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Summary

Many factors influence the long-term outcome of kidney transplantation, which

is defined very schematically by patient death or renal dysfunction leading to graft

loss. The most important of these factors is most likely the quality of the trans-

plant itself, with kidneys from living donors showing a positive impact, while kid-

neys from expanded criteria donors show deleterious impacts. Various

clinicopathological scores exist to predict mid- to long-term outcomes and avoid

the transplantation of kidneys displaying inferior results. The key factors related

to the recipient include their age as well as disease recurrence, HLA matching,

HLA immunization, ethnic background, time on dialysis, and cardiovascular

comorbidities. Renal function, defined based on estimated GFR and/or protein-

uria values, is a result of all these factors. Delayed graft function has a detrimental

long-term impact, as does the level of renal function impairment either in stable

condition or in case of progressing dysfunction. Finally, although current immu-

nosuppression regimes are highly efficient in preventing acute rejection, the bur-

den of specific (diabetes, nephrotoxicity) and nonspecific (infection and cancer)

side effects has significant negative long-term consequences that may well be

worse in the future because of the increasing ages of both donors and recipients.

The development of safer immunosuppression strategies is therefore crucial to

improve long-term outcomes.

Introduction

Although the short-term results of kidney transplantation

have improved steadily over the past 20 years, the long-

term results have improved either minimally or not at all

[1]. The definition of long term is not perfectly clear in the

literature, but schematically, it represents patient death and

renal dysfunction leading to graft loss from the fifth year

post-transplantation on. A recent comparison of results in

Europe and in the United States of America gives the fol-

lowing figures: Overall 5- and 10-year graft survival rates

were 77% and 56%, respectively, in Europe and 67% and

43% in the USA [2].

There are many potential explanations for this discrep-

ancy, such as the increasing use of expanded criteria donor

(ECD) kidneys, the aging of the recipient population, diffi-

culties in understanding the causes of chronic allograft dys-

function, and the current inability to efficiently treat

chronic rejection, among others. Schematically, half of

transplant recipients will die with a functioning allograft,

while the other half will lose the graft because of various

causes [3]. Multiple intricate factors influence long-term

outcomes following kidney transplantation.

This review is intended to dissect some of these complex

relationships to outline the most significant, and more

importantly, the most readily modified among them. At the

time of kidney transplantation, at an individual level, there

are a number of well-identified but nonmodifiable charac-

teristics of both the donor and recipient that will impact

long-term outcomes. More interesting are the potentially
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modifiable factors such as the choice of immunosuppres-

sive regimen, delayed graft function and its determinants,

renal function under stable conditions, and the causes of

chronic allograft dysfunction, most of which are clearly

complex issues (Table 1).

Donor factors: the “quality” of the kidney

Among the many factors influencing the long-term out-

come of kidney transplantation, donor factors are most

likely the most significant. The “quality” of the kidney may

be defined using broad categories such as living versus

deceased donor kidneys, subgroups of deceased donors

based on various simple or sophisticated scores, and finally,

clinico-histopathological scores based on preimplantation

biopsy data.

First, the data in the literature are concordant regarding

the conclusion that living donor kidneys function far better

than those from deceased individual [4] in almost all

instances, except may be in young recipients receiving a

kidney from a young standard criteria donor (SCD). The

nonimmunological reasons for superiority of living donor

kidneys are quite clear, including the precise pretransplan-

tation evaluation of kidney donor function, lack of detri-

mental pre-agonal and agonal phases, short or very short

cold ischemia time, and the involvement of more experi-

enced surgeons. Moreover, long-term results are even bet-

ter when there is complete HLA matching or no HLA

mismatches (depending on the way kidneys are attributed)

between the donor and recipient.

Second, by definition, kidneys coming from ECDs lead

to worse results than kidneys from SCDs [5,6]. The most

popular criteria that are broadly used to define an ECD are

an age ≥60 years or an age between 50 and 59 years and the

presence of 2 of the following 3 factors: cerebrovascular

death, a past history of hypertension, or terminal serum

creatinine levels >1.5 mg/dl [7]. However, the reality is

considerably more complex, and this definition, although

commonly used in most countries worldwide, represents

an oversimplification. Several authors have clearly demon-

strated that predictive value may be improved using more

sophisticated scores including many more variables [8,9]. It

is therefore possible to define subgroups of ECDs associated

with varying long-term outcomes.

Third, the category of donor after cardiac death (DCD)

kidneys is of interest because although short-term data

show a higher incidence of primary nonfunction and

delayed graft function for such kidneys because of severe

ischemia reperfusion injury, long-term data from various

countries show similar results compared with SCDs [10].

Finally, it is also possible to improve predictions of long-

term prognosis using combined scores including demo-

graphic data as well as serum creatinine and histological

data from preimplantation biopsies. For example, using the

predefined Pirani’s histological score, Remuzzi et al. [11]

were able to show improved long-term results for either

single or dual kidneys from donors >60 years of age, pro-

vided the grafts were evaluated histologically before

implantation. Along the same lines, within our research

group, Anglicheau et al. [12] showed that it was possible to

predict a poor short-term outcome and, thus, a poor long-

term one using a simple composite score based on a donor

serum creatinine level >150 lM, donor hypertension, and%
of sclerotic glomeruli >10.
It is therefore important to stress that, whatever scoring

method is used, precisely defining the category of the

donor, and subsequently, the “quality” of the transplanted

kidney is undoubtedly the most powerful means of making

long-term predictions.

Recipient factors at the time of transplantation

Age

The kidney transplant population is growing increasingly

older in most countries and transplant programs. Age at

the time of transplantation is clearly correlated with long-

term outcome, as reported recently in both Europe and the

United States of America [2]. This effect is further rein-

forced by the fact that most official or nonofficial allocation

policies preferentially give kidneys from old donors to old

recipients [13,14]. The most recent data coming from the

OPTN and SRTR in the United States [15] show that 5-year

patient survival is 67.2% when recipient age is ≥65 years,

while it is 80.1% when recipient age is ≤65 years. Five-year

graft survival is 60.9% in the former group and 71.3 in the

latter group. Interestingly, within this age range, the age of

the donor makes a difference: In the Eurotransplant Senior

Program, in which kidneys from donors aged >65 years are

preferentially allocated to recipients aged >65 years, the

mid-term results are clearly better when SCD kidneys are

allocated to “old” recipients [13]. This is also true when

kidneys from living donors are given to “old” recipients

[14]. Therefore, allocating an “old” kidney to an “old” reci-

pient leads to statistically better results than remaining on

dialysis, but allocating a younger kidney to the same “old”

recipient leads to better results than using an “old” kidney

donor!

Recurrence of native kidney disease

With regard to long-term outcomes, the deleterious influ-

ence of the recurrence of native kidney disease is no longer

a subject of controversy [16–19]. It represents the third

cause of allograft loss 10 years after transplantation. The

risk of recurrence mainly observed in metabolic diseases

and glomerulonephritis is highly variable among diseases,
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ranging from rare to one hundred percent for dense deposit

disease, being influenced by many factors and associated

with a wide range of prognoses. In some cases, the risk of

recurrence is highly correlated with the presence of circu-

lating antibodies or with the activity of the underlying dis-

ease, such as in antiglomerular basement membrane

disease. Transplantation is therefore usually discouraged

until the disappearance of autoantibodies and/or control of

the disease is observed. Interestingly, for most of diseases,

the true rate of recurrence is not known. In fact, it is diffi-

cult to appreciate such rates because many nephropathies,

such as IgA or membranous nephropathy, may occur with-

out any clinical manifestation and are detectable only with

protocol biopsies. Indeed, the rate of recurrence for IgA

nephropathy varies from 20% to 60% and that for mem-

branous nephropathy from 7% to 44% [16–18], according
to the biopsy policy of the center. While these two diseases

seem to have a limited impact on the allograft survival rate,

many other diseases are associated with a poor prognosis,

such as recurrent primary focal and segmental sclerosis

(FSGS) or membrano-proliferative glomerulonephritis

(MPGN). FSGS frequently recurs after kidney transplanta-

tion (20–40%), and such recurrences are associated with

compromised allograft survival. Luckily, recent therapeutic

advances have improved the rates of both clinical and his-

tological remissions, which are two critical parameters

influencing prognoses [17]. Either type II or I MPGN

recurs frequently following transplantation and is associ-

ated with a reduced allograft survival rate. Interestingly,

type II MPGN often results from uncontrolled alternative

complement pathway activation. In this particular setting,

eculizumab, an anti-C5 monoclonal antibody, may repre-

sent a potential therapeutic option that requires further

investigation. In atypical HUS, characterized by constitu-

tional or acquired dysregulation of the alternative C3

convertase, with a very high recurrence rate post-trans-

plantation, eculizumab has proven to be a very promising

treatment option [19].

In addition to the recurrence of glomerulonephritis,

other diseases such as antiphospholipid nephropathy

(APSN) may recur, affecting long-term allograft survival.

Although thrombosis is considered the key feature of vas-

cular disease in antiphospholipid syndrome, chronic arte-

rial and arteriolar lesions are frequently observed in the

kidney. These lesions mainly involve thickening of the

intima and media and are often associated with increased

cellularity of the two layers. These vascular changes result

in fibrotic lesions that progressively lead to ESRD. Interest-

ingly, we have observed that kidney transplant recipients

who exhibit antiphospholipid antibodies, primarily with

the lupus anticoagulant, are at greater risk of developing

thrombotic complications. In addition, these patients

develop typical features of APSN recurrence on the allograft

that led to a rapid decline of renal function, potentially

leading to transplant loss [17].

HLA compatibility

The use of HLA-matched has always had a significant

favorable long-term impact on kidney transplantation, but

the magnitude of this effect has decreased over the years.

This positive effect is acknowledged in many allocation pol-

icies, mainly but not only, in Europe, for example, in the

policies of the United Kingdom [20]. Examining the most

recent data from the Collaborative Transplant Study [21],

S€usal et al. confirmed the beneficial long-term influence of

HLA matching not only on graft survival and patient death

from infection but also on various factors such as the need

for lower dosages of immunosuppressive agents; a lower

incidence of side effects of immunosuppression, including

the incidence of PTLDs; a lower incidence of hip fractures;

and a lower grade of sensitization, which is especially

important when a second transplant is planned. Very

recently, using the US Renal Data System, Foster et al. [22]

found that both donor age and HLA mismatches are

important in determining the survival of deceased donor

grafts. Interestingly, the advantages of younger donors off-

set the disadvantages of poorer HLA matching, while better

HLA matching offsets the disadvantages of older donor

age! Another consequence of poor HLA matching is the

increased incidence of acute rejection, which has been doc-

umented in the Eurotransplant Senior Program in the “Old

for old” group [13,14].

Anti-HLA immunization

Anti-HLA immunization also plays a deleterious role in the

long-term outcome of kidney transplantation. This effect

has been noted from the beginning of transplantation his-

tory [23]: HLA-immunized recipients show inferior results

compared with nonimmunized recipients, at least partly

explaining why second and third transplantations display

inferior results compared with first transplantations. This

phenomenon is observed regardless of the method used to

detect HLA immunization and, especially, donor-specific

anti-HLA antibodies, that is, the microlymphocytotoxicity,

ELISA, or Luminex� (Austin, TX, USA) method. Indeed,

Lefaucheur et al. [24] reported that the presence of DSAs

in both historical and day 0 sera negatively influences graft

survival, with historical serum being the most informative.

More recently [25], using Luminex� technology, these

authors were able to further dissect the influence of the

presence of DSAs, setting a threshold of approximately

3000 MFI units, beyond which the risk of acute humoral

rejection was 100-fold higher than in patients with an MFI

<465 MFI units! Many groups, including ours, have
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obtained similar results, and a recent review of the litera-

ture [26] clearly confirms the deleterious influence of the

presence of DSA prior to transplantation, where the higher

the level, the higher the risk of humoral rejection and the

poorer the resultant graft survival. What is true for anti-

HLA DSAs is most likely (although less well documented)

also true for non-HLA DSAs [27], such as angiotensin II

type 1 receptor antibodies [28]. Post-transplant HLA

immunization also conveys a risk of antibody-mediated

rejection and poor outcomes, which will be further dis-

cussed [29].

Ethnic background

Ethnic background has been considered for many years to

have a major deleterious impact on graft outcome for both

immunological and nonimmunological reasons. The litera-

ture concerning this role mainly comes from the United

States [30]. In the most recent data from the OPTN/SRTR

database [29], graft outcomes were shown to vary by racial/

ethnic group, irrespective of donor type, and the differences

tended to increase with time post-transplantation. An

analysis of graft survival at various time points (3 months,

1, 5, and 10 years) showed that African Americans pre-

sented the lowest graft survival at each time interval. This

finding was explained by a higher incidence of delayed graft

function and acute rejection because of incompletely

understood mechanisms, including higher levels of co-

stimulatory molecules and expression of Duffy antigens on

erythrocytes. The results from Europe indicate that these

differences do not occur in all countries. For example, in

France, the results in African Europeans were not different

from those in white recipients, suggesting a role of access to

care [31]. However, taking this factor into account, it was

recently shown that the difference in the results persists

even when access to care conditions is similar [30].

Miscellaneous

Two other linked factors influence long-term outcomes.

The first is the time spent on dialysis. The role of this factor

was described at the beginning of the 2000s by Meier-Krie-

sche et al. [32], indicating that the longer the time on dialy-

sis, the poorer the long-term outcome. Cardiovascular

complications at the time of transplantation are the second

important factor to consider, and their frequency is clearly

correlated with time spent on dialysis [33]. It is well recog-

nized that patients with end-stage renal disease exhibit an

increased risk of premature cardiovascular disease, with the

risk for individuals on hemodialysis being between 10 and

20 times that of the general population. Although kidney

transplantation presents a reduced risk compared with dial-

ysis, the burden of cardiovascular disease negatively influ-

ences the long-term outcome of transplantation. However,

it is not yet known whether pretransplantation intervention

in coronary artery disease would have a positive impact on

long-term post-transplantation results.

Graft function in the course of transplantation

Delayed graft function

In as many as 50% of cases, the immediate postkidney

transplantation course is complicated by early kidney dys-

function related to ischemia reperfusion injury-induced

acute kidney injury, modulated by multiple donor and reci-

pient factors [34]. This early dysfunction, as a consequence

of various intricate factors, may lead to slow or delayed

graft function and to primary nonfunction in the most

severe cases. Because of the complexity of its pathophysiol-

ogy, defining delayed graft function is difficult and leads to

over-simplification, explaining why more than 18 defini-

tions coexist in the literature [35], the most frequent of

which is a single dialysis session during the first 7 days

post-transplantation.

The incidence of DGF varies greatly, ranging from <10%
when using living donor kidneys to more than 50% for

DCD kidneys. The short-term clinical consequences of

DGF are obvious: There is a need for several post-trans-

plantation dialysis sessions, leading to increased morbidity,

an increased length of hospitalization, and, hence, increased

costs.

More interesting are the long-term consequences of

DGF, which are still a matter of debate. The classical view

[36] is that DGF is associated with increasing cold ischemia

time and an increased risk of long-term graft failure, as a

consequence of acute kidney injury, together with various

repair mechanisms involving both adaptive and nonadap-

tive immunities. The incidence of acute rejection is also

increased.

What may be more puzzling is the most recent sugges-

tion that cold ischemia time may have more subtle conse-

quences. Indeed, Kayle et al. [37] recently studied the

impact of cold ischemia time on graft survival among ECD

transplant recipients through a paired kidney analysis (kid-

neys derived from the same donor, but transplanted into 2

different recipients). Not surprisingly, the incidence of

DGF was higher in pairs with a greater difference in the

cold ischemia time, but the incidence of graft loss was not

found to be different, even in multivariate models adjusted

for recipient factors. This first analysis was followed by a

second [38] in which the impact of cold ischemia time-

induced DGF on long-term graft loss was studied in paired

kidneys where the kidney given to one recipient experi-

enced DGF, whereas that in the second recipient did not.

Interestingly, the author concluded that while the incidence

of DGF increased with an increasing cold ischemia time, as
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expected, graft loss was again similar in the two groups.

This finding strongly suggests that cold ischemia time-

induced DGF may not have deleterious long-term conse-

quences and, hence, that kidneys should not be discarded

because of anticipated prolonged ischemia time! This phe-
nomenon is in line with the common observation that

patients receiving a kidney transplanted from a DCD donor

show a high incidence of DGF, while their long-term results

are not significantly different from those of patients receiv-

ing an SCD kidney, who show a much lower incidence of

DGF. This again highlights the complexity of DGF patho-

physiology!
It is possible to nonselectively prevent DGF or at least

decrease its incidence through the improvement of donor

management, reduction in cold ischemia time, and applica-

tion of machine perfusion. The beneficial impact of reduc-

ing the cold ischemia time is excellently demonstrated by

the lower incidence of DGF observed between living and

deceased donor kidney transplants! In a very large-scale

European trial, Moers et al. [39] demonstrated that the

application of hypothermic machine perfusion, rather than

cold storage, was able to reduce the incidence and duration

of DGF and improve 1-year graft survival. At 3 years, the

benefit was still present, especially in kidneys recovered

from ECDs. However, it is interesting that even though the

incidence of DGF was reduced in kidneys recovered follow-

ing cardiac death, no improvement of graft survival was

observed. However, the main conclusion of a more recent

meta-analysis was that hypothermic machine perfusion

reduces DGF but does not alter primary nonfunction, acute

rejection, or patient and graft survivals [40]. Closely related

to these findings, the choice of a preservation solution may

lead to a decreased incidence of DGF, with the most robust

results being demonstrated with a UW solution [41].

Glomerular filtration rate

Graft function in a stable condition is the consequence of

many factors related to the donor, the recipient, the post-

transplantation period, and the immunosuppressive regi-

men. This stable period usually occurs between 3 months

and 1 year post-transplantation. At the beginning of the

2000s, Hariharan et al. [42] described the influence of renal

function at 1 year on long-term outcomes. Not surpris-

ingly, the better the renal function was (whatever method

used to define it), the longer the graft survival was observed

to be! This finding that kidney allograft function is an

important predictor of graft failure has been confirmed by

many studies, including the most recent one on this topic

[43]. In this last study, renal function at 1 year, estimated

using the MDRD equation, was strongly associated with

subsequent graft failure, death-censored graft failure, and

death with function (Fig. 1). The decrease in eGFR between

3 months and 1 year was also predictive of subsequent

graft failure. One of the mechanisms explaining this nega-

tive influence is the fact that renal function is a strong and

independent risk factor for cardiovascular disease and,

thus, mortality, as observed in patients with chronic kidney

disease. In the setting of renal transplantation, other risk

factors such as hypertension, dyslipidemia, and smoking

behavior are significantly associated with cardiovascular

disease burden. This was observed for the first time by

Meier-Kriesche et al. [44] and confirmed by Fellstr€om

et al. [45] using the data from the ALERT study and, more

recently, by Weiner et al. [46] in a post hoc analysis of data

from the FAVORIT trial (Folic Acid for Vascular Outcome

Reduction In Transplantation). In stable kidney transplant

recipients, a lower eGFR is independently associated with

cardiovascular events. Improving and/or stabilizing renal

function using non-nephrotoxic drugs, such as mTOR

inhibitors or belatacept, would therefore constitute an

ambitious and useful goal.

Proteinuria

Although it has been disregarded for several years, protein-

uria is a strong, sensitive, and independent predictive factor

for long-term outcomes [47,48]. Halimi recently reviewed

the transplant literature on proteinuria following kidney

transplantation, leading to the following main conclusions:

(i) Early and/or late proteinuria has a negative long-term

impact on graft as well as patient survival, (ii) this impact

is observed whatever the level of proteinuria, (iii) this

impact occurs regardless of the composition of proteinuria

(albuminuria, micro-albuminuria, and nonalbumin pro-

teinuria), and (iv) this negative impact decreases when pro-

teinuria is decreased because of treatment intervention.
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Proteinuria is therefore most likely the best biomarker for

allograft damage in renal transplantation. Unfortunately,

the correlations between proteinuria and histological data

presented in the literature are still scarce.

Chronic allograft dysfunction

We have described a long-term deleterious influence of

delayed graft function and impaired graft function (evalu-

ated through eGFR and proteinuria) at the time when the

graft is considered to be functioning in a stable condition.

It is therefore not surprising that chronic allograft dysfunc-

tion plays a role in the fate of transplanted kidneys [49,50].

There are many immunological and nonimmunological

factors explaining chronic allograft dysfunction. In their

seminal paper on the natural history of chronic allograft

loss, Nankivell et al. [51] outlined the role of subclinical

histological lesions in the pathogenesis of chronic allograft

dysfunction and, especially, CNI nephrotoxicity. Subse-

quently, many transplant centers attempted to minimize

this nephrotoxicity. However, more recent data have modi-

fied our understanding of this phenomenon: (i) CNI neph-

rotoxicity has been less common in the recent years, (ii)

none of the lesions associated with CNI nephrotoxicity are

specific [52], and (iii) most importantly, the role of anti-

body-mediated rejection has become more prevalent and

better described [29]. Of course, the balance between CNI

nephrotoxicity and chronic rejection is still a matter of

debate [53–56]. As alluded to earlier, the appearance of

de novo DSAs represents a negative long-term impact, simi-

lar to their pretransplant counterparts [57]. Worthington

[58] and Lachmann [59] described the deleterious role of

post-transplantation DSAs, which was thoroughly studied

on a prospective basis by Wiebe et al. [60]. Of course, all

DSAs are not the same, and apart from their levels, the C1q

fixing of DSAs might serve as a sensitive marker of a poor

prognosis [61] Finally, several new findings have explained

(i) the worse outcome observed in the presence of vascular

lesions in the case of antibody-mediated rejection [62] and

(ii) the correlation between antibody-mediated rejection

and nonadherence [29], which is a well-known factor

related to a poor long-term outcome.

Therefore, renal function, be it delayed, stable, or

impaired, is a major long-term prognostic factor. Clearly,

immunosuppressive therapy has a role to play, even though

this role is not an obvious one.

Immunosuppression: which role?

Modern immunosuppression methods have decreased the

incidence of acute rejection by approximately 10% during

the first months post-transplantation. Surprisingly, how-

ever, at least at first glance, this decreased incidence has not

resulted in significant improvement over the long term [1].

The role of specific immunosuppressive drugs or combina-

tions of drugs in the long term is most likely minimal,

although reliable data related to this issue are not available.

Indeed, immunosuppressive drugs play a beneficial role in

the prevention of rejection but also a deleterious role

because of their specific and nonspecific side effects.

In addition to CNI nephrotoxicity, whose responsibility

is obvious in nonkidney organ transplant recipients but

whose current impact is still a matter of debate in kidney

transplantation, CNIs, especially tacrolimus, are a risk

factor for new onset diabetes following transplantation

(NODAT) [63,64]. It is now well recognized that NODAT,

similar to pretransplant diabetes, is a strong predictive fac-

tor for cardiovascular morbidity and mid- to long-term

mortality. In that setting, belatacept, a non-nephrotoxic

and nondiabetogenic drug, will probably play a significant

role in preserving renal function but also in decreasing the

incidence of cardiovascular diseases and diabetes. The same

deleterious consequences are observed with regard to both

infection- and cancer-related mortality [65,66]. Although

mTOR inhibitors appear to show the potential to prevent

cancer (mainly skin cancers thus far), their possible benefi-

cial effects in the long-term remain to be clearly demon-

strated.

In contrast, the role of nonadherence [67], even though

its diagnosis is not simple to ascertain, is considered to be a

very significant factor of graft loss probably because of the

occurrence of anti-HLA DSA leading to antibody-mediated

rejection.

In summary, the main long-term predictor of a

long-lasting kidney transplant is clearly the quality of the

Table 1. Factors influencing long-term outcomes following kidney

transplantation.

Donor factors: the «quality» of the kidney

Living donor versus deceased donor

SCD versus ECD versus DCD donor

Preimplantation biopsy data

Recipient factors at the time of transplantation

Age

Native kidney disease

HLA matching

Anti-HLA immunization

Time on dialysis

Cardiovascular comorbidities

Graft function in the course of transplantation

Delayed graft function

Graft function in a stable condition

Chronic allograft dysfunction

Immunosuppression effects

Prevention of rejection and compliance

Specific side effects

Nonspecific side effects: infections and cancer

SCD, standard criteria donor; ECD, expanded criteria donor.
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transplanted kidney. Many factors related to the donor, the

recipient, and immunosuppression have consequences for

the function of the graft, which is the result of all of these

injuries. It is therefore not surprising that renal function is

such a potent prognostic factor, regardless of the method

used to define it. The role of current combinations of

immunosuppressive agents is more difficult to ascertain

because the prevention of rejection is counterbalanced by

nonspecific side effects, such as infection and cancer. There

is therefore an urgent need to obtain equally potent, but

much better-tolerated immunosuppressive agents as we are

increasingly transplanting of older kidneys into older

recipients!
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