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Abstract. This study is an investigation of whether a protocol
biopsy may be used as surrogate to late graft survival in
multicenter renal transplantation trials. During two mycophenolate mofetil trials, 621 representative protocol biopsies were
obtained at baseline, 1 yr, and 3 yr. The samples were coded
and evaluated blindly by two pathologists, and Chronic Allograft Damage Index (CADI) score was constructed. At 1 yr,
only 20% of patients had elevated (⬎l.5 mg/100 ml) serum
creatinine, whereas 60% of the biopsies demonstrated an elevated (⬎2.0) CADI score. The mean CADI score at baseline,
1.3 ⫾ 1.1, increased to 3.3 ⫾ 1.8 at 1 yr and to 4.1 ⫾ 2.2 at 3

yr. The patients at 1 yr were divided into three groups, those
with CADI ⬍2, between 2 and 3.9, and ⬎4.0, the first two
groups having normal (1.4 ⫾ 0.3 and 1.5 ⫾ 0.6 mg/dl) and the
third group pathologic (1.9 ⫾ 0.8 mg/dl) serum creatinine. At
3 yr, there were no lost grafts in the low CADI group, six lost
grafts (4.6%) in the in the elevated CADI group, and 17 lost
grafts (16.7%) in the high CADI group (P ⬍ 0.001). One-year
histologic CADI score predicts graft survival even when the
graft function is still normal. This observation makes it possible to use CADI as a surrogate end point in prevention trials
and to identify the patients at risk for intervention trials.

A major problem in the development of new drugs to improve
long-term graft survival is how to establish their efficacy. In
clinical renal transplantation, 3 to 5 yr are needed to obtain a
reliable estimate of graft half-life and to calculate the annual
rate of transplant loss. In the analysis of Hunsicker and Bennett
(1), based on UNOS registry data, the rate of late graft loss in
cadaveric renal transplantation was about 6.9% per year. In
trials of primary prevention, in which a reduction of 30% in
graft loss is considered clinically significant, it is thus necessary to recruit 1500 patients to achieve statistical significance
with 80% power (two-sided P ⬍ 0.05) or 4500 patients if 90%
power is desired. On the other hand, if it were possible to
define patients at high risk of progression to chronic rejection,
a secondary intervention trial designed to detect a 50% reduction of graft loss rate with 80% power would require the entry

of only 126 patients; with 90% power, around 450 patients
would be needed.
We have previously shown in the laboratory (2) and in the
clinic (3) that incipient histologic findings in protocol core
needle biopsy at 2 yr, quantitated as Chronic Allograft Damage
Index (CADI), define patients who will proceed to clinical
chronic rejection during the subsequent 4 yr. The early morphologic correlates to late graft outcome have since then been
amply confirmed (4 –10). These single-center studies suggest
that the morphologic correlates may be used as surrogate
marker for chronic rejection in primary prevention studies and
possibly to identify those patients with normal and stable
transplant function, who are prone to develop chronic rejection
later.
During the design of two pivotal Mycophenolate Mofetil
trials, the US trial (Roche #1866) (11,12) and the Tricontinental trial (Roche #023) (13,14), it was decided that certain
centers participating in the trials, 13 centers in the US study
and 16 centers in the Tricontinental study, would perform a
protocol core needle biopsy at 1 yr posttransplantation and
subject the biopsy slides for centralized blinded reading in
Helsinki. In addition, some of these centers performed routine
implantation biopsies; in two centers, an additional protocol

Received October 3, 2002. Accepted December 5, 2002.
Correspondence to Dr. Pekka Häyry, Transplantation Laboratory, POBox 21
(Haartmaninkatu 3), FIN 00014 University of Helsinki, Finland. Phone: 3589-19126594; Fax: 385-9-2411227; E-mail: pekka.hayry@helsinki.fi
1046-6673/1403-0773
Journal of the American Society of Nephrology
Copyright © 2003 by the American Society of Nephrology
DOI: 10.1097/01.ASN.0000054496.68498.13

774

Journal of the American Society of Nephrology

biopsy at 3 yr posttransplant was performed. These biopsies
were also quantitated in Helsinki.
The aim of this study was to answer three questions. Is it
technically possible to perform a multicenter study using mandatory protocol core needle biopsy and centralized reading of
the biopsy slides? Does the 1-yr CADI score predict graft and
patient survival at 3 yr also in multicenter studies. Which are
the clinical risk factors that lead to high CADI score at 1 yr.

Materials and Methods
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The evaluable material contained 84 pairs with baseline and 1-yr
biopsy, 146 pairs with 1-yr and 3-yr biopsy, and 43 triples where the
same patient was followed with baseline, 1-yr, and 3-yr biopsy.
In a retrospective analysis for the actual timing of the biopsies, the
baseline biopsies were taken at 0.27 ⫾ 0.96 d (mean ⫾ SD), 1-yr
biopsies at 386.5 ⫾ 39.1 d, and for 3-yr biopsies at 1102.5 ⫾ 25.8 d
posttransplantation.
There was a recommendation to use the Uppsala spring-loaded
device (15,16) to perform the biopsy. Though all centers did not
follow this, no complications of the biopsy procedure were reported
during the study.

Patient Selection
Patient selection and immunosuppressive regimens for the US
(Roche #1866) (11,12) and Tricontinental (Roche #0023) (13,14)
studies have been described in detail in earlier reports.

Collection of Biopsies
Five microscope slides of each biopsy were collected by Roche
Global Development, Palo Alto, coded, and sent to Helsinki for
blinded quantitation of the CADI. After assessment, the slides were
returned to Palo Alto and forwarded to the participating centers.
Roche also collected the clinical data, and both the clinical and biopsy
data were delivered together to University of Calgary, where the final
analysis was completed.

Renal Biopsies
Sixteen centers in the Tricontinental study and 13 centers in the US
study agreed to perform a 1-yr protocol core needle biopsy of all
patients in their follow-up, and 388 biopsies were thus obtained. In
addition, 122 patients with a 1-yr biopsy were also biopsied at
baseline and 229 patients at 3 yr. The final evaluable biopsy material
consisted of 739 biopsies.
One hundred seven of these biopsies contained fewer than seven
glomeruli and were excluded from the analysis. Eleven additional
biopsies were obtained for clinical causes, yet were submitted as
“protocol.” These were also excluded, leaving 621 true protocol
biopsies with seven or more glomeruli to evaluate.

Histologic Quantitation
For quantification of histologic changes in each biopsy, at least
three stained slides were used: one with hematoxylin-eosin, one with
Masson trichrome, and one with periodic acid-Schiff (D-PAS). All
samples were coded and evaluated blindly with regard to randomization and clinical status. Each histologic sample was reviewed and
rated independently by two pathologists. The CADI score obtained
was based on the individual component scores for (a) diffuse or focal
inflammation and (b) fibrosis in the interstitium, (c) mesangial matrix
increase and (d) sclerosis in glomeruli, (e) intimal proliferation of
vessels, and (f) tubular atrophy, each individual parameter being
scored from 0 to 3 as described (3). If the total CADI score arrived at
independently by the two pathologists differed more than one SD
from mean, a consensus reading was performed. The data were filed
using FileMaker Pro (Claris, California) software in the Helsinki
Quantitative Renal Transplant Histopathology Database (17), and
transferred to SPSS statistical software packaging (SPSS version
10.0.5) for further handling and statistical analyses.

Statistical Analyses
Spearman correlation coefficient was used to evaluate the correlation between the two pathologists in quantitation of CADI (Figure 1).
Multivariate logistic regression analysis was employed to identify
independent predictors of 3-yr graft loss (including patient death). The
model included variables that were significant in a univarate analysis
(P ⬍ 0.05) or were of biologic interest. Independent variables in-

Table 1. Summary of baseline, 1-yr, and 3-yr Chronic Allograft Damage Index (CADI) scores
CADI Score
Patient Cohort

All patients
No. of biopsies
mean CADI score ⫾ SD
range
Patients with biopsies at baseline, 12, and 23 mo
No. of biopsies
mean CADI score ⫾ SD
Patients with biopsies at baseline and 12 mo
No. of biopsies
mean CADI score ⫾ SD
Patients with biopsies at 12 and 36 mo
No. of biopsies
mean CADI score ⫾ SD

Baseline

12 mo

36 mo

111
1.3 ⫾ 1.1
0 to 5.5

302
3.3 ⫾ 1.8
0 to 10.8

206
4.1 ⫾ 2.2
0 to 11.3

43
1.4 ⫾ 1.4

43
3.3 ⫾ 2.1

43
4.3 ⫾ 2.1

84
1.2 ⫾ 1.1

84
3.4 ⫾ 1.6
146
3.3 ⫾ 1.8

146
4.1 ⫾ 2.2
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total CADI score arrived at independently by the two pathologists differed more than one SD from mean, a consensus
reading was performed. Of all biopsies, 11.7% required consensus reading.

Progression of the CADI Score During Three Years
Posttransplantation

Figure 1. Correlation between the two pathologists in quantitation of
the Chronic Allograft Damage Index (CADI) in 621 representative
protocol core needle biopsies. Spearman correlation coefficient 0.85.
cluded in the model are listed in Table 2. Odds ratios (OR) and
corresponding 95% confidence intervals were calculated. P-values
less than 0.05 were considered to indicate statistical significance.
Multivariate linear regression analysis was performed to identify
independent predictors of the 1-yr CADI score (Table 3). P values less
than 0.05 were considered to indicate statistical significance.
A 2 test for multiple proportions was conducted for categorical
data (Table 4).

Results
Interobserver Variation
The Spearman correlation coefficient in sum CADI score
between the two pathologists was 0.85 (Figure 1). In case the

Whereas the mean serum creatinine in all patients at 1 yr was
still close to normal, 1.6 ⫾ 0.7 mg/dl (mean ⫾ SD), the mean
CADI score had already progressed to 3.3 ⫾ 1.8 (Figure 2). At
1 yr, only 20% of patients had elevated (⬎l.5 mg/dl) serum
creatinine, whereas 60% of the 1-yr biopsies demonstrated an
elevated, (⬎2.0) (3) CADI score.
The progression of the CADI score during the first 3 yr is
shown in Table 1. In the total cohort of 621 representative
protocol biopsies, the mean CADI score was 1.25 ⫾ 1.13 (SD)
at baseline (111 biopsies), 3.27 ⫾ 1.82 at 1 yr (302 biopsies),
and 4.10 ⫾ 2.15 (208 biopsies) at 3 yr. We also determined
separately the progression of the CADI score in those patients
within the cohort who were biopsied two or three times during
the study (Table 1). The baseline and progression of the CADI
score in these subgroups was not any different of the total
cohort. Thus the histologic changes relevant to chronic rejection developed fastest during the first year, approximately 2
CADI units/yr, but less rapidly during the subsequent 2 yr of
follow up, 0.5 CADI units per year.

Factors Predicting 3-yr Survival
Of the 302 patients with representative protocol biopsy at 1
yr, 23 patients experienced either graft loss or death at 3 yr
when the two studies were combined. Multivariate logistic
regression modeling revealed that the occurrence of graft loss
or patient death at 3 yr posttransplant was significantly associated with the 1-yr CADI score (P ⫽ 0.0003; OR ⫽ 1.6), the
presence of acute rejection during the first year (P ⫽ 0.048;
OR ⫽ 2.8), and primary disease (hypertension or diabetes
mellitus) as the reason of renal failure (P ⫽ 0.036; OR ⫽ 2.9)
(Table 2). The data indicate, furthermore, that for every unit

Table 2. Parameters correlating (P) with 3-yr graft loss or patient death in the combined studya

CADI score at 1 yr
Rejection during the first year
Primary disease (diabetes or hypertension)
HLA DR mismatches
CMV infection during the first year
Non-White ethnicity
Male gender
Cold ischemia time (⬎24 h)
Donor age (⬎60-yr-old)
Patient with delayed function

OR

P

95% CI

1.6
2.8
2.9
0.8
0.6
0.7
1.1
0.8
0
1.8

0.0003b
0.048b
0.036b
0.594
0.392
0.602
0.844
0.581
0.699
0.352

1.3 to 2.1
1.0 to 7.1
1.1 to 8.3
0.4 to 1.6
0.2 to 2.0
0.3 to 2.3
0.4 to 2.8
0.3 to 2.0
0 to 8.2
0.5 to 5.8

a
P values were calculated from logistic regression model including all explanatory variables. Delayed graft function is defined as the
need for dialysis during the first week posttransplant CMV infection is tissue invasive disease and/or viremia.
b
P ⬍ 0.05 are considered significant.
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Table 3. Parameters correlating (P) with high CADI score at 1 yr in the US, Tricontinental, and combined studiesa

Donor age
Rejection during the first year
CMV infection during the first year
Cold ischemia time
Delayed graft function
No. of total mismatch
Primary disease (diabetes or hypertension)
Male gender
Non-White ethnicity
Panel reactive antibody (latest)

US

Tricontinental

Combined

0.0023*
0.0091*
0.0056*
0.407
0.330
0.595
0.638
0.103
0.777
0.464

0.00001b
0.00003b
0.033b
0.085
0.193
0.403
0.719
0.846
0.206
0.311

0.00001b
0.00001b
0.217
0.922
0.053
0.207
0.485
0.290
0.357
0.143

a

P values calculated from multiple linear regression model including all explanatory variables. Delayed graft function is defined as the
need for dialysis during the first week posttransplant CMV infection is tissue invasive CMV.
b
P ⬍ 0.05 are considered significant.

Table 4. Correlation between 1-yr CADI score and patient/
graft survival at 3 yr (patient with representative
protocol biopsy)
CADI (1 yr)
⬍2

2.0 to 3.9

⬎4.0

All

Pa

S-creatinine
1.4 ⫾ 0.3 1.5 ⫾ 0.6 1.9 ⫾ 0.8
Number of
68
132
102
302
patients
Death
0
2
5
7
Death-censored
0
4
12
16 ⬍0.001
graft loss
All graft losses
0
6
17
23 ⬍0.001
%
0%
4.6%
16.7%
a

2 multiple proportion.

increase in CADI score, the odds of a graft loss or death
increased by almost 50%.

Factors Predicting High 1-yr CADI Score
We also investigated whether the known risk factors for
graft loss, previously defined in clinical studies (mostly retrospective), correlate with high 1-yr CADI score. Here the results
of the two studies are given separately, as the data in the US
and Tricontinental studies were somewhat different, as was the
result when the two studies were combined. Multivariate linear
regression analysis revealed that donor age (P ⫽ 0.0001) and
rejection during the first year (P ⫽ 0.0001) were significantly
associated with high CADI score. CMV infection during the
first year correlated in the US (P ⫽ 0.006) and in the Tricontinental study (P ⫽ 0.033) but not when the studies were
combined. The remaining recognized risk factors placed in the
model, i.e., cold ischemia time, delayed graft function, number
of HLA-DR mismatches, primary disease, gender, ethnic background, and latest panel reactive antibody level, did not show
correlation with high CADI score at 1 yr (Table 3).

Figure 2. The histogram showing the distribution of CADI score and
serum creatinine (mg/dl) at 1 yr, and the number of patients who fell
within each interval. Elevated values are shaded.

Correlation of 1-yr CADI to Renal Function and Graft
Survival at 3 yr
To investigate the predictive value of 1-yr CADI score for
late graft loss, the 302 patients with a representative protocol
biopsy at 1 yr were divided into three groups: those with CADI
⬍2, those with CADI between 2 and 3.9, and those with CADI
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⬎4.0. The respective serum creatinine levels were 1.4 ⫾ 0.3
(SD), 1.5 ⫾ 0.6, and 1.9 ⫾ 0.8 mg/dl. This analysis thus
defined one group with normal serum creatinine and low
CADI, one with normal serum creatinine and elevated CADI,
and one with slightly elevated serum creatinine and high
CADI. When the clinical and biopsy status at 1 yr was correlated with the clinical outcome at 3 yr, not a single patient lost
their graft in the low CADI group, six patients (4.6%) lost their
graft in the in the elevated CADI group and 17 patients
(16.7%) lost their graft in the high CADI group (P ⬍ 0.001).
When death with a functioning graft was censored, the outcome was no lost grafts in the low CADI group, four lost grafts
in the elevated CADI group, and 12 lost grafts in the high
CADI group (P ⬍ 0.001) (Table 4).

Discussion
In a recent analysis of UNOS Registry data from 1988 to
1996, 1-yr cadaveric renal allograft survival has improved
from 75.7 to 87.7%, as has transplant half-life after the first
year from 7.9 to 13.8 yr (18). On the other hand, the half-life
of transplants with one or more acute episodes of rejection
improved only modestly, from 9.1 to 11.1 yr (18). Here, acute
vascular rejection (19), often manifesting as steroid-resistant
rejection with a strong humoral component (20), is a major
negative prognostic indicator. With the decrease of graft loss
during the first year, late graft loss after the first year has
become the major reason of renal allograft failure.
The most frequent reason for late cadaveric renal allograft
loss is death with a functioning transplant (53%) followed by
chronic allograft rejection (36%) (21). The main cause of death
in patients with functioning transplant is cardiovascular (22).
Thus the two main reasons for late allograft failure, chronic
rejection, manifesting as fibroproliferative intragraft vascular
disease (23), and accelerated atherosclerosis, are closely related and may potentially respond to similar therapy.
There is ample evidence from eight single-center studies
(3–10) that incipient histologic changes characteristic of
chronic rejection are visualized in the transplant before the
transplant function deteriorates. Four of these studies have
employed Banff histologic criteria in their evaluation
(6 – 8,10), one study the amount of collagen/fibrosis in the
biopsy (9), and the remaining three a sum score of various
findings in the graft interstitium, glomeruli, vessels, and tubuli
(3–5). The CADI score is the most extensive of these in regard
to the number of parameters quantitated and, in contrast to the
Banff criteria for chronic rejection, takes also into account the
vascular and glomerular changes in the biopsy.
Implementation of protocol core needle biopsy in a multicenter study was met with two difficulties. There was clinical
concern at performing protocol biopsies in a well-functioning
transplant. Thus, only about one third of the centers complied
with this, though within these centers all of the participating
patients were biopsied at 1 yr (unless there was a clinical
contraindication to performing the biopsy). Second, to monitor
the progression of the lesion, two or preferably three biopsies
would be needed from a single patient, but only five centers
complied with two biopsies and only two centers were willing
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to biopsy three times. Thus such follow-ups are clearly underrepresented in this study. The biopsies were mostly of good
quality; 86% contained at least seven glomeruli, and the timing
of the biopsy procedures followed closely the protocol.
Both trials, (US and Tricontinental), were originally planned
for 12 mo of follow-up, but they were extended thereafter to 3
yr. The original sample sizes chosen were adequate to detect a
reduction in acute rejection rate at 6 mo. The studies were not
designed to test the hypothesis of whether chronic rejection or
graft loss at 3 yr were impacted; therefore, it is not surprising
that there were insufficient numbers of patients in these trials
to address these factors. For this reason and because the patients who provided biopsy data no longer represented the total
population, the effect of treatment (i.e., who received MMF
versus placebo/azathioprine) was not addressed. The similar
design of the two studies, however, enabled us to pool the data,
when investigating the predictive value of protocol biopsy, as
scored by the CADI criteria, for graft outcome, keeping in
mind that the pool of patients with available biopsy data does
not necessarily represent the total population in the two studies.
Most importantly, this study demonstrates that it is possible
to perform a multicenter protocol biopsy-based trial with centralized biopsy scoring if the participating centers are selected
for their willingness to perform the protocol biopsies. The
study also confirmed the predictive value of the biopsy to
subsequent graft outcome in a multicenter trial. Importantly, no
major complications were observed in this study and no fatalities were reported as consequence of biopsy.
The results also show that high 1-yr CADI score correlates
with known risk factors to chronic rejection, including donor
age (24 –26), acute rejection during first year (27,28), and
CMV infection (29) (only in the separate studies but not in
combined study). The fact that other frequently cited risk
factors, such as cold ischemia time, delayed graft function,
number of HLA mismatches, and others (for references, see
references 30 and 31), did not correlate may be explained by
too short interval between the transplant and the biopsy.
Additionally an elevated CADI score at 1 yr correlates with
graft survival at 3 yr, both in patients with normal and elevated
serum creatinine at the time of the biopsy. In other words,
histopathologic findings in protocol biopsy are more sensitive
markers than change in transplant function, as detected by
serum creatinine level. At 1 yr, only 20% of patients had
elevated (⬎l.5 mg/dl) serum creatinine, whereas 60% of the
1-yr biopsies demonstrated already an elevated (i.e. ⬎2.0 )(3)
CADI score. When the clinical and biopsy status at 1 yr was
correlated with the clinical outcome at 3 yr, not a single patient
lost their graft in the low CADI group with normal serum
creatinine, six patients (4.6%) lost their graft in the in the
elevated CADI group also with normal serum creatinine, and
(not unexpectedly) 17 patients (16.7%) lost their graft in the
high CADI group displaying already an elevated serum creatinine level (P ⬍ 0.001). When death with a functioning graft
was censored, the outcome was no lost grafts in the low CADI
group, four lost grafts in the elevated CADI group, and 12 lost
grafts in the high CADI group (P ⬍ 0.001). Although this
analysis is based on a small cohort of patients with evaluable
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biopsy data at 1 yr, that the number of lost grafts at 3 yr was
still small, and that the results need confirmation after 5 to 10
yr follow-up, the trend is quite clear. Our findings in the
present study and those reported earlier, suggest that protocol
core needle biopsy and CADI can be used as surrogate end
point in primary prevention trials and possibly to identify the
cohort of patients at risk for chronic rejection in secondary
intervention trials, unless the 1-yr time point is too late to
interfere with the disease.
We observed a rapid progression of the CADI from baseline
to 1 yr. The pace slowed down during the subsequent years.
The fast progression of CADI during the first year is compatible with the paradigm that chronic rejection represents graft
response to cumulative injury, occurring mostly during the first
year, regardless whether it is immunologic or non-immunologic in origin (23).
The baseline CADI in this study indicates that most of the
transplants were satisfactory in quality, with a mean CADI at
baseline of only 1.25. The range (0 to 5.3) shows, however,
that some suboptimal transplants were also included in the
study. This observation emphasizes the need to obtain a baseline biopsy to calculate the progression of the histologic manifestations during the first year. Assessment of the ⌬CADI,
rather than an isolated measure of the CADI at 1 yr, is necessary to accurately differentiate the outcome between patients
destined to progress (progressors) and those unlikely to do so
(non-progressors). The number of grafts lost at 3 yr was too
small to make meaningful comparisons between progressors
and non-progressors.
The histologic findings characteristic of acute rejection and
histologic sequelae of an immunologic insult do not appear to
be different in the MMF era (where the data in this manuscript
is derived from) compared with those resulting from the use of
newer agents that have resulted in lower rejection rates. Therefore, we believe that the conclusion that higher CADI score
leads to poorer graft survival is still valid.
Taken together, our results in two multicenter trials confirm
the results of several single-center studies that early histologic
alterations, quantitated here as CADI, predict chronic rejection,
even when the graft function is still normal. This observation
will make it possible to use the approach not only as a surrogate end point in prevention trials, but also to identify the
patient cohort at risk for intervention trials. One important
lesson of this study, however, is that it is more meaningful to
investigate the progression of the lesion (⌬CADI) rather than
the intensity of alterations at a single given time point.
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