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Abbreviations 

aABMR   Active antibody mediated rejection 

ABMR   Antibody mediated rejection 

c.aABMR  Chronic active antibody mediated rejection 

cABMR   Chronic antibody mediated rejection 

CAN   Chronic allograft nephropathy 

CDC   Complement dependent cytotoxicity assay 

cg  Transplant glomerulopathy (Banff pathology consensus recognized lesion) 

COMMIT Consensus On Managing Modifiable risk In Transplantation working group 

dd-cfDNA Donor-derived cell-free DNA 

dnDSA   de novo donor-specific antibody 

DSA   Donor-specific antibody 

gDSA   Intragraft donor-specific antibody 

GRADE  Grades of Recommendation Assessment, Development and Evaluation 

HLA   Human leukocyte antigen 

IgG  Immunoglobulin G 

MFI   Mean fluorescence intensity 

MHC  Major histocompatibility complex 

t  Tubulitis (Banff pathology consensus recognized lesion)  

TCMR   T-cell mediated rejection 

TLJ  Transplantation Learning Journey 

RCT   Randomized controlled trial 

SPI   Solid phase immunoassay 

STAR  North-American Sensitization in Transplantation: Assessment of Risk working group 

Subclinical DSA DSA that has been noted in patients who otherwise do not show any sign of clinical   

   dysfunction of the allograft, such as significantly increased proteinuria or decreased eGFR 

QALY   Quality-adjusted life year 
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Introduction 

The introduction of the complement-dependent cytotoxicity assay (CDC) in 1969 was the first step 

towards addressing the issue now known as antibody-mediated rejection (ABMR). (1) Means to 

investigate this entity were further expanded in later years by the introduction of novel techniques, 

amongst others, flow-cytometry and solid-phase immunoassays (SPI).  

Yet this also seemed to concomitantly introduce new dilemmas, such as how to interpret SPI assay 

results in the face of a negative pretransplant CDC crossmatch or whether patients should be 

monitored for the incidence of donor-specific antibodies (DSA) to HLA post-transplantation. Also 

defining a positivity cut-off, defining the donor specificity of an antibody or even the definition of a 

relevant change in antibody titre are challenging. For the purpose of this consensus review, DSA are 

generally implied to be DSA to HLA, unless otherwise specified. 

A consensus meeting in 2013 concluded that pretransplant monitoring of DSA through single-antigen 

bead SPI’s could be of benefit in risk stratification. (2) Additionally, DSA monitoring in post-

transplant patients could be of benefit in those with a dysfunctioning graft, as well as a screening 

modality at least once in the first year post-transplant in patients with a stable graft. The level of 

evidence was however not found to be sufficient for strong recommendations. Nevertheless, pre-

transplant screening of DSA through SPI assays with single antigen bead (SAB) tests as 

immunological risk stratification technique seems standard practice in many transplant centers 

these days and a recent position paper by Bestard et al. (3) seems to consolidate this screening 

practice further. Post-transplant monitoring of DSA in graft dysfunction seems to be equally 

standard practice in case of clinical suspicion of ABMR. (4) However, standardized monitoring of DSA 

in renal graft recipients without overt signs of transplant dysfunction such as decrease in eGFR or 

increasing proteinuria, so called subclinical DSA, has not taken hold as standard of care in most 

transplant centers. 

This lack of implementation is likely related to uncertainty regarding the clinical consequence and 

cost-effectiveness of monitoring for subclinical DSA. If the aim is early detection of underlying 

rejection, then one would for instance first have to prove that screening would detect sufficient 

rejection cases in an earlier stage on subsequent biopsy, that earlier treatment would improve 

patient outcome over detecting and treating cases with overt signs of allograft dysfunction, and that 

such a strategy is ultimately cost-effective. These issues were not addressed in the earlier consensus 
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paper and the lack of a defined clinical consequence could perhaps underlie the discrepancy in the 

clinical implementation of those proposed DSA monitoring guidelines. 

The above makes it clear that the prerequisites for validity of a screening test are different from 

those of diagnostic tests. To appraise the validity of a screening test, Wilson & Jungner defined 10 

criteria in 1964, which since then have been described as the gold standard for this purpose. (5) (Box 

1)  

The purpose of this consensus paper is to assess the value of protocollary post-transplant 

monitoring of (subclinical) DSA. Statements and recommendations will reflect the fulfillment or lack 

thereof of the relevant aforementioned criteria by Wilson & Jungner.  

Additionally, potential gaps in knowledge will be identified and future research objectives will be 

stated. 

 

Box 1: Wilson & Jungner’s principles of screening 

To formulate this consensus statement, the European Society for Organ Transplantation appointed a 

working group of European experts in renal transplantation in December of 2021 within the 

Transplantation Learning Journey (TLJ) 3.0. An additional evidence review team was appointed, 

which met with the working group to outline relevant literature search strategy. The evidence 

review team searched PubMed, Embase and Cochrane libraries through May 2022 to identify 

1. The condition sought should be an important health problem. 

2. The natural history of the condition, including development from latent to declared 

disease, should be adequately understood. 

3. There should be a recognizable latent or early symptomatic stage. 

4. There should be a suitable test or examination. 

5. The test should be acceptable to the population. 

6. There should be an agreed policy on whom to treat as patients. 

7. There should be an accepted treatment for patients with recognized disease. 

8. Facilities for diagnosis and treatment should be available. 

9. The cost of case-finding (including diagnosis and treatment of patients diagnosed) should 

be economically balanced in relation to possible expenditure on medical care as a whole. 

10. Case-finding should be a continuing process and not a “once and for all” project. 
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relevant studies. The methodology of this project has been described extensively before [ref Cillo U 

et al. Transplant Int in press].  

Recommendations based on this evidence are graded on strength of recommendation (1 or 2 for 

strong or weak recommendations respectively) and level of evidence (A, B, C, D for strong, 

moderate, low and very low respectively) according to the Grades of Recommendation 

Assessment, Development and Evaluation (GRADE) methodology (6) 

The recommendations and guideline statements and the Wilson & Jungner criteria which they 

reflect are summarized in box 2. 

Recommendations GRADE 

Level 

W&J 

Criterium 

Efforts should be made to prevent late renal allograft loss, of which one of the leading causes is ABMR. 1A 1 

Clinicians should note that DSA are associated with a high risk for development of rejection, primarily 

ABMR, and subsequent allograft loss. 

1C 2 

Upon detection of a DSA, efforts should be made to determine its pathogenicity and the impact on 
prognosis. 

2C 3 

DSA can signal for underlying microscopic injury, indicative of subclinical rejection, which can be 

identified through allograft biopsy.  
1C 3 

Development of dnDSA can signal for subclinical TCMR, which in turn could be related to 

underexposure to immunosuppression. 
2D 3 

Allograft biopsies in patients with subclinical DSA show lower ABMR chronicity scores compared to 

patients with allograft dysfunction. 
2D 3 

Efforts should be made to standardize testing and reporting of DSA, including information on MFI, 
their plausibility and possible cross-reactive antigens/epitopes. 

Not graded 4 

Whilst post-transplant monitoring of preformed DSA in patients with stable graft function might be 

helpful, additional clinical and laboratory parameters should also be considered when deciding if a 

biopsy should be performed. 

2C 4 

DSA MFI levels or complement binding ability (C1q, C4d, C3d) should not influence decision-making 
regarding whether a biopsy in patients with subclinical dnDSA should be omitted, but other non-
invasive markers may increase predictive value in the future. 

2C 4 

We recommend optimization of maintenance therapy, including addressing non-adherence in patients 

who develop subclinical dnDSA. Additional treatment should only be considered after performing an 

allograft biopsy. 

1C 5-7 
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Box 2: Summary of statements and recommendations 

 

PICO 1:  

Overarching question: Does late rejection pose a health problem? 

Sub-PICO: In renal transplant recipients (P), is late rejection (I) a significant 

contributor to allograft attrition rates compared to other factors (C)? 

Efforts should be made to prevent late renal allograft loss, of which one of 

the leading causes is ABMR. (1A) 

 

Breakthroughs in maintenance immunosuppression during the latter part of the past century 

drastically increased kidney graft survival rates. (7-10) This was, however, realized mainly through 

increases in graft survival over the first year. Comparably less progress has been made in improving 

graft attrition rates beyond the first year during this era. Unfortunately, recent registry data analysis 

showed that this rate of progress has not increased since 2000 when accounting for evolution in 

donor and recipient characteristics. (11) 

The major limiting factor in long-term death-censored graft survival appears to be antibody-

mediated rejection (ABMR), in which DSA play an important role. (12) This entity has become the 

leading cause for overall death-censored renal allograft loss in recent decades. (13, 14)  

It therefore seems indisputable that improving the rate of allograft loss due to ABMR is an important 

health issue in kidney transplantation and we recommend that efforts to improve long-term graft 

survival should be aimed at tackling this entity. In doing so, one has to be aware that any efforts 

Evidence regarding the cost-effectiveness of standardized monitoring of DSA in stable renal graft 

recipients is missing and future efforts should be undertaken to determine this. 
2D 9 

Monitoring for persistence or broadening of subclinical dnDSA repertoire should not be discontinued 

after a certain time post-transplant.  
2C 10 

The optimal DSA monitoring scheme has not been established and depends on factors such as 

immunological matching, DSA screening methods, and immunosuppression, but a pragmatic approach 

would be antibody monitoring at 3 to 6 months post-transplant and annually thereafter. 

2C 10 
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should be put into clinical context and balanced against the competing risk (for late allograft loss) of 

patient mortality. 
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PICO 2: 

Overarching question: Do we understand the natural history of rejection 

sufficiently to identify a latent stage? 

Sub-PICO(s):  

In renal transplant recipients with rejection (P), are DSA (I) a significant 

independent causative contributor to development of the rejection process (O) 

compared to those without DSA (C)? 

In renal transplant recipient with rejection (P), are other factors (I) determined 

as significant independent cause for the development of the rejection process 

(O) compare to those without those factors (C)? 
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Clinicians should note that DSA are associated with a high risk for 

development of rejection, primarily ABMR, and subsequent allograft loss. 

(1C) 

 

For screening to be successful, one should have an understanding of how covert pathological 

processes can develop into overt clinical graft dysfunction, as the aim is to identify the covert 

process before dysfunction occurs.  

In the case of ABMR, the screening marker itself seems to be implicated in the underlying 

pathological process. This is apparent with pre-transplant DSA, considering the high risk of 

hyperacute rejection if transplantation proceeds despite a positive CDC-crossmatch. Modern 

practice precludes such transplantation without measures such as desensitization or paired kidney 

exchange programs. Though this is not the case in pre-transplant DSA which are only found through 

SPI assays. Nevertheless, a meta-analysis has implicated these pre-transplant CDC-crossmatch 

negative DSA as a significant risk factor for ABMR (RR, 1.98; 1.36–2.89) and allograft loss (RR, 1.76; 

1.13–2.74). (15)  

Regarding de novo DSA (dnDSA), a recent large meta-analysis implicated the development of dnDSA 

as a significant risk factor for notably cellular rejection [RR 2.92; 95% CI 2.16–3.94], acute ABMR [RR 

9.66; 95% CI 6.79–13.73], chronic ABMR [RR 6.78; 95% CI 4.31–10.66] and allograft loss [RR 4.95; 

95% CI 3.81–6.43] (16).  

While these meta-analyses demonstrate a clear association of anti-HLA DSA with subsequent 

rejection and allograft loss, this does not necessarily infer a causal relationship. 

However, the pathogenicity of HLA-DSA has been an extensively studied subject in recent years and 

a recent extensive literature review by Callemeijn et al. (17) has attempted to untangle association 

from causation. They assessed this proposed causal relationship between anti-HLA DSA and 

microvascular inflammation, which is typically associated with ABMR, through the Bradford-Hill 

criteria, which can be used as guide for causal inference in epidemiological research. This 

assessment indeed shows that most criteria are met. As there is a biological plausible explanation in 

that endoluminal interaction of circulating antibodies with donor endothelium allows for a direct 

effect, which has been demonstrated in murine models. (18) Here, rejection could be induced in 

cardiac transplants after passive transfer of anti-HLA DSA. In clinical studies, HLA-DSA are strongly 

and consistently associated with incidence of microvascular inflammation in several independent 

cohorts (15, 16, 19). Furthermore similar associations between anti-HLA DSA and ABMR have been 
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found in various types of organ transplants (12) and both preformed and dnDSA seem to be able to 

predict occurrence of ABMR (20, 21). Some Bradford-Hill criteria are not fully met. As there is no 

clear demonstrable biological gradient, considering that there is no clear relationship between 

antibody titre and occurrence of ABMR or graft failure. (22) Lastly, reversibility has not yet been 

convincingly demonstrated. While there were short term beneficial effects of plasma exchange and 

IVIG on acute ABMR, effects on more chronic or late ABMR are variable. (23) Nonetheless, there 

seems to be clear preclinical and clinical evidence of a causal relation between anti-HLA DSA and 

ABMR. 

 

Yet despite this causal relationship, not all recipients with preformed DSA or dnDSA seem to 

progress to graft failure or even ABMR. (24, 25) 

Mechanisms at the molecular level have been proposed to explain this phenomenon that would 

classify some DSA as indolent or even anti-inflammatory. This could be partly related to specific 

characteristics of the Fc fragment of IgG DSA or its IgG subtype, as outlined in previous reviews and 

studies. (26-30) Additionally, isotype switch has been proposed as an alternative protective 

explanation but this has not been corroborated. (31) Yet, multiple cellular pathways have been 

implicated in the development of ABMR, not all of which are dependent on binding of the Fc-

fragment (27, 32). Some have hypothesized that in some patients, DSA may in fact be 

“accommodating” as their interaction with the endothelium leads to upregulation of complement 

regulatory proteins, instead of inflammatory ones. (33-35) This could be akin to the process 

commonly seen in ABO-incompatible transplants. Yet what ultimately determines which pathway, 

regulatory or inflammatory, is activated has not yet been fully uncovered. Lastly, there may be a role 

for regulatory T and B-cells. (36, 37) 

It is thus clear that while a causal relationship between HLA-DSA and ABMR can be inferred, there is 

still much unknown regarding the underlying pathological mechanisms of this relationship. 

Moreover, it must also be mentioned that not all patients with microvascular inflammation, 

indicative of injury attributed as being “antibody-mediated”, have measurable levels of anti-HLA 

DSA. The entity known as HLA-DSA negative ABMR by definition suggests factors other than HLA DSA 

can mediate microvascular inflammation. 

This could perhaps still be explained by HLA-DSA which are not measurable in assays on peripheral 

blood, as they could be locally produced in the allograft or they are fully adsorbed from the 

bloodstream into the allograft. (38) Though the latter of these hypotheses has not yet been 
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corroborated as only seven patients have ever been described with measurable DSA in the eluate of 

their allograft but not in serum analysis. (39, 40)  

Alternatively, other causal factors may be at play in patients with HLA-DSA negative ABMR.  

The role of non-HLA DSA has also previously been described and implicated as a causal factor (41-

44), though much is still unknown regarding which non-HLA loci are particularly harmful and how 

mismatches in these loci eventually induce rejection in the graft.  

Antibody-independent mechanisms could also be responsible for occurrence of microvascular 

inflammation. As NK-cells may induce this histological entity through a “missing self” mechanism 

when interacting with donor endothelium. (45, 46) Additionally, pre-clinical evidence has emerged 

showing that monocytes may also have direct allo-recognizing properties which could induce 

microvascular inflammation. (47, 48) 

Lastly, there may a pivotal role for T-cells, as multiple studies have associated previous T-cell 

mediated rejection with development of DSA. (21, 49-51) This role of T-cells perhaps further 

questions the current dichotomized view on rejection (i.e. either TCMR or ABMR). As eloquently 

summarized by Callemeijn et al. (17), it does not explain the heterogeneity of kidney transplant 

rejection in terms of serology, molecular changes, immune infiltrate composition, treatment 

response, and the presence of mixed rejection. 

This summary of studies shows that there are likely multiple individual pathways, not all of which are 

fully understood, that eventually lead to microscopic injury that is currently defined as ABMR by 

Banff’19 criteria, with certain amounts of crosstalk between them.  

Nonetheless, regardless of the incompletely understood natural history of ABMR, anti-HLA DSA are 

still significantly associated with, and predictive of it and clinicians should be aware of this.  

References: 

15. Mohan S, Palanisamy A, Tsapepas D, Tanriover B, Crew RJ, Dube G, et al. Donor-specific 
antibodies adversely affect kidney allograft outcomes. J Am Soc Nephrol. 2012;23(12):2061-71. 
16. Sharma A, Lewis JR, Lim WH, Palmer S, Strippoli G, Chapman JR, et al. Renal transplant 
outcomes and de novo donor-specific anti-human leukocyte antigen antibodies: a systematic review. 
Nephrol Dial Transplant. 2018;33(8):1472-80. 
17. Callemeyn J, Lamarthee B, Koenig A, Koshy P, Thaunat O, Naesens M. Allorecognition and 
the spectrum of kidney transplant rejection. Kidney Int. 2022;101(4):692-710. 
18. Wasowska BA, Qian Z, Cangello DL, Behrens E, Van Tran K, Layton J, et al. Passive transfer of 
alloantibodies restores acute cardiac rejection in IgKO mice. Transplantation. 2001;71(6):727-36. 
19. Bouquegneau A, Loheac C, Aubert O, Bouatou Y, Viglietti D, Empana JP, et al. Complement-
activating donor-specific anti-HLA antibodies and solid organ transplant survival: A systematic review 
and meta-analysis. PLoS Med. 2018;15(5):e1002572. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

20. Senev A, Lerut E, Van Sandt V, Coemans M, Callemeyn J, Sprangers B, et al. Specificity, 
strength, and evolution of pretransplant donor-specific HLA antibodies determine outcome after 
kidney transplantation. Am J Transplant. 2019;19(11):3100-13. 
21. Wiebe C, Gibson IW, Blydt-Hansen TD, Karpinski M, Ho J, Storsley LJ, et al. Evolution and 
clinical pathologic correlations of de novo donor-specific HLA antibody post kidney transplant. Am J 
Transplant. 2012;12(5):1157-67. 
22. Tambur AR, Wiebe C. HLA Diagnostics: Evaluating DSA Strength by Titration. Transplantation. 
2018;102(1S Suppl 1):S23-S30. 
23. Schinstock CA, Mannon RB, Budde K, Chong AS, Haas M, Knechtle S, et al. Recommended 
Treatment for Antibody-mediated Rejection After Kidney Transplantation: The 2019 Expert 
Consensus From the Transplantion Society Working Group. Transplantation. 2020;104(5):911-22. 
24. Djamali A, Kaufman DB, Ellis TM, Zhong W, Matas A, Samaniego M. Diagnosis and 
management of antibody-mediated rejection: current status and novel approaches. Am J Transplant. 
2014;14(2):255-71. 
25. Lefaucheur C, Viglietti D, Mangiola M, Loupy A, Zeevi A. From Humoral Theory to Performant 
Risk Stratification in Kidney Transplantation. J Immunol Res. 2017;2017:5201098. 
26. Anthony RM, Wermeling F, Ravetch JV. Novel roles for the IgG Fc glycan. Ann N Y Acad Sci. 
2012;1253:170-80. 
27. Valenzuela NM, McNamara JT, Reed EF. Antibody-mediated graft injury: complement-
dependent and complement-independent mechanisms. Curr Opin Organ Transplant. 2014;19(1):33-
40. 
28. Freitas MC, Rebellato LM, Ozawa M, Nguyen A, Sasaki N, Everly M, et al. The role of 
immunoglobulin-G subclasses and C1q in de novo HLA-DQ donor-specific antibody kidney 
transplantation outcomes. Transplantation. 2013;95(9):1113-9. 
29. Lefaucheur C, Viglietti D, Bentlejewski C, Duong van Huyen JP, Vernerey D, Aubert O, et al. 
IgG Donor-Specific Anti-Human HLA Antibody Subclasses and Kidney Allograft Antibody-Mediated 
Injury. J Am Soc Nephrol. 2016;27(1):293-304. 
30. Pernin V, Bec N, Beyze A, Bourgeois A, Szwarc I, Champion C, et al. IgG3 donor-specific 
antibodies with a proinflammatory glycosylation profile may be associated with the risk of antibody-
mediated rejection after kidney transplantation. Am J Transplant. 2022;22(3):865-75. 
31. Car H, Karahan GE, Dreyer GJ, Brand-Schaaf SH, de Vries APJ, van Kooten C, et al. Low 
incidence of IgA isotype of HLA antibodies in alloantigen exposed individuals. HLA. 2021;97(2):101-
11. 
32. Chong AS, Rothstein DM, Safa K, Riella LV. Outstanding questions in transplantation: B cells, 
alloantibodies, and humoral rejection. Am J Transplant. 2019;19(8):2155-63. 
33. Kenta I, Takaaki K. Molecular Mechanisms of Antibody-Mediated Rejection and 
Accommodation in Organ Transplantation. Nephron. 2020;144 Suppl 1:2-6. 
34. Iwasaki K, Miwa Y, Ogawa H, Yazaki S, Iwamoto M, Furusawa T, et al. Comparative study on 
signal transduction in endothelial cells after anti-a/b and human leukocyte antigen antibody 
reaction: implication of accommodation. Transplantation. 2012;93(4):390-7. 
35. Iwasaki K, Miwa Y, Uchida K, Kodera Y, Kobayashi T. Negative regulation of HLA-DR 
expression on endothelial cells by anti-blood group A/B antibody ligation and mTOR inhibition. 
Transpl Immunol. 2017;40:22-30. 
36. Cherukuri A, Salama AD, Mehta R, Mohib K, Zheng L, Magee C, et al. Transitional B cell 
cytokines predict renal allograft outcomes. Sci Transl Med. 2021;13(582). 
37. Ding Q, Yeung M, Camirand G, Zeng Q, Akiba H, Yagita H, et al. Regulatory B cells are 
identified by expression of TIM-1 and can be induced through TIM-1 ligation to promote tolerance in 
mice. J Clin Invest. 2011;121(9):3645-56. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

38. Thaunat O, Patey N, Caligiuri G, Gautreau C, Mamani-Matsuda M, Mekki Y, et al. Chronic 
rejection triggers the development of an aggressive intragraft immune response through 
recapitulation of lymphoid organogenesis. J Immunol. 2010;185(1):717-28. 
39. Bachelet T, Couzi L, Lepreux S, Legeret M, Pariscoat G, Guidicelli G, et al. Kidney intragraft 
donor-specific antibodies as determinant of antibody-mediated lesions and poor graft outcome. Am 
J Transplant. 2013;13(11):2855-64. 
40. Courant M, Visentin J, Linares G, Dubois V, Lepreux S, Guidicelli G, et al. The disappointing 
contribution of anti-human leukocyte antigen donor-specific antibodies characteristics for predicting 
allograft loss. Nephrol Dial Transplant. 2018;33(10):1872. 
41. Cardinal H, Dieude M, Brassard N, Qi S, Patey N, Soulez M, et al. Antiperlecan antibodies are 
novel accelerators of immune-mediated vascular injury. Am J Transplant. 2013;13(4):861-74. 
42. Dragun D, Muller DN, Brasen JH, Fritsche L, Nieminen-Kelha M, Dechend R, et al. Angiotensin 
II type 1-receptor activating antibodies in renal-allograft rejection. N Engl J Med. 2005;352(6):558-
69. 
43. Lefaucheur C, Viglietti D, Bouatou Y, Philippe A, Pievani D, Aubert O, et al. Non-HLA agonistic 
anti-angiotensin II type 1 receptor antibodies induce a distinctive phenotype of antibody-mediated 
rejection in kidney transplant recipients. Kidney Int. 2019;96(1):189-201. 
44. Pineda S, Sigdel TK, Chen J, Jackson AM, Sirota M, Sarwal MM. Novel Non-Histocompatibility 
Antigen Mismatched Variants Improve the Ability to Predict Antibody-Mediated Rejection Risk in 
Kidney Transplant. Front Immunol. 2017;8:1687. 
45. Callemeyn J, Senev A, Coemans M, Lerut E, Sprangers B, Kuypers D, et al. Missing Self-
Induced Microvascular Rejection of Kidney Allografts: A Population-Based Study. J Am Soc Nephrol. 
2021;32(8):2070-82. 
46. Koenig A, Chen CC, Marcais A, Barba T, Mathias V, Sicard A, et al. Missing self triggers NK 
cell-mediated chronic vascular rejection of solid organ transplants. Nat Commun. 2019;10(1):5350. 
47. Kitchens WH, Chase CM, Uehara S, Cornell LD, Colvin RB, Russell PS, et al. Macrophage 
depletion suppresses cardiac allograft vasculopathy in mice. Am J Transplant. 2007;7(12):2675-82. 
48. Qi F, Adair A, Ferenbach D, Vass DG, Mylonas KJ, Kipari T, et al. Depletion of cells of 
monocyte lineage prevents loss of renal microvasculature in murine kidney transplantation. 
Transplantation. 2008;86(9):1267-74. 
49. Chemouny JM, Suberbielle C, Rabant M, Zuber J, Alyanakian MA, Lebreton X, et al. De Novo 
Donor-Specific Human Leukocyte Antigen Antibodies in Nonsensitized Kidney Transplant Recipients 
After T Cell-Mediated Rejection. Transplantation. 2015;99(5):965-72. 
50. Schinstock CA, Cosio F, Cheungpasitporn W, Dadhania DM, Everly MJ, Samaniego-Picota MD, 
et al. The Value of Protocol Biopsies to Identify Patients With De Novo Donor-Specific Antibody at 
High Risk for Allograft Loss. Am J Transplant. 2017;17(6):1574-84. 
51. Wan SS, Chadban SJ, Watson N, Wyburn K. Development and outcomes of de novo donor-
specific antibodies in low, moderate, and high immunological risk kidney transplant recipients. Am J 
Transplant. 2020;20(5):1351-64. 

 

 

PICO 3: 

Overarching question: Are we able to identify latent rejection through DSA 
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screening before overt dysfunction occurs? 

 

Sub-PICO(s):  

In renal transplant recipients (P), is development of dnDSA or prevalence of 

preformed DSA (I) associated with subclinical rejection (O) compared to those 

without DSA (C)? 

 

In renal transplant recipients with subclinical DSA (P), can allograft biopsy 

guided by DSA development/evolution (I) identify subclinical rejection in an 

earlier pathological stage (O) compared to biopsies in the event of more overt 

dysfunction (C)?  

Upon detection of a DSA, efforts should be made to determine its 

pathogenicity and the impact on prognosis. (2C) 

& 

DSA can be a signal for underlying microscopic injury, indicative of subclinical 

rejection, which can be identified through allograft biopsy. (1C) 

Seminal papers by Wiebe et al. (21, 52) have shown in a large single-center cohort of 506 patients 

with protocol biopsies at 6 months post-transplant and in case of dnDSA development, as well as 

indication biopsies that of 64 patients who developed dnDSA, 45 were subclinical patients. 

Moreover, development subclinical dnDSA was independently associated with increased risk of 

transplant glomerulopathy (and thus chronic ABMR), renal functional decline and allograft loss 

compared to patients with no DSA or graft dysfunction. This indicates that DSA development can 

precede overt rejection and clinical dysfunction of the graft and it can thus be a signal of a latent 

underlying pathological process. This latent rejection process has also been observed in more recent 

studies (Table 1). 

Bertrand et al. (53) recently analyzed 123 patients with subclinical dnDSA in a large French 

retrospective multicenter cohort study with biopsies in case of dnDSA development and found that 
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41.5% of these patients had subclinical ABMR at biopsy. Interestingly, patients with subclinical DSA 

but absent ABMR had significantly lower five years allograft attrition rates than those with rejection 

and additionally had stable eGFR at five years post-transplant, as compared to significant functional 

decline observed in those with subclinical ABMR. 

Loupy et al. (54) showed in a large French single center prospective cohort study, with external 

validation, of 1001 patients with one year protocol biopsies that 13.1% of patients had subclinical 

TCMR and 14.2% of patients had subclinical ABMR. Their primary point of view was the protocol 

biopsy at 1Y posttransplant, including 317 for-cause biopsies, rather than prospective DSA 

monitoring, but all of the patients with subclinical ABMR had DSA. Interestingly, 78% of subclinical 

ABMR cases were related to pretransplant DSA, indicating that both pretransplant DSA and dnDSA 

can underlie a latent pathological process. Notably, patients with subclinical ABMR at one year 

protocol biopsy had a significantly lower eight year allograft survival probability of 56%, compared to 

90% in the group without rejection.  

Schinstock et al. (50) retrospectively analyzed a single center cohort of patients from Minnesota with 

4, 12, 24 and 60 months with serial surveillance biopsies, but included also a number of indication 

biopsies and biopsies at dnDSA development. They found that of the 40 patients who were biopsied 

at the time of dnDSA development, 25%, 7.5% and 20% had underlying active ABMR, chronic ABMR 

and TCMR respectively. Interestingly, upon one year follow up biopsy post DSA detection, the 

prevalence of active ABMR and chronic ABMR had significantly increased to 52.9% and 38.2% 

respectively. Out of the patients with dnDSA, only those with histologic evidence of ABMR at DSA 

detection or on subsequent biopsy had increased incidence of graft failure. As 21% of patients with 

ABMR and DSA had eventual graft failure as compared to 0% of patients with DSA but absent ABMR. 

Although the follow-up time for this comparison was only a mean of 3.2 ± 2.0 years.  

In contrast, a study by Yamamoto et al (55) reported from a smaller retrospective Japanese cohort 

study of 43 patients with dnDSA without graft dysfunction. They found 41.8% of patients had 

subclinical ABMR. Eight of 25 patients without subclinical AMBR at the index biopsy had a 

subsequent biopsy at two years post-index biopsy and none showed subsequent development of 

ABMR. Only one of these eight patients had deteriorating creatinine clearance and proteinuria, 

though this patient had recurrence of IgA nephropathy. 

Parajuli et al. (56) showed in an American retrospective single center cohort study of 45 patients 

with indication biopsies and in case of dnDSA development that of 29 patients with subclinical 

dnDSA, 15 (51%) had underlying rejection. Of those rejections, 60% were AMR, but 20% and 20% 
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were TCMR and mixed rejection respectively. Patients with clinical rejection and DSA had much 

lower rates of ABMR at 14%, compared to 43% and 43% for respectively TCMR and mixed rejection.  

Waldecker et al (57). retrospectively studied 84 German patients with indication biopsies or in case 

of dnDSA development from a single centre and found that out of 50 patients with subclinical 

dnDSA, 44% had ABMR, 15% had TCMR, 12% had mixed rejection and 15% had borderline rejection. 

In clinical dnDSA patients, 50% had ABMR, 12% had TCMR, 26% had mixed rejection and 8% had 

borderline rejection, though these differences with subclinical patients were not significant. 

Although not all of these studies were performed from the perspective of prospective DSA 

monitoring but some rather from the perspective of protocol or surveillance biopsies, these studies 

all indicate that subclinical DSA can be a signal for latent rejection in almost 50% of biopsies with ~ 

10-20% of TCMR and 15-40% of ABMR. Though, as stated before, not all patients who develop DSA 

seem to lose the graft or even show declining allograft function.  

The studies by Bertrand et al. (53), Yamamoto et al (55). and Schinstock et al (50). suggest that 

within patients with subclinical DSA and subclinical rejection, the histology might have important 

prognostic value in terms of pathogenicity and prognosis. This was corroborated by Parajuli et al (58) 

in a retrospective cohort of 587 patients without rejection at initial protocol or indication biopsies 

that there was no difference in five years allograft loss between DSA positive and DSA negative 

patients, albeit that de novo DSA positivity in patients with negative index biopsies was associated 

with subsequent rejection. This might suggest that the follow-up period might have been too short. 

Additionally, a study by Hayde et al (59). found that the rate of allograft loss was lower in DSA 

positive patients without histological features of rejection compared to patients with histological 

features. Interestingly, gene expression profiles of the kidney histology were comparable between 

the two groups in terms of aspects related to alloimmunity. However, the gene expression profile of 

whole blood showed increased gene transcripts related to alloimmunity in DSA positive patients 

with ABMR, but not in DSA positive patients without ABMR. These results seem to suggest that there 

might a local but not a systemic alloimmune response to the allograft of DSA-positive patients 

without histological signs of rejection. It was speculated that perhaps the initial local alloimmune 

response is necessary in order to develop a regulatory profile, though this has thus far not been 

corroborated. 

Whilst DSA positivity may provide an initial prompt to further investigate the transplant recipient 

through an allograft biopsy, the allograft biopsy itself may provide additional prognostic information 
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beyond the DSA positivity or rejection diagnosis. 

Kim et al. (60) showed in a prospective cohort study of 215 patients that while DSA was univariately 

associated with renal function decline, this was no longer statistically significant when analyzed with 

a multivariate model including microvascular inflammation and tubulitis.  

Multiple other studies found significant associations between histological lesions as microvascular 

inflammation, transplant glomerulopathy and tubulitis, and allograft loss in patients with DSA, 

though these studies did not report whether this was independent from DSA prevalence.  

(52, 61, 62). In contrast, the iBox (63) shown that DSA as a prognostic factor contributes significantly 

to other markers of graft function such as proteinuria and eGFR in the overall group, but that 

histology contributed only modestly to prognosis and overall C-statistic. However, the histology 

contributed  importantly to outcome in the subgroup with ABMR [ref]  

These studies therefore suggest that subclinical DSA can not only signal underlying latent rejection 

diagnosis, but that the underlying pathology is also independently important for prognosis.  
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Table 1: Summary of studies on subclinical DSA 
 
ABMR: antibody-mediated rejection; aABMR: active ABMR; cABMR: Chronic ABMR; c.aABMR: Chronic active ABMR; DSA: Donor specific antibody; TCMR: T-cell 
mediated rejection 
*: Proportion of total subclinical DSA patients with a biopsy 
**: Proportion of total patients (Since total subclinical DSA uncertain) 
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Development of dnDSA can signal for subclinical TCMR, which in turn could 

be related to underexposure to immunosuppression (2D) 

 

As shown by Schinstock et al. (50), Parajuli et al (56). and Waldecker et al. (57), in addition to 

signaling ABMR, DSA can seemingly also signal underlying TCMR, which is in line with the thought 

that allogeneic responses may be a part of a rejection continuum. As they showed 10-20% of 

patients with subclinical DSA or at detection of DSA had TCMR. Unfortunately, no biopsies were 

performed in a DSA negative control group in these studies, making it difficult to be certain of the 

precise odds of DSA to signal TCMR risk. However, the association of T-cell mediated injury and 

dnDSA is well described as previous TCMR is an independent risk factor for the development of 

dnDSA (21, 49-51) . This association is hypothesized to be explained by sensitization of the B-cell 

compartment through inflammation induced by the T-cell alloimmunity. (64) 

Since Wiebe et al. (21) correlated both TCMR hallmarks of tubulitis and interstitial inflammation with 

non-adherence in patients with dnDSA, it might be speculated that those dnDSA positive patients 

with TCMR reflect a specific subgroup of patients with underexposure to immunosuppression.  

These patients may additionally have worse prognosis, as Cherukuri et al. (65), showed that in a 

retrospective single center cohort of 294 patients, those DSA positive patients with underlying TCMR 

and non-adherence as determined by high CNI intrapatient variability have significantly worse four 

years allograft survival than adherent DSA positive patients with TCMR, 30% vs 75% respectively. 

Additionally, another study by Schinstock et al. (66) found in a multicenter cohort study of 113 

dnDSA positive patients that non-adherent patients or those who had reduced immunosuppression 

have worse three years post-dnDSA detection allograft survival than adherent DSA positive patients 

on regular maintenance immunosuppression, 70% vs 87.8% respectively. Though they did not note 

whether these underexposed patients had more TCMR related lesions.  

Unfortunately, no studies on the association of TCMR with DSA in renal allograft recipients with 

preformed DSA have been conducted. As such, it is not clear whether the assumptions for dnDSA 

hold true in these patients as well. 
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Allograft biopsies in patients with subclinical DSA show lower ABMR 

chronicity scores compared to patients with allograft dysfunction. (2D) 

 

As shown, studies in which biopsies have been performed in patients with subclinical DSA report a 

prevalence of ABMR in 41-44% of cases. (53, 55-57) Interestingly, the pathological process in these 

patients could show an earlier stage of disease, as a retrospective single center study of 143 ABMR 

patients by Parajuli et al. (67) found that the Banff sum chronicity and cg scores of patients with 

underlying ABMR at biopsy were lower in subclinical ABMR patients, compared to those with ABMR 

and dysfunctioning allografts. Additionally, Wiebe et al. (21) found that no patient with subclinical 

dnDSA had transplant glomerulopathy at biopsy.  

This could indicate that patients with subclinical DSA present with more active ABMR (aABMR) 

instead of chronic active ABMR (c.aABMR) or chronic ABMR (cABMR). 

However, the previously mentioned study by Waldecker et al. (57) was not able to show this 
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difference in respect to cABMR, though this could be related to the very small sample size of 

patients with cABMR. In respect to c.aABMR, they reported a greater proportion of patients with 

clinical dysfunction and dnDSA presented with c.aABMR as compared to those with subclinical 

dnDSA, 28% vs 7%. Though they unfortunately did not report whether this was statistically 

significant.  

Nevertheless, the higher Banff sum chronicity scores and increased transplant glomerulopathy 

observed in subclinical ABMR would fit the theory postulated by Wiebe et al. (21) that ABMR initially 

presents as acute inflammation with gradually increasing chronic lesions.  

This is also suggested in studies by Loupy et al. (54, 68) and Haas et al. (69) which found that patients 

with subclinical ABMR at three months and one year post-transplant have significantly more 

transplant glomerulopathy at follow up biopsies compared to those without rejection on index 

biopsies.  

While these studies give some suggestion that patients with subclinical ABMR have less chronic 

forms of ABMR, the evidence is limited. We therefore recommend that more research be conducted 

to confirm this. 
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PICO 4:  

Overarching question: Are current DSA testing methods suitable for DSA 

screening and can certain DSA characteristics be used to further guide allograft 

biopsy decision making 

In renal transplant recipients are current DSA assessment methods sufficient to 

reliably detect anti-HLA antibodies and its donor specificity 

 

(Sub)Pico’s: 

In renal transplant recipients with subclinical DSA (P), can DSA characteristics 

(MFI, class, IgG subclass, complement binding ability) (I), reliably be used to 

identify patients without rejection (O) compared to allograft biopsy (C)? 

 

 

 

Efforts should be made to standardize testing and reporting of DSA, including 

information on MFI, their plausibility and possible cross-reactive 

antigens/epitopes (Not graded) 

 

In addition to attempting to further stratify the risk that subclinical DSA may incur through allograft 

biopsy, one should also be aware of the inherent limitations of testing of and reporting on DSA. 

Anti-HLA antibody detection and antigen/epitope specificity identification have never been as good 
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as today. HLA antibody assessment using solid phase assays including all major HLA loci are already 

recommended in the 2017 North-American Sensitization in Transplantation: Assessment of Risk 

working group (STAR) report. (70) Albeit beyond the scope of the present consensus report on DSA 

monitoring, efforts should be made to standardize anti-HLA antibody testing and interpretation to 

increase the clinical utility of the current methods. Non-HLA antibodies are beyond the scope of this 

consensus report. Initiatives such as the STAR working group (70, 71) are essential to clarify the 

expectations and limitations of current clinically used DSA detection methods. Standardization, 

within and between centers and between manufacturers is not only a prerequisite in clinical studies 

but also valuable to increase clinical utility in the follow up of individual patients. 

Additionally, when reporting on DSA, crosstalk between the HLA-lab and the clinic is important. 

Clinicians need to receive comprehensive reports in a timely manner while being informed on the 

limitations of individual assays and results. Tissue-typers on the other hand need to understand 

the clinical course of a patient after transplantation. Whereas HLA labs are highly involved in the 

definition of acceptable and unacceptable antigens pretransplant, they are less involved in the 

posttransplant follow up of individual patients. To increase clinical utility (prognostic aspects) and 

validity (diagnosis) feedback should not only go from the lab to clinic but also vice versa resulting 

in both analytical and clinical reporting. This interaction is specifically needed to address the 

potential pitfalls of DSA screening in entity of DSA negative ABMR. 
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Whilst post-transplant monitoring of preformed DSA in patients with stable 

graft function might be helpful, additional clinical and laboratory parameters 

should also be considered when deciding if a biopsy should be performed. 
(2C) 
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Development of dnDSA is a biomarker that could prompt a clinician to further investigate a patient 

for underlying pathology. Here we consider monitoring patients with subclinical preformed DSA. In 

these patients it might be more difficult to determine a prompt to decide on whether or not to 

biopsy. Though these antibodies may gradually disappear from the circulation and it could thus be 

argued that post-transplant persistence of preformed DSA could prompt a biopsy, since most studies 

indicate that persisting preformed DSA incur a higher risk of allograft loss and rejection than cleared 

DSA (20, 72-76), although some studies contradict this conclusion (60, 77). Additionally, studies 

comparing allograft loss in patients with cleared preformed DSA versus no preformed DSA give 

conflicting results. (20, 73, 78). Furthermore, no study has examined the specific predictive test 

characteristics of clearance of preformed DSA. 

This indicates that while persistence of preformed DSA seems detrimental for transplant outcomes 

compared to those with cleared preformed DSA, it is currently not certain whether grafts in patients 

who clear preformed DSA have a survival disadvantage or suffer higher rates of rejection compared 

to grafts in regular non-sensitized patients. 

There is currently little evidence that change in the MFI of preformed DSA in patients with stable 

grafts after the transplant has any predictive value. Although earlier studies showed that an early 

rise in DSA MFI was associated with early ABMR (79, 80), a more recent in depth analysis by Philpott 

et al. (81) of early (<1 month) post-transplant temporal evolution of DSA indicated that it was the 

speed of change in MFI, rather than eventual delta MFI, during the first month, that impacted 

allograft survival. They elegantly showed that patients with modulating preformed DSA (i.e. a rise 

then subsequent fall of MFI) had significantly better allograft survival than patients with sustained 

levels of preformed DSA (i.e. rising MFI and followed by sustained or stable MFI throughout). This 

would indicate that a random point measurement of DSA MFI level in the early post-transplant 

course would provide minimal predictive information, as high delta MFI compared to pre-transplant 

could still be associated with a DSA which is undergoing a modulating course and thus appears to 

incur less risk than a DSA which had a more stable course in MFI. In this study, biopsies were only 

performed in case of allograft dysfunction, so it is difficult to extrapolate these results to patients 

with stable graft function. Considering that the inter-laboratory variation of MFI can be as high as 

62%, delta MFI alone should be interpreted with caution in the absence of other clinical parameters. 

(82) Consensus guidelines of the STAR working group are in line with this notion, as they state that 

any increase of MFI less than 50% is likely to be meaningless in otherwise relaxed situations. (70) 

Furthermore, even if the results of Philpott et al. could be extrapolated to subclinical patients, they 
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would only support careful monitoring in the first month post-transplant, as allograft survival was 

dependent on the type of evolution of DSA in that month. Unfortunately, no studies have analyzed 

associations between late evolution in preformed DSA MFI and transplant outcomes. 

This leads to the conclusion that although patients with preformed DSA and stable grafts can have 

latent rejection, there is currently no evidence to support the notion that monitoring these DSA 

provides a prompt to initiate further investigation of the patient. 

Instead, these patients might benefit from protocol biopsies, as advised by previous guidelines (2, 

83), or, perhaps benefit from a screening strategy combining serum dd-cfDNA or alternative non-

invasive biomarkers, as discussed in the next paragraph, to risk stratify the DSA and aid decision-

making for conducting a biopsy.  

However, both of these methods are unrelated to the validity of DSA monitoring and these are 

therefore beyond the scope of this consensus review. 
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DSA MFI levels or complement binding ability (C1q, C4d, C3d) should not 

influence decision-making regarding whether a biopsy in patients with 

subclinical dnDSA should be omitted, but other non-invasive markers may 

increase predictive value in the future (2C)  

 

While development of subclinical dnDSA may prompt further investigation of the patient, it would 

be of interest to define other factors that would help further stratify the risk of underlying graft 

pathology. As this may prevent needless allograft biopsies in patients with subclinical DSA. 

Multiple studies have associated certain characteristics of DSA with worse outcomes, such as MFI 

level (sum of all DSA MFI or highest individual MFI) (52, 60, 84-88), certain IgG subclasses (28, 29, 

89), or complement binding ability (C1q, C4d, C3d) (19). However, most studies do not provide 

information on the negative predictive value of these characteristics, which would be the parameter 

of interest in deciding on whether to omit a biopsy. 

Unfortunately, few studies have been conducted which study these test parameters. Although 

Eskandary et al. (90) retrospectively studied 86 patients with subclinical DSA from a single center and 

associated highest MFI, sum of MFI and complement binding ability with underlying ABMR, the 
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respective individual C-statistics, which measure the accuracy in discrimination of the outcome, 

were moderate at best for each characteristic (Highest C-statistic: 0.77, 0.75, 0.65 respectively). 

Additionally, a combined model of maximum or sum of MFI and either C1q, C4d or C3d positivity did 

not significantly improve the predictive power of the base model of only the MFI.  

When analyzing test parameters for a range of highest and sum of MFI, they found that while a 

higher cutoff of >5000 or >10000 enjoyed a higher specificity for ABMR (0.86 and 0.99 for both MFI 

characteristics), the sensitivity drastically reduced from 0.82, 0,84 to 0.34, 0.43 and 0.30, 0.27 

respectively. When analyzing these test parameters with the average reported prevalence of 

underlying ABMR at detection of dnDSA (43%) without taking patients into account with only 

underlying TCMR, the negative predictive value is still low (MFI>5000 0.63, 0.67; MFI>10000 0.64, 

0.65, for maximum MFI and sum of MFI respectively). This indicates at least 30% of underlying ABMR 

would be missed by preclusion of a biopsy based on MFI cutoffs >5000 in subclinical patients.  

Another study by Viglietti et al. (91) performed similar analyses with allograft loss as outcome in 186 

patients with both subclinical and clinical DSA. They found an equally moderate C statistic regarding 

maximum MFI in the total group of patients with post-transplant DSA (0.72). This was only 

marginally better in specifically dnDSA+ patients (0.75). No analysis regarding specific MFI cut-offs 

was performed. 

While C1q binding was found to significantly increase the fit of the base model, the numerical 

increase in C-statistic was a marginal 0.028 in dnDSA+ patients. (0.751 to 0.779) 

Interestingly, IgG3 positivity strongly increased the fit of the model with improvement of the C-

statistic from 0.75 to 0.88. Yet this specific characteristic was predominately present in patients 

whose dnDSA was detected after development of allograft dysfunction. In patients whose dnDSA 

was detected as a part of regular annual screening, only 2% of patients were IgG3 positive, yet 74% 

and 57% of these patients had a form of ABMR at biopsy one and two years post-transplant 

respectively.  

These studies indicate that while some test characteristics such as higher MFI or IgG3 positivity 

might increase the likelihood of underlying pathology in dnDSA positive patients with stable grafts, 

absence of these characteristics also definitely do not exclude it. Currently, it seems therefore that 

none of these studied DSA characteristics can be used reliably to preclude a biopsy in patients with 

subclinical DSA. 

We therefore do not recommend utilizing these DSA characteristics as an aid in deciding if a biopsy 

of patients with subclinical dnDSA could be omitted. 
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Mention should be made of the additional prognostic value of non-invasive markers of allograft 

tissue damage such as donor-derived cell-free DNA (dd-cfDNA) or urinary chemokines in the 

prediction of ABMR in patients with subclinical DSA. A meta-analysis has implicated that ABMR 

causes release of dd-cfDNA into the circulation which results in 10-fold increase of the median 

fraction of dd-cfDNA as compared to transplant recipients without rejection. (92) Interestingly 

though, patients with TCMR had no significantly increased fraction of dd-cfDNA.  

While these biomarkers themselves are unrelated to the validity of DSA screening, recent studies 

have shown additional prognostic value for specifically underlying ABMR when both methods are 

combined in a single model.  

In regards to dd-cfDNA, Jordan et al. (93) found significantly higher amounts of dd-cfDNA in DSA 

positive patients with ABMR, compared to DSA positive patients without ABMR. Additionally, a dd-

cfDNA fraction cut-off of 1% in serum provided a very good C-statistic of 0.86 in discriminating ABMR 

in DSA-positive patients, which corresponded with a negative predictive value of 83% and a positive 

predictive value of 81%. 

Moreover, a study by Mayer et al, (94) who analyzed a subset of the cohort analyzed in the study by 

Eskandary et al. (90), found that a combined model of DSA MFI and dd-cfDNA had an excellent C-

statistic of 0.92 in discriminating between ABMR and no ABMR in subclinical DSA positive patients. 

This was a significant improvement over models only using DSA MFI or only using dd-cfDNA. Though 

no positive or negative predictive value was provided for this combined model. 

Finally, a recent study by Obrișcă et al. (95), showed that a combined model of dd-cfDNA fraction >1 

and dnDSA MFI >2500 had excellent predictive performance for ABMR with positive predictive value 

of 0.94 and negative predictive value of 0.92. 

In regards to urinary chemokine excretion, Rabant et al (96). showed that a combined model of 

urinary CXCL10 expression and DSA MFI improved the C-statistic of the base model of only the MFI 

from 0.72 to 0.82. Notably, the negative predictive value was reported as high at >90%. 

Tinel et al. (97) analyzed a predictive model containing urinary CXCL9 and CXCL10 excretion, in 

addition to DSA MFI, eGFR and certain patient characteristics and reported a C-statistic of 0.81 in 

patients with stable grafts and 0.85 in patients with graft dysfunction. Notably, they reported that 

the model could help avoid 58 out of 100 unnecessary biopsies in patients with stable grafts, when 

taking a <10% risk of missing acute rejection for granted. 

These studies indicate that non-invasive biomarkers in patients with subclinical DSA could perhaps 

be utilized in decision-making for performing a biopsy. However, it must be noted that the total DSA 
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positive population included in these studies was low and further validation is thus needed. 

Furthermore, not all transplant centers currently have access to such tests in routine diagnostics. 

Nonetheless, non-invasive biomarkers seem promising and we recommend more research be 

conducted to confirm its risk-stratifying properties in relation to subclinical DSA positivity. 
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PICO 5:  

Overarching question: Is treatment for patients with subclinical DSA or 

subclinical rejection defined? 

 

SubPICOs: 

In renal transplant recipients with subclinical DSA who have not yet been 

biopsied (P), is treatment of any kind (I) compared to no treatment (C) 

beneficial for transplant outcome (O) (allograft loss, clinical rejection risk) 
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In renal transplant recipients with rejection (ABMR or TCMR) (P), is treatment 

in the subclinical phase (I) more beneficial to transplant outcome (O) (allograft 

loss/kidney function) compared to treatment in case of overt dysfunction (C)? 

 

We recommend optimization of maintenance therapy, including addressing 

non-adherence in patients who develop subclinical dnDSA. Additional 

treatment should only be considered after performing an allograft biopsy. 
(1C)  

 

Optimization of maintenance therapy, which includes promoting adherence, reintroduction of 

steroids and maintaining tacrolimus trough levels >5 ng/mL, has been recommended in previous 

consensus statements for the treatment of ABMR and TCMR. (23) Additionally, Cherukuri et al. (65) 

showed the detrimental effects of non-adherence in DSA+ patients with TCMR.  

Moreover, the consensus on managing modifiable risk in transplantation (COMMIT) working group 

has reported on non-adherence and underexposure to immunosuppression as pivotal risk factors for 

poor transplant outcomes. (98) 

While not all patients with subclinical dnDSA have underlying rejection, development of dnDSA in 

itself has been heavily correlated in multiple studies to current underexposure to 

immunosuppression. (52, 65, 66, 99-102) This subsequently implies that while the DSA might not 

always signal for underlying microscopically observable rejection, it may indeed still signal 

underexposure to immunosuppression, which should be addressed. Studies showing that non-

adherent/underexposed DSA positive patients have worse allograft survival than DSA positive 

patients with adequate exposure support this notion. (52, 66) We therefore recommend that all 

patients who develop subclinical dnDSA should be treated by optimization of maintenance therapy 

according to local protocols, regardless of underlying histology, if toxicity and side-effects allow for 

such optimization. The ultimate goal is to optimize graft survival which includes taking into account 

competing mortality risk from infections, malignancies, and other toxicities. 

Some evidence has emerged regarding the effectiveness of conversion from a CNI based 
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immunosuppressive regime to regimes based on costimulation blockade through belatacept. (103) 

Perhaps optimization of maintenance therapy could entail this strategy, as it would effectively 

eliminate occult non-adherence due to the fact that belatacept is administered intravenously. 

Additionally, its immunological mode of action may be more fitted for patients who have already 

developed a dnDSA as it interrupts T-follicular helper - B-cell interaction and could thus decrease B-

cell stimulation and reduce DSA formation. (104) Some studies have shown effectiveness of 

belatacept on DSA levels and on the (lower) incidence of ABMR in sensitized patients. (103-106) The 

incidence of TCMR was however significantly increased, especially in patients converted within the 

first year post-transplant. 

We therefore recommend more research be conducted on the role of costimulation blockade as a 

means to optimize maintenance therapy in patients with subclinical DSA. 

 

In regards to further pre-emptive treatment of patients with subclinical dnDSA, evidence is lacking. 

Only one small cohort study has been identified, in which patients with subclinical DSA were treated 

with bortezomib, plasmapheresis (PP), IVIG and corticosteroids without performing a biopsy to 

confirm rejection. (107) 

While this study showed that patients who achieved DSA clearance had more stable two year 

allograft function compared to those with persistent DSA, no control group was included and thus it 

cannot be concluded that improvement in outcome was due to the treatment. 

Furthermore, irrespective of efficacy, subjecting all patients with subclinical dnDSA to such a strong 

and broadly targeting immunosuppressive regimen might be difficult to justify, considering that 15-

48% of this population have no underlying observable histological injury and thus appear to have 

good allograft survival. (50, 56, 57) 

Lastly, subclinical DSA provide a signal for increased risk of various types of rejection. Identification 

of the type of rejection through a biopsy will ensure that patients with underlying cell-mediated 

rejection are not unnecessarily subjected to therapy aimed at antibodies and vice versa.  

We therefore do not recommend additional pre-emptive treatment of patients with subclinical 

dnDSA, over and above optimization of maintenance therapy, without performing an additional 

allograft biopsy. 

 

Whether a DSA screening program in subclinical patients is acceptable for this population largely 

depends on whether the proposed benefits of earlier treatment outweigh the projected risks of case 
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finding and whether subsequent treatment can improve prognosis. 

The risk of DSA screening itself is negligible and the risk that renal allograft biopsies pose seems 

acceptable to many in the field. While bleeding related complications are not uncommon, the rate of 

serious complications is well below 0.5%, indicating that this is a safe procedure in most patients. 

(108, 109) Though certain comorbidities might increase this risk and thus the clinician should 

evaluate this per individual patient.  

Nevertheless, these low risks still need to be weighed against the potential benefits of such a biopsy.  

We will discuss the benefits of treatment as guided by biopsy below, though it should be stressed 

that clinical judgement should always be employed to determine if individual patients are in fact 

eligible for these treatments before deciding to perform such biopsies. 

For preformed DSA, the decision to biopsy subclinical patients appears unguidable by sole 

monitoring of these preformed DSA, therefore the proposed benefits of early treatment in these 

patients cannot be attributed to the monitoring strategy itself. Thus, only the proposed benefits of 

early treatment of subclinical patients with dnDSA will be evaluated. 

Patients with underlying subclinical TCMR have the best evidence for gained benefit, as the basis for 

treating cell-mediated rejection is well-established. In regards to subclinical TCMR specifically, a 

literature review by Mehta et al. (110) showed that most available studies (111-113) at the time 

showed that untreated subclinical TCMR leads to worse graft function. (Table 2) 

In addition to these studies, Choi et al. (114) showed in a retrospective study of 304 patients with 

two weeks post-transplant protocol biopsies that patients with untreated early subclinical TCMR had 

significantly lower ten years allograft survival compared to non-rejectors (62.3% vs 96.2%). 

Rush et al. (115) showed in a randomized trial of 72 patients that treatment of early subclinical 

TCMR as detected by protocol biopsy at one, two, three and six months post-transplant leads to 

lower chronicity scores, less late rejections and more stable and lower creatinine levels at two years 

post-transplant than patients who were only biopsied at 6 months post-transplant. Another RCT by 

Kurtkoti et al. (116) showed similar results in regards to lower creatinine levels at 6 and 12 months.  

While these older studies could be criticized that they were conducted before the tacrolimus era and 

are thus less applicable to current practice, recent studies also suggest that treatment may have 

beneficial effects. For instance, studies by Loupy et al. (54) and Hoffman et al. (117) showed no 

significant difference in delta creatinine, odds of 50% eGFR loss or allograft survival between 

subclinical TCMR patients treated standardly with pulse steroids and a control group without TCMR 

at protocol biopsy.  
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An additional recent study by Seifert et al. (118) utilizing protocol biopsies at 3 and/or 6 months in 

120 pediatric patients, showed that untreated subclinical borderline TCMR patients had decreased 

freedom from a composite endpoint of death censored graft loss and acute rejection at 5 years post-

transplant compared to patients without inflammation at biopsy. However, this was not observed in 

a subcohort who received treatment (at the discretion of the attending physician), in whom there 

was no difference in the composite endpoint compared to those without inflammation. This 

suggests that treating subclinical borderline rejection may be beneficial. In contrast, subclinical cases 

in which inflammation met BANFF criteria for TCMR were all treated in this study, but still had 

significantly increased risk of meeting the composite endpoint compared to cases without 

inflammation. However, due to the retrospective nature of this study, the absence of a control 

untreated subclinical TCMR group, and with few cases having >2 year follow up, it is difficult to make 

too many conclusions from this finding. 

The study by Choi et al (114) showed that allograft loss was mainly attributed to chronic allograft 

nephropathy (CAN). Other studies also associated untreated TCMR with development of CAN. (119-

121). This term has long been dismissed by Banff pathology consensus as it did not encompass any 

attempt to attribute etiology of disease process. However it is now recognized that antibody 

mediated injury is an important contributor of what was then known as CAN (122), so it could be 

speculated that early intervention in subclinical TCMR leads to less antibody mediated injury, or 

perhaps even prevents it. Though this cannot definitively be determined from the results published 

by these older studies.  

There are currently no guidelines on the treatment of subclinical TCMR. A recent systematic review 

and meta-analysis by Ho et al. (123) showcases the effectiveness of treatment, but also the wide 

variety of treatment regimens that are employed throughout different transplant centers. This is 

likely related to the scarcity in RCTs on this topic. Previous research suggests that a maintenance 

immunosuppression regimen consisting of tacrolimus and mycophenolate mofetil or analogues is 

optimal for reducing the risk of chronic histological injury. (114, 121, 124) This is likely in line with 

the current recommendation on optimization of maintenance immunosuppression. 

Rush et al. (115) and others (54, 116, 117, 125) showed the effectiveness of a short-term steroid 

pulse.  

Nonetheless, the effectiveness of treatment seen in the meta-analysis by Ho et al. (123) on patients 

with subclinical TCMR simultaneously shows that there is still room for improvement, as histological 

response rates are not optimal and the known complications of steroid pulses are well-described. 
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More randomized trials are urgently needed to improve our understanding of optimal treatment of 

subclinical TCMR.  
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In regards to treating patients with subclinical dnDSA without underlying observable rejection at 

allograft biopsy, Matignon et al. (126) treated patients with IVIG in a small randomized trial. They did 

not find any significant difference in regards to allograft survival or subsequent rejection in the 

group randomized to IVIG compared to a historical control group. No other studies have been 

conducted which examined treatment of patients with subclinical dnDSA without underlying 

observable rejection at biopsy. 

 

Table 2: Summary of studies on outcome of treated and untreated subclinical TCMR 
CAN: Chronic allograft nephropathy; ci: Interstitial fibrosis; ct: Tubular atrophy; CsA: Ciclosporin; DCGS: Death-censored graft survival RCT: Randomized 
controlled trial; TAC: Tacrolimus; TCMR: T-cell mediated rejection B-TCMR: Borderline TCMR 
(Continues on next page) 

Table 2 (continued): Summary of studies on outcome of treated and untreated subclinical TCMR 
CAN: Chronic allograft nephropathy; ci: Interstitial fibrosis; ct: Tubular atrophy; CsA: Ciclosporin; DCGS: Death-censored graft survival RCT: Randomized 
controlled trial; TAC: Tacrolimus; TCMR: T-cell mediated rejection B-TCMR: Borderline TCMR 
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In respect to treating patients with subclinical dnDSA and underlying ABMR, the evidence is less 

substantial than for subclinical TCMR. As stated before, some evidence suggests that these patients 

present with lower chronicity scores and less transplant glomerulopathy, indicating less chronic 

forms of ABMR.  

Management of ABMR is dependent on the subtype, as has been extensively reviewed in a recent 

consensus paper by Schinstock et al. (23) This concluded that there is very little evidence of efficacy 

of current treatment protocols for chronic ABMR in patients with dnDSA, although IL-6 inhibition has 

shown some promising results and is currently being studied in a large multicenter phase III RCT. 

(127) Additionally, evidence is emerging on the effectiveness of costimulation blockade and anti-

CD38 therapy in these patients, the latter of which is currently being investigated in a phase II RCT in 

the form of felzartamab. (103, 128) 

Nevertheless, (early) active ABMR with dnDSA might be responsive to treatment regimens consisting 

of PP, IVIG and maintenance treatment optimization, albeit with a low amount of supporting 

evidence. (Recommendation level 3C, 3C and 1C respectively) 

This implies that there could be some benefit for finding and treating patients with more acute and 

early forms of ABMR before they present late with clinical dysfunction and more chronic lesions.  

Three retrospective studies seem to support this. (Table 3) Parajuli et al (67). showed similarly good 

post-biopsy allograft survival in treated subclinical ABMR patients treated with IVIG and PP, as 

compared to protocol biopsied dnDSA positive patients without rejection. Additionally, treated 

subclinical ABMR patients had significantly better allograft survival than DSA negative patients with 

indication biopsies or patients with treated clinical ABMR. Importantly, there was no difference in 

outcome between subclinical ABMR based on preformed DSA (type 1) vs dnDSA (type 2). 

However, it must be noted that the post-biopsy follow-up time in patients with subclinical ABMR 

was relatively low at 31.0 ± 15.8 months. 

Orandi et al (129). showed that patients with mostly type 1 subclinical ABMR treated by PP and in 

some situations rituximab or eculizumab had no significantly different rate of 5 years death-

censored allograft loss compared to ABMR negative matched controls, whereas untreated patients 

had significantly more 5 years death-censored graft attrition rates  

In addition, Yamamoto et al (55). described some beneficial effects of PP and rituximab in 8 out of 18 

(44%) of patients with subclinical type 2 ABMR whereby DSA levels reduced significantly or 

histological injury stabilized upon rebiopsy.  

In contrast, the large retrospective multicenter study by Bertrand et al. (53) and retrospective single-
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center study by Loupy et al. (54) found that allograft survival in treated subclinical ABMR patients 

was still significantly worse than patients without rejection. Though only 39% of patients with 

subclinical ABMR in the study by Loupy et al. (54) received specific treatment for subclinical ABMR 

and no analysis was performed comparing the treated and untreated group. 

Regardless, it is apparent that more robust research on the effectiveness of treatment of subclinical 

early ABMR is warranted. Still, the overall risk-benefit balance seems to be in favor of screening of 

DSA. Considering the evidenced projected benefit that patients with subclinical dnDSA and 

underlying TCMR stand to gain and the risks of a biopsy seems to be acceptable for most. 
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filtration rate;  IVIG: Intravenous immunoglobulins; MFI: Mean fluorescence intensity; PP: Plasmapheresis; RTX: Rituximab;  
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PICO 6: 

Overarching question: Is there any evidence of cost-effectiveness of 

standardized DSA monitoring and treatment of found cases? 

In renal transplant recipients (P), has monitoring of DSA (I) been shown to be 

cost-effective compared to no monitoring (C)? 

 

Evidence regarding the cost-effectiveness of standardized monitoring of DSA 

in stable renal graft recipients is missing and future efforts should be 

undertaken to determine this. (2D) 
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While the assessment of the balance between medical risks and benefits of early case finding may 

determine that a screening program is medically justified, this assessment does not necessarily 

determine whether it is cost-effective. As transplant centers have finite resources, DSA screening 

should be economically balanced. Unfortunately, evidence on cost-effectiveness of DSA screening is 

very scarce.  

Only one DSA monitoring cost-effectiveness modelling study has been performed by Kiberd et al. 

(130) They found that costs per increased quality-adjusted life year (QALY) could range from 

$127.000 to $444.000, depending on the estimated efficacy of treatment. Though this model 

suffered from low evidence assumptions, as it assumed a range of treatment induced mortality rates 

and allograft loss risk reduction percentages, none of which were based on existing literature. 

Moreover, the model did not account for the fact that costs saved by not screening and treating 

early would still partly be spent later on treating patients when they do present with clinical 

dysfunction. This means that the presented costs per QALY are likely an overestimation, especially 

considering that most of the projected costs were attributed to the treatment of found cases, 

instead of DSA screening itself. 

It therefore seems that it is currently not determinable whether DSA screening in clinically stable 

patients is cost-effective and further research is definitely warranted. Hopefully the UK-based 

randomized OuTSMART trial, which is nearing completion, on the effectiveness of DSA screening will 

provide more evidence on cost-effectiveness. (131)  
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PICO 7: 

Overarching questions: How frequent and until what time should DSA 
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monitoring be conducted? Should monitoring be continued indefinitely? If not, 

until what time or event should monitoring be continued? 

 

SubPICOs/questions? 

Is the incidence rate as a function of time post-transplant defined?  

 

In renal transplant recipients who have developed dnDSA (P), is development 

of additional dnDSA (I) associated with worse transplant outcome (O), 

compared to no additional dnDSA (C)? 

 

In renal transplant recipients who have developed dnDSA (P), is disappearance 

of the dnDSA (I) associated with better transplant outcomes (O) compared to 

persistence (C)? 

 

In renal transplant recipients (P), are clear risk categories (I) defined for the risk 

of development of dnDSA (O) compared to those without those risks (C)? 

 

In renal transplant recipients (P), are certain monitoring frequencies (annually, 

biannually, etc) (I) associated with better transplant outcomes (O) compared to 

other monitoring frequencies (C)? 

 

Monitoring for persistence or broadening of subclinical dnDSA repertoire 

should not be discontinued after a certain time post-transplant (2C) 
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As new cases of subclinical rejection accumulate over time post-transplantation, DSA screening 

cannot be a one-time effort. Though the longevity of the monitoring strategy should be reflected by 

the a priori chance of development of dnDSA over time. 

Unfortunately the dnDSA incidence rate is not fully clear, as the incidence rate in the literature 

widely varies from a steady rate of 1.5 to 5.4% per year in low-immunological risk patients. (52, 132-

134) Others report a higher incidence in the first year ranging from 3.2% to even 20% in the first year 

with a lower steady yearly rate thereafter ranging from 0.8% to 4.3% per year. (50, 135, 136)  

A recent large study by López del Moral shows that of 400 patients with dnDSA, 20% were found 

within the first year, 60% within five years and 85% within ten years post-transplant. (137) The large 

variance in incidence is likely partly reflective of differences in population, ethnic differences related 

to immunosuppressive exposure, and/or matching algorithms of organ allocation organizations. 

Nevertheless, most studies do indicate that incidence does not reduce significantly after one year 

post-transplant. This subsequently implies that any time-limited monitoring strategy, although less 

costly, would be medically arbitrary and would miss new subclinical cases that occurred after 

screening ceased. However, it must be noted that no prospective studies on efficacy of monitoring 

strategies on transplant outcomes have been conducted to confirm this and further research is 

therefore warranted. 

Another point of contention is whether monitoring should be continued for persistence of dnDSA or 

for development of additional dnDSA after newly developed dnDSA has already been encountered. 

A retrospective study by DeVos et al. showed that an isolated positive dnDSA result in stable renal 

graft recipients has comparable risk of allograft loss and acute rejection to patients without DSA. 

(138). A study on risk of isolated DSA in lung transplants shows similar results. (139)  

Additionally, DeVos et al. found that patients with >60% positive DSA measurements in at least 3 

separate assessments are more likely to progress to allograft loss than those with <60% positive 

measurements. 

The recent study by López del Moral et al. (137) showed that dnDSA which eventually disappear, 

either temporarily or permanently, are associated with a lower rate of allograft loss than those who 

persist. Additionally, they showed that development of multiple dnDSA (a broader repertoire) is 

associated with worse allograft survival, though this association was no longer statistically significant 

in multivariable analysis.  

In contrast to the previous studies, Kim et al. found that resolved dnDSA was not in fact associated 

with more freedom from a 50% eGFR loss. (60) 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

These studies, while somewhat conflicting, overall seem to suggest that newly developed dnDSA 

which eventually disappear are less likely to be associated with subsequent allograft loss. In 

addition, persisting dnDSA seem detrimental for allograft survival. Lastly, additional dnDSA may 

develop, which could be cause for an additional allograft biopsy. 

We therefore recommend that monitoring should not be discontinued upon development of dnDSA.  
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The optimal DSA monitoring scheme has not been established and depends 

on factors such as immunological matching, DSA screening methods, and 
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immunosuppression, but a pragmatic approach would be antibody 

monitoring at 3 to 6 months post-transplant and annually thereafter. (2C) 

 

Another dilemma entails the intensity of monitoring. In an ideal world, development of dnDSA 

would be noted immediately. But this would require a frequency of monitoring that is unlikely to be 

feasible. Centers which perform routine DSA monitoring seem to do so annually, although some 

perform one or more additional measurements in the first year post-transplant. (50, 53, 56)  

Some might argue that the intensity of monitoring should be determined by the immunological risk, 

although the list of different risk factors associated with development of dnDSA is vast, making it 

difficult to define uniform risk categories. (140)  

Though monitoring intensity stratification based on HLA matching might be easy to establish. It 

logically follows that recipients of a completely HLA-identical donor kidney should have no risk of 

developing DSA to HLA. Though completely HLA-identical transplants are rare. Most DSA appear to 

be aimed at HLA-DQ (141), though López del Moral et al. (137) showed that the proportion of 

patients with a full HLA-DQ match who developed dnDSA was comparable to those with a full HLA-B 

or HLA-DR match, indicating that other HLA loci mismatches should not so easily be disregarded. 

However, more recent evidence regarding molecular eplet HLA mismatching has emerged, whereby 

low DQ/DR eplet mismatching was found to carry a negligible risk for development of DQ or DR 

dnDSA. (100, 102) Those with moderate or high levels of mismatches had substantially higher hazard 

ratios for dnDSA development compared to those with low level mismatch, 15.4 and 23.8 

respectively. This could indicate that low levels of total eplet mismatch load could be a reason to 

lower DSA monitoring intensity or even omit it. However, this risk-stratification technique has thus 

far not been corroborated in regards to class I DSA. Nonetheless, monitoring intensity based on 

eplet or molecular mismatch risk stratification seems promising and we recommend further research 

be conducted to confirm the validity of this method. 

Currently, no study has been conducted which compares outcomes of monitoring strategies. 

Notwithstanding, the study by Parajuli et al (67). shows that patients with subclinical dnDSA who are 

detected and treated by a strategy consisting of screening after 6 months and annual screening 

thereafter have good outcome, indicating that more intensive monitoring may be unnecessary.  

Additionally, a monitoring interval greater than one year might be ill-advised, as studies in untreated 

subclinical ABMR or TCMR show more chronic lesions within one year post-diagnosis as well as 
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significantly more one year allograft loss in untreated subclinical TCMR. (68, 69, 114, 115) This may 

indicate that patients detected beyond one year from inception of the dnDSA may be more difficult 

to treat.  

Lastly, considering the fact that multiple studies have indicated increased incidence of development 

of dnDSA in the first year post-transplant, it might be advisable to perform an additional 

measurement within 3 to 9 months post-transplant. (50, 135-137) 

It thus appears from current low-level evidence that until more robust immunological risk-

stratification methods are validated, monitoring strategies consisting of an annual screening with an 

additional screening within the first three to nine months post-transplant may seem pragmatic, 

though more research is warranted. 

 
References: 
50.  Schinstock CA, Cosio F, Cheungpasitporn W, Dadhania DM, Everly MJ, Samaniego-Picota MD, 
et al. The Value of Protocol Biopsies to Identify Patients With De Novo Donor-Specific Antibody at 
High Risk for Allograft Loss. Am J Transplant. 2017;17(6):1574-84. 
53.  Parajuli S, Reville PK, Ellis TM, Djamali A, Mandelbrot DA. Utility of protocol kidney biopsies 
for de novo donor-specific antibodies. Am J Transplant. 2017;17(12):3210-8. 
56. Bertrand D, Gatault P, Jaureguy M, Garrouste C, Sayegh J, Bouvier N, et al. Protocol Biopsies 
in Patients With Subclinical De Novo Donor-specific Antibodies After Kidney Transplantation: A 
Multicentric Study. Transplantation. 2020;104(8):1726-37. 
67. Parajuli S, Joachim E, Alagusundaramoorthy S, Blazel J, Aziz F, Garg N, et al. Subclinical 
Antibody-mediated Rejection After Kidney Transplantation: Treatment Outcomes. Transplantation. 
2019;103(8):1722-9. 
68. Loupy A, Suberbielle-Boissel C, Hill GS, Lefaucheur C, Anglicheau D, Zuber J, et al. Outcome 
of subclinical antibody-mediated rejection in kidney transplant recipients with preformed donor-
specific antibodies. Am J Transplant. 2009;9(11):2561-70. 
69. Haas M, Montgomery RA, Segev DL, Rahman MH, Racusen LC, Bagnasco SM, et al. Subclinical 
acute antibody-mediated rejection in positive crossmatch renal allografts. Am J Transplant. 
2007;7(3):576-85. 
100. Davis S, Wiebe C, Campbell K, Anobile C, Aubrey M, Stites E, et al. Adequate tacrolimus 
exposure modulates the impact of HLA class II molecular mismatch: a validation study in an 
American cohort. Am J Transplant. 2021;21(1):322-8. 
102. Wiebe C, Rush DN, Nevins TE, Birk PE, Blydt-Hansen T, Gibson IW, et al. Class II Eplet 
Mismatch Modulates Tacrolimus Trough Levels Required to Prevent Donor-Specific Antibody 
114. Choi BS, Shin MJ, Shin SJ, Kim YS, Choi YJ, Kim YS, et al. Clinical significance of an early 
protocol biopsy in living-donor renal transplantation: ten-year experience at a single center. Am J 
Transplant. 2005;5(6):1354-60. 
115. Rush D, Nickerson P, Gough J, McKenna R, Grimm P, Cheang M, et al. Beneficial effects of 
treatment of early subclinical rejection: a randomized study. J Am Soc Nephrol. 1998;9(11):2129-34. 
135. Devos JM, Gaber AO, Teeter LD, Graviss EA, Patel SJ, Land GA, et al. Intermediate-term graft 
loss after renal transplantation is associated with both donor-specific antibody and acute rejection. 
Transplantation. 2014;97(5):534-40. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

136. Everly MJ, Rebellato LM, Haisch CE, Ozawa M, Parker K, Briley KP, et al. Incidence and impact 
of de novo donor-specific alloantibody in primary renal allografts. Transplantation. 2013;95(3):410-7. 
137. Lopez Del Moral C, Wu K, Naik M, Osmanodja B, Akifova A, Lachmann N, et al. The natural 
history of de novo donor-specific HLA antibodies after kidney transplantation. Front Med 
(Lausanne). 2022;9:943502. 
140. O'Leary JG, Samaniego M, Barrio MC, Potena L, Zeevi A, Djamali A, et al. The Influence of 
Immunosuppressive Agents on the Risk of De Novo Donor-Specific HLA Antibody Production in Solid 
Organ Transplant Recipients. Transplantation. 2016;100(1):39-53. 
141. Cross AR, Lion J, Poussin K, Assayag M, Taupin JL, Glotz D, et al. HLA-DQ alloantibodies 
directly activate the endothelium and compromise differentiation of FoxP3(high) regulatory T 
lymphocytes. Kidney Int. 2019;96(3):689-98. 

 
 
 
 
 
 

Full reference list 

1. Patel R, Terasaki PI. Significance of the positive crossmatch test in kidney transplantation. N 
Engl J Med. 1969;280(14):735-9. 
2. Tait BD, Susal C, Gebel HM, Nickerson PW, Zachary AA, Claas FH, et al. Consensus guidelines 
on the testing and clinical management issues associated with HLA and non-HLA antibodies in 
transplantation. Transplantation. 2013;95(1):19-47. 
3. Bestard O, Thaunat O, Bellini MI, Bohmig GA, Budde K, Claas F, et al. Alloimmune Risk 
Stratification for Kidney Transplant Rejection. Transpl Int. 2022;35:10138. 
4. Loupy A, Haas M, Roufosse C, Naesens M, Adam B, Afrouzian M, et al. The Banff 2019 Kidney 
Meeting Report (I): Updates on and clarification of criteria for T cell- and antibody-mediated 
rejection. Am J Transplant. 2020;20(9):2318-31. 
5. Wilson JM, Jungner YG. [Principles and practice of mass screening for disease]. Bol Oficina 
Sanit Panam. 1968;65(4):281-393. 
6. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an 
emerging consensus on rating quality of evidence and strength of recommendations. BMJ. 
2008;336(7650):924-6. 
7. Hariharan S, Johnson CP, Bresnahan BA, Taranto SE, McIntosh MJ, Stablein D. Improved graft 
survival after renal transplantation in the United States, 1988 to 1996. N Engl J Med. 
2000;342(9):605-12. 
8. Merion RM, White DJ, Thiru S, Evans DB, Calne RY. Cyclosporine: five years' experience in 
cadaveric renal transplantation. N Engl J Med. 1984;310(3):148-54. 
9. Lamb KE, Lodhi S, Meier-Kriesche HU. Long-term renal allograft survival in the United States: 
a critical reappraisal. Am J Transplant. 2011;11(3):450-62. 
10. Clayton PA, McDonald SP, Russ GR, Chadban SJ. Long-Term Outcomes after Acute Rejection 
in Kidney Transplant Recipients: An ANZDATA Analysis. J Am Soc Nephrol. 2019;30(9):1697-707. 
11. Coemans M, Susal C, Dohler B, Anglicheau D, Giral M, Bestard O, et al. Analyses of the short- 
and long-term graft survival after kidney transplantation in Europe between 1986 and 2015. Kidney 
Int. 2018;94(5):964-73. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

12. Loupy A, Lefaucheur C. Antibody-Mediated Rejection of Solid-Organ Allografts. N Engl J Med. 
2018;379(12):1150-60. 
13. Sellares J, de Freitas DG, Mengel M, Reeve J, Einecke G, Sis B, et al. Understanding the 
causes of kidney transplant failure: the dominant role of antibody-mediated rejection and 
nonadherence. Am J Transplant. 2012;12(2):388-99. 
14. Gaston RS, Cecka JM, Kasiske BL, Fieberg AM, Leduc R, Cosio FC, et al. Evidence for antibody-
mediated injury as a major determinant of late kidney allograft failure. Transplantation. 
2010;90(1):68-74. 
15. Mohan S, Palanisamy A, Tsapepas D, Tanriover B, Crew RJ, Dube G, et al. Donor-specific 
antibodies adversely affect kidney allograft outcomes. J Am Soc Nephrol. 2012;23(12):2061-71. 
16. Sharma A, Lewis JR, Lim WH, Palmer S, Strippoli G, Chapman JR, et al. Renal transplant 
outcomes and de novo donor-specific anti-human leukocyte antigen antibodies: a systematic review. 
Nephrol Dial Transplant. 2018;33(8):1472-80. 
17. Callemeyn J, Lamarthee B, Koenig A, Koshy P, Thaunat O, Naesens M. Allorecognition and 
the spectrum of kidney transplant rejection. Kidney Int. 2022;101(4):692-710. 
18. Wasowska BA, Qian Z, Cangello DL, Behrens E, Van Tran K, Layton J, et al. Passive transfer of 
alloantibodies restores acute cardiac rejection in IgKO mice. Transplantation. 2001;71(6):727-36. 
19. Bouquegneau A, Loheac C, Aubert O, Bouatou Y, Viglietti D, Empana JP, et al. Complement-
activating donor-specific anti-HLA antibodies and solid organ transplant survival: A systematic review 
and meta-analysis. PLoS Med. 2018;15(5):e1002572. 
20. Senev A, Lerut E, Van Sandt V, Coemans M, Callemeyn J, Sprangers B, et al. Specificity, 
strength, and evolution of pretransplant donor-specific HLA antibodies determine outcome after 
kidney transplantation. Am J Transplant. 2019;19(11):3100-13. 
21. Wiebe C, Gibson IW, Blydt-Hansen TD, Karpinski M, Ho J, Storsley LJ, et al. Evolution and 
clinical pathologic correlations of de novo donor-specific HLA antibody post kidney transplant. Am J 
Transplant. 2012;12(5):1157-67. 
22. Tambur AR, Wiebe C. HLA Diagnostics: Evaluating DSA Strength by Titration. Transplantation. 
2018;102(1S Suppl 1):S23-S30. 
23. Schinstock CA, Mannon RB, Budde K, Chong AS, Haas M, Knechtle S, et al. Recommended 
Treatment for Antibody-mediated Rejection After Kidney Transplantation: The 2019 Expert 
Consensus From the Transplantion Society Working Group. Transplantation. 2020;104(5):911-22. 
24. Djamali A, Kaufman DB, Ellis TM, Zhong W, Matas A, Samaniego M. Diagnosis and 
management of antibody-mediated rejection: current status and novel approaches. Am J Transplant. 
2014;14(2):255-71. 
25. Lefaucheur C, Viglietti D, Mangiola M, Loupy A, Zeevi A. From Humoral Theory to Performant 
Risk Stratification in Kidney Transplantation. J Immunol Res. 2017;2017:5201098. 
26. Anthony RM, Wermeling F, Ravetch JV. Novel roles for the IgG Fc glycan. Ann N Y Acad Sci. 
2012;1253:170-80. 
27. Valenzuela NM, McNamara JT, Reed EF. Antibody-mediated graft injury: complement-
dependent and complement-independent mechanisms. Curr Opin Organ Transplant. 2014;19(1):33-
40. 
28. Freitas MC, Rebellato LM, Ozawa M, Nguyen A, Sasaki N, Everly M, et al. The role of 
immunoglobulin-G subclasses and C1q in de novo HLA-DQ donor-specific antibody kidney 
transplantation outcomes. Transplantation. 2013;95(9):1113-9. 
29. Lefaucheur C, Viglietti D, Bentlejewski C, Duong van Huyen JP, Vernerey D, Aubert O, et al. 
IgG Donor-Specific Anti-Human HLA Antibody Subclasses and Kidney Allograft Antibody-Mediated 
Injury. J Am Soc Nephrol. 2016;27(1):293-304. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

30. Pernin V, Bec N, Beyze A, Bourgeois A, Szwarc I, Champion C, et al. IgG3 donor-specific 
antibodies with a proinflammatory glycosylation profile may be associated with the risk of antibody-
mediated rejection after kidney transplantation. Am J Transplant. 2022;22(3):865-75. 
31. Car H, Karahan GE, Dreyer GJ, Brand-Schaaf SH, de Vries APJ, van Kooten C, et al. Low 
incidence of IgA isotype of HLA antibodies in alloantigen exposed individuals. HLA. 2021;97(2):101-
11. 
32. Chong AS, Rothstein DM, Safa K, Riella LV. Outstanding questions in transplantation: B cells, 
alloantibodies, and humoral rejection. Am J Transplant. 2019;19(8):2155-63. 
33. Kenta I, Takaaki K. Molecular Mechanisms of Antibody-Mediated Rejection and 
Accommodation in Organ Transplantation. Nephron. 2020;144 Suppl 1:2-6. 
34. Iwasaki K, Miwa Y, Ogawa H, Yazaki S, Iwamoto M, Furusawa T, et al. Comparative study on 
signal transduction in endothelial cells after anti-a/b and human leukocyte antigen antibody 
reaction: implication of accommodation. Transplantation. 2012;93(4):390-7. 
35. Iwasaki K, Miwa Y, Uchida K, Kodera Y, Kobayashi T. Negative regulation of HLA-DR 
expression on endothelial cells by anti-blood group A/B antibody ligation and mTOR inhibition. 
Transpl Immunol. 2017;40:22-30. 
36. Cherukuri A, Salama AD, Mehta R, Mohib K, Zheng L, Magee C, et al. Transitional B cell 
cytokines predict renal allograft outcomes. Sci Transl Med. 2021;13(582). 
37. Ding Q, Yeung M, Camirand G, Zeng Q, Akiba H, Yagita H, et al. Regulatory B cells are 
identified by expression of TIM-1 and can be induced through TIM-1 ligation to promote tolerance in 
mice. J Clin Invest. 2011;121(9):3645-56. 
38. Thaunat O, Patey N, Caligiuri G, Gautreau C, Mamani-Matsuda M, Mekki Y, et al. Chronic 
rejection triggers the development of an aggressive intragraft immune response through 
recapitulation of lymphoid organogenesis. J Immunol. 2010;185(1):717-28. 
39. Bachelet T, Couzi L, Lepreux S, Legeret M, Pariscoat G, Guidicelli G, et al. Kidney intragraft 
donor-specific antibodies as determinant of antibody-mediated lesions and poor graft outcome. Am 
J Transplant. 2013;13(11):2855-64. 
40. Courant M, Visentin J, Linares G, Dubois V, Lepreux S, Guidicelli G, et al. The disappointing 
contribution of anti-human leukocyte antigen donor-specific antibodies characteristics for predicting 
allograft loss. Nephrol Dial Transplant. 2018;33(10):1872. 
41. Cardinal H, Dieude M, Brassard N, Qi S, Patey N, Soulez M, et al. Antiperlecan antibodies are 
novel accelerators of immune-mediated vascular injury. Am J Transplant. 2013;13(4):861-74. 
42. Dragun D, Muller DN, Brasen JH, Fritsche L, Nieminen-Kelha M, Dechend R, et al. Angiotensin 
II type 1-receptor activating antibodies in renal-allograft rejection. N Engl J Med. 2005;352(6):558-
69. 
43. Lefaucheur C, Viglietti D, Bouatou Y, Philippe A, Pievani D, Aubert O, et al. Non-HLA agonistic 
anti-angiotensin II type 1 receptor antibodies induce a distinctive phenotype of antibody-mediated 
rejection in kidney transplant recipients. Kidney Int. 2019;96(1):189-201. 
44. Pineda S, Sigdel TK, Chen J, Jackson AM, Sirota M, Sarwal MM. Novel Non-Histocompatibility 
Antigen Mismatched Variants Improve the Ability to Predict Antibody-Mediated Rejection Risk in 
Kidney Transplant. Front Immunol. 2017;8:1687. 
45. Callemeyn J, Senev A, Coemans M, Lerut E, Sprangers B, Kuypers D, et al. Missing Self-
Induced Microvascular Rejection of Kidney Allografts: A Population-Based Study. J Am Soc Nephrol. 
2021;32(8):2070-82. 
46. Koenig A, Chen CC, Marcais A, Barba T, Mathias V, Sicard A, et al. Missing self triggers NK 
cell-mediated chronic vascular rejection of solid organ transplants. Nat Commun. 2019;10(1):5350. 
47. Kitchens WH, Chase CM, Uehara S, Cornell LD, Colvin RB, Russell PS, et al. Macrophage 
depletion suppresses cardiac allograft vasculopathy in mice. Am J Transplant. 2007;7(12):2675-82. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

48. Qi F, Adair A, Ferenbach D, Vass DG, Mylonas KJ, Kipari T, et al. Depletion of cells of 
monocyte lineage prevents loss of renal microvasculature in murine kidney transplantation. 
Transplantation. 2008;86(9):1267-74. 
49. Chemouny JM, Suberbielle C, Rabant M, Zuber J, Alyanakian MA, Lebreton X, et al. De Novo 
Donor-Specific Human Leukocyte Antigen Antibodies in Nonsensitized Kidney Transplant Recipients 
After T Cell-Mediated Rejection. Transplantation. 2015;99(5):965-72. 
50. Schinstock CA, Cosio F, Cheungpasitporn W, Dadhania DM, Everly MJ, Samaniego-Picota MD, 
et al. The Value of Protocol Biopsies to Identify Patients With De Novo Donor-Specific Antibody at 
High Risk for Allograft Loss. Am J Transplant. 2017;17(6):1574-84. 
51. Wan SS, Chadban SJ, Watson N, Wyburn K. Development and outcomes of de novo donor-
specific antibodies in low, moderate, and high immunological risk kidney transplant recipients. Am J 
Transplant. 2020;20(5):1351-64. 
52. Wiebe C, Gibson IW, Blydt-Hansen TD, Pochinco D, Birk PE, Ho J, et al. Rates and 
determinants of progression to graft failure in kidney allograft recipients with de novo donor-specific 
antibody. Am J Transplant. 2015;15(11):2921-30. 
53. Bertrand D, Gatault P, Jaureguy M, Garrouste C, Sayegh J, Bouvier N, et al. Protocol Biopsies 
in Patients With Subclinical De Novo Donor-specific Antibodies After Kidney Transplantation: A 
Multicentric Study. Transplantation. 2020;104(8):1726-37. 
54. Loupy A, Vernerey D, Tinel C, Aubert O, Duong van Huyen JP, Rabant M, et al. Subclinical 
Rejection Phenotypes at 1 Year Post-Transplant and Outcome of Kidney Allografts. J Am Soc Nephrol. 
2015;26(7):1721-31. 
55. Yamamoto T, Watarai Y, Takeda A, Tsujita M, Hiramitsu T, Goto N, et al. De Novo Anti-HLA 
DSA Characteristics and Subclinical Antibody-Mediated Kidney Allograft Injury. Transplantation. 
2016;100(10):2194-202. 
56. Parajuli S, Reville PK, Ellis TM, Djamali A, Mandelbrot DA. Utility of protocol kidney biopsies 
for de novo donor-specific antibodies. Am J Transplant. 2017;17(12):3210-8. 
57. Waldecker CB, Zgoura P, Seibert FS, Gall S, Schenker P, Bauer F, et al. Biopsy findings after 
detection of de novo donor-specific antibodies in renal transplant recipients: a single center 
experience. J Nephrol. 2021;34(6):2017-26. 
58. Parajuli S, Joachim E, Alagusundaramoorthy S, Aziz F, Blazel J, Garg N, et al. Donor-Specific 
Antibodies in the Absence of Rejection Are Not a Risk Factor for Allograft Failure. Kidney Int Rep. 
2019;4(8):1057-65. 
59. Hayde N, Broin PO, Bao Y, de Boccardo G, Lubetzky M, Ajaimy M, et al. Increased intragraft 
rejection-associated gene transcripts in patients with donor-specific antibodies and normal biopsies. 
Kidney Int. 2014;86(3):600-9. 
60. Kim JJ, Balasubramanian R, Michaelides G, Wittenhagen P, Sebire NJ, Mamode N, et al. The 
clinical spectrum of de novo donor-specific antibodies in pediatric renal transplant recipients. Am J 
Transplant. 2014;14(10):2350-8. 
61. Aubert O, Loupy A, Hidalgo L, Duong van Huyen JP, Higgins S, Viglietti D, et al. Antibody-
Mediated Rejection Due to Preexisting versus De Novo Donor-Specific Antibodies in Kidney Allograft 
Recipients. J Am Soc Nephrol. 2017;28(6):1912-23. 
62. de Kort H, Willicombe M, Brookes P, Dominy KM, Santos-Nunez E, Galliford JW, et al. 
Microcirculation inflammation associates with outcome in renal transplant patients with de novo 
donor-specific antibodies. Am J Transplant. 2013;13(2):485-92. 
63. Loupy A, Aubert O, Orandi BJ, Naesens M, Bouatou Y, Raynaud M, et al. Prediction system 
for risk of allograft loss in patients receiving kidney transplants: international derivation and 
validation study. BMJ. 2019;366:l4923. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

64. Wiebe C, Nickerson P. Posttransplant monitoring of de novo human leukocyte antigen 
donor-specific antibodies in kidney transplantation. Curr Opin Organ Transplant. 2013;18(4):470-7. 
65. Cherukuri A, Mehta R, Sharma A, Sood P, Zeevi A, Tevar AD, et al. Post-transplant donor 
specific antibody is associated with poor kidney transplant outcomes only when combined with both 
T-cell-mediated rejection and non-adherence. Kidney Int. 2019;96(1):202-13. 
66. Schinstock CA, Dadhania DM, Everly MJ, Smith B, Gandhi M, Farkash E, et al. Factors at de 
novo donor-specific antibody initial detection associated with allograft loss: a multicenter study. 
Transpl Int. 2019;32(5):502-15. 
67. Parajuli S, Joachim E, Alagusundaramoorthy S, Blazel J, Aziz F, Garg N, et al. Subclinical 
Antibody-mediated Rejection After Kidney Transplantation: Treatment Outcomes. Transplantation. 
2019;103(8):1722-9. 
68. Loupy A, Suberbielle-Boissel C, Hill GS, Lefaucheur C, Anglicheau D, Zuber J, et al. Outcome 
of subclinical antibody-mediated rejection in kidney transplant recipients with preformed donor-
specific antibodies. Am J Transplant. 2009;9(11):2561-70. 
69. Haas M, Montgomery RA, Segev DL, Rahman MH, Racusen LC, Bagnasco SM, et al. Subclinical 
acute antibody-mediated rejection in positive crossmatch renal allografts. Am J Transplant. 
2007;7(3):576-85. 
70. Tambur AR, Campbell P, Claas FH, Feng S, Gebel HM, Jackson AM, et al. Sensitization in 
Transplantation: Assessment of Risk (STAR) 2017 Working Group Meeting Report. Am J Transplant. 
2018;18(7):1604-14. 
71. Tambur AR, Campbell P, Chong AS, Feng S, Ford ML, Gebel H, et al. Sensitization in 
transplantation: Assessment of risk (STAR) 2019 Working Group Meeting Report. Am J Transplant. 
2020;20(10):2652-68. 
72. Marfo K, Ajaimy M, Colovai A, Kayler L, Greenstein S, Lubetzky M, et al. Pretransplant 
immunologic risk assessment of kidney transplant recipients with donor-specific anti-human 
leukocyte antigen antibodies. Transplantation. 2014;98(10):1082-8. 
73. Redondo-Pachon D, Perez-Saez MJ, Mir M, Gimeno J, Llinas L, Garcia C, et al. Impact of 
persistent and cleared preformed HLA DSA on kidney transplant outcomes. Hum Immunol. 
2018;79(6):424-31. 
74. Caillard S, Becmeur C, Gautier-Vargas G, Olagne J, Muller C, Cognard N, et al. Pre-existing 
donor-specific antibodies are detrimental to kidney allograft only when persistent after 
transplantation. Transpl Int. 2017;30(1):29-40. 
75. Susal C, Wettstein D, Dohler B, Morath C, Ruhenstroth A, Scherer S, et al. Association of 
Kidney Graft Loss With De Novo Produced Donor-Specific and Non-Donor-Specific HLA Antibodies 
Detected by Single Antigen Testing. Transplantation. 2015;99(9):1976-80. 
76. Lefaucheur C, Nochy D, Hill GS, Suberbielle-Boissel C, Antoine C, Charron D, et al. 
Determinants of poor graft outcome in patients with antibody-mediated acute rejection. Am J 
Transplant. 2007;7(4):832-41. 
77. Adebiyi OO, Gralla J, Klem P, Freed B, Davis S, Wiseman AC, et al. Clinical Significance of 
Pretransplant Donor-Specific Antibodies in the Setting of Negative Cell-Based Flow Cytometry 
Crossmatching in Kidney Transplant Recipients. Am J Transplant. 2016;16(12):3458-67. 
78. Kimball PM, Baker MA, Wagner MB, King A. Surveillance of alloantibodies after 
transplantation identifies the risk of chronic rejection. Kidney Int. 2011;79(10):1131-7. 
79. Higgins R, Lowe D, Hathaway M, Lam F, Kashi H, Tan LC, et al. Rises and falls in donor-specific 
and third-party HLA antibody levels after antibody incompatible transplantation. Transplantation. 
2009;87(6):882-8. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

80. Burns JM, Cornell LD, Perry DK, Pollinger HS, Gloor JM, Kremers WK, et al. Alloantibody 
levels and acute humoral rejection early after positive crossmatch kidney transplantation. Am J 
Transplant. 2008;8(12):2684-94. 
81. Phillpott M, Daga S, Higgins R, Lowe D, Krishnan N, Zehnder D, et al. Dynamic Behaviour of 
Donor Specific Antibodies in the Early Period Following HLA Incompatible Kidney Transplantation. 
Transpl Int. 2022;35:10128. 
82. Reed EF, Rao P, Zhang Z, Gebel H, Bray RA, Guleria I, et al. Comprehensive assessment and 
standardization of solid phase multiplex-bead arrays for the detection of antibodies to HLA-drilling 
down on key sources of variation. Am J Transplant. 2013;13(11):3050-1. 
83. Filippone EJ, Farber JL. The Problem of Subclinical Antibody-mediated Rejection in Kidney 
Transplantation. Transplantation. 2021;105(6):1176-87. 
84. Comoli P, Cioni M, Tagliamacco A, Quartuccio G, Innocente A, Fontana I, et al. Acquisition of 
C3d-Binding Activity by De Novo Donor-Specific HLA Antibodies Correlates With Graft Loss in 
Nonsensitized Pediatric Kidney Recipients. Am J Transplant. 2016;16(7):2106-16. 
85. Fylaktou A, Karava V, Vittoraki A, Zampetoglou A, Papachristou M, Antoniadis N, et al. 
Impact of de novo donor-specific HLA antibodies on pediatric kidney transplant prognosis in patients 
with acute declined or stable allograft function. Pediatr Transplant. 2022;26(3):e14221. 
86. Heilman RL, Nijim A, Desmarteau YM, Khamash H, Pando MJ, Smith ML, et al. De novo 
donor-specific human leukocyte antigen antibodies early after kidney transplantation. 
Transplantation. 2014;98(12):1310-5. 
87. Kauke T, Oberhauser C, Lin V, Coenen M, Fischereder M, Dick A, et al. De novo donor-specific 
anti-HLA antibodies after kidney transplantation are associated with impaired graft outcome 
independently of their C1q-binding ability. Transpl Int. 2017;30(4):360-70. 
88. Lefaucheur C, Loupy A, Hill GS, Andrade J, Nochy D, Antoine C, et al. Preexisting donor-
specific HLA antibodies predict outcome in kidney transplantation. J Am Soc Nephrol. 
2010;21(8):1398-406. 
89. Pernin V, Beyze A, Szwarc I, Bec N, Salsac C, Perez-Garcia E, et al. Distribution of de novo 
Donor-Specific Antibody Subclasses Quantified by Mass Spectrometry: High IgG3 Proportion Is 
Associated With Antibody-Mediated Rejection Occurrence and Severity. Front Immunol. 
2020;11:919. 
90. Eskandary F, Bond G, Kozakowski N, Regele H, Marinova L, Wahrmann M, et al. Diagnostic 
Contribution of Donor-Specific Antibody Characteristics to Uncover Late Silent Antibody-Mediated 
Rejection-Results of a Cross-Sectional Screening Study. Transplantation. 2017;101(3):631-41. 
91. Viglietti D, Loupy A, Vernerey D, Bentlejewski C, Gosset C, Aubert O, et al. Value of Donor-
Specific Anti-HLA Antibody Monitoring and Characterization for Risk Stratification of Kidney Allograft 
Loss. J Am Soc Nephrol. 2017;28(2):702-15. 
92. Wijtvliet V, Plaeke P, Abrams S, Hens N, Gielis EM, Hellemans R, et al. Donor-derived cell-
free DNA as a biomarker for rejection after kidney transplantation: a systematic review and meta-
analysis. Transpl Int. 2020;33(12):1626-42. 
93. Jordan SC, Bunnapradist S, Bromberg JS, Langone AJ, Hiller D, Yee JP, et al. Donor-derived 
Cell-free DNA Identifies Antibody-mediated Rejection in Donor Specific Antibody Positive Kidney 
Transplant Recipients. Transplant Direct. 2018;4(9):e379. 
94. Mayer KA, Doberer K, Tillgren A, Viard T, Haindl S, Krivanec S, et al. Diagnostic value of 
donor-derived cell-free DNA to predict antibody-mediated rejection in donor-specific antibody-
positive renal allograft recipients. Transpl Int. 2021;34(9):1689-702. 
95. Obrisca B, Butiu M, Sibulesky L, Bakthavatsalam R, Smith KD, Gimferrer I, et al. Combining 
donor-derived cell-free DNA and donor specific antibody testing as non-invasive biomarkers for 
rejection in kidney transplantation. Sci Rep. 2022;12(1):15061. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

96. Rabant M, Amrouche L, Lebreton X, Aulagnon F, Benon A, Sauvaget V, et al. Urinary C-X-C 
Motif Chemokine 10 Independently Improves the Noninvasive Diagnosis of Antibody-Mediated 
Kidney Allograft Rejection. J Am Soc Nephrol. 2015;26(11):2840-51. 
97. Tinel C, Devresse A, Vermorel A, Sauvaget V, Marx D, Avettand-Fenoel V, et al. Development 
and validation of an optimized integrative model using urinary chemokines for noninvasive diagnosis 
of acute allograft rejection. Am J Transplant. 2020;20(12):3462-76. 
98. Neuberger JM, Bechstein WO, Kuypers DR, Burra P, Citterio F, De Geest S, et al. Practical 
Recommendations for Long-term Management of Modifiable Risks in Kidney and Liver Transplant 
Recipients: A Guidance Report and Clinical Checklist by the Consensus on Managing Modifiable Risk 
in Transplantation (COMMIT) Group. Transplantation. 2017;101(4S Suppl 2):S1-S56. 
99. Davis S, Gralla J, Klem P, Tong S, Wedermyer G, Freed B, et al. Lower tacrolimus exposure 
and time in therapeutic range increase the risk of de novo donor-specific antibodies in the first year 
of kidney transplantation. Am J Transplant. 2018;18(4):907-15. 
100. Davis S, Wiebe C, Campbell K, Anobile C, Aubrey M, Stites E, et al. Adequate tacrolimus 
exposure modulates the impact of HLA class II molecular mismatch: a validation study in an 
American cohort. Am J Transplant. 2021;21(1):322-8. 
101. Jung HY, Kim SH, Seo MY, Cho SY, Yang Y, Choi JY, et al. Characteristics and Clinical 
Significance of De Novo Donor-Specific Anti-HLA Antibodies after Kidney Transplantation. J Korean 
Med Sci. 2018;33(34):e217. 
102. Wiebe C, Rush DN, Nevins TE, Birk PE, Blydt-Hansen T, Gibson IW, et al. Class II Eplet 
Mismatch Modulates Tacrolimus Trough Levels Required to Prevent Donor-Specific Antibody 
Development. J Am Soc Nephrol. 2017;28(11):3353-62. 
103. Mayer KA, Doberer K, Eskandary F, Halloran PF, Bohmig GA. New concepts in chronic 
antibody-mediated kidney allograft rejection: prevention and treatment. Curr Opin Organ 
Transplant. 2021;26(1):97-105. 
104. Jordan SC, Ammerman N, Choi J, Huang E, Peng A, Sethi S, et al. The role of novel 
therapeutic approaches for prevention of allosensitization and antibody-mediated rejection. Am J 
Transplant. 2020;20 Suppl 4:42-56. 
105. Leibler C, Matignon M, Moktefi A, Samson C, Zarour A, Malard S, et al. Belatacept in renal 
transplant recipient with mild immunologic risk factor: A pilot prospective study (BELACOR). Am J 
Transplant. 2019;19(3):894-906. 
106. Sethi S, Najjar R, Peng A, Choi J, Lim K, Vo A, et al. Outcomes of Conversion From Calcineurin 
Inhibitor to Belatacept-based Immunosuppression in HLA-sensitized Kidney Transplant Recipients. 
Transplantation. 2020;104(7):1500-7. 
107. Everly MJ, Terasaki PI, Trivedi HL. Durability of antibody removal following proteasome 
inhibitor-based therapy. Transplantation. 2012;93(6):572-7. 
108. Furness PN, Philpott CM, Chorbadjian MT, Nicholson ML, Bosmans JL, Corthouts BL, et al. 
Protocol biopsy of the stable renal transplant: a multicenter study of methods and complication 
rates. Transplantation. 2003;76(6):969-73. 
109. Tsai SF, Chen CH, Shu KH, Cheng CH, Yu TM, Chuang YW, et al. Current Safety of Renal 
Allograft Biopsy With Indication in Adult Recipients: An Observational Study. Medicine (Baltimore). 
2016;95(6):e2816. 
110. Mehta R, Sood P, Hariharan S. Subclinical Rejection in Renal Transplantation: Reappraised. 
Transplantation. 2016;100(8):1610-8. 
111. Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Allen RD, Chapman JR. Natural history, risk 
factors, and impact of subclinical rejection in kidney transplantation. Transplantation. 
2004;78(2):242-9. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

112. Moreso F, Ibernon M, Goma M, Carrera M, Fulladosa X, Hueso M, et al. Subclinical rejection 
associated with chronic allograft nephropathy in protocol biopsies as a risk factor for late graft loss. 
Am J Transplant. 2006;6(4):747-52. 
113. Scholten EM, Rowshani AT, Cremers S, Bemelman FJ, Eikmans M, van Kan E, et al. Untreated 
rejection in 6-month protocol biopsies is not associated with fibrosis in serial biopsies or with loss of 
graft function. J Am Soc Nephrol. 2006;17(9):2622-32. 
114. Choi BS, Shin MJ, Shin SJ, Kim YS, Choi YJ, Kim YS, et al. Clinical significance of an early 
protocol biopsy in living-donor renal transplantation: ten-year experience at a single center. Am J 
Transplant. 2005;5(6):1354-60. 
115. Rush D, Nickerson P, Gough J, McKenna R, Grimm P, Cheang M, et al. Beneficial effects of 
treatment of early subclinical rejection: a randomized study. J Am Soc Nephrol. 1998;9(11):2129-34. 
116. Kurtkoti J, Sakhuja V, Sud K, Minz M, Nada R, Kohli HS, et al. The utility of 1- and 3-month 
protocol biopsies on renal allograft function: a randomized controlled study. Am J Transplant. 
2008;8(2):317-23. 
117. Hoffman W, Mehta R, Jorgensen DR, Sood P, Randhawa P, Wu CM, et al. The Impact of Early 
Clinical and Subclinical T Cell-mediated Rejection After Kidney Transplantation. Transplantation. 
2019;103(7):1457-67. 
118. Seifert ME, Yanik MV, Feig DI, Hauptfeld-Dolejsek V, Mroczek-Musulman EC, Kelly DR, et al. 
Subclinical inflammation phenotypes and long-term outcomes after pediatric kidney transplantation. 
Am J Transplant. 2018;18(9):2189-99. 
119. Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Allen RD, Chapman JR. The natural history of 
chronic allograft nephropathy. N Engl J Med. 2003;349(24):2326-33. 
120. Nankivell BJ, Fenton-Lee CA, Kuypers DR, Cheung E, Allen RD, O'Connell PJ, et al. Effect of 
histological damage on long-term kidney transplant outcome. Transplantation. 2001;71(4):515-23. 
121. Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Chapman JR, Allen RD. Delta analysis of 
posttransplantation tubulointerstitial damage. Transplantation. 2004;78(3):434-41. 
122. Solez K, Colvin RB, Racusen LC, Sis B, Halloran PF, Birk PE, et al. Banff '05 Meeting Report: 
differential diagnosis of chronic allograft injury and elimination of chronic allograft nephropathy 
('CAN'). Am J Transplant. 2007;7(3):518-26. 
123. Ho J, Okoli GN, Rabbani R, Lam OLT, Reddy VK, Askin N, et al. Effectiveness of T cell-
mediated rejection therapy: A systematic review and meta-analysis. Am J Transplant. 
2022;22(3):772-85. 
124. Pallardo Mateu LM, Sancho Calabuig A, Capdevila Plaza L, Franco Esteve A. Acute rejection 
and late renal transplant failure: risk factors and prognosis. Nephrol Dial Transplant. 2004;19 Suppl 
3:iii38-42. 
125. Miyagi M, Ishikawa Y, Mizuiri S, Aikawa A, Ohara T, Hasegawa A. Significance of subclinical 
rejection in early renal allograft biopsies for chronic allograft dysfunction. Clin Transplant. 
2005;19(4):456-65. 
126. Matignon M, Pilon C, Commereuc M, Grondin C, Leibler C, Kofman T, et al. Intravenous 
immunoglobulin therapy in kidney transplant recipients with de novo DSA: Results of an 
observational study. PLoS One. 2017;12(6):e0178572. 
127. Eskandary F, Durr M, Budde K, Doberer K, Reindl-Schwaighofer R, Waiser J, et al. 
Clazakizumab in late antibody-mediated rejection: study protocol of a randomized controlled pilot 
trial. Trials. 2019;20(1):37. 
128. Mayer KA, Budde K, Halloran PF, Doberer K, Rostaing L, Eskandary F, et al. Safety, 
tolerability, and efficacy of monoclonal CD38 antibody felzartamab in late antibody-mediated renal 
allograft rejection: study protocol for a phase 2 trial. Trials. 2022;23(1):270. 



 

 

DRAFT STATEMENTS FOR INTERNAL USE ONLY 

Preliminary Statements Draft – The value of post-transplant monitoring of DSA in clinically stable renal transplant 

recipients.replacement 

129. Orandi BJ, Chow EH, Hsu A, Gupta N, Van Arendonk KJ, Garonzik-Wang JM, et al. Quantifying 
renal allograft loss following early antibody-mediated rejection. Am J Transplant. 2015;15(2):489-98. 
130. Kiberd BA, Miller A, Martin S, Tennankore KK. De Novo Donor-Specific Human Leukocyte 
Antigen Antibody Screening in Kidney Transplant Recipients After the First Year Posttransplantation: 
A Medical Decision Analysis. Am J Transplant. 2016;16(11):3212-9. 
131. Stringer D. Update to the study protocol, including statistical analysis plan, for the 
multicentre, randomised controlled OuTSMART trial: a combined screening/treatment programme 
to prevent premature failure of renal transplants due to chronic rejection in patients with HLA 
antibodies. Trials. 2019;476. 
132. Ginevri F, Nocera A, Comoli P, Innocente A, Cioni M, Parodi A, et al. Posttransplant de novo 
donor-specific hla antibodies identify pediatric kidney recipients at risk for late antibody-mediated 
rejection. Am J Transplant. 2012;12(12):3355-62. 
133. Lachmann N, Terasaki PI, Budde K, Liefeldt L, Kahl A, Reinke P, et al. Anti-human leukocyte 
antigen and donor-specific antibodies detected by luminex posttransplant serve as biomarkers for 
chronic rejection of renal allografts. Transplantation. 2009;87(10):1505-13. 
134. Liefeldt L, Brakemeier S, Glander P, Waiser J, Lachmann N, Schonemann C, et al. Donor-
specific HLA antibodies in a cohort comparing everolimus with cyclosporine after kidney 
transplantation. Am J Transplant. 2012;12(5):1192-8. 
135. Devos JM, Gaber AO, Teeter LD, Graviss EA, Patel SJ, Land GA, et al. Intermediate-term graft 
loss after renal transplantation is associated with both donor-specific antibody and acute rejection. 
Transplantation. 2014;97(5):534-40. 
136. Everly MJ, Rebellato LM, Haisch CE, Ozawa M, Parker K, Briley KP, et al. Incidence and impact 
of de novo donor-specific alloantibody in primary renal allografts. Transplantation. 2013;95(3):410-7. 
137. Lopez Del Moral C, Wu K, Naik M, Osmanodja B, Akifova A, Lachmann N, et al. The natural 
history of de novo donor-specific HLA antibodies after kidney transplantation. Front Med 
(Lausanne). 2022;9:943502. 
138. Loucks-DeVos JM, Eagar TN, Gaber AO, Patel SJ, Teeter LD, Graviss EA, et al. The detrimental 
impact of persistent vs an isolated occurrence of de novo donor-specific antibodies on intermediate-
term renal transplant outcomes. Clin Transplant. 2017;31(8). 
139. Islam AK, Sinha N, DeVos JM, Kaleekal TS, Jyothula SS, Teeter LD, et al. Early clearance vs 
persistence of de novo donor-specific antibodies following lung transplantation. Clin Transplant. 
2017;31(8). 
140. O'Leary JG, Samaniego M, Barrio MC, Potena L, Zeevi A, Djamali A, et al. The Influence of 
Immunosuppressive Agents on the Risk of De Novo Donor-Specific HLA Antibody Production in Solid 
Organ Transplant Recipients. Transplantation. 2016;100(1):39-53. 
141. Cross AR, Lion J, Poussin K, Assayag M, Taupin JL, Glotz D, et al. HLA-DQ alloantibodies 
directly activate the endothelium and compromise differentiation of FoxP3(high) regulatory T 
lymphocytes. Kidney Int. 2019;96(3):689-98. 

 

 


