลูกถา่ยไตจากผูบ้ริจาคสมองตาย ขอ้มลูทีค่น้พบน้ี

สามารถใชเ้ป็นกรอบแนวทางในการปรบัปรุงนโยบายการจดัสรรอวยัวะและเป็นขอ้พจิารณาส�ำคญัในการพฒันาระบบใหดี้ยิง่ขึ้นในอนาคต

ค�ำส �ำคญั :	 l การปลูกถา่ยไต  l ผูบ้ริจาคไตสมองตาย  l การวเิคราะหค์วามเสีย่งทีแ่ขง่ขนักนั  l การวเิคราะหร์ะยะการรอดชวีติ

			   l ระยะเวลาการลา้งไต

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2569;36:251-62.
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Introduction

Kidney transplantation is a definitive treatment for 

patients with end-stage kidney disease (ESKD), demon-

strating clear clinical superiority over chronic dialysis in 

terms of both long-term prognosis and patient-reported 

outcome.1-4  Despite these benefits, the global shortage of 

deceased donor organs continues to be a major barrier, 

resulting in prolonged waiting time and significant mor-

tality among candidates on the transplant waiting list.5,6 

Understanding the dynamics of organ allocation and the 

factors that influence the likelihood of receiving a graft 

is therefore crucial for optimizing clinical outcomes and 

ensuring equitable access to kidney transplantation.7-9 

The likelihood of securing a deceased donor kidney  

graft is determined by a combination between recipient 

demographics, clinical status and immunological 

profiles.10-12  Beyond the foundational requirements 

of blood group compatibility and histocompatibility, 

organ allocation systems are increasingly shaped by 

a broader range of variables, including age-related 

eligibility criteria,5,13,14 immunological HLA sensitization 

levels,15,16 and dialysis vintage,6,17,18 all of which critically 

modulate the likelihood of graft acquisition.  Moreover, 

the significance of histocompatibility often diminishes 

when confounding variables are adjusted for.  Although 

univariate analysis showed that recipient age, ethnicity, 

BMI, and HLA mismatching were associated with 

post-transplant kidney function, clinical outcomes are 

ultimately influenced by multiple factors simultaneously. 

To account for this complexity, a multivariate analysis 

was conducted.  The resulting multivariable-adjusted 

model revealed that only recipient gender, ethnicity, BMI, 

and donor age remained significantly associated with 

post-transplant kidney function,19 while the initial effect 

of HLA mismatching was attenuated.  Consequently, 

histocompatibility should not be evaluated in isolation. 

Instead, it must be considered in conjunction with 

recipient demographics and clinical characteristics, as 

its independent impact often diminishes after adjusting 

for these variables.  However, analyzing these factors 

in a wait-listed population presents a unique statistical 

challenge; standard survival estimates are frequently 

compromised by competing risk events, most notably 

pre-transplant mortality, which can lead to a statistical 

overestimation of the probability of transplantation if 

not appropriately addressed through sub-distribution 

hazard modeling.20  This study analyzed a decade of 

patient data to estimate the cumulative incidence of 

kidney transplantation using a competing risks model 

and to identify key clinical and immunological predictors 

of transplantation.  

Materials and Methods

Study populations

This retrospective cohort study was conducted under 

the research exemption category and was approved by 

the Ethical Review Committee for Human Research, 

Faculty of Public Health, Mahidol University, Bangkok, 

Thailand (Approved No. MUPH 45/2023).

The study population included 5,276 patients with 

end stage kidney disease (ESKD) who underwent renal 

dialysis and were registered on the deceased donor 

kidney transplantation (DDKT) waiting list at the Organ 

Donation Centre, Thai Red Cross Society (ODC-TRCS), 

between January 1, 2010 and December 31, 2020.  All 

patients were followed up from the date of registration 

until the occurrence of the event of interest or the end of 

the study period (December 31, 2021).  Eligible participants 

were adults aged at least 18 years who were listed for 

their first single kidney transplantation.  Patients were 

excluded if they: (1) were registered before initiation 

of dialysis, (2) had inactive status on the waitlist or (3) 

had incomplete data on the study variables.

HLA antibody testing and HLA typing classification

HLA antibody screening was performed using LAB-

Screen™ PRA Class I and Class II assays (One Lambda, 

Inc., CA, USA).  Patients were classified according to 

panel reactive antibody (%PRA) levels as follows: low 

sensitization (0-50%), intermediate sensitization (51-80%) 

and high sensitization (> 80%).21 
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Patients’ HLA types were classified based on HLA-A, 

-B and -DR haplotype frequencies derived from the 

Thai Stem Cell Donor Registry (TSCDR).22  Haplotypes 

with a frequency of at least 0.01% were categorized 

as common, whereas those with a frequency less than 

0.01% were classified as rare.23 

Data collection

Demographic and clinical data were extracted from 

the ODC-TRCS patient registry database.  The retrieved 

variables included sex, age, ABO blood group, HLA 

antibody status, HLA antigens, waiting list status, 

and mortality status.  Following extraction, the dataset 

underwent a thorough data cleaning process to resolve 

inconsistencies and manage missing values prior to 

statistical analysis.

Haplotype frequency and estimated haplotype counts

HLA-A, -B, -DR haplotype frequency (HF%) using 

the following formula: HF% = (n/N) × 100, where n was 

the sum of the haplotype and N was the total number 

of chromosomes analyzed in the group.24

The estimated haplotype counts for the Thai 

National Stem Cell Donor Registry (TSCDR) donors were 

calculated using the EM algorithm, with the formula: 

Count = (HF/100) × 2n, where n represents the total 

number of individuals in the study.25

Statistical analysis

All categorical variables were described as frequency 

(percentage).  The distribution of estimated haplotype 

frequencies was compared between groups by using 

a global Pearson’s Chi-square test to evaluate overall 

significance.  For post-hoc comparisons, the frequency 

of each haplotype was compared between the recipient 

and donor groups.  Odds Ratios (ORs) and 95% confi-

dence intervals (95%CI) were calculated.  To account for 

multiple testing across 16 haplotypes and control Type 

I error inflation, the Bonferroni correction was applied. 

The threshold for statistical significance was adjusted 

to p < 0.0031 (calculated as α = 0.05/16).

The primary outcome was time to kidney trans-

plantation, with death while on the waiting list for 

DDKT treated as a competitive risk.  The probability of 

receiving a kidney transplant was estimated by using 

the cumulative incidence function (CIF).  To identify 

factors influencing the waiting time for DDKT, a multi-

variate sub-distribution hazard model (Fine-Gray model) 

was employed.  The model was adjusted for potential 

confounders, including sex, age, ABO blood group, HLA 

antibody and the patient’s HLA type.  All statistical 

analyses were performed using Stata/SE version 19.5 

(StataCorp LLC, College Station, TX, USA). 

Results

Among 5,276 wait-listed patients during the 10-year 

of follow-up period, 1,996 patients (37.83%) underwent 

transplantation.  The remaining 3,280 patients (62.17%) 

did not receive a transplant during the study period. 

This group included both patients who remained active 

on the waiting list and those who died while awaiting a 

DDKT, the latter being treated as a competitive risk event 

in the analysis. Regarding demographic characteristics, 

males had more transplants than females (22.74% vs. 

15.09%).  The age distribution was relatively balanced 

among the 30-39, 40-49 and 50-59 age groups, with 

the 40-49 age group being the most represented (n = 

1,532, 29.04%).  Interestingly, patients aged ≥ 60 years 

had a notably higher transplantation rate compared to 

those remaining on the list (4.13% vs. 2.24%), as shown 

in Table 1.

The comparison of HLA-A, -B and -DR haplotype 

frequencies between wait-listed kidney recipients (n = 

5,276) and TSCDR donors (n = 16,807) is summarized in 

Table 2.  The overall comparison of haplotype frequency 

between the two groups was significant (p < 0.001). 

Among the top 15 haplotypes identified, A2-B46-DR9 

was the most frequent in both groups, accounting for 

3.55% of recipients and 4.11% of donors (OR 0.86, 95%CI:  

0.76-0.97, p = 0.011).  Several haplotypes showed 

significant differences in distribution after multiple-testing 

adjustment.  The A2-B13-DR15 haplotype was signifi-

cantly more prevalent in the recipient group compared 
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Table 1  Overall end-stage kidney disease (ESKD) patient’s characteristics with transplantation while waiting for 

deceased donor kidney transplantation (DDKT) 

Characteristics Total
Transplant Without transplant

Number % Number %

Overall 5,276 1,996 37.83 3,280 62.17

Demographic characteristics

Sex

Male 3,102   1,200 22.74 1,902 36.05

Female 2,174 796 15.09 1,378 26.12

Age (years)

≤ 29 781 231 4.38 550 10.42

30-39 1,433 496 9.40 937 17.76

40-49 1,532 562 10.65 970 18.39

50-59 1,194 489 9.27 705 13.36

≥ 60 336 218 4.13 118 2.24

Clinical characteristics

ABO blood group

O 2,157 792 15.01 1,365 25.87

B 1,702 671 12.72 1,031 19.54

A 1,089 388 7.35 701 13.29

AB 328 145 2.75 183 3.47

HLA sensitization

low-sensitized (0-49%) 4,688 1,797 34.06 2,891 54.80

intermediately sensitized  (50-
80%)

273 109 2.07 164 3.11

highly sensitized (81-100%) 315 90 1.71 255 4.26

HLA type of patients

Rare type 193 64 1.21 129 2.45

Common type 5,083 1,932 36.62 3,151 59.72

HLA = human leukocyte antigen

to donors (1.63% vs. 0.83%; OR 1.99, 95%CI: 1.64-2.42, 

p < 0.001).  Conversely, five haplotypes were significantly 

less frequent among recipients, including A33-B58-DR17 

(2.11% vs. 4.54%; OR 0.45, 95%CI: 0.39-0.52), A33-B44-

DR7 (2.11% vs. 2.85%; OR 0.73, 95%CI: 0.63-0.85), A33-

B58-DR13 (0.79% vs. 1.40%; OR 0.56, 95%CI: 0.44-0.71), 

A30-B13-DR7 (0.57% vs. 1.56%; OR 0.36, 95%CI: 0.28-0.47) 

and A1-B57-DR7 (0.35% vs. 0.82%; OR 0.43, 95%CI: 0.30-

0.60), respectively, all with p < 0.001. 

The bar chart illustrates the frequencies (%) of com-

mon HLA haplotypes in kidney transplant candidates 

(black bars, n = 5,276) compared to donors from the 

TSCDR (hatched bars, n = 16,807).  The A2-B46-DR9 

haplotype was the most prevalent in both cohorts.  Signifi- 

cant differences in frequency were observed for several 

haplotypes, including A33-B58-DR17, A33-B44-DR7 and 

A2-B13-DR15 (Figure 1).

The cumulative incidence of transplantation increased 

steadily over a 10-year follow-up period.  The analysis 

accounts for the competing risk of death while on the 

waiting list.  At the first year, the cumulative incidence 

was approximately 15%, rising to 35% at the second year 
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Table 2  Comparison of the top 15 HLA-A, -B and -DR haplotype frequencies between wait-listed kidney recip-

ients and the Thai National Stem Cell Donor Registry (TSCDR) donors22 

Haplotype Recipients 
(n = 5,276) n (%)

TSCDR Donors22

(n = 16,807) n (%)
Odds Ratio 

(95%CI)
p-value

Overall comparison c2
 = 413.61, df = 16 < 0.001*

A2-B46-DR9 375 (3.55) 1,381 (4.11) 0.86 (0.76–0.96) < 0.009*

A33-B58-DR17 223 (2.11) 1,526 (4.54) 0.44 (0.38–0.51) < 0.001*

A33-B44-DR7 223 (2.11) 958 (2.85) 0.73 (0.63–0.85) < 0.001*

A11-B75-DR12 211 (2.00) 672 (2.00) 1.00 (0.85–1.17) <0.999

A2-B46-DR14 206 (1.95) 527 (1.57) 1.25 (1.07–1.48) <0.007

A2-B13-DR15 172 (1.63) 279 (0.83) 2.00 (1.65–2.42) < 0.001*

A11-B13-DR15 140 (1.33) 352 (1.05) 1.27 (1.05–1.55) <0.016

A2-B46-DR12 135 (1.28) 379 (1.13) 1.14 (0.93–1.39) <0.202

A11-B46-DR9 100 (0.95) 406 (1.21) 0.78 (0.63–0.97) <0.028

A11-B60-DR4 92 (0.87) 279 (0.83) 1.05 (0.83–1.33) <0.680

A33-B58-DR13 83 (0.79) 470 (1.40) 0.56 (0.44–0.71) < 0.001*

A24-B35-DR12 78 (0.74) 289 (0.86) 0.86 (0.67–1.10) <0.232

A24-B75-DR15 73 (0.69) 329 (0.98) 0.70 (0.54–0.91) <0.007

A2-B46-DR4 65 (0.62) 272 (0.81) 0.76 (0.58–1.00) <0.046

A30-B13-DR7 60 (0.57) 524 (1.56) 0.36 (0.27–0.47) < 0.001*

A1-B57-DR7 37 (0.35) 275 (0.82) 0.43 (0.30–0.60) < 0.001*

Note: global comparison of haplotype frequencies between groups was performed using Chi-square test
n (%): number of haplotypes (estimated counts based on 2n total haplotypes) and their corresponding percentage frequencies.
Odds Ratio (OR): calculated using 2x2 crosstabulation for individual haplotype comparisons, with TSCDR donors serving 
as the reference group.
95%CI: 95% confidence interval for the Odds Ratio.
p-value: determined by Pearson’s Chi-square test. 
*Statistically significant after Bonferroni correction (p < 0.0031, adjusted for 16 multiple comparisons).
HLA, human leukocyte antigen;  TSCDR, Thai National Stem Cell Donor Registry

Figure 1  Comparison of the most HLA-A, -B and -DR haplotype between in kidney recipients and TSCDR donors 

(*p-value < 0.001)
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and 45% at the third year, respectively.  The median 

time to transplantation was estimated at approximately 

3.5 years after registration.  At the end of the tenth 

year, the cumulative incidence reached approximately 

80%, after which the curve reached a plateau (Figure 2).

The univariate analysis identified age, ABO blood 

group (A and O), HLA type and dialysis duration as 

potential predictors of transplantation (Table 3).  However, 

in the multivariate model, only age, HLA sensitization 

and duration of dialysis remained significantly associ-

ated with the probability of receiving a deceased donor 

kidney transplant.

Age was a strong independent predictor, with a 

significant increasing trend in the likelihood of trans-

plantation with advancing age (≤ 29 years as the refer-

ence group).  Patients aged ≥ 60 years had the highest 

probability of transplantation (SHR 5.63, 95%CI: 4.12-7.70, 

p < 0.001), followed by those aged 50-59 (SHR 2.55, 

95%CI: 1.97-3.30, p < 0.001).

Regarding HLA sensitization, patients in the inter-

mediately sensitized (50-80% PRA) and highly sensi-

tized groups (81-100% PRA) showed a slightly higher 

sub-distribution hazard of transplantation compared to 

the low-sensitized group (SHR 1.37, 95%CI: 1.02-1.84, 

p = 0.037 and SHR 1.41, 95%CI: 1.01-1.99, p = 0.045).

Conversely, the duration of dialysis was negatively 

significant associated with the chance of transplantation. 

Each year increase in dialysis duration resulted in a 29% 

reduction in the sub-distribution hazard of receiving a 

transplant (SHR 0.71, 95%CI: 0.67-0.75, p < 0.001).

Notably, while ABO blood group (specifically groups 

A and O) and common HLA type were found to be 

significantly associated with the probability of trans-

plantation in the univariate analysis (all p < 0.05), these 

associations lost statistical significance after adjusting 

for other covariates in the multivariate model. 

Discussion

A steady increase in the cumulative incidence of 

transplantation, reaching 45% at the third year.  The 

median time to receive a transplant was approximately 

3.5 years.  While these overall numbers appear positive, 

the Fine-Gray model identifies a major challenge with 

waiting time.  Specifically, the length of time spent on 

dialysis was strongly linked to a lower chance of getting 

a transplant.  This result means that for every extra year 

a patient stays on dialysis, their chance of transplantation 

drops by 29%.  Dialysis vintage was found to have a 

significant impact on transplant likelihood.  This result 

is consistent with a previous study in Scotland, which 

Figure 2  Cumulative incidence of kidney transplantation among wait-listed patients.  The x-axis represents the 

time duration (in years) from the date of initial registration on the transplant waiting list until the occurrence of 

kidney transplantation
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reported that the probability of receiving a transplant 

decreased by 4% for each additional year on dialysis 

(p < 0.0001).26  Hemodialysis patients often require blood 

transfusions for anemia, which can trigger HLA sensi-

tization and complicate finding a compatible donor.27 

Longer duration on dialysis increase the risk of health 

complications including cardiovascular disease,28 infec-

tion,29 or nutritional decline30 which can make patients 

less fit for surgery.26,31  Furthermore, comorbidities such 

as hypertension and diabetes may adversely affect both 

physical and mental health,31 potentially limiting patient 

access to transplantation.  However, waiting times vary 

according to different allocation criteria.  For example, 

some systems integrate HLA mismatch levels with the 

patient’s antibody profile and the center credit difference.32 

This credit system balances organ exchange between 

regions by prioritizing centers that have contributed more 

donors.  Such multi-factor approaches ensure regional 

equity and directly influence how quickly a patient 

receives a transplant.

Similar to international frameworks, the deceased 

donor kidney allocation system in Thailand incorporates 

waiting time as a key allocation criterion.  However, 

the weighting assigned to waiting time within the Thai 

scoring system is considerably lower than that seen in 

many global models, such as the United Network for 

Organ Sharing (UNOS) system,33 thereby diminishing 

its impact on overall transplant opportunities.  For in-

stance, while several Eurotransplant programs award 

an additional point for each year spent on the waiting 

list,34 the Thai Red Cross Organ Donation Center criteria 

restrict the annual score increment to less than one point. 

This disparity critically disadvantages highly sensitized 

patients and those with donor-specific antibodies (DSA). 

Table 3  Sub-distribution hazard ratio (SHR) estimation of transplantation by Fine-Gray model

Variables
Univariate Multivariate

SHR (95%CI) p-value SHR (95%CI) p-value

Demographic Characteristics

Sex (ref: female)

     Male 1.10 (0.96-1.26) < 0.185 1.04 (0.90-1.19) < 0.596

Age (years) (ref: ≤ 29 years)

     30-39 1.39 (1.07-1.81) < 0.014 1.49 (1.15-1.92) < 0.002

     40-49 1.82 (1.40-2.36) < 0.001 1.84 (1.43-2.37) < 0.001

     50-59 2.66 (2.04-3.47) < 0.001 2.55 (1.97-3.30) < 0.001

     ≥ 60 8.93 (6.48-12.30) < 0.001 5.63 (4.12-7.70) < 0.001

Clinical characteristics

ABO blood group (ref: AB)

     A 0.70 (0.53-0.94) < 0.018 0.84 (0.63-1.11) < 0.218

     B 0.78 (0.59-1.03) < 0.076 0.96 (0 .73-1.26) < 0.789

     O 0.62 (0.48-0.82) < 0.001 0.79 (0.60-1.03) < 0.078

HLA sensitization date (ref: low-sensitized group (0-49%))

Intermediately sensitized group (50-80%) 1.00 (0.84-1.20) < 0.986 1.37 (1.02-1.84) < 0.037

Highly sensitized group (81-100%) 1.00 (0.68-1.49) < 0.983 1.41 (1.01-1.99) < 0.045

HLA type of patients (ref: rare type)

Common type 1.40 (1.20-1.64) < 0.001 1.43 (0.97-2.12) < 0.068

Duration of dialysis 0.68 (0.65-0.72) < 0.001 0.71 (0.67-0.75) < 0.001

HLA = human leukocyte antigen
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To address this issue, various international programs 

have implemented specialized allocation strategies for 

highly sensitized recipients with complex HLA profiles, 

including paired kidney donor exchanges and altruistic 

donor programs.35  These strategies have significantly 

enhanced access to transplantation for immunologically 

complex patients; however, Thailand currently lacks spe-

cific legislation or a dedicated legal framework to support 

and formalize these alternative allocation approaches.

Unlike previous studies in the United States that 

identified sex as a significant determinant of kidney 

transplant probability,13,36 our findings demonstrated no 

statistically significant difference between male and 

female candidates.  This discrepancy may be attributed 

to differences in the donor pools and age criteria studied. 

While earlier data encompassed both living and deceased 

donor transplants, our cohort focused exclusively on 

deceased donor kidneys.  Given that female candidates 

often face greater immunological barriers in securing 

living donors, isolating the deceased donor pool likely 

minimized sex-based disparities.  Furthermore, prior 

research demonstrating a male advantage was restricted 

to candidates aged over 60 years, whereas our study 

included a broader adult population (aged 18 years), 

thereby mitigating age-specific physiological disad- 

vantages.

ABO blood group distribution does not significantly 

influence the likelihood of kidney transplantation.  This 

lack of impact stems from the parallel distribution of 

blood types between waitlisted candidates and the do-

nor pool.  Consistent with previous Thai blood donor 

population reports, the prevalence follows an O > B > A 

> AB pattern,37 creating a natural equilibrium between 

supply and demand that maintains equity across all 

groups.  This contrasts with the United States, where 

blood type B is less common in the general population, 

leading to significant disparities in access for type B 

candidates.  To address this, the U.S. Organ Procure-

ment and Transplantation Network (OPTN) implemented 

policy changes to reduce these inequities and improve 

transplant rates for minority groups, such as allowing 

A
2
/A

2
B donor kidneys to be transplanted into type B 

recipients.38,39 

In addition to ABO compatibility, the distribution of 

HLA haplotypes plays a critical role in ensuring equitable 

organ allocation.  Our findings indicate a high degree 

of HLA-A, -B and -DR haplotype similarity between 

kidney wait-listed recipients and the potential donor 

pool (represented by the TSCDR22).  Notably, 10 out of 

the 15 most frequent haplotypes showed no significant 

disparity in frequency between the two groups, as evi-

denced by the comparable proportions in Table 2.  This 

genetic alignment suggests that most candidates face 

a similar probability of finding a well-matched donor 

within the domestic pool.  HLA symmetry, combined 

with the balanced ABO distribution discussed earlier, 

reinforces the equity of the current system, where bio-

logical barriers do not disproportionately disadvantage 

specific patient subgroups in Thailand.

Age was found to have a significant impact on 

transplantation.  The results indicated that older patients 

were more likely to receive kidney transplantation than 

younger patients.  This finding is likely explained by 

factors similar to those observed with dialysis duration, 

as older individuals in this cohort tend to have longer 

dialysis exposure, extended waiting times, and higher 

levels of HLA antibodies.  These factors can lead to 

higher scores on the Thailand kidney allocation criteria, 

ultimately increasing their chances of receiving a trans-

plant.21  However, receiving a kidney transplantation with 

advancing age is associated with higher comorbidity 

rates, which impact survival among elderly recipients.40,41

For HLA sensitization, intermediate and highly sensi-

tized patients have a higher likelihood of transplantation 

than low-sensitized patients, reflecting the distribution 

of kidney allocation, resulting in longer waiting times 

for some groups.  The current kidney allocation criteria 

in Thailand assign additional points to intermediate 

and highly sensitized patients.  Patients with PRA 

of 81-100% and 50-80% receive four and two points, 
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respectively, whereas those with PRA below 50% 

do not receive additional allocation points.21  In addition, 

using the calculated PRA (cPRA) score for kidney allo-

cation rather than the PRA will result in higher scores 

for patients with antibodies of high frequency in the 

Thai population.42

This study has several limitations.  First, the analysis 

focused exclusively on patient-related data, excluding 

donor-side factors such as the timing of organ donation 

stimulation and the availability of specialized retrieval 

teams.  Second, the retrospective design may affect 

data accuracy; for instance, the lack of specific causes 

of death in the database precluded distinguishing 

between kidney disease-related mortality and other 

causes.  Additionally, since HLA antibody levels can 

fluctuate during the waiting period, this study only 

captured variations between initial and current results.  

Finally, while histocompatibility in this cohort was 

assessed using complement-dependent cytotoxicity 

(CDC), current practice has shifted toward flow 

cytometry.  Consequently, these findings serve as a  

critical baseline for future research incorporating 

modern crossmatching techniques. 

Conclusion

This study provides a comprehensive longitudinal  

perspective on DDKT access by analyzing a large 

national cohort over 11 years, specifically focusing on 

the interplay between patient demographics, HLA sensi-

tization and clinical duration on dialysis.  The results of 

the study revealed that while the cumulative incidence 

of transplantation increases steadily over a decade, the 

likelihood of receiving a graft is not uniform across the 

wait-listed population.  The probability of transplanta-

tion is primarily driven by a complex interplay between 

patient demographics, immunological profiles and clinical 

history.  Notably, advancing age and HLA sensitization 

emerged as positive predictors, whereas a prolonged 

duration on dialysis significantly hindered transplant 

access.  The observation that initial associations with 

blood groups and HLA commonality were confounded 

by these factors underscores the necessity of consider- 

ing multi-variable clinical contexts.  Ultimately, these 

insights highlight the need for refined organ allocation 

strategies and targeted wait-list management to ensure 

more equitable and predictable access to transplantation 

for ESKD patients.
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