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Objective
To determine whether a recent decrease in the rate of acute
rejection after kidney transplantation was associated with a
decrease in the rate of chronic rejection.

Summary Background Data
Single-institution and multicenter retrospective analyses
have identified acute rejection episodes as the major risk
factor for chronic rejection after kidney transplantation.
However, to date, no study has shown that a decrease in
the rate of acute rejection leads to a decrease in the rate of
chronic rejection.

Methods
The authors studied patient populations who underwent
transplants at a single center during two eras (1984–1987
and 1991–1994) to determine the rate of biopsy-proven acute

rejection, the rate of biopsy-proven chronic rejection, and the
graft half-life.

Results
Recipients who underwent transplantation in era 2 had a de-
creased rate of biopsy-proven acute rejection compared with
era 1 (p , 0.05). This decrease was associated with a de-
creased rate of biopsy-proven chronic rejection for both ca-
daver (p 5 0.0001) and living donor (p 5 0.08) recipients. A
trend was observed toward increased graft half-life in era 2
(p 5 NS).

Conclusions
Development of immunosuppressive protocols that decrease
the rate of acute rejection should lower the rate of chronic
rejection and improve long-term graft survival.

Chronic deterioration of graft function and subsequent
graft loss have emerged as major problems for kidney
transplant recipients.1 The pathogenesis is controversial.
Both immunologic (previous acute rejection episodes) and
nonimmunologic (limited nephron mass) factors have been
implicated; both may play a role.2–5 Because the pathogen-
esis is unclear, terminology has become inconsistent. Some
authors, acknowledging the importance of immunologic

factors, continue to call the process “chronic rejection.”2,4

Others, suggesting a multifactorial pathogenesis, use
“chronic graft dysfunction” or “chronic allograft nephropa-
thy.”3,5

In our clinical series, a previous acute rejection epi-
sode has been the major risk factor for development of
biopsy-proven chronic rejection and decreased long-term
graft survival.2,6 –9 Recently, the rate of acute rejection
has decreased. Therefore, a major question is whether
this decreased rate of acute rejection is associated with a
decreased rate of chronic rejection and with improved
long-term graft survival. To answer this question, we
studied for two eras the incidence of biopsy-proven acute
and chronic rejection and the graft half-life (t½) (the time
it takes for half of the grafts functioning at 1 year to
subsequently fail).
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METHODS

Era 1

Between January 1, 1984, and December 31, 1987, we
performed 493 primary kidney transplants in adults at the
University of Minnesota. Of these, 240 were living donor
and 253 were cadaver transplants. Preoperative evaluation,
surgical technique, and immunosuppressive protocols have
been described in detail.10 In brief, immunosuppression for
living donor recipients was with cyclosporine (4 mg/kg
b.i.d. starting 2 days before surgery), azathioprine (5 mg/
kg/day rapidly tapered to 2.5 mg/kg/day), and prednisone (1
mg/kg/day tapered to 0.4 mg/kg/day by 1 month and 0.15
mg/kg/day by 1 year). Immunosuppression for cadaver re-
cipients was with polyclonal antibody (Minnesota antilym-
phocyte globulin) (20 mg/kg/day for 7 to 14 days), pred-
nisone, and azathioprine, with delayed introduction of
cyclosporine. Cyclosporine blood levels were measured by
high-pressure liquid chromatography and maintained at
.100 ng/ml for the first 3 months after the transplant. For
recipients.3 months after the transplant who were clini-
cally well, there was no attempt to maintain cyclosporine
levels above any threshold.

Suspected acute rejection episodes were confirmed by
percutaneous allograft biopsy. Documented episodes were
treated by recycling the prednisone taper; steroid-resistant
episodes were treated with antibody. Chronic rejection was
suspected in recipients with chronic deterioration of graft
function and was usually confirmed by percutaneous allo-
graft biopsy or at nephrectomy.

Era 2

Between January 1, 1991, and December 31, 1994, we
performed 563 primary kidney transplants in adults (316
living donor, 247 cadaver). Preoperative evaluation and
surgical technique were similar to those in era 1.

Immunosuppressive drugs for living donor recipients
were the same as in era 1—cyclosporine, prednisone, and
azathioprine. A major change in era 2 was our perception
that maintaining higher cyclosporine blood levels was im-
portant to minimize the incidence of acute rejection.11

Therefore, we tried more aggressively to achieve cyclospor-
ine trough levels of.150 ng/ml early after the transplant
and to maintain levels at.150 ng/ml for the first 3 months
after the transplant. In addition, our retrospective analyses
suggested that low cyclosporine levels late after the trans-
plant were a risk factor for late acute rejection episodes and
for chronic rejection.7,12 Therefore, we maintained trough
levels.100 ng/ml late after the transplant.

Immunosuppression for cadaver recipients changed dur-
ing era 2. After August 1992, Minnesota antilymphocyte
globulin was not available. Recipients who underwent
transplantation before then received Minnesota antilympho-
cyte globulin, azathioprine, and prednisone, with delayed
introduction of cyclosporine. After August 1992, however,

ATGAM (Upjohn, Kalamazoo, MI) replaced Minnesota
antilymphocyte globulin. In addition, as for living donor
recipients, we tried more aggressively to achieve cyclospor-
ine trough levels of.150 ng/ml early after the transplant, to
maintain levels at.150 ng/ml for the first 3 months after
the transplant, and to maintain levels at.100 ng/ml late
after the transplant.

Acute rejection episodes were confirmed with biopsy and
were treated by recycling the prednisone taper. Steroid-
resistant episodes were treated with antibody. In addition,
for recipients with acute rejection and cyclosporine blood
levels of,100 ng/ml, the cyclosporine dosage was adjusted
to achieve levels of.100 ng/ml. Chronic rejection was
proven by either biopsy or nephrectomy.

Data Analysis

Recipient information was stored on a microcomputer
database. For era 1versus era 2, we compared patient
demographics, cyclosporine levels, the incidence of biopsy-
proven acute rejection, the incidence of biopsy-proven or
nephrectomy-proven chronic rejection, and t½. An advan-
tage of studying t½ is that it starts with 1-year survivors and
thus eliminates from the analysis early graft loss from
technical factors, acute rejection, recurrent disease, or death
with function.13,14We calculated t½ with and without cen-
soring for death with a functioning graft.

Patient demographics were compared between eras using
the Fisher exact, the chi square, and the Student t tests.
Rejection incidences and graft and patient survival rates
were computed using the Kaplan-Meier method and com-
pared between eras using a generalized Wilcoxon test; t½
was estimated by computing the cumulative survival be-
yond 1 year after the transplant, multiplying by log 2, then
dividing by the number of graft losses beyond 1 year. We
compared t½ across eras using the methods described in
Cho and Terasaki.15

RESULTS

Recipient demographics are shown in Table 1. For both
living donor and cadaver recipients, mean donor age and
mean recipient age were higher in era 2. In addition, in era
2, for cadaver recipients, a smaller percentage were diabetic
and the number of human leukocyte antigen (HLA) mis-
matches was lower. A higher proportion of living donor
recipients in era 2 were unrelated to their donor.

Mean (6SE) cyclosporine blood levels for the two eras
are shown in Table 2. For cadaver recipients in era 2, levels
were significantly higher at 1 month, 2 months, 6 months,
and 1 year compared with era 1; for living donor recipients,
levels were significantly higher at 6 months and 1 year.

The incidence of acute rejection in each era is shown in
Table 3. More living donor and cadaver recipients in era 2
were completely free of acute rejection than in era 1. In
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addition, significantly fewer recipients in era 2 had more
than one acute rejection episode.

The decreased rate of acute rejection in era 2 was asso-
ciated with a decreased rate of biopsy-proven chronic re-
jection for both cadaver (p5 0.001) and living donor (p5
0.08) recipients (Fig. 1). At 6 years after the transplant, only
14% of cadaver recipients in era 2 had chronic rejection,
compared with 31% in era 1. Similarly, at 6 years after the
transplant, 11% of living donor recipients in era 2 and 18%
in era 1 had chronic rejection. In addition, there was a trend
toward improved t½ in era 2 (Table 4). For cadaver recip-
ients, t½ increased from 9.36 0.9 years in era 1 to 11.26
1.8 years in era 2 (when death with function was censored,
from 19.06 2.5 years in era 1 to 22.46 5 years in era 2).
For living donor recipients, t½ increased from 16.06 1.7
years in era 1 to 21.46 3.8 years in era 2 (when death with
function was censored, from 27.66 3.9 years in era 1 to
44.36 11.4 years in era 2).

DISCUSSION

In the 1960s, only 50% of living donor and 30% of
cadaver recipients at our institution had functioning grafts at

1 year after the transplant. Acute rejection was a major
cause of graft loss. Since that time, more potent immuno-
suppressive protocols have evolved, and acute rejection is
now only a rare cause of graft loss.1 Chronic rejection and
death with function have instead become the major imped-
iments to long-term graft function.

The pathogenesis of chronic rejection, as noted above, is
controversial. One hypothesis suggests that chronic rejec-
tion is the result of immunologic injury—either an immune
response or its consequences lead to ongoing deterioration
of graft function. Numerous single-institution and multi-
center studies have demonstrated an association between
acute rejection episodes and subsequent development of
chronic rejection and late graft failure. Recipients with
multiple acute rejection episodes or with acute rejection
episodes.1 year after the transplant are at markedly in-
creased risk.2

A second hypothesis holds that chronic rejection is the
result of a process of hyperfiltration that develops when the
number of nephrons is limited relative to the recipient’s
metabolic needs; the hyperfiltration then leads to ongoing
damage of the remaining nephrons.

In fact, these two hypotheses may not be mutually exclu-
sive. Immunologic injury could lead to a limited number of
nephrons and result in hyperfiltration. Alternatively, a kid-
ney with limited nephrons (e.g., because of the donor’s
history) may do well in the absence of rejection but may not
tolerate any additional immunologic injury. Recently, Hal-
loran et al5 presented a model uniting these concepts. They
hypothesized that the cumulative burden of injury and age
exhausts the ability of key cells in the endothelium and
epithelium to repair and remodel. The result is fibrosis.

We previously studied the relative importance of immu-
nologic and nonimmunologic factors for long-term graft
survival.8 We calculated survival for a cohort of kidney
transplant recipients (n5 1987) without recurrent disease,
technical failure, or death with function. The 10-year graft
survival rate was 72%. From this cohort, we then eliminated
from our analysis those with a previous acute rejection
episode. Graft loss in the remaining subgroup (n5 1128)
was likely the result of nonimmunologic causes. The 10-
year graft survival rate in the subgroup was 92%, suggesting

Table 1. RECIPIENT DEMOGRAPHICS
BY ERA

Era 1 Era 2 p Value

Cadaver Recipients
Mean recipient age,

years (6SE)
43 6 1 49 6 1 ,0.0001

Mean donor age,
years (6SE)

28 6 1 35 6 1 0.0001

HLA ABDR
mismatches (6SE)

3.9 6 0.08 2.6 6 0.10 0.0001

% diabetic 47% 36% 0.009
Living Donor Recipients

Mean recipient age,
years (6SE)

37 6 1 42 6 1 ,0.0001

Mean donor age,
years (6SE)

36 6 1 40 6 1 0.0001

% HLA identical 29% 25% NS
% living unrelated

donors
2% 11% 0.001

Table 2. POSTTRANSPLANT CYCLOSPORINE BLOOD LEVELS BY ERA*

Time
Posttransplant

Cadaver Recipients Living Donor Recipients

Era 1 Era 2 p Value Era 1 Era 2 p Value

1 month 194 6 7.6 214 6 7.1 0.06 202 6 7.9 189 6 5.2 0.16
2 months 175 6 5.7 194 6 6.5 0.03 179 6 6.4 175 6 3.8 0.51
3 months 170 6 6.1 181 6 4.2 0.17 162 6 4.6 170 6 3.8 0.18
6 months 133 6 5.2 156 6 3.9 0.0007 125 6 3.7 157 6 4.0 0.0001
12 months 101 6 3.9 126 6 3.7 ,0.0001 102 6 4.5 129 6 3.4 0.0001

* Mean trough level (ng/ml).
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that only a limited percentage of late graft loss is the result
of nonimmunologic causes. In a separate multivariate anal-
ysis, we studied the relative importance of both immuno-
logic and nonimmunologic factors for decreased long-term
graft survival.9 Results differed for living donor and cadaver
recipients. For living donor recipients, only a previous acute
rejection episode was associated with worse outcome (p,
0.0001); nonimmunologic factors were not significant. For
cadaver recipients, however, a previous acute rejection ep-
isode (p, 0.0001), black recipient race (p, 0.02), and
older donor age (p5 0.0002) were all important. The
different impact of older donor age between living donor
and cadaver recipients may be the result of the better ability
to evaluate the living donor.

Immunologic and nonimmunologic factors may be addi-
tive. Knight and Burrows reported on the interaction of
donor age and acute rejection.16 In their series, graft sur-
vival was decreased in recipients with acute rejection (vs.no
rejection). However, in recipients with acute rejection, the
3-year graft survival rate was 82% if the donor was 50 years
or younger and 33% if the donor was older than 50 years.
Troppmann et al reported a similar interaction of delayed
graft function (defined by the need for dialysis in the first
week after the transplant) and acute rejection.17 Delayed
graft function alone had little impact on graft survival; acute
rejection alone was associated with significantly decreased
graft survival. However, recipients with delayed graft func-
tion and subsequent acute rejection had a markedly worse
outcome. Humar et al extended these findings by showing
that the combination of slow graft function (slow fall in
serum creatinine level after the transplant, but no need for
dialysis) and acute rejection significantly worsened survival
compared with slow graft function alone or acute rejection
alone.18

A major criticism of the hypothesis that immunologic
factors predominate in the pathogenesis of chronic graft
dysfunction is that recent decreases in the rate of acute
rejection have not been associated with reported decreases
in the rate of chronic rejection or with increases in long-
term graft survival.19 However, data to support the lack of
impact come from multicenter registries or from trials of
new immunosuppressive agents with relatively short fol-

low-up (1 to 3 years). There are many problems with such
data. First, in registry reports, only acute rejection episodes
occurring during the hospital admission or in the first year
after the transplant are considered. As described above, the
subgroups with late acute rejection or with multiple acute
rejection episodes are the ones at markedly increased risk
for biopsy-proven chronic rejection. Second, some of the
data have not been censored for death with a functioning
graft.13 If the numbers in the groups being compared are
depleted by patient deaths, it would be hard to show a

Figure 1. Percentage of recipients free of chronic rejection (CR) in era
1 vs. era 2. For both cadaver (A) and living (B) donor recipients, the rate
of chronic rejection decreased in era 2.

Table 3. ACUTE REJECTION EPISODES
BY ERA

Era 1 Era 2

Cadaver Recipients (p 5 0.004)
% free of acute rejection 50% 63%
% with 1 episode 28% 23%
% with .1 episode 22% 14%

Living Donor Recipients (p 5 0.06)
% free of acute rejection 63% 72%
% with 1 episode 23% 15%
% .1 episode 15% 13%

Table 4. GRAFT HALF-LIFE IN YEARS
BY ERA

Era 1 Era 2 p Value

Cadaver Recipients
All 9.3 6 0.9 11.2 6 1.8 0.3
Censored for death

with function
19.0 6 2.5 22.4 6 5 0.5

Living Donor Recipients
All 16.0 6 1.7 21.4 6 3.8 0.2
Censored for death

with function
27.6 6 3.9 44.3 6 11.4 0.16
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difference between groups. Third, with limited numbers and
short follow-up in some studies, a true difference between
groups may not yet be apparent. Fourth, new immunosup-
pressive agents may reduce clinical episodes of acute rejec-
tion without reducing subclinical episodes (i.e., those de-
tected by biopsy but with no significant change in serum
creatinine level). Legendre et al reported that subclinical
acute rejection, diagnosed by protocol biopsy at 3 months,
was a risk factor for chronic transplant nephropathy at 2
years.20 Similarly, Nickerson et al recently reported that
subclinical acute rejection diagnosed by protocol biopsy at
6 months was associated with a higher serum creatinine
level at 2 years.21

Another factor that needs to be emphasized is the effect
of medication noncompliance on long-term outcome.
Clearly, immunosuppressive protocols that decrease the rate
of acute rejection will not affect long-term outcome if the
recipient subsequently becomes noncompliant. For solid
organ transplant recipients, noncompliance has been asso-
ciated with an increased risk of acute rejection, of late acute
rejection, and of late graft loss.22 If a significant proportion
of patients in two groups being compared are noncompliant,
detecting any real difference between groups will be diffi-
cult. Gaston et al suggested including noncompliance as a
third factor to be addressed (besides chronic rejection and
death with function) to improve long-term transplant re-
sults.23

In our current single-center analysis, we have shown that
decreasing the rate of acute rejection is associated with a
decreased rate of chronic rejection and with improved t½.
Of importance, even when death with function is censored,
t½ in era 2 increased compared with era 1. We have previ-
ously noted the importance of censoring for patient death
when studying long-term transplant results.13,14

Although t½ increased in era 2, the difference was not
statistically significant; this may in part be the result of
small numbers. In our series, t½ increased for cadaver
recipients from 9.36 0.9 years in era 1 to 11.26 1.8 years
in era 2 (see Table 4) and for living donor recipients from
16.06 1.7 years to 21.46 3.8 years. Similar changes in t½
were statistically significant in the United Network for
Organ Sharing (UNOS) Kidney Registry (which follows
larger numbers of recipients). In the UNOS registry, t½ for
cadaver recipients increased from 7.6 years in 1988 to 9.5
years in 1993 (p, 0.001) and for living donor recipients
from 12.5 years in 1988 to 17 years in 1993.24 Of impor-
tance to our hypothesis, the improvement in t½ noted in the
UNOS registry was also in a cohort that had a reduced rate
of acute rejection in the first 6 months after the transplant.
In the UNOS registry,.50% of the recipients who under-
went transplantation in 1988 had one or more acute rejec-
tion episodes in the first 6 months after the transplant. By
1993, this percentage had decreased to 40% and by 1996
to 24%.25

There are two caveats to interpreting our data. First, the
recipient populations in eras 1 and 2 were not identical.

Recipients in era 2 were older and received older donor
kidneys, factors that could be associated with worse out-
come. However, cadaver recipients in era 2 also had fewer
HLA ABDR mismatches, a factor associated with better
outcome. However, it is unlikely that the 17% difference in
the incidence of chronic rejection at 6 years was the sole
result of fewer mismatches. The second caveat is that cy-
closporine blood levels were different between the eras. In
fact, for living donor recipients, cyclosporine levels were
significantly higher only in the late posttransplant period (6
and 12 months). It can be argued that the decreased rate of
chronic rejection in era 2 was the result of the significantly
elevated cyclosporine blood levels. Even if this is the case,
however, our basic premise is unchanged—immunosup-
pressive protocols associated with decreased acute rejection
will also be associated with decreased chronic rejection.

Our analysis is limited to clinical rejection episodes,
those with an elevated serum creatinine level leading to a
biopsy-confirmed diagnosis. Rush et al recently described
the value of treating early subclinical rejection epi-
sodes.26,27 In their series, patients were randomized to un-
dergo protocol biopsies at 1, 2, 3, 6, and 12 months after the
transplantversus only at 6 and 12 months. Subclinical
rejection detected in the early protocol biopsies (defined by
histologic features of rejection without a rise in serum
creatinine level) was treated with high-dose corticosteroids.
Subclinical episodes were diagnosed in 43% of recipients at
1 month, 32% at 2 months, and 27% at 3 months. Recipients
randomized to the protocol biopsy group had reduced
chronic changes at 6 months, better graft survival at 2 years
(97% vs. 83%), and a significantly lower mean serum cre-
atinine level at 2 years (1336 14 mmol/L vs. 183 6 22
mmol/L) (p 5 0.05).

Finally, our data do not prove that acute rejection is the
predominant cause of chronic rejection. Our single-center
series demonstrated a decreased rate of acute rejection in era
2. This decrease was associated with a decreased rate of
chronic rejection and with improved long-term graft sur-
vival. Development of immunosuppressive protocols that
further decrease the rate of acute rejection should also
decrease the rate of chronic rejection; additional efforts are
warranted to develop safe immunosuppressive protocols
that eliminate posttransplant acute rejection.
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Discussion

DR. CLYDE F. BARKER (Philadelphia, Pennsylvania): For three
decades or more, Dr. Najarian’s huge transplant program and its
carefully maintained database have been almost a national re-
source. It has allowed analysis of changes in immunosuppression
and other aspects of patient care and improvements brought about
by these that couldn’t be accomplished by the reports of multi-
center registries or smaller single-center experiences.

In today’s report, Dr. Matas has used the power of this unique
database to confirm a hypothesis which most transplant surgeons
have favored for many years, that is, that recipients spared acute
rejection episodes are less likely to be subject later to the effects of
chronic rejection, that acute rejection would predispose to later
chronic rejection and graft loss. This hypothesis would seem
self-evident, but has not been easy to substantiate.

In fact, for some years we have been confronted by the seeming
paradox that agents such as FK506, which gained its initial favor
by virtual prevention of acute rejection, or even reversal of it, were
not clearly associated with improvement in kidney graft survival,
at least in the initial years.

Dr. Matas’s manuscript does not contain the triggers for the 1-,
2-, or 5-year graft or patient survival comparing era 1 and era 2 in
the conventional sense with which we see these data reported. I
would be interested to know whether the graft survival presented
in these conventional terms are different or whether the improve-
ment can only be seen by studying graft half-life, which may
indeed be a better index of success.

While I am convinced that acute rejection and therefore chronic
rejection were reduced in era 2, I am not convinced that Dr. Matas
has explained to us why this is. He is inclined to believe that the
increasing levels of cyclosporine in the blood have accounted for
the change. One hopes parenthetically that the overall trend to
improving graft survival will not depend on increasing immuno-
suppression, since in an earlier era we went through this, with its
risks of infection and tumor.

I am inclined to believe actually that some other difference, such
as better donor–recipient matching (especially by interregional
sharing of 6-antigen matches, which is now mandated by UNOS)
or the decreased number of diabetics, might account for the im-
provement in era 2. And I would like to know how many of the
transplants in era 2 were 6-antigen matches, categorically 6-anti-
gen matches.

Era 2 patients had several disadvantages such as older age and
older age of the donor. I would like to ask if other factors which
may have been of possible importance in the other direction were
also studied, such as lesser incidence of acute tubular necrosis

498 Matas and Others Ann. Surg. ● October 1999



(ATN) or cytomegalovirus (CMV) infections. It is even possible
that the change in the latter part of era 2 in the use of different
antilymphocytic agents may have been another important differ-
ence, although I believe that Minnesota ALG was a very fine
agent. In short, I don’t know why era 2 was better than era 1, but
I hope it represents a continuing trend to better results in trans-
plantation, a trend in which Dr. Najarian’s group has led the way.

One additional question for Dr. Matas. Since humoral factors
have been blamed for chronic rejection, were any parameters of
humoral immunity assessed and compared in era 1versusera 2,
such as preformed antibodies in the recipient against the panel of
donors?

PRESENTERDR. ARTHUR J. MATAS (Minneapolis, Minnesota): I
don’t have specific figures, but graft survival has been steadily
improving in our program over the years. And I believe that it
really is due to more sophistication in the use of immunosuppres-
sion, although the agents haven’t changed. So that in era 2, the
graft survival was significantly better than in era 1.

You brought up a number of factors that affect graft survival,
including CMV, ATN, and matching. It is hard to sort out each
of these as an individual factor in terms of our data analysis.
One of the advantages of single-center studies is that you can do
analyses like this. One of the disadvantages, of course, is that
the numbers required for multivariate analyses, looking at mul-
tiple factors at the same time, are not necessarily there.

When you subdivide our recipients into those who are both
CMV-free and rejection-free, and those who are rejection-free but
have CMV, there is no difference in the incidence of chronic
rejection. This finding suggests that CMV alone does not play a
role in the development of chronic rejection.

You asked about ATN as another factor. Its impact is again
confounded, because patients with ATN have a higher incidence of
acute rejection. However, ATN alone in our series is not associated
with either decreased graft survival or an increased incidence of
chronic rejection. It is only when ATN is combined with acute
rejection that we see an impact. We believe that impact is due to
the acute rejection episode.

You asked about 6-antigen matches. There were more 6-anti-
gen–matched transplants in era 2; I can’t give you the specific
number, but it was less than 10%.

Finally, we did not study humoral immunity.

DR. ARNOLD G. DIETHELM (Birmingham, Alabama): I think the
paper is most interesting. It is a follow-up of a previous study
published 5 or 6 years ago and it addresses the single most difficult
question in renal transplantation, and that is chronic rejection. The
recent development of immunosuppressive therapy has helped us
tremendously with acute rejection, but the problem with chronic
rejection persists.

There is another interesting observation that Dr. Matas men-
tioned, which is that early acute rejection doesn’t carry necessarily
the same serious outcome in proceeding to chronic rejection.
Perhaps there are two types of acute rejection episodes, or else it
is the same rejection episode, but with time, chronic rejection
occurs if the rejection episode is, say, after 6 months.

There is another comment that is worth thinking about. Once
chronic rejection begins, it always ends in graft failure. But the
temporal relationship of the rate of decline of renal function varies
and cannot always be predicted at the onset of chronic rejection.

I have a few questions, Dr. Matas.
First, you didn’t mention the role of noncompliance. Many of us

have problems with patient noncompliance, and I think there may
be a geographical component to this. But nonetheless it is there, it
is real. And noncompliance is often a problem, causing late rejec-
tion that goes on to chronic rejection.

The second question that I would like to bring up is the difficulty
in separating recurrent disease at times from chronic rejection. And
if you look at the results in polycystic kidney patients where the
renal disease is of genetic origin, graft survival is better and
chronic rejection is often less frequent. So I wonder if at times
perhaps long-term follow-up studies confuse recurrent disease and
chronic rejection.

The last question that I would like to bring up relates to whether
or not, in your mind, chronic rejection is an immunologic event or
is some other event that we don’t understand? I think we have
always felt that chronic rejection was a result of acute rejection.
But we all know patients who never have acute rejection and 3
years later have a slow insidious onset of chronic rejection, and
their temporal relationship of that course to graft failure may be 2
to 5 years.

DR. MATAS: I think the role of noncompliance is critically
important in transplantation. The data I presented suggest that a
late rejection episode is a major risk factor for chronic rejection.
Clearly, patients who have done well initially and then have a first
late acute rejection episode are often noncompliant.

The pathogenesis of chronic graft loss should include chronic
rejection, death with function, and noncompliance as the three major
causes. I would suggest that noncompliance is related to chronic graft
loss via its impact on the rate of acute rejection episodes.

In terms of your comment on recurrent diseaseversuschronic
rejection, our data are on biopsy- or nephrectomy-proven chronic
rejection. In the end-stage kidney, it may be difficult in some cases
to separate these out.

The impact on patients with polycystic kidneys is more difficult
to determine because polycystic kidney recipients are older. As Dr.
Najarian has reported at this meeting previously, recipients who
are older have a decreased rate of acute rejection; therefore, if our
hypothesis is correct, they will also have a decreased rate of
chronic rejection.

Finally, you asked my thinking as to whether chronic rejection
is an immunologic event. In our data analyses, everything points to
it being an immunologic event. If we eliminate from our analyses
first, patients with graft loss to recurrent disease, death with
function, or technical failures, and second, patients with an acute
rejection episode, we are left with about 1,200 patients who have
a 92% 10-year graft survival rate. Thus, if you can get rid of acute
rejection in a patient population, you really will make a huge
impact on long-term graft survival.

I suspect that the patients we have all seen who have chronic
rejection without ever having a well-defined acute rejection epi-
sode probably do have some smoldering acute rejection. There are
data to support this possibility from the Winnipeg series, where
they have done protocol biopsies at 1, 2, 3, 6, and 12 months
posttransplant. These are biopsies done in the absence of clinical
acute rejection episodes.

The Winnipeg series investigators randomized patients to
those with and without protocol biopsies. The patients with
protocol biopsies that show evidence of rejection are treated
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with antirejection therapy, whereas obviously the patients without
protocol biopsies don’t undergo treatment. According to a recent
publication, the patients with protocol biopsies who are treated for
these subclinical rejection episodes have improved creatinine at 2
years posttransplant and fewer chronic changes on biopsies done at 2
years. This result suggests that, at least in some patients, we are
missing an overt clinical episode, but there is a subclinical episode
that may explain the subsequent chronic rejection.

DR. ROBERT J. CORRY (Pittsburgh, Pennsylvania): Very nice
report, Dr. Matas. You have just answered my question, because I
was going to ask whether or not the rejections with normal creat-
inine should be treated. As I mentioned, we have been treating
them with creatinines of 1.0 in the kidney/pancreas group, and I
was wondering whether you thought that was advantageous. And
you have just mentioned that you did think it was advantageous.
Very nice report.
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