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ABSTRACT
Interstitial ﬁbrosis/tubular atrophy (IF/TA) contributes to the loss of kidney allografts, and treatment or
preventive options are lacking. We conducted a double-blind, randomized, placebo-controlled trial to
determine whether angiotensin II blockade prevents the expansion of the cortical interstitial compartment, the precursor of ﬁbrosis. We randomly assigned 153 transplant recipients to receive losartan, 100
mg (n=77), or matching placebo (n=76) within 3 months of transplantation, continuing treatment for 5
years. The primary outcome was a composite of doubling of the fraction of renal cortical volume occupied
by interstitium from baseline to 5 years or ESRD from IF/TA. In the intention-to-treat analysis, using only
patients with adequate structural data, the primary endpoint occurred in 6 of 47 patients who received
losartan and 12 of 44 who received placebo (odds ratio [OR], 0.39; 95% conﬁdence interval [CI], 0.13–1.15;
P=0.08). We found no signiﬁcant effect of losartan on time to a composite of ESRD, death, or doubling of
creatinine level. In a secondary analysis, losartan seemed to reduce the risk of a composite of doubling of
interstitial volume or all-cause ESRD (OR, 0.36; 95% CI, 0.13–0.99; P=0.05), but this ﬁnding requires validation. In conclusion, treatment with losartan did not lead to a statistically signiﬁcant reduction in a
composite of interstitial expansion or ESRD from IF/TA in kidney transplant recipients.
J Am Soc Nephrol 24: 320–327, 2013. doi: 10.1681/ASN.2012080777

Interstitial ﬁbrosis and tubular atrophy (IF/TA) in
renal allografts, previously termed chronic allograft
nephropathy, is a major cause of long-term renal graft
dysfunction and loss.1,2 Strategies used to slow the
progression of native kidney disease, such as reninangiotensin-aldosterone system blockade and strict
BP control, have not been formally tested for the prevention or treatment of IF/TA. Expansion of the interstitial compartment is a major component of IF/
TA. Multiple studies have demonstrated a direct relationship between interstitial expansion and renal
allograft functional decline3–5 and graft failure.6–10
Interstitial expansion is amenable to angiotensinconverting enzyme (ACE) inhibition. In a 2-year multicenter, prospective, double-blind, placebo-controlled
trial in patients with type 2 diabetes, Cordonnier et al.
found that the ACE inhibitor perindopril prevented
expansion of cortical interstitial volume, whereas
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the placebo group, despite having similar BP and
glycemic control, had almost a doubling of that
measure.5 We therefore conducted a randomized,
double-blind, placebo-controlled, 5-year trial in
kidney transplant recipients to determine whether
angiotensin II blockade could slow or prevent cortical interstitial volume expansion or graft loss from
IF/TA. The hypothesis was that abrogating the
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ﬁbrogenic effects of angiotensin II and ameliorating the hemodynamic consequences of reduced nephron number would
reduce structural damage in transplanted kidneys.

RESULTS

Of the 336 patients who consented at the time of transplantation, 153 recipients consented to be randomly assigned to 100 mg
of losartan per day or placebo an average of 58634 days after
transplantation (Figure 1). Age, sex, source of kidney, cause of
native kidney disease, and ethnicity were similar for randomly
assigned patients, those who declined participation or were not
approached (n=280), and those who consented at the time of
transplantation but never reached the randomization visit
(n=183). The study groups were similar for all baseline characteristics (Table 1). Mean age 6 SD at transplantation was
48.7612.4 years. Most participants were white, had received a
kidney from a live donor, and were having their ﬁrst transplantation; more than one third had diabetes. University of Minnesota participants (n=126) received anti-thymocyte globulin
induction and only 5 days of corticosteroids, and Hennepin
County Medical Center participants (n=27) received induction
with an IL-2 antagonist and continued to receive maintenance
steroids. All participants received a calcineurin inhibitor
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(tacrolimus or cyclosporine) and mycophenolate mofetil as
maintenance immunosuppression. Blood levels of calcineurin
inhibitors were similar between the two groups during the entire
study. The mean serum creatinine level at randomization was
1.460.4 mg/dl in both groups; the iothalamate GFR was
55.8618.8 ml/min per 1.73 m2 in the losartan group and
56.4615 ml/min per 1.73 m2 in the placebo group. Measured
values of fraction of renal cortical volume occupied by interstitium (VvInt/cortex) at baseline were 0.1960.04 in the losartan
group and 0.1860.05 in placebo group (P=0.35). During the trial,
12 patients reached the study endpoint of ESRD from biopsyproven IF/TA and 32 participants did not reach the 5-year exit
biopsy (12 because of death and 4 because of ESRD not related to
IF/TA [2 from recurrent disease and 2 from polyoma virus nephropathy]). In addition, 16 patients withdrew 17.8614.2
months after randomization. Most withdrawals occurred because
participants did not want to return for annual visits (n=10) or
because they were prescribed ACE inhibitors (n=6) outside of
the study. The mean serum creatinine level in these 16 participants at 5 years after transplantation was 1.4960.69 mg/dl, similar to the level in patients who reached the ﬁnal visit.
Primary Outcome

Analysis of recipients who could be assessed for the study’s prespeciﬁed primary endpoint (i.e., who had adequate baseline and

Figure 1. Study participants. HUS, hemolytic uremic syndrome.
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Table 1. Baseline characteristics
P Value

Characteristics

All Patients

Losartan Group

Placebo Group

Patients (n)
Age at transplant (yr)
Men, n (%)
White patients, n (%)
Cause of kidney disease, n (%)
Diabetes mellitus
Hypertension
Polycystic kidney disease
Other
Live donor, n (%)
First transplant, n (%)
Immunosuppression, n (%)
CNI + MMF
CNI + sirolimus
Other
Prednisone use, n (%)
Pancreas transplant, n (%)
Acute rejection between transplant and randomization, n (%)
Time to randomization (d)
BMI (kg/m2)
No. of HLA matches
Cold ischemia time (h)a
Diuretic use, n (%)
Loop
Thiazide
BP (mmHg)
Systolic
Diastolic
Panel-reactive antibodies, n (%)
Hemoglobin (g/dl)
Urine albumin-to-creatinine ratio (mg/g)
Urine protein (g/d)
Serum creatinine (mg/dl)
GFR (ml/min per 1.73 m2)
VvInt/cortex

153
48.7612.4
94 (61.4)
133 (86.9)

77
49.4611.1
47 (61.0)
66 (85.7)

76
48.0613.6
47 (61.8)
67 (88.2)

57 (37.3)
10 (6.5)
23 (15.0)
63 (41.2)
108 (70.6)
132 (86.3)

28 (36.4)
8 (10.4)
13 (16.9)
28 (36.4)
53 (68.8)
69 (89.6)

29 (38.2)
2 (2.6)
10 (13.2)
35 (46.1)
55 (72.4)
63 (82.9)

115 (75.2)
21 (13.7)
17 (11.1)
42 (27.4)
30 (19.6)
12 (7.8)
58.3633.8
26.465.1
2.361.6
17.166.8

59 (76.6)
8 (10.4)
10 (13.0)
18 (23.4)
15 (19.5)
7 (9.1)
61.5637.2
26.665.1
2.161.6
14.966.1

56 (73.7)
13 (17.1)
7 (9.2)
24 (31.6)
15 (19.7)
5 (6.6)
55.1629.8
26.365.2
2.561.5
19.766.8

0.41

39 (25.5)
12 (7.8)

20 (26.0)
6 (7.8)

19 (25.0)
6 (7.9)

1.00
1.00

130.1618.1
74.0611.9
52 (67)
11.361.4
24.4610.0
0.3460.25
1.460.4
55.8618.8
0.1960.04

130.9618.6
73.169.4
51 (67)
11.561.5
23.3611.7
0.3460.21
1.460.4
56.4615.0
0.1860.5

0.80
0.60
0.54
0.45
0.73
0.72
0.40
0.82
0.35

130.5618.3
73.5610.7
104 (67)
11.461.4
23.6610.3
0.3460.24
1.460.4
56.1617.0
0.1960.05

0.50
1.00
0.81
0.19

0.72
0.25

0.28
1.00
0.77
0.25
0.78
0.19
0.02

Values expressed with a plus/minus sign are the mean 6 SD. CNI, calcineurin inhibitor; MMP, mycophenolate mofetil; BMI, body mass index.
a
For deceased donors.

exit biopsy samples or who developed ESRD from IF/TA)
showed that doubling of (VvInt/cortex) or ESRD from IF/TA
occurred in 6 of 47 patients in the losartan group versus 12 of 44
in the placebo group (odds ratio [OR], 0.39; 95% conﬁdence
interval [CI], 0.13–1.15; P=0.08). Adjustment for center and
maintenance steroid use gave similar results. The baseline biopsy
specimen was not adequate for morphometric analysis in 31
patients. No baseline clinical or demographic differences were
seen between patients with and those without adequate baseline
biopsy specimens (data not shown). In addition, 12 exit biopsies
were not performed because of technical difﬁculties, inability to
stop anticoagulation, or patient refusal. Clinical, demographic,
and baseline biopsy characteristics of patients missing the 5-year
biopsy did not differ from those of the other trial participants. At
5 years, VvInt/cortex was 0.2260.07 in the losartan group and
0.2460.06 in the placebo group (P=0.45). The mean change in
VvInt/cortex was 0.0360.9 in the losartan group versus
322
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0.0660.08 in the placebo group (P=0.23). The relationship between GFR at last visit and VvInt/cortex in the exit biopsy specimens is shown in Figure 2. A 10% increase in VvInt/cortex was
associated with decreases in GFR of 18.2 ml/min per 1.73 m2 in
the placebo group and 3 ml/min per 1.73 m2 in the losartan
group (P=0.03 for difference in slopes).
Secondary Outcomes

When all cases of ESRD (5 cases in losartan-treated and 11 in
placebo-treated patients) were considered in the composite
endpoint, 7 of 48 and 15 of 47 reached the endpoint in the
losartan and placebo groups, respectively (OR, 0.36; 95% CI,
0.13–0.99; P=0.05) (Table 2). Ten patients in the losartan
group and 14 in the placebo group died at any time after randomization (hazard ratio, 0.72; 95% CI, 0.31–1.61; P=0.43).
Causes of death were similar between the two groups (data not
shown). Nineteen of 77 patients in the losartan group reached
J Am Soc Nephrol 24: 320–327, 2013
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Adherence and Adverse Events

Figure 2. Iothalamate GFR and VvInt/Cortex at study exit.

the more conventional endpoint of time to the earliest of
death, ESRD, or doubling of serum creatinine level versus 24
of 76 patients in the placebo group (hazard ratio, 0.73; 95%
CI, 0.40–1.33; P=0.30). Of note, the mean time to doubling
of serum creatinine level was 1065 days in the losartan
group compared with 450 days in the placebo group.
Urinary protein, whether expressed as albumin-to-creatinine
ratio or 24-hour urine protein or albumin, was similar between
the two groups (Figure 3).
Iothalamate GFR did not differ between the two groups at any
follow-up time after baseline (Figure 4). Systolic and diastolic
BPs were similar in the two groups during the 5 years of the study
(Figure 5); the average systolic BP was 127617.6 mmHg in the
losartan group and 129619.9 mmHg in the placebo group at 1
year after randomization and 133615.6 versus 131614.5
mmHg, respectively, at the 5-year follow-up visit.

Patients self-reported missing the study drug
on 8.8% of the days in year 1. This rate
declined to 1.9% in the last year of the trial. In
all, 87% of patients were judged adherent for
their entire time in the study. A total of 291
adverse events were reported, averaging 1.71
adverse events per participant in the losartan
group and 2.09 in the placebo group (P=NS)
(Table 3). Seven participants in the losartan
group developed noncutaneous cancers
(three adenocarcinomas, one renal cell carcinoma, one lymphoma, one bladder cancer,
and one unknown primary cancer) versus six
in the placebo group (one lymphoma, one
cervical cancer, two adenocarcinoma, one
central nervous system tumor, and one unknown). Serum potassium level was consistently 0.1–0.3 mEq/L higher in the losartan
group, and hyperkalemia (potassium level
. 5.4 mEq/L) was observed intermittently in 17 of 77 (22.1%)
patients in the losartan group and 5 of 76 (6.6%) patients in the
placebo group (P=0.01). Only one serious hyperkalemia event
(potassium level . 6.0 mEq/L) occurred in a losartan-treated
participant.

DISCUSSION

Losartan was not associated with a statistically signiﬁcant beneﬁt in the primary outcome, prevention of interstitial expansion or graft loss from IF/TA in kidney transplant recipients.
Losartan appeared marginally protective for the prespeciﬁed
secondary composite endpoint of (VvInt/cortex) doubling and
all-cause ESRD, but this would require independent corroboration. Losartan was well tolerated, and, despite a higher level of

Table 2. Comparison of treatment groups for primary and secondary outcomes
Variable
Primary endpoint
Doubling of interstitium or ESRD from IF/TA
Doubling of interstitium
ESRD from IF/TA
Secondary endpoints
Doubling of interstitium or any ESRD
Doubling of interstitium
All cause ESRD
Time to death any time after randomization
Time to earliest of death, any ESRD, or doubling of creatinine
Doubling of creatinine
All cause ESRD
Death

Losartan
Group (n=77)

Placebo
Group (n=76)

OR or
HR (95% CI)

6/47
2/47
4/47

12/44
4/44
8/44

OR, 0.39 (0.13–1.15)
OR, 0.44 (0.08–2.56)
OR, 0.42 (0.12–1.50)

7/48
2/47
5/48
10/77
19/77
9/77
4/77
6/77

15/47
4/44
11/47
14/76
24/76
12/76
5/76
7/76

OR, 0.36 (0.13–0.99)
OR, 0.44 (0.08–2.56)
OR, 0.38 (0.12–1.20)
HR, 1.38 (0.62–3.20)
HR, 1.37 (0.75–2.53)
HR, 7.28 (2.22–32.78)
HR, 0.54 (0.10–2.47)
HR, 0.90 (0.28–3.13)

P Value

0.08
0.42
0.22
0.05
0.42
0.09
0.44
0.30
,0.01
0.42
0.85

HR, hazard ratio.
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Figure 3. Mean urinary albumin excretion (expressed as albuminto-creatinine ratio). Error bars are 6 1 SE

Figure 4. Iothalamate GFR. Error bars are 6 1 SE

Figure 5. Mean systolic and diastolic BP.

serum potassium, only one case of severe hyperkalemia (potassium level . 6 mEq/L) occurred.
Blockers of the renin-angiotensin system are more effective
than other antihypertensive agents in reducing time to dialysis,
death, or doubling of serum creatinine level in patients with
reduced GFR.11–13 These drugs also prevent progression of
proteinuria but to our knowledge have never been shown to
reduce structural damage or ESRD in patients with preserved
kidney function. In fact, neither losartan nor enalapril prevented expansion of the fractional volume of interstitium in normoalbuminuric, normotensive patients with type 1 diabetes
and normal or high GFR who were treated for 5 years.14 A
324
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retrospective analysis by Heinze et al.15 found evidence supporting a beneﬁt of renin-angiotensin system blockers in kidney
transplant recipients, but a 2-year randomized trial with losartan
versus placebo showed no structural beneﬁt or favorable effect
on allograft function.16
A possible explanation for the lack of clear and robust beneﬁt
of losartan in our study, which has been repeatedly observed in
relatively advanced native kidney disease, is that ours was a
primary prevention trial that included many relatively low-risk
patients: Most were white recipients of live-donor kidney transplants and had low immunologic risk. However, studies have
documented progressive structural changes in renal allografts
in patients with proﬁles similar to those of the patients in this
trial.17 The degree of intersitial expansion in our patients is
clearly less than has been described in the literature, and few
events occurred. Our original sample size estimate and power
calculations predicted that 60% of placebo-treated patients will
double their cortical interstitial fractional volume (the major
component of the primary outcome) or reach ESRD from IF/TA
(Supplemental material, Appendix 1). At the end of the 5-year
trial, however, fewer patients than expected reached that endpoint. This ﬁnding is in line with the emerging data from serial
protocol biopsies indicating the declining prevalence of interstitial ﬁbrosis in recent years that could not have been predicted a
decade ago.18,19 In the study by Stegall et al., only 23% of recipients with mild ﬁbrosis 1 year after transplantation progressed
to more severe injury.19 Thus, the trend toward a treatment
beneﬁt and lack of clear harm noted here despite the lower
than expected event rate compared with that originally projected
from earlier-era data supports the performance of a larger trial
to answer this question more deﬁnitively. The relationship between the ﬁnal GFR and VvInt/cortex seems to suggest that
expansion of this compartment may be less detrimental to
GFR in patients receiving losartan, but it also indicates that
much of the variability in GFR may not be accounted for by
the change in VvInt/cortex.
The beneﬁt of strict BP control in kidney transplant recipients
has been demonstrated in many observational studies and is
linked to more favorable outcomes for the graft and also for
recipient survival.20 This has not been shown in prospective
studies in which recipients were randomly assigned to two levels
of BP control. It is possible that the low event rate in the present
trial arose from the superior BP control achieved in the trial. It
may also suggest the importance of BP control regardless of
which agent is used to achieve it. The unavailability of renal tissue that is adequate for careful morphometric measurements in
some participants is a signiﬁcant limitation. However, because
most of these kidneys were from live young donors, it is very
unlikely that major histologic abnormalities were missed at baseline. Of note, formal comparison in patients with and those without biopsy revealed no systemic differences and showed that
biopsies were indeed missing at random.
This randomized trial suggests that angiotensin II blockade
is safe. The failure to detect a clear beneﬁt of such blockade on
renal structure agrees with what has been observed early on in
J Am Soc Nephrol 24: 320–327, 2013
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Table 3. Adverse events
Patients with Adverse Events (n)
Adverse Event

Losartan
Group (n = 77)

Placebo
Group (n = 76)

Bacterial infection
Cardiovascular
Death, unknown cause
Digestive
Endocrine
Fungal/other infection
Hematologic
Musculoskeletal
Other/unknown
Rejection
Respiratory
Urogenital
Viral infection

11
9
2
8
10
2
3
14
11
7
3
12
5

10
9
0
14
18
4
5
9
8
8
5
21
8

Total Adverse Events (n)
P Valuea

Losartan
Group (n = 77)

Placebo
Group (n = 76)

P Valueb

1.00
1.00
0.50
0.17
0.10
0.44
0.49
0.37
0.63
0.79
0.49
0.08
0.40

15
9
2
15
10
2
5
19
14
12
7
16
6

15
11
0
18
28
6
10
12
10
9
6
26
8

0.98
0.64
NA
0.70
0.01
0.20
0.37
0.31
0.51
0.63
0.86
0.14
0.59

NA, not applicable; can't be calculated due to small number of events.
a
Fisher exact test.
b
Negative binomial test.

renal involvement in type 1 diabetes but is at odds with the
beneﬁts demonstrated in patients with established CKD. Both
immunologic and nonimmunologic factors conspire to lead to
interstitial ﬁbrosis of the renal allograft. It remains plausible
that mitigating the nonimmunologic damage to the allograft
through angiotensin II blockade could reduce intersitial
expansion in renal allografts. We believe that these data provide
extremely important information that attest to the safety of
angiotensin II blockade and provide a contemporary account
for the evolution of renal structure on renal allografts that can
be used to design future interventional trials.

allergy, documented allograft artery stenosis, recipients of grafts
from HLA-identical siblings, primary renal diseases with high recurrence risk (such as primary hyperoxaluria, dense-deposit disease,
severe FSGS, and atypical hemolytic uremic syndrome). Women of
childbearing age who wished to become pregnant or were unwilling
to use contraceptives during the trial and recipients requiring ACE
inhibitors or angiotensin-receptor blockers for a cardiovascular indication (e.g., systolic dysfunction) were excluded. Participants were
approached while they were on the deceased-donor waiting list, during their evaluation for living-donor kidney transplantation, or at the
time of transplantation. Those who consented to be in the trial
underwent a postperfusion biopsy; if that was not feasible, they
underwent a kidney biopsy in the early post-transplant period.

CONCISE METHODS
Study Design

The Angiotensin II Blockade in Chronic Allograft Nephropathy
(ABCAN) trial (registered at ClinicalTrials.gov as NCT01467895) was
carried out at two transplant centers, the University of Minnesota and
Hennepin County Medical Center in Minneapolis, Minnesota. This
investigator-initiated study was sponsored by the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK) and Merck, Inc.,
which donated the study drugs. The study was approved by the relevant
institutional review boards, and written informed consent was obtained
from each participant. The study began in December 2002 and closed
out on June 30, 2011. It was overseen by a data and safety monitoring
board that met four times before it was reconstituted in June 2009 as
part of transitioning the study into a cooperative agreement (U01)
with the NIDDK, after which it met twice more.

Study Population

Inclusion criteria were age $18 years in patients receiving a ﬁrst or a
second kidney transplant alone or in combination with a pancreas
transplant. Exclusion criteria were serum creatinine level $2.5 mg/dl
at the time of randomization, persistent hyperkalemia (potassium
level . 5.4 mEq/L), known hypersensitivity to losartan or iodine
J Am Soc Nephrol 24: 320–327, 2013

In the ﬁrst 3 months after transplantation, patients were randomly
assigned to 100 mg of losartan per day or placebo with an allocation
ratio of 1:1 using computer-generated blocks size 2–6 and stratiﬁed
according to donor age (,55 years versus $55 years), estimated GFR
(,35 versus $35 ml/min per 1.73 m2), and acute rejection before randomization (yes or no). A key premise of this trial was that losartan
would exert its beneﬁcial effect independently of its BP-lowering properties. Therefore, every effort was made to keep BP similar in the two
treatment groups, with targets for systolic BP of ,130 mmHg and
diastolic BP of ,80 mmHg. To achieve these goals, calcium-channel
blockers were used as ﬁrst-line therapy, with diuretics as second-line
and b-blockers as third-line. Use of ACE inhibitors and angiotensin
II blockers was prohibited. Losartan was chosen over an ACE inhibitor for its absence of the adverse effect of cough, propensity to cause
less hyperkalemia, and proven safety in terms of post-transplant
erythrocytosis.

Study Endpoints
The prespeciﬁed primary study endpoint was a composite: ESRD
from IF/TA or doubling in VvInt/cortex measured in kidney biopsy
AII Blockade in Kidney Recipients
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specimens obtained at the time of transplantation and 5 years later.
Secondary outcomes included doubling of (VvInt/cortex) and all-cause
ESRD, changes in urinary albumin excretion rate and iothalamate GFR,
and also the more conventional composite endpoint of time to doubling
of serum creatinine level, ESRD from any cause, or death.

Measurements
(VvInt/cortex) was measured by a single observer masked to study
drug assignments. Cortical interstitial fractional volume was estimated by point counting, as described elsewhere21 and detailed in
Supplemental material Appendix 2. In brief, the number of points
falling on the interstitium relative to those falling on cortical tissue
were counted. The interstitial space was deﬁned as the area of cortex
not containing glomeruli, tubules, or blood vessels larger than the
average tubular diameter. A minimum of 65 points was considered
sufﬁcient because it provided a stable estimate of VvInt/cortex. This
was decided jointly with a panel of stereology experts who were
asked by NIDDK to determine the appropriate number of points
needed to assess the primary outcome accurately. Pill counts and
measurements of BP, urinary albumin excretion rate, and GFR
were assessed annually. GFR was measured annually by urinary clearance of iothalamate. The coefﬁcient of variation of the iothalamate
GFR was ,8%. The study drug was discontinued 1 month before
the last GFR and urinary protein and albumin measurements, which
were made at the time of the exit biopsy at 5-year follow-up. Urinary
protein was measured in early morning voided urine samples at the
annual GFR measurement visits and also from a 24-hour urine collection obtained the day before the ﬁve annual visits. All procedures
and assays were performed at the University of Minnesota site.

Sample Size Determination and Statistical Analyses
We hypothesized that during a 5-year period, angiotensin II receptor
blockade with losartan would reduce by 60% the proportion of patients who doubled their cortical interstitial fractional volume or lost
their graft from biopsy-proven IF/TA. When the study was designed
in 2001, the only information available about the rate of expansion of
VvInt/cortex came from our studies in diabetic transplant recipients
in whom (Vvlnt/cortex) increased universally over a 5-year period, and
for the effect of renin-angiotensin-aldosterone system blockade on rate
of expansion in the interstitial compartment, we used data from
Cordonnier et al. in which an ACE inhibitor given for 2 years to patients with type 2 diabetes and proteinuria completely prevented expansion of the interstitial compartment compared with a universal
increase in all controls.5,22 We allowed for a 10% dropout rate and
attrition due to patient death and graft failure from causes other than
IF/TA. Given these considerations, a sample size of 68 participants per
group provided .90% power to detect a group difference in the primary endpoint. At the second planned interim analysis, the data safety
and monitoring board recommended recruiting a total of 154 patients
because some participants were prescribed ACE inhibitors and some
baseline biopsy specimens were deemed inadequate. With these new
additional participants, it was predicted that a total of 90 patients
would have to be ascertained for the primary outcome to maintain
$80% power. For detailed sample size and power consideration,
please see Supplemental material Appendix 1.
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Baseline characteristics were compared using chi-squared and t tests.
All outcome analyses were according to randomization treatment assignments (intention to treat). The study groups were compared for the
primary outcome using the Fisher exact test. Secondary outcomes measured at each annual visit were compared between treatment groups
using mixed linear models. For each patient, all available data from
annual visits were included. All analyses included treatment group
and follow-up visit number (1, 2, 3, 4, 5) as ﬁxed effects; patients
were treated as a random effect, and errors within patients were modeled as having correlation that decayed exponentially with time between measurement visits. Common logarithms of urine protein, urine
albumin excretion rate (24-hour collections), and urine albumin-tocreatinine ratios were used as outcomes in place of the raw measurements because the latter had highly skewed distributions. Analysis of
time to the earliest of death, all-cause ESRD, or doubling of serum
creatinine used Kaplan-Meier plots and Cox regression.
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Appendix 1
Statistical analysis and power considerations
The primary end point is a combined end point of prevention of cortical interstitial expansion and graft loss from
IF/TA. We hypothesize that Angiotensin II receptor blockade with losartan will reduce the percentage of patients who
double their cortical interstitial volume or lose their graft from biopsy IF/TA by 60% in a 5-year prospective study. The
only information available regarding the effect of RAAS blockade on rates of expansion in the interstitial compartment
comes from Cordonnier et al (5).In this study an ACE inhibitor given for two years to proteinuric type 2 diabetic
patients completely prevented expansion of the interstitial compartment. Therefore, our estimation of a reduction in
the combined endpoint of prevention of interstitial expansion and graft loss from IF/TA over an even a longer time
period (5 years) by 60% is rather conservative.
In addition to the estimated difference between the two groups the following were also considered in estimating
the sample size:
1.) Based on data in diabetic transplant recipients there is a progressive expansion in the cortical interstitial volume
over a 5 year period, more specifically, 60% of participants in this cohort had at least doubling of their cortical
interstitial volume in 5 years. (12)
2.) Twenty percent of patients lost their grafts in the first 5 years of transplantation; 18% of these graft losses were
due to biopsy proven IF/TA.
Based on the above, the control group rate for the combined endpoints is = (.18)(.20)+(.6)(.75) 50%. Thus, we
expect the losartan group to have 40 % the rate of the control group 20%. With 58 participants in each group, the
study will have 90% power to detect this difference with a two-sided Fisher’s Exact test at = 0.05.
Other sample size considerations: In the largest study of losartan in transplant recipients the
discontinuation rate due to side effects was 4%. Drop outs may also occur for other reasons. Based on our
experience with trials of similar design, a 10% drop out rate is projected. This will inflate the total sample size to 129
patients. Reviewing our transplant population survival data, we found that the proportion that survives 5 years is
96.5%. Thus the total sample size is, further, inflated by 6 to account for these deaths. Given these considerations,
in order to maintain 90% power, the final sample size was determined to be 68 participants/group (136 total).
The DSMB, at year 2 of the study, recommended increasing the sample size to 154 subjects considering that the
number of inadequate baseline biopsies exceeded expectations and due to the fact that many subjects were
prescribed an ACE inhibitor. The table and graph below also depict the power situation as originally planned, after
DSMB recommendation to inflate sample size and the achieved enrollment.
Patients Per Group
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Power
80.4%

Description
Enrollment needed for 80% power

58

90.3%

Enrollment needed for 90% power

68

94.5%

Enrollment after initial inflation due to projected dropout

76

96.6%

Final enrollment after second inflation due to higher than
expected baseline biopsies (DSMB recommendation)

APPENDIX 2: Measurement of cortical interstitial volume; the primary endpoint
Evaluation of the adequacy of specimens:
1.

Objective: To determine if there is enough renal cortex without artifact available in a biopsy for Vv(Int/C)

estimation.
2.

Method: An arbitrary slide from the stack of serial sections which is not folded and contains an almost full face

of all available biopsy fragments is examined with a light microscope with 20X objective lens.
Sampling slides and sections:
1.

Objective: To sample sequential sections 100 m apart; the average diameter of the

glomerulus. This interval between sequential sections minimizes the effect of glomerulosclerosis on Vv(Int/C) at
multiple levels and reduces the between-sections dependency of Vv(Int/C).
2. Method:
Each slide has 4 sections. One section from slide #1 is selected.
Every 5th slide from the stack of serial sections (5 m thick) is then sampled to the end of the stack.
Digital imaging:
1.

Objective: To obtain sequential non-overlapping digital images of the sampled sections.

2.

Method: Digital images of non-overlapping fields from cortex of each entire selected section are obtained at

25x objective magnification, using a Spot digital camera and Spot advanced software.
Estimation of Vv(Int/C), using point counting:
1. Sampling:
Objective: To count about 60 systematically and uniformly distributed fine points on interstitium of each
biopsy. Since the size of the available cortical tissue is variable in each biopsy, the fraction of cortex that is
sampled can increase by a factor of 4 without losing the principle of systematic and uniform sampling.

Rounds: Point counting is performed in up to 4 sequential rounds.
Round #1:

Sequential odd images, the right ½ of the grid P4-4 on odd numbered sections and the left ½ of

the grid on even numbered sections. Images from each section are recognizable by annotations on the start
and end image of sections.
Round #2:

Sequential even images, the right ½ of the grid on odd numbered sections and the left ½ of the

grid on even numbered sections.
Round #3:

Sequential odd images, the left ½ of the grid on odd numbered sections and the right ½ of the

grid on even numbered sections.
Round #4:

Sequential even images, the left ½ of the grid on odd numbered

sections and the right ½ of the grid on even numbered sections.

