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healthcare system? It might result in addressing CKD, in
large part, within the context of integrated diabetes care or
cardiovascular risk–reduction efforts rather than through a
nephro-centric paradigm. Diabetes is now the preeminent
cause of CKD worldwide, and the easiest way to implement
better CKD care may involve leveraging the robust infrastructure of the diabetes care delivery system. However, this might
mean that the diabetes team, not the nephrologist, would be
directing care and the focus would shift away from nephrology
referral and toward optimizing care early in the course of a
multisystem disease. Tonelli and Dickinson point out that
strategies may differ based on available resources. IHS has
shown that the presence of a coherent and comprehensive
healthcare system, even if underfunded, is able to make significant progress in addressing CKD and compares favorably to
better funded systems organized around individual care rather
than population health.
The ongoing pandemic and the rising awareness of racial
injustice in America highlight the need for change in the United
States health system and provide an opportunity to begin discussion about how best to enact these changes. The persisting
disparities in CKD make it incumbent on us to reexamine
whether the human and economic resources we commit to
identifying people with CKD are aligned with population
health management approaches to ensure optimal follow-up
care, and that they are implemented in ways which bring the
greatest beneﬁt to the populations at risk.
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The two most common causes of premature graft loss in renal
transplantation, death with function and alloimmunemediated injury, are inter-related; immunosuppressive
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Figure 1. Precise alloimmune risk assessment enables a proactive immunosuppression and monitoring strategy. (A) Current immunosuppression and monitoring strategies are largely empirical and reactive. (B) In the future, HLA molecular mismatch may be part of a
proactive approach where treatment and monitoring regimens are personalized to the underlying alloimmune risk. However, randomized,
prospective trials are required to evaluate the risks and beneﬁts of this approach. CNI, calcineurin inhibitors; DSA, donor-speciﬁc antibody; FK, tacrolimuis.

medications used to prevent alloimmune injury also increase
the risk of the most common causes of death with function
(i.e., cardiac, infection, cancer). In the context of a heterogeneous population, the challenge is to administer the right therapy to the right recipient, personalizing the degree of immunosuppression in proportion to the individual’s alloimmune
risk to minimize drug toxicity while maintaining therapeutic
efﬁcacy. Unfortunately, studies document that center practice
accounts for the majority of the variation in immunosuppression selection rather than individualized alloimmune risk assessment as recommended in the Kidney Disease Improving
Global Outcomes guidelines.1,2 Moreover, the standard of care
has escalated to administering the highest level of immunosuppression tolerated to all recipients, resulting in clinicians
JASN 31: 1921–1925, 2020

being reactive, not proactive, in adjusting immunosuppression: increasing for rejection and decreasing in response to
infection or off-target toxicities (Figure 1A). To permit individualized treatment and immune monitoring strategies, an
essential requirement is the availability of reliable prognostic
or predictive alloimmune risk biomarkers. However, attempts to identify “low-risk” recipients for immunosuppression minimization using traditional “immune” assessment
criteria have been unsuccessful, underscoring the need for
novel approaches to understand and quantify alloimmune
risk.3
Since the ﬁrst twin studies in the 1950s, it has been appreciated that donor-recipient HLA mismatch correlates with alloimmune risk and drives the need for immunosuppression.
Editorials
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Advancements in HLA typing methods have revealed the
breadth of HLA diversity and have been vital to understanding
HLA antibody speciﬁcity when interpreting crossmatch results. Nevertheless, when HLA mismatch is used as a correlate
of primary alloimmune risk, most centers still rely on the
HLA-A/B/DR antigen mismatch result that has been available
since the 1980s. It is now known that each HLA-A/B/DR/DQ
antigen mismatch is actually the result of a range from 1 to
.100 surface-exposed polymorphic amino acid mismatches.4
For example, a single HLA-DR antigen mismatch for one recipient may only result in one or two nonself amino acids
exposed to the immune system from that molecule, whereas
another recipient with the same single HLA-DR antigen mismatch may be exposed to 20- to 50-fold more nonself amino
acids. Because this is true for each single HLA molecule mismatched, far more precision in HLA mismatch assessment is
readily available when analyzed at the molecular level, leading
to a rebirth in quantifying the degree of donor-recipient relatedness at individual HLA loci.
Although multiple methods of analyzing the HLA donorrecipient molecular mismatch have now been reported, the
most widely published has been the HLA Matchmaker
method.5 Here, small clusters of surface-exposed amino acids
named “eplets” are identiﬁed and compared across each
donor-recipient HLA mismatch. The degree of eplet mismatch has been reported to correlate with de novo donorspeciﬁc antibody (dnDSA) development, antibody-mediated
rejection, transplant glomerulopathy, T cell–mediated rejection, and allograft failure.6–9
In JASN, Senev et al.10 studied a large cohort of renal transplant recipients and found a signiﬁcant correlation between
eplet mismatch and dnDSA, T cell–mediated rejection,
antibody-mediated rejection, and graft failure. HLA-DQ
dnDSAs were the most common, and the HLA-DQ eplet
mismatch was highly correlated with dnDSA development
(C statistic 0.89). Despite only ten HLA-DR dnDSA events,
HLA-DR eplet mismatch was also signiﬁcantly associated with
HLA-DR dnDSA development and T cell–mediated rejection
(Supplemental Tables 2 and 7 in ref. 10), highlighting the need
to consider the degree of both HLA-DR and -DQ eplet mismatch. Although the absolute number of dnDSA events was
low (4.6%), eplet mismatch outperformed antigen mismatch
as a correlate of dnDSA development, emphasizing the beneﬁts of HLA molecular mismatch assessment. Like Senev
et al.,10 our group also reported that eplet mismatch had a
continuous linear relationship with dnDSA development
when analyzed in an HLA locus–speciﬁc fashion (i.e., each
eplet mismatch at a given HLA locus increases the risk for
dnDSA toward that locus).11 Nevertheless, in order to develop
a tool for enrichment or stratiﬁcation in clinical trial design,
we developed statistical thresholds in order to generate alloimmune risk groups (low, intermediate, high).11 These same
single-molecule alloimmune risk groups were also signiﬁcantly correlated with dnDSA development in the Senev
et al. 10 cohort reported here. In fact, only three of 369
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recipients (0.8%) developed donor-speciﬁc antibody if their
single-molecule mismatch scores fell below previously identiﬁed “low-risk” thresholds for both HLA-DR and -DQ, whereas
the prevalence was more than eightfold greater (6.8%) in
patients in the “high-risk” single-molecule HLA-DR/DQ alloimmune risk category (Supplemental Figure 7 in ref. 10).
Unfortunately, medication adherence and/or drug-level data
were not known for the rare patients who developed dnDSA
despite a low-risk mismatch to understand the drivers of
donor-speciﬁc antibody formation in these low-risk patients.
The renaissance of HLA mismatch evaluation is rapidly
evolving and is likely to become the standard of care. Still,
further research is necessary to evaluate the full utility of
HLA molecular mismatch in cohorts with greater ethnic diversity because the report by Senev et al.10 was 98% white. In
addition, prior to widespread adoption, prospective studies
are needed to evaluate the utility of HLA molecular mismatch
as a prognostic/predictive biomarker in the clinical setting. As
well, the optimal computational approach to evaluating HLA
molecular mismatch is yet to be determined. Nevertheless,
measuring alloimmune risk in a more precise way at the
time of transplantation, after it is fully developed, will transform transplant medicine by informing allocation policy and
clinical trial design as well as personalized therapy and immune monitoring strategies (Figure 1B).
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