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Zusammenfassung 

Einleitung: Bei der Nierentransplantation (RT) hat das Mismatch von HLA-Merkmalen 

bekanntlich negative Auswirkungen auf das Überleben des Transplantats und erhöht das Risiko 

einer Sensibilisierung auch gegen künftige Transplantate. Die perfekte Übereinstimmung 

zwischen Spender und Empfänger ist aber nicht immer möglich. Das Ziel dieser Studie war, 

die Auswirkungen von HLA Mismatches (A, B, DR, DQ) zu evaluieren und den Einfluss der 

verschiedenen HLA-Loci zu vergleichen, um im klinischen Alltag bessere Zuteilungen für ein 

langes Überleben und eine gute Transplantatfunktion treffen zu können. 

Methoden: 135 aus 146 RT Fällen an der Klinischen Abteilung für Pädiatrische Nephrologie 

und Gastroenterologie der Medizinischen Universität Wien im Zeitraum 1993-2014 wurden 

eingeschlossen. Logistische Regressionsanalysen wurden durchgeführt, um Zusammenhänge 

zwischen HLA Mismatch und Abstoßung sowie Transplantatverlust zu evaluieren. Für die Zeit 

bis zur Abstoßung und für das Transplantatüberleben wurden Cox Regressionen angewendet. 

Ergebnisse: In 65 Fällen wurde eine Abstoßung beobachtet, und 49 Fälle erlitten ein 

Transplantatverlust. Eine zunehmende Anzahl der HLA Mismatches neigte zur 

Risikoerhöhung einer Abstoßungsreaktion (p=0,269, OR=1,758) und Verkürzung der Zeit bis 

zur Abstoßung (p=0,212, HR=2,3). Sie führte eher zu einer chronischen (p=0,393, OR=1,588) 

als zu einer akuten Rejektion (p=0,392, OR=0,72). Die Mismatches erhöhten signifikant das 

Risiko für den Transplantatverlust (p=0,037, OR=2,61) und verschlechterten tendenziell das 

Transplantatüberleben (p=0,089, HR=1,218). Das GFR nach RT wurde davon weniger 

beeinflusst (p=0,633). 2 HLA-B Mismatches verkürzten signifikant die Zeit bis zur Abstoßung 

(p=0,016, HR=4,235), und erhöhten signifikant das Risiko einer akuten Abstoßung (p=0,022, 

OR=4,157) mehr als einer chronischen Abstoßung (p=0,916, OR=1,097). HLA-DR Mismatch 

war ein signifikanter Risikofaktor für den Transplantatverlust (p=0,039, OR=2,526). 

Explorativ zeigte sich, dass HLA-DQ Mismatch zu einer Abstoßung tendierte (p=0,076, 

OR=1,763), und neigten mehr zu einer akuten Abstoßung (p=0,073, OR=2,174) als einer 

chronischen Abstoßung (p=0,477, OR=1,704). HLA-DQ beeinflusste das 

Transplantatüberleben (p=0,787, OR=1,082) und die Funktion (p=0,317) wenig. 

Schlussfolgerung: Mit dieser Studie bestätigen wir das Risiko von HLA Mismatches für 

unerwünschte Ereignisse, vor allem den Transplantatverlust, nach pädiatrischer RT. 2 HLA-B 

Mismatches sollen bei der Transplantatallokation vermieden werden, weil sie das Risiko einer 

akuten Abstoßung erhöhen. Das Ereignis einer Abstoßung hat einen signifikanten Einfluss auf 

Transplantatverlust und -überleben. 
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Abstract 

Introduction: Renal transplantation (RT) is the preferred method of renal replacement therapy 

(RRT) in children with kidney failure. We know that HLA (human leukocyte antigen) 

mismatches negatively affect allograft survival and increase the risk for sensitization, leading 

to longer waiting times for a second transplant. Because perfect HLA matching is not always 

possible, institutions may prefer a shorter waiting time over HLA matching. The aim of the 

study was to evaluate the influence of the number of mismatches and the impact of the HLA 

loci in pediatric patients, to achieve long-lasting graft function and survival during organ 

allocation. 

Methods: 135 out of 146 screened RT cases at the Division of Pediatric Nephrology and 

Gastroenterology, Medical University of Vienna, that took place between 1993 and 2014, were 

analyzed for associations between HLA-mismatches and rejection and graft loss events using 

binomial and multinomial logistic regression. Multivariate Cox regression models were used 

to analyze time until rejection and graft survival. 

Results: 65 cases had a rejection reaction and 49 cases experienced graft loss, in a median 

follow-up time of 100 months. A rising number of HLA mismatches in pediatric RT tended to 

increase the risk for (p=0.269, OR=1.758) and shorten the period until rejection (p=0.211, 

HR=2.3-4.8). It also tended to lead to a chronic (p=0.393, OR=1.588) more than an acute 

rejection reaction (p=0.392, OR=0.72). HLA mismatches were significantly associated with 

graft loss (p=0.037, OR=2.61) and tended to worsen graft survival (p=0.089, HR=1.218), but 

had a smaller impact on posttransplant eGFR (p=0.633). Regarding the individual HLA loci, 2 

HLA-B mismatches significantly shortened time until rejection (p=0.016, HR=4.235), and 

increased the odds for an acute rejection (p=0.022, OR=4.157) more than a chronic rejection 

(p=0.916, OR=1.097). HLA-DR mismatch was a significant risk factor for graft loss (p=0.037, 

OR=2.61). In an explorative analysis, HLA-DQ mismatch tended to increase the likelihood for 

rejection (p=0.076, OR=1.763) and was more likely for the acute (p=0.073, OR=2.174) than 

the chronic rejection (p=0.477, OR=1.704). It had little influence on graft survival (p=0.787, 

OR=1.082) and graft function (p=0.317). 

Conclusion: We validate the risk of the number of HLA mismatches for adverse events 

(especially graft loss) after pediatric RT. 2 HLA-B mismatches should be avoided in the 

allocation to prevent early and acute rejection. All-time rejection is a significant factor that 

impacts graft loss and survival. 
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1 Introduction 

1.1 Renal Diseases in Children 

According to the guidelines by “Kidney Disease: Improving Global Outcomes” 

(KDIGO) the chronic kidney disease (CKD) is defined by reduced kidney function for at least 

3 months or the presence of structural abnormalities [1]. While diabetes and hypertension are 

the leading causes for CKD in adults, congenital anomalies of the kidney and urinary tract 

(CAKUT) represent the largest category of CKD in children (48-59%), followed by hereditary 

nephropathies (10-19%). This includes polycystic kidney disease (PKD), nephronophthisis and 

Alport syndrome, among others. The next most common primary diseases are 

glomerulonephritis (5-14%), congenital or infantile nephrotic syndrome, and hemolytic uremic 

syndrome (2-6%) [2, 3]. 

The acute kidney injury (AKI) is rare (4/1.000.000 per year) [4, p.170] but occurs 

commonly among hospitalized, critically ill children and is observed to be associated with a 5- 

to 7-year mortality rate of up to 3.4% after a stay on an intensive care unit [5]. While most of 

these patients recover well without any need for dialysis, AKI may lead to CKD and its 

complications months to years later in adults as well as children [6, p.1603]. Important causes 

for such severe outcomes among pediatric patients are hypoxia-/ischemia- and nephrotoxin-

induced AKI. In the adult population, pre-renal failure and acute tubular necrosis are the 

common causes for AKI [7]. 

 

1.1.1 Congenital Anomalies of the Kidney and Urinary Tract 

CAKUT is defined as an obstruction to the urinary flow at any level of the urinary tract 

caused by deficient nephrogenesis. It is observed in 3-6 per 1,000 neonates and is the most 

common defect detected in the prenatal phase. There are 2 anatomical categories: supra- and 

infravesical (subvesical). Some examples for supravesical malformation are renal hypoplasia, 

dysplasia and agenesia as well as ureter defects such as vesicoureteral reflux (VUR), 

ureteropelvic and ureterovesical junction obstruction. The most common cause for obstructive 

uropathy and CKD in children are posterior urethral valves, which are mucosal membranes 

hindering urinary flow out of the bladder and affect only males [4, p.7, 6, ch.56]. VUR itself is 

the backflow of urine toward the kidney. It can be caused by a primary defect in the 

vesicoureteral junction or by increased intravesical pressure due to posterior urethral valves or 

neurogenic bladder, among others [8, p.299]. 
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1.1.2 Hereditary Nephropathies 
 

Nephronophthisis 

Nephronophthisis (NPH) is an autosomal recessive cystic kidney disease with an 

incidence of 1:50,000. The juvenile NPH is the most common of several types of NPH and 

leads to end-stage renal disease (ESRD) by the median age of 13 years. The histological triad 

consists of basement membrane disruption, cysts, and interstitial fibrosis. Clinical presentations 

of this ciliopathy include polydipsia, polyuria, and secondary enuresis. Furthermore, NPH may 

be associated with the Senior-Loken syndrome, the Joubert syndrome, liver fibrosis, cardiac 

and skeletal defects [6, ch.35, 8, p.303]. 

 

Autosomal recessive polycystic kidney disease (ARPKD) 

In contrast to the autosomal dominant type of this disease, which manifests mostly in 

early adulthood, the ARPKD, next to NPH, is a major ciliopathy in children. Its incidence 

amounts to 1:20,000. 40% of the cases are infants, possibly presenting with enlarged, palpable 

kidneys and distended abdomen. The next most common group are adolescents (30%) followed 

by the ages 1-2 years (20%) with arterial hypertension as the main symptom, but also urinary 

tract infections, polyuria and polydipsia, CKD and liver fibrosis can occur. Clinical 

manifestation in the prenatal period (10%) have higher mortality rates due to pulmonary 

hypoplasia and pulmonary hypertension, and may require early nephrectomy to ensure 

sufficient ventilation [4, ch.5.2, 6, p.863]. 

 

Autosomal dominant polycystic kidney disease (ADPKD) 

The ADPKD shows an incidence of about 1:500-1,000 and is considered one of the 

most common genetic diseases. The affected genes can either be PKD1 (85%) or PKD2 (15%). 

In about 90% of the cases, a positive family history for PKD is found. Patients with a PKD1 

mutation generally show earlier disease onset and progression. Symptoms include enlarged 

kidneys, renal cysts, and fibrosis as well as arterial hypertension during childhood and ESRD 

in adulthood. Extrarenal symptoms such as liver cysts, heart valve anomalies and brain 

aneurysms can also be present [4, p.155, 9]. 
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Alport syndrome 

The Alport syndrome is a type IV collagen disorder that affects the renal, cochlear, and 

ocular system. The incidence amounts to 1:7,000 and is usually (75-85%) linked to the X 

chromosome, presenting in males earlier and with worse disease progression than among 

females. The distortion of the glomerular basement membrane leads to the cardinal symptoms 

hematuria, proteinuria and hypertension in later childhood, chronic glomerulonephritis and 

eventually ESRD. Hearing loss starts during adolescence and ocular changes occur in 15% of 

the cases [4, p.109, 8, p.314]. 

 

1.1.3 Glomerulonephritis, Congenital Nephrotic Syndrome and Hemolytic Uremic 

syndrome 

Glomerulonephritis (GN) is the next most common cause for CKD in the pediatric 

population with different etiologies. They share the symptoms of nephritic syndrome, such as 

hypertension, glomerular hematuria and edema, proteinuria, oliguria, and impairment of the 

renal function. The rapidly progressive GN (RPGN) presents with rapid renal function 

deterioration. It is associated with autoimmune disorders but can also develop from any other 

acute glomerulopathy. RPGN has a poor prognosis and can also cause CKD. The focal 

segmental glomerulosclerosis (FSGS) is a chronic form of GN. Primary FSGS is the most 

common glomerulopathy that leads to ESRD. Examples for systemic diseases that may cause 

secondary GN are streptococcal infection, Purpura Schönlein-Henoch/IgA nephropathy and 

systemic lupus erythematosus [6, ch.30, 8, ch.14.3]. 

The congenital nephrotic syndrome (CNS) occurs within the first three months after 

birth. The Finnish type (nephrin mutation) is the most common cause for primary CNS and 

usually manifests in the first week. The autosomal recessive mutation of the nephrin gene leads 

to a defective glomerular capiallary wall, causing proteinuria, hypoalbuminemia, and edema. 

As it is not an autoimmune disorder, immunosuppression does not prevent disease progression 

to ESRD by the ages 3-8 years [4, p.92, 9, p.53]. 

The hemolytic uremic syndrome (HUS) is a combination of the following findings: 

Microangiopathic hemolytic anemia, transient thrombocytopenia and AKI with oliguria, 

proteinuria, and hypertension. In children HUS is most likely (90%) induced by the Shiga 

toxins of enterohemorrhagic Escherichia coli (EHEC). The age group of one to five years is 

affected the most (1.5-2:100,000). They typically present with rapid onset of bloody diarrhea. 
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Central nervous system complications, pancreatic failure and cardiomyopathy may occur. AKI 

is caused by the toxins damaging renal endothelial cells that lead to complement activation and 

thrombosis. In 10% of the cases, atypical HUS (aHUS) is caused by autoantibodies or 

mutations in the complement system [4, ch.2.8, 6, ch.48]. Long-term outcomes for aHUS are 

worse: Many patients experience disease recurrence, and around a third of the pediatric cases 

require dialysis within five years. However, due to recent novel treatment options, prognosis is 

improving from year to year [10]. 

1.2 Stages of CKD 

The five stages of CKD are determined by the estimated glomerular filtration rate 

(eGFR), a value calculated by using age, height, gender, and blood creatinine to estimate the 

total amount of blood volume filtered through all functioning nephrons over time. The most 

common method to estimate the eGFR is the “Modification of Diet in Renal Disease” (MDRD) 

formula. It is not applicable to children, because it is based on the average body surface area 

of adults and would result in distorted, falsely high values if calculated for pediatric patients. 

Therefore, the “Revised Schwartz equation” from 2009 is used, which regards the patient’s 

height and serum creatinine level. This equation may only be applied during steady levels of 

serum creatinine, because rapidly changing values lead to false eGFR findings [11]: 

𝑒𝐺𝐹𝑅 = 0.413 𝑥
ℎ𝑒𝑖𝑔ℎ𝑡[𝑐𝑚]

𝑆𝑒𝑟𝑢𝑚 𝐶𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒[
𝑚𝑔

𝑑𝐿
]
  

Stage G1 describes kidney damage with normal functioning kidneys. G2 and G3 

express mild and moderate loss of kidney function. G4 describes severely decreased eGFR. 

Finally, G5, also called ESRD, defines kidney failure and requires a renal replacement therapy 

(RRT). CKD progression is characterized by an eGFR reduction of 25% from the baseline 

value within 3 months [12]. 

Table 1: The five CKD Stages according to eGFR values. CKD (chronic kidney disease), 

eGFR (estimated glomerular filtration rate), ESRD (end-stage renal disease). 

Stage Kidney function eGFR (ml/min/1.73m²) 

G1 Normal to high ≥ 90 

G2 Mildly decreased 60-89 

G3 Moderately decreased 30-59 

G4 Severely decreased 15-29 

G5 ESRD, failure <15 
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1.2.1 Complications of CKD in Children 

 The short- and long-term complications of CKD are caused by the chronic metabolic 

and endocrine malfunctions of the renal system. Each of the following disorders negatively 

affect the growth of children [13]. 

Hypertension is present among about 44% of pediatric patients with CKD, with 

increased prevalence within the higher stages [14]. If left uncontrolled, high blood pressure 

will lead to renal disease progression and increased cardiovascular morbidity [15].  

Anemia is also a common complication with a prevalence of 34%, with age and gender 

specific threshold values [1, 14]. The pathomechanism is a decreased erythropoietin (EPO) 

production and iron dysregulation. EPO is a hormone mainly produced by the kidneys which 

enhances the maturation of red blood cells. [16]. 

The metabolic bone disorder (MBD) associated with CKD is defined by one or more 

abnormal findings of the following values: Serum calcium, serum phosphate, parathyroid 

hormone (PTH) and vitamin D [13]. MBD refers to renal osteodystrophy, an altered bone 

metabolism marked by excessive bone resorption and extra-skeletal calcification. 

Hyperphosphatemia is caused by limited phosphate excretion in CKD. It disrupts vitamin D 

metabolism and the low vitamin D levels in turn lead to decreased intestinal calcium absorption 

[17, p.1631, 18]. High levels of serum phosphate also stimulate PTH excretion, which results 

in osteoclast activation and calcium mobilization from the bones. The resulting elevated 

calcium-phosphate product contributes to extra-skeletal calcification [18].  

Metabolic acidosis is a further complication of CKD with the highest prevalence in the 

later CKD stages. Hypobicarbonatemia has an influence on cellular function and is associated 

with higher mortality rates [19]. Mostly through insufficient renal synthesis of bicarbonate, the 

metabolic acidosis worsens MBD by stimulating PTH secretion. It also increases muscle 

degradation, negatively affects albumin synthesis, and induces chronic inflammation. All these 

adverse effects contribute to growth impairment in children and worsen cardiovascular diseases 

[20]. 

 

1.3 Hemodialysis and Peritoneal Dialysis 

 Dialysis is necessary in pediatric patients with ESRD, electrolyte imbalance like 

hyperkalemia and hypercalcemia, recurrently high renal retention and uremic parameters such 

as blood urea nitrogen (BUN), uncontrollable hypertension, edema or metabolic acidosis. [17, 

p.1633]. 
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Hemodialysis (HD) may be used as a bridging therapy towards RT [21] and is more 

common in the adolescent population at our center. To enable a high extracorporeal blood flow, 

vascular access must be provided by either a wide central venous catheter (CVC) or an 

arteriovenous (AV-) fistula. In small children and infants, the CVC can be placed into a femoral 

vein, but may lead to restricted movement and elevated risk for infections. Otherwise, the 

internal jugular veins are preferred over the subclavian veins [22]. An AV-fistula is established 

by a surgeon after evaluating vessel availability and size. The fistula needs at least 6 weeks to 

gain their final size, and is examined via auscultation and duplex ultrasonography to determine 

its flow and quality, as thrombosis and stenosis are possible complications of this intervention 

[23].  

For HD the patient needs to visit the hospital 3-4 times a week, 4-5 hours at a time 

(depending on the quality of dialysis). Hypotension, along with headache, nausea, and emesis 

or even seizures may occur, if the ultrafiltration rate is set too high and results in a 

disequilibrium. This kind of therapy also has negative psychosocial and educational impact on 

children, especially if the dialysis center is located far away. [4, p.225].  

The PD uses the body’s peritoneum as a semipermeable dialysis membrane. The 

dialysate is infused through a “Tenckhoff catheter” into the abdominal cavity. Ideally, the 

catheter is left unused for 2-3 weeks to allow wound healing and tightening of the cuffs in order 

to minimize the risk for a leakage [24]. After having filled the dialysate into the abdominal 

cavity, waste products then diffuse through the peritoneum into the dialysate, which is drained 

and replaced multiple times a day. Depending on the frequency of dialysate exchange, PD can 

be categorized into continuous ambulatory PD (CAPD), intermittent PD (IPD), tidal PD (TPD), 

nightly IPD (NIPD), continuous cyclical PD (CCPD), whereas CAPD and CCPD are the most 

relevant types. In CAPD fluid exchange is done manually by the patient or guardian outside of 

the hospital setting and requires about 4-6 exchanges a day. The automated peritoneal dialysis 

(APD) refers to the rest of the PD types and involves a cycler that assists in the exchange of 

dialysate [4, p.235, 25]. Peritonitis is one of the most significant complications in PD, which 

occurs more frequently in children than adults. It requires antimicrobial therapy or in the case 

of recurring infections the exchange of the Tenckoff catheter. Other possible complications 

include flow dysfunction, leakages, and rarely intraabdominal injury [25, 26]. 

Even with the best dialysis regimen, only 15-20% of the total kidney function can be 

replaced, and the aforementioned complications of CKD would increase over time [4, p.245]. 

Therefore, RT is the optimal form of RRT. 
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1.4 Pediatric Kidney Transplantation 

1.4.1 History and overview 

The first attempts at RT were done in Vienna 1902, when Emerich Ullmann presented 

a dog that survived with a functioning graft for five days. The following xenotransplantations 

from pigs and monkeys and the first allograft RT in Philadelphia 1911 were unsuccessful. Until 

1954, six months was the longest a functioning renal transplant observed. The first successful 

attempt was done by Joseph Edward Murray and his team in December 1954 in Boston, where 

the donor kidney came from the patient’s identical twin. Eight more operations were done in 

that constellation. In Toronto 1959, Gordon Murray completed the first successful RT on 

dizygotic twins, with corticosteroids and low-dose radiation therapy as immunosuppression. 

Then followed Rene Küss and Marcel Legrain who achieved three RTs between siblings in 

1960 and, two years later, the first RTs between unrelated people. Immunosuppression was 

achieved with whole-body and spleen radiation together with corticosteroid therapy [27]. 

Azathioprine was then developed in the mid 1960’s and its combination with corticosteroids 

became the regimen until the 1980’s, when Ciclosporin was introduced and led to improved 

graft survival. Tacrolimus and Mycophenalate mofetil followed a decade later [28]. 

In the beginning it was believed that pediatric RT should only be done between 

children. This led to long waiting times, more deceased donor organs, thrombosis in young 

donor grafts, and ultimately to poor outcomes. The initial failures, marked by high rejection 

rates and mortality, drew attention to the importance of donor and recipient matching as well 

as preparation and perioperative patient management. Pediatric RT in the 1980’s finally had 

similar results to those of the adults. Improvement of immunosuppression, surgical technique 

and antiviral prophylaxis led to better outcomes than RT in the adult population [28]. 

Today, ESRD in children is best treated with preemptive RT because of the superior 

survival rates compared to those of HD and PD [29]. Preemptive RT prevents both the 

complications of chronic dialysis and leads to a higher life expectancy as well as a better quality 

of life [4, p.245]. While there is no significant difference in graft survival after 10 years, patient 

survival is longer in the pediatric than in the adult population with its comorbidities [30]. 

Given the priority towards pediatric patients up to 18 years of age, the average waiting 

time for them is clearly shorter than that of adults, in Austria with an average of 7.5 months 

compared to 17 months [31]. The donor organ is transplanted extraperitoneally into the right 

or left iliac fossa. The graft is connected either to large vessels such as the aorta and vena cava 

in small children (to reduce the risk of vascular thrombosis), or into the iliac artery and vein. 
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The ureter is implanted into the recipient’s bladder and stabilized with a ureteral stent (“double-

J stent”), which is usually removed after a couple of weeks. A nephrectomy of the native kidney 

is only indicated in case of recurrent infections caused by vesicouretral reflux, mechanical 

compression in the abdomen caused by enlarged polycystic kidneys or when there is a high 

risk for malignant degeneration [4, p.251].  

 

1.4.2 Transplantation Evaluation 

 Generally, the transplant from a living donor (LD) is preferred over a deceased donor 

(DD) because of its better long-term graft survival rate [32] and decreased risk for developing 

infections [33]. Usually, a body weight of eight to ten kilograms is the basic (surgical) 

requirement prior to any transplant operation. Absolute contraindications for transplantation 

are the presences of active infectious diseases, untreatable tumors or severe diseases of the 

heart, lungs or liver, which would most likely lead to early graft loss [4, p.246, 17, p.1637]. 

 As part of the evaluation, a physical examination and laboratory workup must be 

performed to reveal risk factors and comorbidities and to reduce sources of infection. Some 

examples are height, weight and head circumference, blood count, electrolyte values, kidney 

and liver parameters, urinalysis, immunology and virology, x-ray, ultrasound, eye, ear-nose-

throat and dental examinations [17]. 

 Complete immunization is critical to prevent infectious diseases. Since live vaccines 

such as measles, mumps, rubella (MMR) and varicella are contraindicated and the other 

inactivated vaccines may not be effective under high-dose immunosuppression, it is important 

that patients receive enough dosages with antibody monitoring to optimize immunization 

before transplantation. It is recommended that close family members and immediate care-

givers are vaccinated as well to strengthen herd immunity for the child [34]. Additionally, 

patients are screened for human immunodeficiency virus, hepatitis B and C virus, 

cytomegalovirus (CMV), Epstein-Barr virus (EBV), and BK virus [4, p.247]. 

 

1.5 HLA-System 

The human leukocyte antigen (HLA) system is the major histocompatibility complex (MHC) 

in humans. The group of genes are located on the chromosome 6p21.3 and encode cell 

surface molecules that are important for the recognition and interaction with non-self-

polypeptides. Its function is to identify and start an immune response against antigens such as 
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those from viruses and bacteria, fungi, parasites and abnormal cells. This also includes the 

rejection toward transplanted organs. An individual expresses up to two types of the 

codominant antigen of each HLA group [35]. Therefore, a maximum of two mismatches per 

gene locus is possible. A standardized nomenclature from 2010 for HLA alleles and typing 

resolution can be seen in Figure 1 below: At least a low-resolution typing is required for the 

matching of donor and recipient alleles. 

 

Figure 1 HLA typing resolution [36]. 

 

 

Figure 2: HLA allele naming [36]. Fields 3 and 4 are not mentioned if no DNA substitutions 

or differences in a non-coding region are found, according to the IPD-IMGT/HLA database. 

HLA-A and -B belong to the MHC class I and are expressed by all nucleated cells 

including platelets, but not by red blood cells. The IPD-IMGT (Immuno Polymorphism 

Database- ImMunoGeneTics)/HLA Database is part of an international project that collects 

and stores all officially named polymorphisms. There are currently around 6100 known HLA-

A alleles and 7400 HLA-B alleles [37]. MHC class I molecules consist of a transmembrane 

segment and an α-polypeptide chain bound to β2‐microglobulin. The antigenic peptide is 

formed out of α domains (see Figure 3). The peptide binding cleft presents intracellular 
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(endogenous) polypeptides to the T-cell receptor of cytotoxic CD8+ T-cells, which then attack 

non-self cells. These cells are also activated by cytokines such as interleukin 2 (IL-2) [38, 39]. 

On the other hand, HLA-DR, -DQ and -DP of the MHC class II is only present on B-

lymphocytes and antigen presenting cells, such as monocytes, macrophages, and dendritic 

cells. These two genes have altogether about 5400 alleles. The MHC class II molecules are 

made up of an α- and a β-chain, each contributing a transmembrane segment and the antigenic 

peptide. After phagocytosis of the exogenous antigen, they present it to CD4+ T-cells in the 

same way [39]. These cells stimulate T helper cells that release cytokines such IL-2, IL-4 and 

interferon-γ. IL-4 activates B-cells that are responsible for the production of antibodies [38]. 

For kidney transplantation, HLA-A, -B, and -DR are included in the allocation system 

in countries participating in Eurotransplant [40]. A meta-analysis on HLA-mismatching and 

pediatric RT showed significant risk for graft failure from 2-4 HLA-AB mismatches compared 

to 0-1 mismatch, as well as 2 -DR mismatches compared to 0-1 mismatches [41]. In addition 

to HLA-DR, HLA-DQ mismatch is also associated with an increased risk for late rejection, 

antibody mediated rejection (ABMR), transplant glomerulopathy and graft loss, independent 

of mismatches in the other HLA loci [42, 43].  

 

1.5.1 HLA antibody screening 

When allocating donor organ and patient, especially HLA mismatches are associated 

with an increased risk for rejection reactions and allograft failure [44, 45]. One or more 

mismatches lead to immunological sensitization (the development of anti-HLA antibodies) and 

Figure 3: Cell membrane with a MHC class I molecule (HLA-A, -B) on the left, and a MHC 

class II molecule (HLA-DR, -DQ) on the right. Own work. 
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therefore to longer waiting times for further transplantations [46, 47]. Preformed and de novo 

donor specific antibodies (DSA), such as anti-HLA antibodies, produced by the B-cells can be 

detected in the serum. Serum DSAs are correlated with antibody-mediated acute and chronic 

rejections which lead to poor outcomes [38], but not all DSA are harmful. Results must be 

interpreted with other clinical or pathological findings [48]. Other causes for sensitization are 

pregnancies and multiple blood transfusions [49]. At our center, RT patients are routinely 

checked for DSA once a year. 

A different immunologic test to estimate the probability of a rejection is to determine 

the panel reactive antibody (PRA) level. It is a measurement for the recipient’s immunological 

reactivity toward known antigens on 30-40 different donor lymphocytes on a cell panel, 

including the HLA. The higher the percentage, the more likely a crossmatch will occur for the 

recipient to react against a potential donor organ from the population [49, 50]. 

In contrast to cell-based screening, the solid phase – or bead based – antibody screening 

is more sensitive. Patient serum is added to up to 100 beads coated with different HLA antigens. 

There, formed antibodies attach and can be detected via fluorescent IgG (Figure 4). The 

“calculated PRA” (cPRA) is based on unacceptable, sensitized HLA antigens, with 

consideration to the frequencies of 12.000 donors [49]. 

 

Figure 4: An overview of the cell based and bead based antibody screening. ©Althaf et al. 

2017. Published by Baishideng Publishing Group Inc. 
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1.5.2 ABO blood group system and other antigens 

Immunoadsorption and modern immunosuppressive therapy has made it possible for 

RT to take place even with ABO blood type incompatibility, with similar long-term outcomes 

to a compatible blood type status. But immunoadsorption is not recommended in small children 

because of the high extracorporeal volume [4, p. 246]. The ABO and Rhesus (Rh) blood group 

systems are included in the transplant allocation system. They describe the presence of the 

antigens A, B or AB, and Rh on erythrocytes. Blood type O has neither A nor B antigens, 

resulting in the presence of anti-A and -B antibodies. These people may only receive 

transfusions from other type O donors. People with blood type AB, who do not have antibodies 

against either A or B antigens, may receive blood without hemolytic complications. But they 

cannot donate to any of the other three blood types. In the Rh system, people with Rh negative 

status will only develop anti-Rh antibodies after an exposure with Rh positive blood. Any 

following transfusions will then lead to an immune reaction [51, p.39]. 

The assessment of other non-HLA antibodies such as those of the minor 

histocompatibility complex or the anti-endothelial cell antibodies (AECA) is not included in 

the evaluation or routine post-transplant check-ups. It has been shown that the minor 

histocompatibility antigens do not significantly influence graft loss within five years [52]. 

Research is showing the presence of AECAs are associated with antibody-mediated rejection 

(ABMR) and worse long-term graft survival [53]. 

 

1.6 Immunosuppression 

The immunosuppressive therapy after transplantation is a combination of various 

agents that suppress the recipient’s immune response against the donor organ. Many substances 

have been developed, with different recommended combinations over decades of RT. 

Immunosuppression after solid organ transplantation can be classified into induction therapy 

and maintenance therapy [54].  

In order to avoid acute rejections, induction agents such as Anti-thymocyte globulin 

(ATG) from rabbit or horse, and IL-2 receptor antibodies (Basiliximab, Daclizumab) can be 

given for a short time after RT. Daclizumab was part of the induction therapy in the EU from 

1999 until 2009, when it was withdrawn for commercial reasons [54, 55]. Basiliximab seems 

to be a safer IL-2 inhibitor than its predecessor and is used more often for induction in pediatric 

patients than ATG [54, 56].  
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The maintenance of immunosuppression is a life-long therapy and therefore compliance 

is a very important factor for graft survival [17]. The main substances available are 

corticosteroids (Prednisolone), calcineurin inhibitors (Tacrolimus, Ciclosporin), mTOR 

inhibitors (Sirolimus, Everolimus) and antiproliferative agents (Azathioprine, Mycophenolate 

mofetil). Noncompliance following pediatric RT is mostly observed in adolescent patients, 

which can even lead to graft loss [56]. 

Prednisolone inhibits lymphocyte activation by blocking the production of cytokines. 

After induction therapy, the initially high dosage of prednisolone is slowly reduced and 

continued as low as possible as part of the maintenance therapy. That way, the risk for long-

term side effects such as Cushing’s syndrome, osteoporosis and glucose intolerance can be kept 

at a minimum [9, p.294]. 

Calcineurin is an enzyme that activates T-cells by upregulating IL-2 expression and that 

of other cytokines. Ciclosporin (CyA) was first used in the early 1980s, but has been replaced 

by Tacrolimus as first-line calcineurin inhibitor because of better graft survival, fewer rejection 

episodes as well as better low-dose efficacy, but similar nephrotoxicity [54]. 

Another drug class for chronic immunosuppression are the mTOR (mechanistic target 

of rapamycin) inhibitors. This enzyme regulates cytokine mediated T-cell proliferation and is 

the target protein for Sirolimus and Everolimus. Because cell cycles are affected, side effects 

such as leukopenia, thrombocytopenia and anemia are possible. mTOR inhibitors may be an 

alternative to calcineurin inhibitors, though altogether only two of our included RT cases 

Figure 5: An overview of the different targets of the immunosuppresive drug classes. IL 

(interleukin), mTOR (mechanistic target of rapamycin), DNA (deoxyribonucleic acid). Own 

work. 



21 

received sirolimus. However mTOR inhibitors are still not widely used in pediatric transplant 

medicine [54].  

Antiproliferative agents include Mycophenolate mofetil (MMF) and Azathioprine 

(AZA). MMF inhibits the synthesis of guanosine in proliferating T- and B-cells. Possible side 

effects are gastrointestinal intolerance (enterocolitis, nausea, diarrhea) and leukopenia. AZA 

works as a purine analogue and affects fast proliferating cells such as lymphocytes. Due to its 

low specificity, adverse events such as leukopenia, anemia and hepatotoxicity may occur 

Compared to AZA, MMF has a lower rate for acute rejection reactions and is therefore 

currently part of the first-line maintenance therapy together with Tacrolimus and Prednisolone 

[4, p.257]. 

 

1.7 Complications of Kidney Transplantation 

In addition to the aforementioned side effects caused by immunosuppression, there are 

a number of further complications related to RT. Delayed graft function, defined by the need 

for dialysis within the first 7 to 10 days after transplantation, is seen more often in DD than in 

LD kidneys, with a rate of 15% as compared to 5%. It is associated with worse overall graft 

survival. Risk factors are mainly perioperative: Prolonged cold and warm ischemia time, and 

hypotension. The diagnosis must be differentiated from vascular thrombosis, glomerular or 

systemic diseases, urinary obstruction and transplant rejection [9, p.301, 56]. 

Vascular thrombosis of either the arterial or venous system is the most common cause 

for graft failure in the early stages after RT. Clinical symptoms might be a suddenly decreased 

kidney function in the second week after RT. A new onset of macrohematuria is also a warning 

sign. The diagnosis is confirmed by Doppler sonography, to determine perfusion and blood 

flow [4, p.260]. Some risk factors include DD graft, long ischemia times, intraoperative 

hypotensive episodes, and high dosages of catecholamines [56].  

Urological complications may occur in up to 15% of the cases. Urinary obstruction and 

leakage require percutaneous nephrostomy or even surgical revision. Recurrent urinary tract 

infections can be a sign of vesicoureteral reflux, which is diagnosed via cystography [56, 57]. 

Bleeding, surgical site infections and lymphoceles are further postoperative complications that 

may require re-intervention. [57].  
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1.7.1 Viral Complications 

CMV infection is common after organ transplantation and is associated with increased 

rates of transplant rejection und reduced graft survival [58]. 80% of adults show seropositivity, 

meaning there is a significant likelihood, that a seronegative child recipient (R-), would receive 

an organ from seropositive adult donor (D+). Prophylactic measures against CMV infection 

are taken by administering Valganciclovir or Ganciclovir for weeks to months after a RT [59]. 

CMV disease may develop in up to 67% of patients with CMV infection. Patients present with 

fever, leukopenia with resulting bacterial or fungal coinfections, and tissue invasive diseases, 

such as pneumonitis, hepatitis, retinitis, or gastrointestinal disease. A further 

immunomodulatory complication caused by CMV infection is the EBV-associated post-

transplant lymphoproliferative disorder (PTLD) [60]. 

The opportunistic infection with the EBV is another challenge in the care for patients 

after RT. Due to a compromised immune system, especially the T-cell mediated response, the 

B-cells infected by initial or reactivated EBV would proliferate uncontrollably. The acute 

PTLD occurs mostly within the first year after RT, and causes symptoms such as fever, 

lymphadenopathy, and hepatosplenomegaly. Even many years after RT, these patients still are 

at increased risk for developing a B-cell lymphoma while taking low level immunosuppression 

[61]. Antiviral prophylaxis in D+/R- cases does not adequately reduce the risk for PTLD, which 

has an incidence of around 2%. [62]. 

 

1.7.2 Transplant Rejection 

Kidney transplant rejection is verified with histological examination of the transplant 

biopsy. Morphologic, immunologic and serologic features are defined in the six categories by 

the Banff Classification of Allograft Pathology [63]:  

Table 2: Banff classification for transplant rejection. ABMR (antibody-mediated rejection), 

TCMR (T-cell-mediated rejection), IFTA (interstitial fibrosis and tubular atrophy). 

Banff Category Pathology 

1 Normal biopsy or unspecific changes 

2 ABMR 

3 Suspicious (Borderline) for acute TCMR 

4 TCMR 

5 IFTA 

6 Other changes not caused by acute or chronic rejection 
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The hyperacute rejection has become a rarity thanks to antibody screening, blood typing 

and immunosuppression. This form of rejection is caused by preformed antibodies. The 

immune reaction and the coagulation cascade lead to thromboses within the transplant leading 

to organ necrosis [9, p.303]. 

The incidence of acute rejection among pediatric patients within one year is at 15 to 

20% [17, p.1638], and occurs more often than in the adult population [30]. Symptoms such as 

fever and painful swelling in the transplant site are less frequent. An increase of base serum 

creatinine by 20% within the first 3 weeks requires differential diagnosis before conducting a 

biopsy. This includes the above-mentioned vascular and urological complications, and 

infections. The acute TCMR is defined by the infiltration of inflammatory cells into the renal 

interstitium and the presence of a tubulitis [17, p.1638]. The acute ABMR is led by antibodies 

against antigens of the donor organ, such as HLA-antigens. As such, DSA can often be 

detected. Both TCMR and ABMR require intensified immunosuppressive therapy with short-

term high-dose Methylprednisolone. Dialysis, immunoabsorption or plasmapheresis can be 

performed to eliminate the antibodies, but an established treatment for ABMR does not yet 

exist [4, p.263]. 

The most common cause for graft loss is the chronic rejection, defined by TCMR or 

ABMR later than one year after RT and the chronic allograft nephropathy (CAN). The term 

“CAN” has been replaced by “IFTA” and other diagnoses since 2005, because it did not 

differentiate between the etiologies of chronic injury [64]. C4d staining used to be considered 

an obligatory marker for ABMR. That is no longer the case, because rejections may occur 

without C4d, and C4d can be positive without morphologic rejection. Molecular markers and 

gene expression have been included to help with ABMR differential diagnosis [64]. Risk 

factors include previous rejections, infections, inaccurate matching and noncompliance, as well 

as hypertension, hyperlipidemia and glomerular hyperfiltration [9, p. 317]. These persistent 

injuries negatively affect long-term graft survival. Clinical signs of chronic rejection are a slow 

worsening of GFR, a steady increase of creatinine values and especially proteinuria. 

Therapeutic results for chronic rejection are still unsatisfying, so prevention is of value. It is 

important to improve patient compliance, screen for antibodies frequently and achieve better 

matching HLA antigens between recipient and donor. A re-transplantation must also be 

considered in a timely manner [4, p.264]. 
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1.8 Eurotransplant 

In cases of unavailable LD organs within the patient’s family or community, it is 

possible for the transplantation center to enter relevant patient information into the database of 

Eurotransplant and to waitlist the patient. Eurotransplant is a network responsible for the 

allocation and distribution of organs in the countries Austria, Belgium, Croatia, Germany, 

Hungary, Luxembourg, the Netherlands and Slovenia. By the end of 2019, about 14,000 

patients were on the active waiting list, of which about 10,700 patients needed a kidney, and 

103 of them were 0 to 15 years old [65]. The Eurotransplant Kidney Allocation System 

(ETKAS) is based on a point score system to match recipients to donor organs. Aside from 

general characteristics like medical urgency, expected outcome, waiting time and distance 

between donor and recipient, the ETKAS includes HLA-A, -B, -DR mismatches, antibody 

screening and a pediatric bonus point system. The reasons for the special ranking for pediatric 

patients are the vital importance of a good donor organ function for growing children and a 

better chance to find a transplant of suitable size [40]. 

 

1.9 Objectives 

Knowing the indications for RT and its risks and complications, the aim of this study 

was to analyze the effect of HLA mismatches on kidney transplant reaction and graft loss in 

pediatric patients with an outlook for improving patient assessment, graft allocation and risk 

stratification. Our study goal was to evaluate the effect of HLA-mismatches on graft rejection 

and survival after RT and exploratively analyze differences within the mismatches of different 

HLA loci. 
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2 Materials and Methods 

2.1 Study Population and Criteria 

As a retrospective cohort study, we 

screened charts and reports of 146 RT cases 

at the Department of Pediatric and Adolescent 

Medicine, Division of Pediatric Nephrology 

and Gastroenterology at the Medical 

University of Vienna, who received a RT 

from a LD or DD between 1993 and 2014. 

The patients screened into this study 

were between 0 and 23 years of age with 

ESRD at the time of transplantation. All RTs 

and re-RTs between 1993 and 2014 were 

included, to have at least a five-year follow-

up until 2019. 

The exclusion criteria were if data on 

HLA-typing and follow-up data on graft 

function later than one month after RT were 

unavailable. Of the 146 cases, a total of 11 

cases were excluded from further analysis; 5 

because of immediate graft loss. 6 cases were 

transferred to different centers shortly after 

RT. 

2.2 Parameters 

We defined the transplant rejection and survival time until rejection as the main 

outcome parameters (biopsy proven as well as clinically suspected and treated rejections). 

Secondary parameters were GFR post-transplantation (1, 6, 12 months, 2, 5 years, end of 

follow-up), type of rejection reactions (biopsy proven and clinically suspected), graft loss, and 

survival time until graft loss (requirement of dialysis after RT). To simplify the histological 

data from different transplant eras, we combined the findings CAN and IFTA into 

“CAN/IFTA”. 

Baseline characteristics included age at RT, weight, height, and body mass index (BMI) 

at transplantation, gender, primary renal disease, GFR at RT, method of RRT (HD, PD or RT) 

1993-2014

146 screened cases

HLA-A, -B and -DR 
available

135 analyzed cases

HLA-DQ available

64 cases with all HLA data

- immediate transplant 
nephrectomy (5)
- no follow-up (6)

11 excluded cases

Figure 6: Flowchart of the screened cases 

from 1993 until 2014. HLA (human leukocyte 

antigen). 
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and time on dialysis in months. Date of transplantation, number of prior RTs, source of the 

donor organ, immunosuppressive regimen, HLA mismatch, cold ischemia time, and surgical 

complications were also evaluated. 

2.3 Hypotheses 

Null hypothesis (H0): “HLA mismatch has no significant impact on the risk and time 

of allograft rejection in pediatric patients after renal transplantation”. 

Alternative hypothesis (HA): “HLA mismatch has a significant impact on the risk and 

time of allograft rejection in pediatric patients after renal transplantation”. 

 

2.4 Statistics and Data Analysis 

 The data was initially stratified into 6 groups by the number of HLA (-A, -B, and -DR) 

mismatches, but the event numbers were fewer than 5 in some groups. For that reason, the data 

was split into three mismatch categories: “0-1”, “2-3” and “4-6”.  

Categorical variables of the baseline and outcome parameters were presented in a table 

in absolute numbers and percentages. Continuous variables such as age, time on dialysis, cold 

ischemia time, eGFR were described with their median and interquartile range values. The Chi-

squared/Fisher’s exact test was done for the categorical variables, and the Kruskal-Wallis test 

was used for the continuous variables, to evaluate differences between the 3 cohorts. With 

unstratified data, associations between baseline parameters* and the outcome parameters, event 

of rejection and graft loss, were individually tested with a logistic regression model. Significant 

results under α=0.05 were presented as odds ratio (OR) and 95% confidence interval (CI). 

For the death-censored survival analysis of the 3 groups (time until rejection, time until 

graft loss), we used the Cox regression model, presented as hazard ratio (HR) with 95 % CI. 

Significant parameters were further analyzed in a multivariable regression. 

Transplant function defined by eGFR (1, 6 months; 1, 2 and 5 years) after renal 

transplantation was analyzed with random intercept linear mixed model, to look at the impact 

of HLA mismatches on eGFR trend. 

 

* The baseline parameters examined as predictors or covariates in these models were: 

number of HLA mismatch, age, gender, primary disease, number of prior RTs, dialysis 

modality, time on dialysis in months, LD or DD, cold ischemia time, transplant era, 

immunosuppressive regimen and CAN/IFTA. 
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Explorative analysis was made with the same baseline and outcome parameters, with 

the study population stratified into 3 groups by the number of HLA-DQ mismatches (0, 1, or 2 

MM). With this, we wanted to look at the association of HLA-DQ mismatches on rejection, 

graft survival and function. All statistical analyses were done using IBM SPSS. 

 

3 Results 

3.1 Study population 

As mentioned above, we screened 146 cases of RT between 1993 and 2014. 11 cases 

were excluded from further statistical analyses. In five of the cases, grafts were removed shortly 

after RT because of surgical complications such as thrombosis (n=2), ureteral leakage (n=1) or 

rupture (n=1). One transplant nephrectomy was indicated due to an acute necrotic pancreatitis. 

The rest (n=6) were transferred and lost to follow-up at our center. A total of 135 cases were 

analyzed. 
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3.2 Baseline parameters 

Baseline parameters 0-1 MM 2-3 MM 4-6 MM p-Value 

Number of cases: n/% 22/ 16.3 102/ 75.6 11/ 8.1  

Age at RT: median / IQR, in y 8.6/ 8.5 11/ 10.4 10.4/ 13.4 0.824 

Gender: n/%    0.172 

   Male 15/ 68.2 57/ 55.9 9/ 81.8  

   Female 7/ 31.8 45/ 44.1 2/ 18.2  

Primary disease: n/%    0.970 

   CAKUT 10/ 45.5 47/ 46.1 5/ 45.5  

   Glomerular 7/ 31.8 33/ 32.4 4/ 36.4  

   Tubular 4/ 18.2 20/ 19.6 2/ 18.2  

   Other 1/ 4.5 2/ 2.0 0  

Preemptive RT 7/ 31.8 28/ 27.5 2/ 18.2 0.796 

Initial dialysis n/%    0.408 

   Peritoneal dialysis 12/ 80 40/ 54.1 5/ 55.6  

   Hemodialysis 3/ 20 34/ 45.9 4/ 44.4  

Time on dialysis: median/ IQR, in 

months 

11.1/ 29.6 3.95/ 13.7 4.7/ 10.1 0.476 

Donor: n/%    0,458 

   Living donor 10/ 45.5 55/ 53.9 4/ 36.4  

   Deceased donor 12/ 54.5 47/ 46.1 7/ 63.6  

eGFR at RT: median/ IQR 7.8/ 3.2 7/ 3.2 6.3/ 4.4 0.494 

Cold ischemia time: median/ IQR in 

hours 

(Missing for 29 cases) 

12/ 13 11/ 12 10/ 11 0,899 

Prior grafts: n/%    0.822 

   0 18/ 81.8 88/ 86.3 10/ 90.9  

   1 3/ 13.6 11/ 10.8 1/ 9.1  

   2 1/ 4.5 2/ 2.0 0  

   3 0 1/ 1 0  

Transplant era: n/%    0.127 

   1993-1996 5/ 22.7 9/ 8.8 2/ 18.2  

   1997-2000 5/ 22.7 18/ 17.6 0  

   2001-2004 5/ 22.7 25/ 24.5 0  

   2005-2008 1/ 4.5 26/ 25.5 5/ 45.5  

   2009-2012 4/ 18.2 14/ 13.7 2/ 18.2  

   2013-2014 2/ 9.1 10/ 9.8 2/ 18.2  

HLA-A mismatches: n/%    <0.001 

   0 21/ 95.5 24/ 23.5 0  

   1 1/ 4.5 76/ 74.5 5/ 45.5  

   2 0 2/ 2.0 6/ 54.5  

HLA-B mismatches    <0.001 

   0 17/ 77.3 9/ 8.8 0  

   1 5/ 22.7 84/ 82.4 5/ 45.5  

   2 0 9/ 8.8 6/ 54.5  
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HLA-DR mismatches    <0.001 

   0 17/ 77.3 23/ 22.5 1/ 9.1  

   1 5/ 22.7 79/ 77.5 4/ 36.4  

   2 0 0 6/ 54.5  

CMV status: n/% (missing for 16 

cases) 

   0.028 

   D+/R+ 6/ 35.3 24/ 26.1 1/ 10  

   D+/R- 4/ 23.5 34/ 37 3/ 30  

   D-/R+ 0 1/ 1.1 3/ 30  

   D-/R- 77/ 41.2 33/ 35.9 3/ 30  

EBV status: n/% (missing for 88 

cases) 

   0.520 

   D+/R+ 3/ 37.5 7/ 19.4 0  

   D+/R- 2/ 25 6/ 16.7 1/ 33.3  

   D-/R- 3/ 37.5 23/ 63.9 2/ 66.7  

Immunosuppression at RT: n/% 

(missing for 1 case) 

    

   Corticosteroid 22/ 100 101/ 100 11/ 100 constant 

   Azathioprine 7/ 31.8 21/ 20.8 1/ 9.1 0.30 

   Ciclosporin 15/ 68.2 46/ 45.5 4/ 36.4 0.11 

   Sirolimus 0 2/ 2.0 0 0.718 

   Mycophenolate mofetil 14/ 63.6 79/ 78.2 10/ 90.9 0.175 

   Tacrolimus 6/ 27.3 53/ 52.5 7/ 63.6 0.061 

   ECM 0 1/ 1.0 0 0.848 

Induction therapy 12/ 54.5 75/ 74.3 9/ 81.8 0.131 

   Daclizumab 7/ 31.8 49/ 48.5 5/ 45.5 0.362 

   Basiliximab 5/ 22.7 26/ 25.7 4/ 36.4 0.692 

Table 3 Baseline parameters stratified into "0-1", "2-3" and "4-6" MM (mismatches). HLA 

(human leukocyte antigen), RT (renal transplantation), IQR (interquartile range), y (years), n 

(number of cases), CAKUT (congenital anomaly of kidney and urinary tract), RRT (renal 

replacement therapy), CMV (cytomegalovirus), EBV (Epstein-Barr virus), ECM (enteric-

coated mycophenolate sodium). 

 

Table 3 shows the demographic and clinical baseline characteristics of our study 

population. Patient data was stratified according to the number of HLA (-A, -B, -DR) 

mismatches, which ranges from 0-6 mismatches, into three groups. Group “0-1” had 22 

(16.3%) cases, “2-3” had 102 (75.6%) cases and group “4-6” had 11 (8.1%) cases. There were 

no significant differences in the baseline parameters between the groups, aside from CMV 

constellation and number of HLA mismatches. The 135 cases refer to a total of 126 patients, 

who were included in this study – 7 patients had two RTs and 1 patient had 3 RTs in our 

observation time. 

81 (60%) of the cases were male. Age at RT ranged from 7 months to 23 years, median 

age was 10,5 (IQR 10.9). The most RTs took place in the age categories 0-3 (21.2%) and 12-

15 (24.2%). The underlying diseases leading to RT were grouped into 4 categories: “CAKUT”, 
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“glomerular”, “tubular”, and “other”. In our study, almost half of the cases were caused by a 

CAKUT (45.9%), led by obstructive uropathy (23.7%) and dysplastic kidneys (11.1%). The 

next most common causes for ESRD were in the glomerular disease category (32.6%): 

congenital nephrotic syndrome (10.4%) and focal segmental glomerulosclerosis (9.6%). The 3 

(2.2%) cases of perinatal asphyxia were sorted into the “other” category, because the 

underlying pathophysiology was an AKI, and not a CKD. Median eGFR at RT was 7.2 

ml/min/1.73m² (IQR 3.2). 

 

 

Figure 7: Gender and disease category. 

There were more male (60%) than female 

(40%) cases. The strongest difference can be 

seen in the category “CAKUT” (62.9 vs. 

37.1%). 

 

 

 

 

Figure 8: Age at RRT and first RRT. 

Peritoneal dialysis is the RRT (renal 

replacement therapy) of choice in infants 

and younger children. The frequency for 

preemptive RT (renal transplantation) 

increases with age, as better fitting 

anatomic proportions increase the 

feasibility of the transplantation. 



31 

Disease categories and primary diseases: n/% 

CAKUT Glomerular Tubular Other 

Dysplastic kidneys 15/11.1 Alport syndrome 2/ 1.5 
Chronic interstitial 

nephritis 
1/ 0.7 Asphyxia 3/ 2.2 

Myelomeningocele 3/ 2.2 Atypical HUS 3/ 2.2 Cystinosis 4/ 3.0   

Obstructive uropathy 32/ 23.7 CNS 14/ 10.4 
Juvenile 

nephronophthisis 
14/ 10.4   

Reflux nephropathy 9/ 6.7 FSGS 13/ 9.6 Oxalosis 1/ 0.7   

Wilms’ tumor 3/ 2.2 Glomerulonephritis 4/ 3.0 PKD 6/ 4.4   

  HUS 2/ 1.5     

  IgA nephritis 3/ 2.2     

  RPGN 2/ 1.5     

  Toxic nephropathy 1/ 0.7     

Total (n=135) 62/ 45.9  44/ 32.6  26/ 19.3  3/ 2.2 

Table 4: An overview of the disease categories and primary diseases leading to chronic kidney 

disease in our study population. n (number of cases, CAKUT (congenital anomaly of the kidney 

and urinary tract), HUS (hemolytic uremic syndrome), CNS (congenital nephrotic syndrome), 

FSGS (focal segmental glomerulonephritis), IgA (immunoglobulin A), RPGN (rapid 

progressive glomerulonephritis), PKD (polycystic kidney disease). 

A total of 37 (27.4%) cases were preemptive RT, 41 (30.4%) received HD, and 57 

(42.2%) had PD before RT. When looking at the age distribution, HD took place the most in 

the age group 12-15 (48.4%). PD was the RRT of choice among infants (81.6%) and children 

aged 4-7 (57.1%). The median time on dialysis was 5,1 months (IQR 14,4). Altogether, most 

of the preemptive RTs were performed in the ages 12-15 (38.7%) and 16-19 (58.8%) years. 

A kidney from a LD was transplanted in about half of the cases (51.1%). The median 

cold ischemia time was 11 hours (IQR 12.5). In all cohorts, most cases (81.8%-90.9%) had no 

prior RT. One with 3 prior RTs experienced an acute rejection in less than a month after the 

surgery. In the virology status, the D-/R- (n=43, 36.1%) EBV constellation was most common, 

followed by D+/R+ (n=31, 26.1%). There were no D-/R+ cases. As for CMV, D-/R- (n=43, 

31.9%) and D+/R- (n=41, 30.4%) were the most frequent combinations. The most RTs 

observed were in the years 2003-2005 with 32 cases (23.7%). In our study population, 

induction therapy started taking place in 1999.  

As for maintenance immunosuppression, all patients received a corticosteroid. Its 

combination with AZA and CyA was dominant until 1999, when MMF replaced AZA and 

Daclizumab was added as part of the induction therapy. Basiliximab was used instead of 

Daclizumab starting 2008-2009. Tacrolimus first replaced CyA in 1996, before induction 

therapy began in our pediatric patients. It regained importance in 2003 and has been essential 

in maintenance therapy since 2005-2006. There was one case of RT from an identical twin in 

2009, who has only received prednisolone. 
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The median number of HLA mismatches (excluding HLA-DQ) was 3 (IQR 1). 90 

(66.7%), 109 (80.7%) and 121 (89.6%) cases had at least 1 HLA-A, -B and -DR mismatch 

respectively. There was a total of 64 (47.4%) cases where information on HLA-DQ was 

available. 

 

3.3 Outcome parameters 

A biopsy was performed in 88 cases (65.2%). Of these cases, a rejection was diagnosed 

in 64 (72.7%) cases, whereas 24 (27.3%) showed no rejection reaction. A total of 65 (48.1%) 

cases had experienced a rejection, of which 16 (24.6%) were chronic. In one case, an acute 

rejection reaction was suspected and treated without a biopsy. Of the 65 rejection cases, 43 

(66.2%) were documented within 5 years after RT. 38 of those cases (88,4%) were acute 

rejections. Histologic findings at first graft deterioration were categorized according to the 

Banff classification. TCMR was the most frequent finding (n=27; 30.7%), followed by 

Borderline changes (n=21; 23.9%) and IFTA/CAN (n=14; 15,9%). The ABMR was found in 

8 (9.1%) of the cases. We added another group called “mixed rejection” for biopsies that 

showed both TCMR and ABMR, which occurred in 5 (5.7%) cases. In the all-time follow-up, 

CAN/IFTA was diagnosed in 20 more cases, making a total 34 (25.2%) cases. A total of 3 

(2.2%) patients died within a year with functioning grafts. Cause of death for 2 of them was 

Figure 9: Categorized year of RT (renal transplantation) and immunosuppressive regimen 

between 1993 and 2014. 
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associated with an infection (varicella zoster, pneumocystis) that led to septic shock and 

multiorgan failure. The other cause of death was an uncontrollable progression of PTLD. Graft 

loss, defined by re-dialysis, occurred in 12 (9%) cases within 5 years. There was a total of 49 

(36.6%) cases of graft loss in the all-time follow-up. As for graft function over time, the median 

and IQR eGFR for 1 and 6 months, and 1, 2 and 5 years were respectively: 88.8 (49.25); 71 

(43.1); 69.5 (39.2); 64.9 (34.5); 58.4 (40) ml/min/1,73 m². The median eGFR at the end of 

follow-up was 43.36 (52.5). The end of follow-up was defined by the event graft loss or the 

date of the last documented lab value at the Medical University of Vienna (cutoff time: August 

2020). The median and IQR time until the end of follow-up was 100 (85) months or 8.3 years. 

Outcome parameters 0-1 MM 2-3 MM 4-6 MM p-Value 

Rejection reaction within 5 years: n/% 5/ 22.7 31/ 30.4 7/ 63.6 0.042 

Rejection reaction all-time: n/% 7/ 31.8 50/ 49 8/ 72.7 0.083 

   Acute 6/ 27.3 37/ 36.3 6/ 54.5 0.063 

   Chronic 1/ 4.5 13/ 12.7 2/ 18.2 0.086 

Survival time until rejection: median, in m 

(Kaplan Meier) 

Not observed 142 7 0.059 

Banff classification of first rejection/ graft 

deterioration: n/% 

   0.306 

   no biopsy 7/ 31.8 37/ 36.6 0  

   normal biopsy 0 6/ 5.9 0  

   Antibody mediated rejection 0 7/ 6.9 1/ 9.1  

   Borderline changes 2/ 9.1 17/ 16.8 2/ 18.2  

   T-cell mediated rejection 4/ 18.2 19/ 18.8 4/ 36.4  

   Mixed rejection 1/ 4.5 3/ 2.9 1/ 9.1  

   IFTA 6/ 27.3 7/ 6.9 1/ 9.1  

   Other changes not due to rejection 2/ 9.1 5/ 5.0 0  

CAN/IFTA occurrence (all-time): n/% 8/ 36.4 23/ 22.5 3/ 27.3 0.354 

Graft loss within 5 years: n/% 

missing for 1 case 

1/ 4.8 8/ 7.8 3/ 27.3 0.077 

Graft loss all-time, death-censored: n/% 

missing for 1 case 

7/ 31.8 35/ 34.3 7/ 63.6 0.141 

Graft loss by death: n/% 0 3/ 2.9 0 0.609 

Survival time until graft loss: median, in m 

(Kaplan-Meier) 

Not observed 178 117 0.054 

eGFR after RT: ml/min/1,73 m², median/ IQR     

   1 m: N/A for 1, missing for 6, 82.6/ 32.8 94/ 49.6 71/ 57.1 0.365 

   6 m: N/A for 4, missing for 11 61.6/ 33.9 72.6/ 44.1 59.7/ 54.2 0.216 

   1 y: N/A for 5, missing for 12 72.2/ 36.6 71.4/ 38.0 59/ 37.6 0.264 

   2 y: N/A for 7, missing for 12 53.8/ 36.2 68.6/ 33.5 65/ 80.9 0.256 

   5 y: N/A for 12, missing for 23 46.5/ 32.4 63.5/ 39 66.6/ 30.1 0.173 

   End of follow-up 44.8/ 57.4 43.5/ 52.5 21.3/ 37.8 0.762 

Time until end of follow-up, in m: median/IQR 111/ 81.0 100/ 85.0 100/ 84 0.649 



34 

Table 5: Outcome parameters stratified in "0-1", "2-3" and "4-6" MM (mismatches). HLA 

(human leukocyte antigen), n (number of cases), m (months), eGFR (estimated glomerular 

filtration rate), RT (renal transplantation), IQR (interquartile range), CAN (chronic allograft 

nephropathy), IFTA (interstitial fibrosis and tubular atrophy) N/A (not available, censored due 

to graft loss). 

 

3.4 Statistical analysis 

3.4.1 Rejection reaction 

The association of every baseline parameter on the event of a rejection reaction or graft 

loss was tested with the binary logistic regression model. The multinomial regression model 

was used for dependent variables with more than two characteristics, such as rejection type and 

Banff classification of the biopsies. 

 

Rejection event 

Our study population showed no significant 

influences of age at RT (p=0.129), gender (p=0.292), 

disease category (p=0.917), initial RRT (p=0.647) or 

time on dialysis in months (p=0.491), cold ischemia 

time (p=0.225), number of prior RTs (p=0.129), 

virology status (CMV: p=0.686; EBV: p=0.233), 

induction therapy (p=0.478), immunosuppressive 

regimen (p=0.759) or the HLA loci -A (p=0.955) and -

DR (p=0.213) on the event of an all-time rejection 

reaction. There was no significant association between 

the total number of HLA-mismatches and 5-year 

(p=0.093) or all-time rejection (p=0.078), but there was 

a significant difference between the 3 groups of 

categorized mismatches (p=0.035). The number of 

HLA-B mismatches increased the risk for rejection 

(p=0.011). Receiving a graft from a DD also showed to 

have a higher risk for rejection (p=0.005). In every 

following year a RT took place, the odds for rejection 

slightly decreased (p=0.013). 

Figure 10: Rejection and year 

of RT, presented as percent and 

count. The year of RT has a 

significant beneficial effect on 

rejection event. The risk is 

reduced by 6.3% every year. 

(p=0.043, OR=0.937 [0.861-

0.998]). 
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In a multivariable analysis, the variables HLA mismatch category (p=0.269, 

OR=1.758), HLA-B (p=0.119, OR=2.036) and DD graft (p=0.084, OR=2) ended up not being 

significant, but a risk tendency could be observed. A significant and beneficial effect was seen 

per RT year (p=0.043, OR=0.937 [0.861-0.998]), meaning the risk for rejection decreased by 

6.3% per year.  

 

 

Acute or chronic rejection 

“No Rejection” was the reference category in this analysis. The one case of suspected 

and treated acute rejection was included into this analysis. Univariate regression showed that 

an acute rejection reaction was more likely when the graft was from a DD (p=0.01) compared 

to no rejection. The rate of chronic rejection did not increase (p=0.07). An acute rejection was 

seen to be less probable for every following year a RT took place (p=0.007). There were no 

significant changes in the occurrence of chronic rejection (p=0.07) throughout the years. The 

number of HLA mismatches did not significantly influence the event of an acute rejection 

(p=0.218), but it increased the rate of chronic rejection (p=0.037). “Two mismatches” in HLA-

DR was also significant (p=0.046). Mismatches in HLA-B led to higher chances for an acute 

rejection. The other baseline parameters, such as age at RT (p=0.414), gender (p=0.303), 

disease category (p=0.36), initial dialysis modality (p=0.958) and dialysis time in months 

Figure 12: Living (LD) or deceased donor 

(DD) and all-time rejection. Cases with 

DD grafts tended to increase the risk for 

a rejection reaction (p=0,084, OR=2). 

Figure 11: All-time rejection and number of 

HLA mismatches category. HLA mismatch 

category was only significant in the 

univariate analysis (p=0.035). The 

multivariate model showed its negative 

tendency (p=0.269, OR=0.758). HLA 

(human leukocyte antigen). 
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(p=0.62), cold ischemia time (p=0.469), the number of prior RTs (p=0.276), HLA-A mismatch 

(p=0.393), virology status (CMV: p=0.375; EBV: p=0.385) immunosuppression (p=0.323) and 

induction therapy (p=0.109), showed no significant association with the type of rejection. 

 

Figure 13: HLA-B mismatch and type of first rejection. Cases with 2 HLA-B mismatches had 

a significantly increased risk for an acute rejection (p=0.022, OR=4.157 [1.225-14.101]. HLA 

(human leukocyte antigen). 

Figure 14: RT year and type of first rejection. With every more recent year that a RT (renal 

transplantation) took place, the risk for an acute rejection was reduced by 8,5% (p=0.392, 

OR=0.915 [0.845-0.991]). 
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Multivariable analysis with the significant variables showed that chronic rejection was not 

significantly influenced by any of the multivariates (year of RT: p=0.61, OR=0.971; DD: 

p=0.111, OR=2.72; number of HLA mismatches: p=0.393, OR=1.588; HLA-B: p=0.916, 

OR=1.097; HLA-DR: p=0.765, OR=1.295). The acute rejection was impacted significantly by 

HLA-B mismatch (p=0.022, OR=4.157 [1.225-14.101] and the year of RT (p=0.029, 

OR=0.915 [0845-0.991]. The other variables turned out to be non-significant (DD: p=0.223, 

OR=1.706; number of mismatches: p=0.392, OR=0.72; HLA-DR: p=0.28, OR=1.916).  

 

Banff classification of first rejection/ first graft 

deterioration 

We looked at the histological findings 

of graft biopsies with regards to the baseline 

parameters. As mentioned before, there were 

88 (65.2%) biopsies with 7 categories. “Normal 

biopsy” was set as the reference category. Of 

insignificant influence were age at RT 

(p=0.479), gender (p=0.41), underlying disease 

(p=0.85), dialysis modality (p=0.48), time on 

dialysis in months (p=0.289), CIT (p=0.068), 

transplant year (p=0.167), virology status 

(CMV: p=0.756; EBV: p=0.449), 

immunosuppression (p=0.541) and HLA locus 

(A: p=0.2; B: p=0.74; DR: p=0.466). The 

number of HLA mismatches (p=0.085) is not 

significantly associated with a type of rejection, but IFTA was more likely in cases with fewer 

HLA mismatches (p=0.042). RT from a DD increased the risk for TCMR (p=0.024). There 

were 5 mixed rejection biopsies (presenting both TCMR and ABMR), of which 4 were chronic 

rejections. All 5 came from a DD graft, but the OR and CI (>9x10^8) were unreliable. A 

multivariable analysis with the variables LD/DD and number of mismatches showed the 

following: Non-significance in the number of HLA mismatches (p=0.095), but a tendency 

toward IFTA with fewer mismatches (p=0.047, OR=0.394 [0.157-0.99], higher odds for 

TCMR (p=0.024, OR=14.414 [1.418-146.5] and mixed rejection (OR and 95% CI >9x10^8) 

Figure 15: Living (LD) or deceased 

donor (DD) and histological findings. 

DD grafts were associated with higher 

chances for TCMR (p=0.024, 

OR=14.414 [1.418-146.5]) and mixed 

rejection (OR and 95% CI >9x10^8), 

though these results come with very 

weak power due to low number of 

events and high stratification. 
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in DD than LD grafts. The distorted OR and 95% CI 

indicate a weak power in the analysis, most likely due 

to the uneven distribution of events in each Banff 

category (see Table 5).  

CAN/IFTA occurred in altogether 34 cases 

(25.2%) in the all-time follow-up, which was an 

increase by 10 cases compared to the initial biopsy. 

Univariate analysis showed significant risk from DD 

graft (p=0.035, OR=2.375) and lack of induction 

therapy (p=0.014, OR=2.826). In a multivariable 

model, the only significant factor was the year of RT 

(p=0.04, OR=0.822 [0.713-0.948]. Immunosuppression 

(p=0.486) itself was an insignificant influence, but 

[Prednisone, MMF, Tacrolimus, Basiliximab] had an 

85.7% smaller risk for CAN/IFTA to occur than the first 

regimen [Prednisone, AZA, CyA] (p=0.032, OR=0.143 

[0.027-0.768]). 

 

 

3.4.2 Graft loss event 

The significant univariates on the 

event of graft loss, defined by the necessity 

for dialysis after RT, were DD organ 

(p=0.032), year of RT (p=0.015), HLA-DR 

mismatch (p=0.041), 5-year (p<0.001) and 

all-time rejection event (p<0.001), type of 

rejection (p<0.001), time until rejection 

(p=0.002), and CAN (p<0.001). Age at RT 

(p=0.369), gender (p=0.385), disease 

category (p=0.446), RRT (p=0.139), dialysis 

time in months (p=0.48), CIT (p=0.907), 

prior RTs (p=0.164), induction therapy 

(p=0.058), immunosuppressive therapy 

Figure 17: HLA-DR mismatch and graft 

loss. HLA-DR mismatch was observed to 

increase the risk for graft loss by 2,5 for 

every additional mismatch (p=0.039, 

OR=2.526 [1.05-6.074]). HLA (human 

leukocyte antigen). 

Figure 16: Categorized year of 

RT and CAN/IFTA. Year of RT 

was associated with risk 

reduction for CAN/IFTA 

(p=0.04, OR=0.822 [0.713-

0.948). RT (renal 

transplantation), CAN (chronic 

allograft nephropathy), IFTA 

(interstitial fibrosis and tubular 

atrophy). 
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(p=0.187), number of HLA mismatches (p=0.146), 

categorized number of mismatches (p=0.194), 

number of mismatch category (p=0.135), HLA-A 

(p=0.747) and HLA-B: p=0.179) mismatch, EBV 

(p=0.251) and CMV status (p=0.332) had no 

significant influence on graft loss.  

In a multivariable model with the significant 

univariate factors mentioned, the most significant 

factor was the all-time rejection event (p<0.001, 

OR=10.767 [3.096-37.448]). To be more exact, both 

the acute (p=0.006, OR=8.134 [1.849-35.772]) and 

the chronic (p<0.001, OR=14.046 [3.188-61.892]) 

rejections were significant, with the chronic rejection 

being the greater risk factor. CAN/IFTA (p=0.001, 

OR=6.743 [2.245-20.256]) and the number of HLA-

DR (p=0.037, OR=2.61 [1.059-6.436]) mismatch also 

had a significant impact. The other variables DD graft 

(p=0.733, OR=1.184), RT year (p=0.555, OR=0.972), 

5-year rejection (p=0.495, OR=0.58), time until 

rejection (p= 0.26, OR=0.994) were insignificant 

risks. 

  

Figure 19: Rejection and graft loss. 

All-time rejection was the most 

significant risk factor for the event of 

graft loss (p<0.001, OR=12.928 

[3.124-53.496]). 

Figure 18: Graft loss and 

CAN/IFTA. Grafts in which CAN or 

IFTA was found at any point during 

follow-up had a 6.7 times higher 

chance for graft loss to occur 

(p=0.001, OR=6.743 [2.245-

20.256]). CAN (chronic allograft 

allopathy), IFTA (interstitial 

fibrosis and tubular atrophy). 
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3.4.3 Time until rejection 

A total of 65 cases had a rejection 

reaction. 43 cases experienced rejection 

within 5 years after RT. The overall 

median time until rejection was 71 months 

(5.9 years). As already mentioned, our 

study population was analyzed in 3 groups. 

7 out of 22 (31.8%) rejection cases were in 

group “0-1” mismatches. In group “2-3”, 

50 of 102 (49%) cases experienced a 

rejection. There were 11 cases in group “4-

6”, of which 8 (72.7%) had a rejection 

event (Table 4).  

In a Kaplan-Meier curve, the median survival time for group “0-1” could not yet be 

evaluated, because more than half of the cases were rejection-free by the end of follow-up. The 

group’s 75th percentile was reached at 28 months, which was shorter than that of “2-3” (42 

months). All 7 rejection reactions in “0-1” occurred within 5 years. The median time until 

rejection groups “2-3” was 142 months, or 11.8 years. For the group “4-6”, it was 7 months. 

Even though the differences between the groups are not significant (log rank: p=0.054), a 

tendency favoring fewer mismatches can be seen. 

With univariate Cox regression models, disease category (p=0.997), RRT (p=0.495), 

dialysis time in months (p=0.263), CIT (p=0.293), induction therapy (p=0.338), 

immunosuppression (p=0.514), CAN/IFTA (p=0.065), and HLA- DR mismatch (p=0.579) had 

no significant impact on time until rejection. The number of HLA mismatches itself did not 

shorten the time until rejection (p=0.077), but there was a significant hazard from the 

categorized number of mismatches (p=0.039). Further significant variables were age at RT 

(p=0.022), gender (p=0.046), DD graft (p=0.015), number of prior RTs (p=0.007), transplant 

year (p=0.046), HLA-A (p=0.039) and -B mismatch (p=0.009). 

 

Figure 20: Kaplan-Meier curve of the time 

until rejection in months. The median 

survival time until rejection for groups "2-3" 

and "4-6" were 142 and 7 months, 

respectively (log-rank: p=0.054). 



41 

The following multivariable model includes the mentioned significant variables as 

covariates. It showed statistical significance for age at RT (p=0.017), two prior RTs (p<0.007) 

and two HLA-B mismatches (p=<0.017) as hazards for survival time until a rejection reaction. 

Gender (p=0.061), a DD graft (p=0.263), the RT year (p=0.118), the number of HLA 

mismatches (p=0.212), and HLA-A-mismatch (p=0.379) turned out to be non-significant. 

 

Multivariate HR 95% CI p-value 

Age at RT 1.056 1.01-1.104 0.017 

Gender 

 Female 

 Male 

 

1.00 

1.766 

 

 

0.997-3.129 

 

 

0.051 

Graft donor 

 LD 

 DD 

 

1.00 

1.417 

 

 

0.766-2.621 

 

 

0.266 

Number of prior RTs 

 0 

 1 

 2 

 3 

 

1.00 

1.276 

5.942 

8.492 

 

 

0.554-2.938 

1.706-20.701 

0.887-81.259 

 

0.012 

0.566 

0.005 

0.063 

Year of RT 0.952 0.896-1.01 0.105 

Categorized number of HLA 

mismatches 

 0-1 

 2-3 

 4-6 

 

 

1.00 

2.292 

4.75 

 

 

 

0.701-7.489 

0.84-26.843 

 

 

0.211 

0.17 

0.078 

HLA-A mismatch 

 0 

 1 

 

1.00 

0.76 

 

 

0.396-1.459 

 

0.375 

0.409 

Figure 21: Separate lines for prior RTs 

from the multivariate regression for time 

until rejection. Having 2 prior RTs was a 

significant hazard for time until rejection 

(p=0.005, HR=5.942 [1.706-20.701]). 

RT (renal transplantation). 

Figure 22: Separate lines for HLA-B 

mismatch from the multivariate Cox 

regression for time until rejection. 2 HLA-B 

mismatches significantly shortened time until 

rejection (p=0.016, HR=4.235 [1.314-

13.653]). HLA (human leukocyte antigen), RT 

(renal transplantation). 
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 2 0.399 0.109-1.461 0.165 

HLA-B mismatch 

 0 

 1 

 2 

 

1.00 

0.937 

4.235 

 

 

0.361-2.43 

1.314-13.653 

 

<0.001 

0.893 

0.016 

Table 6: Multivariate Cox regression for time until rejection. HR (hazard ratio), CI (confidence 

interval), RT (renal transplantation), LD (living donor), DD (deceased donor), HLA (human 

leukocyte antigen). 

 

 

 

  

Figure 23: Survival function from the multivariate Cox regression for time until rejection. 

The variates included can be seen in Table 6. RT (renal transplantation). 
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3.4.4 Graft survival 

The Kaplan-Meier curve for graft 

survival shows the median survival times 

for groups “2-3 MM” and “4-6 MM” at 

178 and 117 months, respectively. The 

median survival for “0-1 MM” could not 

yet be observed because more than half of 

the cases had a functioning graft by the 

end of follow-up. The 75th percentile for 

that group lay at 92 months. Like with 

time until rejection, this curve also shows 

insignificant differences in graft survival 

between the HLA mismatch groups (log rank: p=0.185), with slightly shorter survival times 

with increasing number of mismatches. 

In univariate Cox regression models for graft survival, stratified into the 3 HLA 

mismatch categories, the statistically insignificant variables were: Age at RT (p=0.105), 

underlying disease (p=0.316), time on dialysis in months (p=0.653), LD or DD (0.341), CIT 

(0.827), transplant year (p=0.992), induction therapy (p=0.674), number of HLA mismatches 

(p=0.089, OR=1.218), categorized number of mismatches (p=0.107) and mismatched loci (A: 

p=0.599, B: p=0.264, DR: p=0.7). Though immunosuppression was not significant in general 

(p=0.738), there was a greater hazard ratio for the combination [P, AZA, Tacrolimus] compared 

to the first combination [P, AZA, CyA] (p=0.039, HR=4.05 [1.075-15.253]). The RRT 

modality had a near-significant influence (p=0.052), with the least hazard from PD. The 

significant variables that worsened graft survival were: Male gender (p=0.047), number of prior 

RTs (p=0.004), a rejection event within 5 years after RT (p<0.001) and all-time rejection during 

follow-up (p<0.001), and rejection type (acute or chronic, p<0.001), and the presence of 

CAN/IFTA (p=0.016). A multivariate Cox regression analysis was made with the significant 

univariates, with the following results:  

Figure 24: Kaplan-Meier curve of graft 

survival in months. The median survival times 

for "2-3" and "4-6" were 178 and 117 

months, respectively. (log-rank: p=0.185). 

HLA (human leukocyte antigen). 
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Figure 25: Survival function from the multivariate Cox regression for graft survival. The 

included variates are listed in Table 7. 

 

Multivariate HR 95% CI p-value 

Gender 

 Female 

 Male 

 

1.00 

1.64 

 

 

0.874-3.075 

 

 

0.136 

Number of prior RTs 1.853 1.053-3.259 0.043 

CAN/IFTA 1.131 0.611-2.094 0.296 

5-year rejection 

 No 

 Yes 

 

1.00 

1.179 

 

 

0.548-2.537 

 

 

0.664 

All-time rejection 

 No 

 Yes 

 

1.00 

3.272 

 

 

1.392-7.69 

 

 

0.007 

Type of rejection 

 No rejection 

 Acute rejection 

 Chronic rejection 

 

1.00 

3.609 

2.998 

 

 

1.387-9.385 

1.158-7.76 

 

0.022 

0.009 

0.024 

Table 7: Multivariate Cox regression for graft survival. HR (hazard ratio), CI (confidence 

interval), RT (renal transplantation), CAN (chronic allograft nephropathy), IFTA (interstitial 

fibrosis and tubular atrophy). 
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The most significant hazard for 

graft survival was the all-time 

rejection reaction (p=0.007). The 

acute rejection (p=0.009) was 

more hazardous than the chronic 

rejection (p=0.024). The number 

of prior RTs was also a significant 

factor (p=0.043). The male gender 

(p=0.136), CAN (p=0.296), and 

the 5-year rejection event 

(p=0.664) were non-significant 

factors. 

 

3.4.5 Graft function 

The variables age at RT (p=0.254), 

gender (p=0.691), disease category 

(p=0.204), time on dialysis in months 

(p=0.74), number of HLA mismatch 

(p=0.771) and categorized mismatch 

(p=0.741) and locus (-A: p=0.699, -B: 

p=0.534, -DR: p=0.944), CMV (p=0.653) 

and EBV (p=0.135) status had no 

significant impact on eGFR over time. 

Though the variables number of prior RTs 

(p=0.079), year of RT (p=0.061), induction 

therapy (p=0.303) were nonsignificant in 

interaction with post-transplantation time, 

they showed constantly favorable eGFR 

values for fewer prior RTs (p=0.011), later RT years (p<0.001), and induction therapy 

(p<0.001). 

The following variables were significant in the univariate analysis: Post-transplantation 

time (p<0.001), immunosuppression (p<0.01), CIT (p=0.003), DD graft (p<0.001), and 

CAN/IFTA (p<0.015).  

Figure 26: Separate lines for type of first rejection from 

the multivariate Cox regression for graft survival. RT 

(renal transplantation). 

Figure 27: Median eGFR over time, split 

into "0-1", "2-3" and "4-6" mismatches. 

GFR (glomerular filtration rate), RT (renal 

transplantation) 
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The multivariable main effects analysis showed that following variables were non-

significant: LD or DD graft (p=0.128), CIT (p=0.184), CAN/IFTA (p=0.191), 

immunosuppressive regimen (p=0.747) and induction therapy (p=0.457). Post-transplantation 

time (p<0.001) and the number of prior RTs (p=0.039) were significant negative impacts, while 

later years of RT (p=0.035) were a significant positive factor on eGFR. 

Looking at the interaction effects with post-transplantation time, meaning whether the 

predictors influenced the eGFR trend at a specific time, the variables DD graft (p=0.764), CIT 

(p=0.125), number of prior RTs (p=0.75), and induction therapy (p=0.306) were non-

significant. Year of RT (p=0.001), CAN/IFTA (p=0.001) and the later immunosuppressive 

regimen (p<0.001) showed significant differences at a certain time post-RT.  

More specifically, the later years of RT had a significant positive impact early after RT 

(1 month: p<0.001; 6 months: p=0.001). The later immunosuppressive regimen led to 

significantly better eGFR rates at the end of follow-up (median 100 months: p=0.025). The 

presence of CAN/IFTA was significantly negatively associated with eGFR by the end of 

follow-up (median 100 months: p=0.025). 

Main effects of multivariates Estimate 95% CI  p-value 

Post-RT time (metric) -0.371 -0.424 -0.317588 <0,001 

DD graft -9.879 -22.644 2.885898 0.128 

CIT 0.606 -0.913 1.502924 0.184 

Prior RTs -9.819 -19.133 -0.505351 0.039 

Year of RT 1.576 0.113 3.038501 0.035 

CAN/IFTA -6.818 -17.077 3.441039 0.191 

Induction therapy 5.007 -8.297 18.310962 0.457 

Immunosuppression 0.323 -1.655 2.300591 0.747 

Interaction effects of multivariates with 

post-RT time (metric) 

    

DD graft -0.024 -0.183 0.135 0.764 

CIT 0.009 -0.003 0.02 0.125 

Prior RTs 0.019 -0.097 0.135 0.75 

Year of RT -0.03 -0.048 -0.012 0.001 

CAN/IFTA -0.225 -0.352 -0.099 0.001 

Induction therapy -0.086 -0.252 0.793 0.306 

Immunosuppression 0.044 0.02 0.067 <0.001 

Interaction effects of multivariates with 

post-RT time (nominal) 

    

1 month 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

3.644 

3.849 

-2.466 

 

1.741 

-9.6 

-5.05 

 

5.546 

17.298 

0.118 

 

<0.001 

0.574 

0.061 

6 months 

 Year of RT 

 CAN/IFTA 

 

3.443 

-0.326 

 

1.517 

-14.456 

 

5.368 

13.804 

 

0.001 

0.964 
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 Immunosuppression -1.191 -3.812 1.431 0.372 

12 months 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

0.54 

-3.563 

0.379 

 

-1.405 

-17.709 

-2.261 

 

5.485 

10.583 

3.018 

 

0.585 

0.621 

0.778 

24 months 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

1.099 

-7.701 

1.705 

 

-0.905 

-21.951 

-0.967 

 

3,102 

6.549 

4.377 

 

0.288 

0.288 

0.21 

60 months (5 years) 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

0.042 

-10.031 

1.357 

 

-2.096 

-24.676 

-1.515 

 

2,179 

4.615 

4.23 

 

0.179 

0.179 

0.353 

100 months (8.3 years, median time until 

end of follow-up) 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

 

0.164 

-21.874 

2.945 

 

 

-1.779 

-35.332 

0.37 

 

 

2,108 

-8.417 

5.52 

 

 

0.868 

0.002 

0.025 

Table 8: Multivariate linear mixed model analysis for eGFR over time, showing the main and 

interaction effects of the variables with port-transplantation time. eGFR (estimated glomerular 

filtration rate), CI (confidence interval), m (month), LD (living donor), DD (deceased donor), 

CIT (cold ischemia time), RT (renal transplantation), CAN (chronic allograft nephropathy). 

 

3.4.6 Explorative parameter: HLA-DQ 

Baseline and Outcome characteristics 

On data stratified into 3 groups of 

HLA-DQ mismatches there was a total of 64 

cases (HLA-DQ data was available for those 

cases). 35 (54.7%) cases were in group “0 

MM”, 24 (37,5% cases) in “1 MM” and 4 

(7.8%) cases in group “2 MM”. Aside LD or 

DD graft (p=0.028) and CIT (p=0.046), there 

were no significant differences in baseline 

characteristics between the groups. Now with 

4 HLA loci, we had one case with the 

maximum number of 8. We categorized the number of mismatches into 3 groups: “0-2 MM”, 

“3-5 MM” and “6-8 MM”. Among the outcome parameters, there was a difference in the 

median time until rejection (p=0.046) and graft loss event within 5 years (p=0.017) which was 

percentage-wise more prevalent in the group with 2 DQ mismatches.  

 

Figure 28: HLA-DQ mismatch (MM) and 

living (LD) or deceased donor (DD). The 

chi-squared test showed a correlation 

between increasing MM and the portion of 

DD grafts (p=0.028). HLA (human 

leukocyte antigen). 
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HLA-DQ: 

Baseline 

0 MM 1 MM 2 

MM 

p-Value HLA-DQ 

Outcome 

0  

MM 

1  

MM 

2  

MM 

 p-

Value 

Number of cases 35 24 5  Rejection reaction 

within 5 years: n/% 

11/ 

31.4 

8/ 33.3 4/ 80 0.124 

Age at RT: median / 

IQR, in y 

9.3/ 9.8 7.9/ 11 10,1/ 

7.5 

0.821 Rejection reaction 

all-time: n/% 

13/ 

37.1 

12/ 50 4/ 80 0.179 

Gender: n/%    0.285    Acute 11/ 

31.4 

9/ 37.5 4/ 80 0.265 

   Male 20/ 57.1 18/ 75 4/ 80     Chronic 2/ 5.7 3/ 12.5 0 0.265 

   Female 15/ 42.9 6/ 25 1/ 20  Survival until 

rejection: median, in 

m (Kaplan-Meier) 

Not 

observ

ed 

135 3 0.046 

Primary disease: n/%    0.525 Banff classification 

of first rejection/ 

graft deterioration: 

n/% 

   0.231 

   Glomerular 8/ 22.9 6/ 25 2/ 40     normal biopsy 0 2/ 8.3 0  

   Tubular 6/ 17.1 8/ 33.3 1/ 20     Antibody mediated 

rejection 

0 2/ 8.3 0  

   CAKUT 21/ 60 10/ 41.7 2/ 40     Borderline changes 5/ 

14.3 

4/ 16.7 3/ 60  

Preemptive RT 12/ 34.3 9/ 37.5 1/ 20 0.924    T-cell mediated 

rejection 

6/ 

17.1 

4/ 16.7 1/ 20  

Initial dialysis    0.861    Mixed rejection 1/ 2.9 1/ 4.2 0  

   Peritoneal dialysis 12/ 52.2 9/ 60 3/ 75     IFTA 6/ 

17.1 

1/ 4.2 0  

   Hemodialysis 11/ 47.8 6/ 40 1/ 25     Other changes  3/ 8.6 0 1/ 20  

Time on dialysis: 

median/ IQR, in 

months 

2.3/ 

11.7 

2.2/ 6.9 9.6/ 

6.9 

0.611 CAN/IFTA: n/% 12/ 

34.3 

2/ 8.3 1/ 20 0.057 

Donor organ: n/%    0.028 Graft loss within 5 

years: n/% 

4/ 

11.4 

0 2/ 40 0.017 

   Living donor 20/ 57.1 19/ 79.2 1/ 20  Graft loss all-time: 

n/%  

14/ 40 10/ 41.7 4/ 80 0.286 

   Deceased donor 15/ 42.9 5/ 20.8 4/ 80  Graft loss by death: 

n/% 

0 0 1/ 20 0.078 

eGFR at RT: 

median/ IQR 

7.6/ 3.7 6.7/ 2.5 6.3/ 

1.2 

0.66 Survival until graft 

loss: median, in m 

(Kaplan-Meier) 

123 152 78 0.513 

Cold ischemia time: 

median/ IQR in h 

9/ 12 4/ 8 12/ 

12 

0.046 eGFR after RT: 

median/ IQR 

    

Prior grafts    0.284    1 month 94.5/ 

54 

100.8/ 

49.5 

82/ 36.5 0.73 

   0 30/ 85.7 22/ 91.7 3/ 60     6 months 73.5/ 

43.2 

97/ 49.7 53,5/ 

30.8 

0.429 

   1 5/ 14.3 2/ 8.3 2/ 40     1 year 75.2/ 

28.7 

77/ 53.2 37.8/ 33 0.095 

Transplant era: n/ %    0.121    2 years 73.3/ 

44 

73/ 45 23/ 36.2 0.173 

   1993-1996 1/ 2.9 1/ 4.2 1/ 20     5 years 61.2/ 

37.2 

64/44.3 44/ 94.2 0.796 
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   1997-2000 1/ 2.9 0 2/ 40     End of follow-up 48/ 56 41.5/ 63 15.9/ 

47.5 

0.879 

   2001-2004 8/ 22.9 4/ 16.7 1/ 20  Time until end of 

follow-up, in m 

97/ 

120 

100/ 

113 

78/ 182 0.757 

   2005-2008 9/ 25.7 7/ 29.2 0  Time until end of 

follow-up, in m 

97/ 

120 

100/ 

113 

78/ 182 0.757 

   2009-2012 8/ 22.9 8/ 33.3 0  

   2013-2014 8/ 22.9 4/ 16.7 1/ 20  

Categorized number 

of HLA mismatches 

   <0.001 

   0-2 21/ 60 2/ 8.3 0  

   3-5 14/ 40 21/ 87.5 3/ 60  

   6-8 0 1/ 4.2 2/ 40  

CMV status    0.025 

   D+/R+ 12/ 37.5 4/ 17.4 0  

   D+/R- 7/ 21.9 10/ 43.5 2/ 40  

   D-/R+ 1/ 3.1 0 2/ 40  

   D-/R- 12/ 37.5 9/ 39.1 1/ 20  

EBV status    0.735 

   D+/R+ 5/ 27.8 4/ 28.6 0  

   D+/R- 4/ 22.2 5/ 35.7 0  

   D-/R- 9/ 50 5/ 35.7 2/ 

100 

 

Immunosuppression 

at RT: n/% 

    

   Corticosteroid 35/ 100 24/ 100 5/ 

100 

Const. 

   Azathioprine 2/ 5.7 1/ 4.2 2/ 40 0.057 

   Ciclosporin 9/ 25.7 7/ 29.2 3/ 60 0.317 

   Sirolimus 0 0 0 Const. 

   Mycophenolate 

mofetil 

33/ 94.3 23/ 95.8 3/ 60 0,057 

   Tacrolimus 26/ 74.3 17/ 48.6 2/ 40 0.317 

   ECM 0 0 0 Const. 

Induction therapy 32/ 91.4 23/ 95.8 3/ 60 0.068 

   Daclizumab 15/ 42.9 12/ 34.3 2/ 40 0.863 

   Basiliximab 17/ 48.6 11/ 31.4 1/ 20 0.512 

Time until end of 

follow-up, in m 

97/ 53 100/ 65 78/ 

109 

0.757 

 

Rejection event 

Of the 64 cases with available data on HLA-DQ, a rejection event occurred in 29 cases: 

13, 11 and 4 events respectively in groups “0 MM”, “1 MM” and “2 MM”. Of the 29 cases, 23 

(82.14%) rejection reactions were observed within 5 years after RT. Univariate regression 

models showed insignificant influence of the following variables: Gender (p=0.167), disease 

category (p=0.511), RRT (p=0.191) and dialysis time in months (p=0.495), LD or DD 

(p=0.072), CIT (p=0.158), prior RTs (p=0.445), immunosuppression (p=0.562) and induction 

Table 9: Baseline and outcome parameters, 

stratified into 0, 1 and 2 HLA-DQ mismatches 

(MM). HLA (human leukocyte antigen), RT 

(renal transplantation), IQR (interquartile 

range), y (years), n (number of cases), 

CAKUT (congenital anomaly of kidney and 

urinary tract), eGFR (estimated glomerular 

filtration rate), CMV (cytomegalovirus), EBV 

(Epstein-Barr virus), D (donor), R 

(recipient), Const. (constant), ECM (enteric-

coated mycophenolate sodium), m (months), 

IFTA (interstitial fibrosis and tubular 

atrophy), CAN (chronic allograft 

nephropathy). 
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therapy (p=0.072), CAN/IFTA (p=0.477), number of HLA mismatches (p=0.129), and HLA-

loci (A: p=0.428; B: p=0.242, DR: p=0.378; DQ: p=0.076, OR=1.763). The significant factors 

age at RT (p=0.048) and RT year (p=0.013) were included in the multivariable model. Age 

(p=0.013, OR=1.16 [1.032-1.304]) showed to be a risk for rejection, followed by a risk 

tendency of DD compared to LD grafts (p=0.056, OR=3.737 [0,964-14.486]). The number of 

HLA mismatches (p=0.171, OR=1.309 [0.89-1.925], RT year (p=0.163, OR=0.901 [0.778-

1.043]) and induction therapy (p=0.593, OR=0.478 [0.032-7.167]) were nonsignificant factors. 

 

Acute or chronic rejection 

When looking at the type of the first rejection reaction, 24 cases had an acute rejection. 

“No rejection” (n=35) was the reference category. Univariate models showed significant 

impact from age at RT (p=0.16) and transplant year (p=0.01). Initial RRT (p=0.051) and 

number of HLA mismatches (0.067) showed a risk tendency. In a multivariable regression with 

these factors, age was no longer significant (acute: p=0.085, OR=1.124), neither was the 

number of mismatches (acute: p=0.06, OR=1.535; chronic: p=0.498, OR=1.269), nor the RRT 

modality (acute: preemptive RT: p=0.491, OR=1.826; HD: p=0.33, OR:2.296; chronic: 

preemptive RT: p=0.55, OR=7.632; HD: p=0.522, OR=2.722). Only the year of RT had a 

significant effect on acute rejection (p=0.004, OR=0.811 [0.702-0.937]; chronic: p=0.412, 

OR=0.913). All the other characteristics were insignificant: Gender (p=0.681), disease 

category (p=0.342), dialysis time in months (p=0.348), LD or DD (p=0.213), CIT (p=0.396), 

prior RTs (p=0.847), induction therapy (p=0.067), immunosuppression (p=0.376), mismatch 

locus (A: p=0.649; B: p=0.41; DR: p=0.974; DQ: acute: p=0.073, OR=2.174; chronic: p=0.477, 

OR=1.704). 
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Time until rejection 

The Kaplan-Meier survival functions for rejection (log-rank: p=0.042) showed a 

significant difference between the 3 groups. A median survival time until rejection for group 

“0 MM” could not be observed at the end of our observation time. The median survival for 

group “1 MM” was at 135 months, and for “2 MM” at 3 months. The distortion is mainly 

caused by the small number of cases in group “2 MM” with only n=5 and 4 cases of rejection. 

 
Figure 29: Kaplan-Meier curve of the time until rejection in months. The median survival time 

for groups “1” and “2” HLA-DQ mismatches were 135 and 3 months, respectively (log-rank: 

p=0.042). HLA (human leukocyte antigen), RT (renal transplantation). 

The univariate Cox regression 

models for the impact of the baseline 

parameters on survival time until 

rejection showed the following: Increased 

hazard was seen for the variables age at 

RT (p=0.026), lack of induction therapy 

(p=0.044), the increasing number of HLA 

mismatches and 2 HLA-DQ mismatches 

shortened the time until rejection 

compared to 0 mismatches (p=0.024). 

The year of transplantation had an almost 

significant influence (p=0.057). The other 

baseline characteristics were not 

significant: Gender (p=0.116), disease 

category (p=0.442), initial RRT modality 

Figure 30: Separate lines for induction 

therapy yes/no from the multivariate Cox 

regression model for time until rejection. The 

lack of induction therapy (daclizumab or 

basiliximab) was a hazard for shorter time 

until rejection (p=0.018, OR=3.429 [1.232-

9.547]). RT (renal transplantation). 
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(p=0.182) and time on dialysis in months (p=0.481), LD or DD graft (p=0.088), CIT (p=0.222), 

prior RTs (p=0.718), immunosuppressive regimen (p=0.224), and the presence of CAN/IFTA 

(p=0.142). 

 

After entering the significant parameters into a multivariable analysis, the lack of 

induction therapy (p=0.023) was the most important factor. Increasing age at RT (p=0.035) 

also worsened the hazard. The number of HLA mismatches (p=0.253) and 2 mismatches in the 

HLA-DQ locus (p=0.439) tended to shorten time until rejection. 

 

Multivariate HR 95% CI p-value 

Age at RT 1.077 1.005-1.153 0.035 

Induction therapy 

 Yes 

 No 

 

1.00 

3,429 

 

 

1.232-9.547 

 

 

0.018 

Number of HLA mismatches 1.252 0.851-1.841 0.253 

HLA-DQ mismatch 

 0 

 1 

 2 

 

1.00 

0.832 

1.837 

 

 

0.287-2.41 

0.39-8.652 

 

0.439 

0.735 

0.442 

Table 10: Multivariate regression analysis for time until rejection, only including cases with 

available HLA-DQ information. HR (hazard ratio), CI (confidence interval), RT (renal 

transplantation), HLA (human leukocyte antigen). 

 
Figure 31: Survival function from the multivariate Cox regression for time until rejection, 

including only cases with available HLA-DQ information. The variates in this analysis are 

listed in Table 9. HLA (human leukocyte antigen), RT (renal transplantation). 
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Graft loss event 

28 cases experienced graft loss (43.75%), of which 6 (21.4%) took place within 5 years 

after RT. The event occurred in 14, 10 and 4 cases of groups “0 MM”, “1 MM” and “2 MM”, 

respectively. 

The insignificant variables were: Age at RT (p=0.572), gender (p=0.609), disease 

category (p=0.678), initial RRT (p=0.283) and dialysis time in months (p=0.832), LD or DD 

(p=0.272), CIT (p=0.696), prior RTs (p=0.955), induction therapy (0.99) and 

immunosuppression (p=0.086), the number of HLA-mismatches (p=0.172) and mismatches in 

the HLA loci (A: p=0.89; B: p=0.242; DR: p=0.076; DQ: p=0.162). The number of events were 

too few, so the regression analysis of the type of rejection (acute or chronic) on graft loss could 

not be done. The year of RT (p=0.001), an all-time rejection event after RT (p<0.001), and time 

until rejection (p=0.004), and the presence of CAN/IFTA (p=0.018), were significant risks.  

In a multivariable regression model, the most important variate was the all-time 

rejection (p=0.008, OR=15 [2.027-111.001]). RT year (p=0.068, OR=0.849 [0.712-1.012]), 

time until rejection (p=0.651, OR=0.996 [0.98-1.013]) and CAN/IFTA (p=0.136, OR=4.19 

[0.637-27.583]) did not have a significant influence on graft loss. 

 

Graft Survival 

The Kaplan-Meier plot for graft 

survival (log rank: p=0.924) did not show 

significant differences between the HLA-

DQ mismatch groups. The 5 cases in 

group “2” had a median survival of 78 

months for graft loss, compared to 123 

months in the “0” mismatch group, with 

35 cases. The median survival for group 

“1” was 152 months. Univariate and 

multivariable death-censored survival 

analyses were also done for the time until 

graft loss.  

 

Figure 32: Kaplan-Meier curve of graft 

survival in months. The median survival 

times for “0”, “1” and “2” were 123, 152 

and 78 months, respectively. HLA (human 

leukocyte antigen), RT (renal 

transplantation). 
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Of all parameters, the significant ones were rejection event in 5 years (p=0.001) and 

all-time (p<0.001), as well as acute (p=0.001) and chronic rejection (p=0.001) and time until 

rejection (p<0.001). The other variables were statistically insignificant: Age at RT (p=0.071), 

gender (p=0.495), disease category (p=0.736), RRT modality (p=0.443), dialysis time in 

months (0.417), LD or DD (p=0.944), 

prior RTs (p=0.888), year of RT 

(p=0.73), induction therapy (p=0.322), 

immunosuppression (p=0.146), number 

of HLA mismatches (p=0.263) and 

mismatch loci (A: p=0.673; B: p=0.243; 

DR: p=0.37; DQ: p=0.787, OR=1.082), 

and CAN/IFTA (p=0.515).  

 

The factors 5-year rejection 

(p=0.305) and type of rejection (p=0.102) 

were less hazardous than all-time rejection 

(p=0.006) and time until rejection 

(p=0.037). 

Multivariate HR 95% CI p-value 

Age at RT 1.047 0.964-1.138 0.272 

Rejection event 5-year 

 No 

 Yes 

 

1.00 

0.494 

 

 

0.087-2.814 

 

 

0.427 

Rejection event all-time 

 No 

 Yes 

 

1.00 

3.94 

 

 

1.134-13.694 

 

 

0.031 

Type of Rejection 

 No rejection 

 Acute rejection 

 Chronic rejection 

 

1.00 

1.91 

7.251 

 

 

0.422-8.644 

1.908-27.547 

 

0.01 

0.401 

0.004 

Time until rejection in months 0.985 0.971-0.998 0.026 

Table 11: Multivariate Cox regression for graft survival, including only cases with available 

HLA-DQ information. HR (hazard ratio), CI (confidence interval), RT (renal transplantation). 

Figure 33: Separate lines for type of first 

rejection from the multivariate regression, 

including HLA-DQ. Chronic rejection 

showed to be a significant hazard for graft 

survival (p=0.004, HR=7.251 [1.908-

27.547]). RT (renal transplantation). 
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Graft Function 

 The univariate interaction effects analysis showed non-significant influence of the 

following variables over time: Gender(p=0.815), age at RT (p=0.326), dialysis time in months 

(p=0.202), number of prior RTs (p=0.738), CIT (p=0.085), overall number of mismatches 

including HLA-DQ (p=0.273), and HLA loci (A: p=0.24, B: p=0.441, DR: p=0.647, DQ: 

p=0.627), CMV (p=0.53) and EBV (p=0.13) status. Disease category (p=0.04), year of RT 

(p<0.001) and post-transplantation time (p<0.001) were significant factors. Though also non-

significant in the interaction analysis, the main effects analysis showed that induction therapy 

(p<0.001), immunosuppression (p<0.001) and CAN/IFTA (p=0.003) were significant 

variables. 

In the multivariate main effects model, post-RT time (p<0.001) and year of RT (p=0.04) 

were the only significant factors. This shows their constant influence upon eGFR. The results 

of the interaction effects were like those of the main study population, showing significant 

impact of later RT years (p=0.012), later immunosuppressive regimen (p=0.023), and presence 

of CAN/IFTA (p=0.026) on eGFR depending on different post-transplantation times. 

The more recent a RT took place, the better the resulting eGFR at 1 month (p<0.001) 

and 6 months (0.003) after RT. A positive significant influence of more recent 

immunosuppressive therapies were observed at the end of follow-up (p=0.041). CAN/IFTA 

tended to lead to worse eGFR at 60 months post-RT (p=0.071).  

Figure 34: Survival function from the multivariate Cox regression for graft survival, 

stratified into cases with available HLA-DQ information. The variates in this analysis are 

listed in Table 10. HLA (human leukocyte antigen), RT (renal transplantation). 
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Main effects of multivariates Estimate 95% CI  p-value 

Post-RT time (metric) -0.406 -0.474 -0.338 <0,001 

Disease category 

 Glomerular 

 Tubular 

 CAKUT 

 

5.355 

6.952 

0 

(reference) 

 

-7.947 

-7.359 

 

18.656 

21.263 

 

0.424 

0.335 

Year of RT 1.743 -0.913 1.503 0.04 

CAN/IFTA -6.292 -17.077 3.441 0.418 

Induction therapy 15.57 -8.297 18.311 0.226 

Immunosuppression 1.047 -1.655 2.301 0.423 

Interaction effects of multivariates 

with post-RT time (metric) 

    

Disease category 

 Glomerular 

 Tubular 

 CAKUT 

 

0.148 

-0.02 

0 

(reference) 

 

-0.023 

-0.2 

 

0.318 

0.159 

 

0.089 

0.824 

Year of RT -0.028 -0.049 -0.006 0.012 

CAN/IFTA -0.224 -0.421 -0.027 0.026 

Induction therapy -0.101 -0.435 0.233 0.551 

Immunosuppression 0.038 0.005 0.071 0.023 

Interaction effects of multivariates 

with post-RT time (nominal) 

    

1 month 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

4.514 

12.995 

-1.495 

 

2.327 

-7.421 

-4.925 

 

6.702 

33.411 

1.934 

 

<0.001 

0.211 

0.391 

6 months 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

3.356 

-1.217 

0.398 

 

1.131 

-22.378 

-3.093 

 

5.581 

19.943 

3.889 

 

0.003 

0.91 

0.94 

Figure 35: eGFR over time, stratified into 0, 

1 and 2 HLA-DQ mismatches. HLA (human 

leukocyte antigen), eGFR (estimated 

glomerular filtration rate). 
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12 months 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

0.437 

-5.633 

1.513 

 

-1.752 

-26.209 

-1.976 

 

2.625 

14.943 

5.001 

 

0.694 

0.59 

0.393 

24 months 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

1.248 

-9.594 

1.345 

 

-0.969 

-30.271 

-2.152 

 

3.466 

11.082 

4.843 

 

0.268 

0.361 

0.449 

60 months (5 years) 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

-0.826 

-21.159 

1.493 

 

-3.238 

-44.108 

-2.415 

 

1.586 

1.79 

5.401 

 

0.501 

0.071 

0.452 

100 months (8.3 years, median time 

until end of follow-up) 

 Year of RT 

 CAN/IFTA 

 Immunosuppression 

 

 

1.102 

-15.613 

3.582 

 

 

-1.148 

-36.111 

0.156 

 

 

3.353 

-4.885 

7.008 

 

 

0.335 

0.135 

0.041 

Table 12: Multivariate linear mixed model analysis for eGFR, showing the main and 

interaction effects of the variables with port-transplantation time after RT, including HLA-DQ. 

eGFR (estimated glomerular filtration rate), CI (confidence interval), m (month), y (year), RT 

(renal transplantation). 
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4 Discussion 

The main outcome parameters in this study were rejection event and time until rejection. 

It is known that HLA mismatches increase the risk for rejection reactions and graft failure [44, 

66]. 135 cases of pediatric RT between 1993 and 2014 were analyzed in a median follow-up 

time of 100 months (8.3 years). Rejection was observed in 65 cases. Limitation of this study 

was the relatively small population and number of events, as it was a single-center study. An 

average of 6.1 RT cases took place per year at our center. Non-uniform hand-written 

documentation in the 1990’s may have also led to distortions outside of our control. Possible 

confounding factors not evaluated in this study were socioeconomic status, donor 

characteristics aside from LD or DD (such as age, relationship and comorbidities), 

permutations (different combinations) of HLA mismatches, non-HLA immunology, and DSA 

or PRA levels. Nonetheless, the following results can be observed with the mentioned materials 

and methods. 

4.1 Main outcome parameters 

4.1.1 Rejection event 

The current knowledge is that HLA mismatches are associated with risk of rejection 

[44]. Looking at HLA mismatch in pediatric RT, a 2017 meta-analysis included 3 studies on 

HLA-mismatch and rejection, where HLA-DR mismatch showed to be a significant risk factor 

[41]. In our study, the number of HLA mismatches (without -DQ) did not have a significant 

influence on the event of rejection reaction. Mismatches in the individual HLA loci tended to 

increase rejection risk, but the insignificance may be explained by the relatively small study 

population and number of events. The only significant positive variable on rejection was the 

year of RT, most probably due to the improvements of immunosuppressive regimen and 

induction therapy. The proportion of the 3 mismatch categories did not significantly change 

over time, meaning risk reduction was not due to better matching. 

4.1.2 Time until rejection 

Like for rejection event, the total number of mismatches had no significant impact on 

time until rejection. Of the three gene loci, HLA-B mismatch was a significant hazard on time 

until rejection. In line with our findings, a study by Lim et al. focusing basically on HLA-DQ 

mismatch also showed a hazard from HLA-B mismatch on early rejection [67]. Another 

hazardous factor was the number of prior RTs, though the HR was weak in power (there were 

only 4 cases with 2 or more prior RTs). This result  is most probably caused by the development 
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of DSA during previous RTs [47]. A small hazard for survival until rejection was age at RT 

per year, due to lower compliance rates observed among the older adolescent patients [56]. 

4.2 Secondary outcome parameters 

4.2.1 Acute or chronic rejection 

The main risk for an acute rejection reaction was HLA-B mismatch. A study by Guad 

et al. with 146 adult cases also showed higher risks of HLA class I mismatches for acute 

rejection [68]. Year of RT lowered the risk for an acute rejection, which can be again explained 

by the introduction of induction therapy and improvement of maintenance immunosuppression. 

The number of mismatches was also a non-significant risk and did not tend to increase acute 

rejection events. Chronic rejection was not significantly influenced by any of the multivariates. 

The number of HLA mismatches only showed a risk tendency. Studies have shown that HLA 

class II antibodies are more prevalent in chronic ABMR compared to class I antibodies [69]. 

4.2.2 Banff classification of first graft deterioration and CAN/IFTA 

Regarding the first biopsy results of clinically suspicious cases, the number of HLA 

mismatches was not a significant impact. The odds for IFTA in cases with fewer mismatches 

tended to be higher. Our altogether 34 cases of CAN/IFTA were also not significantly 

influenced by the number or locus of HLA mismatches. This prevalence shows that a risk for 

chronic injury is present even with good matching and primarily caused by non-HLA 

antibodies [69].  

4.2.3 Graft loss event 

Both the number and the categorized number of mismatches of HLA mismatches had 

an insignificant association with graft loss. Mismatch in HLA-DR was observed to significantly 

increase the risk. Older studies have also claimed the greater importance of HLA class II [70] 

but a retrospective analysis by Williams at al. with over 18,000 cases showed that the risk for 

graft loss does not depend on a single HLA locus.[66]. A rejection event in the all-time follow-

up was the most significant risk factor. More specifically, the chronic rejection was a greater 

risk than the acute rejection. The next most important variable was the presence of CAN/IFTA. 

These results were expected, since rejection reactions and chronic dysfunction are injuries to 

the graft that worsen its survival. [69, 71]. 
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4.2.4 Graft survival 

With remarkable improvements in immunosuppressive therapy, there were discussions 

whether HLA matching should be more neglected in favor of shorter waiting time for RT. The 

following studies, among others, show continuing significance of HLA mismatches on graft 

survival. A study by Foster et al., which analyzed graft function after first and second pediatric 

RT from DDs, showed that 4-6 HLA mismatches was significantly associated with shorter time 

of overall graft function. 2 HLA-DR mismatches, compared to 1 mismatch, was also an 

independent hazard on time with a functioning graft [46]. Trnka et al. also showed an 

association between increasing HLA mismatches and poorer graft survival in pediatric RT [72]. 

In our study, time until graft loss was not significantly affected by the number of mismatches 

or mismatch category, though there was a negative tendency with increasing mismatches. The 

separate HLA-loci were also insignificant.  

All-time rejection was a major hazard for graft survival. This was expected, because 

the all-time rejection was also a significant risk factor for the graft loss event. But unlike the 

graft loss event, the acute rejection was a little more hazardous for graft survival than the 

chronic rejection. It indicates that acute rejections lead to shorter graft survival, while chronic 

rejection plays a role in long-term graft loss event [73]. The other significant variable was the 

number of prior RTs. This underlines the importance of HLA matching and follow-up in order 

to minimize DSA production and rejection, graft loss and re-transplantations [74]. Though 

insignificant, the male gender tended to worsen graft survival, as it did with time until rejection. 

The reason for this finding is not clear. It might be due to the different impact of sexual 

hormones on the kidney graft, or it could be due to differences in compliance between male 

and female patients. 

 

4.2.5 Graft function 

The eGFR was observed to decrease over time in all three cohorts, without significant 

influence of the number of HLA mismatches. The apparent eGFR stabilization in group “2-3” 

and temporary increase seen in group “4-6” HLA mismatches (Figure 25) was caused by graft 

loss events within 5 years after RT. The cases left over in observation had an overall better 

graft function, which led to a seemingly better eGFR. There was a general significant impact 

from post-transplantation time, the number of prior RTs and year of RT. CAN/IFTA was 

associated with worse eGFR in the long-term follow-up. This was also observed in a study by 
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Nankivell et al., where measured GFR worsened with increased scarring and inflammation, 

and remained abnormal up to 10 years after RT [75]. 

 

4.3 Explorative parameter: HLA-DQ 

4.3.1 Rejection 

The total number of mismatches and HLA-DQ mismatch had no significant impact on 

rejection event, but there was a risk tendency. Age at RT increased the risk significantly, and 

DD compared to LD grafts tended to increase the odds, as also observed in the main study 

population. Lim et al. were able to show a significant association between HLA-DQ mismatch 

and acute and late rejection [67]. Lee et al. found de novo DQ-DSA to be a significant risk for 

chronic ABMR [76]. In our study, there was only a risk tendency in the number of HLA 

mismatches and HLA-DQ mismatch, for both acute and chronic rejection. Our non-significant 

findings may be due to the small case and event numbers. Compared to 0 HLA-DQ 

mismatches, 2 mismatches tended to be a hazard on time until rejection. This was in 

concordance with the same study by Lim et al. with 788 adult RT cases, that showed a 

significant association between HLA-DQ mismatch and early rejection [67]. 

4.3.2 Graft outcome 

For the event of graft loss, HLA mismatches and the DQ locus tended to increase the 

risk, but without statistical significance. Lee et al. were able to find a significant impact of DQ-

DSA on late graft failure [76]. Sapir-Pichadze et al. also showed that HLA-DR and -DQ 

mismatches increased the risk for transplant glomerulopathy, which is an important factor for 

graft failure [43]. In our study HLA-DQ and the number of HLA mismatches were not 

significantly associated with worse graft survival, though there was a risk tendency. This 

matches with a study by Leeaphorn et al. who observed HLA-DQ lowered graft survival 

independent of HLA-A, -B and -DR mismatches [42].  

As also seen in the main study population, eGFR was most influenced by post-

transplantation time and year of RT. As Lim et al. had also observed, HLA-DQ mismatch was 

not significantly associated with graft function in our analysis, neither did the number of HLA 

mismatches [67]. 

  



62 

4.4 Conclusion 

The number of HLA mismatches (A, B, DR) in pediatric RT tended to increase the risk 

for rejection and shorten time until rejection. It also tended to lead to a chronic rejection more 

than an acute rejection. HLA mismatches were significantly associated with graft loss and 

tended to worsen graft survival but had a smaller impact on posttransplant eGFR. 

Regarding the individual HLA loci, 2 HLA-B mismatches significantly shortened time 

until rejection and increased the odds for an acute rejection more than a chronic rejection. HLA-

DR mismatch was also a risk factor for graft loss. 

In an explorative analysis, HLA-DQ mismatch tended to increase the likelihood for 

rejection. HLA-DQ mismatch was more significant for the acute rejection than the chronic 

rejection.  

We validate the risk of the number of HLA mismatches for adverse events (especially 

graft loss) after pediatric RT. 2 HLA-B mismatches should be avoided in the allocation to 

prevent early and acute rejection. All-time rejection is a significant factor that impacts graft 

loss and survival. A recommendation for an improved analysis lies in a larger and more recent 

study population to improve statistical analysis and interpretation of interactions between the 

HLA-mismatches.  
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6 Abbreviations 

ABMR - antibody mediated rejection 

ADPKD - autosomal dominant polycystic  

kidney disease 

ARPKD - autosomal recessive polycystic  

kidney disease 

AECA - anti-endothelial cell antibodies 

aHUS – atypical hemolytic uremic syndrome 

AKI - acute kidney injury 

APD - automated peritoneal dialysis 

ATG - anti-thymocyte globulin 

AV - arteriovenous 

AZA - azathioprine 

BUN - blood urea nitrogen 

CAKUT - congenital anomaly of the kidney 

and urinary tract 

CAN - chronic allograft nephropathy 

CAPD - continuous ambulatory peritoneal 

dialysis 

CCPD - continuous cyclical peritoneal dialysis 

ch. - chapter 

CI - confidence interval 

CIT - cold ischemia time 

CKD - chronic kidney disease 

CMV - cytomegalovirus 

CNS – congenital nephrotic syndrome 

cPRA - calculated panel reactive antibody 

CVC - central venous catheter 

CyA - ciclosporin 

D+/- - donor 

DD - deceased donor 

DSA - donor specific antibodies 

EBV - Epstein-Barr virus 

ECM - enteric-coated mycophenolate sodium 

eGFR - estimated glomerular filtration rate 

EHEC – enterohemorrhagic Escherichia coli 

EPO - erythropoietin 

ESRD - end stage renal disease 

ETKAS - Eurotransplant Kidney Allocation 

System  

FSGS – focal segmental glomerulosclerosis 

GH - growth hormone 

GN - glomerulonephritis 

H0 - null hypothesis 

HA - alternative hypothesis 

HD - hemodialysis 

HLA - human leukocyte antigen 

HUA – hemolytic uremic syndrome 

IFTA - interstitial fibrosis and tubular atrophy 

IGF-I - insulin-like growth factor-I 

IL - interleukin 

IPD - intermittent peritoneal dialysis 

IPD-IMGT - Immuno Polymorphism Database- 

ImMunoGeneTics 

IQR - interquartile range 

KDIGO - Kidney Disease: Improving Global 

Outcomes 

LD - living donor 

MBD - metabolic bone disorder 

MDRD - Modification of Diet in Renal Disease 

MHC - major histocompatibility complex 

MM - mismatch 

MMF - mycophenolate mofetil 

MMR - measles, mumps, rubella 

mTOR - mechanistic target of rapamycin 

n - number of cases 

NIPD - nightly intermittent peritoneal dialysis 

NPH - nephronophthisis 

OR - odds ratio 

p. - page 

PD - peritoneal dialysis 

PKD – polycystic kidney disease 

PRA - panel reactive antibody 

PTH - parathyroid hormone 

PTLD - post-transplant lymphoproliferative 

disorder 

R - recipient 

Rh - Rhesus 

RPGN – rapidly progressive glomerulonephritis 

RRT - renal replacement therapy 

RT - renal transplantation 

TCMR - T-cell mediated rejection 

TPD - tidal peritoneal dialysis 

VUR – vesicoureteral reflux 

 


