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Abstract: Protocol renal allograft biopsies allow the early detection of histo-
logical damage in the renal allograft even before renal function deterioration or protei-
nuria appears. Two different lesions have attracted the main interest in protocol biopsy
studies: subclinical rejection, namely, the presence of tubulo-interstitial inflammation
and chronic allograft nephropathy, nowadays termed interstitial fibrosis/tubular atrophy
(IF/TA), and the presence of tubulo-interstitial chronic lesions. The incidence of subcli-
nical rejection is maximal after transplantation and decreases during the first few
months despite the fact that this condition persists in a proportion of cases even in late
protocol biopsies done after the first year. In studies of serial protocol biopsies, the
presence of subclinical rejection is associated with a higher probability of the progres-
sion of chronic tubulo-interstitial lesions and, recently, it has been shown the subclinical
rejection in early protocol biopsies is associated with poorer allograft survival. The
incidence of IF/TA rapidly progresses after renal transplantation, following an expo-
nential curve. Its presence is associated with a decreased graft survival and its predictive
value on outcome is independent from other predictors of survival such as serum
creatinine or acute rejection. The association of IF/TA with transplant vasculopathy,
subclinical rejection or transplant glomerulopathy implies a poorer outcome than IF/TA
without other histological lesions. Taken together, these data suggest that protocol
biopsies allow the early detection of acute and chronic lesions and the recognition of
different patterns of damage that are associated with allograft survival.

Key words: protocol biopsy, subclinical rejection, chronic allograft nephropathy, inter-
stitial fibrosis/tubular atrophy.



292 Serén D.

Introduction

Renal allograft biopsy is indicated in renal transplant patients with acute
or chronic allograft dysfunction in order to establish the diagnosis, prognosis
and to decide the most adequate treatment. In the case of chronic allograft dys-
function the criteria for indicating a renal allograft biopsy vary between centres.
Despite the presence of proteinuria or renal function deterioration, the decision
to perform a renal biopsy is often delayed by some empirical therapeutic mano-
euvres such as the introduction of angiotensin-converting enzyme inhibitors in
patients with proteinuria and the reduction of anti-calcineurin dose in patients
with renal function deterioration. However, this is not a reasonable approach
since both proteinuria and renal function deterioration can be due to many dif-
ferent causes such as subclinical rejection, chronic anti-donor specific mediated
rejection, de novo glomerulonephritis, recurrence of the original disease, hyper-
tension, polioma virus infection, hepatitis C virus related glomerulopathy or ob-
struction. Thus, when indication of renal allograft biopsy is delayed we deny the
patient the possibility of receiving the best treatment for a specific cause.

Characterisation of the progression of histological lesions
by means of protocol biopsies

At the end of the 70s and the beginning of the 80’s it was suggested that
the histological lesion of the allograft could precede proteinuria or renal func-
tion deterioration. This hypothesis stimulated the first pioneering studies of pro-
tocol biopsies. The most striking observation of the first studies was the pre-
sence of a severe interstitial infiltrate in many stable grafts [1] and soon it was
possible to establish a relationship between the severity of the interstitial infil-
trate and the evolution of the renal function [2] suggesting that the presence of
an interstitial infiltrate might represent a minor form of rejection and could be
responsible for a smouldering process leading to graft function deterioration
(Figure 1). In 1995, the term subclinical rejection was introduced to refer to the
presence of histological lesions of acute rejection in stable grafts evaluated by
means of protocol biopsies [3]. In 1992 a relationship between the presence of
chronic lesions in protocol biopsies and a higher probability of renal function
deterioration was established [4]. These observations stimulated the study of the
potential utility of protocol biopsies for the early diagnosis of histological
lesions.
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Figure 1 — Subclinical rejection characterised by the presence of interstitial
infiltrate (long arrow) and tubulitis (short arrow)
Cruxa 1 + Subklini~ko otfrlawe so karakteristi~no prisustvo
na intersticielen infiltrat (dolga strelka)
1 tubulit (kratka strelka).

The predictive value of chronic allograft nephropathy
diagnosed by means of protocol biopsies on outcome

In 1995 an association between the presence of chronic lesions in 6
month protocol biopsies and graft outcome was described for the first time [5].
Later on, in 1997, it was observed that the presence of chronic allograft nephro-
pathy in 3 month protocol biopsies is not only associated with a poorer renal
allograft survival, but it was also shown that its predictive value on graft
survival was independent of other classical predictors of graft outcome such as
acute rejection, serum creatinine or proteinuria [6]. This observation implied
that protocol biopsies (Figure 2) contain valuable information for predicting the
outcome that was not present in clinical data. This result was confirmed by
other centres [7-9] and the question was raised about which parameter was a
better predictor of outcome: renal histology evaluated in protocol biopsies or
renal function. However, despite the fact thatserum creatinine or estimated
glomerular filtration rate are predictors of graft survival in epidemiological stu-
dies [10] its predictive value is not precise enough to be a trustworthy parameter
for evaluating the risk in individual patients [11].
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Figure 2 — Chronic allograft nephropathy characterised by the presence of interstitial
fibrosis and tubular atrophy (arrow).
Slika 2— Hroni~na alograft nefropatija so karakteristi~no
prisustvo na intersticielna fibroza 1 tubularna atrofija
(strelka).

Correlation between chronic allograft nephropathy and renal function

In studies of serial protocol biopsies, it has been shown that chronic
renal lesions tend to progress. Tubulo-interstitial chronic lesions rapidly prog-
ress during the first few months and more slowly thereafter. This observation
was important since it demonstrated that chronic lesions can be evaluated in
early protocol biopsies. Other chronic lesions such as glomerulosclerosis, chro-
nic vascular lesions, hyaline arteriolar changes also progress, but following a
more linear mode [12]. It has been estimated that at 3 months 30—40% of pa-
tients already display chronic allograft nephropathy, 50% at 1 year, 60% at 2
years and 100% at 10 years. However, the correlation between structure and
function in studies of protocol renal allograft biopsies is very poor. For example, in
a study in which a 4 month and 1 year protocol biopsy was performed in 155
patients, chronic lesions significantly progressed in the glomerular, interstitial,
tubular and vascular compartment while serum creatinine remained stable [13].
These data clearly show that serum creatinine is not a reliable marker of the
progression of chronic lesions, reinforcing the notion tha,t in early stages, chro-
nic allograft nephropathy can only be diagnosed by means of protocol biopsies.
In a study in which a protocol biopsy was performed in renal transplants with a
serum creatinine < 200 pmol/l and proteinuria < 1g/24h, glomerular filtration
rate measured according to the inulin method, effective renal plasma flow, mea-
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sured according to the paraamino-hipurate technique and renal functional re-
serve after the administration of intravenous aminoacids or aminoacids with
dopamine were determined. There were no differences in renal function bet-
ween patients with and without chronic allograft nephropathy [14], further
documenting the lack of correlation between structure and function in studies of
protocol biopsies.

Subclinical rejection

Subclinical rejection is defined as the presence of histological lesions of
acute rejection defined according to the Banff criteria [15] in patients with
stable renal function. The incidence of subclinical rejection is maximal just after
transplantation and rapidly decreases during the first months, following an expo-
nential curve [12]. Despite the fact that the incidence of subclinical rejection
varies between centres, approximately 10% of patients show subclinical reject-
tion after the first year. The persistence of subclinical rejection in serial biopsies
is associated with progressive renal function deterioration. Furthermore, in
studies of serial protocol biopsies, it has been observed that patients with sub-
clinical rejection in the first biopsy have a higher probability of renal function
deterioration in the second protocol biopsy, suggesting that subclinical rejection
is a risk factor for the appearance or progression of chronic allograft nephro-
pathy [16].

In studies of protocol biopsies it has been observed that, after transplan-
tation, glomerular volume increases as an adaptation mechanism to the recipient
metabolic demand. It has also been observed that the larger the glomerular
volume in 4 month protocol biopsies, the better the renal function [17] sug-
gesting that glomerular enlargement after transplantation is a necessary con-
dition for achieving a better renal function. In a study of paired 4 month and 1
year protocol biopsies, not only was it observed that the presence of subclinical
rejection was associated with a higher probability for the progression of tubulo-
interstitial chronic lesions, but also that the presence of subclinical rejection in
the first biopsy was associated with impaired glomerular enlargement in the
second one [18]. These data suggest that early subclinical rejection impairs
glomerular adaptation to the recipient metabolic demand. Recently, Choi et al.
[19], in a large study including more than 300 recipients from living donors in
whom a protocol biopsy was peformed 15 days after transplantation, showed for
the first time an association between the presence of subclinical rejection and
decreased renal allograft survival. Taken together, all these data point out that
the presence of subclinical rejection is associated with a poorer outcome.

The incidence of subclinical rejection is associated with timing of pro-
tocol biopsy, the presence of an episode of acute rejection before performing the
protocol biopsy and degree of sensitisation [16, 20]. Moreover, the incidence of
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subclinical rejection is closely associated with the immunosuppresive treatment.
The incidence of subclinical rejection is minimal in patients treated with tacro-
limus, mycophenolate mofetil and prednisone, intermediate in patients treated
with cyclosporine mycophenolate mofetil and prednisone, higher in patients
receiving cyclosporine, azathioprine and prednisone and very high in patients
receiving a calcineurin-free regimen consisting of thymoglobulin, mycopheno-
late mofetil and prednisone [12, 20, 21]. At present, there is little data on the
incidence of subclinical rejection in patients treated with sirolimus or evero-
limus. However, the incidence of subclinical rejection with anti-calcineurin free
regimens based on anti-proliferative signal inhibitors may be slightly higher
than in regimes based on tacrolimus. However, in serial protocol biopsies it has
been observed that despite a higher incidence of subclinical rejection in patient
treated with sirolimus at 1 year, the severity of chronic lesions was significantly
lower at 3 years [22].

It has been observed that patients treated with tacrolimus, in compa-
rison to patients treated with cyclosporine, not only show a lower incidence of
subclinical rejection soon after transplantation, but also a lower incidence of
chronic allograft nephropathy at 12 months [12] suggesting a link between pre-
vention of subclinical rejection and prevention of chronic allograft nephropathy.
However, other studies have not observed this benefit [23, 24].

It has also been studied whether treatment of subclinical rejection with
steroid boluses could be associated with a better outcome. A prospective rando-
mised study was performed in one centre in Canada in order to address this
question. Patients were randomised into two groups. In the study group, patients
were biopsied at 1, 2 and 3 months and treated with boluses if they showed
acute rejection in the protocol biopsy. In the control group, patients were not
biopsied and, accordingly, were not treated for subclinical rejection [25]. The
severity of chronic tubulo-interstitial lesions at 6 months and serum creatinine at
2 years were lower in the study group. At present, no multicentre trial has been
done to confirm this observation.

Are there different types of chronic allograft nephropathy?

At the 8™ Banff Conference, the elimination of the term chronic allo-
graft nephropathy was proposed. This term had been introduced to describe
biopsies with interstitial fibrosis and tubular atrophy (IF/TA)) as an alternative
to the term chronic rejection. However, despite the success of the new term, in
many papers it is now assumed that the term chronic allograft nephropathy
refers to an entity and not to chronic tubulo-interstitial lesions. Thus, in order to
avoid any over-interpretation, it was proposed that it should refer to biopsies
with tubulo-interstitial chronic lesions that cannot be ascribed to any specific
cause as IF/TA. Furthermore, at this conference, criteria were defined for recog-

Contributions, Sec. Biol. Med. Sci XXVIII/1 (2007) 291-302



Risk factors associated with the deterioration of renal function ... 297

nising chronic antibody mediate rejection, and this represents an important step
forward, since a proportion of patients with IF/TA can be now diagnosed with a
specific disease and, accordingly, offered a more rational treatment. The criteria
for defining chronic antibody mediated rejection are: a) morphological lesions
including transplant glomerulopathy, multilamination of the basal membrane of
the peritubular capillaries, fibrous intimal thickening and IF/TA; b) C4d in peri-
tubular capillaries and c¢) donor-specific antibodies. At this conference the
necessity for further recognition of specific entities leading to tubulo-interstitial
chronic damage was stressed [26].

In recent years, epidemiological studies based on protocol biopsies have
suggested that prognosis of tubulo-interstitial chronic lesions partly depends on
the accompanying lesions in other renal compartment. At present, there is some
evidence to suggest that the association of transplant vasculopathy, subclinical
rejection or even transplant glomerulopathy with tubulo-interstitial chronic
lesions implies a poorer prognosis than the presence of tubulo-interstitial chro-
nic damage alone.

1F/TA associated with transplant vasculopathy

When protocol biopsies are classified into two groups: presence or
absence of tubulo-interstitial chronic lesions, graft survival is lower in the first
group [5, 6]. However, if we classify protocol biopsies in three groups: no
tubulo-interstitial chronic lesions, tubulo-interstitial chronic lesions without trans-
plant vasculopathy and tubulo-interstitial lesions with transplant vasculopathy,
only the last group shows a poor allograft survival, while the outcome in
patients with tubulo-interstitial chronic lesions without transplant vasculopathy
is just slightly inferior to that in patients with a normal biopsy [7, 27]. These
results point to the importance of chronic vascular lesions of the renal allograft,
the so-called transplant vasculopathy (Figure 3), which is characterised by inti-
mal thickening. In heart transplants, the presence of transplant vasculopathy can
be precisely evaluated by means of intravascular ultrasound and it is associated
with a reduced graft survival. Transplant vasculopathy in the heart can be
prevented by the immediate introduction of statins just after transplantation [28]
or by the use of everolimus [29]. In the kidney it has not been determined
whether transplant vasculopathy could be prevented with statins or proliferative
signal inhibitors. In the ALERT study, statins were introduced at the 5™ year of
follow-up and graft survival was not different in patients receiving fluvastatin or
a placebo [30]. In a Spanish epidemiological study, the use of statins during the
first year was associated with improved graft survival [31]. Recently, a pro-
tective effect of sirolimus on chronic vascular lesions has been described [32].
All these data suggest the possibility that renal transplant patients with trans-
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plant vasculopathy in an early protocol biopsy represent a group with an
especially poor prognosis that might benefit from specific treatments.
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Figure 3 — Transplant vasculopathy characterized by fibrous intimal thickening

Slika 3— Transplantaciska vaskulopatija so karakteristi~no
prisustvo na fibrozno intimalno zadebeluvawe

IF/TA associated with subclinical rejection

In a recent study of 1 year protocol biopsies performed on children, it
has been observed that, when biopsies were classified as normal, chronic
allograft nephropathy and chronic allograft nephropathy associated with sub-
clinical rejection, graft survival was shorter in the last group and not different in
the first two subgroups [33], suggesting two important messages. The first is
that the association of chronic tubulo-interstitial lesions with subclinical reject-
tion implies an ominous prognosis, and the second is that the presence of chro-
nic tubulo-interstitial damage without other lesions is associated with a rather
good outcome. This observation was later confirmed in a study including more
than 300 adult recipients [34]. Recently in a large study including more than
400 patients, we were not only able to confirm these data, but we also observed
that patients with subclinical rejection without chronic tubulo-interstitial chro-
nic lesions, fare as well as patients with a normal biopsy [20]. These obser-
vation raise the question why patients displaying both conditions in the protocol
biopsy, subclinical rejection and chronic tubulo-interstitial damage show such a
bad prognosis. There are two theoretical explanations for this observation. The
first is that the activity of the infiltrate may be increased in patients displaying
both conditions in comparison to patients showing only subclinical rejection.
The alternative explanation is that, even if the severity and activity of infil-
trating cells is similar in patients with and without tubulo-interstitial chronic

Contributions, Sec. Biol. Med. Sci XXVIII/1 (2007) 291-302



Risk factors associated with the deterioration of renal function ... 299

lesions, the capacity for tissue repair is decreased in patients already displaying
renal scarring.
Conclusions

Protocol biopsies allow the early detection of subclinical rejection and
tubulo-interstitial chronic lesions before renal function deterioration. Both sub-
clinical rejection and chronic allograft nephropathy are associated with a poorer
renal allograft survival. The predictive value of chronic lesions evaluated in pro-
tocol biopsies is independent of clinical and analytical parameters. Recently, evi-
dence has accumulated suggesting that the association of tubulo-interstitial chro-
nic lesions with transplant vasculopathy, subclinical rejection or transplant glo-
merulopathy is associated with a poorer outcome than the presence of tubulo-
interstitial chronic damage alone, which suggests that different patterns of chro-
nic allograft nephropathy can be recognised by means of protocol biopsies (35).
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Pe3snme

PU3UK ®PAKTOPU ACOLIUPAHMU CO BJIOITYBAIBE
HA PEHAJIHATA ®YHKIIUJA: YJIOT'ATA
HA ITPOTOKOJI BUOIICUUTE

Sero6n D.
Nephrology Department,

Hospital Universitario de Bellvitge, Barcelona, Spain

IMpoTokon penannuTe anorpadt OMOIICHH 03BOJYBaaT paHa JeTeKIrja Ha XUCTO-
JIOIIKOTO OILITETYBame OypHU W Tpel MO0jaByBamETO HA BIIOIIYBAHETO HA PEHAJHATA
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¢yHKUMja U mpoTenHypHjaTa. Hajromem mHTEpec BO CTyIUHTE CO MPOTOKON OHOICHU
IpeIU3BHKaa B PA3INYHM JIE3UH: CYOKIMHUYKO OT(piame, KOe BCYIIHOCT INpeTcTa-
ByBa MPHCYCTBO Ha TyOYJIO-MHTEPCTULM]jATHO BOCHAIEHHE M XpOHHYHA ajorpadT Hedpo-
naruja, cera npudareHa Mmoj TEePMUHOT MHTepCcTUIMjanHa GpuOpo3a/TyOynapHa arpo-
¢uja (MD/TA), oqHOCHO, IPUCYCTBO HA XPOHHMYHH TYOYJIO-MHTEPCTULIMEHH Jie3uu. MHIu-
JICHIIaTa Ha CYOKIMHHUYKOTO OT(pJame ¢ HajrojeMa HEMOCPEIHO IO TPAHCIUIAHTAIU-
jaTa u ce HaMalyBa MOCTEIIEHO BO TEKOt Ha MPBUTE HEKOJIKY MECEIU M OKpaj Toa IITO
oBaa cocTojOa Mep3ucTHpa BO OAPEAEH NPOLEHT U BO NPOTOKOJI OHOICHUTE 10 TpBaTa
roxuHa. Bo cryanurte Ha cepuy Ha NMPOTOKOJ OMOICHH, IPHCYCTBOTO Ha CYOKJIMHUY-
KOTO OT(pJIamke € acOIMPaHO CO IOBHCOKA BEPOjaTHOCT 3a MPOrpecHja Ha XPOHUYHHUTE
TyOyJI0-MHTEPCTHLIMENTHH JIE3UH, a BO IOHOBO BpeMe, Oellle COOMILITEHO JeKa CyOKIIu-
HUYKOTO OT(]piiatbe Kaj paHUTe MPOTOKOJI OHOICHU € acOLMpPaHO CO IOJIOMIO TPEKH-
ByBame Ha rpadror. MHimnennara na UdD/TA e co O6p3a mporpecuja mo peHanHaTa
TpaHCIIAHTALMja IPE3CHTUPAHO BO BHUJ Ha SKCHOHEHLHWjajHa KpuBa. Hej3uHOoTO mpu-
CYCTBO € aCOLIMPaHO CO HAMAJICHO MPEXKUBYBabEe HA rPpadTOT U HEj3UHATA PESAUKTHBHA
BPEAHOCT 3a MCXOJOT € He3aBHCHA OJ IPYIUTe NMPEAUKTHBHH (PAaKTOpH Ha MPEKHUBY-
Bambe KaKo LITO CE& CEPYMCKHOT KPEaTHHHUH WM aKyTHOTO OT(piame. ACOIUpaHOCTa Ha
HN®D/TA co TpaHCIUTaHTaMCKaTa BAaCKYJIONATH]a, CYOKIMHIYKOTO OT(QpIIAmke WM TpaHC-
IUIAHTAIMCKaTa TJIOMEpYJIoNaTija MMIUIMLMpa MOJIONIO HPEKHBYBamke Ha TIpadToT
OTKOJIKY Bo ciiy4aj Ha ID/TA 6e3 npucycTBO Ha IPYTrUTe XUCTOJIOUIKH JIE3UU. 3eMEHO
BO LIEJIOCT, OBHE TIOJATOLM YKa)KyBaaT Ha TOa JeKa MPOTOKOJI OMOIICHUTE JO3BOIyBaatT
paHa ,ueTeKqua Ha aKyTHUTC U XPOHUYHU JIE3UU, KaAKO 1 MPEIIO3HABALC HA PA3JIMIHUTC
TUIIOBH Ha OLUTETYBaHhE KOM CE aCOLIMPaHH CO NPEKUBYBAHETO HA IPadTOT.

Kayunn 300poBu: OyOpexHa TpaHCIUIaHTAIMja, MTPOTOKOJI OWOIICH]ja, CYOKIMHHYKO
or(pname, XpoHHYHa anorpadT HedpomaTHja, UHTEpCTHIMENHA (uOpo3a/TyOynapHa
atpoduja.
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Legends for figures

Figure 1. Subclinical rejection characterised by the presence of interstitial
infiltrate (long arrow) and tubulitis (short arrow)
Figura 1. Subklini~ko otfrmame co KapakTepuCTHYHO TIPHCYCTBO Ha
WHTEPCTHIHENIeH HHOUATPAT (H0oITa CTpesika) 1 TyOynuT (KpaTka CTpeka).

Figure 2. Chronic allograft nephropathy characterised by the presence of
interstitial fibrosis and tubular atrophy (arrow).
®urypa 2. XponnuHa anorpadT HepponaTija co KapaKTEPUCTUIHO MIPHUCYCTBO
Ha MHTepcTUlenHa ¢pudpo3a u TyOynapHa aTpoduja (CTpenka).

Figure 3. Transplant vasculopathy characterized by fibrous intimal
thickening
durypa 3. TpaHCIUTaHTANMCKA BACKYJIOMATHja CO KAPAKTEPUCTHYHO MPUCYCTBO
Ha ($UOPO3HO MHTUMAITHO 33/1€0eTyBambe.
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