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Chronic Allograft Nephropathy (CAN) — An Update
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Abstract

We feel that CAN may be minimized but not completely avoided while we rely on substan-
tial numbers of marginal/cadaveric donors, whilst immunosuppression is imperfectly
monitored and individualized, and whilst scrupulous attention to “medical matters” such
as blood pressure and anemia, remain subordinated to prevention of acute rejection, and
“creatinine watching”. Most of the risk factors for the development of CAN are those for
the development of cardiovascular disease and minimizing risks for one will minimize risks
for the other (after all, the commonest cause of graft loss is death with a functional graft
from cardiovascular events). This is just the same as aggressively treating potential car-
diovascular pathology in chronic kidney disease, hoping that both the circulation and the
kidney will benefit. It will be immensely important for there to be more reliable and earlier
warning signs of CAN, whether through immunologic, genomic or proteomic approaches.
(Trends in Transplant. 2008;2:3-11)
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Our first problem, and one we cannot
solve (but do read on, please!) is the vexed
issue of definition and nomenclature. The lat-
est (8") Banff on Allograft Pathology was held
in Edmonton, Canada, 15-21 July, 2005 (and
the proceedings of these deliberations were
published in 2007)'. Major outcomes included
the elimination of the non-specific term “chron-
ic allograft nephropathy” (CAN) from the Banff
classification for kidney allograft pathology,
and the recognition of the entity of chronic
antibody mediated rejection. This newly re-
vised Banff classification system has renamed
chronic allograft nephropathy, “interstitial fi-
brosis and tubular atrophy, without evidence
of any specific etiology”. This was done be-
cause the widespread and poorly-reproduc-
ible use of the term chronic allograft nephrop-
athy was thought to be acting to undermine
attempts to determine the underlying cause(s)
of the histologic lesions.

So, we should not in theory even be
discussing the catch-all term “CAN” (or its
very many synonyms: chronic rejection,
transplant nephropathy, chronic allograft
damage, chronic renal allograft dysfunction,
transplant glomerulopathy, or chronic renal
allograft nephropathy. But we have no choice
but to discuss this entity/entities, as CAN/in-
terstitial fibrosis and tubular atrophy, without
evidence of any specific etiology is one of
the most important reasons for the loss of
allograft function beyond 12 months of en-
graftment, and the return of transplanted pa-
tients to renal dialysis programs, and their
earlier demise. Renal allograft failure is a sur-
prisingly common cause of end-stage renal
disease requiring renal replacement therapy,
accounting for 25-30% of patients awaiting
renal transplantation. Similarly, over 20% of
kidney transplants performed in the USA go
to patients who have failed one or more renal
allograft(s).

Definition

Originally coined fifteen years ago in
1991 as a more generic alternative to the then
popular, but profoundly misleading, term
“chronic rejection”, acceptance of the
term “CAN” did succeed in reversing the mis-
conception that all late scarring of the graft
was due to alloimmune injury/rejection.
However, there are now over 600 PubMed
citations using the term, many fostering and
actively nurturing the misconception that CAN
is a specific disease rather than just another
term for nonspecific parenchymal scarring
(see below). In the Banff consensus report are
outlined targeted alterations in the Banff sche-
ma replacing “CAN” as a diagnostic term. The
rationale for this update of the Banff schema
is the misusage of “CAN” as a generic term
for all causes of chronic renal allograft dys-
function with fibrosis that inhibits the accurate
diagnosis and appropriate therapy. In order
to treat something, we first must have a de-
finitive diagnosis, which is not artificial but
rather specifies the underlying disease pro-
cesses’.

CAN - Clinical features, diagnosis,
pathology, differential diagnosis

Chronic allograft nephropathy is a poor-
ly understood pathologic process that is de-
fined as renal allograft dysfunction (occurring
at least three months posttransplant) in the
absence of active acute rejection, acute drug
toxicity (principally calcineurin inhibitors), or
other diseases. There is no doubt that chron-
ic calcineurin inhibitor (CNI) usage is associ-
ated with a marked tendency to CAN on renal
allograft biopsy?.

The clinical diagnosis is usually sug-
gested by gradual deterioration of graft
function as manifested by slowly rising plas-
ma creatinine concentration, increasing pro-
teinuria (but rarely causing nephrotic-range



Thomas Oates, et al.: Chronic Allograft Nephropathy (CAN) — An Update

proteinuria), and worsening hypertension.
However, the reliance on these clinical fea-
tures commonly results in the late identifica-
tion of chronic renal allograft nephropathy,
frequently culminating in allograft loss. Reli-
ance on loss of renal function as part of a
definition of a pathologic process is pro-
foundly unsatisfactory, with much effort ei-
ther from protocol biopsies, or from novel
genetic or proteomic markers, directed to-
wards earlier diagnosis®.

The pathologic changes of CAN in-
volve all parts of the renal parenchyma, in-
cluding the blood vessels, glomeruli, inter-
stitium, and tubules. The vessel walls are
thickened by the subintimal accumulation of
loose and then organized connective tissue,
variable mononuclear cellular infiltration,
proliferation of myofibroblasts, and disrup-
tion and duplication of the internal elastic
lamina. Immunofluorescence staining in
chronic renal allograft nephropathy may be
positive for IgG, C3, and fibrin. The glo-
merular capillary walls are thickened, with
an occasional double-contour appearance.
Proteinuria is common when this feature is
pronounced on biopsy. The glomeruli may
also be enlarged and show a lobular pat-
tern; segmental or, in severe cases, global
sclerosis also may be seen. Electron mi-
croscopy may show mesangial cell interpo-
sition and subendothelial accumulation of
electron-lucent material. The interstitium
shows variable degrees of patchy fibrosis
and focal cellular infiltrates with lympho-
cytes and plasma cells, associated with a
variable degree of tubular atrophy and tu-
bular cell dropout. Peritubular capillary
basement membrane splitting and lamina-
tion may be relatively specific; these ab-
normalities, which are only observed by
electron microscopy, are found in 60% of
patients?.

Histopathologic evidence of CAN cor-
relates with adverse long-term outcomes, in-

Table 1. Different causes for progressive allograft dys-
function

CAN

BK virus nephropathy

De novolrecurrent glomerular pathology
(Late) acute rejection

Renal artery stenosis

Ureteric/other obstruction

Note:

- Proteinuria, reduced glomerular filtration rate hypertension, diabetes
and hyperlipidemia are common to many of the above.

- Renal allograft biopsy appearances of hepatitis C/mesangiocapillary
glomerulonephritis can mimic CAN.

cluding elevated concentrations of serum cre-
atinine and lower rates of graft survival. The
outcomes of 280 transplant patients, in whom
282 protocol biopsies were obtained three
months after transplantation, were the follow-
ing. At 10 years after surgery, allograft sur-
vival was 95% among those without chronic
nephropathy (175 patients), 82% for those
with chronic nephropathy but without vascu-
lopathy (87 patients), and 41% for those with
both chronic nephropathy and vasculopathy
(21 patients)®.

The evaluation of progressive allograft
dysfunction is complex but very important.
Some of the different pathologic processes
and diseases are listed in table 1.

Pathogenesis of CAN

There is of course no single cause of
CAN. There are in fact very many potential
causes, acting often in concert. There is an
important distinction to be made between im-
munologic-mediated causation, and non-im-
mune-mediated causation®®’, but of course,
it is likely that both of these pathways are
involved either simultaneously or sequential-
ly in the majority of patients, and that these
pathways act in an interdependent way to
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accelerate the ageing processes that even
under ideal circumstances cause slow pro-
gressive loss of allograft function.

Immune pathogenesis

All aspects of the immune system may
be involved in immunologic CAN — cell-me-
diated, humoral responses against alloanti-
gens (major and minor), inflammatory cyto-
kines and the innate immune response?.
Patients with a better human leukocyte an-
tigen (HLA) match fare better than those
with a less favorable match over time: a
retrospective study in which, among over
4000 recipients of HLA-identical sibling
transplants, patients with no panel reactive
antibodies (PRA) had significantly higher
10-year survival (72%) versus those with ei-
ther 1-50% PRA (63%) or greater than 50%
PRA (56%)°.

Acute rejection (early, recurrent and of-
ten associated with low levels of immunosup-
pressants in the early posttransplant period)
is an important risk factor for later CAN'0 and
worse renal function.

The immunosuppressive regimen used
can also have a profound bearing on whether
CAN will develop. If there is aggressive or
repeated early acute rejection this can lead to
progressive renal fibrosis and, for example,
intermittently and especially persistently low
CNI levels are associated with this. But equal-
ly, long-term exposure to high levels of CNI is
now strongly implicated in later-developing
CANZ. There is an increasingly rich literature
on limiting CNI exposure'?'3, The principal
evaluated strategy is to limit exposure to a
CNI, particularly ciclosporin. This involves ei-
ther a decrease or withdrawal of ciclosporin
therapy in patients with or without renal dys-
function, or the administration of immunosup-
pressive regimens that do not include ciclo-
sporin'4.

Immunosuppressive therapy is gen-
erally ineffective in patients with estab-
lished nephropathy, except for those in
whom the precipitating cause is inadequate
immunosuppression due to noncompliance
or aggressive drug tapering. Intravenous
pulse or oral pulse corticosteroid adminis-
tration may be beneficial if there is evi-
dence of active acute rejection on allograft
biopsy.

Many of the current ongoing trials
have as their primary or secondary goals
the limiting of long-term ciclosporin/CNI ex-
posure. In one example, 150 renal trans-
plant recipients were randomly assigned to
one of three maintenance immunosuppres-
sive regimens: tacrolimus plus sirolimus;
tacrolimus plus mycophenolate mofetil
(MMF); and ciclosporin (Neoral®, Novartis)
plus sirolimus. Patients in each arm also
received induction therapy with daclizumab
and maintenance therapy with methylpred-
nisolone. Interim analysis at three years
found that patient and allograft survival were
similar in all three groups’®.

Similar findings showing better protec-
tion from chronic renal dysfunction with tacro-
limus- or sirolimus-based regimens than with
a ciclosporin-based regimen were reported in
two prospective protocol biopsy studies’®.
With the sirolimus study, there was a signifi-
cantly higher serum creatinine level, lower
glomerular filtration rate, and increased prev-
alence of histologic findings of CAN with ci-
closporin than that observed with the siroli-
mus-based regimen at two years. At five
years, the sirolimus-based regimen contin-
ued to be associated with a higher glomeru-
lar filtration rate'”.

The comparison of sirolimus and tacro-
limus has not been yet subjected to a study
with three or five-year outcomes, so it is pre-
mature at this stage in our opinion to over-
interpret shorter-term, often surrogate out-
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Table 2. Nonimmune factors leading to the development
of CAN

- Hypertension - systemic, glomerular
— Glomerular hypertrophy — hyperfiltration, obesity
- Renal parenchymal disease (recurrent, de novo)

- Proteinuria

Dyslipidemia

- Delayed graft function (or prolonged
posttransplant dialysis)

- Non-heart beating donor
— Post- (or pre-) transplant diabetes mellitus
- Cytomegalovirus infection

- ? Anemia

comes (promising though these may be). In
general though, it is becoming clearer that
long-term exposure to CNI in stable transplant
patients can be reduced or eliminated, and
by so doing, CAN may be prevented or ame-
liorated'®.

Nonimmune pathogenesis

Table 2 lists the main nonimmune
pathogenetic mechanisms that have been
linked to the development of CAN. It should
be noted that many of these derive from
cross-sectional studies with limited prospec-
tive information. Also, very few interventional
data with hard, as opposed to surrogate,
endpoints are available.

A detailed exposition of each of the
above factors, many of which occur together,
is beyond the scope of this chapter. Clearly
there are well-known and well-practiced in-
terventions for many of the above factors,
including angiotensin converting enzyme in-
hibitor and angiotensin receptor blocker-
based antihypertensive regimens™, anemia
treatments, and mainly statin-based lipid-
lowering therapies.

It must not be forgotten that in many
cases the immunosuppressant choices
themselves play a role in the development
or severity of raised blood pressure, glu-
cose or cholesterol, further muddying wa-
ters that are hardly crystal-clear at the out-
set.

A realistic “synthesis scenario”

Possibly the most influential and insight-
fully informative study of the last five years to
appear shedding new light on CAN was that
of Nankivell, et al. from the Westmead unit in
Sydney, Australia®. These workers recruited
120 recipients of kidney/pancreas transplan-
tation who underwent sequential protocol bi-
opsies over a 10-year posttransplantation
period. Immunosuppressive therapy consist-
ing of ciclosporin/tacrolimus, prednisone,
and azathioprine/MMF was used over this
time period.

Based upon the time posttransplanta-
tion, two types of histologic injury (early and
late) could be distinguished. Early damage,
which was observed within one year post-
transplantation, resulted primarily from immu-
nologic factors (under-immunosuppression),
such as severe acute rejection and persistent
early subclinical rejection, as well as from
ischemic injury. After one year, damage was
increasingly characterized by progressive
high-grade arteriolar hyalinosis with vessel
narrowing, glomerulosclerosis, and additional
tubulointerstitial injury. This was thought to
principally be the result of calcineurin injury,
as by 10 years the likelihood of CAN was
high.

At 10 years, severe allograft nephrop-
athy was present in 60% of patients, with
glomerulosclerosis being observed in al-
most 40% of glomeruli?. Although the gen-
eralizability of these results to all renal
transplant recipients is unclear, these find-
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ings suggest that different treatment strate-
gies for chronic nephropathy based in part
upon time posttransplantation (prevention of
rejection in the first year and, in stable pa-
tients, limiting calcineurin exposure in the
subsequent years) may prove effective. Of
course, this needs to be tested rigorously,
and this is a major challenge for the trans-
plantation community.

The early posttransplant period is
thought to be dominated by the direct allo-
response (directly alloreactive CD4 T-cells
are very high in frequency and very vigor-
ous), whereas exhaustion of donor antigen
presenting cells over time leads to a de-
crease in direct priming of recipient T-cells
and an increase in indirect allorecognition.
The indirect pathway is the one which is
primarily responsible for chronic rejection.
Regulatory T-cells have a predominant ef-
fect on the indirect pathway so we would
expect their influence to reduce the tenden-
cy to reject over time, except of course that
CNI are directly toxic to regulatory T-cells.
Rapamycin, on the other hand, is a facilita-
tor to regulatory T-cells, so there is a good
scientific basis for a switch from CNI to
mammalian target of rapamycin (mTOR) in-
hibitors (and probably, by the same token,
MMF) with time.

Attempts to begin to test this out have
been made — 84 patients with biopsy-proven
CAN were randomly assigned to either MMF
plus a reduction in the CNI, or immediate CNI
withdrawal plus rapamycin initiation®. At 24
month follow-up, a second biopsy was per-
formed in 25 patients (10 and 15 in CNI re-
duction and withdrawal arms, respectively).
Significantly better allograft survival was ob-
served with CNI withdrawal plus rapamycin
versus the CNI reduction group, while biopsy
grading worsened and remained stable in
the reduction and withdrawal groups, re-
spectively. Similarly, the “creeping creati-
nine” study by Dudley, et al. showed benefit

of CNI withdrawal and/or elimination using
MMF'4. Clearly, one must not, in one’s enthu-
siasm to remove CNI, expose patients to the
risks of acute or chronic humoral rejection by
under-immunosuppression. It is a delicate
balancing act, with careful individualization
of treatment based on the most thorough risk
analysis for each patient; e.g. in someone
with a history of aggressive early rejection we
might expect to have to wait longer before
commencing CNI elimination, and to perform
the minimization or elimination protocol more
slowly.

Zero “tolerance” for CAN

There are international studies being
conducted at present aiming to identify the
“fingerprints of tolerance” (e.g. The EU and
International Tolerance Network studies) to
help identify those patients in whom a de-
gree of tolerance to their graft has devel-
oped and in whom immunosuppression can
be minimized or withdrawn. This would, if
successful, at least in some patients re-
duce their risk of allograft, or cardiovascu-
lar damage, and malignancy from immuno-
suppression?.

To B-iopsy or not to B-iopsy:
that is the question

We have agreed and seen that the
diagnosis of what we call CAN is made as a
clinical combination of risk factors, changing
renal function, and a supportive renal biopsy
(as much to exclude other important causa-
tions for allograft dysfunction). On this basis,
and on the background of decades of at-
tempts to predict or understand renal out-
comes before too much time has elapsed,
people have advocated the use of protocol
biopsies in the routine clinical management of
engrafted patients. But is there evidence to
support this?
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Two recent papers?’??> have nicely
summarized what are, to us, a delicately bal-
anced series of arguments. Certainly, the use
of protocol biopsies in a well-managed
clinical service seems safe, but should of
course be continuously audited. However,
until we have well-designed and well-con-
ducted clinical trials which show improved
outcomes for decisions which have been
made as a result of protocol biopsy derived
information, we must be cautious. Knowing
how best to respond to borderline infiltrates,
for example, may depend as much on the
clinical context (low versus high immunologic
risk) as any features seen on the biopsy. If
the rates of sub-clinical and clinical/borderline
rejection are low, as they might be in many
low-risk patients, the added value of protocol
biopsies may be modest or absent. It may be
that several cohorts of patients (delayed graft
function, marginal donor, high immunologic
risk) would benefit most from a protocol bi-
opsy service, but this benefit may not extend
to all. The demands on histopathology to de-
liver objective, structured, and comparative
biopsy reports should also not be underesti-
mated?'-2?,

New “kids on the (tissue) block”

If we return to the beginning, and the
2005 Banff conference, one of the two main
outcomes was the recognition of chronic an-
tibody mediated rejection. Detection of the
complement split product C4d in renal allo-
graft biopsies is emerging as an important
adjunctive tool to help understand the alloim-
mune response and, in particular, to diagnose
antibody mediated rejection. After an antigen-
antibody complex fixes complement, a cas-
cade of events follows, with activation of sev-
eral classical complement proteins. The
complement protein C4 is split into C4a and
C4b. The C4b is then converted to C4d. A
unique feature of C4d is that it binds cova-
lently to the endothelial and collagen base-

ment membranes, thereby avoiding removal
and raising the possibility of serving as an
immunologic hallmark of complement activa-
tion and antibody activity. This concept has
revolutionized our understanding of chronic
rejection.

In normal kidneys, C4d is detectable in
the glomerular mesangium and at the vascu-
lar pole. In transplanted kidneys, the reason
for the specificity of C4d staining in the peri-
tubular capillaries is not clear.

The latest Banff diagnostic criteria
have changed the antibody mediated rejec-
tion category to reflect the finding of C4d in
some cases of chronic allograft dysfunction,
suggesting that antibody mediated rejection
is a likely contributor to some forms of CAN'.
The association of C4d deposition in the
peritubular capillaries with features of chron-
ic renal allograft injury was evaluated in a
retrospective study — the presence of C4d
was evaluated in controls and cases that
met current histologic criteria for CAN and
had frozen tissue®. In the majority of the
patients with chronic allograft glomerulopa-
thy and C4d* biopsies, donor-specific anti-
bodies could also be detected. Conversely,
donor-specific antibodies were not detected
in the patients with CAG*/C4d~- biopsies.
The one-year post-biopsy graft survival im-
proved from 40% historically to 100% in pa-
tients that were CAG*/C4d*, after the institu-
tion of a protocol for conversion to
tacrolimus and MMF in this population. In
another study of 543 patients it was found
that proteinuria and decreased allograft
function and survival correlated with the de-
velopment of donor and non-donor specific
HLA antibodies posttransplantation as well
as the presence histologically of C4d and
transplant glomerulopathy?4.

At the moment we feel it would be fair
to say that this mechanism, chronic humoral-
mediated rejection, is another “immune-medi-
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Table 3. Prevention of CAN
- Living-donor preference (and younger donors).
- Avoidance of marginal cadaveric donation.

- More favorable HLA matching where possible.

- Adequate early (first few months) immunosuppression, e.g. triple therapy using CNI and MMF.

- Early recognition and treatment of raised blood pressure, cholesterol, blood glucose, i.e. combined CAN and cardiovascular

protection protocols.

¢ Treatment using ACEI/ARB if protein-creatinine ratio > 50

e Blood pressure target < 130/80 mm Hg

e Statin-based lipid-lowering therapy with aim to reduce LDL-cholesterol to < 2.0 mmol/I (opinion)

e Anti-platelet agents (more for cardioprotection)

® Robust protocols to reduce smoking, reduce obesity, increase exercise

- Use of protocol biopsies to characterize the amount of fibrosis, sclerosis and obsolescence at the outset (implantation) compared to
3-6 and/or 12 months protocol allograft biopsies in those patients with reduced, or falling GFR, without acute rejection or evidence for
humoral rejection, the slow elimination of CNI under MMF or mTOR cover (mTOR usually used in a “straight-swap”)?"22.

CNI: calcineurin inhibitors; MMF: mycophenolate mofetil; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blockers; GFR: glomerular filtration rate;

mTOR: mammalian target of rapamycin.

ated” process by which chronic interstitial,
glomerular and vascular fibrosis and sclero-
sis/obliteration can take place.

Table 3 illustrates the need for a com-
bination of therapeutic interventions to pre-
vent or to minimise CAN. We feel that CAN
may be minimized but not completely avoid-
ed while we rely on substantial numbers of
marginal/cadaveric donors, whilst immuno-
suppression is imperfectly monitored and
individualized, and whilst scrupulous atten-
tion to “medical matters” such as blood
pressure and anemia, remain subordinated
to prevention of acute rejection, and “cre-
atinine watching”. Most of the risk factors for
the development of CAN are those for the
development of cardiovascular disease and
minimizing risks for one will minimize risks
for the other (after all, the commonest cause
of graft loss is death with a functional graft
from cardiovascular events). This is just the
same as aggressively treating potential car-
diovascular pathology in chronic kidney dis-
ease, hoping that both the circulation and

the kidney will benefit. It will be immensely
important for there to be more reliable and
earlier warning signs of CAN, whether
through immunologic, genomic or proteomic
approaches.
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