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ABSTRACT 

 

 

Background 

Alloantibodies against donor human leukocyte antigens (HLA), termed donor-specific 

antibodies (DSA), are one of the most important risk factors for both early and late 

kidney allograft dysfunction. In the past, these antibodies were mainly detected through 

cell-based crossmatch tests but recently, new techniques, such as solid phase 

immunoassays (SPI), have revealed these antibodies in patients’ sera with a high degree 

of detail. They have allowed us to accurately determine recipients allosensitization 

status, improve pre-transplant risk assessment with a potential donor and post-

transplant monitoring. However, the high sensitivity of these new assays has also 

created areas of uncertainty about their clinical impact. For the development of this 

thesis, we defined 4 hypotheses: 1) allosensitization is a major hurdle for access to 

kidney transplantation (KT), not fully encompassed by the current allocation algorithm; 

2) preformed anti-HLA antibodies, particularly DSA, are the major culprits of early ABMR 

and their characterization may be pivotal for the improvement of risk stratification at 

KT, together with a possible additional contribution of non-HLA antibodies; 3) 

determining the incidence, risk factors and clinical associations of de novo DSA would 

improve the immune-surveillance of KT recipients; 4) understanding the clinical and 

histological associations with DSA characteristics at ABMR diagnosis would contribute 

to the ongoing discussion about how to manage it.  

 

Materials and Methods  

The research studies within this thesis comprise 15 observational studies: 12 

retrospective cohort, 2 cross-sectional and 1 case-control studies. They were conducted 

in order to address specific aims under the hypotheses defined: 1) to investigate 

predictors and determine the degree of allosensitization in wait-listed candidates and 

evaluate its impact on access to KT; 2) to conduct risk analyses of preformed anti-HLA 

antibodies and DSA in KT, in search of an improved risk stratification through DSA 

characterization and explore the possible additional or independent contribution of 

non-HLA antibodies; 3) to study the incidence and risk factors of de novo anti-HLA 

antibodies and DSA and investigate their impact on long-term allograft loss; 4) to detail 

clinical and histopathological associations with DSA characteristics in acute and chronic 

ABMR and explore possible implications for its management and prognosis. Overall, 

the population of candidates to and recipients of KT from the Nephrology & Kidney 
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Transplantation Unit from the Centro Hospitalar do Porto were enrolled in the different 

studies undertaken. In one single study, KT recipients of the Nephrology & Kidney 

Transplantation Unit from Centro Hospitalar S. João were also recruited. For each study, 

a specific population in a given time-frame was defined according to its objectives. Data 

from Instituto Português do Sangue e Transplantação (IPST)-Porto on cell-based 

crossmatches, panel reactive antibodies (PRA) measurements and SPI results, were 

analyzed. Variables regarding KT recipients and donors’ demographic, clinical and 

immunological characteristics were collected from participant units’ clinical records. 

Data regarding candidates on the waiting list for KT were retrieved from the databases 

of IPST-Porto.  

 

Results 

Under hypothesis 1, we observed that a higher HLA mismatch in the first KT 

significantly increased allosensitization after failure of the first graft, a status that was 

associated with longer waiting-time for retransplantation and poorer outcomes in the 

second KT. We detected that the attribution of extra-points to highly-sensitized (HS) 

candidates defined by cytotoxic PRA in the current national allocation algorithm misses 

a large proportion of HS candidates as defined by calculated PRA and that these 

candidates were hugely disadvantaged in the access to KT, independently from AB0 

blood groups.  

Under hypothesis 2, we demonstrated that preformed DSA increased the risk of acute 

ABMR, with their negative impact on allograft survival being largely dependent on ABMR 

occurrence. Stronger and, even more so, complement-binding DSA were important 

predictors of acute ABMR and the latter were also associated with a higher risk of 

allograft loss. DSA against HLA-Cw posed a similar risk of ABMR than those against 

"classical" HLA class I loci. Additionally, non-donor-specific anti-HLA antibodies were 

also associated with ABMR and reduced allograft survival, although with a weaker effect 

than DSA. Considering non-HLA antibodies, anti-major histocompatibility class I chain-

related A antibodies did not have an independent effect on KT outcomes, while anti-

angiotensin II receptor type 1 antibodies had a proper and a synergistical (with DSA) 

deleterious effect on KT outcomes (acute rejection and allograft loss).  

Under hypothesis 3, in a cohort of low immunological risk kidney and pancreas-kidney 

transplanted recipients, the detection of antibodies against HLA class II or I+II at 6-

months post-KT was an independent predictor of allograft failure. Moreover, a 

significant correlation between de novo DSA, particularly against HLA class II, and 

kidney allograft failure in a case-control study of KT recipients was observed. In a cohort 
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of pancreas-kidney transplanted recipients de novo DSA emerged at a median of 3.1 

years post-transplant, with an incidence at 6-years of 19%. Previous acute cellular 

rejection, preformed anti-HLA (non-DSA) antibodies and higher HLA-DR mismatch were 

risk factors for their detection. They were also associated with kidney and/or pancreas 

allografts failure, particularly in patients with high strength and anti-DQ DSA. 

Under hypothesis 4, complement-binding DSA presence was associated with increased 

acute and chronic humoral injury phenotypes in acute ABMR cases, resulting from past 

and ongoing allograft injury. Complement-binding DSA, but not C4d status, were an 

independent predictor of allograft failure, independently from IgG-DSA strength. Anti-

humoral rejection treatments improved outcome, although complement-binding DSA 

remained a predictor of outcome in most treatment groups. In chronic ABMR, 

concomitant DSA correlated with higher acute humoral and interstitial injury scores, 

particularly in non-adherent patients, and DSA, if complement-binding or in non-

adherent recipients, were an independent predictor of allograft failure.  

 

Conclusions 

The detailed study of anti-HLA antibodies with SPI was confirmed to be vital in the 

management of KT. A critical assignment of risk considering these results is necessary 

to advance equity in the allocation algorithm and the transplantability of HS candidates, 

together with the development of specific policies set to promote their access to KT. In 

the pre-transplant setting, DSA presence and characterization is pivotal for an adequate 

stratification of the immunological risk at transplant that may allow an improvement of 

outcomes in KT, particularly in HLA-incompatible KT. After transplantation, a judicious 

longitudinal surveillance of de novo DSA emergence is advisable in order to manage the 

deleterious risk posed by them. Moreover, the evaluation of the clinical and 

histopathological phenotypes associated with allosensitization in KT, may play an 

important role in extending allograft survival on the long-term.  
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RESUMO 

 

 

Contexto 

Alo-anticorpos contra os antigénios leucocitários humanos (HLA), em particular 

anticorpos específicos contra o dador, são um dos fatores de risco mais importantes 

para a disfunção precoce e tardia do aloenxerto renal. Inicialmente, estes anticorpos 

eram detetados através de provas cruzadas com linfócitos do dador, mas recentemente 

novas técnicas como os imunoensaios de fase sólida revelaram estes anticorpos no 

soro dos doentes em maior detalhe. Estes testes permitem a determinação precisa do 

estado de alo-sensibilização dos candidatos a transplante, melhoraram a análise de 

risco no pré-transplante com um potencial dador e a monitorização após o transplante. 

Contudo, a sua elevada sensibilidade gerou alguma incerteza quanto ao impacto clínico 

dos anticorpos detetados por estes ensaios. Para o desenvolvimento desta tese, 

definimos 4 hipóteses: 1) a alo-sensibilização é um obstáculo importante para o acesso 

ao transplante renal (TR), não abrangido totalmente pelo algoritmo de alocação atual; 

2) anticorpos anti-HLA pré-formados, particularmente se específicos contra o dador, 

são os principais responsáveis pela rejeição mediada por anticorpos (RMA) precoce e a 

sua caracterização pode ter um papel determinante para uma estratificação de risco 

adequada, juntamente com uma possível contribuição adicional dos anticorpos não-

HLA; 3) a definição da incidência, os fatores de risco e as associações clínicas dos 

anticorpos de novo específicos contra o dador melhorarão a vigilância dos recetores de 

TR; 4) a compreensão das associações clínicas e histológicas com características dos 

anticorpos específicos contra o dador ao diagnóstico de RMA contribuirá para a 

discussão atual sobre a sua abordagem clínica. 

 

Materiais e métodos 

Nesta tese são apresentados 15 estudos observacionais: 12 estudos de coorte 

retrospetivos, 2 estudos transversais e 1 estudo de caso-controlo. Estes foram 

conduzidos para abordar os objetivos específicos de cada uma das hipóteses definidas: 

1) investigar preditores e determinar o grau de alo-sensibilização em candidatos em 

lista de espera e avaliar seu impacto no acesso ao TR; 2) analisar o risco dos anticorpos 

pré-formados anti-HLA e dos anticorpos específicos contra o dador, para melhorar a 

estratificação de risco através da sua caracterização completa e explorar uma possível 

contribuição adicional ou independente de anticorpos não-HLA; 3) estudar a incidência 

e os fatores de risco dos anticorpos anti-HLA e dos anticorpos específicos contra o 
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dador e investigar o seu impacto na perda de aloenxerto a longo prazo; 4) detalhar as 

correlações clínicas e histopatológicas com as características de anticorpos específicos 

contra o dador na RMA aguda e crónica e explorar possíveis implicações para sua 

abordagem clínica e prognóstico. Globalmente, a população de candidatos e recetores 

de TR da Unidade de Nefrologia e Transplantação Renal do Centro Hospitalar do Porto 

foi incluída nos diferentes estudos realizados. Num dos estudos foram também 

recrutados os recetores de TR da Unidade de Nefrologia e Transplantação Renal do 

Centro Hospitalar S. João. Para cada estudo foi definida uma população específica num 

determinado período de tempo de acordo com os seus objetivos. Foram analisados 

dados do Instituto Português de Sangue e Transplantação (IPST) sobre as provas 

cruzadas baseadas em células, a medição do painel de anticorpos reativos (PRA) e os 

resultados dos imunoensaios de fase sólida. As variáveis relativas aos dadores e 

recetores de TR, nomeadamente as suas características demográficas, clínicas e 

imunológicas foram recolhidas dos registos clínicos das unidades participantes. Os 

dados relativos aos candidatos em lista de espera para TR foram obtidos das bases de 

dados do IPST-Porto. 

 

Resultados 

Na hipótese 1, observamos que uma maior incompatibilidade HLA no primeiro TR 

aumentou significativamente a alo-sensibilização após sua falência, um estado 

associado a um tempo de espera mais longo para retransplante e piores resultados no 

segundo TR. Detetamos que a atribuição de pontos-extra para candidatos altamente 

sensibilizados (AS) definidos por PRA citotóxico pelo algoritmo de alocação nacional 

atual não atinge uma grande proporção de candidatos AS, conforme definido pelo PRA 

calculado e que nestes o acesso ao TR está fortemente diminuído, independentemente 

do grupo sanguíneo. 

Na hipótese 2, demonstramos que a presença de anticorpos específicos contra o dador 

pré-formados aumentou o risco de RMA aguda, sendo o seu impacto negativo na 

sobrevivência do aloenxerto largamente dependente da ocorrência da RMA. Anticorpos 

específicos contra o dador mais fortes e, mais ainda, fixadores do complemento foram 

preditores importantes de RMA aguda e, estes últimos, foram também associados a um 

maior risco de perda do aloenxerto. Anticorpos específicos contra o dador anti-Cw 

apresentaram um risco semelhante de RMA ao dos anticorpos contra os loci HLA 

"clássicos" da classe I. Além disso, os anticorpos anti-HLA não-específicos contra o 

dador também foram associados com RMA e redução da sobrevivência do aloenxerto, 

embora com um efeito mais ténue do que os anticorpos específicos. Considerando os 



 XI 

anticorpos não-HLA, aqueles contra a cadeia A do complexo de histocompatibilidade 

de classe I não tiveram um efeito independente nos resultados do TR, enquanto que os 

anticorpos contra o recetor da angiotensina II tipo 1 tiveram um efeito deletério próprio 

e sinérgico (com os anticorpos específicos contra o dador) nos resultados do TR 

(rejeição aguda e perda de aloenxerto). 

Na hipótese 3, numa coorte de baixo risco imunológico de recetores de TR e pâncreas-

rim, a deteção de anticorpos contra HLA classe II ou I + II aos 6 meses pós-TR foi um 

preditor independente de perda do aloenxerto renal. Observou-se ainda uma correlação 

significativa entre os anticorpos específicos contra o dador de novo, particularmente se 

contra a classe II, e a falência do aloenxerto renal num estudo de caso-controlo em 

recetores de TR. Numa coorte de recetores de transplante pâncreas-rim, os anticorpos 

específicos contra o dador surgiram após um tempo mediano de 3.1 anos, com uma 

incidência de 19% aos 6 anos. Rejeição celular aguda prévia, anticorpos anti-HLA (não-

específicos contra o dador) pré-formados e uma maior incompatibilidade no locus DR 

foram fatores de risco para a sua deteção e estes associaram-se com falência dos 

aloenxertos renal e/ou pancreático, particularmente em pacientes com anticorpos 

específicos contra o dador de elevada força e anti-DQ. 

Na hipótese 4, a presença de anticorpos específicos contra o dador fixadores do 

complemento foi associada ao aumento do grau de lesão humoral aguda e crónica em 

casos de RMA aguda, resultantes de lesões prévias e recentes no aloenxerto. A presença 

de anticorpos específicos contra o dador fixadores do complemento, mas não a deteção 

de C4d, foi um preditor independente de falência do aloenxerto, independentemente 

da força do anticorpo IgG. Os tratamentos anti-rejeição humoral melhoraram os 

resultados no aloenxerto, embora a presença de anticorpos específicos contra o dador 

fixadores do complemento tenha permanecido como um preditor de falência na maioria 

dos grupos de tratamento. Na RMA crónica, a presença concomitante de anticorpos 

específicos contra o dador correlacionou-se com um maior grau de lesão humoral e 

intersticial aguda, particularmente em doentes não-aderentes, e a presença de 

anticorpos específicos contra o dador, se em doentes não-aderentes e / ou na presença 

de anticorpos fixadores do complemento, foi um preditor independente de falência do 

aloenxerto. 

 

Conclusão 

O estudo detalhado de anticorpos anti-HLA com imunoensaios de fase sólida foi 

confirmado como essencial na abordagem clínica do TR. Uma atribuição crítica do risco 

associado a estes resultados é necessária para promover a equidade no algoritmo de 
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alocação e a transplantabilidade dos candidatos AS, juntamente com o 

desenvolvimento de políticas específicas para promoção do seu acesso ao TR. No pré-

transplante, a presença e caracterização dos anticorpos específicos contra o dador são 

determinantes para uma estratificação adequada do risco imunológico ao transplante, 

de forma a permitir uma melhoria nos seus resultados, particularmente no TR HLA-

incompatível. Após o transplante, é aconselhável uma vigilância longitudinal criteriosa 

do aparecimento de anticorpos específicos contra o dador de novo, para melhor 

manusear o efeito deletério que estes representam. Além disso, a análise dos fenótipos 

clínicos e histopatológicos associados à alo-sensibilização no TR poderá desempenhar 

um papel importante no aumento da sobrevivência dos aloenxertos a longo-prazo. 
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I.   INTRODUCTION  
 
 

1.  THESIS MOTIVATION  

As a clinician, I have worked for the last twelve years in the Nephrology & Kidney 

Transplantation Unit of Centro Hospitalar do Porto (CHP), so the clinical purpose of this 

thesis was rather forthcoming. In the last years, around 120 kidney transplants were 

performed annually, 75% from a deceased donor and the remaining from a living donor. 

Moreover, roughly 1500 transplanted patients visit our ambulatory clinic, at least once 

every 4 months. So, the depth and complexity of clinical problems arising in these 

patients remain a challenge. Particularly, the recent technical developments for the 

identification of antibodies against human leukocyte antigens (HLA) and non-HLA 

antigens and the overwhelming importance of transplant immunology for long-term 

success in kidney transplantation (KT), needed to be met by an improvement of the 

expertise in this field within our center. This was the backdrop, together with the 

encouragement of my tutors and the reliable collaboration of the histocompatibility 

laboratory of Instituto Português do Sangue e da Transplantação (IPST), for my decision 

to undertake the task of constructing and executing this thesis.  

When reflecting on the subjects to be involved in it, three archetypical clinical scenarios 

were identified as the main targets of research. In the first, I observed a number of 

chronic kidney disease (CKD) patients on dialysis that remained on the waiting-list 

indefinitely, in most cases, due to a high degree of allosensitization. As I started to 

gather data for my thesis, it became clear to me that these patients have a minimal 

chance of being transplanted, if the current criteria for allograft allocation are not 

changed to meet their particularity, together with careful immunological risk 

stratification and the development of desensitization protocols.  

Secondly, the adverse outcomes that I watched patients with preformed donor-specific 

antibodies (DSA) have in their early post-transplant period, with the development of 

antibody-mediated rejection (ABMR) and the burdensome treatment associated, were 

also troubling. However, I could observe that some of them had a favorable course 

afterwards with good and stable allograft function, while in others allograft dysfunction 

progressed and they inexorably returned to dialysis after a variable, though mostly 

short, time.  

Finally, I witnessed patients going from an uneventful post-transplant period, remain 

with a good renal function for years and then allograft dysfunction ensues and 

progresses until the moment when dialysis has to be reinitiated. Sometimes the reason 
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for this outcome was clear, but many times it was not. Previously, the chronic allograft 

dysfunction paradigm explained many allografts failures with a mixture of 

immunological, vascular and infectious injury pathways. It was a broad and imprecise 

concept and gave clinicians a very narrow window to intervene. In the last ten years that 

paradigm has been changing and now the notion that many late allograft failures are 

related with allosensitization development, with anti-HLA antibodies playing an 

instrumental role in the mechanistic of allograft injury and eventual failure. We have 

still a long way to go in terms of therapeutic interventions, although it seems clear that 

the path crosses with the study of post-transplant allosensitization, namely the (re-) 

emergence of anti-HLA antibodies.  

The hypotheses, aims, and design of this thesis were developed to address these 

observations. 

 

 

2.  THESIS HYPOTHESES  

Detailed knowledge of anti-HLA and non-HLA antibodies would improve the outcomes 

of KT, considering both allograft and patient survival.  

 

Hypothesis 1: Allosensitization results from prior sensitizing events and its degree is 

determined by anti-HLA antibodies breadth. Highly-sensitized (HS) status is a major 

hurdle for access to KT, not fully encompassed by the current allocation algorithm. 

 

Hypothesis 2: Preformed anti-HLA antibodies, particularly DSA, are the major culprits 

of early ABMR, and subsequently, reduced allograft survival. Thus, DSA characterization 

may be critical for the improvement of risk stratification at KT. Non-HLA antibodies may 

also impact KT outcomes. 

 

Hypothesis 3: Emergence of de novo anti-HLA antibodies, chiefly DSA, after KT is a 

major cause of long-term allograft failure. Determining their incidence, risk factors and 

clinical associations would improve our surveillance of KT recipients.  

 

Hypothesis 4: DSA play a pivotal role in the development of acute or chronic ABMR.  In 

these settings, understanding the clinical and histological associations with DSA 

characteristics would contribute to the ongoing discussion about how to manage it.  
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3.  SPECIFIC AIMS  

Our aims, with respect to hypothesis 1, were: 

•   To investigate predictors and determine the degree of allosensitization in 

candidates to KT.  

•   To evaluate its impact on access to KT.   

 

Our aims, with respect to hypothesis 2, were: 

•   To conduct risk analyses of preformed anti-HLA antibodies and DSA in KT, in 

search of risk stratification through thorough DSA characterization. 

•   To explore the possible additional or independent contribution of non-HLA 

antibodies.  

 

Our aims, with respect to hypothesis 3, were: 

•   To study the incidence and risk factors of de novo anti-HLA antibodies and DSA 

in KT.  

•   To investigate their impact on long-term allograft loss.  

 

Our aims, with respect to hypothesis 4, were: 

•   To detail clinical and histopathological associations with DSA characteristics in 

acute and chronic ABMR.  

•   To explore possible implications for ABMR management and prognosis.  

 

 

4.  THESIS OUTLINE 

This thesis is divided in five chapters.  

 

Chapter 1 contains the motivation, hypotheses raised and specific aims of the research 

performed within this thesis with respect to the impact of anti-HLA and non-HLA 

antibodies in KT. 

 

Chapter 2 is an introductory chapter and details the methodological evolution observed 

in the field of anti-HLA and non-HLA antibodies study, emphasizing its consequences 

on allosensitization definition and measurement in candidates to KT, and clinical 

implications to the management of KT recipients.  
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In Chapter 3, an overall description of the procedures and methodology used within 

this thesis is made.  

 

Chapter 4 features an overview of the results obtained in the different studies 

conducted under the defined thesis hypotheses. All published articles and the one 

accepted for publication are presented as appendices. The reproduction of all published 

papers was authorized by the respective publisher.  

 

Chapter 5 provides a general discussion of the main findings of the articles included 

and also comprises reflections over future perspectives about the advancement of the 

subjects studied.   
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II.   LITERATURE REVIEW 
 

 

Alloantibodies against HLA, chiefly DSA, either present at the time of transplantation 

or arising de novo after KT are a risk factor for ABMR and potentially kidney allograft 

loss (Zhang, 2017). Despite improvements in patient selection and management, most 

transplants carry some immunological risk. Hence, avoiding DSA at transplant is a 

desirable objective, although not always possible to attain, particularly in HS patients. 

Moreover, the negative impact of de novo DSA on long-term kidney allograft survival is 

now widely recognized (Loupy, Hill, & Jordan, 2012). The Deterioration of Kidney 

Allograft Function (DeKAF) study, when analyzing the etiologies of allograft failure, 

showed that a majority of them was caused by rejection (64%), mainly antibody-

mediated (Sellares, de Freitas et al., 2012). Alternatively, the observation that allograft 

rejection can still occur in fully donor-recipient HLA-matched allografts, advanced the 

hypothesis that non-HLA antigens could be additional injury targets in transplant 

organs (Opelz & Collaborative Transplant, 2005).  

Many of these observations were made possible, because methods for antibody 

detection have evolved remarkably from conventional cell-based to advanced solid-

phase immunoassays (SPI), revolutionizing the definition of relevant antibodies (Tait, 

Süsal et al., 2013). In the most commonly used SPI for the detection of anti-HLA 

antibodies, microspheres (beads) to which purified HLA antigens have been attached, 

are analyzed on LuminexÒ platform by multi-analyte profiling (xMAP®) technology. 

Three categories exist: mixed antigen beads, which contain a mixture of HLA class I or 

class II antigens from several individuals coupled to each bead; phenotype beads, which 

contain class I or class II HLA antigens for a single individual coupled to each bead; or 

single antigen beads (SAB) with a single HLA antigen produced through recombinant 

DNA technology coupled to each bead (Gebel, Liwski, & Bray, 2013). Early iteration of 

these tests used enzyme-linked immunosorbent assay (ELISA) with four sets of core 

single HLA antigens and supplemental sets for more uncommon ones (Gombos, Opelz 

et al., 2013). The detection of non-HLA antibodies, as those against major 

histocompatibility class I chain-related A (MICA) and angiotensin II type 1 receptor 

(AT1R) are performed currently by mixed antigen beads assay on the LuminexÒ platform 

or by ELISA, respectively (Philogene, Bagnasco et al., 2017; Sanchez-Zapardiel, Castro-

Panete et al., 2013).   
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1.  TECHNICAL ASPECTS OF ANTI-HLA ANTIBODIES DETECTION  

Kidney transplantation requires a thorough immunological study between donor and 

recipient pairs (Table 1).   

  
Table 1. Kidney transplant candidates laboratory assays (IPST protocol) 
Pre-transplant  On the waiting list 

 

HLA antigen typing 

Anti-HLA antibodies screening with CDC & PRA-CDC* 

Anti-HLA antibodies screening with SPI* 

Anti-HLA antibodies identification with SAB, UA assignment & cPRA# 

Pre-transplant At an organ offer 

 

Virtual crossmatch 

CDC crossmatch 

Flow cytometry crossmatch 

Post-transplant Transplant recipient 

 
Anti-HLA antibodies screening with SPI 

Anti-HLA antibodies identification with SAB, to assess if DSA are present 

IPST, Instituto Português do Sangue e Transplantação; CDC, complement-dependent-cytotoxicity; PRA-CDC, cytotoxic panel reactive antibodies; SPI, solid-phase immunoassays; SAB, single-

antigen beads; UA, unacceptable antigens; cPRA, calculated PRA; DSA, donor-specific antibodies. 

*Performed every three-months until transplant. 

#Performed annually until transplant. 

  

1.1.  HLA typing 

HLA typing began to be performed by lymphocytotoxic assays (TERASAKI & 

MCCLELLAND, 1964) but, since polymerase-chain-reaction (PCR) description in 1990 

(Mullis, 1990), molecular methods improved greatly and is now mandatory to perform 

HLA typing at the antigen level for HLA-A, -B and –DRB1 loci for all donors and recipients 

pairs. Extended typing for HLA-C, -DQ and/or –DP should also be performed to assess 

complete degree of matching between the pair, especially if the recipient has 

alloantibodies against any of these loci. 

The methods employed are sequence-specific-primer (SSP) (Olerup & Zetterquist, 1992), 

real-time PCR (qPCR), reverse sequence-specific oligonucleotide (rSSO) (Saiki, Walsh, 

Levenson, & Erlich, 1989) and sequence-based typing (SBT) (Wu, Griffith et al., 1996). 

The choice of the method depends on the resolution needed, the urgency to have the 

results and the number of samples to process. 

Recently, a new technology of next generation sequencing (NGS) has been introduced 

in histocompatibility laboratories, allowing allelic level typing with high throughput 

(Gabriel, Fürst et al., 2014), an improvement that is still controversial (Zachary & Leffell, 

2016). Although it would allow better HLA matching, with indisputable impact in 
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reducing allosensitization, improving allograft survival (Opelz & Döhler, 2013), and 

clearly benefiting sensitized patients (Duquesnoy, Gebel et al., 2015), it would also 

prevent transplants offers for rare alleles due to the high polymorphism of HLA region 

(Cecka, Reed, & Zachary, 2015). 

Understanding that transplanting all patients with a HLA full-match allograft is an 

impossible task, and that HLA mismatches are inevitable, it is our duty to minimize 

their impact. In this context, organ allocation systems could, in the future, greatly 

benefit from HLA epitope matching by selecting transplants with low HLA epitope 

mismatch (MM) load and avoiding highly immunogenic epitopes (Duquesnoy, 2017). 

Besides matching, HLA typing is of extreme importance when performing the virtual 

crossmatch (vXM) at an organ offer (Table 1). A vXM is positive when a patient has HLA 

alloantibodies against a particular donor, i.e. DSA. A positive vXM usually is a contra-

indication for transplant but, depending on the locus involved, alloantibody strength, 

patient immunological history and sensitization status, it can be considered as a risk 

factor with appropriate immunosuppression strategies (Amrouche, Aubert et al., 2017; 

Orandi, Luo et al., 2016). 

  

1.2.  Allosensitization status 

About 25-35% of patients from Northern Portugal in the waiting list for KT are pre-

allosensitized (Tafulo, Malheiro et al., 2016), mainly due to previous transplants, 

followed by pregnancies and transfusions (Lopes, Barra et al., 2015). Candidates to KT, 

while on the waiting list, must undergo alloantibody testing every three months and 

after each sensitizing event, with cellular assays and SPI (Table 1).  

  

1.2.1.  Cellular assays 

Cellular assays are crossmatch tests between donor lymphocytes and recipient sera. To 

accomplish this, viable donor lymphocyte isolation is required, usually performed by 

density gradient centrifugation (Böyum, 1968). More recently, lymphocyte isolation with 

magnetic beads has been introduced with considerable improved results (Liwski, 

Greenshields et al., 2017). Cell-based crossmatches include complement-dependent 

cytotoxicity (CDCXM) and flow cytometry crossmatch (FCXM). 
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1.2.1.1.  Cytotoxic crossmatch 

CDCXM was first described by Terasaki and Patel in 1969 (Patel & Terasaki, 1969). They 

showed that the presence of alloantibodies in recipient sera against antigens expressed 

on donor lymphocytes, was a major risk factor for immediate allograft loss.  

The assay consists in a first incubation (30 minutes) of recipient sera and donor cells 

in a micro-well tray allowing, if present, DSA binding to donor cells. It can be performed 

from total lymphocyte population or after T- and B-lymphocytes sub-populations 

separation. Complement is then added followed by a second incubation (60 minutes), 

activating the complement classical pathway, resulting in lymphocyte lysis. The cell 

membrane loss of integrity is visualized with an inverted fluorescence microscope, after 

the addition of a vital dye. Percentage of cell lysis is recorded using the accepted 

International Histocompatibility Workshop (IHW) scoring system (0,1,2,4,6,8).  

This methodology, called National Institute of Health (NIH), basic, standard or classic 

CDCXM, detects the presence of IgG1, IgG3 and IgM cytotoxic alloantibodies and is 

performed at an organ offer (Table 1), reducing hyperacute and early accelerated 

rejection episodes. However, some patients experience early allograft loss despite a 

negative CDCXM. To overcome this, several changes to the original technique were 

proposed in order to improve sensitivity such as extended incubation times (Gebel, 

Bray, & Nickerson, 2003), washing steps following first incubation, removing unbound 

sera before adding the complement (Amos, Bashir, Boyle, MacQueen, & Tiilikainen, 

1969), or amplifying complement activation and cell lysis with anti-human globulin 

(AHG) (Fuller, Cosimi, & Russell, 1978). Nevertheless, these assays are also associated 

with false positive results due to clinically irrelevant non-HLA antibodies and HLA IgM 

alloantibodies. The latter are frequent in patients with autoimmune disorders and can 

be overcome by treating recipients’ sera with dithiothreitol (DTT), reducing IgM 

disulfide bonds (Tellis, Matas et al., 1989). Also, autoreactive cytotoxic alloantibodies 

can generate a positive irrelevant CDCXM. In these cases, to assist the interpretation of 

the allo-XM, it is recommended to perform an auto-XM (Cross, Greiner, & Whittier, 

1976). 

  

1.2.1.2.  Flow Cytometry crossmatch 

Despite all improvements in the classic CDCXM technique, it was only with FCXM that 

a true sensitivity boost was seen in cellular assays, allowing the detection of low level 

DSA (Scornik, Brunson, Schaub, Howard, & Pfaff, 1994). For this reason, a positive FCXM 

with a negative CDCXM does not predict hyperacute rejection, but a lower allograft 
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survival at 1-year (Gebel, Bray et al., 2003). This assay is performed at an organ offer 

for every sensitized patient and in most living donations (Table 1). 

First described by Garovoy et al., this methodology detects non-complement fixing 

alloantibodies (Garovoy, Rheinschmidt et al., 1983). In 1989, Bray et al. described a 

dual-colour method (Bray, Lebeck, & Gebel, 1989) and in 1996 a three-color method 

was described by Robson et al. (Robson & Martin, 1996). This assay consists in an 

indirect immunostaining where antibody-antigen interaction is identified using an anti-

human immunoglobulin (F(ab’)2 anti-IgG) labeled with a fluorochrome. T- and B- 

lymphocyte subpopulations are identified using the monoclonal alloantibodies anti-

CD3 and anti-CD19, labeled with fluorochromes with different emission wavelengths. 

A positive reaction is calculated based on the median channel shift (MCS) between 

negative controls and patient sample using a cut-off value established within each 

laboratory. 

This technique has also been a subject of different improvements, with Lobo et al. 

(Lobo, Spencer, Stevenson, McCullough, & Pruett, 1995) describing that the treatment 

of cells with pronase, prior to the FCXM assay, increased sensitivity and specificity 

(Lobo, Isaacs et al., 2002). It was also showed that this treatment was effective in 

eliminating rituximab interference used for desensitization (Alheim, Wennberg, & 

Wikström, 2017). 

Recently, Liwski et al. investigated the impact of several assay parameters such as 

incubation times and temperatures, cell number per reaction and serum:cell suspension 

volume ratio, developing a rapid FCXM procedure: the Halifax and Halifaster protocols 

(Liwski, Greenshields et al., 2017). The Canadian group optimized protocols allow cost 

reduction with decreased assay time, without compromising sensitivity. 

  

1.2.2.  Solid-phase immunoassays 

These assays consist in solid-phase platforms with purified HLA antigens covalently 

bound, such as the wells of polystyrene microplates or microspheres. These tests are 

performed every three months before transplant, but also after transplantation, ideally 

at the first, third, sixth month and then annually (Table 1). 

  

1.2.2.1.  ELISA 

ELISA was described by several authors as an alternative method for cell-based assays 

(Doxiadis, Westhoff, & Grosse-Wilde, 1989). Soluble HLA (sHLA) antigens are affixed to 

the wells of microtiter plates. HLA specific alloantibodies present in patient sera will 
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bind to HLA antigen after being added to the well. This antibody-antigen interaction is 

detected by the addiction of an alkaline phosphatase-conjugated with anti-human 

immunoglobulin (IgG) antibody. A quantitative measure of the extent of reaction is 

obtained by spectrophotometric determination, following the addition of the 

appropriate enzyme substrate for the development of color. 

  

1.2.2.2.  xMAP® technology 

xMAP® technology is a multiplex assay that uses a panel of fluorescently dyed micron-

sized polystyrene microspheres, produced by the internal conjugation of variable 

amounts of two or three dyes, enabling the identification of 100 or 500 different beads, 

respectively. HLA antigens are bound to these coded-color beads and, after a two-step 

incubation with patients’ sera, any HLA alloantibodies present bind to the antigens on 

the beads. This reaction is detected, after a second incubation with R-Phycoerythrin 

(PE)-conjugated goat anti-human IgG, with a Luminex® flow analyzer (LABScan™ 100 or 

LABScan3D™) that simultaneously detects the fluorescent emission of PE and the dye 

signature from each bead. The light signal produced by antibody-antigen bound is 

proportional to its concentration and is expressed as the mean fluorescence intensity 

(MFI). 

The first xMAP® assay described beads coated with HLA proteins extracted from 

individuals’ cells allowing improved standardization in HLA alloantibodies detection. 

These beads can be composed by a pooled antigen panel - screening assay  (Pei, Wang 

et al., 1998), or by a single individual cell line - phenotypic assays (Pei, Lee, Chen, Rojo, 

& Terasaki, 1999). Although a substantial improvement was brought to 

histocompatibility laboratories by these assays, it was still difficult to assign 

alloantibody specificity, especially for highly sensitized patients. To surpass this 

limitation, the same group published a modification of the assay that revolutionized 

allosensitization assessment (Pei, Lee, Shih, Chen, & Terasaki, 2003). This improved 

method consists in coated beads with a single class I or class II HLA recombinant 

antigen, named SAB assay. Since then, this assay has been the method of choice for 

unacceptable HLA antigen assignment for patients on the waiting list for deceased 

donor KT, although the definition of a cut-off value for positivity remains a challenge. 

Despite MFI values between 1000-1500 are usually taken in consideration, we must not 

forget that this is a semi-quantitative assay and epitope and cross-reactive groups 

(CREG) should be considered in the analysis (Reed, Rao et al., 2013). 

Classic SAB assay detects anti-HLA alloantibodies of all IgG subclasses, although they 

are not equally detrimental. To address this issue, a modification of the standard SAB 
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IgG method to detect only complement-binding HLA alloantibodies was developed 

(Chen, Sequeira, & Tyan, 2011). In this test (C1q-SAB), human complement C1q is added 

in the first incubation with patient sera and HLA-coated beads. The HLA alloantibodies 

bind to the target antigens, followed by attachment of C1q to alloantibodies that are 

complement-binding. An anti-human C1q, conjugated with PE, is used as a reporter to 

indicate the presence of complement-binding HLA alloantibodies, when analyzed in a 

Luminex® platform. More recently, another assay to detect complement-binding HLA 

alloantibodies was introduced in the market. This newest test uses an anti-human C3d 

antibody, thus analyzing a different downstream step of the classic complement 

pathway than the former SAB-C1q assay (Stegall, Chedid, & Cornell, 2012).   

Although it should be expected a certain degree of correlation between the amount of 

alloantibody and complement-fixing activation, as it is necessary at least six 

alloantibodies organized in hexamer to initiate the complement cascade (Diebolder, 

Beurskens et al., 2014), the added value of these assays are still debated within the 

transplantation community. In fact, several authors have been suggesting that they 

might be redundant when compared to the MFI value in the classic IgG-SAB assay, 

especially if confounding analytical interferences are corrected (Tambur, Herrera et al., 

2015). 

  

1.3.  Data interpretation  

Although cellular assays are of undeniable importance, one should also understand 

their limitations. All cell-based assays can give misleading results: false positivity, due 

to autoantibodies and non-HLA antibodies, and false negatives as a result of their lack 

of sensitivity for low-titer alloantibodies.  

With the newer methods of SPI, laboratories intended to overcome these deficiencies. 

In fact, this technology proved to have several advantages over classic methods such 

as: i) elimination of the necessity for viable lymphocytes, allowing automation and 

becoming a high-throughput laboratory method; ii) consistent and extended HLA panel, 

ensuring HLA antigen representativeness; iii) higher sensitivity, detecting low-titer 

alloantibodies; iv) higher specificity, detecting only HLA IgG alloantibodies and v) clear 

distinction between HLA class I and class II alloantibodies (Table 2). 

However, regardless of SPI assays unquestionable utility, in particular SAB assays that 

allowed a greater accuracy in unacceptable HLA antigen assignment and the 

introduction of calculated panel reactive antibodies (cPRA), it is very important to 

understand that this methodology also has important limitations. Single-antigen beads 

have limited HLA alleles, antigen density variations and cryptic epitopes exposure, 
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resulting in false positivity due to denatured antigens (Cai, Terasaki, Anderson, 

Lachmann, & Schönemann, 2009). This laboratory assay is also affected by 

immunomodulatory treatments such as intravenous immunoglobulin (IVIG), resulting 

in increased background (Nair, Sawinski et al., 2012), and anti-thymocyte globulin (ATG) 

treatment, where usually an HLA-A3 is identified because it is a polyclonal rabbit 

antibody raised against the Jurkat human T-cell line (HLA-A3, 32; B7, 35) (Masson, 

Devillard et al., 2010). It also suffers from complement activating alloantibodies 

interferences that deposit C1 complex on the beads, or IgM alloantibodies, interfering 

with secondary antibody binding giving false negative results, called prozone effect. 

Several changes have been proposed in order to upgrade the test such as dilutions, 

ethylenediaminetetraacetic acid (EDTA), DTT or heat treatment (Tait, Süsal et al., 2013). 

 

Table 2. Cellular vs. microspheres solid-phase assays, advantages and disadvantages. 

Immunoassays Cellular based Microspheres solid-phase 

 CDCXM FCXM Screening Phenotypic Single-antigen 

Antigen source Ly Ly Cell-line pool Cell-line Rec allele 

Antigen density ++ ++ + ++ +++ 

Sensitivity + ++ ++ ++ +++ 

Viable cells Yes Yes No No No 

Allows Ab identification Yes* No No Yes* Yes 

HLA class I & II Ab No No Yes Yes Yes 

C’ fixing Ab Yes No No No Yes# 

Auto-Ab Yes Yes No No No 

IgM Ab Yes No No No No 

Denaturated Ab No No No No Yes 

Prozone (C’) interference No No No No Yes 

CDCXM, complement-dependent-cytotoxicity crossmatch; FCXM, flow cytometry crossmatch; Ly, lymphocyte; Rec, recombinant; Ab, antibody; C’, complement.  

*Yes, but with limitations in high sensitized patients. 
#Yes, with C1q or C3d assays. 
Adapted from reference (American Society for, Immunogenetics, Hahn, Land, & Strothman, 2000). 

  

Ultimately, all methods available should be considered in an integrated analysis (Table 

3), along with history of sensitization, understanding that all techniques have different 

levels of sensitivity, detect different types of alloantibodies, and are subject to different 

interferences (Gombos, Opelz et al., 2013). As such, the decision to proceed with a KT 
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should result from a multidisciplinary team effort between clinicians and 

histocompatibility laboratory to ensure the best immunological evaluation possible. 

  
Table 3. Interpretation of cellular vs. single-antigen bead immunoassay. 

CDCXM 

LyT 

CDCXM 

LyB 

FCXM 

LyT 

FCXM 

LyB 

SAB 

HLA class I 

SAB 

HLA class II 
Interpretation 

POS POS POS POS + + HLA class I & class II Ab 

POS POS POS POS + - HLA class I Ab 

NEG POS POS POS + + ↓HLA class I Ab & class II Ab 

POS NEG POS NEG + - low density Ab (HLA-Cw) 

NEG POS POS POS + - ↓ HLA class I Ab 

NEG NEG POS POS + - ↓↓HLA class I Ab 

NEG POS NEG POS - + HLA class II Ab 

NEG NEG NEG POS - + ↓ HLA class II Ab 

NEG NEG POS NEG - - pronase interference in FCXM 

POS POS POS POS - - non-HLA Ab 

POS POS NEG NEG - - IgM Ab 

NEG NEG NEG NEG - - no Ab detected 

CDCXM, complement-dependent-cytotoxicity crossmatch; FCXM, flow cytometry crossmatch; SAB, single-antigen-bead; Ly, lymphocyte; Ab, antibody; ↓, low titer; ↓↓, very low titer. 

Adapted from reference (American Society for, Immunogenetics et al., 2000). 

  

  

2.  ALLOSENSITIZATION STATUS WHILE ON THE WAITING-LIST 

As described in Table 1, KT candidates in the waiting-list are tested quarterly, or after 

any sensitizing event, to assess allosensitization degree with panel reactive antibodies 

(PRA) value, and to assign unacceptable antigens (UA) for vXM. Candidates recognized 

to have a very broaden allosensitization, rendering them largely incompatible with most 

potential donors, are referred as HS. 

 

2.1.  Measuring transplantability 

Panel reactive antibodies is a measure of a patient degree of sensitization while on the 

waiting list for transplantation, representing the percentage of the population to which 

the patient is allosensitized (Zachary & Braun, 1985). Traditionally, it was performed by 

cytotoxic panel reactive antibodies (PRA-CDC) using a panel of HLA-typed donors, 

allowing the identification of UA, although with a high degree of inaccuracy since each 
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cell expresses six alleles. A candidate for KT with a PRA-CDC ≥ 85% is considered HS 

and usually is prioritized in allocation programs. This classic PRA value depends greatly 

from the panel composition, that may not represent the antigen frequencies in the 

donor population, besides the fact that rare antigens are usually missed in the panel, 

and PRA-CDC intrinsic low sensitivity. For this reason, it does not provide an accurate 

measure of transplantability and, with the development of SAB assays, cPRA was 

introduced providing consistency (Cecka, 2010). To obtain cPRA, the serum of a 

candidate is screened for the presence of anti-‐‑HLA antibodies, and antibodies 

specificities (identified by SAB) are compared with the HLA phenotypes present in the 

population [estimated from the population of bone marrow donors (Lima & Alves, 2013) 

or the population of previous kidney donors (Tafulo, Malheiro et al., 2016)]. The 

percentage of donors in the population against which the candidate has anti-‐‑HLA 

antibodies is the cPRA (Cecka, 2010). The strength of each antibody present is also 

measured, in MFI units, and only antibodies with a MFI ≥ 1000 are considered in cPRA. 

No clear cPRA threshold has been determined in order to consider a patient HS, but 

most studies use the value ≥80-85% (Lefaucheur, Antoine, Suberbielle, & Glotz, 2011). 

Nowadays cPRA replaced PRA-CDC in most kidney allocation systems worldwide as the 

measure of transplantability, with great improvements in transplantation rates for 

sensitized patients (Baxter-Lowe, Kucheryavaya, Tyan, & Reinsmoen, 2016). 

Unfortunately, the same has still to happen in Portugal.  

  

2.2.  Virtual crossmatch and unacceptable antigens  

Whereas PRA-CDC and cPRA are performed prior to transplantation, virtual and CDC 

crossmatches are performed after a specific donor becomes available. Virtual 

crossmatch is performed first and refers to the comparison, by the computer, of the 

anti-HLA antibodies present in each candidate sera with the HLA antigens of the 

available donor. All candidates with antibodies against donor HLA-A, -B	  or -DR	   are 

immediately excluded. Only if the vXM is negative, will the CDCXM be performed. If the 

serum contains DSA capable of engaging a CDC response, the cells of the recipient 

become lysed and the candidate is excluded (Magriço, Malheiro et al., 2016). 

Performing a vXM depends on the definition of UA for all wait-listed patients. 

Unacceptable antigens are assigned by SAB, using a reference cut-off of usually 1000 

MFI, and by PRA-CDC. The purpose of this step is to avoid performing cytotoxic 

crossmatches that would be positive, although this is not an absolute contraindication 

per se (Marfo, Ajaimy et al., 2014). In fact, this stringent cutoff for UA definition may 

be adequate when considering low or non-sensitized patients, but it is not sound when 
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considering HS patients. Although transplantation across an anti-donor HLA antibody 

is not the best option, it may be the best chance some HS patients will ever have, 

allowing them to be transplanted with low-moderate level DSA and a negative cytotoxic 

crossmatch, with a suitable immunosuppression therapy. Additionally, this inflexible 

cutoff leads to false unacceptable HLA antigens listing, not clinically relevant. 

Therefore, at a given positive vXM donor offer, denying some patients, particularly HS 

ones, the opportunity of having a CDCXM assay performed should be avoided 

(Middleton, Jones, & Lowe, 2014), as SAB assay has been associated with a number of 

technical issues as previously stated.  

 

2.3.  Highly-sensitized candidates  

Candidates recognized to have a very broaden allosensitization, resulting in an 

extended and prevalent list of UA (≥80-85%), are referred as HS. Consequently, they are 

incompatible with most potential donors, experience longer time on the waiting-list 

and, some of them, are never transplanted. Unfortunately, the number of HS patients 

wait-listed for KT is significant and it disproportionally affects younger and female 

candidates, and those waiting for a retransplant (Tafulo, Malheiro et al., 2016). Hence, 

several international allocation systems recognize these disadvantages and have 

developed policies to increase these patients transplantability (Gebel, Kasiske et al., 

2016; Valentin, Ruiz et al., 2016). In Portugal, the lack of a national program for HS 

patients diminishes greatly their access to a pool of compatible donors, in particular of 

full HLA-matched kidneys (Takemoto, Terasaki, Gjertson, & Cecka, 2000).  

 

 

3.  IMPACT OF ANTI-HLA ANTIBODIES IN KIDNEY TRANSPLANTATION  

3.1.  Stratifying the risk of preformed DSA  

Several centers have a sizeable experience in performing KT in the presence of 

preformed DSA, in which the potential risk of ABMR is considered acceptable 

(Amrouche, Aubert et al., 2017; Montgomery, Lonze et al., 2011; Vo & Jordan, 2014). 

They base their approach on the knowledge that not all DSA are equally pathogenic, 

with some of them being manageable through the use of increased immunosuppression 

or desensitization protocols. Hence, understanding DSA characteristics, namely 

strength (MFI), HLA class, complement-fixing ability or IgG subclasses, is paramount 

for an adequate stratification of the immunological risk at transplant. Furthermore, the 
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full extent of the data given by SAB assays must be integrated with other variables, as 

past sensitization events, the immunosuppression or desensitization used and the 

results of cell-based crossmatches, namely flow-cytometry (Schinstock, Gandhi, & 

Stegall, 2016). 

  

3.1.1.  DSA strength  

Although SAB assay was not approved as quantitative, it has been used clinically as a 

semiquantitative assay for the estimation of a given anti-HLA alloantibody strength 

(measured as MFI). Several groups have shown that a higher DSA MFI is associated with 

ABMR and allograft loss (Kannabhiran, Lee et al., 2015; Schwaiger, Eskandary et al., 

2016; Zecher, Bach et al., 2017).  

Frequently, patients present at transplant with more than one DSA. So, determining if 

DSA strength measurement should consider the immunodominant DSA (highest MFI) or 

the MFI sum of all detected DSA (cumulative MFI) is an important, though still 

unanswered question. Many centers opt to use one of them, since the comparison of 

their predictive behavior has not produced a clear result (Schwaiger, Eskandary et al., 

2016). Recently, Zecher et al. (Zecher, Bach et al., 2017) showed, in non-desensitized 

patients, that only DSA MFI above 10000 (immunodominant or cumulative) were 

associated with ABMR occurrence and reduced allograft survival.  

  

3.1.2.  DSA HLA class  

Historically, it was considered that DSA against HLA class I were chiefly associated with 

early immunological events, while DSA against HLA class II were more important in the 

development of late (chronic) rejection (McKenna, Takemoto, & Terasaki, 2000). When 

detailed analyses of DSA by solid-phase assays became available, published data 

demonstrate that both classes are equally pathogenic (Schwaiger, Eskandary et al., 

2016). Moreover, DSA against HLA-Cw, -DQ or -DP, previously underappreciated, have 

shown to be responsible for the development of acute or chronic ABMR and should be 

taken into account (Bachelet, Martinez et al., 2016; Carta, Di Maria et al., 2015). 

Importantly, different groups have reported that the presence of DSA against both HLA 

classes poses a significantly higher risk of ABMR and allograft failure (Kannabhiran, Lee 

et al., 2015).    
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3.1.3.  Complement-binding DSA 

The activation of complement is an important step in DSA-driven allograft injury, 

starting with C1q binding and, downstream, C3 cleavage and production of C3d 

(Stegall, Chedid et al., 2012). Modified SAB assays have been developed to detect DSA 

C1q- or C3d-fixing ability (Bohmig, Kikic et al., 2016). Several studies have analyzed 

complement-activating DSA ability correlation with its pathogenicity, with no clear-cut 

results. Some demonstrated a strong association between C1q- or C3d-binding DSA, 

ABMR and allograft failure (Loupy, Lefaucheur et al., 2013; Sicard, Ducreux et al., 2015), 

while others did not (Crespo, Torio et al., 2013; Yell, Muth, Kaufman, Djamali, & Ellis, 

2015). Moreover, a large study has reported that C1q+ DSA was not associated with 

allograft failure if present only before KT (Loupy, Lefaucheur et al., 2013).  Recently, 

preformed C1q+ DSA were independently associated with reduced allograft survival 

(Molina, Navas et al., 2017). An important drawback of these assays is their close 

relationship with DSA MFI, limiting our ability to distinguish the effects of complement-

activating DSA from its MFI (Schaub, Honger, Koller, Liwski, & Amico, 2014).  

  

3.2.  Detailing the risk of de novo DSA  

When studying the role of de novo DSA in KT, one issue that remains under discussion 

is the timeframe for their detection post-transplant. International guidelines indicate, 

in the first-year post-transplant, that all patients should undergo DSA screening at least 

once, between the 3rd and 12th-months, besides other clinically-driven indications (Tait, 

Süsal et al., 2013) (Table 4). A more intense screening schedule is proposed for patients 

with higher immunological risk (e.g., those desensitized). After 1-year, they recommend 

the storage of serum yearly, with DSA detection being performed if clinically indicated.  

  
Table 4. Laboratory assays after kidney transplantation – consensus guidelines. 

Post-transplant (0-12 months) 

     Very high risk (desensitized patients) 

        DSA monitoring and protocol biopsy within the first three months. 

     High risk (vXM positive & negative CDC-XM) 

        DSA monitoring and protocol biopsy within the first three months. 

     Intermediate risk (historical positive vXM or CDC-XM) 

        DSA monitoring within the first month, if negative follow-up as low risk. 

     Low risk 

        DSA screening at least once between the third and twelve months after KT and if significant      

        changes in IS, suspicion of non-adherence, graft dysfunction or if transferred to another center. 
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Post-transplant (after the first year) 

     Every risk categories 

        Store at least one serum per year. 

        DSA screening in a current serum if significant changes in IS, suspicion of non-adherence,  

        graft dysfunction or transferal to another center. 

DSA, donor-specific antibodies; vXM, virtual crossmatch; CDCXM, complement-dependent-cytotoxicity crossmatch; KT, kidney transplant. 

Adapted from reference (Tait, Süsal et al., 2013). 

 

3.2.1.  Incidence and clinical impact of de novo DSA  

Several longitudinal studies have detailed the role of de novo DSA in allograft loss 

(Everly, Rebellato et al., 2013; Wiebe, Gibson et al., 2012). In previously non-sensitized 

kidney allograft recipients, incidence of de novo DSA at 1-year was 11%, with an increase 

to around 20% at 5-years (Everly, Rebellato et al., 2013). Wiebe et al. documented de 

novo DSA in 15% of low-risk patients at 4.6±3 years post-transplant, with a 10-year 

allograft survival of 57% in those with de novo DSA and 96% in those without de novo 

DSA (Wiebe, Gibson et al., 2012). Importantly, they also demonstrated that non-

adherence was the most important risk factor for de novo DSA emergence (OR=8.75, 

P<0.001).  

 

3.2.2.  Clinical correlations of de novo DSA characteristics 

3.2.2.1.  DSA strength 

Data on the impact of alloantibody MFI on allograft outcomes in the setting of de novo 

DSA is scarcer than in preformed DSA. Recently, a longitudinal study analyzing the rates 

of progression to allograft failure in patients with de novo DSA, showed that DSA MFI 

was an independent predictor of failure (HR per 1000 MFI=1.02, P=0.029) (Wiebe, 

Gibson et al., 2015). Heilman et al. observed that cumulative incidence of ABMR or 

mixed rejection at 1 year was 30% in the group with de novo DSA MFI >3000 but only 

4% for the group with a MFI <3000 (Heilman, Nijim et al., 2014). Others have shown 

that de novo DSA MFI levels were associated with higher rate of acute ABMR but did not 

have a significant impact on allograft survival (Schinstock, Cosio et al., 2017).  

  

3.2.2.2.  DSA HLA class 

One of the striking observations, when studying de novo DSA, is the clear predominance 

of alloantibodies against HLA class II. Wiebe et al. (Wiebe, Gibson et al., 2012) reported, 

in 47 patients that de novo DSA anti-HLA class I only were present in 3 patients, while 
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32 had anti-HLA class II only and the remaining 12 had DSA against both HLA classes. 

Others also observed a more frequent detection of de novo DSA against class II (77%) 

than against class I (38%) HLA antigens (Everly, Rebellato et al., 2013). In this study, 

class I alloantibodies made up 42% of early DSA (< 6 months after transplantation) but 

were only 29% of late DSA (> 6 months after transplantation). Conversely, class II was 

58% of early DSA and 71% of late DSA. Importantly, no difference on allograft survival 

was observed comparing patients with de novo DSA according to HLA class.  

Another important observation reported is the high incidence of anti-DQ de novo DSA. 

In the referred cohort by Wiebe at al. (Wiebe, Gibson et al., 2012), out of 44 patients 

with class II DSA, 31 had anti-DQ, while 21 had anti-DR DSA. Additionally, when they 

analyzed donor-recipient HLA-DR and -DQ matching at epitope level, higher epitope 

mismatch was significantly associated with de novo DSA emergence against the 

respective locus (Wiebe, Pochinco et al., 2013).  

  

3.2.2.3.  Complement-binding DSA 

Modified SAB assays analyzing complement-binding DSA ability (C1q- and C3d-SAB) 

have been applied widely in the post-transplant setting (Bohmig, Kikic et al., 2016). A 

large study examining the impact of C1q-binding DSA on KT, reported that C1q+ DSA, 

when present in the first year after transplantation, were associated with a higher risk 

of allograft loss (HR=4.78, P<0.001) (Loupy, Lefaucheur et al., 2013). These 

alloantibodies were also associated with an increased rate of ABMR, a more extensive 

microvascular inflammation, and increased deposition of C4d within allograft 

capillaries. Others have demonstrated that presence of C3d-binding DSA at the time of 

ABMR diagnosis were an independent predictor (HR=2.80, P=0.03) for allograft loss 

(Sicard, Ducreux et al., 2015). More recently, Guidicelli et al. (Guidicelli, Guerville et al., 

2016) observed that C1q-binding de novo DSA were associated with allograft loss 

occurring rapidly after their appearance. However, the long-term persistence of C1q-

nonbinding de novo DSA also led to lower allograft survival, though in a more protracted 

manner. 

  

3.2.2.4.  Immunoglobulin subclasses  

Characterization of IgG subclasses has been performed by a modified SAB assay in the 

research setting, since originally it only measured total IgG (pan-IgG) (Freitas, Rebellato 

et al., 2013). Lefaucheur et al. showed, in patients with DSA detected at 1-year post-

transplant, that acute ABMR was mainly driven by IgG3 DSA, whereas subclinical ABMR 
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by IgG4 DSA. Additionally, they demonstrated that IgG3 DSA was strongly and 

independently associated with allograft failure (Lefaucheur, Viglietti et al., 2016). These 

results provide clues about the pathogenicity of certain DSA and the immune response 

ensued by them. Still, the complexity of studying IgG subclasses constrains the 

possibility of its application in the clinical setting.  

 

 

4.  IMPACT OF NON-HLA ANTIBODIES IN KIDNEY TRANSPLANTATION  

Antibodies against non-HLA antigens have been associated with detrimental outcomes 

in KT, namely antibodies anti-MICA (Zou, Stastny, Susal, Dohler, & Opelz, 2007), anti-

AT1R (Dragun, Muller et al., 2005), antiendothelin-1 type A receptor (Banasik, 

Boratynska et al., 2014), or anti-perlecan (Cardinal, Dieude et al., 2013). 

Autoantibodies anti-AT1R, in particular, are becoming recognized for their association 

with vascular injury and allograft failure in adult kidney transplant patients (Dragun, 

Muller et al., 2005; Reinsmoen, Lai et al., 2010). Moreover, anti-AT1R antibodies have 

been linked to ABMR, allograft loss, acute cellular rejection, and decreased renal 

function (Banasik, Boratynska et al., 2014; Cuevas, Arreola-Guerra et al., 2016; Giral, 

Foucher et al., 2013; Taniguchi, Rebellato et al., 2013), suggesting that multiple clinical 

phenotypes exist for anti-AT1R antibodies–mediated allograft injury. Studies reports on 

alloantibodies anti-MICA are somewhat more conflicting. Two large multicenter studies 

showed that anti-MICA antibodies were associated with a higher incidence of allograft 

failure in patients without anti-HLA antibodies or that were otherwise of low 

immunological risk (Terasaki, Ozawa, & Castro, 2007; Zou, Stastny et al., 2007). Yet, 

other smaller, more recent studies failed to show an association of anti-MICA antibodies 

with unfavorable graft survival (Lemy, Andrien et al., 2012; Lemy, Andrien et al., 2010; 

Sanchez-Zapardiel, Castro-Panete et al., 2013). 
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III.   MATERIALS & METHODS  
 

 

1.  SUBJECTS  

Overall, the population of candidates to and recipients of KT from the Nephrology & 

Kidney Transplantation Unit from the CHP were enrolled in the different studies 

undertaken. In one single study, KT recipients of the Nephrology & Kidney 

Transplantation Unit from Centro Hospitalar S. João (CHSJ) were also recruited (Santos, 

Malheiro et al., 2016).  

For each study, a specific population in a given time-frame was defined according to its 

objectives. Detailed description about the recruitment of the population in each study 

will be given in the Results chapter.  

 

 

2.  DATA COLLECTION  

2.1.  Clinical data  

Data regarding KT recipients and donors’ demographic, clinical and immunological 

characteristics, and pre- and post-transplantation variables were collected 

retrospectively from the clinical database of Nephrology & Kidney Transplantation Unit 

from the CHP. The following variables at transplant were usually recorded: recipient 

age and sex, transplant number, past transfusions, past pregnancies, dialysis vintage 

time, CKD etiology, donor age and sex, donor type, PRA-CDC, donor-recipient HLA 

mismatches and induction immunosuppression. After transplant, data associated with 

allograft and patient outcomes were recorded: delayed allograft function, acute (cellular 

or antibody-mediated) rejection, renal allograft function, proteinuria, and allograft and 

patient survival.  

Data regarding candidates in the waiting list for KT were retrieved from the databases 

of IPST-Porto. The following variables were usually recorded: candidate age and gender, 

transplant number, past transfusions, past pregnancies, time on the waiting-list, 

dialysis vintage time, AB0 type, PRA-CDC, cPRA, status on the list and living and 

deceased donor organ offers.  
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2.2.  Laboratory assessments  

2.2.1.  Panel reactive antibodies (PRA) 

PRA-CDC test was performed before transplant in all patients with sera collected every 

3 months while on the waiting list, using total peripheral blood lymphocytes collected 

from a HLA-typed representative donor population. Results were determined by 

microscopic visual assessment of cell death percentage. It was considered positive if 

cell lyses remained present after dithiothreitol (DTT) treatment, identifying only IgG 

anti-HLA isotypes positive cases.  

To obtain cPRA the serum of a candidate is screened for the presence of anti-‐‑HLA 

antibodies, and antibodies specificities (identified by SAB) are compared with the HLA 

phenotypes present in the population [estimated from the population of bone marrow 

donors (Lima & Alves, 2013) or the population of previous kidney donors (Tafulo, 

Malheiro et al., 2016)]. The percentage of donors in the population against which the 

candidate has anti-‐‑HLA antibodies (MFI ≥1000) was defined as the cPRA.  

 

2.2.2.  Cellular crossmatches 

All allograft recipients included in the different studies of this thesis were transplanted 

with a negative T- and B-lymphocyte CDCXM (standard NIH technique, not enhanced 

with AHG) in current and peak sera. Unfortunately, no data on FCXM were available for 

analyzes in most of the studies conducted.  

 

2.2.3.  Detection of anti-HLA antibodies and DSA  

The following steps describe how anti-HLA antibodies and DSA were identified in the 

studies that addressed this subject. In every case, the IPST database containing these 

results was shared with the investigators, with patients’ identification codified.   

2.2.3.1.  Anti-HLA and DSA antibodies screening and identification  

Anti-HLA IgG antibodies were screened in patients’ sera collected every 3 months while 

they were on the waiting list and after transplant at 1, 3, 6, and 12 months, and then 

yearly if clinically justified. Screening was performed by multiplex microsphere based 

on Luminex Xmap® Technology (LABScreen® Mixed kit, OneLambda, Canoga Park, CA, 

USA). Screening for anti-HLA antibodies before transplant has been done per protocol 

in our unit since 2006. 
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In patients with a pretransplant positive screening for anti-HLA antibodies, SAB assays 

(LabScreen Single Antigen Beads®, OneLambda, Canoga Park, CA) were performed in 

the same (screen positive) sera, in order to determinate thoroughly the specificity of 

anti-HLA antibodies. In brief, patients' sera were incubated for 30 min with beads coated 

with single HLA antigens produced by recombinant technology. After three washes the 

samples were incubated for 30 min with 100 μL of 1:100 PE-conjugated goat antihuman 

IgG (One Lambda Inc.). After two final washes the MFI of each bead was measured using 

LABScan™ 100 flow analyzer (Luminex®, Austin, TX, USA). To account for a possible 

complement interference or prozone effect, all samples were treated with EDTA. The 

analysis was performed using HLA fusion® software (OneLambda Inc.), and a cutoff for 

a positive reaction was set in MFI value of ≥1000.  

2.2.3.2.  Detection of complement-binding anti-HLA antibodies 

Sera was heat inactivated (56ºC for 30 minutes) and spiked with purified human C1q in 

HEPES buffer (One Lambda) to ensure equal functional amounts of C1q per sample. 

Single antigen beads were added to the mixture and incubated for 20 minutes at room 

temperature, followed by addition of PE-conjugated anti-human C1q. Beads were 

washed twice and analyzed on a LABScan100 flow analyzer. Antibodies were assigned 

as positive at ≥500 MFI (Loupy, Lefaucheur et al., 2013). 

2.2.3.3.  DSA assignment and characterization  

Donor and recipient were typed before transplant in loci HLA-A*, B*, and DR* using PCR 

or SSP (Olerup SSP® low resolution HLA typing kits, Stockholm, Sweden). Donor and 

recipient HLA-C* and HLA-DQ* antigens were also typed by SSP DNA-typing, when the 

recipient was sensitized against antigens from these loci. High resolution was 

performed in those cases in which it was necessary to establish whether the anti-HLA 

antibodies were DSA. Donor typing in locus HLA-DP was not available in most studies.  

In every patient, DSA antigenic targets were identified through the comparison of 

donor–recipient HLA mismatch to the antibody profile in each patient. For every 

individual DSA, the reported strength is based on the MFI of one SAB. In cases where 

more than one bead corresponding to the donor type was present within the panel, we 

recorded the corresponding bead with the highest MFI level. In case of more than one 

DSA against different HLA antigens, we took two approaches by defining DSA strength 

as the MFI of the highest-level DSA or as the sum of all individual DSA MFI values. 
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2.2.4.  Preformed anti-MICA antibodies 

Pretransplant sera was screened for MICA antibodies using LABScreen Mixed assay (One 

Lambda, Inc. Canoga Park, CA, USA) and considered positive when the MFI of each bead 

was above the cutoff defined by the manufacturer. Microbeads were covered with MICA 

antigens 01, 02, 04, 07, 09, 12, 17, 18, 19 and 27. 

2.2.5.  Preformed anti-AT1R antibodies 

Pretransplant AT1R-abs levels were assessed by EIA-AT1R kit (One Lambda, Canoga 

Park, CA, USA), using in each patient the last sera collected before transplant. Microtiter 

96-well polystyrene plates were coated with AT1R and in line with the manufacturer’s 

instructions, 100 μL of diluted samples were incubated at 2-8°C for 2 hr. After washing, 

plates were incubated for 60 min with 100 μL of horse radish peroxidase-labeled anti-

human IgG. After incubation with 100 μL of tetramethylbenzidine substrate for 20 min, 

optical absorbance of each well was measured at 450 nm by using an ELISA microplate 

reader. Concentrations of AT1R-abs were determined using a calibration curve. A value 

of 10 UI/mL was considered to be the cut-off for positivity, as previously published 

(Banasik, Boratynska et al., 2014; Deltombe, Gillaizeau et al., 2017; Giral, Foucher et 

al., 2013; Lee, Huh et al., 2017). 

2.3.  Allograft histopathology 

Allograft biopsies were evaluated and categorized using updated Banff classification 

[currently, Banff ’15 (Loupy, Haas et al., 2017)]. Specimens were routinely stained with 

hematoxylin and eosin, periodic acid-Schiff, and methenamine silver (Jones) for light 

microscopic examination. When possible, data on histopathological scores were 

recorded as follows: interstitial inflammation (i), tubulitis (t), endarteritis (v), 

microvascular inflammation [glomerulitis (g) + peritubular capillaritis (ptc)], interstitial 

fibrosis (ci), tubular atrophy (ct), transplant glomerulopathy (cg), arteriosclerosis (cv), 

arteriolar hyalinosis (ah), mesangial matrix expansion (mm), total inflammation (ti) and 

glomerulosclerosis (gs). Results on staining for complement split product 4d (C4d) were 

available by immunofluorescence on all cases.  

 

 

3.  IMMUNOSSUPRESSION  

In studies with kidney graft recipients, immunosuppression changed according to year 

of KT, donor type and patients immunological risk. Herein, an overall description of the 
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immunosuppression regimens used is presented. Specific details over 

immunosuppression will be described, per study, in the Results chapter. 

3.1.  Induction protocol and maintenance immunosuppression 

As induction therapy, patients received an anti-IL-2 receptor monoclonal antibody (anti-

IL2R-Ab, Basiliximab Novartis®, 20 mg twice at day 0 and 4) or ATG (ATG Fresenius®, 3 

mg/Kg for 5-7 days). ATG was primarily used in allosensitized patients or in the 

presence of high number of HLA mismatches. A minority of patients received no specific 

induction therapy. Most patients had similar triple maintenance immunosuppression, 

consisting of oral tacrolimus, mycophenolate mofetil (MMF) and methylprednisolone 

(MP)/prednisolone. Tacrolimus was started at the dose of 0.1 -0.15 mg/kg/day, and the 

dose was adjusted to maintain a trough level in whole blood between 8 and 12 ng/ml 

during the first month postoperatively, between 7 and 10 ng/ml during 2–3 months 

after transplant and between 6 and 9 ng/ml thereafter. MMF was started at the dose of 

2000 mg/day, with the dose decreasing to 1000–1500 mg/day during the first month 

postoperatively, depending on white blood cells count. MP was administered 

intravenously at doses of 500, 250 and 125 mg/day on the day of transplantation, day 

1-2 and day 3-4 after the operation, respectively. Oral prednisolone was started on day 

5 after the operation at the dose of 20 mg, being then tapered to 5-10 mg/day within 

2–3 months after transplant. Living donor recipients were prescribed tacrolimus and 

MMF 7 days before transplant and received preferentially basiliximab as induction 

therapy.  

Desensitization at transplant was used in a small number of patients, with IVIG (2 g/Kg 

divided in four daily doses), plasmapheresis (PP, 6-9 sessions, every other day) or 

rituximab (375 mg/m2, single dose). Combinations used were IVIG only, IVIG plus PP 

and IVIG plus PP and rituximab.  

3.2.  Rejection diagnosis and treatment  

Allograft rejection was defined as biopsy proven rejection and classified according to 

an updated Banff classification. Mild acute cellular rejection (ACR Banff grade I) was 

treated with pulse steroids (500 mg MP for 3 days) and increased maintenance 

immunosuppression. All other ACR were treated with ATG. Patients with acute ABMR 

were treated with PP every other day and IVIG 100 mg/Kg after each session; per 

protocol, the number of PP sessions was 4. After the last PP session, every patient 

received IVIG (2 g/Kg) divided in four daily doses, followed by one dose of rituximab 

(375 mg/m2); a similar dose of IVIG (2 g/Kg) was repeated after 1 month. A majority of 



CHAPTER III | Materials & Methods 

 32 

patients with chronic ABMR received specific treatment with steroids pulses with or 

without IVIG alone or together with rituximab.  

 

 

4.  STATISTICAL ANALYSIS 

Continuous data were described using mean ± standard deviation (SD) or median (IQR) 

and categorical data were expressed as number (and percentages). Categorical data 

were compared using Pearson χ2 test or Fisher´s exact test, and continuous variables 

were compared, if their distribution was parametric, with Student t-test or analysis of 

variance (ANOVA) test (when in presence of a variable with 3 or more categories). In the 

case of continuous variables with asymmetrical distribution, comparison was done by 

Mann–Whitney U test or Kruskal-Wallis test (when in presence of a variable with 3 or 

more categories). 

Allograft survival curves were constructed using Kaplan–Meier method, with 

comparison between groups being done by log-rank test. In the case of death with a 

functioning allograft, allograft survival was censored at the time of death. Risk factors 

for time-independent binary outcomes were determined by univariate and multivariable 

logistic regression models. Potential predictors of time-to-event outcomes were 

explored by univariate and multivariable Cox proportional hazards models. Hazards 

proportionality was checked by plotting log minus log of distribution hazard and using 

Schoenfeld residuals of distribution hazards. 

A two-sided P-value of <0.05 was considered as statistically significant. Statistical 

calculations were performed using SPSS, version 24.0 (SPSS Inc., Chicago, IL, USA), 

GraphPad Prism 7.0 (GraphPad Software, La Jolla, CA) and Stata/MP, version 14.1 (Stata 

Corp, College Station, TX). Distinct statistical analyses used in some studies will be 

described in the Results chapter. 

 

 

5.  INSTITUTIONAL AND ETHICAL APPROVAL  

The study was reviewed and authorized by the Departamento de Ensino, Formação e 

Investigação/ Gabinete Coordenador da Investigação and Comissão de Ética of CHP [nº 

226/13 (141-DEFI/180-CES)] and by the Comissão Científica do IPST in 

September/2013. The principles of the Declaration of Helsinki and the internal rules of 

the CHP were observed. In all phases of the study the confidentiality of data collected 
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and the identity of the participants were guaranteed. All databases were constructed 

and analyzed anonymously. 
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IV.   RESULTS 
 

1.  THESIS STUDIES OUTLINE   

The research studies within this thesis were carried out in the Nephrology & Kidney 

Transplantation Unit from CHP, in collaboration with Histocompatibility Laboratory of 

IPST-Porto. They comprise 15 observational studies (Fig. 1): 12 retrospective cohort, 2 

cross-sectional and 1 case-control studies. 

 

 

Hypotheses Aims Publications

1

Allosensitization results from prior 
sensitizing events and its degree is 
determined by anti-HLA antibodies 

breadth. HS status is a major hurdle for 
access to KT, not fully encompassed by 

the current allocation algorithm.

Predictors of allosensitization.

Effect of allosensitization on 
second KT.

Determine the degree of 
allosensitization and its 
implications on access to KT.

1. Lopes, Barra et al.,  2015

2. Campos, Malheiro, et al., 2017
3. Magriço, Malheiro et al., 2016

4. Tafulo, Malheiro, et al., 2016

2

Preformed anti-HLA antibodies, 
particularly DSA, are the major culprits 

of early ABMR and, subsequently 
reduced allograft survival. Thus, DSA 

characterization may be critical for the 
improvement of risk stratification at 

KT. Non-HLA antibodies may also 
impact KT outcomes.

Impact of preformed anti-HLA 
antibodies:

- Non-DSA and DSA;

- DSA characteristics (strength, 
complement-binding, HLA loci).

Impact of preformed non-HLA 
antibodies.

5. Malheiro, Tafulo et al., 2015

6. Santos, Malheiro et al., 2016
7. Malheiro, Tafulo et al., 2017

8. Malheiro, Tafulo et al., 2017

9. Costa, Malheiro et al., 2015

10. Malheiro, Tafulo et al., 2018

3

Emergence of de novo anti-HLA 
antibodies, chiefly DSA, after KT is a 
major cause of long-term allograft 

failure. Determining their incidence, 
risk factors and clinical associations 
would improve our surveillance of KT 

recipients. 

Incidence and risk factors of de 
novo anti-HLA antibodies and DSA.

Impact on long-term allograft loss.

11. Malheiro, Tafulo et al., 2014

12. Castro, Malheiro et al., 2017
13. Malheiro, Martins et al., 2016 

4

DSA play a pivotal role in the 
development of acute or chronic ABMR.  

In these settings, understanding the 
clinical and histological associations 

with DSA characteristics would 
contribute to the ongoing discussion 

about how to manage it.

Clinical and histopathological 
associations with DSA 
characteristics in acute and chronic 
ABMR. 

Explore possible implications to 
their management and prognosis.

14. Malheiro, Santos et al., 2018

15. Malheiro, Santos et al., 2018

Figure 1. Studies outline 
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2.  HYPOTHESIS 1 STUDIES 

 

 
 

 

2.1.  Effect of different sensitization events on HLA alloimmunization in 

kidney transplantation candidates. 

Lopes, Barra et al. Transplant Proc. 2015 May;47(4):894-7 

doi: 10.1016/j.transproceed.2015.03.014 

Appendix 1 

 

We analyzed the impact of different sensitization events (SE) (previous transplantation, 

blood transfusion, pregnancy), considered separately, on HLA-allosensitization as 

measured by LuminexÒ-based assays.  

 

In a cross-sectional study, sera from 722 candidates to KT wait-listed between 2007-

2014 from CHP were screened per protocol by LuminexÒ-based assays to determine the 

presence of anti-HLA class I and II antibodies. Only the results from the last sera 

available, while they were still on the waiting-list, were analyzed. Screen positive sera 

underwent SAB assay to identify antibodies against specific HLA-A, B, C, DR, DQ, DP loci 

antigens.  

 

Candidates with no SE (n=269) and those with only one type of SE were compared 

(n=260). Prevalence of anti-HLA class I antibodies was significantly higher in patients 

with previous transfusion (19%, P=0.014), pregnancy (38%, P<0.001) or transplant (75%, 

Hypotheses Aims Publications

1

Allosensitization results from prior 
sensitizing events and its degree is 
determined by anti-HLA antibodies 

breadth. HS status is a major hurdle for 
access to KT, not fully encompassed by 

the current allocation algorithm.

Predictors of allosensitization.

Effect of allosensitization on 
second KT.

Determine the degree of 
allosensitization and its 
implications on access to KT.

1. Lopes, Barra et al.,  2015

2. Campos, Malheiro, et al., 2017
3. Magriço, Malheiro et al., 2016

4. Tafulo, Malheiro, et al., 2016

Figure 2. Hypothesis 1 outline. 
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P<0.001) compared with those with no SE (10%). Similar results were obtained when 

comparing anti-HLA class II antibodies (Table 5).  

 

Table 5. Prevalence of anti-HLA class I and class II antibodies: comparison by different SE. 
 No SE 

(n=269) 

Transfusion 

(n=127) 
P** 

Pregnancy 

(n=81) 
P** 

Transplant 

(n=52) 
P**** 

HLA I +, n (%) 27 (10) 24 (19) 0.014 31 (38) <0.001 39 (75) <0.001 

HLA II +, n (%) 14 (5) 14 (11) 0.035 32 (40) <0.001 37 (71) <0.001 

HLA I or II +, n (%) 33 (12) 29 (23) 0.007 43 (53) <0.001 46 (89) <0.001 

SE, sensitization events; HLA, human leukocyte antigen.  

*Comparison of previous transfusion and no SE group  
**Comparison of previous pregnancy and no SE group 
***Comparison of previous transplantation and no SE group 
All comparisons were performed by Pearson χ2 test or Fisher´s exact test, as appropriate.   

 

The strength (median MFI) of specific antibodies was significantly higher in patients 

with previous transplantation than in those with previous transfusion for HLA-A (8017 

vs. 2302, P=0.020), HLA-B (7765 vs. 2901, P=0.018) and HLA-DR (9835 vs. 2060, 

P=0.003). Differently, anti-HLA antibodies strength was similar between patients with 

previous pregnancy or transplant (Table 6). 

 

Table 6. Median MFI values of anti-HLA antibodies against loci A, B, C, DR, DQ and DP: 
comparison between candidates with a single SE. 
 Transplantation Transfusion Pregnancy P* P** P*** 

HLA-A 8017 2302 3611 0.020 0.094 0.396 

HLA-B 7765 2901 6313 0.018 0.655 0.013 

HLA-C 5708 2585 2607 0.114 0.193 0.439 

HLA-DR 9835 2060 8065 0.003 0.064 0.006 

HLA-DQ 5435 4241 1760 0.243 0.243 0.827 

HLA-DP 6810 1076 2488 0.041 0.105 0.210 

MFI, mean fluorescence intensity; HLA, human leukocyte antigen; SE, sensitization events. 

*Comparison of previous transfusion and transplant  
**Comparison of previous pregnancy and transplant 
***Comparison of previous pregnancy with transfusion 
All comparisons were performed by Mann–Whitney U test.   

 

In a multivariable logistic regression model, the impact of previous pregnancy on 

allosensitization was found to be intermediate, between a milder effect of previous 

blood transfusion and a much stronger of previous transplantation (Table 7). 
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Table 7. Multivariable logistic regression to determine predictors of allosensitization (i.e., 
positive HLA screen for class I or II).  

 OR 95% CI P value 

Age 1.011 0.991-1.031 0.290 

Female (vs male) gender 3.633 1.904-6.932 <0.001 

SE 

   None 

   Transfusion-only 

   Pregnancy-only 

   Transplantation-only 

 

Reference 

1.973 

2.702 

60.084 

 

 

1.121-3.472 

1.243-5.874 

23.338-154.684 

 

 

0.018 

0.012 

<0.001 

HLA, human leukocyte antigen; OR, odds ratio; CI, confidence interval; SE, sensitization events. 

 

Hence, the presence of any SE was associated with a higher prevalence of anti-HLA 

antibodies for class I and/or II in comparison with patients with no SE. Previous 

transplantation had the strongest allosensitization effect on both classes, followed by 

pregnancy and transfusion. This effect was reflected both on allosensitization 

prevalence and strength. Candidates to retransplant had frequently more and stronger 

anti-HLA antibodies, being subsequently, more prone to have an immunological barrier 

to a prospective KT. 

  

 

2.2.  Increase of allosensitization after a kidney graft failure: Predictors and 

effect on retransplantation outcomes. 

 Campos, Malheiro et al. Nefrologia. 2017 Jul - Aug;37(4):397-405 

doi: 10.1016/j.nefro.2016.11.020 

Appendix 2 

 

We assessed allosensitization change after a first kidney allograft failure, its predictors 

and impact on retransplant outcomes. 

 

In a retrospective cohort study, we selected 140 adult patients who received a first and 

second KT in CHP. Median year of the first and second KT was 1992 (range: 1983-2009) 

and 2000 (range: 1986-2012), respectively. Delta PRA (dPRA) was defined as the 

difference between PRA-CDC before the second and first KT (cohort median value was 

+10%). Data analysis was performed in order to determine risk factors of dPRA ≥10% 

and its association, in the second KT, with acute rejection and allograft failure.  

Given the retrospective nature of this analysis, spanning 30 years, multiple practices in 

immunosuppression were in place: before 1990, only azathioprine and cyclosporine 
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(no microemulsion) were available; between 1990 and 2000, cyclosporine 

microemulsion and MMF were introduced and wider use of ATG was seen; after 2000, 

tacrolimus was largely the calcineurin inhibitor of choice and the use of anti-IL2R-Ab 

was current for induction therapy. 

 

Risk factors for dPRA ≥10% at the second KT (Table 8) were acute rejection (OR = 2.57; 

P=0.022), graft survival <1 year (OR = 2.47; P=0.030) and ABDR HLA mismatch 

(OR=1.38 per 1-mismatch increase; P=0.038) in the first KT.  

 

Table 8. Significant risk factors, from the first KT, for increased allosensitization (dPRA≥ 10%) 
before second kidney transplant by multivariable logistic regression.  

 OR 95% CI P 

Acute rejection  2.57 1.14-5.78 0.022 

Graft survival <1-year 2.47 1.09-5.57 0.030 

ABDR HLA mismatch 1.38 1.02-1.86 0.038 

PRA, panel reactive antibodies; OR, odds ratio; CI, confidence interval; HLA, human leukocyte antigen. 

Model: Transfusions after transplant; ABDR HLA mismatch, graft survival <1-year, acute rejection, recipient 
gender, calcineurin inhibitors use. 

 

Acute rejection in the second KT (Table 9) was associated with dPRA ≥10% (OR=2.79; 

P=0.047). Induction with ATG had a protective effect (OR=0.23; P=0.010).  

 

Table 9. Significant risk factors for acute rejection in the second graft (variables reporting to the 
second KT only) by multivariable logistic regression.  

 OR 95% CI P 

dPRA ≥10% 2.79 1.01-7.71 0.047 

ATG induction  0.23 0.08-0.71 0.010 

OR, odds ratio; CI, confidence interval; PRA, panel reactive antibodies; ATG, anti-thymocyte globulin; HLA, human leukocyte antigen. 

Model: dPRA≥ 10%, ATG induction, KT era, delayed graft function, ABDR HLA mismatch, recipient age and 
gender, calcineurin inhibitors and antiproliferative use. 

 

Second KT survival (Fig. 3) was lower (P=0.008) in patients with a dPRA ≥10% (at 5 and 

10 years post-transplant, 75.6%, 60.5% in dPRA ≥10%; 88.6%, 88.6% in dPRA <10% 

patients, respectively). 
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Hence, a significant increase in allosensitization after the first kidney failure was 

particularly noticeable in patients experiencing acute rejection and in those 

transplanted with a higher HLA mismatched first allograft. Retransplant patients with 

higher net change of allosensitization, had poorer outcomes after a second KT. So, de-

emphasis of HLA matching in current allocation policies may be undesirable, 

particularly in younger patients, since they have a higher likelihood of needing a second 

transplant during their lifetime.  

 

 

2.3.  Implications for patients waiting for a kidney transplant of using the 

calculated panel reactive antibody (cPRA). 

 Magriço, Malheiro et al. Port J Nephrol Hypert 2016; 30(2): 185-193  

Appendix 3 

 

We aimed to quantify the waiting time of candidates for KT according to their cPRA and 

if the additional points offered to HS patients, as defined by PRA-CDC (≥50%) in the 

current allocation system, were also benefiting HS patients as defined by cPRA (≥80%). 

 

In a cross-sectional study, sera from 551 candidates to KT on the waiting-list of CHP in 

2014, were screened per protocol by LuminexÒ-based assays to determine the presence 

of anti-HLA class I and II antibodies. Only the results from the last sera available, while 

Figure 3. Second kidney allograft survival according with dPRA groups. 
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they were still on the waiting-list, were analyzed. Screen positive sera underwent SAB 

assay to identify all anti-HLA antibodies present. PRA-CDC and cPRA were obtained for 

each patient. The latter was calculated by the comparison of SAB results, for HLA-A, B 

and -DR (in accordance with the rules of the current Portuguese allocation algorithm), 

with the respective frequency of HLA phenotypes for those loci in a population from 

Northern Portugal, as estimated by the frequency of bone marrow donors’ HLA 

phenotype (available in the database of IPST).  

 

Among cPRA groups (Table 10), the proportion of women (30%, 56% and 61%, P<0.001), 

prior SE (43%, 81% and 97%, P<0.001) and time on dialysis (median of 3.9, 4.1 and 6.0 

years, P<0.001) increased with cPRA of 0%, 1-79% and ≥80%, respectively. In most 

candidates with a cPRA ≥ 80%, the PRA-CDC raised no suspicion of HS status with only 

35 (29%) or 12 patients (10%) having a PRA-CDC higher than 50% or 80%, respectively 

(cut-‐‑offs needed to obtain additional points during allocation).  

 

Table 10. Comparison of candidates’ characteristics according to cPRA group.  
 1. cPRA=0% 

(n=312) 

2. 0<cPRA<80% 

(n=118) 

3. cPRA≥80% 

(n=121) 

P* 

Global 

P# 

2. vs 3. 

Age, mean±SD 51±12 51±10 48±12 0.112 0.118 

Female, % 30 56 61 <0.001 0.433 

Previous kidney transplant, % 5 25 69 <0.001 <0.001 

Previous blood transfusion, % 32 53 67 <0.001 0.023 

Previous pregnancy, % 18 46 45 <0.001 0.897 

>0 sensitizing events, % 43 81 97 <0.001 <0.001 

Years on dialysis 

Median 

P25-75 

P10-90 

 

3.9 

2.6-5.1 

1.7-6.7 

 

4.1 

3.0-6.0 

2.3-7.4 

 

6.0 

4.3-9.7 

2.7-14.3 

<0.001 <0.001 

PRA-CDC ≥50%, % 0 4 29 <0.001 <0.001 

PRA-CDC ≥80%, % 0 0 10 <0.001 <0.001 

cPRA, calculated panel reactive antibodies; SD, standard deviation; PRA-CDC, cytotoxic panel reactive antibodies.  

*Data were compared by ANOVA test (if presented as mean±SD), by Kruskal Wallis test [if presented as 
median (IQR)] or by Pearson χ2 test [if presented as n (%)]. 
#Data were compared by Student t-test (if presented as mean±SD), by Mann–Whitney U test [if presented as 
median (IQR)] or by Pearson χ2 test or Fisher´s exact test, as appropriate [if presented as n (%)].   

 

HS patients by cPRA (Fig. 4A) corresponded to 71% vs 15% of patients waiting for ≥ or 

<8 years, respectively (P<0.001). Even after exclusion of patients with a PRA-CDC above 
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50% (Fig. 4B), this disproportionate representation remained (58% versus 13%, 

P<0.001). 

 

 

 

Hence, HS patients as measured by cPRA remained longer on the wait-‐‑list, both in the 

primary analysis and when excluding those with a PRA-CDC ≥50%. Moreover, only 30% 

of HS by cPRA patients received the extra-points designed to improve their 

transplantability. We consider that both PRA-CDC and cPRA should be taken into 

account when defining HS status. 

 

 

2.4.  Low transplantability of 0 blood group and highly sensitized candidates 

in the Portuguese kidney allocation algorithm: Quantifying an old 

problem in search of new solutions. 

 Tafulo, Malheiro et al. HLA. 2016 Nov;88(5):232-238 

 doi: 10.1111/tan.12895 

Appendix 4 

 

We evaluated longitudinally the difference of candidates’ access to KT in Northern 

Portugal, according to AB0-isotype groups and cPRA status. 

 

Figure 4. Comparison of cPRA between two groups of patients: those waiting for less and 
those waiting for more than 8-years for a transplant. A, overall population. B, after excluding 
those with a PRA-CDC above 50%.  
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In a retrospective study, 1020 prevalent and incident candidates to KT on the waiting-

list between January 2010 and December 2011 of CHP were included. Their sera were 

screened per protocol by LuminexÒ-based assays to determine the presence of anti-HLA 

class I and II antibodies. Only the results from the last sera available, while they were 

still on the waiting-list, were analyzed. Screen positive sera underwent SAB assay to 

identify all anti-HLA antibodies present in candidates’ sera. cPRA was obtained for each 

patient by the comparison of SAB results, for HLA-A, B and -DR (in accordance with the 

rules of the current Portuguese allocation algorithm), with the respective frequency of 

HLA phenotypes for those loci in 227 previous deceased organ donors from Northern 

Portugal (available in the database of IPST). Patients were followed until receiving a 

kidney allograft from a deceased (n=629) or a living donor (n=48), being removed from 

the waiting list by medical decision and/or patient choice (n=138), death (n=30), or 

until 31 December 2014. 

 

The deceased donor organ offer rate according to blood type and cPRA groups is 

displayed in Table 11, considering only candidates listed in regular priority (n=987). 

Overall, there were 4257 organ offers that represented 1 offer every 6.7 months per 

candidate. The deceased donor organ offer rate by blood type tended to decrease with 

the increase of cPRA for the candidates of A and B blood groups. For AB blood type 

patients, this difference was only seen in the extreme cPRA values perhaps due to the 

lower number of patients in these groups. Curiously, for 0 blood group patients, 

deceased donor organ offer rate was significantly different only in the comparisons 

between HS candidates and the remaining groups.  

 

Table 11. Deceased organ offer rate by blood group and cPRA, determined by Poisson log linear 
regression. 

  
Mean months until 
1 offer/candidate 

95% CI P 

Overall 
(n=987) 

 6.7 6.3-7.1 - 

Blood type A 
(n=434) 

Global 6.0 5.7-6.2 
A vs B=0.642 

A vs AB=0.404 
A vs O=<0.001 

1. cPRA 0% (n=312) 4.8 4.6-5.1 1vs2=0.001 
1vs3=<0.001 
2vs3=<0.001 

2. cPRA 1-79% (n=52) 5.9 5.3-6.6 
3. cPRA ≥80% (n=70) 15.8 13.7-18.1 

Blood type B 
(n=40) 

Global 5.8 5.0-6.6 
B vs AB=0.675 
B vs O=<0.001 

1. cPRA 0% (n=27) 4.0 3.5-4.7 1vs2=0.024 
1vs3=<0.001 
2vs3=0.015 

2. cPRA 1-79% (n=3) 7.0 3.9-12.7 
3. cPRA ≥80% (n=10) 28.7 16.3-50.5 

Blood type 
AB (n=20) 

Global 5.5 4.5-6.6 AB vs O=<0.001 
1. cPRA 0% (n=14) 4.2 3.3-5.3 1vs2=0.704 

1vs3=<0.001 
2vs3=0.133 

2. cPRA 1-79% (n=1) 3.5 1.6-7.8 
3. cPRA ≥80% (n=5) 9.3 6.4-13.6 
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Blood type 0 
(n=493) 

Global 10.6 10.1-11.1 - 
1. cPRA 0% (n=398) 9.9 9.4-10.4 1vs2=0.320 

1vs3=<0.001 
2vs3=<0.001 

2. cPRA 1-79% (n=56) 10.6 9.3-12.1 
3. cPRA ≥80% (n=39) 29.8 20.9-38.9 

cPRA, calculated panel reactive antibodies; CI, confidence interval.   

 

The longitudinal analysis, after exclusion of patients who received a kidney graft from 

a living donor, those removed from the waiting list, or who died during follow-up 

(n=776) revealed that the median waiting time for transplant was greater for 0 blood 

group patients (65.3 months), when compared to the remaining blood types: A (35.1 

months), B (22.8 months), and AB (14.5 months) (Table 12). The waiting time for A 

blood type patients increased with cPRA value (P<0.001) as the percentage of patients 

transplanted over time was significantly lower. For 0 blood group patients, this 

difference was only significant between nonsensitized patients and the remaining 

groups (P<0.001). For blood type B and AB patients, the difference was only significant 

between nonsensitized and HS candidates (P<0.001 and P=0.013, respectively). 

 

Table 12. Median waiting time for KT by blood type and cPRA, using the Kaplan-Meier method.  
  Number of candidates 

transplanted (%) 

Median waiting 

time 

Log-rank P 

Overall 

(n=776) 

 601 (77.4%) 47.5 - 

Blood type 

A (n=344) 

Global 290 (84.3%) 35.1 

 

A vs B=0.366 

A vs AB=0.117 

A vs O=<0.001 

1. cPRA 0% (n=254) 239 (94.1%) 30.7 1vs2=<0.001 

1vs3=<0.001 

2vs3=<0.001 

2. cPRA 1-79% (n=38) 29 (76.3%) 47.4 

3. cPRA ≥80% (n=52) 22 (42.3%) 129.3 

Blood type 

B (n=35) 

Global 31 (88.6%) 22.8 

 

B vs AB=0.638 

B vs O=0.001 

1. cPRA 0% (n=25) 25 (100%) 16.9 1vs2=0.215 

1vs3=<0.001 

2vs3=0.156 

2. cPRA 1-79% (n=3) 2 (66.7%) 27.4 

3. cPRA ≥80% (n=7) 4 (57.1%) 144.0 

Blood type 

AB (n=17) 

Global 14 (82.4%) 14.5 AB vs O=<0.001 

1. cPRA 0% (n=13) 12 (92.3%) 13.5 1vs2=0.867 

1vs3=0.013 

2vs3=0.083 

2. cPRA 1-79% (n=1) 1 (100%) 16.6 

3. cPRA ≥80% (n=3) 1 (33.3%) 70.5 

Blood type 

0 (n=380) 

Global 266 (70.0%) 65.3 - 

1. cPRA 0% (n=308) 232 (75.3%) 62.0 1vs2=0.001 

1vs3<0.001 

2vs3=0.176 

2. cPRA 1-79% (n=42) 21 (50.0%) 75.1 

3. cPRA ≥80% (n=30) 13 (43.3%) 91.1 

cPRA, calculated panel reactive antibodies; CI, confidence interval.   
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A multivariable Cox regression model showed that younger [hazard ratio (HR)=1.020, 

P<0.001], cPRA≥80% (versus cPRA=0%, HR=0.090, P<0.001), and cPRA 0-84% (versus 

cPRA=0%, HR=0.380, P<0.001) candidates had a lower chance of been transplanted. 

Additionally, when compared to A blood type candidates, blood type B and AB patients 

had a higher chance of been transplanted (HR=1.574, P=0.019; HR=2.582, P=0.001, 

respectively), while the opposite occurred in 0 blood type ones (HR=0.255, P<0.001). 

 

Hence, median waiting time was significantly higher in 0 blood group candidates, when 

compared to the remaining groups. However, a stronger impact on waiting time 

according to cPRA was observed, with HS patients having 368%, 632%, 486%, and 140% 

increases in blood groups A, B, AB, and 0, respectively, when compared to each blood 

group global median waiting time. Our study shows that important measures need to 

be undertaken in order to mitigate the disadvantage of 0 blood type and, even more 

so, of HS candidates have in accessing KT. 

 

 

Main results of studies conducted under the hypothesis 1 are shown in Fig. 5. 
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Predictors of 
allosensitization.

Previous KT was 
clearly the strongest 

allosensitizing 
event, followed by 

pregnancy and 
blood transfusions.

Effect of 
allosensitization
on second KT.

Higher HLA 
mismatch in the first 

KT significantly 
increased pos-KT 
allosensitization.

Increased 
sensitization 

prolonged the 
waiting-time for 

retransplantation 
and was associated 

with poorer 
outcomes in the 

second KT.

Determination of the degree of 
allosensitization and its implications on 

access to KT.

The current national 
allocation algorithm 
attribution of extra-

points to HS 
candidates defined 
by PRA-CDC misses 
a large proportion 
of those defined by 

cPRA. 

HS candidates as 
defined by cPRA 

were hugely 
disadvantaged in 
the access to KT, 

independently from 
AB0 blood groups.

Figure 5. Hypothesis 1 main results. 
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3.  HYPOTHESIS 2 STUDIES 

 

 

 

 

3.1.  Analysis of preformed donor-specific anti-HLA antibodies 

characteristics for prediction of antibody-mediated rejection in kidney 

transplantation.  

Malheiro, Tafulo et al. Transpl Immunol. 2015 Mar;32(2):66-71  

doi: 10.1016/j.trim.2015.01.002 

Appendix 5 

 

We analyzed the relationship between preformed DSA, in the presence of a negative 

CDCXM, and kidney allograft outcomes, and explored the predictive value of DSA 

characteristics, namely DSA strength, for ABMR occurrence. 

 

In a retrospective cohort study, 517 consecutive adult patients who received a kidney 

transplant in CHP between 2007 and 2012 were investigated. Fifty-five patients were 

excluded [no SPI performed (n = 51) or incomplete donor typing (n = 4)], leaving 462 

patients (89%) for the final analysis. Main comparisons were done between patients 

without anti-HLA antibodies (HLA-), those with antibodies against third-party HLA 

antigens (HLA+ DSA-) and those with DSA (HLA+ DSA+). DSA strength was computed 

both as the highest DSA bead MFI (hDSA) and as the MFI sum of all DSA beads (sDSA).  

Hypotheses Aims Publications

2

Preformed anti-HLA antibodies, 
particularly DSA, are the major culprits 

of early ABMR and, subsequently 
reduced allograft survival. Thus, DSA 

characterization may be critical for the 
improvement of risk stratification at 

KT. Non-HLA antibodies may also 
impact KT outcomes.

Impact of preformed anti-HLA 
antibodies:

- Non-DSA and DSA;

- DSA characteristics (strength, 
complement-binding, HLA loci).

Impact of preformed non-HLA 
antibodies.

5. Malheiro, Tafulo et al., 2015

6. Santos, Malheiro et al., 2016
7. Malheiro, Tafulo et al., 2017

8. Malheiro, Tafulo et al., 2017

9. Costa, Malheiro et al., 2015

10. Malheiro, Tafulo et al., 2018

Figure 6. Hypothesis 2 outline 
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Induction therapy was used in 413 patients (89%), with Basiliximab (n=319) or ATG 

(n=94). All enrolled recipients had similar triple maintenance immunosuppression with 

tacrolimus, MMF and prednisolone.  

 

Median follow-up was 39.6 months (Table 13). Acute rejection was particularly common 

in HLA+ DSA+ patients (38%) in comparison with HLA+ DSA- (15%) and HLA- patients 

(11%) (P<0.001). This difference resulted from the high incidence of ABMR in HLA+ 

DSA+ patients (35%), as ACR was similar between groups (P=0.322). Moreover, acute 

rejection developed earlier in HLA+ DSA+ patients (median 11 days) than in HLA+ DSA- 

(median 71 days) and HLA- patients (median 35 days) (P=0.018).  

 

Table 13. Transplant outcomes 

 
HLA - 

N=367 

HLA + DSA - 

N=55 

HLA + DSA + 

N=40 

P 

 

Delayed graft function, n (%) 71 (19) 9 (16) 10 (25) 0.607* 

Follow-up time (mo), median (IQR) 39.4 (26.1-56.0) 43.2 (24.0-57.8) 36.8 (28.0-49.8) 0.796 

Acute rejection, n (%) 39 (11) 8 (15) 15 (38%) <0.001* 

ACR alone, n (%) 36 (10) 7 (13) 1 (3) 0.322* 

ACR alone by Banff grade 

   Grade 1, n 

   Grade 2/3, n  

 

20 

16 

 

2 

5 

 

0 

1 

0.102*# 

 

 

AMR, n (%) 

    AMR + ACR, n 

3 (1) 

2 

1 (2) 

1 

14 (35) 

5 

<0.001* 

0.249*§ 

Time to acute rejection (d), median 

(IQR) 

35  

(13-325) 

71  

(14-310) 

11  

(7-27) 
0.018 

eGFR at 12 mo (ml/min)¶, mean±SD 54.9±17.8 54.2±18.0 49.4±18.8 0.183 

Grafts functioning, n (%) 345 (94) 49 (89) 34 (85) 0.020* 

Grafts failed, n (%) 12 (3) 3 (6) 5 (13) 0.008* 

Death with a functioning graft, n (%) 11 (3) 4 (7) 1 (3) 0.585* 

HLA, human leukocyte antigen; DSA, donor specific antibody; mo, months; IQR, interquartile range; ACR, acute cellular rejection; AMR, antibody-mediated rejection; d, days; eGFR, estimated 

glomerular filtration rate, SD, standard deviation.  

*χ2 for trend. 
#Considering only patients with ACR. 
§Considering only patients with AMR. 
¶Data available in 428 patients. 
Data were compared by ANOVA test (if presented as mean±SD), by Kruskal Wallis test [if presented as 
median (IQR)] or by Pearson χ2 test [if presented as n (%)]. 
 

DSA MFI ability to predict ABMR was explored by receiving operator characteristics 

(ROC) analysis (Fig. 7). Area under the curve (AUC) for the hDSA MFI was 0.857 (95% 

confidence interval 0.744-0.970; P<0.001); using the Youden index, the optimal 

threshold was at a MFI of 4900, with a sensitivity of 86% and a specificity of 73%; 

positive likelihood ratio of 3.18 and negative likelihood ratio of 0.20. AUC for sDSA MFI 
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was 0.816 (95% confidence interval 0.681-0.951; P=0.001); using the Youden index, 

the optimal threshold was a total MFI of 11000, with a sensitivity of 57% and a specificity 

of 92%; positive likelihood ratio of 7.43 and negative likelihood ratio of 0.46.  

 

 

 

DSA+ patients with ABMR, in comparison with those free from ABMR, presented a higher 

number of DSA beads (P=0.033) and stronger DSA, considering the highest DSA bead 

MFI (P<0.001) or the sum of all DSA beads MFI (P=0.001). A trend towards a more 

frequent use of ATG versus Basiliximab induction in patients with DSA that did not 

experience ABMR (65.4% and 34.6% respectively, P=0.072) was noticeable (Table 14).  

 

Table 14. Comparison of DSA characteristics and immunosuppression according to ABMR 
occurrence 

 
DSA + ABMR – 

N=26 

DSA + ABMR + 

N=14 
P 

Number of DSA, median (IQR)  2 (1-2) 2 (2-4) 0.033 

hDSA MFI, median (IQR) 2725 (1709-5603) 6354 (4913-10572) <0.001 

sDSA MFI, median (IQR) 4161 (2809- 8791) 11988 (6229-15203) 0.001 

DSA class 

   Class I, n (%) 

   Class II, n (%) 

   Class I+II, n (%) 

 

14 (54) 

7 (54) 

5 (19) 

 

8 (57) 

2 (14) 

4 (29) 

0.601 

Figure 7. Receiver operator curves of the hDSA and sDSA beads MFI for prediction of ABMR.   
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Known presensitizing events 

   Any, n (%) 

   Prior transplants, n (%) 

   Blood transfusions, n (%) 

   Pregnancies, n (%) 

 

25 (96) 

14 (54) 

16 (62) 

13 (50) 

 

13 (93) 

8 (57) 

9 (64) 

6 (43) 

 

1.0 

0.842 

0.864 

0.666 

Induction therapy 

   ATG, n (%) 

   Basiliximab, n (%) 

 

17 (65) 

9 (35) 

 

5 (36) 

9 (64) 

0.072 

 

 

ABMR, antibody-mediated rejection; DSA, donor specific antibody; IQR, interquartile range; MFI, mean fluorescence intensity; ATG, anti-thymocyte globulin. 

Data were compared by Mann–Whitney U test [if presented as median (IQR)] or by Pearson χ2 test or Fisher´s 
exact test, as appropriate [if presented as n (%)].   

 

A significant detrimental effect of DSA presence on kidney allograft survival was 

detected (Fig. 8A), with a 5-years survival of 95% in DSA- versus 85% in DSA+ patients 

(P=0.006). Allograft survival at 5 years in DSA+ patients without ABMR occurrence (96%) 

was similar to DSA- (95%) patients (P=0.888); DSA+ patients who experienced ABMR had 

significantly lower 5-years allograft survival (69%) (Fig. 8B).  

 

 

 

Hence, KT with preformed DSA had an increased incidence of ABMR, with subsequent 

adverse impact on allograft survival. DSA strength may be used to improve 

immunological risk stratification of sensitized patients and their clinical management, 

namely for the definition of unacceptable antigens, the decision to use desensitization 

protocols, the management of immunosuppression and the selection of patients that 

would most profit from protocol biopsies. Expectantly, these approaches might help 

reduce the burden of ABMR in HLA-incompatible KT. 

Figure 8. A. Kidney allograft survival of patients according to DSA status. B. Kidney allograft 
survival according to DSA and ABMR status. 
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3.2.  Impact of preformed donor-specific antibodies against HLA class I on 

kidney graft outcomes: Comparative analysis of exclusively anti-Cw vs 

anti-A and/or -B antibodies. 

Santos, Malheiro et al. World J Transplant. 2016 Dec 24;6(4):689-696 

doi: 10.5500/wjt.v6.i4.689  

Appendix 6 

 

We studied the clinical impact of preformed anti-Cw DSA compared with DSA against 

the other HLA class I loci, HLA-A and/or B. 

 

In a retrospective cohort study, 35 adults who received a kidney transplant between 

2007-2016 in CHP or CHSJ with pretransplant DSA exclusively anti-A and/or –B or 

exclusively anti-Cw were identified. Twenty-three patients had DSA anti-A and/or anti-

B: 6 with DSA anti-A only; 11 with DSA anti-B only and 6 with DSA anti-A and -B. Twelve 

patients had DSA exclusively anti-Cw.   

Induction therapy was used in 33 patients (94%), with Basiliximab (n=10) or ATG (n=23). 

All recipients had similar triple maintenance immunosuppression with tacrolimus 

(n=32) or cyclosporine (n=3), MMF and prednisolone. Eight patients underwent a 

desensitization protocol. Five patients received IVIG only, one IVIG plus PP and 2 IVIG 

plus PP and rituximab. 

 

One year after transplantation there were no differences (Table 15) in outcomes 

analyzed, including acute rejection occurrence between the two groups (3 and 6 cases, 

respectively in the DSA-Cw and the DSA-A-B groups; P=1).  

 

Table 15. Clinical outcomes and follow-up 
 

 

DSA-A-B 

N=23 

DSA-Cw 

N=12 
P 

Delayed graft function, n (%) 7 (30) 1 (8) 0.216 

Acute rejection at 1-year, n (%) 6 (26) 3 (25) 1 

ABMR at 1-year, n (%) 6 (26) 2 (17) 0.685 

ACR-only at 1-year, n (%) 0 1 (8) 0.343 

1y-eGFR (ml/min), median (IQR) 51 (46-60) 59 (47-64) 0.192 

1y-ProtU, median (IQR) 0 (0-0.1) 0.1 (0-0.2) 0.163 

DSA, donor-specific antibodies; ABMR, acute antibody-mediated rejection; ACR, acute cellular rejection; eGFR, estimated glomerular filtration rate; IQR, interquartile range; ProtU, proteinuria. 

Data were compared by Mann–Whitney U test [if presented as median (IQR)] or by Pearson χ2 test or Fisher´s 
exact test, as appropriate [if presented as n (%)].   

 



CHAPTER IV | Results 

 53 

The sole independent predictor of ABMR was DSA strength (HR=1.07 per 1000 increase 

in MFI, P=0.034). Kidney allograft survival was similar between groups (Fig. 9A) at 5-

years (100% in DSA-Cw group vs 91% in DSA-A-B group, P=0.528). ABMR was associated 

with shortened graft survival at 5-years (Fig. 9B), with 75% and 100% grafts surviving in 

patients with or without ABMR, respectively (P=0.005). 

 

 

 

Hence, preformed anti-Cw DSA seem to have the same impact on graft outcome as DSA 

against “classical” HLA-I loci (-A, -B), suggesting that they should also be considered in 

transplant allocation systems and in immunological risk stratification. 

 

 

3.3.  Determining donor-specific antibody C1q-binding ability improves the 

prediction of antibody-mediated rejection in human leucocyte antigen-

incompatible kidney transplantation. 

Malheiro, Tafulo et al. Transpl Int. 2017 Apr;30(4):347-359  

doi: 10.1111/tri.12873 

Appendix 7 

 

We investigated the impact of preformed DSA C1q-binding ability in the outcomes 

(ABMR and allograft survival) of HLA-incompatible KT.  

 

Figure 9. A. Kidney graft survival according to DSA HLA loci. B. Kidney graft survival according 
to ABMR status. 
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In a retrospective cohort study, 60 kidney allograft recipients with preformed DSA 

detected by SAB assays (IgG- and C1q-SAB assays), from a cohort of 517 kidney graft 

recipients (124 with detectable anti-HLA antibodies), were included. For the main 

analyses, patients were divided both by DSA strength (MFI < vs. ≥15000) and C1q-

binding ability. 

Induction therapy was used in all patients, with Basiliximab (n=21) or ATG (n=39). All 

recipients had similar triple maintenance immunosuppression with tacrolimus, MMF 

and prednisolone. Eight patients underwent a desensitization protocol. Two patients 

received IVIG only, 3 IVIG plus PP and 3 IVIG plus PP and rituximab. 

 

Acute ABMR overall frequency (Table 16) was high (30%) and it increased with DSA 

strength (16% in low and 55% in high MFI groups, P=0.002) and, even more, with C1q+ 

(17% in C1q- and 77% in C1q+ patients, P<0.001). Both pure (n=10) and mixed (n=8) 

ABMR were observed. All episodes of ABMR occurred early after transplant (median 

number of days 12, ranging from 4 to 20 days), with no difference regarding time to 

ABMR being noticed between groups.  

 

Table 16.  One-year outcomes according with DSA strength and C1q-binding groups. 
 

 

MFI <15k 

N=38 

MFI ≥15k 

N=22 
P 

C1q- DSA 

N=47 

C1q+ DSA 

N=13 
P 

Delayed graft function, n (%) 12 (32) 9 (41) 0.465 16 (34) 5 (39) 0.755 

ABMR, n (%) 

   Pure  ABMR, n (%) 

   Mixed (ABMR + ACR), n (%) 

   Days to ABMR*, median  

      [min.-max.] 

6 (16) 

3 (8) 

3 (8) 

14 

[4-20] 

12 (55) 

7 (32) 

5 (23) 

11 

[7-17] 

0.002 

0.029 

0.129 

0.397 

 

8 (17) 

2 (4) 

6 (13) 

12 

[4-20] 

10 (77) 

8 (62) 

2 (15) 

12 

[7-18] 

<0.001 

<0.001 

1 

0.964 

 

ACR-only, n (%) 6 (16) 2 (9) 0.698 8 (17) 0 0.182 

1y-eGFR(ml/min)#, median  

(IQR) 

51.6 

(38.3-62.6) 

50.0 

(33.9-68.8) 
0.879 

51.8 

(42.6-68.5) 

36.5 

(25.8-55.5) 
0.027 

1y-ProtU (>0.3 g/g)§, n (%) 6 (18) 5 (26) 0.496 5 (12) 6 (55) 0.006 

DSA, donor-specific antibodies; MFI, mean fluorescence intensity; ABMR, acute antibody-mediated rejection; ACR, acute cellular rejection; min., minimum; max., maximum; y, year; eGFR, 

estimated glomerular filtration rate; IQR, interquartile range; ProtU, proteinuria. 

*Considering only patients that experienced ABMR (N=18). 
#N=56. Patients on dialysis were assumed to have an eGFR of 5 ml/min and were included in nonparametric 
statistical analysis.  
§Available in 53 patients, whose graft remained functioning at 1-year post-transplant. 
Data were compared by Mann–Whitney U test [if presented as median (IQR)] or by Pearson χ2 test or Fisher´s 
exact test, as appropriate [if presented as n (%)].   

 

Eight patients experienced ACR-only episodes. Allograft function at 1-year post-

transplant was lower in the C1q+ than in C1q- patients [median estimated glomerular 

filtration rate (eGFR) 37 vs. 52 ml/min, P=0.027; respectively). No difference in allograft 
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function was observed between DSA MFI groups. Proteinuria at 1-year was more 

common in patients with C1q+ (55%) than in those with C1q- (12%) DSA (P=0.006). 

The performance of DSA characteristics (strength and C1q-binding ability) as predictors 

of ABMR showed that C1q+ DSA presented a lower sensitivity and higher specificity 

than DSA strength (56% vs. 67% and 93% vs. 76%, respectively) for the diagnosis of 

ABMR. The probability of ABMR occurrence in patients with C1q+ DSA was 16.3 higher 

than its occurrence in those with C1q- DSA, while the chance of ABMR was only 6.4 

higher in patients with high vs. low MFI DSA, reflecting higher discriminative ability of 

the former as a predictor of ABMR.  

In the multivariable analysis (Table 17), we identified as significant risk factors for ABMR 

peak PRA ≥15% (OR=6.03, P=0.029), DSA against HLA class II (OR=14.03 versus DSA 

against HLA class I, P=0.018) and C1q-binding DSA (OR=17.00, P=0.001).  

 

Table 17.  Analysis of risk factors for ABMR occurrence by logistic regression.  
 Univariate OR (95% CI) P Multivariable OR* (95% CI) P 

Recipient  

   Age  

 

0.97 (0.92-1.02) 

 

0.231 
   

   Female (vs. Male)  0.79 (0.25-2.47) 0.680    

Donor  

   Age 

 

0.98 (0.95-1.02) 

 

0.402 
   

   Female (vs. Male)  1.60 (0.48-5.37) 0.447    

Retransplant  2.03 (0.66-6.22) 0.215    

PRA-CDC ≥15% 4.00 (1.24-12.91) 0.020 6.03 (1.20-30.33) 0.029 

ABDR HLA MM 1.52 (0.93-2.48) 0.078   

ATG induction 2.38 (0.67-8.48) 0.181    

Desensitization 2.71 (0.60-12.35) 0.197    

DGF 2.50 (0.80-7.83) 0.115    

DSA HLA class 

   I 

   II 

   I+II 

 

Reference 

5.00 (1.02-24.53) 

4.50 (1.15-17.65) 

0.058 

 

0.047 

0.031 

 

Reference 

14.03 (1.56-126.12) 

4.95 (0.81-30.42) 

0.057 

 

0.018 

0.084 

DSA MFI ≥15000 6.40 (1.91-21.47) 0.003    

C1q+ DSA  16.25 (3.63-72.67) <0.001 16.80 (3.18-88.85) 0.001 

ABMR, antibody-mediated rejection; OR, odds ratio; CI, confidence interval; PRA-CDC, cytotoxic panel reactive antibodies; HLA, human leukocyte antigen; MM, mismatches; ATG, anti-thymocyte 

globulin; DGF, delayed graft function; DSA, donor-specific antibodies; MFI, mean fluorescence intensity. 

*Multivariable model included only those variables presenting a univariate P-value <0.1. Significant risk 
factors were identified with the use of backward elimination, with a P-value <0.05 needed for retention in 
the model. 

 

Thirteen patients experienced allograft failure and mean allograft survival time was 7.3 

years (95% CI: 6.5-8.0). C1q-binding DSA (Fig. 10A) was associated with significantly 

lower allograft survival (at 6-years, allograft survival was 81% in C1q- and 44% in C1q+ 
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DSA patients; P<0.001). DSA strength (Fig. 10B) was non-significantly correlated with 

lower allograft survival (at 6-years, allograft survival was 78% in low MFI and 65% in high 

MFI DSA patients; P=0.070).  

 

 

 

Patients with high MFI C1q-binding DSA (Fig. 11A) had shorter allograft survival (38%) 

than those with high MFI non-C1q-binding DSA (83%) or with low MFI non-C1q-binding 

DSA (80%), at 6-years (P=0.001). ABMR occurrence (Fig. 11B) in the presence of C1q+ 

DSA was associated with poorer allograft survival (42%) than in those experiencing 

ABMR in the absence of C1q+ DSA (60%) or those without ABMR nor C1q+ DSA (86%), 

at 6-years (P<0.001).  

 

 

 

Hence, preformed C1q-binding DSA in comparison with DSA strength were shown to be 

a better predictor of ABMR and more strongly associated with allograft failure. 

Figure 10. A. Kidney allograft survival according to C1q-binding DSA status. B. Kidney 
allograft survival according to DSA strength. 

Figure 11. A. Kidney allograft survival according to DSA strength and C1q-binding status. B. 
Kidney allograft survival according to ABMR and C1q-binding status. 
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Detection of DSA C1q-binding ability may improve pretransplant risk assessment 

beyond its strength. These observations are important, particularly for those centers 

that perform HLA-incompatible kidney transplantation in order to improve the 

definition of unacceptable antigens and to help in the decisions about patient 

transplantability or desensitization strategies.  

 

 

3.4.  Impact on mid-term kidney graft outcomes of pretransplant anti-HLA 

antibodies detected by solid-phase assays: Do donor-specific 

antibodies tell the whole story? 

Malheiro, Tafulo, et al. Hum Immunol. 2017 Sep;78(9):526-533 

doi: 10.1016/j.humimm.2017.07.011 

Appendix 8 

 

We investigated the impact of preformed anti-HLA antibodies, defined as non-DSA or 

DSA, on mid-term graft outcomes, on a large cohort of patients in whom a detailed 

analysis of anti-HLA antibodies was performed by solid-phase assays.  

 

In a retrospective cohort study, 724 kidney graft recipients in whom anti-HLA antibodies 

were thoroughly identified in pre-transplant sera by solid-phase assays, were included. 

Groups were defined according to the absence (n=577) of anti-HLA antibodies, or their 

detection as non-DSA (n=100) or DSA (n=47).   

Induction therapy was used in 608 patients (84%), with Basiliximab (n=476) or ATG 

(n=160). All recipients had similar triple maintenance immunosuppression with 

tacrolimus, MMF and prednisolone. No patient underwent desensitization.  

 

Cumulative incidence of T-cell mediated rejection was similar between groups (Fig. 12A, 

overall P=0.297). Cumulative incidence of ABMR (Fig. 12B) was only 1% in patients 

without anti-HLA antibodies in comparison of 4% in non-DSA (P=0.004) and 26% in DSA 

patients (P<0.001).  

Only 55 patients underwent clinically-driven allograft biopsy beyond 1-year post-

transplant (Table 18). Chronic-active ABMR was the single histological diagnosis that 

differed between groups, being detected in 59% of patients with DSA, in 45% of those 

with non-DSA and only 13% in those without anti-HLA antibodies at transplant (P=0.041 

for non-DSA and P=0.010 for DSA vs. patients without anti-HLA antibodies). No 

difference on acute rejection diagnoses was observed.  



CHAPTER IV | Results 

 58 

 

 

 
Table 18. Comparison between groups of histological diagnosis in patients who underwent 
allograft biopsy beyond 1-year post-transplant.   

 
No anti-HLA-Ab 

N=16 

Non-DSA 

N=22 

DSA 

N=17 
P* P** 

Recurrent GN, n (%) 4 (25) 3 (14) 1 (6) 0.425 0.175 

BkV nephropathy, n (%) 2 (13) 1 (5) 2 (12) 0.562 1 

IF/TA, n (%) 5 (31) 4 (18) 1 (6) 0.450 0.085 

CABMR, n (%) 2 (13) 10 (45) 10 (59) 0.041 0.010 

Acute rejection, n (%) 

   TCMR, n 

   ABMR, n  

3 (19) 

3 

0 

4 (18) 

3 

1 

3 (18) 

1 

2 

1 1 

HLA, human leukocyte antigen; DSA, donor-specific antibodies; GN, glomerulonephritis; BkV, Bk virus; IF/TA, interstitial fibrosis/ tubular atrophy; CABMR, chronic active antibody-mediated 

rejection; TCMR, T-cell mediated rejection; ABMR, antibody-mediated rejection.  

*Comparison between patients without anti-HLA antibodies and those with NDSA. 
**Comparison between patients without anti-HLA antibodies and those with DSA. 
Data were compared by Pearson χ2 test or Fisher´s exact test, as appropriate [if presented as n (%)].   

 
Fifty-eight patients (8%) experienced allograft failure and mean allograft survival time 

was 4.7 years (95% CI: 4.6-4.8). Patients with DSA (Fig. 13) had the lowest allograft 

survival (79%) at 5-years, followed by those with non-DSA (88%), while patients without 

anti-HLA antibodies had 94% allograft survival (P=0.015 for non-DSA and P<0.001 for 

DSA vs. patients without anti-HLA antibodies).  

 

Figure 12. A. T-cell mediated rejection cumulative incidence 1-year after transplantation. B. 
ABMR cumulative incidence 1-year after transplantation. 
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In patients receiving no induction (Fig. 14A), those with non-DSA had a significantly 

lower allograft survival at 5-years (87%) in comparison with patients without anti-HLA 

antibodies (98%) (P=0.019). When induction with anti-IL2R-Ab was used (Fig. 14B), 

survival rates at 5-years were 93% in patients without anti-HLA antibodies, 84% in non-

DSA and 64% in DSA patients. Significant differences were detected between patients 

without anti-HLA antibodies and non-DSA patients (P=0.012) and between the former 

and those with DSA (P<0.001). With ATG induction (Fig. 14C), allograft survival was 

similar between groups (overall P=0.852), with 93%, 96% and 92% of allografts surviving 

in patients without anti-HLA antibodies and those with non-DSA or DSA, respectively. 

 

 

Figure 13. Allograft survival curves according to anti-HLA antibodies status. 

Figure 14. Allograft survival curves according to anti-HLA antibodies status, stratified by the 
type of induction used. 
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Hence, both non-DSA and DSA anti-HLA antibodies have a negative impact on KT 

outcomes. These effects seemed to be chiefly mediated by antibody-driven graft injury, 

given the observed relationship between both pre-KT allosensitization and ABMR, acute 

or chronic, and allograft loss. The recognition of the risk posed by the detection of 

preformed non-DSA, although with a lesser extent than the one associated with DSA, 

has important implications in the immunological risk stratification of patients, and 

consequently may impact clinical decisions at transplant.  

 
 

3.5.  Impact of pre-transplant anti-MICA sensitization in graft rejection and 

survival. 

Costa, Malheiro et al. Port J Nephrol Hypert 2015; 29(2): 130-138  

Appendix 9 

 

We analyzed the possible impact of preformed anti-MICA antibodies, independently or 

associated to anti-HLA antibodies, in acute rejection incidence and kidney allograft 

survival. 

 

A retrospective cohort study of 554 patients who received a kidney transplant between 

2007 and 2013 in CHP was performed. In all patients, pre-KT serum samples were 

collected and analyzed for anti-MICA and anti-HLA antibodies.  

Induction therapy was used in 501 patients (90%), with Basiliximab (n=323) or ATG 

(n=178). All recipients had similar triple maintenance immunosuppression with 

tacrolimus (n=535) or cyclosporine (n=19), MMF and prednisolone. No patient 

underwent desensitization.  

 

Previous blood transfusion (Table 19) and pregnancy were more frequent in patients 

with anti-MICA antibodies than in those without, while no difference was observed 

regarding previous KT, PRA-CDC and number of HLA mismatches. Living donor KT was 

less common in anti-MICA+ patients. Immunosuppression was similar between both 

groups, except for tacrolimus use that was less frequent in anti-MICA+ patients. 

Fourteen of 41 MICA + patients were also anti-HLA+ (34%), as opposed to 95 MICA- 

patients (19%) (P=0.017). However, this resulted from the difference in anti-HLA class I 

antibodies (32% vs 16%, P=0.010), while anti-HLA class II antibodies frequency was 

similar.  
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Table 19. Comparison of baseline characteristics according to anti-MICA antibodies status.    

 
Anti-MICA – 

(n=513) 

Anti-MICA+ 

(n=41) 
P 

Recipient    

Age (years), mean±SD 44.0±14.7 45.0±16.1 0.658 

Male gender, n (%) 310 (60) 25 (61) 0.945 

Previous KT, n (%) 60 (12) 7 (17) 0.312 

Previous blood transfusion, n (%) 170 (33) 20 (49) 0.044 

Previous pregnancies, n (%) 95 (45) 12 (75) 0.038 

PRA-CDC >0%, n (%) 158 (31) 10 (24) 0.390 

Dialysis time (months), median 

(IQR) 

45.6 

(20.0-84.6) 

50.5 

(27.6-108.3) 
0.310 

Donor    

Age (years), mean±SD 45±15.1 44.1±15.2 0.726 

Male gender, n (%) 315 (61) 31 (76) 0.200 

Living donor, n (%) 91 (18) 2 (5) 0.030 

Transplant     

Preformed anti-HLA, n (%) 95 (19) 14 (34) 0.017 

      Anti-HLA class I, n (%) 81 (16) 13 (32) 0.010 

      Anti-HLA class II, n (%) 55 (11) 7 (17) 0.222 

Total HLA MM, mean±SD 3.9±1.4 3.7±1.3 0.484 

HLA MM 4-6, n (%) 312 (61) 22 (54) 0.185 

ATG use, n (%) 166 (32) 12 (29) 0.654 

Basiliximab use, n (%) 295 (58) 28 (68) 0.201 

Tacrolimus use, n (%) 497 (97) 38 (93) 0.044 

MICA, major histocompatibility class I chain-related A; SD, standard deviation; KT, kidney transplant; PRA-CDC, cytotoxic PRA; IQR, interquartile range; HLA, human leukocyte antigen; MM, 

mismatches; ATG, anti-thymocyte globulin.  

Data were compared by Student t-test (if presented as mean±SD), by Mann–Whitney U test [if presented as 
median (IQR)] or by Pearson χ2 test or Fisher´s exact test, as appropriate [if presented as n (%)].   

 

Anti-HLA+ groups (Fig. 15), with or without MICA, presented lower 1-year rejection-free 

survival (77% and 79%, respectively) comparing to MICA-/HLA- (89%) or MICA+/HLA- 

groups (89%) (global P=0.006). In pairwise comparison, the only significant difference 

was between MICA-/HLA- and MICA-/HLA+ groups (P=0.001).  

Anti-HLA+ groups (Fig. 16), with or without MICA, presented lower 4-years allograft 

survival (83% and 86%, respectively) comparing to MICA-/HLA- (95%) or MICA+/HLA- 

groups (95%) (global P=0.074). In pairwise comparison, the only significant difference 

was between MICA-/HLA- and MICA-/HLA+ groups (P=0.026).  
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Hence, our data do not support a meaningful pathogenic role of preformed anti-MICA 

antibodies in KT. It further shows that the study of pre-transplant MICA sensitization is 

severely hampered by the low prevalence of MICA detection and their frequent 

association with anti-HLA antibodies. Therefore, further studies with higher number of 

patients, methodological uniformity in MICA antibodies identification and donor 

specificity determination will be needed to thoroughly access if they have an 

independent impact in post-transplant outcomes. 

Figure 15. Rejection-free survival curves at 1-year post-KT according to anti-HLA and anti-
MICA antibodies status. 

Figure 16. Allograft survival curves according to anti-HLA and anti-MICA antibodies status. 
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3.6.  Deleterious effect of anti-angiotensin II type 1 receptor antibodies 

detected pretransplant on kidney graft outcomes is both proper and 

synergistic with donor-specific anti-HLA antibodies. 

Malheiro, Tafulo et al. Nephrology (Carlton). 2018 Feb 16. [Epub ahead of print] 

doi: 10.1111/nep.13239  

Appendix 10 

 

We aimed to understand the impact of anti-AT1R antibodies (AT1R-abs), with or without 

concomitant DSA, on KT outcomes. 

 

In a retrospective cohort study, adult recipients (n=76) of a kidney-only transplant in 

2009 from CHP were studied. Previous studies (Malheiro, Tafulo et al., 2015; Malheiro, 

Tafulo et al., 2017) from our center had shown that a high number of patients 

transplanted in that year had preformed DSA. DSA and/or AT1R-abs were detected by 

solid-phase assays in pre-KT sera. Patients were divided according to AT1R-abs and DSA 

status.  

Induction therapy was used in all patients, with Basiliximab (n=50) or ATG (n=26). All 

recipients had similar triple maintenance immunosuppression with tacrolimus, MMF 

and prednisolone. Seven patients underwent a desensitization protocol. Three received 

IVIG plus PP and 4 IVIG plus PP and rituximab.  

 

Incidence of acute rejection (Fig. 17) was 6% in AT1R-abs (-)/DSA (-) group, significantly 

lower than in the remaining groups [AT1R-abs (+)/DSA (-) 35%, AT1R-abs (-)/DSA (+) 

47% and AT1R-abs (+)/DSA (+) 43%] (overall P<0.001).  

Considering the T-cell mediated rejection (Table 20), occurrence of grade 1 was similar 

between groups, while grade 2 (vascular) rejection was observed only in AT1R-abs 

(+)/DSA (-) patients (n=3). ABMR was significantly more common in DSA+ patients 

(P=0.001). Two episodes of C4d-negative ABMR were observed, one in AT1R-abs 

(+)/DSA (-) and another in AT1R-abs (+)/DSA (+) patients. Mean eGFR decreased from 

57 ± 19 ml/min in AT1R-abs (-)/DSA (-), to 51 ± 18 ml/min in AT1R-abs (-)/DSA (+), 45 

± 16 ml/min in AT1R-abs (+)/DSA (-) and 39 ± 15 ml/min in AT1R-abs (+)/DSA (+) 

patients (P=0.033). No difference in the prevalence of proteinuria higher than 0.5 g/g 

was detected between groups.  
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Table 20. Comparison of post-transplant outcomes at 1-year post-transplant according to AT1R-
abs and DSA statuses.   

 

AT1R-abs (-) 

DSA (-) 

N=48 

AT1R-abs (+) 

DSA (-) 

N=12 

AT1R-abs (-) 

DSA (+) 

N=9 

AT1R-abs (+) 

DSA (+) 

N=7 

P 

Delayed graft function, n (%) 6 (13) 1 (8) 3 (33) 0 0.183 

Acute rejection, n (%) 3 (6) 4 (33) 4 (44) 3 (43) 0.005 

   TCMR grade 1, n (%) 3 (6) 0 1 (11) 0 0.743 

   TCMR grade 2, n (%) 0 3 (25) 0 0 0.005 

   ABMR, n (%) 

      C4d-negative, n 

0 

- 

1 (8) 

1 

3 (33) 

0 

3 (43) 

1 

0.001 

- 

eGFR (ml/min, mean±SD* 57.4±18.6 44.5±16.3 51.2±17.9 38.5±15.1 0.033 

Proteinuria ≥0.5 g/g, n (%)* 8 (17) 3 (27) 2 (29) 2 (33) 0.736 

AT1R-abs, anti-angiotensin type 1 receptor antibodies; DSA, donor-specific antibodies; TCMR, T-cell mediated rejection; ABMR, antibody-mediated rejection;  eGFR, estimated glomerular 

filtration rate; SD, standard deviation;  

*Analysis considering only patients with a graft functioning at 1-year post-transplant (n=71).  
Data were compared by ANOVA test (if presented as mean±SD) or by Pearson χ2 test [if presented as n (%)]. 

 

Eleven patients (14%) experienced allograft failure and mean allograft survival time was 

7.4 years (95% CI: 6.9-7.9). At 6-years post-transplant (Fig. 18), AT1R-abs (+)/DSA (+) 

patients had the lowest allograft survival (57%), followed by AT1R-abs (+)/DSA (-) ones 

(67%). Patients with AT1R-abs (-)/DSA (-) (94%) and AT1R-abs (-)/DSA (+) (89%) had 

higher and similar allograft survival rates at 6-years. Significant differences were 

Figure 17. Cumulative incidence of acute rejection at 1-year post-KT, according to AT1R-abs 
and DSA statuses. 
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detected between AT1R-abs (-)/DSA (-) and AT1R-abs (+)/DSA (-) (P=0.006), and the 

former and AT1R-abs (+)/DSA (+) (P=0.003). 

 

 

 

Only AT1R-abs (+)/DSA (-) (HR=6.41, 95% CI: 1.43-28.68; P=0.015) and AT1R-abs 

(+)/DSA (+) (HR=7.75, 95% CI: 1.56-38.46; P=0.012) statuses in comparison with AT1R-

abs (-)/DSA (-) status were significant predictors (Table 21) of allograft failure. 

 

Table 21. Predictors of graft failure by Cox proportional hazard analysis.  

 
Univariate Multivariable* 

HR 95% CI P HR 95% CI P 

Recipient age (years) 0.99 0.95-1.03 0.486    

Female recipient 2.32 0.68-7.94 0.179    

Donor age (years) 1.01 0.96-1.06 0.779    

Living (vs deceased) donor  1.49 0.40-5.63 0.554    

Retransplant 1.16 0.31-4.36 0.831    

Peak PRA-CDC ≥5% 0.92 0.24-3.47 0.921    

Delayed graft function 1.62 0.35-7.48 0.540    

Acute rejection# 1.39 0.87-2.20 0.166    

HLA-AB mismatch (3-4 vs 0-2) 1.99 0.53-7.48 0.311    

HLA-DR mismatch (2 vs 0-1) 1.64 0.48-5.61 0.430    

DSA at 1-year# 1.27 0.80-2.02 0.307    

Figure 18. Graft survival curves according to AT1R-abs and DSA statuses. 
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Pretransplant antibodies 

   AT1R-abs (-)/DSA (-) 

   AT1R-abs (+)/DSA (-) 

   AT1R-abs (-)/DSA (+) 

   AT1R-abs (+)/DSA (+) 

 

Reference 

6.41 

2.07 

7.75 

 

 

1.43-28.68 

0.22-19.91 

1.56-38.46 

 

 

0.015 

0.529 

0.012 

 

Reference 

6.41 

2.07 

7.75 

 

 

1.43-28.68 

0.22-19.91 

1.56-38.46 

 

 

0.015 

0.529 

0.012 

HR, hazard ratio; CI, confidence interval; PRA-CDC, cytotoxic panel reactive antibodies; HLA, human leukocyte antigen; DSA, donor-specific antibodies.; AT1R-abs, anti-angiotensin type 1 

receptor antibodies.  

 *All listed variables were included in the multivariable model. Significant predictors were identified by 
backward elimination, with a P value of 0.05 or lower for retention in the model.  
#Time-varying covariate 

 

Hence, pretransplant sensitization against AT1R was associated with increased 

incidence of acute rejection, with rejection phenotype being modulated by the presence 

or absence of concomitant DSA. Allograft survival was significantly reduced by the 

presence of both DSA and AT1R-abs or AT1R-abs only and may correlate with a synergic 

negative effect of both antibodies, but also with different therapeutic approaches when 

treating acute rejections episodes associated with AT1R-abs with or without 

concomitant DSA.  

 

 

Main results of studies conducted under the hypothesis 2 are shown in Fig. 19. 
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Preformed anti-HLA antibodies

DSA increased 
the risk of 

acute ABMR. 

However, not 
all DSA were 

equally 
pathogenic to 
the allograft.

Their negative 
impact on 
allograft 
survival 

seemed to be 
largely 

dependent on 
ABMR 

occurrence. 

Stronger 
(higher MFI) 

and, more so, 
C1q-binding 

DSA were 
important 

predictors of 
acute ABMR. 

The latter was 
also associated 
with a higher 

risk of allograft 
loss. 

DSA against 
HLA-Cw posed 
a similar risk of 

ABMR than 
"classical" HLA 

class I loci. 

Non-DSA were 
also associated 
with ABMR and 

reduced 
allograft 
survival, 

although more 
weakly than 
DSA. ATG 

induction may 
abrogate the 
effect of non-

DSA on 
allograft 
survival.

Preformed non-HLA 
antibodies

Anti-MICA 
antibodies 

were frequently 
associated with 
anti-HLA class I 

antibodies. 

They did not 
seem to have 

an independent 
effect on KT 
outcomes. 

Anti-AT1R 
antibodies had 
a proper and a 
synergistical 
(with DSA) 
deleterious 
effect on KT 
outcomes 

(acute rejection 
and allograft 

loss). 

Figure 19. Hypothesis 2 main results. 
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4.  HYPOTHESIS 3 STUDIES 

 

 

 

 

4.1.  Posttransplant allosensitization in low immunological risk kidney and 

kidney-pancreas graft recipients. 

Malheiro, Tafulo et al. Biomed Res Int. 2014;2014:438945  

doi: 10.1155/2014/438945  

Appendix 11 

 

We examined, in a cohort of low immunological risk patients, the relationship between 

de novo anti-HLA antibodies detected at 6-months post-transplant and kidney allograft 

outcomes.  

 

In a retrospective cohort study, we analyzed 579 adult patients who received a first 

kidney (n=498) or a kidney-pancreas (n=81) transplant between 2007 and 2012 in CHP, 

with a functioning kidney graft for at least 6 months. Using stringent criteria to select 

patients without pretransplant allosensitization, only primary graft recipients were 

considered, with those with pretransplant PRA-CDC >0% and/or positive anti-HLA 

antibodies screening (n=161) being excluded. Patients underwent screening of anti-HLA 

antibodies between the 6th and the 24th month after transplant. Patients with a positive 

screening around the 6th month post-transplant were defined as antibody-positive. 

Antibody-negative patients were selected if they had a negative screening performed 

between the 6th and the 24th month post-transplant; in patients with multiple screenings 

Hypotheses Aims Publications

3

Emergence of de novo anti-HLA 
antibodies, chiefly DSA, after KT is a 
major cause of long-term allograft 

failure. Determining their incidence, 
risk factors and clinical associations 
would improve our surveillance of KT 

recipients. 

Incidence and risk factors of de 
novo anti-HLA antibodies and DSA.

Impact on long-term allograft loss.

11. Malheiro, Tafulo et al., 2014

12. Castro, Malheiro et al., 2017
13. Malheiro, Martins et al., 2016 

Figure 20. Hypothesis 3 outline 
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only those with negative results in all of them were selected. Finally, those with positive 

screening post-transplant after a negative one at 6-months (n=10) were also excluded, 

defining the remaining 408 patients as the study population. 

Induction therapy was used in 370 patients (91%), with Basiliximab (n=256) or ATG 

(n=114). All recipients had similar triple maintenance immunosuppression with 

tacrolimus, MMF and prednisolone. Per protocol, kidney-pancreas transplant recipients 

received induction with ATG.  

 

Anti-HLA antibodies were detected at 6-month after transplant in 71 patients (17.4%), 

with 49 (12.0%) being positive for anti-HLA class I, 12 (2.9%) for anti-HLA class II, and 

10 (2.5%) for anti-HLA class I and II antibodies. Steroid-insensitive acute rejection 

episodes (Table 22) were a potent risk factor (OR=6.47, P <0.01) for anti-HLA antibodies 

presence of any class. Steroid-sensitive acute rejection episodes were marginally 

associated (OR=3.90, P=0.05) with anti-HLA class II detection. Remarkably, ATG 

induction was a risk factor (OR=4.04, P <0.01) for anti-HLA class I detection. 

 

Table 22. Risk factors for anti-HLA antibodies positivity at 6 months by multivariable* logistic 
regression analysis. 
 OR 95% IC P 

Risk factors for anti-HLA (+)      

ATG use 3.05 1.49-6.25 <0.01 

Acute rejection  

   No episode 

   Steroid-sensitive 

   Steroid-insensitive 

 

Reference 

1.75 

6.47 

 

 

0.59-5.16 

2.55-16.42 

 

 

0.31 

<0.01 

Risk factors for anti-HLA class I (+)    

ATG use 4.04 1.89-8.65 <0.01 

Acute rejection  

   No episode 

   Steroid-sensitive 

   Steroid-insensitive 

 

Reference 

1.05 

4.45 

 

 

0.29-3.87 

1.63-12.09 

 

 

0.94 

<0.01 

Risk factor for anti-HLA class II (+)    

Acute rejection  

   No episode 

   Steroid-sensitive 

   Steroid-insensitive 

 

Reference 

3.90 

5.05 

 

 

0.99-15.42 

1.46-17.46 

 

 

0.05 

0.01 

HLA, human leukocyte antigen; OR, odds ratio;  IC, confidence interval; ATG, anti-thymocyte globulin. 

*Variables included in the model: ATG use, time on dialysis, kidney-pancreas graft, acute rejection type, 
recipient age, donor age, ABDR HLA mismatches. 
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After 5-years follow-up, 6 (9%) antibody-positive recipients lost their allografts, while 

this occurred in only 12 (4%) of antibody-negative patients (Fig. 21).  

 

 

 

In the multivariable analysis (Table 23), anti-HLA class II or anti-HLA class I+II antibodies 

positivity, delayed graft function and HLA ABDR mismatches>3 were independent 

predictors of censored allograft loss. 

 

Table 23. Predictors of censored graft loss by Cox proportional hazard analysis. 
 HR 95% IC P 

Multivariable analysis*    

Recipient age 1.02 0.98-1.07 0.29 

Donor age 1.02 0.98-1.06 0.45 

ATG use 0.44 0.09-2.06 0.30 

Delayed graft function 6.11 2.21-16.92 <0.01 

ABDR HLA mismatches >3 10.17 1.32-78.55 0.03 

Anti-HLA antibodies at 6 mo posttransplant 

   Negative 

   Class I 

   Class II 

   Class I+II 

 

Reference 

1.23 

5.12 

13.79 

 

 

0.15-10.11 

1.07-24.53 

3.41-55.77 

 

 

0.85 

0.04 

<0.01 

HR, hazard ratio; IC, confidence interval; ATG, anti-thymocyte globulin; HLA, human leukocyte antigen; mo, months. 

*Variables included in the model: ATG use, recipient age, donor age, delayed graft function, ABDR HLA 
mismatches, anti-HLA antibodies screen. 

 

Figure 21. Graft survival curves according to anti-HLA antibodies status. 
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Hence, our results showed that anti-HLA antibodies screening post-transplant should 

be a tool in the clinical management of patients with low immunological risk. It is a first 

step in the study of allosensitization, identifying those in need of more accurate but 

also more expensive assays, thus allowing for a more adequate allocation of means. A 

screening protocol for detection of de novo allosensitization within the first-year post-

transplant seems advisable for most transplanted patients.  

 

 

4.2.  Role of de novo donor-specific anti-HLA antibodies in kidney graft 

failure: A case-control study. 

Castro, Malheiro, et al. HLA. 2017 Nov;90(5):267-275  

doi: 10.1111/tan.13111  

Appendix 12 

 

We evaluated the prevalence and characteristics of de novo DSA in cases, which had 

allograft failure, and in controls that remained with a functioning allograft. We also 

compared available graft biopsy data according to de novo DSA status.  

 

In a case-control study, 1137 consecutive adult patients who received a kidney 

transplant in our unit between 2002 and 2014 were analyzed. Patient selection flow 

chart is presented in Fig. 22. We selected 56 patients with allograft failure (cases) who 

had sera collected for DSA detection in the last year before graft failure. As controls, 

we used patients that remained with a graft functioning at end of follow-up, at a 1:1 

ratio. Controls were matched with cases for type of donor, transplant number, 

transplant year, recipient age and gender, donor age and gender, PRA-CDC, HLA 

mismatch and dialysis vintage time. All selected controls had also sera collected for 

DSA detection in the last year before end of follow-up.  

Given its design, a specific statistical approach was considered. For paired groups 

analysis (controls vs. cases), categorical variables were compared using the McNemar 

test, whereas the Student t-test for repeated measures or the Wilcoxon signed rank test 

was applied for continuous variables, as appropriate. Allograft failure as a categorical 

outcome was studied by conditional logistic regression. 

Induction therapy was used in all patients, with Basiliximab (n=93) or ATG (n=19). All 

recipients had similar triple maintenance immunosuppression with tacrolimus, MMF 

and prednisolone.  
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De novo DSA were detected (Fig. 23) in 54% of cases and 16% of controls (P<0.001). 

Considering de novo DSA HLA class, a stronger difference between groups was 

observed for class II (cases: 39%, controls: 7%; P<0.001) in contrast with class I (cases: 

27%, controls: 11%; P=0.029). 

 

 
 

Figure 22. Patient selection flow chart. 

Figure 23. Prevalence of de novo DSA in controls and cases. 
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Fifty-three patients had at least 1 graft biopsy performed during follow-up and the 

results from the last biopsy in each patient were considered in this analysis (Table 24). 

Four cases of T-cell and 7 cases of acute ABMR were diagnosed, with similar prevalence 

in de novo DSA positive and negative patients. Chronic ABMR was significantly more 

common (P<0.001) in patients with de novo DSA (61% vs. 12%), while unspecified 

interstitial fibrosis and tubular atrophy (IF/TA) was more frequent in de novo DSA 

negative (40% vs. 7%; P=0.007) patients.  

 

Table 24. Comparison of graft biopsy results according with de novo DSA status.  

 
De novo DSA- 

N=25 

De novo DSA+ 

N=28 
P 

aTCMR, n (%) 3 (12) 1 (4) 0.333 

aABMR, n (%) 2 (8) 5 (18) 0.426 

Chronic active ABMR, n (%) 3 (12) 17 (61) <0.001 

IF/TA, n (%) 10 (40) 2 (7) 0.007 

Other, n (%) 7 (28) 3 (11) 0.162 

DSA, donor-specific antibodies; aTCMR, acute T-cell mediated rejection; aABMR, acute antibody-mediated rejection; IF/TA, interstitial fibrosis/tubular atrophy.  

Data were compared by Pearson χ2 test or Fisher´s exact test, as appropriate [if presented as n (%)].   

 

De novo DSA was a significant risk factor (OR=6.06, P=0.003) for allograft failure in a 

multivariable conditional regression analysis (Table 25) together with delayed allograft 

function (OR=3.76, P=0.024). Considering de novo DSA HLA class, only de novo DSA-II 

was a significant risk factor for allograft failure (OR=11.90, P=0.006).  

 

Table 25. Conditional logistic regression multivariable analysis of risk factors for graft failure.  

 OR 95% CI P 

Model 1*    

Delayed graft function 3.76 1.19-11.86 0.024 

Acute rejection at 1-year 1.65 0.41-6.68 0.485 

Pre-transplant anti-HLA antibodies 0.96 0.26-3.48 0.951 

De novo DSA 6.06 1.83-20.10 0.003 

Model 2#    

De novo DSA-I 1.97 0.51-7.63 0.326 

De novo DSA-II 11.90 2.05-69.23 0.006 

OR, odds ratio; CI, confidence interval; HLA, human leukocyte antigen; DSA, donor-specific antibodies. 

*All variables included are presented. 
#Same model as model 1, but de novo DSA was analyzed considering each HLA class separately. Remaining 
variables are not shown to avoid redundancy.   
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Hence, de novo DSA, particularly anti-HLA Class II, provide prognostic information with 

respect to the identification of patients who are at increased risk of allograft loss. 

Patients should be routinely monitored after transplantation for their presence, in order 

to identify those with an increased risk of kidney allograft failure.  

 

 

4.3.  Impact of de novo donor-specific anti-HLA antibodies on grafts 

outcomes in simultaneous pancreas-kidney transplantation. 

Malheiro, Martins et al. Transpl Int. 2016 Feb;29(2):173-83  

doi: 10.1111/tri.12687 

Appendix 13 

 

We determined the incidence of de novo DSA and its risk factors, and the association of 

acute rejection and kidney and/or pancreas allograft failure with de novo DSA 

emergence, in the CHP cohort of simultaneous pancreas-kidney (SPK) transplanted 

patients. Furthermore, de novo DSA characteristics were detailed in search of a potential 

association with allografts outcomes. 

 

In a retrospective cohort study, all 165 consecutive adult patients who received a SPK 

transplant between May 2000 and December 2013 were investigated. Fifteen patients, 

who experienced pancreas and/or kidney allograft failure from surgical reasons within 

the first 15 days after surgery, were excluded. Thus, only the remaining 150 patients 

were considered for analyses. 

Induction therapy with ATG was used in all patients. All recipients started with similar 

triple maintenance immunosuppression with tacrolimus, MMF and prednisolone. 

Steroids were completely withdrawn in 80 (53%) patients at 6 months post-transplant. 

 

Studied cohort mean follow-up was 7.4 years. De novo DSA detection timing ranged 

from 0.1 and 10.0 years post-transplant (median 3.1 years) (Fig. 24). All de novo DSA 

were detected before occurrence of failure in any of the allografts.  

The occurrence of biopsy-proven acute rejection (BPAR) in any allograft (Table 26) was 

more common in de novo DSA+ (41%) in comparison with de novo DSA- (9%) patients 

(P=0.001). Median time from transplant until first BPAR was 3.8 months. All de novo 

DSA+ patients who experienced BPAR (n=9) had DSA detected at the time or after acute 

rejection (median 2.4 months, range 0 – 24.6).  
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BPAR in the kidney allograft occurred more frequently in de novo DSA+ (36%) than in de 

novo DSA- (7%) patients (P=0.001). Kidney allograft eGFR at last visit was significantly 

lower in de novo DSA+ patients (P=0.035) (Table 26). BPAR in the pancreas allograft 

occurred more frequently in de novo DSA+ (23%) than in de novo DSA- (2%) patients 

(P=0.002). A trend towards lower C-peptide levels in de novo DSA+ patients was 

noticeable at the end of follow-up (P=0.078).  

 

 

 

Table 26. Grafts outcomes  

 
Total 

N=150 

De novo DSA - 

N=128 

De novo DSA + 

N=22 

P 

 

Patients with BPAR in any allograft, n (%) 

   BPAR in kidney allograft only, n 

   BPAR in pancreas allograft only, n 

21 (14) 

13 

4 

12 (9) 

9 

3 

9 (41) 

4 

1 

0.001 

 

 

Months until first BPAR, median (IQR)¶ 

 

3.8 

(0.6-14.6) 

2.6 

(0.4-13.3) 

9.1 

(0.8-24.1) 

0.413 

 

BPAR in kidney allograft, n (%) 

   ACR, n 

       Banff grade 1, n 

       Banff grade 2/3, n  

   Acute ABMR, n 

   Second BPAR in kidney allograft, n (%) 

17 (11) 

16 

7 

9 

4* 

5 

9 (7) 

9 

6 

3 

0 

1 

8 (36) 

7 

1 

6 

4* 

4 

0.001 

 

 

 

 

 

eGFR at last visit (ml/min), mean±SD§ 58.5±19.7 59.7±19.8 48.9±16.3 0.035 

Figure 24. Cumulative incidence of de novo DSA by Kaplan-Meier curve. 
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BPAR in pancreas allograft, n (%) 

     ACR Banff grade 1, n  

     ACR Banff grade 2/3, n 

     Acute ABMR, n 

8 (5) 

1 

6 

1 

3 (2) 

1 

2 

0 

5 (23) 

0 

4 

1 

0.002 

 

 

 

C-peptide at last visit (ng/ml), mean±SD¥ 3.02±1.49 3.07±1.52 2.41±0.99 0.078 

DSA, donor specific antibody; BPAR, biopsy-proven acute rejection; IQR, interquartile range; ACR, acute cellular rejection; ABMR, antibody-mediated rejection; eGFR, estimated glomerular 

filtration rate; SD, standard deviation.  

¶ N=21 

*One patient presented ABMR without ACR.  In the other 3 cases ACR was classified concomitantly (2  grade 
2, 1 grade 1). 
§N=131 (117 de novo DSA-, 14 de novo DSA+), after exclusion of kidney graft failures and patient deaths. 
¥N=119 (109 de novo DSA-, 10 de novo DSA+), after exclusion of pancreas graft failures and patient deaths. 
Data were compared by Student t-test (if presented as mean±SD), by Mann–Whitney U test [if presented as 
median (IQR)] or by Pearson χ2 test or Fisher´s exact test, as appropriate [if presented as n (%)].   

 

No significant difference between patients on or withdrawn from steroids was 

noticeable in terms of de novo DSA emergence (P=0.263) or allografts failure (P=0.413). 

Expectedly, patients with early acute rejection (<6 months) were more frequently kept 

on steroids (P=0.003). Later occurring acute rejection episodes (>6 months) were 

similar between groups (P=0.751).  

Pre-transplant anti-HLA sensitization (OR=4.64, P=0.023), full HLA-DR mismatch 

(OR=4.38, P=0.028) and biopsy-proven ACR in any graft (OR=9.45, P=0.002) were 

shown to be significantly associated with de novo DSA (Table 27).    

 

Table 27. Multivariable logistic regression analysis for predictors of de novo DSA* 
 OR (95% CI) P 

Recipient age, per year 0.948 (0.868-1.034) 0.226 

Presence of anti-HLA antibodies  

pre-transplant 
4.636 (1.237-17.376) 0.023 

DR HLA mismatches 2 (vs 0-1) 4.384 (1.168-16.452) 0.028 

Biopsy-proven ACR in any allograft 9.450 (2.345-38.080) 0.002 

OR, odds ratio; CI, confidence interval; HLA, human leukocyte antigen; ACR, acute cellular rejection. 

*N=145 (five patients were excluded given that they experienced antibody-mediated rejection with 
concomitant detection of de novo DSA). 

 

At 8-years follow-up, kidney allograft survival (Fig. 25A) was 97% in de novo DSA- and 

76% in de novo DSA+ patients (P=0.001). Pancreas allograft survival (Fig. 25B) was 89% 

in de novo DSA- and 47% in de novo DSA+ patients (P<0.001).   

Comparison of de novo DSA characteristics in patients with at least one allograft lost 

(n=10) and those with both allografts functioning (n=12) is shown in table 28. Of the 

32 de novo DSA detected, 21 (66%) were against HLA class II molecules, 12 (38%) anti-

DQ and 8 (25%) anti-DR. Presence of de novo DSA against HLA class II and I+II was more 

common in patients with ≥1 allograft failure (P=0.011), as was de novo DSA against HLA 
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loci DQ (P=0.043) and DR (P=0.074). An increasing median MFI of the highest de novo 

DSA bead (P=0.030), of the sum of all de novo DSA beads (P=0.017), and of the number 

of de novo DSA present (P=0.014) was observed in patients with ≥1 allograft failure.  

 

 
 

Table 28. Comparison of de novo DSA characteristics according to the occurrence of allograft 
failure. 

 
No allograft failure 

N=12 

≥ 1 allograft failure§ 

N=10 
P 

DSA by HLA class   0.011 

   DSA class I, n (%) 7 (58.3) 0  

   DSA class II, n (%) 4 (33.3) 6 (60.0)  

   DSA class I+II, n (%) 1 (8.3) 4 (40.0)  

DSA by HLA locus    

   Anti-HLA-A, n  3 1 0.594 

   Anti-HLA-B, n  3 2 1.0 

   Anti-HLA-Cw, n 2 1 1.0 

   Anti-HLA-DR, n 2 6 0.074 

   Anti-HLA-DQ, n  

   Anti-HLA-DP, n 

4 

0 

8 

1 

0.043 

0.455 

Number of DSA, median (IQR) 1 (1-2) 2 (2-5) 0.014 

Highest MFI DSA bead, median  

(IQR) 

2790 

(1125-5283) 

8988 

(3241-15058) 
0.030 

MFI sum of all DSA beads, median  

(IQR) 

3205 

(1125-6220) 

11923 

(4088-50734) 
0.017 

DSA, donor specific antibody; HLA, human leukocyte antigen; MFI, mean fluorescence intensity; IQR, interquartile range. 

§ Five patients had pancreas graft failure, 1 kidney graft failure and 4 lost both grafts.  
Data were compared by Mann–Whitney U test [if presented as median (IQR)] or by Pearson χ2 test or Fisher´s 
exact test, as appropriate [if presented as n (%)].   

Figure 25. A. Kidney allograft survival curves according de novo DSA status. B. Pancreas 
allograft survival curves according de novo DSA status. 



CHAPTER IV | Results 

 77 

Hence, improved HLA-DR (and -DQ) matching may have a preventive role for de novo 

DSA emergence. A strong association between de novo DSA and kidney and pancreas 

allograft failure in SPK transplantation, in close relationship with acute rejection 

occurrence, was observed. Analysis of de novo DSA characteristics may select patients 

particularly at risk for graft failure.  

 

 

 

Main results of studies conducted under the hypothesis 3 are shown in Fig. 26. 
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Figure 26. Hypothesis 3 main results. 
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5.  HYPOTHESIS 4 STUDIES 

 

 

 

5.1.  Detection of complement-binding donor-specific antibodies, not IgG-

antibody strength nor C4d status, at antibody-mediated rejection 

diagnosis is an independent predictor of kidney graft failure. 

Malheiro, Santos et al. Transplantation. 2018 May 3. [Epub ahead of print] 

doi: 10.1097/TP.0000000000002265 

Appendix 14 

 

We investigated whether complement-fixing DSA, detected by C1q-SAB assay, improve 

our ability to stratify the risk of allograft loss at acute ABMR, in comparison with ABMR 

C4d status. Secondarily, we sought to identify clinical and histopathological 

correlations with DSA C1q and ABMR C4d statuses and their possible prognostic 

implications.   

 

In a retrospective cohort study, 633 consecutive clinically-driven kidney allograft 

biopsies performed at our center, between January 2008 and December 2016 in 467 

kidney transplant recipients, were reviewed. In parallel, longitudinal retrospective 

immunological data from our center was assessed. Patients presenting an allograft 

biopsy with positive MVI and/or C4d staining according to updated Banff criteria and 

concurrent detectable DSA were selected for analysis (n=56).  Acute ABMR cases were 

compared according to their C1q-DSA and ABMR-C4d status.  

Hypotheses Aims Publications

4

DSA play a pivotal role in the 
development of acute or chronic ABMR.  

In these settings, understanding the 
clinical and histological associations 

with DSA characteristics would 
contribute to the ongoing discussion 

about how to manage it.

Clinical and histopathological 
associations with DSA 
characteristics in ABMR. 

Explore possible implications to its 
management and prognosis.

14. Malheiro, Santos et al., 2018

15. Malheiro, Santos et al., 2018

Figure 27. Hypothesis 4 outline 
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Acute ABMR was treated with high dose steroids only in 16, IVIG plus PP in 25 and IVIG 

plus PP and rituximab in 15 cases.  

  

Comparisons of histopathological scores at ABMR diagnosis show that DSA C1q (+) 

cases (Fig. 28A) had a significantly higher MVI (P=0.009), cg (P=0.036) and ti (P=0.030) 

scores. ABMR C4d (+) cases (Fig. 28B) had a significantly higher MVI (P=0.024) and 

lower cg (P=0.009) scores. 

 

 

 

Mean C4d score was higher in DSA C1q (+) than C1q (-) patients (respectively, 1.8 vs 

1.1; P=0.029) (Fig. 29). Also, C4d scores frequency was significantly different between 

them (P for trend=0.045). Nevertheless, considering C4d positivity (according to Banff 

criteria for IF staining), no difference was detected (respectively, 60% and 42% in DSA 

C1q (+) and C1q (-) patients; P=0.179).   

Figure 28. Comparison of histopathological scores at time of ABMR diagnosis, according to 
DSA C1q (A) and ABMR C4d status (B). *P <0.050 by Mann–Whitney U test. 
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C1q-DSA MFI correlated (Table 29) positively both with acute (MVI: rho 0.310, P=0.020; 

C4d: rho 0.311, P=0.020; ti: rho 0.337, P=0.011) and chronic (cg: rho 0.286, P=0.033) 

injury scores. IgG-DSA MFI correlated positively only with C4d score (rho 0.291, 

P=0.029). 

 

Table 29. Spearman’s correlation (rho) between acute injury histopathological scores and DSA 
strength, as measured by SAB-IgG and SAB-C1q assays.  

 
SAB-IgG 

MFI 
P 

SAB-C1q 

MFI 
P 

Interstitial inflammation and tubulitis (i+t) -0.154 0.258 0.132 0.332 

Endarteritis (v) -0.299 0.025 -0.182 0.180 

Microvascular inflammation (g+ptc) 0.046 0.735 0.310 0.020 

C4d graft deposition 0.291 0.029 0.311 0.020 

Interstitial fibrosis and tubular atrophy (ct+ci) -0.021 0.880 0.224 0.096 

Transplant glomerulopathy (cg) 0.016 0.905 0.286 0.033 

Arteriosclerosis (cv) -0.040 0.771 0.111 0.416 

Total inflammation (ti) 0.056 0.682 0.337 0.011 

DSA, donor-specific antibodies; SAB, single antigen bead; MFI, mean fluorescence intensity. 

 

Thirty-five patients (63%) experienced allograft failure at 5 years post-ABMR diagnosis. 

Cohort median follow-up after ABMR diagnosis was 2.3 (IQR: 0.9-4.7) years. Allograft 

survival was significantly lower in DSA C1q (+) patients (P=0.021) (Fig. 30A), while it 

was similar between ABMR C4d cases (P=0.550) (Fig. 30B). DSA C1q (+) remained 

significantly associated with reduced allograft survival, after stratification for ABMR C4d 

status [Fig. 30C: C4d (-) cases, P=0.036; Fig. 30D: C4d (+) cases, P=0.040].  

Figure 29. Comparison of C4d scores according to DSA C1q status. 



CHAPTER IV | Results 

 81 

 
 

ABMR cases treated with steroids pulses had a significantly lower graft survival than 

IVIG + PP (P=0.031) and IVIG + PP + rituximab (P<0.001) groups (Fig. 31A). DSA C1q (+) 

was associated with significantly lower graft survival in steroids pulses (Fig. 31B, 

P=0.003) and IVIG + PP (Fig. 31C, P=0.020), but not in IVIG + PP + rituximab (Fig. 31D, 

P=0.217) treatment groups. 

 

 

Figure 30. Kaplan-Meier allograft survival curves. A. DSA C1q status. B. ABMR C4d status. C. 
DSA C1q status in ABMR C4d (-) patients. D. DSA C1q status in ABMR C4d (+) patients.  

Figure 31. Kaplan-Meier allograft survival curves. A. By ABMR treatment groups. B. By DSA 
C1q status in steroids pulses treated group. C. By DSA C1q status in IVIG + PP treated group. 
D. By DSA C1q status in IVIG + PP + rituximab treated group.  
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eGFR in DSA C1q (-) patients improved until 1-year after ABMR, showing afterwards a 

slow decline pattern, while a steady decline of eGFR until 3-years after ABMR was 

observed in DSA C1q (+) patients (Fig. 32A).  A significant difference in eGFR between 

DSA C1q groups was detected from 1-year until 4-years after ABMR. Proteinuria (Fig. 

32B) remained higher in DSA C1q (+) patients at all time points, with significant 

differences observed between DSA C1q groups since ABMR diagnosis until 3-years after.  

 

 
 

Hence, the detection of DSA C1q (+) at time of ABMR diagnosis is a strong predictor of 

graft failure, independently from ABMR C4d status and IgG-DSA strength. Moreover, it 

was associated with stronger antibody-driven injury phenotypes (both acute and 

chronic), non-recovery and sharper decline of graft function after ABMR, persistently 

higher proteinuria and poorer response to anti-humoral (IVIG + plasmapheresis) 

rejection treatment. Hence, evaluating DSA C1q status can be an important tool for risk 

stratification at ABMR diagnosis and the definition of a subset of patients, in whom the 

treatment with complement inhibitor agents may prove to be beneficial in the future.  

Figure 32. Post-ABMR longitudinal data on kidney graft function (A) and proteinuria (B) 
according to DSA C1q status. *P <0.050 by Mann–Whitney U test. 
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5.2.  Correlations between donor-specific antibodies and non-adherence 

with chronic active antibody-mediated rejection phenotypes and their 

impact on kidney graft survival. 

Malheiro, Santos et al. Hum Immunol. 2018 Jun;79(6):413-423 

doi: 10.1016/j.humimm.2018.03.004 

Appendix 15 

 

We analyzed, in a cohort of patients diagnosed with chronic ABMR, the impact of DSA 

detected by solid-phase assays (IgG and C1q) at time of biopsy and their characteristics 

on histopathological phenotypes and prognosis. Secondarily, we investigated whether 

these effects were modulated by patient adherence to immunosuppression.  

 

In a retrospective cohort study, 589 consecutive clinically-driven kidney allograft 

biopsies performed at CHP, between January 2008 and December 2015 in 414 kidney 

transplant recipients, were reviewed. Forty-one cases of chronic ABMR according with 

updated Banff classification (Loupy, Haas et al., 2017) were detected, with definite 

chronic ABMR being diagnosed in 22 (54%) cases and 19 (46%) classified as suspicious 

for chronic ABMR. All cases had a cg score ≥ 1, 39 (95%) had MVI score (g+ptc) ≥2, 24 

(59%) had DSA at time of allograft biopsy and 5 (12%) had a C4d score ≥2.  

Chronic ABMR was treated with high dose steroids only in 18 and with anti-humoral 

rejection regimens (IVIG ± PP ± rituximab) in 15 cases. The remaining 8 patients 

received no specific treatment.  

 

Non-adherence was documented in 17 (41%) patients based on clinical records. DSA (+) 

patients had a greater frequency (P=0.001) of non-adherence (n=15, 63%) than DSA (-) 

(n=2, 12%). Furthermore, calcineurin inhibitors (CNI) levels were also analyzed and their 

coefficient of variation (CV) were distinctively higher in non-adherent patients than in 

adherent ones (Fig. 33).  

Interstitial inflammation (i-score) and total inflammation (ti-score) were significantly 

increased (Fig. 34) in DSA (+) (1.3±0.1, P=0.047) and DSA (+)/non-adherent (1.4±0.1, 

P=0.045) groups in comparison with DSA (-) (0.9±0.2). Acute humoral composite score 

(g+ptc+v+C4d) was significantly increased in DSA (+) (4.2±0.4, P=0.020) and DSA 

(+)/non-adherent (4.2±0.5, P=0.023) groups in comparison with DSA (-) (2.7±0.2). No 

difference in chronicity scores was detected between groups, with the exception of 

arterial hyaline thickening (ah-score) that was lower in DSA (+)/non-adherent (0.7±0.2) 
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patients in comparison with DSA (-) (1.6±0.3, P=0.036) and DSA (+)/adherent groups 

(1.8±0.4, P=0.046). 

 

 

 

 

 

Correlation between DSA strength by IgG- and C1q-SAB assays and acute injury 

histopathological scores are shown in Table 30. Interstitial inflammation (i-score) 

correlated with C1q-MFI (rho 0.587, P=0.003), while total inflammation (ti-score) 

correlated only with IgG-DSA MFI (rho 0.486, P=0.016]. C4d score correlated with C1q-

DSA MFI (rho 0.607, P=0.002). Acute humoral (g+ptc+v+C4d) score correlated with C1q-

DSA MFI (rho 0.511, P=0.011), but not IgG-DSA MFI (rho 0.273, P=0.197). 

Figure 33. Comparison of CNI levels CV between adherent and non-adherent patients, 
stratified by the type of CNI.  

Figure 34. Comparison of histopathological scores according to DSA and adherence status. 
*P<0.050 between DSA (-) group versus any other of the 3 groups. §P<0.050 between DSA 
(+)/Adherent versus DSA (+)/Non-Adherent groups. Comparisons by Mann–Whitney U test. 
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Table 30. Spearman’s correlation (rho) between acute injury histopathological scores and DSA 
strength [only DSA (+) patients included], as measured by SAB-IgG and SAB-C1q assays. 

 SAB-IgG MFI P SAB-C1q MFI P 

Scores     

i -0.064 0.767 0.587 0.003 

t 0.038 0.861 0.018 0.933 

v 0.048 0.822 0.048 0.822 

g 0.033 0.877 0.120 0.576 

ptc 0.240 0.258 0.311 0.139 

ti 0.486 0.016 0.225 0.290 

C4d 0.236 0.268 0.607 0.002 

Composite scores     

Active tubulointerstitial score (i+t) -0.011 0.959 0.323 0.124 

Active humoral score (g+ptc+v+C4d) 0.273 0.197 0.511 0.011 

DSA, donor-specific antibodies; SAB, single antigen bead; MFI, mean fluorescence intensity; i, interstitial inflammation; t, tubulitis; v, arteritis; g, glomerulitis; ptc, peritubular capillary 

inflammation; ti, total inflammation.  

 

Median allograft survival (in years) was 2.2 (IQR: 1.4-not attained) in DSA (-) patients 

(Fig. 35A), significantly higher than DSA (+) (median 1.5; IQR: 0.8-2.5; P=0.032) and, 

within this group, in non-adherent patients (median 1.0; IQR: 0.3-1.6; P=0.001). 

Contrarily, allograft survival time in DSA (+)/adherent patients (median 2.6; IQR:2.3-

4.0; P=0.852) was similar to DSA (-) (Fig. 35B). In DSA (+)/C1q (-) group, median allograft 

survival (in years) was 1.9 (IQR: 1.4-2.3), while 1.0 (IQR: 0.4-2.3) in C1q (+) patients 

[DSA (+)/C1q (+) vs DSA (-), P=0.044] (Fig. 35C).  

Lower eGFR at index allograft biopsy and higher proteinuria were independent clinical 

predictors of allograft failure in all models. DSA (+) (HR=2.446, P=0.034), DSA (+)/non-

adherent status (HR=3.657, P=0.005) and DSA (+)/C1q (+) (HR=4.831, P=0.003) were 

predictors of allograft failure, considered separately in a distinct multivariable model. 

 

 

Figure 35. Kaplan-Meier allograft survival curves. A. By DSA status. B. By DSA and adherence 
statuses. C. By IgG- and C1q-DSA statuses.  
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Hence, presence of DSA at chronic ABMR diagnosis is associated with acute humoral 

and interstitial inflammatory activity, signaling both antibody but also cellular-mediated 

injury. Non-adherence was chiefly observed in DSA (+) cases, and had a stronger 

humoral phenotype, with significant increase in microvascular and similar interstitial 

inflammation scores. Importantly, arteriolar hyalinosis was distinctively low in these 

patients, probably related with under-exposure to CNI. C1q-DSA strength was higher in 

non-adherent patients and correlated with allograft failure. Overall, patients with 

chronic ABMR and DSA should be consider at higher risk of allograft failure, their 

adherence behavior should be evaluated and thorough analyses of allograft 

histopathological phenotypes and characterization of DSA can add important 

information.  

 

 

 

Main results of studies conducted under the hypothesis 4 are shown in Fig. 36. 
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Figure 36. Hypothesis 4 main results. 
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V.   DISCUSSION & FUTURE DIRECTIONS 
 
 
Kidney transplantation is undoubtedly the best replacement therapy for eligible 

patients with end-stage renal disease when compared to maintenance on dialysis, 

improving quality of life (Lee, Morgan, Conway, & Currie, 2005) in a cost-effective 

manner (Jensen, Sorensen, & Petersen, 2014) and reducing the morbidity and mortality 

of these patients (Tonelli, Wiebe et al., 2011).  

Alloantibodies, namely those against HLA antigens, are a well-known and serious 

barrier to successful transplantation and HLA matching is a predictor of allograft and 

patient survival (Meier-Kriesche, Scornik, Susskind, Rehman, & Schold, 2009). Moreover, 

DSA against these antigens, both preformed (Gloor, Winters et al., 2010; Sharif, Kraus 

et al., 2014) or emerging de novo after transplant (Ginevri, Nocera et al., 2012; Parajuli, 

Reville, Ellis, Djamali, & Mandelbrot, 2017), have been shown to be potent predictors 

of negative outcomes in KT. Much more controversial is the clinical significance of non-

DSA anti-HLA antibodies. Several studies have shown no impact of non-DSA on allograft 

survival (Caro-Oleas, Gonzalez-Escribano et al., 2012; Dunn, Noreen et al., 2011; Gupta, 

Iveson et al., 2008; Lefaucheur, Loupy et al., 2010; Otten, Verhaar, Borst, Hene, & van 

Zuilen, 2012), while others have (Richter, Susal et al., 2016; Susal, Dohler, & Opelz, 

2009). Importantly, patients with an extensive breadth of anti-HLA antibodies (HS 

patients) face longer waiting-time for KT and may experience more allograft rejection 

and consequently poorer allograft outcomes, sometimes resulting from an inadequate 

risk stratification at transplant (Huber, Lachmann et al., 2015). Hence, a detailed and 

pertinent interpretation of the results from SPI are paramount for successful KT, 

particularly in immunologically complex cases.   

In the last decade, the use of SPI improved greatly our ability to detect and identify anti-

HLA antibodies, although not without shortcomings given their excessive sensitivity 

and inability to accurately predict clinical events (Gebel & Bray, 2014). Several papers 

have shown that not all DSA are deleterious to the allograft (Aubert, Venetz, Pantaleo, 

& Pascual, 2009; Phelan, Mohanakumar, Ramachandran, & Jendrisak, 2009), so the 

availability of parameters able to distinguish deleterious DSA from irrelevant ones 

would be very important for risk stratification. Several authors have shown that DSA 

strength, complement-binding capacity and HLA class could be considered for that 

purpose (Lefaucheur, Loupy et al., 2010; Malheiro, Tafulo et al., 2015; Molina, Navas et 

al., 2017; Otten, Verhaar et al., 2012).  
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Hence, this thesis working hypotheses delved around the purpose of improving 

outcomes in KT by better adjudicating risk, in different settings (on the waiting-list, at 

transplant, after KT or at time of ABMR), when in the presence of anti-HLA or non-HLA 

antibodies. We believe that the results gathered by the different studies already 

presented and herein discussed, are clinically useful for quantifying the reduced access 

to KT experienced by HS patients, better stratifying the immunological risk in HLA-

incompatible KT or the definition in patients with de novo DSA and/or ABMR of subsets 

with distinct allograft failure risks, in whom different approaches may be required.  
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1.  HYPOTHESIS 1 

 

 

 

 

1.1.  Discussion  

Anti-HLA antibodies usually develop after contact to non-self HLA molecules through 

the exposure to blood products, foreign tissue during transplantation or during 

pregnancy. It can also happen spontaneously through cross-sensitization from infection 

and pro-inflammatory events (Reynolds & Tinckam, 2017). Nevertheless, the specific 

and distinct impact of each SE in HLA-sensitization as measured by SPI remains scarcely 

reported (Hyun, Park et al., 2012).  

 

In our study (Lopes, Barra et al., 2015), we observed a much higher prevalence of anti-

HLA antibodies against any HLA class in candidates to KT with previous KT (89%), 

followed by pregnancy (53%) and blood transfusions (23%) than in those without any 

identifiable SE (12%). Additionally, our comparison of antibody strengths in HLA-

positive patients show that median MFI of antibodies against HLA-A, B, DR (loci taken 

into account by the current allocation algorithm) were significantly higher in patients 

with previous transplantation than in those with transfusion, while similar to the ones 

observed in candidates with previous pregnancy.  

From these results we draw 2 major observations. For one, they explain the significant 

overrepresentation of female candidates and those with previous KT in HS group as we 
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Figure 37. Hypothesis 1 main results. 
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observed in other studies (Magriço, Malheiro et al., 2016; Tafulo, Malheiro et al., 2016). 

Also, they demonstrate the overriding impact of previous KT on allosensitization, 

calling for measures to avoid its risk factors after allograft failure (Kassakian, Ajmal, 

Gohh, Morrissey, & Bayliss, 2016).  

Naturally, the first one would be the extension of a primary allograft lifetime, in order 

to reduce the increasing number of candidates to retransplant on the waiting-lists. 

However, one must understand that allograft loss is bound to happen in a significant 

number of patients, particularly younger ones, so determining which factors on a 

primary KT relate to the degree of sensitization at time of retransplant, was an objective 

of one study within this thesis (Campos, Malheiro et al., 2017). We reported two 

significant non-modifiable risk factors for increased allosensitization, acute rejection 

occurrence and early (<1-year) allograft loss. The other risk factor was HLA mismatch, 

a modifiable one, with risk increasing 38% per each 1-mismatch increase in HLA-ABDR. 

So, we agree with the proposition that de-emphasis of HLA match in the current 

allocations algorithms should not be sought, particularly in patients with a high 

probability of needing a second KT in their lifetime, as younger ones (Meier-Kriesche, 

Scornik et al., 2009). Additionally, when transplanting a poorly HLA-matched allograft 

we are also increasing the risk of acute rejection (Yacoub, Nadkarni et al., 2018), 

indirectly contributing for the same risk. Another significant observation from this 

study was the poorer outcomes at retransplantation of patients with a larger increase 

in allosensitization after failure of the first allograft (Campos, Malheiro et al., 2017). 

They experienced longer waiting-time for retransplant, had a higher incidence of acute 

rejection and reduced survival in the second allograft.  

 

Thus, high degree allosensitization is a feared factor in KT and the way justice and 

utility principles govern the allocation of organs to HS patients remains matter of 

ongoing debate. As others (Zachary & Leffell, 2016), we believe that a balance between 

the principles of utility and justice must be sought when considering specific policies 

promoting KT in HS candidates. First, we must recognize that KT in HS candidates may 

happen with an increased immunological risk, so the definition of an admissible 

threshold, one that meets the utility principle, needs to be made. Also, the 

understanding that these candidates, given the extensive breadth of their 

allosensitization, are very difficult to match and will remain on the waiting-list for years 

or even decades, should direct us to promote specific measures for their 

transplantability, in order to fulfill the principle of justice. So, in this thesis, we tried to 

contribute for both sides of this discussion. Under hypothesis 2, we developed studies 
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(Malheiro, Tafulo et al., 2015; Malheiro, Tafulo et al., 2017, 2017; Santos, Malheiro et 

al., 2016) that aimed to improve immunological risk stratification of complex (mainly 

HS) candidates at transplant, adding relevant information for the definition of an 

admissible risk threshold, one that may observe the utility principle. Under the current 

hypothesis, we quantified HS patients wait-listed in our center and their longitudinal 

access to KT, evaluating, under the justice principle, if the Portuguese current policies 

promoting KT of HS candidates (attribution of extra-points to candidates with PRA-CDC 

≥50% and preferential organ offer to HS candidate at the regional level) are being 

successful and reaching all of them (Magriço, Malheiro et al., 2016; Tafulo, Malheiro et 

al., 2016).  

Another pivotal aspect of this discussion is how to measure allosensitization in wait-

listed candidates, if by PRA-CDC as it has been done for decades or by using, the 

recently described, cPRA. Both methods measure the same factor (allosensitization) but 

with different lenses. The former detects only complement-fixing antibodies and is 

marred by technical issues that limit greatly its reproducibility. Differently, the latter 

takes into account each candidate UA list and indexes them to the phenotypical 

background of potential donors, a novelty that emerged with the broad use of SPI to 

identify non- and complement-fixing anti-HLA antibodies (Cecka, 2010). In Portugal, the 

first and eliminatory step in allocation is to perform a vXM that uses the same UA list 

than cPRA calculation, with any candidate with a positive vXM being excluded. 

Consequently, one can conclude that transplantability, the probability of a candidate 

finding a HLA-compatible donor, is measured by cPRA and not PRA-CDC (Cecka, 2010; 

Gombos, Opelz et al., 2013). Internationally, cPRA is nowadays used as the measure of 

allosensitization in a majority of allocation systems (Wu, Watson et al., 2017). In 

Portugal the same has not happen and this was the subject of two of our studies, in 

which the clinical application of a cPRA equation developed nationally for the first time 

was applied, as previously described.  

First, we observed (Magriço, Malheiro et al., 2016) that HS candidates wait-listed in our 

center had a significant increase on waiting time, even after exclusion of those with a 

PRA-CDC ≥50% (level needed for the attribution of extra-points in the current allocation 

algorithm). Then, a striking level of disagreement between PRA-CDC and cPRA existed, 

with 71% of HS candidates, as defined by cPRA, being ineligible to receive extra-points 

for HS status in the current allocation algorithm, since their PRA-CDC level was <50%. 

In a second study (Tafulo, Malheiro et al., 2016), we evaluated longitudinally the access 

to deceased-donor KT of HS patients and reported that they had a considerably reduced 

access to it, with 1.5-6.7 increase in median waiting time, depending of blood group 
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type. From these results, we concluded that the current national allocation algorithm is 

not only ineffective in promoting KT for HS candidates, but also unreasonable when it 

assigns extra points based only on PRA-CDC. By doing so, it works as a double-edged 

sword because it considers the less sensitive PRA-CDC assay in order to provide 

additional points to HS patients but imposes a rigid cutoff for UA determination by SAB 

assay, increasing the chance of these patients of having a positive vXM at a given donor 

offer and, therefore, of being excluded from the allocation. 

 

1.2.  Future directions  

One of the more impeding problems in KT is the increasing number of patients waiting 

for retransplantation (Magee, Barr et al., 2007). Immunological issues, namely high 

degree allosensitization, are particularly common in these candidates, with many of 

them being HS (Kannabhiran, Lee et al., 2015). So, we must struggle to contain this 

problem, starting by remembering the importance of HLA matching in KT, in order to 

avoid immunological events during transplantation and mitigate the impact of allograft 

loss through allosensitization. For this purpose, benefiting improved HLA matching at 

deceased donor offers should be a priority in future allocation algorithms (Gralla, Tong, 

& Wiseman, 2013). Another aspect, that will be detailed under hypotheses 3 and 4, is 

the improvement of long-term allograft survival through a better surveillance of post-

KT allosensitization, since a majority of these losses are driven by antibody-mediated 

injury (Sellares, de Freitas et al., 2012).   

 

The reduced access to KT of HS candidates was worrisome and called for a change in 

the national allocation algorithm. As a contribution, we published a number of 

proposals to be considered in the eventual review of the allocation algorithm (Table 

31), in order to address this issue. Although, the access to KT is greatly reduced in all 

HS candidates, there are relevant differences between them, particularly those with a 

cPRA ≥98%, in whom the chance of finding a compatible donor is reduced exponentially 

(Keith & Vranic, 2016). This has prompted several allocation systems to attribute the 

additional points associated with HS through a sliding scale (United States e.g., points: 

<2, 2-17, 24, 50 and 202, for candidates with cPRA of <80%, 80-97%, 98%, 99% and 

100%, respectively) and consider that only candidates with cPRA ≥98% should receive 

offers from a broader geographic area (regional or nationally) (Israni, Salkowski et al., 

2014). So, we propose that all HS (cPRA≥85%) receive additional points given their 

status, but for those with a cPRA ≥98% a national priorization program should be 

developed, similar to the Spanish one currently in use (Valentin, Ruiz et al., 2016). 
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These proposals aim, not only to increase the access of HS candidates to KT, but also 

to improve its outcomes in this setting. One must understand that transplanting these 

patients is a challenge, since some of them will be HLA-incompatible with most 

potential donors (Jordan, Choi, & Vo, 2015). Thus, the possibility of performing a KT in 

presence of preformed DSA has to be considered, in which a comprehensive 

immunological risk stratification is mandatory to secure the success of the undertaking. 

This stratification would help decisions about advancing or not with a given transplant 

from a deceased or living donor or select which cases would be best served within a 

kidney-paired donation program and/or desensitization protocol (Montgomery, 2010). 

Results from the studies developed under hypothesis 2 add relevant information for 

the development of this risk stratification and will be discussed next.  

 

Table 31. Proposed changes to the kidney allocation policy in order to compensate for the 
disadvantage HS candidates have in accessing kidney transplantation. 

1.   Provide cPRA routinely to the transplantation center. 

2.   Stablish a MFI cut-off for each HLA antigen specified by the transplantation unit, according 

to the immunological study of the candidate and desensitization strategies being provided. 

3.   Award additional compensatory points during allocation to HS candidates, as defined by 

cPRA ≥85% (and not only to patients with PRA-CDC ≥ 50%). 

4.   Evaluate individually HS candidates by a dedicated element of the transplantation unit 

(define whether desensitization is feasible, propose introduction in living or paired donation 

kidney programs). 

5.   Consider for candidates with a cPRA ≥98%, the development of a national priorization 

program.  

6.   Consider giving HS patients a higher degree of urgency in the allocation algorithm (as long 

as the waiting time of the candidate exceeds the average waiting time of the remainder 

candidates). 

7.   Discuss the proposed changes at a national level and monitor their impact. 

HS, highly-sensitized; cPRA, calculated panel reactive antibodies; MFI, mean fluorescence intensity; PRA-CDC, cytotoxic panel reactive antibodies;  

Modified from reference (Magriço, Malheiro et al., 2016).  

 

Recently, the Sociedade Portuguesa de Transplantação has developed a working group 

in order to revise the Portuguese allocation algorithm. Many of these proposals were 

discussed and considered in the final proposal for the revision of the Portuguese 

allocation algorithm. 
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2.  HYPOTHESIS 2 

 

 

 

 

 

2.1.  Discussion  

Donor-specific antibodies have a negative impact on KT outcomes, independently from 

cell-based crossmatch results (Mohan, Palanisamy et al., 2012), so it could be thought 

that any candidate with an anti-HLA antibody against an antigen present in a potential 

donor should be considered as an unsuitable recipient for that organ. This is what the 

vXM does in the first step of the Portuguese allocation algorithm for kidney offers from 

a deceased-donor. But these stringent criteria bring imbalance to the system. First, as 

it only considers DSA against HLA-A, -B and -DR, it allows that candidates with DSA 

against HLA-Cw, -DQ or -DP to be transplanted. Naturally, this practice resulted from 

the historical perspective that these latter HLA loci were largely ignored by the recipient 

allorecognition mechanisms. But DSA against them have been shown to have a similar 

impact to those against “classical” HLA loci (Bachelet, Martinez et al., 2016; Carta, Di 

Maria et al., 2015). However, demonstrating that DSA against any of the 6 HLA loci are 

potentially pathogenic, is not the same as affirming that they are equally so. Secondly, 

if a vXM considering all 6 HLA loci was to be applied in the clinical setting, maintaining 

the current MFI cutoff for positivity, a large number of candidates would be denied an 

organ offer without a sound clinical reason, since we do not know fully how to 
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Figure 38. Hypothesis 2 main results. 
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distinguish pathogenic from clinically-irrelevant DSA. Several centers consider distinct 

cutoffs according to HLA loci to define clinically significant antibodies (Marfo, Ajaimy 

et al., 2014; Zecher, Bach et al., 2018). Additionally, this approach would further 

hamper the access to KT of HS patients, in whom policies that promote their 

transplantability are urgently needed, including the possibility of HLA-incompatible KT 

that is deemed clinically manageable, as several international centers have been doing, 

with good allograft outcomes (Amrouche, Aubert et al., 2017) and improvements to 

patient survival (Orandi, Luo et al., 2016).  

One important answer to these issues relies largely on the detailed information that can 

be obtained from the full characterization of DSA together with cell-based crossmatch 

results, in search of variables that can help better stratify the immunological risk of 

each potential donor-recipient pair. Additionally, the possibility that post-KT 

immunological events can be driven by non-HLA and non-donor-specific anti-HLA 

antibodies have been advanced and merits a closer look. The studies conducted under 

hypothesis 2 (Costa, Malheiro et al., 2015; Malheiro, Tafulo et al., 2015; Malheiro, 

Tafulo et al., 2017, 2017, 2018; Santos, Malheiro et al., 2016) tried to contribute for 

these ongoing discussions.     

 

The first DSA characteristic studied as a predictor of outcome was strength (MFI) 

(Malheiro, Tafulo et al., 2015). ABMR was the main outcome studied, as it is the 

commonest early negative event in HLA-incompatible KT, and also the more worrisome 

besides allograft loss. We were able to demonstrate, considering DSA against HLA-A,    

-B, -DR and -DQ, that both MFI of immunodominant DSA and the sum of MFI of all 

detected DSA were good predictors of ABMR, with MFI cutoffs being defined, the former 

(hDSA >5000 MFI) with a high sensitivity and the latter (sDSA >11000) with a high 

specificity. In the same study, we observed that preformed DSA were only deleterious 

to allograft survival if patients experienced ABMR, advancing the notion that avoiding 

ABMR by optimized immunosuppression or desensitization, may improve greatly long-

term allograft survival in this setting. These results have been corroborated by other 

groups (Kannabhiran, Lee et al., 2015; Salvade, Aubert et al., 2016; Schwaiger, 

Eskandary et al., 2016; Vo, Sinha et al., 2015), although the MFI threshold to define 

DSA as clinically significant varied between 3000 and 10000 according to DSA number, 

HLA loci or the use of desensitization, limiting their reproducibility. Alternatively, we 

propose that, considering the pivotal role of HLA laboratory protocols, each center 

should work with their reference lab in order to define in-house clinically significant 

DSA MFI thresholds, as we have done in our center.  
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In a second study, from a cohort of HLA-incompatible KT, we observed that 

complement-binding (C1q +) DSA predicted ABMR better than DSA strength (MFI) alone 

and seemed to have a stronger correlation with allograft survival (Malheiro, Tafulo et 

al., 2017), so adding relevant data for risk stratification. Nevertheless, ABMR occurrence 

remained a pivotal event in detecting patients with a higher risk of allograft failure. We 

believe that their contribution for risk analyses is limited to cases with high strength 

preformed DSA, since complement-binding ability is largely restricted to this subset. 

These observations were largely novel at time of publication and contradicted some 

previous studies (Crespo, Torio et al., 2013; Otten, Verhaar et al., 2012), although more 

recently similar results have been reported (Molina, Navas et al., 2017).  

 

We also demonstrated that DSA against HLA-Cw were associated with similar risk than 

those anti-HLA-A and/or -B and should therefore be included in the evaluation of 

immunological risk (Santos, Malheiro et al., 2016). Importantly, others have 

demonstrated that DSA against both HLA classes seem to be more pathogenic than 

those against a single class (Kannabhiran, Lee et al., 2015). 

 

Expanding from the study of DSA, we found that non-donor-specific anti-HLA antibodies 

were associated with increased antibody-mediated injury, presenting as acute or 

chronic ABMR, and had a detrimental effect on kidney allograft survival, albeit to a 

lesser extent than DSA (Malheiro, Tafulo et al., 2017). Few reports concurred with these 

observations (Richter, Susal et al., 2016) and we were challenged by them. We 

speculated that they should be contextualized by recent reports about epitopes 

immunogenicity of mismatched donor antigens as potent triggers of allosensitization, 

in which anti-HLA antibodies although being non-donor-antigen-specific, are found to 

be donor-epitope-specific (Lachmann, Schonemann et al., 2016). Moreover, the use of 

ATG appeared to abrogate their effect on allograft survival. In patients with low-strength 

DSA, ATG in comparison with anti-IL2R-Ab has been associated with lower incidence of 

de novo DSA and ABMR (Brokhof, Sollinger et al., 2014), events well-recognized as risk 

factors for allograft loss (Loupy, Hill et al., 2012). 

 

Non-HLA antibodies studied, anti-MICA and anti-AT1R, showed that both correlated 

with sensitization to HLA antigens. This is not surprising in relation to anti-MICA 

antibodies, given that they are also cytotoxic alloantibodies against polymorphic 

antigens expressed on endothelial cells with functions related to innate immunity (Zou, 

Mirbaha et al., 2002; Zwirner, Dole, & Stastny, 1999). Differently, anti-AT1R antibodies 
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are autoantibodies against a non-polymorphic antigen. However, allosensitization 

status per se is a marker of activated immune system, ensuing an increased risk of allo- 

and auto-immune recognition (Dragun, Catar, & Philippe, 2016; Opelz & Collaborative 

Transplant, 2005). Our results demonstrated that anti-MICA antibodies do not have an 

independent association with acute rejection or allograft failure (Costa, Malheiro et al., 

2015). Contradictory findings on anti-MICA antibodies effect in KT have been reported 

(Lemy, Andrien et al., 2012; Zou, Stastny et al., 2007), and the need for their 

surveillance in risk stratification remains undetermined. Contrarily, anti-AT1R 

antibodies had both an independent and synergistical with DSA association with acute 

rejection and allograft failure (Malheiro, Tafulo et al., 2018). Importantly, the phenotype 

of most acute rejection episodes in patients with anti-AT1R antibody is of a cellular 

vascular rejection (Dragun, Muller et al., 2005), in which treatment is usually done 

without agents directed to antibody-mediated injury. Their use, if anti-AT1R antibodies 

are detected, might improve allograft outcomes by abrogating their pathogenicity. So, 

the detection of preformed anti-AT1R antibodies may be considered to better stratify 

the immunological risk at transplant.   

 

2.2.  Future directions 

The studies of anti-HLA antibodies characteristics were performed by SAB assays, that 

have limitations, as previously discussed (Tait, Süsal et al., 2013), although they are 

currently the best and more commonly used techniques in this field. An alternative to 

DSA MFI as a measure of alloantibody strength, can become available in the future 

through the determination of antibody titer, in which serial dilutions are performed 

until it is no longer detected, corresponding that dilution to the alloantibody titer 

(Tambur, Herrera et al., 2015). This approach is inherently closer not only to the 

alloantibody strength but also to its avidity, pertaining a closer representation of its 

pathogenicity in vivo. However, its clinical application in KT remains largely 

undetermined and the high cost and labor involved have prevented its broaden use 

(Wiebe, Gareau et al., 2017). Another technical novelty is an alternative assay for the 

detection of complement-binding DSA, the C3d-SAB assay, that has been shown to have 

a higher sensitivity/specificity than C1q-SAB (Sicard, Ducreux et al., 2015). C1q is the 

first component of the classic complement pathway, and it is therefore not surprising 

that a C1q-binding assay would exhibit a lower sensitivity than an assay that measures 

a more downstream component (C3d) of the cascade. Moreover, the presence of C3d 

on DSA proves the efficient cleavage of C3 and is therefore more specific for the 

pathogenic processes damaging the allograft (Roumenina, Zuber, & Fremeaux-Bacchi, 
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2013). The clinical application of this new assay remains the matter of ongoing 

investigation. 

The data on the deleterious effect of non-donor-specific anti-HLA antibodies should be 

interpreted carefully. Although ATG induction seemed to hamper this effect, its use 

cannot be supported in all allosensitized patients. Alternatively, we believe that our 

results are an indirect demonstration of the relevance of epitope immunoreactivity in 

KT. As such, some preformed non-donor-specific antibodies might have been donor-

epitope-specific though non-donor-antigen-specific, and therefore not defined at 

transplant as DSA. The failure to recognize the risk associated with these antibodies 

can lead to inadequate options at transplant, particularly the use of no or low-level 

immunosuppressive induction. Differently, several effects of ATG on immune responses 

have been reported, as inducing apoptosis of plasma, natural killer and peripheral T-

cells, modulating leukocyte/endothelium interactions, or the preferential reconstitution 

of T-regulatory cells after ATG treatment (Pascual, Zuckermann, Djamali, Hertig, & 

Naesens, 2016). Taken together, these effects might inhibit allorecognition pathways, 

possibly resulting in lesser immune-mediated allograft injury. Hence, we speculate that 

ATG induction might be advisable in allosensitized patients with high donor-recipient 

epitope mismatch, although no reported data support this proposition at the moment.  

Finally, our data on anti-AT1R antibodies comes from a small cohort, so broaden 

recommendations about these antibodies cannot be made. However, we consider that 

the presence of anti-AT1R antibodies should to be investigated in acute rejection 

episodes with an uncommon clinical course, particularly in vascular rejections 

refractory to ATG. The treatment of these episodes with agents against antibody-driven 

injury might improve outcomes, though it remains largely unsubstantiated.  

 

We believe that the data amassed in our studies, together with those reported by others 

(Kannabhiran, Lee et al., 2015), can improve risk stratification at transplant and we 

propose that the risk posed by DSA according to their characteristics can be presented 

hierarchically (Fig. 39). We must emphasize that our data on MFI cutoffs for prediction 

of ABMR risk were developed within our center and reference HLA Laboratory, so its 

reproducibility outside this setting should be taken cautiously. We also did not include 

DSA-Cw and -DP in our analysis (Malheiro, Tafulo et al., 2015), although current data 

suggest that all 6 HLA loci should be considered in the assignment of DSA. Moreover, 

in our report comparing risk between DSA-Cw to DSA-A and/or -B, that was found to be 

similar, DSA MFI was the single independent predictor of ABMR (Santos, Malheiro et al., 

2016).  
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Naturally, its application would mainly be in sensitized candidates, particularly in the 

setting of HLA-incompatible KT, although several observations have important 

consequences in organ allocation. In HS patients, in which the task of finding a fully 

compatible donor is difficult, the consideration of a higher cutoff for the definition of 

UA is supported by our data, since the MFI cutoff for ABMR prediction was close to 

5000, much higher than the one used currently (MFI ≥1000). Furthermore, in patients 

considered for desensitization, this data can help define the admissibility of the risk 

posed by a specific HLA-incompatible donor-recipient pair and in the decision of the 

type of desensitization to be used. In this setting, we developed in CHP a 

desensitization protocol for living and deceased donor KT, that takes into account the 

results gathered in these studies (Appendix 16). Some KT have been performed already 

within this protocol, mainly of living-donor, but its broader application is foreseeable. 

 

    

C1q  +  
DSA

Strong  DSA
hDSA  MFI  >5000
sDSA  MFI  >11000

DSA  against  both  HLA  classes

Non-‐donor-‐specific  antibodies

Figure 39. Risk stratification at transplant according with preformed anti-HLA antibodies 
characteristics. DSA risk analyses should consider all 6 HLA loci.  
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3.  HYPOTHESIS 3 

 

 

 

 

 

3.1.  Discussion  

A much-debated question in the transplantation community, is the relevance of 

longitudinally surveille allosensitization in all patients after KT (Ma, Patel, & Tinckam, 

2016). In order to contribute for this discussion, we studied in low-immunological risk 

kidney and pancreas-kidney allografts recipients the impact of de novo anti-HLA 

antibodies emergence around 6-months after KT and found them to be independent 

predictors of kidney allograft survival (Malheiro, Tafulo et al., 2014). Thus, concurring 

with the proposition that the screening of de novo anti-HLA antibodies should be carried 

out, at least in the first-year post-transplant, as proposed by international guidelines 

published in 2013 (Tait, Süsal et al., 2013). Moreover, as we studied both kidney-only 

and pancreas-kidney allografts recipients, this was acknowledged by including this 

variable in the multivariable analyses performed, with no significant biases being 

detected.   

Another important observation was the significant association between ATG induction 

and the detection of anti-HLA class I antibodies, as reported by others (Hourmant, 

Cesbron-Gautier et al., 2005; Tinckam, Wood, Ji, & Milford, 2004). We elaborated on 

whether this association resulted from a laboratory interference of a xeno-antibody 
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Figure 40. Hypothesis 3 main results. 
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present in ATG preparation (Masson, Devillard et al., 2010), with no foreseeable effect 

on the allograft, or an imbalance between T- and B-cell populations with a stronger 

depletion effect in the former (including regulatory T cells) allowing for humoral 

responses to evolve (Colovai, Vasilescu et al., 2005). Our data was in favor of the former 

proposition, since only 2 kidney allograft losses in the ATG-induced group occurred 

and no significant difference was detected in acute rejection between patients with and 

without ATG induction. Nonetheless, caution in the interpretation of positive screening 

for anti-HLA antibodies against class I in patients that recently received ATG therapy is 

recommended. Additionally, cellular vascular rejections or ABMR (both steroid-

insensitive) were a strong risk factor for anti-HLA antibodies detection. In pancreas-

kidney allografts recipients, it has been shown that vascular (Banff grade II or III) ACR 

in the kidney allograft were significantly more common in patients with post-transplant 

detection of anti-HLA antibodies (Cantarovich, De Amicis et al., 2011). These results 

should prompt a more stringent surveillance of de novo DSA emergence after patients 

experience these type of rejection episodes.  

We also detected that only antibodies against class II or class I+II were independent 

predictors of kidney allograft failure, so supporting the notion that post-KT 

allosensitization against HLA class II is particularly detrimental, as previously 

demonstrated (Pelletier, Hennessy et al., 2002). Moreover, Campos et al. showed that 

the presence of anti-HLA class II antibodies (alone or concomitant with class I) was a 

predictor of allograft loss due to chronic allograft nephropathy, independently from the 

degree of renal function decline already observed at the time of antibody testing 

(Campos, Tedesco-Silva et al., 2006).  

 

Recognizing the importance of de novo DSA in KT, beyond anti-HLA antibodies at-large, 

we aimed to address it (Malheiro, Martins et al., 2016). A longitudinal cohort study of 

de novo DSA emergence and impact on KT outcomes is particularly challenging, given 

the need for serial screenings of DSA during several years in all patients in the cohort. 

Additionally, the low rate of “hard” outcomes, like allograft failure, prevents a clear 

depiction of the clinical impact of any potential predictor in cohorts with short follow-

up time. As an alternative, kidney allograft function may be used, but its 

appropriateness as a surrogate of KT outcome has been disputed (Luis-Lima, Marrero-

Miranda et al., 2015). Differently, allograft histopathology has emerged as the most 

suitable option, since it opens the possibility of linking the presence and characteristics 

of DSA with phenotypes of ongoing antibody-mediated injury, taking this study from 

epidemiological risk correlations to causation relationships. However, serial evaluations 
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by allograft biopsies would also be needed to fully integrate the dynamics between 

donor-specific immunological recognition and its effects on histopathology (Parajuli, 

Reville et al., 2017). Our center does not perform protocol allograft biopsies and 

screening for anti-HLA antibodies, in KT recipients, is not done systematically after the 

first-year, preventing the completion of this study design.  

 

As a pragmatic alternative, we opted to approach this subject through two different 

methodologies. First, by conducting a case-control study to determine if an exposure 

(de novo DSA) is associated with a binary outcome (allograft failure/survival), bypassing 

the need for multiple screenings. Then, we studied a longitudinal cohort of pancreas-

kidney allografts recipients, in which systematical screening for anti-HLA antibodies 

over the full post-transplant time-span was performed. In the first study (Castro, 

Malheiro et al., 2017), we found a significant association between failure and a higher 

prevalence of de novo DSA, particularly anti-HLA class II. These results agree with 

previous observations about the prominence of de novo allosensitization, particularly 

against HLA class II, within the pathways leading to allograft failure (Loupy, Hill et al., 

2012). Another case-control study also reported that the prevalence of de novo DSA 

was clearly higher in cases with allograft loss than in non-failure controls. Differently 

from our data, they found that both de novo DSA against class I or II were more common 

in cases (Susal, Wettstein et al., 2015). As we, others have demonstrated that de novo 

DSA against HLA class II were more associated with long-term poor allograft outcomes 

(Campos, Tedesco-Silva et al., 2006; Issa, Cosio et al., 2008; Langan, Park et al., 2007; 

Pelletier, Hennessy et al., 2002; Worthington, Martin, Barker, McWilliam, & Dyer, 2006). 

A possible explanation is that HLA Class II antigens are constitutively expressed on 

endothelial cells of renal microvascular and antibodies against it may lead to circulating 

or locally produced cytokines/chemokines resulting in injury (Muczynski, Ekle, Coder, 

& Anderson, 2003). Interestingly, when we analyzed the histopathological data 

available, chronic ABMR diagnosis was more common in cases, while unspecified IF/TA 

was in controls, indirectly furthering a causation interplay between de novo DSA and 

allograft failure. These findings indicate that post-transplant HLA antibody 

determinations, including the search for de novo DSA, provide prognostic information 

with respect to the identification of patients who are at increased risk of allograft loss, 

and are becoming instrumental in the immune-surveillance of allograft recipients.   

 

Our longitudinal study (Malheiro, Martins et al., 2016) about incidence of de novo 

allosensitization and its correlation with allografts outcomes in pancreas-kidney 
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transplanted patients showed that de novo DSA emerged in 14% at a median time of 

3.1 years post-transplant, with a cumulative incidence at 6-years of 19%. Cumulative 

incidence data was similar to other studies, although onset time in our cohort was 

comparably later (Cantarovich, De Amicis et al., 2011; Mittal, Page, Friend, Sharples, & 

Fuggle, 2014), possibly associated with distinct immunosuppression protocols. Risk 

factors for de novo DSA appearance were pre-transplant anti-HLA sensitization and 

previous episodes of vascular ACR, as several other studies have shown (Everly, 

Rebellato et al., 2013; Wiebe, Gibson et al., 2012). This latter association may relate 

with the degree of microcirculatory inflammation present at the time of rejection, in 

particular the sensitizing effect of upregulated HLA proteins expression in the 

peritubular capillaries (Wiebe & Nickerson, 2013). Moreover, histopathological analysis 

of vascular rejection biopsies showed that concomitant presence of peritubular 

capillaritis was very common (around 90%), a typical feature of antibody-driven allograft 

injury (Shimizu, Ishida et al., 2010). Immunosuppression minimization has also been 

associated with donor-specific sensitization, mainly related with the use of tacrolimus-

free regimens (Wiebe & Nickerson, 2013). Notably, in our cohort, steroid withdrawal at 

6-months had no impact on de novo allosensitization or allografts outcomes. Another 

predictor in our cohort was full HLA-DR mismatch. Interestingly, most of de novo DSA 

were against DQ (39%) and DR (26%) molecules, but donor-recipient DQ typing in all 

patients was not available, so we were unable to analyze mismatches in these loci as a 

predictor of de novo DSA as others have shown (Willicombe, Brookes et al., 2012). 

Noteworthy, the loci within the DR-DQ region present a tight linkage and high linkage 

disequilibrium as shown by a study done in a population with European ancestry (Klitz, 

Maiers et al., 2003). De novo DSA association with kidney allograft failure was mainly 

related to acute rejection occurrence, a particularly harmful and synergistic adverse 

combination, as several studies have shown (Cooper, Gralla et al., 2011; Devos, Gaber 

et al., 2014).  

Clinical associations of de novo DSA characteristics with allograft outcomes have been 

scarcely analyzed. In KT, the presence of de novo DSA against HLA class II or I+II or 

complement-binding have been associated with poorer allograft survival (Devos, Gaber 

et al., 2014; Loupy, Lefaucheur et al., 2013; Wiebe, Gibson et al., 2012), while others 

demonstrated that same deleterious effect for antibodies against HLA-DQ (Willicombe, 

Brookes et al., 2012). In pancreas-kidney transplantation, no significant association 

between allograft outcomes and de novo DSA MFI (Cantarovich, De Amicis et al., 2011) 

or HLA class (Mittal, Page et al., 2014) has been shown. We reported that presence of 

de novo DSA against HLA class II or both classes was more common in patients with 
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allograft failure, as was the prevalence of de novo DSA against HLA-DQ and DR loci. 

Furthermore, median de novo DSA number and MFI values were significantly higher in 

patients with allograft failure. These results should be considered with caution given 

the small sample of patients involved. Nonetheless, these observations seem to mimic 

the better-understood relationship with preformed DSA characteristics and outcomes 

(Lefaucheur, Loupy et al., 2010; Mujtaba, Goggins et al., 2011; Otten, Verhaar et al., 

2012).  

 

Although we recognize that these results from a cohort of SPK allografts recipients 

should be cautiously extrapolated to the field of KT, major biases are not expected. 

Given that allosensitization after pancreas-kidney transplantation is fairly stronger than 

in kidney-only transplants, as a larger amount of immunogenic tissue is transplanted 

(kidney, exocrine and endocrine pancreatic tissues, and a segment of donor duodenum) 

and because it is performed frequently with a poorer HLA matching for logistic reasons 

(Bunnapradist, Cho, Cecka, Wilkinson, & Danovitch, 2003), one could expect that the 

incidence of de novo DSA would be comparatively higher. However, similar incidence to 

ours has been described in kidney-only recipients (Everly, Rebellato et al., 2013; Wiebe, 

Gibson et al., 2012), possibly associated with differences in immunosuppressive 

strength of protocols used. In our cohort, all pancreas-kidney allografts receive 

induction with ATG, while only roughly 30% of kidney-only recipients do. Besides, the 

use of ATG induction and tacrolimus-based maintenance therapy has been shown to be 

associated with a lower incidence of de novo DSA in comparison with cyclosporine- or 

everolimus-based maintenance therapy (Brokhof, Sollinger et al., 2014; Cooper, Gralla 

et al., 2011; Croze, Tetaz et al., 2014; Lachmann, Terasaki, & Schonemann, 2006). 

Overall, these results concur with the notion that detection of de novo DSA can identify 

patients in high risk for allograft loss and, thus, should be investigated, at least in 

patients with known risk factors. Moreover, as most de novo DSA were against HLA-DR 

or -DQ antigens, improved matching in these loci may have a preventive role for de novo 

antibodies emergence, giving further evidence to its relevance in order to improve 

allograft survival. The possibility that the analysis of antibodies characteristics might 

add critical information for the management of de novo DSA emergence needs to be 

expanded, as we have addressed in studies developed under hypothesis 4.  

 

3.2.  Future directions 

The advancements made on the ability to examine allosensitization are also of great 

importance in the field of de novo DSA, given that several studies have provided detailed 
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evidence about their determinant role in the pathways leading to long-term allograft 

failure (El-Zoghby, Stegall et al., 2009; Gaston, Cecka et al., 2010; Sellares, de Freitas 

et al., 2012). Moreover, improvements in KT short-term outcomes, observed in the last 

15 years, have not been meet by similar results on the long-term, where they remain 

scarce (Lamb, Lodhi, & Meier-Kriesche, 2011). Hence, applying SPI to monitor 

allorecognition after KT is rather forthcoming and allows us to select patients with a 

higher risk of antibody-mediated injury, namely acute or chronic ABMR and, 

subsequently, of allograft loss. Moreover, available biomarkers in KT (e.g., creatinine, 

proteinuria) have low sensitivity for an accurate evaluation of allograft function and 

injury and immune-mediated damage can go undiagnosed for a significant amount of 

time (Gaston, Cecka et al., 2010; Josephson, 2011; Sellares, de Freitas et al., 2012), 

supporting the importance of a preemptive screening of allosensitization. However, 

several issues need to be tackled for this proposal to be better implemented.  

Data on de novo DSA impact in KT outcomes, although relevant, is mainly based on risk 

correlation observations, with a variable number of patients having an uneventful 

clinical course after their detection (Ma, Patel et al., 2016). This may be explained given 

the novelty of these assays, with many studies not having sufficient follow-up time for 

them to attain the “hard” outcome of allograft loss. Alternatively, the analysis of 

antibodies characteristics can contribute for an improved risk stratification at detection, 

with higher strength, anti-HLA class II and complement-binding antibodies reported to 

have a closer association with adverse outcomes, as ABMR and allograft failure (Everly, 

Rebellato et al., 2013; Guidicelli, Guerville et al., 2016; Heilman, Nijim et al., 2014; 

Loupy, Lefaucheur et al., 2013; Wiebe, Gibson et al., 2012). These results raised great 

expectations, that the identification and characterization of de novo DSA could select 

those at a higher risk of allograft failure, and in whom specific treatments could be 

appropriately defined. However, these observations were not confirmed by other 

groups (Wiebe, Gareau et al., 2017; Yell, Muth et al., 2015), so the task of pertinently 

adjudicating risk when a patient is diagnosed with de novo DSA remains challenging. 

Thus, to fully encompass their clinical implications, concurrent histopathological 

evaluation should be sought to bridge correlation to causation, as some have advised 

(Schinstock, Cosio et al., 2017).   

Furthermore, the cost of using SPI in post-KT, in which multiple screenings are 

necessary, remains high, jeopardizing its cost-effectiveness (Kamburova, Wisse et al., 

2016). This was one of the reasons for the international guidelines recommend sera 

storage yearly after the first-year after KT in all immunological risk categories, selecting 

only those with certain risk factors (allograft dysfunction, immunosuppression 
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minimization or documented non-adherence). as the ones in which DSA identification 

should be performed (Tait, Süsal et al., 2013). This approach seems reasonable and, in 

fact, our data show that de novo allosensitization is predicted by prior clinical acute 

cellular rejection episodes in which allograft dysfunction is inherently present. 

However, defined risk factors as nonadherence are particularly difficult to recognize, 

putting a number of patients outside of the radar for alloimmune surveillance. 

Additionally, other risk factors not included in the guidelines, are being recognized, as 

higher mismatch HLA class II loci and pretransplant non-donor-specific allosensitization 

(Malheiro, Martins et al., 2016; Wiebe & Nickerson, 2013). As previously referred, the 

analysis of epitope mismatch can provide mechanistical evidence, linking the latter with 

a higher risk of de novo DSA, in which shared epitopes between donor- and third-party 

antigens are responsible for the longitudinal switch between non-donor-specific 

antibodies before and DSA after KT (Sypek, Kausman, Holt, & Hughes, 2017). More 

recently, nonadherence and higher epitope mismatch have been shown to act 

synergistically towards a higher risk of rejection or allograft loss (Wiebe, Nevins et al., 

2015). Hence, the evaluation of patients’ adherence and epitope mismatch load are 

valuable tools in the identification of patients that could benefit from increased clinical, 

histologic and immunological surveillance. 

 

Thus, we advise (Table 32) preemptive screening of de novo DSA in the presence of the 

aforementioned risk factors and, in the remaining patients, we suggest a yearly 

screening, given the difficulties in detecting some risk factors and the fair amount of 

time needed for any clinical intervention directed against de novo DSA to remain 

feasible. However, we recognize that, in the latter case, evidence supporting it remains 

limited and, unfortunately, their management outside an episode of ABMR is still 

undetermined. Some have reported the use of high-dose intravenous immunoglobulin 

with or without rituximab in patients with chronic kidney allograft dysfunction and 

detectable DSA with limited (Billing, Rieger et al., 2012) or even null effect (Cooper, 

Gralla, Klem, Chan, & Wiseman, 2014). Thus, in order to comprehensively substantiate 

these proposals, they have to be met by the definition of de novo DSA emergence as a 

motif for clinically-driven (not protocol) allograft biopsies and a thorough evaluation of 

data given by histopathology and their correlations with clinical and immunological 

phenotypes needs to be accomplished. These issues were studied and are discussed 

under hypothesis 4.  
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Table 32. Proposals for the management of de novo DSA surveillance.  

De novo DSA screening 

 Advised 

 

In the first-year post-KT, at least once and more frequently in high 

immunological risk patients (adjusted according to risk stratification at 

transplant – see Figure 39). 

 
After the first-year post-KT, yearly in patients with preformed anti-HLA 

antibodies and/or with high HLA class II mismatch (antigen or epitope level). 

 
At any time of allograft dysfunction, immunosuppression minimization or 

non-adherence detection. 

 
After acute cellular rejections (Banff grade II or III) episodes (time-frame 

undetermined). 

 Suggested 

 After the first-year post-KT, yearly in all remaining patients. 

De novo DSA characteristics  

 Consider as higher risk antibodies: 

 

•   Anti-HLA class II; 

•   High strength; 

•   Complement-binding. 

Obtain histopathological evaluation  

 

Definition of de novo DSA-driven allograft biopsy as clinically motivated.  

Correlation with histopathological and immunological phenotypes (see 

hypothesis 4). 
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4.  HYPOTHESIS 4 

 

 

 

 

 

4.1.  Discussion  

In the previous hypotheses, we dealt with DSA, preformed or de novo, as risk factors 

for ABMR and/or allograft failure, looking for significant correlations between them. We 

believe that their significant impact in KT was comprehensively demonstrated, although 

as already mentioned, proof of a causation relationship remained incomplete. Since no 

protocol allograft biopsies nor systematical histopathological evaluation at time of de 

novo DSA detection was available, we decided to study causality through the 

associations between the presence and characteristics of DSA and the clinical and 

histopathological phenotypes at time of ABMR diagnosis, recognizing that relevant 

information about subclinical antibody-mediated injury was inaccessible to us. The 

inherent distinction between acute and chronic ABMR cases prompted us to develop 2 

studies addressing each separately.  

 

In the study of acute ABMR (Malheiro, Santos et al., 2018), we explored which sign of 

complement activation at acute ABMR diagnosis, ABMR C4d (+) or DSA C1q (+), was 

best to stratify risk, since antibody-driven allograft injury is exerted by complement 

dependent and independent pathways, but both are synergistically deleterious to the 
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DSA C1q (+) 
status was 
associated 

with 
increased 
acute and 
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injury 
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allograft 
injury.

C4d (+) 
status was 
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with 
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chronic 
humoral 

injury 
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ABMR.
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not C4d 
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an 

independent 
predictor of 

allograft 
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tly from IgG-

DSA 
strength. 

Treatment 
with IVIG + 
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rituximab 
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outcome, 

although DSA 
C1q status 
remained a 
predictor of 
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most 
treatment 
groups. 

Chronic ABMR

Concomitant 
DSA (+) 

correlated 
with higher 

acute 
humoral and 
interstitial 

scores, 
particularly 

in non-
adherent 
patients. 

DSA (+) 
status, if also 
non-adherent 
and/or C1q 
(+) was an 

independent 
predictor of 
graft failure. 

Non-adherent 
patients have  
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high CNI 
levels CV and 
histological 
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under-

exposure to 
CNI were 
observed.

Figure 41. Hypothesis 4 main results. 
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allograft (Akiyoshi, Hirohashi et al., 2012; Valenzuela, McNamara, & Reed, 2014). We 

found that DSA C1q (+), not ABMR C4d (+) were strongly associated with reduced 

allograft survival. Recently, the persistence of DSA C1q (+) at 3- and/or 6-months after 

ABMR was significantly associated with increased allograft failure (Bailly, Anglicheau et 

al., 2017). Others have reported a striking correlation between DSA C1q (+) emergence 

and the presence of chronic ABMR and transplant glomerulopathy (TG) (Calp-Inal, 

Ajaimy et al., 2016). Moreover, we found a significant correlation between C1q-DSA and 

IgG-DSA MFI, as previously published (Bamoulid, Roodenburg et al., 2017; Loupy, 

Lefaucheur et al., 2013), with several authors considering that DSA C1q (+) adverse 

effects resulted chiefly from its association with stronger IgG-DSA (Lan & Tinckam, 

2018; Yell, Muth et al., 2015). Importantly, we showed a significant association between 

DSA C1q (+) and reduced allograft survival, an association not observed with IgG-DSA 

strength.  

Important differences according to DSA C1q and ABMR C4d status were observed. DSA 

C1q (+) in comparison with C1q (-) had higher antibody-driven acute (MVI, C4d) and 

chronic (cg) injury scores and higher IgG-DSA MFI, but similar de novo DSA frequency 

and ABMR treatment. A similar correlation between DSA C1q (+) and histopathological 

injury scores has been shown (Loupy, Lefaucheur et al., 2013). Differently, ABMR C4d 

(+) cases were all treated with IVIG and PP with or without rituximab and, in comparison 

with C4d (-), had lower cg score and de novo DSA frequency, with no significant 

differences in C1q- and IgG-DSA characteristics being detected. Despite these 

differences, the negative impact of DSA C1q (+) was independent from ABMR C4d 

status, since it was observed both in ABMR C4d (-) and (+) cases.  Overall, these results 

demonstrate that DSA C1q status is an important predictor of outcome at acute ABMR 

diagnosis and should, therefore, be considered for risk assignment.  

Furthermore, although allograft failure rate was longitudinally proportional and higher 

in C1q (+) patients, a sharper difference between groups was observed beyond the 

second year after ABMR, a pattern replicated when analyzing only ABMR C4d (+) cases, 

but not in C4d (-) ones. In the ABMR C4d (+) group, although DSA C1q (+) patients had 

higher chronic injury scores (ci+ct and cg) and higher proportion of de novo DSA, injury 

may have been protracted given that all patients received standard ABMR treatment, 

limiting at least in the short-term evolving antibody-mediated injury and possibly 

correlating with the later occurrence of allograft failure. Differently, in ABMR C4d (-) 

cases where 16 (57%) out of 28 patients received only steroids pulses, despite similar 

chronic injury scores and de novo DSA frequency between DSA C1q (-) and C1q (+), 

allograft failure occurred early, with all DSA C1q (+) cases arising until the second year 
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after ABMR. Guidicelli et al. observed that the emergence of de novo DSA C1q (+) were 

associated with more rapidly occurring allograft loss after their appearance than DSA 

C1q (-) (Guidicelli, Guerville et al., 2016). Treatment of acute ABMR with IVIG and PP 

with or without rituximab, widely consider as standard (Montgomery, Loupy, & Segev, 

2018), had a positive effect on allograft survival. Interestingly, when we analyzed DSA 

C1q (+) impact within different treatment groups, we observed that DSA C1q (+) 

remained significantly associated with allograft loss in patients treated with IVIG plus 

PP, but not in those treated with IVIG plus PP and rituximab. The latter result cannot be 

considered to favor the possibility that the addition to rituximab would better abrogate 

complement-mediated allograft injury, since rituximab has no effect on it (Montgomery, 

Loupy et al., 2018). We suggested, instead, that its selective use in early cases of ABMR 

associated preformed DSA (a more treated and treatable form of ABMR, as already 

stated) was probably responsible for this result. More importantly, potential advantages 

of a distinct therapeutic approach targeting complement cascade blockade, in a subset 

of acute ABMR cases with DSA C1q (+), arise from these observations.  

 

When studying chronic ABMR (Malheiro, Santos et al., 2018), we detailed the 

associations between DSA detected by IgG- and C1q-SAB, their characteristics and 

histopathological features of chronic ABMR, in order to define distinctive phenotypes 

with prognostic implications. Presence of DSA was associated with higher acute 

humoral composite (scores included g, ptc, v and C4d) and interstitial inflammation 

scores, both in unscarred and total cortical parenchyma. Hayde et al. when comparing 

chronic ABMR/TG and nonspecific IF/TA cases showed that DSA presence in chronic 

ABMR (DSA+ and C4d+) or TG (DSA+ and C4d-) was associated with significantly 

increased i, g and ptc-scores (Hayde, Bao et al., 2013).  

DSA was an independent predictor of allograft survival, even though eGFR and 

proteinuria at time of allograft biopsy was similar between DSA (+) and (-) patients. A 

similar acute humoral composite score was shown to be a significant predictor of 

allograft failure in the setting of early ABMR (Loupy, Lefaucheur et al., 2014). 

Notwithstanding, some have shown no impact of DSA on allograft survival in cases of 

chronic ABMR/TG, although DSA detection and characterization in these studies were 

not thorough (Lesage, Noel et al., 2015; Patri, Seshan et al., 2016). Differently, when 

chronic ABMR/TG diagnosis is made in the absence of detectable DSA, other 

mechanisms different from alloantibody-mediated injury should be considered as 

immune complex glomerulonephritis, thrombotic microangiopathy or hepatitis C virus 

(HCV) infection (Baid-Agrawal, Farris et al., 2011). In our cohort, no patient had immune 
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complex deposits or thrombotic microangiopathy and only 2 were HCV positive (both 

with detectable DSA). Another possibility is the presence of non-HLA antibodies, as anti-

angiotensin II type 1 receptor or anti-perlecan antibodies, although their role in the 

development chronic ABMR is largely unknown (Cardinal, Dieude, & Hebert, 2017). No 

data on non-HLA antibodies was available in our cohort. Hence, DSA seem to define 

specific phenotypes of chronic ABMR with significant clinical implications.  

Chronic ABMR phenotype in DSA (+)/non-adherent patients revealed an increase 

number of acute injury scores that were significantly higher than in DSA (-) patients, as 

i, v, ptc, ti and acute humoral composite scores, showing a more intense microvascular 

and interstitial inflammatory pattern, in comparison with full DSA (+) group. 

Additionally, we observed that the negative effect of DSA on allograft survival was 

largely related with concomitant non-adherence, a well-known risk factor for de novo 

DSA and late ABMR (Haas, Mirocha et al., 2017; Wiebe, Gibson et al., 2015). Also, an 

association of non-adherence and significantly lower ah-score was observed, when 

compared with the remaining patients. Arteriolar hyalinosis is a hallmark of CNI 

toxicity, although other factors come into play depending on time of its diagnosis 

(Einecke, Reeve, & Halloran, 2017; Naesens, Kuypers, & Sarwal, 2009). In our cohort, 

lower ah-score and higher ci+ct scores were independent histopathological predictors 

of allograft failure. Others have also shown that an ah-score of 0 was associated with 

allograft failure, when adjusted for post-transplant time of allograft biopsy (Einecke, 

Reeve et al., 2017). Importantly, non-adherence was associated with distinctly arteriolar 

hyalinosis, a marker that may suggest existence of this type of behavior.  

Furthermore, non-adherent patients had more frequently IgG-DSA against HLA-DQ and 

C1q-DSA MFI was significantly higher. In a cohort of 286 patients evaluated for de novo 

DSA emergence, 45 developed DSA-II, with 36 patients having DSA-DQ (Wiebe, Pochinco 

et al., 2013). Non-adherence was documented in roughly half of them. C1q-binding DSA 

was also significant predictor of allograft failure, and median graft survival was 

significantly shorter in DSA (+)/C1q (+) than in DSA (-) patients. A correlation between 

C1q+ DSA, chronic ABMR/TG and allograft failure has been previously described 

(Fichtner, Susal et al., 2016; Yabu, Higgins et al., 2011). We did not find significant 

improvement in outcomes with anti-humoral rejection treatment overall, but when it 

was analyzed adjusted to DSA presence, there was a borderline significant favorable 

effect on allograft survival. However, this result should be taken with caution, since 

these patients had a better graft function at treatment and, in the multivariable Cox 

regression, it was not significantly associated with allograft outcome.  
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4.2.  Future directions 

Complement classical pathway activation is a major mechanism of injury in ABMR, by 

the binding of DSA to HLA antigens, that leads to formation of the membrane attack 

complex and results in direct injury to the allograft, mainly targeting the vascular 

endothelium (Stegall, Chedid et al., 2012). Hence, presence of acute microvascular 

injury (glomerulitis and peritubular capillaritis) is a histopathological hallmark of ABMR. 

Also, the detection of complement split product C4d in peritubular capillaries is a sign 

of complement activation (Feucht, Felber et al., 1991) and was, until recently, a 

necessary feature for the diagnosis of ABMR. Nevertheless, given its major limitations, 

as low reproducibility and longitudinal fluctuating pattern, C4d-negative ABMR has 

been recognized since Banff’13 classification (Haas, Sis et al., 2014). Moreover, 

complement-independent mechanisms are also at play in ABMR, like direct endothelial 

injury or Fc receptor-mediated inflammatory cell recruitment (Loupy, Hill et al., 2011; 

Sis, Jhangri et al., 2009). Independently from the pathway involved, the longitudinal 

persistence of inflammation results, initially in glomerular basement membrane 

splitting and peritubular capillary basement membrane multilayering on electron 

microscopy, and then in cell proliferation, basement membrane duplication, and 

mesangial interposition on light microscopy (Puttarajappa, Shapiro, & Tan, 2012). 

Another emerging tool, the microarray-based “molecular microscope” test, may allow 

an additional improvement in the detection and refined characterization of ABMR 

(Sellares, Reeve et al., 2013).  

An unmet need in ABMR is the improvement of long-term allograft survival 

(Velidedeoglu, Cavaille-Coll et al., 2018). Although standard of care treatment with 

different combinations of IVIG, PP and rituximab has allowed successful treatment of 

many cases, some remain refractory, with allograft dysfunction ensuing more or less 

rapidly (Orandi, Chow et al., 2015). In HLA-incompatible KT, in which serial 

histopathological evaluations were conducted per protocol, irreversible injury in the 

form of TG can commonly manifest months to years later, shortening allograft survival 

(Bentall, Cornell et al., 2013). Thus, the definition of predictors of outcome at ABMR 

remains a much-sought objective. Signs of complement activation are likely candidates 

for that purpose, but the results of studies conducted considering C4d status as an 

outcome predictor have been contradictory (Loupy, Hill et al., 2011; Sapir-Pichhadze, 

Curran et al., 2015). Another, though indirect, marker of complement activation is the 

detection of complement-binding DSA, with some reporting its ability to predict 

outcomes (Bailly, Anglicheau et al., 2017; Sicard, Ducreux et al., 2015).  
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Our study on acute ABMR (Malheiro, Santos et al., 2018) made a direct comparison 

between these two complement activation markers. DSA C1q (+) not ABMR C4d (+) was 

an independent predictor of allograft loss and the adverse impact of C1q (+) was 

observed both in ABMR C4d (+) and (-) cases. We believe that this important finding has 

clinical consequences. First, it may allow clinicians to identify high risk patients, in 

whom immunosuppressive treatment should be optimized and a more stringent 

surveillance of ongoing subclinical antibody-mediated injury after ABMR episode would 

be advisable. More importantly, we should recognize that the standard of care 

treatment for ABMR can be inadequate in some cases and, ultimately, responsible for 

poorer long-term outcomes. We postulate that DSA C1q status can be an important tool 

for risk stratification in ABMR, helping in the definition of a subset of patients, in whom 

the treatment with complement inhibitor agents may prove to be beneficial. In a 

multicenter cohort of patients transplanted with DSA, a significant reduction in ABMR 

risk at 3-months post-transplant was observed in those desensitized with eculizumab 

in comparison with IVIG + PP, if preformed DSA were C1q (+) (Lefaucheur, Viglietti et 

al., 2018). In a single-arm pilot study, the investigators found that C1 esterase inhibitor 

(BerinertÒ) in combination with high-dose IVIG improved allograft function in kidney 

recipients with acute ABMR that was nonresponsive to conventional therapy (Viglietti, 

Gosset et al., 2016).  

The clinical presentation of ABMR cases also needs to be underlined (Garg, Samaniego, 

Clark, & Djamali, 2017). Typically, early ABMR develops in transplanted patients with 

preformed DSA, usually a known risk at time of KT that is dealt by clinicians through 

increased immunosuppression and/or desensitization, and a heightened surveillance 

of antibody-mediated allograft injury with protocol biopsies being performed as 

standard of care. Differently, late acute ABMR is more frequently associated with the 

emergence of de novo DSA, a status that can go undetected for a fair amount of time, 

besides presenting clinically in a more protracted manner. Both aspects contribute for 

severer chronic allograft injury phenotypes and poorer survival in ABMR associated with 

de novo DSA than in cases with preformed DSA (Aubert, Loupy et al., 2017). 

Hence, the distinct features of late chronic ABMR were also investigated by us (Malheiro, 

Santos et al., 2018). One significant observation was that some chronic ABMR cases had 

no detectable DSA, so other mechanisms different from anti-HLA antibody-mediated 

injury may be involved as the presence of non-HLA antibodies (Cardinal, Dieude et al., 

2017). Nevertheless, we showed that DSA presence correlated with higher acute 

humoral composite as expected, but also increased interstitial inflammation scores, 

signaling both antibody but also cellular-mediated injury. Noteworthy, DSA were also 



CHAPTER V | Discussion & Future Directions 

 116 

associated with reduced allograft survival, an effect that has been questioned by some 

reports (Lesage, Noel et al., 2015; Patri, Seshan et al., 2016). Importantly, non-

adherence was chiefly observed in DSA (+) cases, and had a stronger humoral 

phenotype, high interstitial inflammation scores and distinctively lower arteriolar 

hyalinosis, probably related with under-exposure to CNI. Besides, DSA impact on 

allograft survival was mainly determined by non-adherence status, emphasizing the 

need to include clinical features for a pertinent phenotyping of ABMR. Others also 

showed a high frequency of concomitant presence of antibody- and cellular-driven 

injury phenotypes in patients with de novo DSA and non-adherence and both factors 

were associated with allograft loss (Haas, Mirocha et al., 2017; Wiebe, Gibson et al., 

2012). We also found that C1q-DSA strength correlated with C4d deposition and graft 

failure and was higher in non-adherent patients. Thus, clinical variables correlated with 

immunological and histopathological phenotypes and all add important information for 

risk stratification with implications in the management of chronic ABMR.  

We did not find an independent impact of chronic ABMR treatment with different 

combinations of IVIG, PP and rituximab on allograft survival. In fact, an effective 

treatment for chronic ABMR remains undetermined (Schinstock, Stegall, & Cosio, 2014). 

A recent randomized prospective trial with IVIG and rituximab in chronic ABMR showed 

no effect on graft function decline, proteinuria, histopathology scores and DSA strength 

(Moreso, Crespo et al., 2017). Differently, the use of tocilizumab in patients with 

chronic ABMR/TG refractory to treatment with IVIG, rituximab with or without PP, was 

associated with significant reduction in DSA levels and an allograft survival of 80% at 6-

years (Choi, Aubert et al., 2017). These mixed results are largely consequence of 

chronic ABMR being mostly diagnosed when TG is already present (Loupy, Haas et al., 

2017), an entity that has a poor prognosis, with some reporting graft survival rates at 

5-years as low as 20% (John, Konvalinka et al., 2010). Consequently, we believe that 

improvements in the prognosis of chronic ABMR cases will only be achieved by an early 

diagnosis, through a broadened use of ultrastructural allograft evaluation (de Kort, 

Willicombe et al., 2016) and/or the detection of gene expression signatures by 

“molecular microscopy”, in which ABMR-associated genes were shown to be mainly 

related to endothelial cell injury, natural killer cells or are interferon-γ   inducible 

(Halloran, Pereira et al., 2013). Nonetheless, we need to start with a thorough 

longitudinal surveillance of allosensitization by SPI to detect DSA persistence or de novo 

emergence and, in their presence, affirm the need for allograft biopsy, as detailed in 

the discussion of hypothesis 3. Only by integrating these approaches, will we be able 

to improve the final outcome of chronic ABMR, a purpose even more important, given 
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its recent recognition as a major drive of late allograft loss (Stegall, Gaston, Cosio, & 

Matas, 2015).  

 

Thus, besides a proactive surveillance post-transplant allosensitization, comprehensive 

phenotyping of ABMR cases according to DSA characteristics (strength, complement-

binding), clinical presentation (timing, non-adherence, degree of allograft dysfunction) 

and histopathological features (MVI, TG, interstitial inflammation, ultrastructural 

evaluation) will be determinant for a mechanistically-driven choice of present or future 

therapeutics for the treatment and prevention of ABMR, in order to improve its 

prognosis (Fig. 42). Additionally, further refinement of ABMR heterogeneous taxonomy 

is expected through microarray-based “molecular microscope” test. Finally, non-HLA 

antibodies (anti-AT1R or anti-endothelial) may possibly contribute for an improved 

phenotyping of ABMR cases, although this remains largely undetermined.   
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Figure 42. Proposal for an improvement of ABMR cases phenotyping.  
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