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Proteinuria as a Prognostic Factor for Graft
and Patient Survival after Kidney Transplantation
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Abstract

This review intends to make an update concerning the role of proteinuria and albuminuria
as risk and prognostic factors for graft and patient survival. Current therapeutics to modify
proteinuria and its significant consequences will be also discussed. The following subjects will
be considered: (i) screening methods for proteinuria, (ii) proteinuria as an individual prognostic
factor, (iii) proteinuria in prognostic scores, (iv) proteinuria and graft histopathology, (v)
albuminuria, and (vi) therapeutic interventions. A search in the literature has been made and
only clinical reports in adults with at least 50 patients were included in the analysis. Studies
concerning the association between immunosuppression and posttransplant proteinuria
were excluded. Finally, 92 studies have been analyzed in this review.

Proteinuria and albuminuria, frequently observed following renal transplantation (9-42%),
has been mentioned, not only as a significant marker of long-term graft dysfunction, but also
as a major prognostic factor of patient survival. With reference to this relationship between
proteinuria and renal dysfunction, it has been shown that increasing proteinuria (> 1.5 g/day)
correlates with allograft that may have de novo glomerular pathology. Conversely, lower
levels of proteinuria are generally associated with non-glomerular, nonspecific histological
changes. Graft survival rate with persistent proteinuria was significantly lower than without
persistent proteinuria, and the result was not related to the causes of proteinuria (chronic
rejection versus other causes).

Concerning the main subject of this review, 22 studies comprising 18,179 individuals have
been analyzed in three groups: proteinuria as an independent risk factor unrelated to post-
transplant events (14,839 patients), and related with posttransplant events (2,724 patients);
in addition, in 616 patients, albuminuria was also analyzed as risk factor in kidney graft
outcome. In an attempt to simplify the evaluation of results, the degree of urinary protein
excretion was categorized in three levels of proteinuria: low, middle, and high.

The importance of proteinuria/albuminuria as an independent risk factor is extensively
discussed in this review. From 22 studies evaluated (21 concerning proteinuria and 1 albu-
minuria), 19 with 16,821 patients categorized proteinurialalbuminuria as a significant risk
factor for outcome of kidney transplantation.
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As regards its relevance in the prognosis of graft survival, this subject was mentioned in
20 studies and it was significant for proteinuric/albuminuric graft recipients, from a cohort
of 12,647 patients.

As regards mortality, this issue was analyzed in 10 of the 22 studies. Eight confirmed
proteinuria as a significant predictor of mortality evaluating a cohort of 12,091 patients.
Furthermore, two analyses with 463 patients did not find proteinuria as a prognostic risk
factor for patient mortality.

In conclusion, the analysis performed in this review concerning the prognostic value of
proteinurialalbuminuria in kidney transplantation suggests that abnormal urine protein
excretion at any time and grade is a significant prognostic factor of graft and patient survival.
Systematic proteinuria screening during the follow-up of renal transplantation should be
considered a mandatory rule that will make possible the early diagnosis of possible clinical
and/or histopathological etiologies and opportune therapeutic prescription. (Trends in Transplant.
2011;5:23-48)
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|ntroduction

As a consequence of unmodified inac-
tive organ shortage, the course of action of renal
transplantation has experienced a major change.
Increasing acceptance of expanded criteria
donors (ECD), mainly old and very old recipi-
ents, undoubtedly generates new alternatives
in the follow-up, prognosis, and treatment, in
the search for long-term survival of patients
and transplants organs’.

Despite the improved management of
acute rejection episodes and the ensuing
impact on short-term kidney graft survival,
long-term graft failure related to interstitial
fibrosis and tubular atrophy, previously iden-
tified as “chronic allograft nephropathy” re-
mained almost constant®#.

Proteinuria and albuminuria, frequent-
ly observed following renal transplantation
(9-42%), has been mentioned, not only as a
significant marker of long-term graft dysfunction,

but also as a major prognostic factor of patient
survival and even recently as a strong predictor
of successful switch from cyclosporin A to
sirolimus®°,

The mechanisms through which par-
ticular proteins may cause renal pathology are
of interest as regards the potential feasibility
for therapeutic interventions. Burton, et al. re-
viewed the subject and suggested that the
abnormal filtration of proteins across the glom-
erular basement membrane will bring them
into contact with the mesangium and with the
tubular cells. The authors considered that cur-
rent evidence supports the role of lipoproteins
on mesangial cell function, which could con-
tribute to glomerular sclerosis. The proximal
tubular cells reabsorb proteins from the tu-
bular fluid, which leaves them particularly
vulnerable to any adverse effects proteins
may have. The increased metabolism of pro-
teins may result in the production of am-
monia, which can mediate an inflammatory
state through the activation of complement.
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The resultant stimulation of cytokines, chemo-
attractants, and matrix proteins by the tubular
cells may generate interstitial inflammation
and scarring of the renal tissue'.

Massy, et al. reported that the preva-
lence of proteinuria > 0.5 g/day is four-times
higher in patients with chronic allograft rejec-
tion than in patients with stable transplant
function'?, and it was also suggested that pro-
teinuria > 0.5 g/day is widely considered a
reasonable risk factor threshold level'317,

Moreover, retrospective analysis showed
that the degree of proteinuria was the most
powerful predictor of the decline of creatinine
clearance'®'®. Concerning the relationship
between proteinuria and renal dysfunction, it
has been shown that increasing proteinuria
> 1.5 g/day correlates with allograft that may
have de novo glomerular pathology. Con-
versely, lower levels of proteinuria are generally
associated with non-glomerular, nonspecific
histological changes. As a result, the authors
suggested that the relationship between pro-
teinuria and graft survival is independent of
other variables, including graft function and
graft histology?°.

Graft survival rates in renal transplant
recipients with persistent proteinuria are
significantly lower than in those recipients
without persistent proteinuria®, and this was
unrelated to the causes of proteinuria (chronic
rejection vs. other causes). This finding
suggests that proteinuria itself is an important
risk factor for allograft failure™.

The relevant importance of proteinuria
as a risk factor as well as an indicator of out-
come of patient and graft survival in kidney
transplantation has concomitantly intensified
clinical approaches to evaluate positive thera-
peutic interventions, mainly with angiotensin-
converting enzyme (ACE) inhibitors/blockers,
aimed at controlling this nonimmunologic risk
factor of graft failure®0-?7,

This review proposes to formulate up to
date information about the role of proteinuria
and albuminuria as risk factors for posttrans-
plant kidney damage, as well as its usefulness
as a prognostic factor for graft and patient
survival. Current therapeutic possibilities to
modify the association of proteinuria with pro-
gressive disease and its critical consequenc-
es will also be discussed.

Therefore, we intend to review and dis-
cuss below the following subjects related with
proteinuria/albuminuria as a prognostic pre-
dictor:

— Screening methods for proteinuria.

— Proteinuria as a predictor.

In unrelated transplant events.

In related transplant events.

Of posttransplant cardiovascular events.

— Proteinuria in prognostic scores of kidney
graft outcomes.

— Proteinuria and graft histopathology.
— Albuminuria.

— Therapeutic interventions.

— Discussion and conclusion.

A literature search has been made
(Scopus and PubMed) involving the subject
posttransplant proteinuria and particularly
proteinuria as a prognostic factor for graft and
patient survival. Only clinical reports in adults
with a cohort of at least 50 patients were in-
cluded in the analysis. Studies concerning the
association between immunosuppression and
posttransplant proteinuria were excluded.
Finally, 92 studies have been evaluated in this
review.
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Screening methods for proteinuria

The reference test (24-hour urine pro-
tein estimation) is a result of the high degree
of variation in the urinary protein concentra-
tion during the course of the day. This pre-
cludes the use of a shorter collection period
or the use of a random urine sample for pro-
tein concentration measurements.

An alternative approach that has been
proposed and utilized is that of expressing the
protein excretion in a random urine collection
as a ratio to the creatinine concentration.
Ginsberg, et al. studied the relationship be-
tween the protein-to-creatinine ratio (PCR)
and 24-hour protein excretion and found an
excellent link between the protein content of
a 24-hour urine collection and the PCR in a
single urine sample. The authors considered
that the determination of the PCR in single
urine samples obtained during normal day-
light activity, when properly interpreted by
taking into consideration the effect of different
rates of creatinine excretion, can replace the
24-hour urine collection in the clinical quanti-
tation of proteinuria®®.

Proteinuria and albuminuria are recog-
nized to have diagnostic and predictor value
in the early detection of renal disease and can
be of considerable importance in assessing
the effectiveness of therapy and the progression
of the disease®®®. Krishna, et al. found an ex-
cellent correlation between the protein content
of 24-hour urines and urine PCR in overnight
urine samples. Also, 89% of all clinically ob-
served acute rejection episodes were accom-
panied by an increase over baseline of urine
PCR; in 56.5% of these episodes elevation of
urine PCR preceded that of serum creatinine
(SC). Persistent proteinuria with urine PCR
> 100 mg/mmol preceded significant deterio-
ration of graft function. Therefore, a urine PCR
of 100 mg/mmol can be considered as an
apparent cutoff to differentiate stable from de-
teriorating graft function in long-term evaluation

of transplant recipients®. In a prospective study
in 133 kidney transplant patients, Steinh&uslin,
et al. evaluated the accuracy of the urine PCR
determined in morning urine specimens in
assessing 24-hour proteinuria. The results
confirm that the urine PCR in morning samples
is a reliable estimate of the 24-hour proteinuria
in kKidney transplant patients. Additionally, its
variation appears to accurately reflect changes
in the rate of protein excretion®*.

Torng, et al., studying 289 patients, also
conclude that the urine PCR is a useful and
convenient screening and longitudinal test for
proteinuria®®. To confirm the value of this
method, a systematic review of the literature
on measurement of the urine PCR on random
urine compared with the respective 24-hour
protein excretion was performed by Price, et al.
Likelihood ratios were used to determine the
ability of a random urine PCR to predict the pres-
ence or absence of proteinuria. This systematic
review showed that there are sufficient data in
the literature to demonstrate a strong correlation
between the urine PCR in a random urine
sample and 24-hour protein excretion®®.

Proteinuria as predictor
In unrelated transplant events

To assess its importance as a predictor
of graft and patient survival posttransplantation,
the nature and severity of proteinuria was
evaluated. Individuals with sustained protei-
nuria > 0.5-1 g/day for more than three months
displayed one- and five-year graft survival sig-
nificantly different from those non-proteinuric
patientss738,

Yildiz, et al. reviewed 514 renal graft
patients: 56 of them (11%) had good allograft
function and proteinuria. Patients were classi-
fied in two groups according to the type of
proteinuria: permanent proteinuria (P) or tem-
porary proteinuria (T), and considering the
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amount of proteinuria as massive vs. non-
massive proteinurics. Regarding to the type of
proteinuria, two- and five-year allograft survival
rates were 70 and 58% in group P and 92 and
87% in group T, respectively (p = 0.02). Eighty-
five per cent of the patients with permanent
proteinuria also had massive proteinuria. This
study suggests that the type of posttransplant
proteinuria had a stronger effect on allograft
outcome than the severity of proteinuria®.

In their analysis, Bear, et al. recognized
that the difference in graft survival observed
in non-proteinuric and proteinuric patients is
88.7 and 61.8%, respectively. In addition, in
this study no significant difference was ob-
served if proteinuria is only sustained for less
than six months (93.3 and 81.7%).

In 357 patients followed retrospectively
over a period of five years, Hohage, et al.
found that 25.5% of these patients developed
proteinuria ranging from 0.25 to 1.0 g/day
over six or more months. These patients were
well matched with a group without proteinuria
(n = 266). Five-year transplant survival in the
group with proteinuria was 58.9% compared
to 85.6% in non-proteinuric recipients. Perma-
nent proteinuria over 12 months further reduced
five-year transplant survival to 42.6%. Intermit-
tent proteinuria did not worsen the long-term
prognosis throughout the whole observation
period. Serum creatinine in proteinuric recipi-
ents was almost 0.5 mg/dl higher compared
with patients without proteinuria. No correlation
between proteinuria and gender, age of recipi-
ent, duration of hemodialysis, and age of donor,
cold ischemia time, and mismatches could be
detected, suggesting that proteinuria within
the first six months apparently is not due to
donor or recipient factors. The authors found
a significant relationship between proteinuria
and graft failure®'.

Considering the degree of proteinuria, it
has been stated that early low-grade posttrans-
plant proteinuria at three months represents a

risk factor for graft survival. In a recent study
involving 477 patients, with a mean follow-up
of 122 months, the participants were classi-
fied into four groups based on the urine PCR
(< 0.15: group 1, n = 85; 0.15-0.5: group 2,
n = 245; 0.5-1.00: group 3, n = 96; and > 1.00:
group 4, n = 51). Multivariate analysis revealed
that even low-level proteinuria at three months
predicted death-censored graft failure (group
1 [reference] hazard ratio [HR]: 1; group 2
HR: 7.1; group 3 HR: 10.5; group 4 HR: 16.0;
p = 0.001). In this study, the impact of the
degree of proteinuria on patient survival and
the occurrence of vascular events was only
significantly higher for group 442.

Ibis, et al. analyzed the significance of
proteinuria > 0.3 g/day as marker of graft
survival in a cohort of 130 individuals. The
occurrence of graft dysfunction was signifi-
cantly different in patients with and without
proteinuria (54.17 vs. 82.62%, respectively).
The authors concluded that proteinuria and
panel reactive antibodies were significant
predictors of graft failure and that early pro-
teinuria is a significant risk factor in kidney
transplantation3.

Pérez Fontan, et al. performed a study
on the prognostic significance of proteinuria
with a survival analysis and its correlation with
late markers of graft dysfunction. In 560 ca-
daveric renal transplants, the intensity and
persistence of early proteinuria was evaluated.
The results, at any considered background,
showed that early proteinuria is a strong pre-
dictor of poor patient and graft survival. This
effect is directly related to the intensity and
persistence of the disorder*.

Amer, et al. also mentioned that lower
levels of proteinuria are in general associated
with non-glomerular, nonspecific histological
changes. These authors suggested that the
relationship between proteinuria and graft
survival is independent of other variables,
including graft function and histology#°.
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Concerning its effects on graft and pa-
tient outcome, minimal proteinuria (< 0.5 g/day)
has been analyzed by Kang, et al. in 272 renal
recipients surviving for one year with a function-
ing graft. Patients were classified according
to the one-year posttransplant proteinuria as:
non-proteinuric group (< 0.2 g/day), minimal
proteinuria group (0.2-0.5 g/day), and overt
proteinuria group (> 0.5 g/day). Fifteen percent
of patients had minimal proteinuria and 7.8%
had overt proteinuria. Five-year graft survival
in the minimal proteinuria group was 83%,
and 73% in the overt protein group, in con-
trast to 97.1% in the non-proteinuric cohort
(p = 0.01 for trend). In a multivariate analysis,
the minimal and overt proteinuria groups had
higher risks of graft failure. This study also
showed that even minimal proteinuria one
year posttransplantation was associated with
poor graft outcome?®,

The association with endothelial dys-
function is considered the mechanism that
may increase the mortality risk of proteinuria.
Van Ree, et al., in 604 renal transplant pa-
tients, investigated whether urinary protein
excretion is correlated with markers of en-
dothelial dysfunction and whether these mark-
ers affect the association of proteinuria with
mortality in renal transplant recipients. Pa-
tients were grouped according to proteinuria:
< 0.3, 0.3-1.0, and > 1.0 g/day. Soluble inter-
cellular adhesion molecule type 1 (sICAM-1)
and soluble vascular cellular adhesion mole-
cule type 1 (sVCAM-1) were measured using
ELISA. All participants were followed up at
least once a year; median value for proteinu-
ria: 0.2 (0.0-0.5 g/day). Patients with urine
protein excretion > 1.0 g/day and high con-
centrations of sICAM-1 or sVCAM-1 are at
high risk of death (p < 0.0001). This study
showed that patients with proteinuria and high
concentrations of sICAM-1 or sVCAM-1 have
an increased risk for death, compared with
patients without proteinuria, whereas this is
not the case in patients with proteinuria but
low concentrations of sICAM-1 and sVCAM-1.

The results of this trial suggested that the as-
sociation of proteinuria and increased mortality
after renal transplantation is related to a possi-
ble important role of endothelial dysfunction®’.

In 722 patients surviving at least one
year with a functioning graft, the incidence of
proteinuria as a mortality risk factor was re-
viewed by Roodnat, et al. Proteinuria was
analyzed both as a categorical variable (pres-
ence vs. absence) and as a continuous vari-
able to consider its influence as a risk factor
for graft failure or death. Statistical analysis
showed that proteinuria at one year posttrans-
plantation, both as a categorical and continu-
ous variable, was an independent variable for
graft failure. A correlation was also found with
the type of underlying disease (higher risk of
graft failure in patients with glomerulonephri-
tis), history of hypertension, and presence of
systemic disease. Patient death was also
higher in graft recipients with proteinuria as
compared to non-proteinuric patients. Death
risk was almost twice as high for patients with
proteinuria at one year compared with patients
without proteinuria. Globally, mortality risk is
higher with increasing amounts of proteinuria
at one year, both for cardiovascular and non-
cardiovascular death in these patients?®.

Concerning the importance of heavy
proteinuria > 1 g/l in graft dysfunction and its
significance as a risk factor for prognosis of
graft and patient outcome, Kim, et al. high-
lighted the responsibility of chronic rejection
and recurrent or de novo glomerulonephritis
as a determinant of heavy proteinuria devel-
oped post renal transplantation. Heavy protei-
nuria was present in 54 (6.7%) of 797 patients
and persisted for at least six months (the mean
follow-up period was 3.7 years). Improvement
of proteinuria was defined by reduction in pro-
teinuria to below 0.5 g/day for more than six
months in patients treated with angiotensin-con-
verting enzyme inhibitors (ACEI) or other medi-
cations. The five-year allograft survival rate in
patients with heavy proteinuria > 1 g/day was
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56.3%, and 88.1% in patients with proteinuria
< 1 g/day (p = 0.01). The five-year graft sur-
vival rate in patients with chronic vascular re-
jection was 35.7%, and 67.5% for those with
recurrent or de novo glomerulonephritis (p =
0.002). There was no difference in the sur-
vival according to the amount of proteinuria.
The incidence of persistent proteinuria in re-
nal transplant recipients had been reported to
be from 3-30% in the pre-CsA period. In the
CsA era, it was reported to be 12.8% of pa-
tients with proteinuria > 1 g/day and 27.9% in
patients with proteinuria > 2 g/day*.

Recently, in 454 first transplants (follow-
up: 100 + 3.2 months), the significance for
graft and patient survival of high serum crea-
tinine > 120 pmol/l (HSC) and high proteinuria
> 0.5 g/day (HP) at three months, and two and
five years was also compared and evaluated.
Donor/recipient age, sex, panel reactive anti-
body, HLA mismatches, cold ischemia time,
delayed graft function, acute rejection, blood
pressure and its treatment, diabetes and anti-
calcineurin use were also evaluated. This
study showed that HSC is a prognostic factor
of graft survival (p < 0.01) only at five years,
but not at any other study period. In addition,
HSC does not predict mortality at any period.
High proteinuria at three months (p < 0.001)
and at two years (p < 0.001) significantly pre-
dicts graft failure. High proteinuria at two
years is the prevailingly prognostic factor of
patient survival in kidney transplantation. Con-
versely, HSC is a significant prognostic factor
of graft survival (p < 0.01) only at five years,
but not at any other study period. On the oth-
er hand, proteinuria > 0.5 g/day at three months
(p < 0.0001) and at two years (p < 0.001), but
not at five years, is a significant risk factor for
graft failure® (Figs. 1-3).

The relationship between renal function
within one year after transplantation expressed
as SC level at six months and at one year,
and the change in SCr (ACr), between six
months and one year and proteinuria as

parameters influencing long-term survival, have
been studied by Fernandez-Fresnedo, et al.
in 365 renal transplants. The authors conclud-
ed that graft survival was worse among pa-
tients with higher ACr, especially among those
who developed proteinuria. In addition it is
suggested that using a combination of SCr
and ACr with proteinuria, it is possible to
identify transplant recipients with a predict-
ably shortened half-life°.

The significance of proteinuria > 0.5 g/day
as a prognostic factor, not only for graft failure
but also for patient survival, is not confirmed
regarding mortality by Sancho, et al. Among
337 kidney allograft recipients, patients with
proteinuria > 0.5 g/day were treated with ACEI
and/or angiotensin-receptor blockers (ARB).
Graft survival at five years was 69% among
patients who developed proteinuria and 93%
in those without proteinuria (p = 0.000), but
no impact in patient survival was observed in
this study (p = 0.062)".

The significance of persistent proteinuria
following renal transplantation on graft and
patient survival was tested in 3,365 kidney
graft patients included in the Spanish Chronic
Allograft Nephropathy Study by Fernandez-
Fresnedo, et al. Proteinuria at one year post-
transplantation, considered as a categorical
variable (< 0.5, 0.5-1, > 1 g/day), was identified
in 15.3% of patients. Proteinuric patients
presented a reduced graft survival versus
non-proteinuric patients. Furthermore, a high
degree of proteinuria increased graft failure.
The main cause of death in all groups, but
especially in proteinuric patients, was vascu-
lar disease. The relative risk of graft failure
and patient death was higher in proteinuric
patients®! (Figs. 4, 5).

In related transplant events

The current expanded criteria donor
policy, related with organ shortage, increases

29



30

Trends in Transplantation 2011;5

A 10
0.9
c 0.8
S2 o7
sz | il
gs 06 Log rank test
gg 05 5 2.59 p <0.01
=c R,
E% 0.4
>
go 03 — U V<05gd
S0 prot
3° o2t U,V > 0.5 g/d
0.1
0.0
0 25 50 75 100 125 150 175 200 225 250
Time, months
Patients at risk
U,V:<05gd 339 332 287 181 93 28 18
u,Vv:>05gd 40 27 8 3 1 0
prof
B

0.5
0.4
0.3
0.2
0.1
0.0

Cumulative proportion
of patients surviving

Log rank test: NS

— Screat < 120 umol/l
------ Screat > 120 umol/l

0 40 80 120 160 200 240
Time, months
Patients at risk

Scr <120 umol/l 182 179 153 98 53 17 1
Scr> 120 umol/l 197 181 141 85 41 13 2

Figure 1. A: Kaplan-Meier product-limit estimates of patient survival according to the level of proteinuria (< or > 0.5 g/d - upper
panel) or B: serum creatinine (< or > 120 umol/l-lower panel) at two years. The log-rank test was used for all comparisons (adapted from

Cantarovich F.)°.

the likelihood of posttransplant proteinuria.
Pretransplant renal lesions as well as isch-
emia-reperfusion and immunologic injury have
been incriminated as responsible for early
low-grade proteinuria that may influence long-
term graft and patient survival.

Early proteinuria (< 1 g/day) observed
one and three months posttransplantation was

retrospectively evaluated by Halimi, et al. in
484 patients. Proteinuria was correlated with
other risk factors such as donor characteris-
tics (age and cause of death), prolonged
ischemia times, and acute rejection. The re-
sults of the study suggest that early proteinu-
ria related with pre-and/or posttransplant inju-
ries to the graft, represent a potentindependent
predictor of graft loss and may have an effect
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Figure 4. Graft survival depending on 1 year proteinuria (repro-
duced with permission from Fernandez-Fresnedo G)5'.

on long-term graft survival. It was also sug-
gested that short-term proteinuria reduction
is associated with improved long-term graft
survival,

Aiming at identifying early predictors of
graft survival in recipients of ECD, Martinez
Esteban, et al, in a recent study, evaluated
180 recipients of ECD kidneys that had under-
gone a preoperative biopsy. After adjusting
for donor age and acute rejection episodes,
the results of this study showed that a glom-
erular filtration rate (GFR) < 40 ml/min in the
first year (p = 0.007) and one-year proteinuria
> 0.1 g/day (p = 0.002) were independent risk
factors for death-censored graft loss®2.

Concerning the association between pro-
teinuria and immunological events, the incidence
of rejection on graft and patient survival has
been the focus of several studies. Djamali, et
al. retrospectively investigated, in a cohort of
925 patients, the effects of proteinuria on graft
and patients outcomes following rejection.
The effects of changes in UP/C (AUPC = UPC
one month after biopsy —baseline UPC) were

1.0

Survival (Cox)
o o
o] ©

o©
3

0.6

Patient survival
(years)

Figure 5. Patient survival depending on 1 year proteinuria (re-
produced with permission from Fernandez-Fresnedo G)3'.

examined in 82 patients with both acute rejec-
tion and available data on proteinuria with a
follow up of 38.7 + 2.6 months after trans-
plantation. Mean time to acute rejection was
19 + 2.3 months, whereas the median AUPC
was 200 mg/g. Forty-two patients had a
AUPC > 200 (high proteinuria group). Base-
line characteristics were similar for high and
low proteinuria groups except for more induc-
tion therapy with interleukin-2 receptor block-
ade in the former (71 vs. 47%; p = 0.04).
This study showed that patients with AUPC
> 200 had higher rates of graft loss (26 vs.
15%; p = 0.01) or combined graft loss or
death (38 vs. 20%; p = 0.002 by log-rank).
Univariate and multivariate Cox regression
analyses, showed that AUPC > 200 mg/g,
sirolimus therapy one month after rejection,
and re-transplant status were significant fac-
tors associated with death-censored graft loss
(p = 0.008) or combined graft loss or patient
death (p = 0.03)%2.

With regard to the relationship between
rejection, proteinuria, and chronic allograft fail-
ure (CAF), McLaren, et al. studied a cohort of
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862 renal transplant recipients. Throughout the
first six months of follow-up, 117 graft failures
were excluded from the study. Seventy-seven
patients with progressive loss of renal function
and biopsy proven CAF presented after this
period were analyzed. Multivariate analysis
showed that early, and mainly late acute re-
jection episodes (after three months post-
transplantation), proteinuria at one year and
serum triglycerides were significant individual
risk factors for CAF. This analysis also showed
that SC at six months had a minimal impact
as a risk factor for graft survival®*.

Chronic hepatitis C virus (HCV) has been
associated with glomerular disease in native
and transplanted kidneys. The incidence of
hepatitis C-associated de novo glomerulone-
phritis has been evocated®5:%6,

Sabry, et al. retrospectively evaluated the
presence of HCV and the occurrence of protei-
nuria and its possible link with graft survival in
renal transplant patients (169 ELISA-positive
and 104 ELISA-negative HCV antibodies).
Both groups were comparable regarding the
incidence and quantity of HCV-positive. Indi-
viduals either HCV-positive or HCV-negative
with nephrotic range proteinuria showed
worse graft survival (p = 0.001) and higher
frequency of chronic allograft nephropathy
(p = 0.05) compared with non-proteinuric
patients. This study also showed that the in-
cidence and quantity of proteinuria is similar
in both groups of HCV-positive and HCV-
negative transplant recipients. Nephrotic range
proteinuria, independently from serology, is as-
sociated with poorer graft outcome®’.

Proteinuria as predictor of
posttransplant cardiovascular events

Cardiovascular complications affected
at least 33% of patients three to seven years
after transplantation and are a significant
cause of patient death with functioning graft.

Among several risk factors for left ven-
tricular hypertrophy (LVH), such us age, du-
ration of chronic renal failure and time on
dialysis, along with reduced nephron mass,
high blood pressure, anemia, functioning
arteriovenous fistula and chronic inflammatory
syndrome, posttransplant proteinuria (a
marker of generalized endothelial dysfunction)
was also significantly associated with LVH.
The significant role of persistent proteinuria
as a prognostic factor of cardiovascular
disease and the risk of death with functioning
grafts, as well as the benefits of an anti-
proteinuric strategy that may improve patient
and graft survival, has been confirmed by
several studies58¢0,

Proteinuria in prognostic scores
of kidney graft outcomes

Concerning the role of proteinuria in the
outcome of renal transplanted patients, a brief
assessment of the incidence of proteinuria in
the outcome of a general non-transplanted
population could be of interest.

A cohort of 920,985 adults who had
at least one outpatient SC measurement
and who did not require renal replacement
treatment at baseline has been observed.
Proteinuria was assessed by urine dipstick
or urine PCR. During the median follow-up of
35 months (range 0-59 months), 27,959 par-
ticipants (3.0%) died. The fully adjusted rate
of all-cause mortality was higher in study
participants with lower estimated glomerular
filtration rate (eGFR) or heavier proteinuria.
Adjusted mortality rates were more than two-
fold higher among individuals with heavy pro-
teinuria measured by urine dipstick and eGFR
of 60 ml/min/1.73 m? or greater, as compared
with those with eGFR of 45-59.9 ml/min/1.73 m?
and normal protein excretion. This study
showed that the risks of mortality, myocardial
infarction, and progression to kidney failure
associated with a given level of eGFR are
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independently increased in patients with
higher levels of proteinuria®’.

Extrapolating these results to renal
transplantation in order to improve long-term
outcomes is crucial to define risk factors that
differentiate patients in excellent and stable
allograft function from recipients at risk of los-
ing their transplants®63,

To evaluate the prognostic role of pro-
teinuria in the outcome of patients and grafts
in kidney transplantation, it is worthwhile to
review the basis of short-term and long-term
graft survival. Many of these factors influence
each other, such as HLA mismatching that
may increase the risk of acute renal rejection
and subsequent premature allograft failure®.

Increasing donor age (p < 0.001), recipi-
ent age (p = 0.001), recipient weight (p = 0.029),
waiting time on dialysis (p = 0.006), pretrans-
plant hypertension (p < 0.001), pretransplant
diabetes (p < 0.001), delayed graft function
(p < 0.001), proteinuria (p = 0.001), posttrans-
plant diabetes (p = 0.015), posttransplant hy-
pertension (p = 0.017), and acute rejection
(p < 0.001) are the generally accepted risk
factors for graft dysfunction and patient sur-
vival. Nevertheless, it was considered that
proteinuria and stage of allograft dysfunction at
the start of chronic allograft failure are the major
risk factors for late renal allograft dysfunction®®.

Hernandez, et al. studied a cohort of
4,928 kidney transplant patients to develop
and validate a prognostic index to estimate
patient survival beyond the first posttransplant
year. Proteinuria was included within several
analyzed covariates. The largest positive weights
(p coefficient) were obtained for the age range
50-60 years and proteinuria > 1 g/day at the
first posttransplant year, new onset diabetes,
and SC at the first year. The authors remarked
that proteinuria is a significant predictor of
cardiovascular disease and death post-kidney
transplantation®®.

In another review, Reichel, et al. esti-
mated that proteinuria (0.25-1.0 g/day) six
months after transplantation was noted in
25.5% of the patients. Non-proteinuric patients
had a five-year graft survival of 85.6% as com-
pared to a much lower graft survival in protei-
nuric patients (58.9%). In this analysis, no
correlation was found between gender or age
of recipient, duration of hemodialysis, donor
age, cold ischemia time, or mismatches. It
appears that mild proteinuria six months after
transplantation is a predictor of decreased
long-term graft function®.

Proteinuria and graft
histopathology

Proteinuria, predominantly persistent
heavy proteinuria (> 2 g/day), underlying
pathology, and patient and graft outcome
have been subjects of interest and research
from the beginning of the transplant era. Harlan,
et al., in the 1960s, associated proteinuria with
chronic rejection and glomerular and tubular
pathological changes®®.

Among 125 recipients surviving for
more than eight years after transplantation,
Petersen, et al. analyzed heavy proteinuria
and declining graft function in 22 patients.
Complete graft failure had occurred in 12 of
the 22 patients. Based on clinical findings
and pathophysiological features, patients
were classified into two groups. Sixteen of
them with glomerular pathology presented
non-selective heavy proteinuria and glomeru-
lar histology with polymorphous lesions. In-
terstitial fibrosis, tubular atrophy, and vascu-
lar lesions were described as non-glomerular
transplant disease. This study suggested the
relationship among proteinuria, chronic or
late rejection, and different pathogenic mech-
anisms®.

First, et al.”% and Peddi, et al.”" ana-
lyzed the correlation of clinical outcome and
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histopathology findings in two studies includ-
ing 1,148 patients; 11 and 22% of them, re-
spectively, displayed persistent heavy protei-
nuria (> 2 g/day). Transplant glomerulopathy,
allograft glomerulonephritis, and chronic re-
jection were the main histopathology findings
in both studies. In the study of First, et al., only
23.4% (18 of 77) of the patients maintained
prolonged graft function, the majority of grafts
being lost within one year of the development
of persistent heavy proteinuria.

The analysis of Peddi, et al. showed
that persistent proteinuria indicated a poor
outcome, with graft loss occurring in 69% of
the allografts with a half-life of 5.6 years,
which was significantly lower than in controls
(16.5 years). This trial also mentioned that
among patients with persistent proteinuria,
there was no difference in graft survival if pro-
teinuria was due to chronic rejection or to
other causes (half-life 5.2 vs. 5.7 years). Re-
garding the association between posttrans-
plant nephrotic-range proteinuria, graft his-
topathology, and poor allograft survival, it
has been suggested that it is independent of
the time of onset of presentation of proteinuria,
especially when renal function was reduced
at the time of biopsy’2.

Besides, concerning the physiopathology
of proteinuria and graft histopathology, it has
been shown that the development of nephrotic-
range proteinuria is also associated with a de-
fect of glomerular size selectivity, which cor-
relates with prominent glomerular pathology”s.

It therefore can be speculated that thera-
peutic interventions, which have been shown to
reduce proteinuria in patients with chronic na-
tive kidney disease, will also beneficially affect
permselectivity in chronic kidney graft failure’™.

Concerning the link between proteinuria
and graft histopathology, Amer, et al. ana-
lyzed this association in 613 kidney allograft
recipients with proteinuria and surveillance

biopsies at one-year posttransplantation. Of
these, 84% patients with proteinuria between
0.150-0.5 g/day had albuminuria and 100% of
patients with proteinuria > 0.5 g/day had ab-
normal albuminuria. Proteinuria was mainly
associated with the presence of graft glom-
erular pathology and the use of sirolimus.
Glomerular pathology on biopsy was present
in 80% of patients with proteinuria > 1.5 g/day.
Conversely, lower levels of proteinuria were
not associated with specific graft histology at
one year. This analysis shows that proteinuria
was associated with reduced graft survival
(p < 0.001) independent of other risk factors
including, glomerular pathology, graft func-
tion, recipient age, and acute rejection.
Glomerular pathology was the predominant
finding in lost allograft, mainly in patients
with > 0.5 g/day proteinuria at one year. The
authors mentioned that 45% of patients pre-
sented low-level proteinuria < 0.5 g/day at
one year, remarking that even this low level
related to poor graft survival™.

Concerning the prognostic value of pro-
teinuria and histopathology findings, Knoll
stated that in addition to glomerulonephritis,
proteinuria in kidney transplant recipients is
commonly associated with such transplant-
specific diagnoses on biopsy as allograft
nephropathy, transplant glomerulopathy, and
acute rejection’®,

Albuminuria

Urinary albumin and non-albumin pro-
teins constitute proteinuria. Urinary albumin
was shown to predict end-stage renal disease
(ESRD) and death?’’.

As many patients with renal dysfunction
have microalbuminuria, it is of importance to
study to what extent the increased cardio-
vascular and mortality risk is related to either
the lower GFR or the increased albuminuria.
While some investigators advocate the use of
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urinary albumin excretion as an alternative to
total protein measurement, and others sug-
gest that the profile of proteins excreted has
differential diagnostic and prognostic value,
the National Kidney Foundation recommend-
ed that an increase in protein excretion be
used as a screening tool in patients at risk of
developing renal disease’®.

Previous evidence of worse cardiovas-
cular events in subjects with microalbuminuria
was derived from data in patients with type 1
and type 2 diabetes. Shortly thereafter, similar
data were published for the presence of mi-
croalbuminuria in hypertension as well as in
the older and general population. In addi-
tion, the level of eGFR and the evolution to
chronic kidney disease (CKD) has also been
found associated with an increased risk for
cardiovascular events’”7°,

It has been recommended, for screen-
ing and prevention of developing renal fail-
ure in all clinical fields including renal
transplantation, not to only pay attention to
eGFR, but to focus more on assessing their
albuminuria status. Recent studies have
shown that higher levels of albuminuria pre-
dict the occurrence of renal function loss and
cardiovascular events, and that moderately
impaired renal function (KDOQI stage 3 CKD)
is not such a risk factor when albuminuria is
absent®’.

Recently, Halimi, et al. retrospectively
analyzed the impact of urinary albumin ex-
cretion and non-albumin proteins on ESRD
and death in 616 kidney graft recipients.
The authors observed that in subjects with
low proteinuria < 0.25 g/day, 76% of urine
proteins were non-albumin proteins, and in
those with >1 g/day, 44% of the urine pro-
teins were non-albumin proteins. Non-albu-
min proteins expressed as a continuous or
a categorical variable and urinary albumin
excretion (per g/day) were highly significant
risk factors for graft loss. The presence of

non-albumin proteins and macroalbuminuria
also were significant risk factors for death.
This study suggests that urinary albumin
excretion is a valuable prognosis factor for
graft survival and that prospective studies
are required to evaluate if systematic
screening of microalbuminuria might be
helpful for clinical and pathology diagnos-
tic assays in the follow-up of renal trans-
plantation®.

Therapeutic interventions

The relationship between proteinuria,
patient and allograft survival, as well as the
increased risk of cardiovascular events is well
established and the importance of its early
detection have been previously highlighted
by numerous studies.

Consequently, several authors have
analyzed the possible relationship between
early diagnosis and strategies to protect the
renal graft. On this issue, many studies con-
cerning the use of ACEI/ARB have investi-
gated their action primarily as anti-proteinuric
and antihypertensive drugs'3.80-84,

Therefore, a review of the current status
of this not yet well defined policy might be of
interest.

Randomized trials in proteinuric chronic
kidney disease in the non-transplant setting
have confirmed that blockade of the renin-
angiotensin-aldosterone system (RAAS) is
associated with reduction of proteinuria and
consequently delayed progression of chron-
ic renal failure. Nevertheless, the effect of
ACEI/ARB, or their combined administration, to
reduce proteinuria in renal transplantation re-
mains uncertain®®,

Knoll maintains that treatment with ACEI
or ARB can decrease proteinuria, but taking
into account that there is no evidence from
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randomized trials that this strategy improves
patient or graft survival, its generalized use
requires statistical confirmation from random-
ized trials’®.

It had been shown that the RAAS block-
ade in kidney transplantation is associated
with some potentially relevant adverse events,
such as hyperkalemia, anemia, and even an
acute and hemodynamically-mediated decline
in renal function?®.

Consequently, for several authors up to
now there is not convincing evidence support-
ing that RAAS blockade has further benefit on
the progression of chronic allograft injury in
comparison with other antihypertensive inter-
ventions®.89,

On the other hand, several studies had
evaluated and supported the use of ACEI and
ARB in renal transplantation. The RAAS is
viewed as an additional mechanism in the
development and progression of chronic allo-
graft injury. The RAAS-blocking agents effi-
ciently improve posttransplant hypertension
and are useful in reducing proteinuria and for
treating posttransplant erythrocytosis®. In ad-
dition, some clinical studies have shown that
RAAS blockade reduces transforming growth
factor- 1 and other markers of fibrosis®.

It has also been mentioned that RAAS
blockade may also improve cardiovascular
disease, which constitutes the main cause of
mortality and morbidity in renal allograft re-
cipients®. In a study comprising 2,031 kid-
ney graft recipients, Heinze, et al. compared
graft and patient survival with and without
ACEI/ARB therapy. Ten-year survival rates
were 74% in the ACEI/ARB group, but only
53% in the non-ACEI/ARB group (p < 0.001).
Ten-year actual graft survival rate was 59% in
ACEI/ARB patients, but only 41% in those
without RAAS blockade (p = 0.002). Ten-year
unadjusted functional graft survival rates
were 76% among ACEI/ARB patients and

71% in non-ACEI/ARB recipients (p = 0.57).
The authors consider that more frequent use
of these drugs may reduce the high inci-
dence of death and renal allograft failure in
these patients?’.

In a systematic review of the evidence,
Hiremath, et al. remarked that ACEI and ARB
slow the progression of renal disease. How-
ever, the authors mentioned the need for
randomized trials of sufficient power and du-
ration to confirm this reno-protective action
and its benefits for patients and kidney graft
survival®8,

A search of the literature performed by
Jennings, et al. complemented this contro-
versial subject by evaluating seven studies.
One study examined only plasma levels of
a common marker for tissue fibrosis, and
one included only patients who had early
graft dysfunction. Of the other five studies,
three primarily reported safety endpoints
and two reported clinical efficacy endpoints.
Safety data in patients with functioning grafts
(SC from < 2.5 to 3.0 mg/d) show that early
therapy with RAAS inhibitors did not result in
appreciable increases in SC or potassium lev-
els after up to nine months of therapy. This
study suggested that the early initiation of RAAS
inhibitors is safe in posttransplant patients
with functioning grafts, and that it is reason-
able to consider these agents as first-line
pharmacotherapy in patients with hyperten-
sion and compelling indications (i.e. diabetes
or heart failure) in the first 12 weeks following
transplant®d.

Kunz, et al., in a meta-analysis of 49 stud-
ies involving 6,181 patients, showed that the
results in reducing proteinuria are compara-
ble with ACEI or ARB. The author considers
that the combination of both drugs is more
effective than either drug administered alone.
It is also recommended to consider the po-
tential side effects associated to the use of
ACEIl or ARB®!.
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Other authors also estimate that the
combination of ARB and ACEI further reduced
proteinuria more than either agent alone?”.%2,
and recent evidences suggest that adding
aldosterone antagonist therapy may further
increase renal protection, but may also en-
hance the risk of hyperkalemia®.

The conclusion of these different stud-
ies and the analysis of evidence suggest that
ongoing and future trials will be needed to
determine if ACEI/ARB, related with their ac-
tion on proteinuria, hypertension, and/or car-
diovascular diseases, and with strict control
of side effects, should be a recommended
strategy to improve the outcome for patients
having received kidney transplantation.

Discussion and Conclusion

This review aims to point out the impor-
tance of proteinuria as an individual risk factor
in the prognosis of graft and patient survival in
kidney transplantation.

Correct evaluation of urine protein excre-
tion and the feasibility of screening techniques
has been a matter of research interest. In gen-
eral, the review performed, analyzing differ-
ent trials, concluded that a random urine PCR
correlates with 24-hour estimation and reli-
ably predicts the presence of significant pro-
teinuria?834-36,

The different studies reviewed have
categorized the range of urine protein excre-
tion using diverse terminology, e.g. signifi-
cant, heavy or persistent (> 1 g day)*5,
high (> 0.5 g/day)®, early, minimal and low
(0.25-1 g/day)8434652 and others. Concerning
urinary albumin excretion, the lowest detect-
able level evaluated was 2 mg/l, with 7.4% as
coefficient of variation®.

It was shown that 23.4% of patients with
heavy proteinuria by the end of one year

cannot maintain good renal function, with the
majority of grafts being lost. Also, transplant
glomerulopathy, de novo glomerulonephritis,
and chronic rejection have been demonstrat-
ed as main causes of significant or heavy
proteinuria3841.49.69.70,

The risks of mortality, myocardial infarc-
tion, and progression to kidney failure associ-
ated with a given level of eGFR are indepen-
dently increased in patients with higher levels
of proteinuria®’. It was mentioned that ad-
justed mortality rates were more than two-
fold higher among individuals with heavy
proteinuria, 56.3% in patients with proteinu-
ria > 1 g/day, and 88.1% in patients with pro-
teinuria < 1 g/day (p = 0.01).

With regard to early and/or low proteinu-
ria levels related to the use of ECD, it was ob-
served that this grade of proteinuria was also
an early predictor of worse graft survival in the
first year posttransplantation?.4243.52.53,

In addition, low-grade proteinuria was
correlated with other risk factors such as do-
nor characteristics (age and cause of death),
prolonged ischemia times, and acute rejection.
It was also suggested that short-term protei-
nuria reduction is associated with improved long-
term graft survival’. This effect of early protei-
nuria as a strong predictor of poor patient and
graft survival was directly related to the inten-
sity and persistence of the disorder®4.

Concerning the value of minimal protei-
nuria as risk and prognostic factor, it was shown
that five-year graft survival in recipients present-
ing minimal proteinuria was 83% in contrast to
97.1% in the non-proteinuric cohort. Even mini-
mal proteinuria one year posttransplantation
was associated with poor graft outcome?*®.

It was also mentioned that lower levels
of proteinuria are generally associated with
non-glomerular, nonspecific histological
changes”.
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Table 1. Low proteinuria

Low proteinuria (< 0.5 g/day)

Patients (n)

Graft survival Patient survival

Amer, et al.”®
Roodnat, et al.*8
Kang, et al.*6
Martinez, et al.%?
Djamali, et al.%
McLaren, et al.5*

Total

Proteinuria was also evaluated as a cat-
egorical variable (presence vs. absence) and
as a continuous variable one year after trans-
plantation and both were independent vari-
ables, with no interaction with any of the other
clinical variables. On the contrary, interaction
with the original disease was confirmed. This
analysis showed that death risk was almost
twice as high for patients with proteinuria at
one year*.

Conversely, in two studies in patients
with proteinuria > 0.5 g/day, no impact was
observed in patient mortality!”5°.

Aiming at simplifying the diverse infor-
mation and taking into account the associa-
tion between results, graft and patient out-
come, and degree of urinary protein excretion,
we categorized three levels of proteinuria:
low, middle, and high levels.

In 3,574 patients even low level pro-
teinuria predicts high risk for allograft dys-
function. With regard to its significance as
a risk factor for patient survival, only two
studies analyzed this issue, showing the
presence of proteinuria as a mortality risk
factor (Table 1).

Middle proteinuria was observed in the
posttransplant period of 6,488 kidney recipients.

613
722
272
180
925
862

3,574

Yes Not mentioned
Yes Yes

Yes Not mentioned
Yes Not mentioned
Yes Yes

Yes Not mentioned
Yes: 6 Yes: 2

Not mentioned: 4

In 10 studies, proteinuria has been reported
as a risk factor and predictor of graft survival.
Concerning patient mortality, five studies did
not mention the analysis of the issue. Three of
the remaining five mentioned proteinuria as a
significant prognostic factor of mortality. In
two others, no difference was seen in patient
survival between proteinuric and non-protei-
nuric patients (Table 2).

High proteinuria (> 1 g/day) was inves-
tigated in five studies with 7,501 patients. In
three of the studies, proteinuria was found as
a significant individual risk factor for graft sur-
vival. Concerning patient mortality, proteinuria
was a major risk factor in the two trials that
analyzed this factor (Table 3).

Proteinuria as a prognostic factor for
graft and patient survival has been evaluated
in 22 studies comprising 18,179 patients
considering two groups: in 14,839 patients as
an independent risk factor unrelated to post-
transplant events either immunological or non
immunological, and in 2,724 patients related
with posttransplant events. In another 616 pa-
tients, albuminuria was also analyzed as a risk
factor for graft and patient outcome.

From the 22 studies evaluated (21 con-
cerning proteinuria and one albuminuria)
19 categorized proteinuria/albuminuria as an
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Table 2. Middle proteinuria

Middle proteinuria (> 0.5 < 1 g/day)

Patients (n)

Graft survival Patient survival

Hohage, et al.%!

Avrias, et al.¥

Ibis, et al.*3

Sancho, et al."”

Ibis, et al.%®

Cherukuri, et al.*?
Cantarovich, et al.®

Halimi, et al. 7

Sabry®”
Fernandez-Fresnedo, et al.%!

Total

independent risk factor for outcome of kidney
transplantation in 16,821 patients (Tables 4-9).

As regards its relevance in the progno-
sis of graft survival, this subject was men-
tioned in 20 studies and was significant in
analyzing proteinuria/albuminuria renal recipi-
ents from a cohort of 12,647 patients.

Concerning patient mortality, this is-
sue is mentioned to have been analyzed in
10 out the 21 studies. Eight of them analyzed

Table 3. High proteinuria
High proteinuria (> 1 g/day)

357
485
130
337
126
477
454
484
273
3,365
6,488

Patients (n)

Yes Not mentioned
Yes Not mentioned
Yes Not mentioned
Yes No
Yes No
Yes Yes
Yes Yes
Yes Not mentioned
Yes Not mentioned
Yes Yes
Yes: 10 Yes: 3

No: 2

Not mentioned: 5

the outcome of 12,091 patients and con-
firmed that proteinuria is a significant predic-
tor of mortality. On the contrary, in 463 pa-
tients no difference in patient mortality was
found between proteinuric and non-protei-
nuric patients.

This controversial result merits some
comments. One of the trials®® involved a small
number of patients, which could be statistically
limiting to evaluate the multifaceted mortality risk
factors in kidney transplantation. In the other

Graft survival Patient survival

Cusumano, et al.® 288
Park, et al.® 884
Kim, et al.*® 797
van Ree, et al.#’ 604
Hernandez, et al. 4,928
Total 7,501

Yes Not mentioned
Yes Not mentioned
Yes Not mentioned
Not mentioned Yes

Not mentioned Yes

Yes: 3 Yes: 2

Not mentioned: 2 Not mentioned: 3
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Table 4. Proteinuria, unrelated to posttransplant events either immunologic or nonimmunologic

Author Patients  Proteinuria screening Proteinuria grade Study period
(n = 14839)

Cusumano, et al.%® 288 Following 3 months > 1 g/day Not mentioned
Hohage, et al.4! 357 6 months 0.25-1 g/day 5 years
Park, et al.® 884 6 months > 1 g/day 60.2 + 30.8 months
Kim, et al.4 797 6 months > 1 g/day Mean 3.7 years
Roodnat, et al.*® 722 1 year 2 successive values 5 years

> 0.20 g/l
Fernandez-Fresnedo, et al.’ 3,365 1 year Categorical variable 8 years

> 0.5to >1 g/day
Arias, et al." 485 3 months > 0.5 g/day 6.41 + 3.6 years
Ibis, et al.*3 130 3 months > 0. 3 g/day 60 months
Amer, et al.”® 613 1 year > 0.15 to < 0.5 g/day 46 + 21 months
Sancho, et al.’” 337 6 months > 0.5 g/day 53.35 + 52.63 months
Van Ree, et al.*’ 604 > 1 year > 0.3 gto>1g/day 5.3 years

(4.7-5.7)

Hernandez, et al.% 4,928 1 year > 1 g/l at the first year Median 82 months
Ibis, et al.>® 126 > 6 months > 0.5 g/day 63.2 + 19.9 months
Kang, et al.* 272 1 year < 0.5 g/day 6.41 + 3.6 years
Cherukuri, et al.* 477 3 months 4 groups: PCR < 0.15t0 > Mean 122 months

1
Cantarovich, et al.? 454 3 months, 2 and 5 years > 0.5 g/day 100 + 3.2 months

study'”, ACEI/ARB have been given post-
transplantation to all recipients. Taking into ac-
count the anti-proteinuric effect of ACEI/ARB
and the noted improvement on graft and pa-
tient survival suggested in several clinical
studies®-80-82 we may speculate on the poten-
tial role of this therapeutic measure. Wilmer,
et al. remarked that therapeutic measures to
reduce the amount of proteinuria might be
useful to improve patient outcome as long as
they are introduced within the first two years
posttransplantation®.

Several authors in this review have also
considered the significance of the association
between graft histopathology, urine protein ex-
cretion and its relation as risk prognostic factor
with the different grades of proteinuria.

Some decades ago, Petersen, el al.,
based on clinical findings, pathophysiological
features and renal lesions, observed that
the main histopathological etiology of graft
dysfunction was glomerular (glomerular
transplant disease). The urine protein excre-
tion presented in the study was heavy grade
proteinuria®. Different authors also showed
that the main causes of persistent heavy
proteinuria were transplant glomerulopathy,
allograft glomerulonephritis, and chronic re-
jection37°, Recent data revealed that 80% of
patients with proteinuria > 1.5 g/day had
glomerular pathology. It was also observed
that proteinuria was significantly associated
with reduced graft survival independent of other
risk factors, including glomerular pathology, graft
function, recipient age, and acute rejection.
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Table 5. Proteinuria unrelated to posttransplant events either immunologic or nonimmunologic as independent risk factor of
graft and patient survival

Author Independent risk < Graft < Patient Clinical data
factor survival survival
Cusumano, et al.®®  Not mentioned Yes Not mentioned  Significant Pr > 1 g/day for 3 consecutive months

observed in 28.4% of 288 grafts. Pr associated with
chronic rejection and transplant glomerulopathy.
Graft survival lower with significant Pr.

Hohage, et al.*! Yes Yes Not mentioned 357 patients followed for 5 years. Early Pr
(0.25-1.0 g/day). Graft survival at 5 years:
58.9 vs. 85.6% in non-proteinuric.

Park, et al.5 Yes Yes Not mentioned Pr > 1 g/d for 6 months. Diagnosis 54.3% chronic
rejection, 27.2% glomerulonephritis. 5-year graft
survival: 69.4% in patients with Pr, 86.5% without
(p < 0.01).

Kim, et al.* Not mentioned Yes Not mentioned 797 patients, 6.7% Pr > 1 g/d, > 6 months.
Diagnosis: acute or chronic vascular rejection,
transplant glomerulopathy, glomerulonephritis.
Five- year graft survival with Pr > 1 g was 56.3%
and 88.1% with Pr < 1 g.

Roodnat, et al.*8 Yes Yes Yes In 722 patients Pr independent variable, not
interaction with any other variable. Death risk was
almost twice as high for patients with Pr at 1 year.

Fernandez- Yes Yes Yes In 3,365 pts, 1-year Pr as a categorical variable
Fresnedo, et al 5! was detected in 15.3% patients. Graft failure and
mortality was higher in proteinuric patients

Arias, et al.%" Yes Yes Not mentioned 485 pts with graft functioning at least 1 year.
Group A: baseline SC < 1.5 mg/dl; group B:
baseline SC 1.5-3 mg/dl. Pr > 0.5 g/day was a
significant risk factor for graft survival. Only BP shows
also independent risk factor, but lower than Pr.

Ibis, et al.*® Yes Yes Not mentioned  Pr (> 300 mg/d) 130 pts with Pr showed
significantly lower graft survival: 54.17 vs. 82.62%
(p < 0.002).

Amer, et al.”® Yes Yes Not mentioned  Proteinuria, pathology and survival were analyzed

in 613 patients. 1 year Pr > 0.150 g/day in 276
patients (45%), in 182 was < 0.5 g/day. In > 84%
patients low levels of were related with albuminuria.
Pr > 1.5 g/day was linked with glomerular pathology
and use of sirolimus. 80% of patients with Pr

> 1.5 g/day had glomerular pathology. Lower levels
of Pr were not related with specific pathologies

at 1 year and related with low graft survival.

Sancho, et al."” Yes Yes No 337 patients with Pr > 0.5 g/day with ACEI/ARB.
68 patients (20.17%) had persistent Pr > 0.5 g/day.
SC and systolic BP were higher from the early stages
in the proteinuric group. Graft survival at 5 years
was 69% in Pr patients and 93% in non-Pr patients
(p = 0.000). No differences in patient survival.

Van Ree, et al.#’ Yes Not mentioned  Yes In 604 patients Pr was correlated with markers of
endothelial dysfunction. Patients with Pr > 1.0 g/day
and high sICAM-1 or sVCAM-1 concentrations were at
increased risk for death, patients with Pr > 1.0 g/day
and low concentrations of endothelial dysfunction
were not.

Continue
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Table 5. Proteinuria unrelated to posttransplant events either immunologic or nonimmunologic as independent risk factor of
graft and patient survival (continued)

Author Independent risk < Graft < Patient Clinical data
factor survival survival
Hernandez, et al.® Yes Not mentioned  Yes 4,928 patients randomly assigned to 2 groups: a

modeling population (n = 2,452) used to create a
new index and a testing population (n = 2,476)
used to test this index. During the first
posttransplant year Pr was predictor of
cardiovascular disease and death.

Ibis, et al.>® Yes Yes No Pr (> 0.5 g/day) was associated with cardiovascular
disease (p = 001). Patients with Pr had less graft
survival: 58.62 vs. 80.41% (p = 0.02). No
association between Pr and patient survival.

Kang, et al.* Yes Yes Not mentioned 272 patients in 2 groups: no Pr (< 0.2 g/day),
minimal Pr (0.2-0.5 g/day), and overt Pr (> 0.5 g/
day). 5-year graft survival: minimal Pr was 83.0%,
and in the overt Pr was 70%, in contrast to 97.1%
in the no Pr.

Cherukuri, et al.*?  Yes Yes Yes In 477 pts, low-grade Pr evaluated 3 months
posttransplantation. 4 groups of patients based on
median PCR. Even low-level Pr predicted graft loss
(p = 0.001). Mortality only significant with high
levels. Low-grade Pr identifies high-risk group of
patients.

Cantarovich, et al.? Yes Yes Yes 454 first transplants Pr > 0.5 g/d (HP) and SC >
120 pymol/l (HSC) at 3 months, 2 and 5-years were
compared. HSC prognostic factor of graft survival
(p < 0.001) only at 5 years, but does not predict
mortality at any period. HP at 3 months (p < 0.001)
and at 2 years (p < 0.001) predicts graft failure and
mortality.

Pr: proteinuria; BP: blood pressure; SC: serum creatinine; ACEI/ARB: angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers; sICAM-1: soluble intercellular
adhesion molecule type 1; sVCAM-1: soluble vascular cellular adhesion molecule type 1; HP: high proteinuria; HSC: high serum creatinine.

The predominant pathology presented in The presence of proteinuria in kidney
allograft loss was glomerular, particularly recipients with HCV was also evaluated and
in patients who at one year had proteinuria no significant difference was found regarding
> 0.5 g/day than in those with lower levels the incidence and quantity of proteinuria in
(66 vs. 25%; p = 0.030)7°. both groups (HCV positive and negative).

Table 6. Proteinuria related to immunologic or nonimmunologic pre- or posttransplant events

Author Patients (n = 2,724) Proteinuria screening Proteinuria grade Study period
Halimi, et al.” 484 1, 3 and 12 months < 1 g/day 7.2 years
Martinez, et al.%? 180 1, 3, 6 and 9 months > 0.1 g/day 1 year

Sabry,% 273 Not mentioned 0.4 g/day 87 + 26.79 months
Djamali, et al.% 925 1 month after late acute rejection ~ UPC > 200 38.7 + 2.6 months

Mclaren, et al.% 862 1 year >0.1 gl 10 years
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Table 7. Proteinuria related to immunologic or nonimmunologic pre- or posttransplant events as an independent risk factor
of graft and patient survival

Author Proteinuria < Graft survival < Patient Clinical data
independent  Pr: yes survival
risk factor Pr: no Pr: yes

Pr: no

Halimi, et al.” Yes Yes Not mentioned  In 484 patients, earlier low Pr (< 1 g/24-hours) was

44

Martinez, et al.®*  Yes Yes

Sabry,% Not mentioned  Yes

Djamali, et al.%® Yes Yes Yes

McLaren, et al.®*  Yes Yes

evaluated 1 and 3 month. Pr was correlated with other
risk factors. Low-grade Pr was independent predictor
of graft loss.

Not mentioned In 180 recipients from ECD Pr values above the

median (0.100 g/day) at 1 year posttransplantation
significantly reduced the death-censored graft survival
(p < 0.0001). GFR < 40 ml/min in the first year

(p = 0.007) and Pr at 1 year > 0.100 g/day

(p = 0.002) were independent risk factors

for graft survival.

Not mentioned  In both HCV+ and HCV- groups (273 patients),

those with nephrotic range Pr showed worse

graft survival and higher frequency of chronic
allograft nephropathy compared with non-proteinuric
patients.

Proteinuria and patient/graft outcomes following AR

in 925 patients. 80 patients identified with biopsy and
UPC ratios at baseline. Mean time to AR 19 + 2.3
months. 42 patients had AUPC > 200 (high proteinuria
group) and higher rates of graft loss (26 vs. 15%;

p = 0.01) or combined graft loss or death (38 vs. 20%;
p = 0.002 by log-rank).

Not mentioned 862 patients followed 10-years. Chronic allograft failure

(CAF) in 9.2%. Pr, early and late AR, and serum
triglycerides were risk factors. SC levels at 6 months
were not predictive of CAF.

Pr: proteinuria; ECD: expanded criteria donors; GFR: glomerular filtration rate; AR: acute rejection; SC: serum creatinine.

Table 8. Albuminuria

Author Patients (n = 616)

Albuminuria screening

Albuminuria grade Study period

Halimi, et al.8 616

On the other hand, it was shown that in both
groups, those patients with nephrotic-range
proteinuria showed worse graft survival and
higher frequency of chronic allograft nephropa-
thy compared with non-proteinuric patients®’.

The severe impact in the outcome of
kidney transplantation produced by proteinu-
ria, and considering that experimental and

31.4% = 12 months
68.6% means 60 months

40 months
(3.7-99 months)

Lowest 2 mgl/l
(coefficient of
variations 7.4%)

clinical research has supported the use of
ACEI/ARB in diabetes, hypertension, and pro-
teinuric nephropathy, has led to explore the
possible benefit of this therapy in kidney
transplantation. Nevertheless, the use of these
drugs remains controversial’6.85,

However, different studies with large
numbers of patients supported the use of
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Table 9. Albuminuria as risk factor

Author Albuminuria < Graft survival < Patient survival Clinical data
independent Pr: yes Pr: yes
risk factor Pr: no Pr: no
Halimi, et al.®  Yes Yes Yes 616 renal recipients to analyze the influence of UAE

UAE: urinary albumin excretion; ESRD: end-stage renal disease; NAP: non-albumin proteins;

ACEIl and ARB in mono or combined therapy
to slow the progression of renal disease. On
the other hand, several trials comparing
graft and patient survival (with and without
ACEI/ARB therapy) showed that 10-year
graft and patient survival rates significantly
improved in the ACEI/ARB group. Some
studies suggested that the early initiation of
RAAS inhibitors is safe and it could be rea-
sonable to consider these agents as first-
line pharmacotherapy in patients in the first
12 weeks following transplantation. Never-
theless, data are still insufficient to recom-
mend these drugs in patients with early graft
dysfunction?7.88-89,

Recently, Kunz, et al. in a meta-analysis
of 49 studies involving 6,181 patients showed
that the therapeutic results concerning reduc-
tion in proteinuria are comparable with ARB
or ACEI. In addition, the authors remarked
that the combination of both drugs is more
effective than either drug alone. This study
also recommends that the potential side ef-
fects should be considered cautiously®’.

In conclusion, the analysis performed
in this review concerning the prognostic
value of proteinuria in kidney transplantation

and non-albumin proteins (NAP), ESRD, and death.
In individuals with proteinuria < 0.25 g/day, 76% of
proteins were NAP; in those with >1 g/day, 44%

of proteins were NAP. NAP expressed as a continuous
(HR: per g/day: 4.00 [2.85-5.63]; p < 0.0001) or a
categorical (presence vs. absence, HR: 29.09
[8.80-96.20]; p < 0.0001) parameter and UAE

(per g/day, HR: 1.86 [1.24-2.78], p<0.0001) were risk
factors for graft loss in univariate analyses. The
presence of NAP (HR: 5.37 [2.55-11.34]; p < 0.0001)
and macroalbuminuria (HR: 4.12 [1.65-10.29];

p = 0.0024) were risk factors for death.

clearly suggests that proteinuria (and albu-
minuria) at any time and grade are significant
prognostic risk factors of graft and patient
survival.

On the other hand, the possible benefit
of ACEI/ARB in renal transplantation still
requires confirmation.

Systematic proteinuria screening during
the follow-up of renal transplantation should
be considered a mandatory rule that will
render possible the early diagnosis of possi-
ble clinical and/or histopathological etiologies
and opportune therapeutic prescription.
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