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Macrophage index predicts short-term renal
allograft function and graft survival

Abstract The ability to predict renal
allograft dysfunction in the short
term and predict graft survival by
quantifying the macrophage infil-
trate in allograft renal biopsies is
described. Renal allograft biopsies
performed for cause in 41 consecu-
tive patients were scored for macro-
phages (macrophage index, MI) by
use of a modified Banff score of
inflammation (BSI), and the impact
of the MI on serum creatinine (SCr)
levels 3 months post-biopsy (post-
Bx) and on graft survival was
quantified. Biopsies were stained for
macrophages, individual lesions
semiquantified and M1, BSI and
chronic allograft damage index
(CADI) obtained. The effects of
pathologic indices on 3 month post-
Bx SCr and graft survival were
quantified by multivariate analysis
and Cox regression. Glomerular and
interstitial macrophage scores cor-

related inversely with graft survival.
MI predicted an increase in SCr 3
months post-Bx (P=0.02). MI >3
(hazard ratio 23.13, P=0.003) also
had a powerful negative predictive
value on graft survival.

Keywords Kidney - Transplanta-
tion - Biopsy - Graft survival -
Macrophages

Introduction

Macrophages are mononuclear phagocytic cells that
constitute an important component of the afferent and
the efferent arms of both the innate immune response
and the adaptive alloimmune response [1]. Their pres-
ence in renal allograft biopsies connotes a poor prog-
nosis and progression to chronic allograft nephropathy
(CAN) [2, 3]. The presence of activated macrophages in
protocol biopsies is associated with clinical rejection [4].
Modification of the macrophage infiltrate by chemical

inhibitors of macrophage function [5] or by prevention
of their influx during reperfusion [6, 7] has been shown
to prevent CAN. Previous, shorter-term studies of renal
allograft biopsies obtained for cause from our cohort of
patients have demonstrated that the degree of macro-
phage infiltration in renal allograft biopsies correlated
with worsened renal function 6 months post-biopsy [8]
and also with decreased allograft survival [1]. Our cohort
of patients has been followed for up to 72 months. We
also report on the long-term follow up of this cohort of
patients. Since acute rejection is the single most impor-
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tant event that leads to chronic rejection [9], we
hypothesized that if the degree of macrophage infiltra-
tion correlated with long-term graft survival, effects on
short-term renal function are a meaningful outcome to
be studied, as treatment could potentially modify this
parameter. In this study, we compared the macrophage
index with other biopsy-derived indices such as the
chronic allograft damage index (CADI) [10, 11] and the
Banff score of inflammation (BSI) {12, 13, 14] with re-
gard to their association with changes in serum creati-
nine levels 3 months post-biopsy and long-term graft
survival. The results of our study are reported hereun-
der.

Material and methods
Patients

The study population (#=41) was drawn from patients
who had received transplants at the University of Flor-
ida and had undergone a renal allograft biopsy between
February 1993 and June 1994. Twenty-four patients
underwent biopsy later than 3 months after transplan-
tation. No protocol biopsies of patients with stable graft
function were included. The underlying cause of renal
failure leading to renal transplantation is summarized in
Table 1. Further details can be obtained from references
[1, 8, 15].

Approval for this study was obtained from the
Institutional Review Board at the University of Florida.
Patients were recruited for enrolment in the study
according to prevailing guidelines put forth by the
Institutional Review Board (IRB) at the University of
Florida. Procedures for the obtaining of follow-up data
on enrolied patients were also approved by the IRB at
the University of Florida.

Biopsies
Biopsy specimens were processed in paraffin and frozen,
and electron microscopic sections were stained with KP-

Table 1 Underlying cause of renal failure leading to renal trans-
plantation

Cause Number Percentage
IgA nephropathy 4 9.8
Glomerulonephritis 9 22
Polycystic kidney disease 6 14.6
Diabetic nephropathy 3 73

HTN 12 29.3
Hereditary nephritis 1 2.4
Chronic pyelonephritis 1 24
Unknown 5 12.2

Total 41 100

1 (monoclonal antibody directed against CD68 marker
on monocytes) [1] and/or Kon-7 (monoclonal antibody
directed against thromboxane synthetase) [8, 15, 16].
Biopsies were performed for the clinical indications of
delayed graft function (DGF; defined as need for dialysis
in the first week post-transplantation) (n=7) or for a rise
in the level of serum creatinine after initial stability
(n=34; mean rise in plasma creatinine above baseline,
1.2 mg/dl). Negative controls included native nephrec-
tomies performed for renal cell carcinoma (n=6), and
positive controls comprised transplant nephrectomies
performed for severe rejection (n=4). Maintenance
immunosuppression was cyclosporine, azathioprine and
prednisone. Primary acute rejection therapy was intra-
venous methylprednisone pulse. OKT3 was employed
for steroid-resistant acute rejection. Serum creatinine
level was measured at baseline, time of biopsy (Cry),
3 months post-biopsy (Crsy,) and at 6 months post-
biopsy (Cremo), and yearly thereafter. Renal allograft
survival was calculated as the interval from transplan-
tation to resumption of maintenance dialysis or re-
transplantation. The study population for development
of chronic renal dysfunction was adjusted for death due
to non-renal causes and for patients lost to follow-up.
Other details of the study population and follow-up to
36 months post-biopsy are available in references [1] and
[8]. For the Cox regression analysis of graft loss risk, 30
patients had complete non-missing data for the relevant
outcome and predictor variables. Ten of these 30 pa-
tients lost their allografts prior to 60 months post-
biopsy. For the linear regression analysis of change in
serum creatinine levels at 3 months post-biopsy, 24
patients had complete non-missing data for the relevant
outcome and predictor variable. Biopsies were re- gra-
ded for this study by use of Banff ‘97 criteria [17]. His-
tologic analysis was as previously described [1, 8, 15].
Briefly, histologic scores were determined from semi-
quantitative cut-off points based on Banff intervals. The
scores were added to enable indices to be derived. The
indices were then evaluated for their impact on renal
allograft function and survival. Cortical structures were
scored for acute inflammatory changes and chronic
lesions according to Banff criteria, with appropriate
modifications for derivation of the CADI. Mononuclear
inflammation-producing glomerulitis (g), tubulitis (t),
interstitial inflammation (i) and endovasculitis (v) were
scored semiquantitatively from 0 to 3 by use of Banff
intervals. Chronic changes involving the glomeruli (cg),
tubules (ct), interstitium (ci) and blood vessels (cv) were
scored from 0 to 3, based on Banff intervals. We scored
global glomerulosclerosis (gs) and mesangial matrix
increase (mm) to derive a CADI, using Banff intervals
(intervals for gs and mm: 0=0%, 1= <25%, 2=25%-
50% and 3= >50%). Mononuclear inflammation
involving atrophic tubules was classified separately from
tubulitis in intact tubules. Macrophage infiltration was
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scored on KP l-stained or Kon 7-stained sections ex-
actly as unspecified mononuclear infiltration was scored
for g, t, i and v(Mac G, Mac I, Mac T and Mac V). We
used these defined scores to obtain the following indices:
BSI, defined as the sum of g, t, 1 and v (range 0-12);
macrophage index (MI), defined as the sum of Mac G,
Mac I, Mac T and Mac V (range of values 0-12);
CADI, as defined above (range of values 0-18). It should
be noted that the CADI in this study differs from that
used by Isoniemi and colleagues [10, 18] in that the range
of grading for each parameter was based on Banff ‘97
criteria [17] and is designated as CADI".

Statistical analysis

The purpose of the statistical analysis was to determine
the significance and strength of association between the
various pathologic indices determined at biopsy and the
risk of graft loss post-biopsy or the change in Cr values
measured at 3 months post-biopsy. The indices evalu-
ated in this fashion were the MI, CADI, BSI, Banff
category (normal vs suspicious or higher categories) and
the glomerular and interstitial components of the mac-
rophage index (Mac G and Mac I, respectively). Each
index was analyzed both as a univariate predictor and
after control for transplantation—biopsy interval (TBI)
and serum creatinine level at the time of biopsy (Cry).
Overall graft survival was estimated by the Kaplan—
Meier method.

We used Cox proportional hazards regression anal-
ysis [19, 20, 21] to assess the impact of scores and indices
on the risk of graft loss post-biopsy. For the purposes of
analysis, patient follow-up was administratively cen-
sored at 60 months. Hazard ratios (HRs) were estimated
before and after correction for TBI and Cr,, together
with 95% confidence intervals (95% CI). Since values of
TBI and Cr, were significantly skewed to the right, we
log-transformed these covariates prior to analysis to
improve model fit. Each index was modeled as a risk
factor that defined two patient groups whose index
scores were above or below a cut-off point based on our
previous study. In order to determine if graft loss risk
increased as index scores increased, we also modeled
each of the indices as a continuous predictor. In the case
of the Banff category, categories were ordered by
increasing level of progression, and the ranks of this
ordering were modeled as a continuous predictor.

We used least-squares regression analysis [22] to as-
sess the significance and strength of association between
indices and scores and serum creatinine level at Crap,,.
We computed regression coefficients both by univariate
analysis and by using a multivariate approach that
controlled for TBI and Cry. We log-transformed Crsp,,
TBI, and Cry, prior to analysis, to improve model fit.
High-score and low-score patient groups were defined by

use of the cut-off points developed in the modeling of
graft loss risk. Since Crsy, values were log-transformed
prior to analysis so that we could improve model fit, we
coded index score binary predictors so that the expon-
entiated linear regression coefficient could be interpreted
as a creatinine multiplying factor (CrMF), i.e., the
multiplicative factor by which the predicted post-biopsy
creatinine would be expected to change in the high-score
patient group relative to the low-score patient group. In
order to determine if Cr at 3 months post-biopsy tended
to increase as index scores increased, we also modeled
each of the indices as a continuous predictor of post-
biopsy creatinine.

Model fit for both Cox and linear regression models
was evaluated by standard techniques and graphic dis-
play of residuals. Although statistical power was likely
to be low for detecting interactions, due to small sample
size, all possible two-way interactions between predic-
tors were evaluated for statistical significance. Only one
interaction term was added at a time to a multivariate
model, which was then compared with the strictly
additive model. No statistically significant interactions
were detected. All model fitting was performed with SAS
version 8.2 (SAS Institute, Cary, N.C., USA). We used
S-Plus 2000 (Insightful, Seattle, Wash., USA) to calcu-
late Cox model GRZs. All reported P values are for two-
tailed tests. P values less than 0.05 were considered to be
statistically significant. Those between 0.05 and 0.10
were considered marginally significant.

Results
Biopsy-derived indices as predictors of graft loss

Univariate analysis showed that CADI and BSI and log-
(TBI) were significantly associated with an increase in
graft loss in the post-biopsy period (up to 60 months).
Cry was not a significant predictor of graft loss risk.
After correction for log-(TBI) and Cr,, in the Cox model,
the CADI, MI, Mac G score and Mac I score were
significant predictors of graft loss. When the indices
were modeled as two patient groups above and below a
cut-off point after correction for log-(TBI) and log-Cr,,
Mac G >1 (HR=438, P=0.0303), Macl >1
(HR=5.2, P=0.0674), MI >3 (HR=22.62, P=0.0037)
and CADI >9 (HR=6.63, P=0.0232) were significant
predictors of graft loss. The impact of an increasing TBI
in association with an increase in the index values on
graft survival is illustrated graphically in the context of
the Ml in Fig. 1. The Banft category (other than normal)
attained marginal significance (HR =3.96, P=0.0959) as
a predictor of graft loss in this model. Increase in the
overall model R, after a significant index score had been
sequentially included, was highest for MI and CADI and
lowest for Mac G and Mac I scores (data not shown).
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Fig. 1 Predicted probability of graft survival for selected patient
strata defined by MI and transplantation-biopsy interval. Stratum
A: Macrophage Index (MI)<3 and Transplant-Biopsy Interval
(TBI)<3 months (3 mo); Stratum B: MI<3 and TBI>3 mo;
Stratum C: MI> 3 and TBI <3 mo; Stratum D: MI>3 and TBI >3
mo

These results are displayed in Table 2. For the most
part, when indices were modeled as continuous predic-
tors of graft loss risk, there was an incremental increase
in risk of graft loss for every unit increase in the value of
modeled indices (data not shown).

Biopsy-derived indices as predictors of serum creatinine
levels 3 months post-biopsy

Univariate regression analysis indicated that CADI,
BSI, Mac I and MI were significantly associated with an
increased Crim,o. Banff category, Mac G, and Cry were
not significant predictors of Crzy,. The transplantation-
to-biopsy interval was marginally significant as a pre-
dictor of Crzp,, (P=10.0746). The strength of association
between predictor variables and Cray, was highest for
CADI (R%?=0.50) followed by Mac I, BSI and MI
(R?=0.43, 0.40 and 0.30, respectively).

Table 2 Biopsy-derived indices as predictors of graft loss. Indices
were modeled by use of cut-off points

Variable Hazard Hazard ratio P
ratio 95% Cls

Log-(TBI) 2.20 1.18-3.19 0.008
Mac G >1 5.03 1.23-20.59 0.025
Macl >1 3.94 1.05-14.8 0.042
MI >3 23.13 2.9-184.25 0.003
CADI >9 5.38 1.29-22.37 0.021
BSI >5 2.6 0.61-11.08 0.196
Banff category 4.16 0.85-20.38 0.078

other than normal

Table 3 Biopsy-derived indices as predictors of Cr at 3 months.
Indices were modeled as continuous predictors. MF multiplying
factor

Variable Creatinine MF MF=1
MF 95% ClIs P
Log-(TBI) 1.10 0.99-1.2 0.0746
Log-(Crp) 1.20 0.99-1.45 0.4410
Mac G score 1.15 1.0-1.32 0.0758
Mac I score 1.45 1.00-2.11 0.0004
MI 1.16 1.00-1.35 0.0018
CADI 1.13 0.99-1.28 0.0007
BSI 1.13 0.99-1.28 0.0085
Banft category 0.917 0.84-1.00 0.1774

(normal vs other
than normal)

In the multivariate analysis, after correction for TBI
and Cry, CADI, Mac I score, MI and BSI were signifi-
cant predictors of Crzyo. In addition, the Mac G score
attained marginal significance as a predictor of Cray,.
Crim, was predicted to increase by a factor of 1.13 per
unit increase in the CADI (P=0.0007), 1.45 per unit
increase in the Mac I score (P=0.0004), 1.13 per unit
increase in the BSI (P=0.009), 1.16 per unit increase in
the MI (P=0.002) and by a factor of 1.15 per unit in-
crease in the Mac G score (P=10.076). These results are
tabulated in Table 3.

When indices were modeled as two patient groups
above and below a cut-off point Mac G > 1 (P=0.05595),
MacI >1 (P=0.0174), MI >3 (P=0.0197), CADI >9
(P=0.0412) and BSI >5 (P=0.0394) emerged as sig-
nificant predictors of graft dysfunction 3 months after
the biopsy (Table 4).

Discussion

The presence of macrophages in renal allografts has
been shown to confer a poor prognosis and correlates
with markers of fibrosis and vascular sclerosis [2, 3].

Table 4 Biopsy-derived indices as predictors of renal function at
3 months. Indices and scores were modeled by use of cut-off points.
MF multiplying factor

Variable Creatinine MF 95% P
MF ClIs

Log-TBI 1.10 0.99-1.20 0.0746
Log-Cry 1.20 0.99-1.45 0.4410
Mac G >1 1.38 1.00-1.91 0.0555
Macl >1 1.48 1.00-2.20 0.0174
MI >3 1.47 1.00-2.17 0.0197
CADI >9 1.56 1.00-2.44 0.0412
BSI >5 1.60 1.00-2.56 0.0394
Banff category 1.17 1.00-1.36 0.3986

other than normal
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Macrophages function as antigen-presenting cells, elab-
orate and respond to cytokines and mediate tissue in-
jury. Vaso-active products secreted by activated
macrophages may contribute to the renal dysfunction
observed in acute rejection [2]). The degree of macro-
phage infiltration correlates with worsened renal func-
tion 6 months post-biopsy [8].

The incidence of acute rejection has declined in recent
years, whereas the negative prognostic impact of an
episode of acute rejection has increased [23]. The long-
term prognosis for graft survival after an episode of
acute rejection depends, to a large extent, on the histo-
logic severity of the episode [19, 24, 25, 26], the time
from transplantation to biopsy [26] and whether or not
renal function returns to baseline after treatment of the
rejection [27]. Given the fact that early inflammatory
changes in protocol biopsies translate into chronic le-
sions at later sampling points [28], we hypothesized that
a risk factor that impacts graft function at 6 months
post-biopsy and long-term graft survival might affect
renal function at an earlier time point. We chose the 3
month post-biopsy time point as it would be a clinically
meaningful time point where renal function would be
expected to return to baseline after successful treatment
of an episode of acute rejection.

Univariate analysis of our data pointed to a signifi-
cant negative effect of a longer transplantation-to-biopsy
interval on long-term allograft survival and, to some
extent, on renal function at 3 months post-biopsy. This
is in concordance with the fact that late episodes of acute
rejection have a worse prognosis [26]. Taking into ac-
count that the CADI was developed as an index that
looked at a defined time point (2 years post-transplan-
tation) [10] and the varying times from transplant to
biopsy in this study, we corrected the multivariate model
for the transplantation-to-biopsy interval. The MI,
CADI, Mac I score, Mac G score and the BSI were
significant predictors of graft function 3 months post-
biopsy and had a negative impact on long-term allograft
survival. These findings complement our previous
observations [1, 8].

An increasing value of the scores and indices above
added to our ability to predict graft function and sur-
vival, over and above that which we would expect on the
basis of knowledge of the time from transplantation to
biopsy and the serum creatinine levels at the time of
biopsy. We cannot make a meaningful statement about
the lack of effect of the Banff category in our model,
given the fact that the sample was skewed towards lower
grades of rejection. It should also be noted that the BSI
in the context of this study is derived from a single
biopsy sample and does not represent the summed scores
from multiple protocol biopsies. However, the results of
our study support the overall concept of lesion scoring
and the “sum score” approach [29, 30] in addition to
routine histopathologic grading of biopsy specimens.

That the BSI, CADI and MI take into account the
presence of glomerular inflammation or scarring could
account for their additional prognostic value, in view of
the negative prognostic impact of glomerulitis in the
transplant biopsy [31].

In the context of this study, the MI provides an index
of ongoing inflammatory activity at a single sampling
time point in the post-transplantation period that
probably confers an increased risk for long-term allo-
graft loss. Whereas the CADI mainly quantifies chronic
lesions at a defined time point, it does take into account
a component of acute interstitial inflammation in the i
score, which was a significant predictor of both graft loss
and dysfunction in our study. The MI could be affording
greater precision in our ability to quantify interstitial
inflammation. That the presence of inflammatory infil-
trates in allografts exhibiting late decline in function,
prompting performance of a biopsy, was associated with
the worst outcome, is not inconsistent with the results of
previous studies. This could represent the cumulative
effects of acute inflammation and tissue damage in the
context of a chronically damaged graft. In fact, when we
added the CADI and the MI, the term thus derived
emerged as a highly significant predictor of short-term
graft dysfunction and long-term graft loss (unpublished
observations). The findings of Nankivell et al. [28],
indicating that inflammatory changes observed in early
protocol biopsies translate into fibrosis in later biopsies,
raise the possibility that treatment of acute inflammation
could modulate progression to fibrosis. Thus, one could
use biopsy-derived indices to classify patients at high
risk for graft loss, in an effort to recruit subjects for
secondary prevention trials or as an intermediate efficacy
endpoint in clinical trials [24, 32, 33].

A potential limitation of our study is the fact that
biopsies were all performed for cause and were, there-
fore, not performed at a single time point. The effects of
donor age were not studied, except for the effect that
parameter has on the CADI [34]. We also do not know if
the MI changes with time or treatment. Regardless, the
outcome of these variables would be expected to reduce
or blur potentially significant features, not enhance the
significance of the positive findings. Therefore, the
robust nature of the positive findings are expected to
persist.

The implications of the MI in the context of other
immunosuppression protocols remain to be tested. This
18, of course, the difficulty when a disease with a long
natural history is studied, as indicated by the longer
half-lives that are expected in renal transplantation un-
der modern immunosuppression regimes. In addition,
therapies with shorter-term goals, such as the prevention
or treatment of acute rejection, will become the standard
of care without the testing of the ultimate endpoint of
failure [35, 36]. If we wait for the endpoint of graft
failure, the studies become increasingly difficuit and
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expensive. For these several reasons it will be valuable
for one to have surrogate endpoints for graft failure [25,
32]. This study has shown that the MI is a robust pre-
dictor of short-term renal allograft function and long-
term graft loss and is, therefore, an important surrogate
endpoint. There are a number of theoretical reasons why
this will continue to be valid.

Macrophage activation is involved in the afferent and
efferent limbs of adaptive immunity, innate immunity,
inflammation and scarring [1, 37]. These pathways could
account for the variety of risk factors for chronic allo-
graft failure, including prior acute rejection (adaptive
alloimmune response) and risk factors that are not tra-
ditionally considered adaptive immune responses but

may represent innate immune responses such as donor
age and gender, and ischemia time [38]. Therefore,
pathways of macrophage infiliration and activation
potentially hold pivotal positions in responding to
allograft injury and producing fibrogenic responses seen
in chronic allograft nephropathy [39, 40]. While there is
considerable experimental and circumstantial evidence
for this hypothesis, the specific mechanisms and path-
ways need [2, 3, 39, 40] to be further substantiated in the
context of clinical transplantation. Potential targets for
intervention derived from these pathways are expected
to have important basic, practical and clinical value.
This report supports the effort required for additional
larger and more recent studies.
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