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Better characterization of the potential kidney transplant recipient using novel
biomarkers, for example, pretransplant plasma endotrophin, will lead to
improved outcome after transplantation. This mini-review will focus on
current knowledge about pretransplant recipients’ characteristics,
biomarkers, and immunology. Clinical characteristics of recipients including
age, obesity, blood pressure, comorbidities, and estimated survival scores have
been introduced for prediction of recipient and allograft survival. The
pretransplant immunologic risk assessment include histocompatibility
leukocyte antigens (HLAs), anti-HLA donor-specific antibodies, HLA-DQ
mismatch, and non-HLA antibodies. Recently, there has been the hope that
pretransplant determination of markers can further improve the prediction of
posttransplant complications, both short-term and long-term outcomes
including rejections, allograft loss, and mortality. Higher pretransplant plasma
endotrophin levels were independently associated with posttransplant acute
allograft injury in three prospective European cohorts. Elevated numbers of
non-synonymous single-nucleotide polymorphism mismatch have been
associated with increased allograft loss in a multivariable analysis. It is
concluded that there is a need for integration of clinical characteristics and
novel molecular and immunological markers to improve future transplant
medicine to reach better diagnostic decisions tailored to the individual patient.
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Introduction

In patients with end-stage kidney disease, kidney
transplantation can improve their health and quality-adjusted
life years (1). However, kidney transplant function may be
unsatisfactory in some kidney transplant recipients because of
acute allograft injury after transplant, episodes of rejections, or
infections (2). According to the United Network for Organ
Sharing (UNOS) database, approximately 12% of transplant
recipients are waiting for a second transplant (3), which may
be due to several causes including incomplete characterization of
the potential kidney transplant recipient (3, 4).

Apparently, it still is difficult to predetermine allograft failure
for an individual kidney transplant recipient. Studies indicated
that the estimated glomerular filtration rate (5, 6) or proteinuria
(7) may not predict future allograft failure. To improve the
prediction of allograft failure, Foucher et al. reported the Kidney
Transplant Failure Score including recipient age, gender,
creatinine, previous transplants, donor creatinine, recipient
serum creatinine 3 months posttransplant and 12 months
posttransplant, rejection episodes, and proteinuria 12 months
posttransplant (8). However, this score largely depends on long-
term follow-up of kidney function for outcome prediction.
Loupy et al. reported the iBox score (9), showing that time of
posttransplant risk evaluation, estimated glomerular filtration
rate, proteinuria, allograft histology including interstitial fibrosis,
tubular atrophy, glomerulitis, peritubular capillaritis, interstitial
inflammation, tubulitis, allograft glomerulopathy, and anti-HLA
donor-specific antibodies were all independent predictors of
long-term allograft failure in a multivariable analysis (9).
However, the score depends on several posttransplant data
and there still is the need for an invasive kidney allograft biopsy.

One step toward improved outcome and better decisions
tailored to the individual patient may be the use of novel markers
and characteristics (10-13). On the one hand, potential markers
influencing posttransplant outcome may show several
interrelationships. On the other hand, the allocation of donor
kidneys should result in maximum benefit for potential
recipients (14). The present review will focus on characteristics
and markers which are available before transplantation for
prediction of posttransplant outcome, complications, and
survival of patients and allografts.

Clinical characteristics and
posttransplant outcome

Clinical characteristics in potential kidney transplant
recipients which can be obtained before transplant and may
affect kidney transplant outcome include age, dialysis modality,
obesity, blood pressure, and comorbidities. Intuitively, one can
understand that recipients’ age and pretransplant dialysis
modality may affect transplant outcome. Data of 189,141 first
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adult kidney transplant recipients from the United Network for
Organ Sharing (UNOS) database indicated that recipient age
affected allograft survival (15). The increased recipient age also
predicted increased patient mortality (16). A retrospective
analysis showed that pretransplant hemodialysis patients had a
lower estimated glomerular filtration rate 1-year posttransplant
compared to pretransplant peritoneal dialysis patients (17).
Furthermore, pretransplant hemodialysis patients had higher
risks of death-censored graft failure compared to pretransplant
peritoneal dialysis patients (18).

Obesity may be important, i.e., a body mass index above 30
kg/m?* is known to be associated with impaired wound healing
and occurrence of diabetes after transplantation (19). A
systematic review and meta-analysis (19) indicated that obesity
was associated with delayed graft function (relative risk, 1.41)
and death by cardiovascular disease (relative risk, 2.07)
particularly in patients who received a kidney allograft before
2000 (19). Usually, a body mass index higher than 35 kg/m? has
been reported as a threshold for kidney transplant waiting-list
access (20). There are no randomized trials available examining
whether weight loss may be beneficial in these patients. Irish
et al. analyzed 24,337 deceased donor renal transplant recipients
who received a kidney allograft from 2003 to 2006 (21). They
observed that body mass index, donation after cardiac death,
donor age, donor creatinine, and cold ischemia time predicted
acute allograft injury (21). Molnar et al. investigated the
association between pretransplant blood pressure in 13,881
hemodialysis patients and posttransplant mortality (22).
Recipients with post-dialysis diastolic blood pressure more
than 100 mmHg had a significantly higher risk of death (HR,
3.50) compared to patients with post-dialysis diastolic blood
pressure of 70 to 80 mmHg (22).

Comorbidities including diabetes, several types of
cardiovascular diseases, and lung or gastrointestinal diseases in
potential kidney transplant recipients may affect survival after
transplantation (23). During the follow-up period of 4.6 years,
Tsarpali et al. observed 66 deaths in 192 kidney transplant
recipients with a mean age of 72 years. They reported that an
increased Liu comorbidity index consistently predicted poor
recipients’ survival (23). Park et al. reported that comorbidities
including diabetes and several types of cardiovascular diseases
stratified the risk for mortality in 3,765 kidney allograft recipients
(24).1In contrast, Schold et al. reported that clinical features outlined
above may show only poor risk prediction for recipients and
allograft longevity, because using models based on large data
from national registries had a 1-year C-statistic of only 0.67 (25).

The Organ Procurement and Transplantation Network
(OPTN) uses an Estimated Post Transplant Survival (EPTS)
score (26) which is calculated from four parameters, i.e.,
potential kidney recipient age, time on dialysis, diabetes, and
prior solid organ transplants (26). Potential kidney recipients
who have a lower EPTS score will experience more years of graft
function from high-longevity kidneys compared to those who
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have higher EPTS scores (26). Therefore, potential kidney
recipients with EPTS scores lower than 20% will receive
increased priority for offers for donor kidneys with Kidney
Donor Profile Index (KDPI) scores lower than 20% (26).

An analysis from the U.S. Renal Data System (USRDS) registry
showed that longer pretransplant time on dialysis predicted
posttransplant graft loss (27). In contrast, a retrospective study by
Haller et al. (28) did not confirm that longer pretransplant time on
dialysis predicted graft loss, but longer pretransplant time on
dialysis was associated with increased mortality (28).

Pretransplant biomarkers and
posttransplant acute allograft injury

A recent study with 806 incident kidney transplant recipients
pointed to the importance of pretransplant plasma endotrophin for
posttransplant allograft injury (29). Endotrophin is a proteolytic
fragment of collagen type VI, generated by the cleavage from the o3
chain during protein assembly and maturation (30-32). Both
studies in patients with chronic kidney disease as well as in
patients with type 2 diabetes and microalbuminuria showed that
higher endotrophin was associated with higher mortality (30-32).
Tepel et al. showed the association of elevated pretransplant plasma
endotrophin in kidney transplant recipients and elevated acute
allograft injury after transplantation (29). This association could be
observed in three European cohorts even after adjustment for
known causes of delayed graft function (29). They reported a
cutoff level of 61.65 ng/ml for pretransplant plasma endotrophin
which had a negative predictive value 0f 0.92 (29). The odds ratio for
acute allograft injury was 2.09 with a 95% confidence interval
ranging from 1.30 to 3.36 (29). Pretransplant plasma endotrophin
was an independent marker for acute allograft injury in both living
and deceased donor transplants (29).

Pontrelli et al. showed that pretransplant transcripts of C-C
chemokine receptor type 2 were higher in circulating
mononuclear cells from 25 kidney transplant recipients with
acute allograft injury compared to 25 controls, showing a
sensitivity of 0.74 and a specificity of 0.68 (33). C-C
chemokine receptor type 2, which is also called CD192, is the
receptor for monocyte chemoattractant protein-1 which is
involved in monocyte chemotaxis after tissue damage (33). If
confirmed in future studies, potentially modifiable pretransplant
biomarkers may help for kidney transplant allocation to reduce
postoperative acute allograft injury.

Pretransplant biomarkers and
posttransplant rejection

Human leukocyte antigen (HLA) typing is recommended
prior to transplantation, because of the known long-term
influence of HLA matching on allograft survival (34). In order
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to identify potential kidney transplant recipients at risk for rapid
allograft rejection, recipient serum is routinely screened for
preexisting anti-donor HLA antibodies with either a
complement-dependent cytotoxicity (CDC)-crossmatch or a
flow-cytometry-crossmatch testing (35, 36). A panel reactive
antibody assay and determination of donor-specific antibodies
to detect for previous sensitization is recommended because
donor-specific antibodies beyond a threshold of approximately
3,000 MFI units cause a 100-fold higher risk of acute humoral
rejection (37). Duquesnoy et al. reported an algorithm for
matching amino acid triplets between recipient and donor
HLA (38). They reported that development of posttransplant
donor-specific antibodies may be more likely with increased
mismatches of HLA polymorphisms between recipients and
donors (38).

The importance of HLA-DQ matching for transplant
outcome has been recognized in recent years (39-42).
Leeaphorn et al. retrospectively analyzed data of 93,782 kidney
transplant recipients from the United Network for Organ
Sharing (UNOS) (41). They reported that both living kidney
donor recipients (hazard ratio, 1.18) as well as deceased kidney
donor recipients with cold ischemic time less than 17 h (hazard
ratio, 1.12) who had HLA-DQ mismatching showed a higher
risk of graft loss (41). They found that kidney transplant
recipients with HLA-DQ mismatches had more episodes of
acute graft reception withing the first year (odds ratio, 1.13)
(41). The effects of HLA-DQ mismatches may be explained in
part by de novo anti-DQ donor-specific antibodies, which may
cause acute rejection and graft glomerulopathy (39). Therefore,
the question arose, whether additional matchings will be needed
in kidney transplant recipients (42).

Zhang et al. investigated 235 kidney transplant recipients
with pretransplant RNA sequencing (43). They showed that the
reduction of gene signatures from natural killer and CD8+ T
cells was associated with early acute cellular rejection (43). A 23-
gene set predicted early acute cellular rejection with an area
under the curve of 0.80 (43).

Using a B-cell interferon-gamma ELISPOT assay, donor-
specific memory B cells can be detected pretransplant (44).
Hricik et al. did not observe an association of acute rejection
nor kidney function with pretransplant interferon-gamma
ELISPOT positivity in 176 kidney transplant recipients (45).
However, they observed that association solely in patients who
did not receive induction therapy with anti-thymocyte
globulin (45).

The role of soluble 120-kDa transmembrane glycoprotein
(sCD30) remains unclear. A meta-analysis including 12 studies
and 2,507 patients documented a poor accuracy of pretransplant
sCD30 and acute rejection (46). The meta-analysis indicated that
the pooled sensitivity was 0.70, whereas the specificity was
0.48 (46).

The pretransplant determination of HLA mismatches
between recipients and donors is known for a long time in
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order to reduce allograft rejections. In addition, several non-
HLA antibodies have been reported to cause rejection and
allograft nephropathy (47-51). In their retrospective
investigation, Lamarthée et al. reported that higher levels of
non-HLA antibodies directed against endothelial cells predicted
antibody-mediated rejection histology (50). Several assays have
been described to detect non-HLA antibodies (51). The
importance of the genetic mismatch of non-HLA haplotypes
for transplant outcome had been investigated by Reindl-
Schwaighofer et al. (52). They investigated the number of non-
synonymous single-nucleotide polymorphism mismatches in
477 pairs of deceased donors and first kidney transplant
recipients (52). They found a median of 1,892 (interquartile
range, 1,850-1,936) non-synonymous single-nucleotide
polymorphism mismatches between donors and recipients
(52). Elevated numbers of non-synonymous single-nucleotide
polymorphism mismatch were associated with increased graft
loss in a multivariable analysis (52).

In summary, determination of anti-HLA antibodies, HLA-DQ
mismatches, and non-HLA antibodies are and/or will be important
to reduce rejection episodes after kidney transplantation.

Pretransplant biomarkers and
long-term outcome

Pretransplant serum NT-proBNP, a marker associated with
volume overload and congestive heart failure, was independently
associated with all-cause mortality in 658 kidney transplant
recipients during a median follow-up of 12.7 years (53). The
hazard rate per 1 standard deviation of NT-proBNP increase was
1.67 with a 95% confidence interval of 1.48 to 1.89 (53). Even
after adjusting for age, gender, and several other factors, the
association between NT-proBNP and mortality remained
significant (53).

In their retrospective study, Gomez et al. found that an
elevated pretransplant serum growth differentiation factor of 15
in 359 kidney transplant recipients was associated with
posttransplant mortality (hazard rate, 2.2) during a follow-up
of 15 years (54). Growth differentiation factor 15 is expressed in
several organs and may be upregulated after tissue damage. The
authors concluded that growth differentiation factor 15 may be
superior to troponin I to predict cardiovascular events after
kidney transplant (54).

Some markers including kidney injury molecule-1, neutrophil
gelatinase-associated lipocalin, calprotectin, and clusterin have
been investigated posttransplant to indicate acute allograft
injury (55-57). The levels of these early markers are rising only
after acute allograft injury has occurred. For example, higher
posttransplant urinary calprotectin levels predicted a lower
glomerular filtration rate 12 months after transplantation (57).
Another example, elevated levels of urinary clusterin 4 h after
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transplant could be observed in recipients with acute kidney injury
(58). However, it is unknown whether the determination of these
markers pretransplant may also help to evaluate posttransplant
outcome. A study with a follow-up period of 12 months in 135
solid organ transplant recipients indicated that pretransplant
cytomegalovirus-specific T-cell immunity (CD8+CD69+INF-y+
T cells greater than 0.25%) was associated with lower
cytomegalovirus infections posttransplant (59).

The steps toward future integration of the predictive
biomarker, for example endotrophin, to evaluate potential
kidney transplant recipients are summarized in Figure 1. The
predictive biomarker will indicate which therapeutic option
(transplantation vs. monitoring and other treatment) would be
reasonable for the potential kidney transplant recipient.

Conclusion

It is concluded that there is a need for integration of clinical
characteristics and immunological and molecular biomarkers to
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FIGURE 1

Steps toward the future integration of a predictive biomarker to
evaluate potential kidney transplant recipients. A simplified scheme
for investigations required to improve future transplant medicine and
to reach precision medicine is shown. Outcome may indicate a
large spectrum of paraclinical or clinical endpoints, for example (but
not limited to), glomerular filtration rate, loss of allograft, infections,
hypertension, immunosuppression, acute allograft injury, rejection
episodes, or patient-reported outcome measures. Examples for
outcome variables’ timing (years) are shown but may be adopted
according to appropriate study plans. Tx indicates transplantation.
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improve future transplant medicine to reach better diagnostic
decisions tailored to the individual patient.
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