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Abstract

Objectives: The aim of this retrospective study was
to characterize the patients who experienced
borderline rejection.
Materials and Methods: Patients with a minimum
follow-up of 2 years were enrolled in this study. Forty-
seven patients out of 106 patients with borderline
rejection (after exclusion of those with associated
chronic interstitial fibrosis) were compared with
patients with acute cellular rejection grade 1 (n=650),
and patients free of rejection episodes (n=444)
regarding the different characteristics.
Results: Patients aged 20 years or younger were
frequently in borderline rejection group than other
groups (which was statistically significant) (P = .001).
Significant differences were found in recipient and
donor ages, consanguinity, pretransplant blood
transfusion, and immunosuppression plan. Most
patients in borderline rejection group received triple
immunosuppression therapy than other groups
(P = .001). Univariate and multivariate regression
analysis of different variables on graft survival in
borderline rejection patients revealed that none of
them was statistically significant.
Conclusions: Borderline rejection is a frequent finding
in biopsy-proven acute rejection after kidney
transplant. Time of occurrence, frequency, treatment
or not, and response to therapy were not predictors
to graft survival.

Key words: Borderline changes, Kidney, Transplant

Rejection remains a significant problem following renal
allotransplant, and although powerful antirejection
therapy is available, its unguided use is associated with
significant morbidity and mortality.

Needle core biopsy for conventional histologic
examination remains the technique of choice for
diagnosis of rejection (1). A series of meetings at Banff
introduced an international standard for evaluation of
biopsies after kidney transplant, which allowed
classification of renal allograft pathology and acute
rejection in particular. The goal of Banff' working
classification was proposed as an attempt to devise a
scheme for interpretation and gradation of histologic
findings in renal allograft biopsies that can be used as
an indication for therapeutic consequences and
expected graft survival (2).

The Banff schema suggests the diagnostic category
“borderline changes” to refer to pathologic changes
insufficient for diagnosis of mild acute rejection. The
reported incidence of borderline changes based on the
Banff working classification ranged from 3% to 49% (3-
6). In view of the natural history and clinical impact of
borderline rejection, as well as long-term graft survival,
a therapeutic dilemma, whether to treat or not to treat,
is an area of much debate (7-10).

The aim of this study was to characterize factors,
which may predispose to borderline changes in renal
allograft recipients.

Patients and Methods

From December 2001 to December 2006, 437 live-donor
kidney transplants were carried out. Using Banff
criteria for diagnosis of acute rejection, 202 biopsies
showed borderline changes out of 429 biopsies with
the diagnosis of acute rejection (47%).

Study design
Patients with a minimum follow-up for 2 years
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(mean ± SD, 67 ± 25 months) were enrolled in this
study (106 patients). Graft biopsies with documented
histopathologic findings of calcineurin-inhibitors
nephrotoxicity, recurrent original kidney disease; de-
novo glomerulonephritis or acute tubular necrosis
were excluded from this study. Forty-seven patients
out of 106 patients who had biopsy-proven borderline
rejection (after exclusion of those with associated
chronic interstitial fibrosis) were compared with
patients with acute cellular rejection grade 1 (n=650)
and patients with no free rejection episodes (n=444)
regarding the different characteristics and follow-up
variables, as well as graft survival.

Clinical Variables
Clinical data were obtained by reviewing patients'
records and included all pretransplant data (Table 1).
Basal serum creatinine and peak levels at the time of
diagnosis were obtained for borderline rejection group.

Immunosuppression Protocols
The immunosuppressive regimens varied over the
years; all patients, before 1983, received prednisolone
(2 mg/kg/d) initially with consequent tapering of
dosage until (0.5 mg/kg/d) after 1 month. This was
coupled with azathioprine (2-3 mg/kg/d). After 1983,
patients were given cyclosporine in doses targeting
trough whole blood of 200 - 400 ng/mL in the first 2
months after transplant and then between 100 to 150
ng/mL, thereafter measured by RIA assay kits
(Sandoz, Basal, Switzerland) and then using
monoclonal specific antibody (TDx Abbott Kits).

ATG or monoclonal antibodies (Orthoclone, OK T3)
were used in high-risk group of patients. In the 1990s,
tacrolimus (0.15 mg/kg/d and/or mycophenolate
mofetil (1-2 mg/d) were introduced as rescue
therapies. The tacrolimus dose was adjusted to achieve
a trough level of 5 to 10 ng/mL.

Graft biopsies were performed under ultrasound
guidance using a modified 18-gauge core cut needle
mounted on a spring-loaded biopsy gun. Renal
allograft biopsies were subjected to routine
histopathologic examination and scored for interstitial
inflammation (i), tubulitis (t) as defined by the Banff
scheme (2).

Five hundred mg methylprednisolone for 3 to 5
consecutive days were given for grade 1 and 2 acute
rejection and anti-thymocyte globulin or Orthoclone
(OKT3) were given for grade 3 acute rejection episodes.
In patients with biopsy-proven borderline rejection,

treatment modalities include methylprednisolone 500
mg for 3 to 5 days; increasing basal immuno-
suppression using rescue therapy as tacrolimus and/or
mycophenolate mofetil; or not to treat.

Statistical analysis
Statistical analyses were performed with SPSS software
for Windows (Statistical Product and Service Solutions,
version 17.0, SSPS Inc, Chicago, IL, USA). For
univariate analysis, the t test and the chi square tests
were used. To determine which variable remained
important risk factors after adjustment for other
variables, multivariate linear logistic regression was
done. Graft actuarial survivals were determined by the
Kaplan-Meier method. Graft survival curves using

229

Table 1. Demographic characteristics of borderline rejection, acute
rejection and rejection free groups.

Characteristics BLR AR Free rejection P
episodes

(n=47) (n=650) (n=444)
No. (%) No. (%) No. (%)

Recipient age
intervals, (y)
< 20 18 (38.3) 114 (17.5) 70 15.8
20-40 15 (31.9) 207 (31.8) 130 (29.2) .001
> 40 14 (29.8) 329 (50.6) 244 55.0

Donor age
intervals, (y)
< 30 19 (40.4) 264 (40.4) 201 (45.3)
30-40 12 (25.5) 167 (25.7) 126 (28.4) .14
> 40 16 (34.1) 219 (33.9) 117 (26.3)

Male recipient sex 32 (68.1) 494 (76.0) 325 (73.2) .33
Male donor sex 22 (46.8) 321 (49.4) 222 (50.0) .91
Original kidney disease
Glomerulonephritis 7 (14.9) 52 (8.0) 378.3
Interstitial nephritis 9 (19.1) 82 (12.6) 67 (15.1) .21
Hereditary 3 (6.4) 98 (15.1) 54 (12.2)
Unknown, others 28 (59.6) 418 (64.3) 286 (64.4)

Donor relationship
Parents 21 (44.7) 168 (25.8) 99 (22.3)
Siblings 15 (31.9) 304 (46.8) 247 (55.6) .001
Offsprings 1 (2.1) 8 (1.2) 15 (3.4)
Unrelated 10 (21.1) 170 (26.6) 83 (18.7)

Prior blood transfusion (Yes) 25 (58.1) 444 (69.8) 258 (60.3) .003
HLA-A,-B matching

Zero matching 4 (8.5) 58 (9.3) 20 (4.6)
1 - 2 matching 33 (70.2) 470 (75.0) 305 (70.0) .0003
3 - 4 matching 10 (21.3) 99 (15.8) 111 (25.5)

HLA-DR matching
One matching 44 (93.6) 607 (97.0) 408 (93.6) .003
Two matching 3 (6.4) 19 (3.0) 28 (6.4)

Retransplant 3 (6.4) 23 (3.5) 18 (4.1) .6
Primary immunosuppression

Azathioprine-based 1 (2.2) 223 (34.4) 69 (15.6)
Cyclosporine-based 3 (6.5) 103 (15.9) 62 (14.1) .001
Triple therapy 43 (91.1) 322 (49.7) 310 (70.3)

Induction antibody therapy
Yes 7 (14.9) 33 (5.1) 7 (8.3) .001

Mean cyclosporine trough level (ng/mL)
After 1 month 238 ± 54 237 ± 49 241 ± 50 0.4
After 6 months 209 ± 34 211 ± 39 210 ± 41 0.3
After 1 year 142 ± 32 151 ± 30 144 ± 35 0.9

Abbreviations: AR, acute rejection; BLR, borderline rejection.



Kaplan-Meier method was used. Variables were
considered significant when P value was < .05.

Results

Over the period between December 2001 and
December 2006, 437 live-donor kidney transplants
were carried out at the Urology & Nephrology Center,
Mansoura, Egypt. Graft biopsies were carried out on
rejection suspicion and interpretation was based on
Banff criteria. In this study, the annual incidence of
borderline rejection was found to be 9.2%. Diagnosis
of early borderline rejection was settled in 14.9%,
while 40 patients (85.1%) developed borderline
rejection 1-year after transplant. Ninety-three patients
experienced 1 attack of borderline rejection while 13
patients (12.3%) had frequent borderline rejection
episodes.

In patients with borderline rejection, the mean age
was 25.1 ± 10.3 years (range, 5-59 years), with
male:female ratio, 2.2:1. All demographic and
pretransplant data for all groups are outlined in Table
1. Patients aged 20 years or younger were less
frequently in the borderline rejection group than the
other groups (which was statistically significant)
(P = .001).

Among the borderline rejection group, 102
patients (96.2%) received their first graft and 4
patients (3.8%) were retransplanted. Blood groups
were different but compatible in 29 patients (27.35%).
Nonspecific blood transfusion were given to 56
patients (52.8%) and 85.8% of patients had received
their graft from related donors, whereas 15 patients
(14.2%) were transplanted from emotionally related
donors. Unrelated donors were more frequently in
patients with acute rejection than other groups of
patients (P = .001).

Table 1 shows that HLA/DR identical couples
were found in 6.6% of patients (7/106) with
borderline rejection, whereas 1 haplotype mismatch
in 63.2% (67/106) of cases and 2 haplotype mismatch
was found in 30.2% (32/106). HLA –A,-B and-DR
mismatching were statistically significantly different
(P = .003). Also the number of patients who received
blood transfusions before transplant in acute rejection
group compared with borderline rejection and
borderline-free rejection episodes groups (P = .003).

Most patients in the borderline rejection group
received triple immunosuppression therapy
compared with the other groups (91.3%, 49.7%, 70.3%

in borderline rejection, acute rejection, free rejection
episodes groups, respectively). These differences
were statistically significant (P = .001). The use of
prophylactic induction antibody therapy was more
evident in borderline rejection group than other
groups (Table 2). The difference was also statistically
significant (P = .001).

Treatment modalities for borderline rejection
include pulse steroid therapy in 65.1% and increasing
basal immunosuppressive therapy in 22.6%, whereas
no treatment was used in 12.3% of patients. Using
univariate and multivariate regression analysis of
different variables on graft survival in borderline
rejection patients revealed that none of them was
statistically significant (Table 3).

Characteristics Borderline Acute Free P
rejection rejection rejection
(n=47) (n=650) episodes

(n=444)

Ischemia time intervals
< 30 minutes 13 (27.7%) 104 (16.4) 28.6+7
≥ 30 minutes 34 (73.3%) 546 (84.6%) 364 (82%) .107

Delayed diuresis 2 (4.3%) 81 (12.5%) 27 (6.1%) .001
ATN (Yes) 1 (2.1%) 39 (6%) 11 (2.7%) .01
Chronic rejection 13 (27.7%) 230 (35.4%) 89 (20%) .001
Condition at last follow-up

Living with function graft 38 (80.9%) 351 (54%) 352 (79.3%)
Living on dialysis 5 (10.6%) 129 (19.8%) 34 (7.7%) .001
Died with function graft 1 (2.1%) 76 (11.7%) 36 (8.1%)
Died on dialysis 3 (6.4%) 94 (14.5%) 22 (5%)

Serum creatinine at
Last follow-up

≤ 2 mg/dL 37 (78.7%) 325 (69.7%) 353 (89.8%) .001
> 2 mg/dL 10 (21.3%) 141 (30.3%) 40 (10.2%)

Recipients sex 0.691
Donor age 0.127
Donor sex 0.348
Blood group 0.394
Blood transfusion 0.341
Retransplant 0.283
HLA-A,-B matching 0.563
HLA-DR matching 0.536
Ischemia time 0.903
Time to diuresis 0.574
ATN 0.548
Primary immunosuppression 0.439
Induction antibody therapy 0.546
Time of diagnosis of BLR 0.762
Frequency of BLR 0.415
Presence of chronic changes 0.108
Treatment or not 0.548
Treatment modalities 0.798
Response to treatment 0.179

Table 3. Univariate analysis of risk factors affecting graft survival in
patients with borderline rejection.

Table 2. Perioperative and postoperative variables in borderline rejection,
acute rejection, and free rejection groups.

Abbreviation: ATN, acute tubular necrosis.

Abbreviation: ATN, acute tubular necrosis.
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Figure 1.Actuarial graft survival for borderline rejection, no rejection, and acute rejection groups
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Graft Survival
One-, 5-, and 10-year actuarial graft survival in
borderline rejection, free rejection episodes, and acute
rejection groups were 100%, 95%, 90%; 78%, 83%, 70%;
and 45%, 66%, 44%, respectively (Figure 1). These
differences were statistically significant (P = .0001).
However, this statistically significant difference was
not evident when we compared borderline rejection
versus acute rejection groups (P = .32) or between
borderline rejection and free rejection episode groups
at 20 years (P = .23).

Discussion

Renal allograft with borderline infiltrates have been
studied in a variety of contexts. Studies using protocol
biopsies of renal allografts suggest that borderline
infiltrates have benign nature and may occur in
patients with stable graft function (12). However, Rush
and associates (13) have concluded that those
borderline infiltrates may be injurious to allografts and
the relation of these borderline infiltrates to episodes
of earlier acute rejection or those changes are
representing new rejection that necessitate antirejection
therapy is not clear.

In the present study, borderline changes were
found to occur in 47.1% of biopsies showing acute graft
rejection. Graft biopsies were done owing to graft
dysfunction and rejection suspicion. The reported

incidence of borderline rejection was 2% in multicenter
trials (3), 15% the work of Dooper and associates, 1995
(4), and 23% in another study (9). The target of these
studies was to stratify patient responses to antirejection
therapy and to detect the impact of energetic treatment
versus no treatment on the graft outcome.

In our study, borderline rejection occurred in the
first, 3 months after renal transplant in 24.5% of cases.
Study of timing for the increased incidence of chronic
rejection wits probably consequent graft loss (P < .01)
when compared with no rejection group. So study of
timing (early versus late borderline rejection ) may be
of importance. This was concluded in recent literature
(14) that reported that early acute rejection had
increased incidence of chronic rejection and graft loss.

Also, in the work of Gulanikar and associates (16),
the risk of graft loss was found to be related to the
number of acute rejection episodes. In our work,
borderline rejection occurred more than once in 12.3%
and once in 87.9% of patients. It is noteworthy that
44.3% of patients with borderline rejection have not
experienced more severe degrees of acute rejection on
follow-up and most of the remainder has been exposed
to predominately mild attacks (45.3%).

Borderline rejection has been shown to occur in
younger age recipients (33% below the age of 20), and
the parents are donors and of relatively older age
(P < .003 compared with the no rejection group). The
different immunologic parameters that may be
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involved in borderline rejection are also addressed in
this work, as HLA and DR matching, which were
found in several studies to have a role, in acute
rejection and affect graft survival (17, 18). However,
this association was denied by others (19, 20). Also, the
different hematologic parameters such as blood
groups, blood transfusion before kidney transplant
also were found to have prognostic significance in
some studies (21, 22). In our work, the finding of
different blood groups was found to be significantly
higher in borderline rejection group compared to
nonrejection group (P < .001). However, pretransplant
blood transfusion showed no statistical difference.

The impact of perioperative data including such as
time to diuresis and acute tubular necrosis on the
genesis of borderline rejection have shown a significant
difference-compared with the other groups. However,
the role of the above variables in acute rejection was
found in previous studies (23, 24).

Change of basal immunosuppression or increase of
steroid doses or use of steroid pulse therapy were
undertaken in response to occurrence of biopsy-proven
borderline infiltrates in graft biopsy with satisfactory
response in 63.2% and marginal response in 36.8% of
cases. Similar data were previously reported in the
work of Saad and associates, 1997 (10) who found
complete response to antirejection therapy in 75% of
patients with borderline lesions and also in the work of
Schweitzer and associates (5), who reported a response
rate of 50% to antirejection therapy after exclusion of
other causes of graft dysfunction.

In conclusion, borderline rejection is a frequent
finding in biopsy-proven acute rejection after living-
donor kidney transplant. Time of occurrence,
frequency, presence of chronic changes, treatment or
not and response to therapy were not predictors to
graft survival. As with any retrospective study, the
present results should be interpreted with caution.
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