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SUMMARY

Poor reproducibility in scoring antibody-mediated rejection (ABMR) using
the Banff criteria might limit the use of histology in clinical trials. We eval-
uated the reproducibility of Banff scoring of 67 biopsies by six renal
pathologists at three institutions. Agreement by any two pathologists was
poor: 44.8–65.7% for glomerulitis, 44.8–67.2% for peritubular capillaritis,
and 53.7–80.6% for chronic glomerulopathy (cg). All pathologists agreed
on cg0 (n = 20) and cg3 (n = 9) cases, however, many disagreed on scores
of cg1 or cg2. The range for the incidence of composite diagnoses by indi-
vidual pathologists was: 16.4–22.4% for no ABMR; 17.9–47.8% for active
ABMR; and 35.8–59.7% for chronic, active antibody-mediated rejection
(cABMR). A “majority rules” approach was then tested in which the scores
of three pathologists were used to reach an agreement. This increased con-
sensus both for individual scores (ex. 67.2–77.6% for cg) and for compos-
ite diagnoses (ex. 74.6–86.6% cABMR). Modeling using these results
showed that differences in individual scoring could affect the outcome
assessment in a mock study of cABMR. We conclude that the Banff
schema has high variability and a majority rules approach could be used to
adjudicate differences between pathologists and reduce variability in scor-
ing in clinical trials.
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Introduction

Improving renal allograft survival will almost certainly

require the development of novel therapeutic agents

that prevent chronic injury. To demonstrate the efficacy

of these therapies, new surrogate endpoints for clinical

trials are needed [1]. Demonstrating a differential

impact on renal allograft histology could be a very effec-

tive means of showing the efficacy of a drug. However,

the poor reproducibility of the Banff scoring system

among pathologists is a major drawback to its use as an

end point in clinical trials [2,3].

The Banff 2017 Kidney Meeting Report recognized

this problem and made recommendations on best
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practice for pathology endpoints in clinical trials includ-

ing the development of an adjudication mechanism to

address discordance between pathologists [4]. The

report also presented revised criteria for the diagnosis

of both acute, active antibody-mediated rejection

(aABMR) and chronic, active antibody-mediated rejec-

tion (cABMR) and removed the terminology of “acute,

active ABMR”. However, the diagnoses of aABMR and

cABMR still rely heavily on the ability of a pathologist

to identify and grade glomerulitis (g), peritubular capil-

laritis (ptc), and chronic glomerulopathy (cg). Thus,

reproducibility remains an issue.

The goal of the current study was twofold. First, we

aimed to compare the reproducibility of the main indi-

vidual histologic scores (ptc, g, and cg) and the com-

posite of these scores used for the aABMR and cABMR

diagnoses based on the Banff classification. Second, we

sought to test a process by which scores from multiple

pathologists could be combined to yield a more consis-

tent score, i.e., to provide an adjudication mechanism

to address discordance between pathologists as directed

by the Banff report. Our hypothesis for these studies

was that the scores between the individual pathologists

will not show close agreement, but that using a “major-

ity rules” diagnosis from a group of three pathologists

will improve the consistency of diagnoses and thus

might provide a superior methodology to score biopsies

in future clinical trials.

Materials and methods

This study was approved by the Mayo Clinic Institu-

tional Review Board (IRB 14-006319). The transplant

database at Mayo Clinic in Rochester, MN was searched

by the initial reviewing pathologist (LDC) to identify a

subset of biopsies to adequately represent the different

grades of peritubular capillaritis, glomerulitis, and cg

(Banff ptc, g, and cg scores 0–3) for a total of 12 graded

categories. A total of 67 biopsies obtained from years

2005–2013 were identified with at least six biopsies in

each graded category. Forty-eight biopsies had an origi-

nal diagnosis of antibody-mediated rejection. Of those,

two were mixed (one grade 1B and one grade 2A), two

had concomitant IgA nephropathy, and one had BK

nephropathy.

Slide selection

Each biopsy case contained 10 slides with 3–4 histologic

sections per slide, cut at 3–4 microns per section. These

were stained for hematoxylin and eosin (H&E), periodic

acid-Schiff (PAS), Masson trichrome, and Jones-methe-

namine silver, as per routine histologic preparation for

clinical cases. From these 10 slides, three slides from

each case (one each H&E, PAS, and silver stained) with

the most representative tissue were chosen by the initial

reviewing pathologist (LDC) and coded with a case

number. These coded slides were shipped to each par-

ticipating renal pathologist for interpretation. Biopsies

were all scored without knowledge of preformed donor-

specific antibody (DSA) or C4d staining status, indica-

tion for biopsy, time post-transplant, or other clinical

or laboratory parameters. In addition to the test cases,

example cases with each of the graded categories as

assessed by the initial pathologist (LDC) were reviewed

prior to the test cases. Each pathologist was given writ-

ten guidelines for scoring. At Mayo Clinic, C4d is per-

formed by immunofluorescence on fresh-frozen tissue

and therefore could not be repeated for this study (no

frozen tissue existed). Therefore, the original C4d read-

ing was used for this study.

Active and chronic ABMR diagnosis

In addition to assigning individual Banff scores, a diag-

nosis of no rejection, aABMR, or cABMR was given

based on the aggregate of scores, purely based on strict

Banff 2017 criteria [4]. Note that the diagnosis was not

made by the pathologist, but only derived from the

Banff scores. For these rereads, pathologists were

blinded to the C4d and DSA results and thus were not

biased by these data. However, since one of our goals

was to mimic central pathology rereads in a clinical

trial, the lack of central reread for C4d actually mimics

what happens in most trials. Thus we determined agree-

ment on ABMR using the original C4d scoring done on

67 biopsies. Of these 50 (74.6%) were negative and 17

(25.4%) were positive. Active ABMR was assigned using

the Banff 2017 criteria [4] as: either (i) C4d ≤ 1 and

ptc + g score ≥ 2 or (ii) C4d > 1 and ptc > 0 or g > 0.

A concomitant cg score >0 resulted in the cABMR diag-

nosis. Electron microscopy and genomic testing was not

routinely done and not used as criteria for aABMR or

cABMR. The reproducibility of acute tubular injury was

not assessed and therefore not considered when assign-

ing the diagnosis.

Majority rules approach

For the majority rules approach we used a consensus

score based on various combinations of three patholo-

gist’s scores from a pool of six pathologists. Specifically,
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the six pathologists’ scores were combined in different

ways resulting in 20 distinct groups (1 + 2 + 3,

1 + 3 + 4, etc.) of three pathologists. We then com-

pared variability among the 20 groups by considering

exclusive groups (10 total comparisons) to overestima-

tion of agreement due to pathologist overlap. For indi-

vidual Banff scores, the majority rules score was given

by rounding the average Banff scores of the three

pathologists that comprised the group. For the diagno-

sis, the majority rules diagnosis is simply a majority

rules vote (equivalent to taking the rounded average of

binary variables).

Mock trial simulation

We examined how a majority rules approach using three

pathologists increases the probability that an assigned

diagnosis actually approaches the “true diagnosis” and

the correct patients would be enrolled in the trial. We

assumed that as we increase the number of pathologists

reading a biopsy, at some point a true consensus would

emerge. First we considered the diagnosis of a consensus

of six pathologists (4/6) as the “true diagnosis.” We then

evaluated the frequency of a single pathologist versus

three pathologists (using majority rules) reaching the

“true diagnosis.” We used the diagnosis of cABMR versus

no cABMR with the same reproducibility and frequency

as described above. In order to demonstrate the impact of

a lack of reliability, the mock trial process was repeated

over a grid of effect sizes as measured by the odds ratio

from 0.15 to 0.5 by increments of 0.05.

Statistical analysis

Accuracy was assessed through the pairwise percent

agreement. Reliability was assessed through Cohen’s

Kappa [5]. All comparisons carried out between groups

of three pathologists only used exclusive groups of

pathologists, (i.e., 1 + 2 + 3 vs. 4 + 5+6, but not

1 + 2 + 3 vs. 1 + 5 + 6). Kappa statistics were calcu-

lated using the “psych” package and heatmaps were

generated using the “gplots” in R (Vienna, Austria).

In order to form a diagnosis tree, we hypothesized a

150 patient sample (to directly convert from percent-

ages). Of this 150 patient sample, the “true” diagnosis

rate of cABMR versus no cABMR was established by

using the consensus of all six pathologists. The reclassi-

fication using a three pathologist combination or a sin-

gle pathologist can then be calculated and directly

converted to sensitivity, specificity, positive predictive

value, and negative predictive value.

Subsequent results from a hypothetical clinical trial

displayed as contingency tables with enrollment and

end point classification variability were constructed with

conditional probabilities of diagnosis based on latent

classes [6]. Equivalently, the disagreement between any

two pathologists (or two sets of three pathologists)

means that the counts in a table could change – a

patient may be recorded as no cABMR by one patholo-

gist and cABMR by another pathologist. How often this

occurs depends on the agreement between the patholo-

gists. For example, consider a trial with 90% agreement

and 75 patients on a treatment arm that resulted in 70

ABMR cases and five cases with no rejection. Then, a

rescoring which results in 70*0.1 = 7 patients switching

from the “ABMR” category to the “no rejection” cate-

gory would be contained within the variability of that

diagnosis. Similarly, 5*0.1 = 0.5 implies that one patient

switching from the “no rejection” category to the

“ABMR” category would also be contained within the

variability.

Results

Patient characteristics

Sixty-seven biopsies from 44 patients were studied

(Table 1). 83.6% (56/67) of the biopsies were done for

surveillance purposes at a median (IQR) time of 1.0

(0.6–2.1) years post-transplant. Of the patients biop-

sied, the median (IQR) age at the time of transplanta-

tion was 47 (35–54) years, and the majority was

female 68.2% (30/44), Caucasian 90.9% (40/44), and

received their kidney from a living donor 95.5% (42/

44). The leading cause of end stage renal disease

(ESRD) in this group was glomerulonephritis [43.2%

(19/44)]. The majority of patients [81.8% (36/44)] had

a positive B-flow cytometric crossmatch at the time of

transplantation. The majority of patients were on

tacrolimus, mycophenolate mofetil, and prednisone for

maintenance immunosuppression [95.4% (42/44)]. The

majority of the allografts were still functioning at 2

and 5 years post-transplant (97.7% and 81.8%, respec-

tively).

Reproducibility: scoring agreement among individual

pathologists

Agreement on individual Banff scores

We first examined the specific agreement for

individual g, ptc, and cg scores by performing pairwise
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comparisons among individual pathologists for each

biopsy (ex. pathologist #1 vs. #2, #1 vs. #3, etc.) result-

ing in six pairwise comparisons. The specific agreement

on scoring was relatively low. For the g score

(glomerulitis), the exact agreement on the score among

any two pathologists ranged from 44.8 to 65.7%; for ptc

score (peritubular capillaritis), the range was 44.8 to

67.2%; and for cg the range was 53.7 to 80.6%. How-

ever, the vast majority of the g, ptc, or cg scores either

matched or were � 1 between pathologists (Table 2,

Fig. 1). For example, the number of cg scores with dif-

ferences ≥2 ranged from 0 to 7 (0 to 10.5%). Thus,

there was general agreement, but not exact agreement g,

ptc, and cg scoring. The average kappa statistics were

0.39, 0.38, and 0.48 for g, ptc, and cg scores, respec-

tively.

Despite many discrepancies there was complete agree-

ment regarding cg score among the six pathologists in

29 cases – 20 scored a cg0 and nine scored a cg3. In

contrast, there was never complete agreement regarding

scores of cg1 or cg2 suggesting that assessing intermedi-

ate levels of cg had higher variability.

The effect of pathologists working at the same site

was also investigated for possible confounding. By sepa-

rating comparisons between pathologists across sites

and within sites, we find that the percent agreement

and kappa statistic within site is contained within the

range of those across sites for all individual scores (data

not shown). Therefore, pathologists working closely at

the same site did not bias the mean and range of

reported statistics in this study.

Agreement on the diagnosis of ABMR versus no ABMR

The agreement between single pathologists on a diagno-

sis of ABMR (either aABMR or cABMR) versus no

rejection ranged from 86.6 to 97.0%. However, it was

not always the same biopsies that led to disagreements

in these pairwise comparisons. In the worst case scenar-

io, 13.4% of biopsies would be classified differently just

by being read by a different pathologist. In 77.6% of

biopsies (52/67), all six pathologists agreed a diagnosis

of either ABMR (aABMR or cABMR)/no ABMR includ-

ing: Of the 52 with complete agreement, six were scored

as no ABMR and 46 met critieria for ABMR (when

combined with C4d data). In 15 biopsies (22%), at least

one pathologist’s composite score led to a different

diagnosis (i.e., in 22% of cases, reading the same slide

by a different pathologist would result in a different

diagnosis).

Agreement on no ABMR, active ABMR, and chronic active ABMR

When the cg score is added to the ABMR composite score

to determine presence or absence of cABMR, there are

three possible agreement/disagreement groups: cABMR,

aABMR, and no ABMR. More choices resulted in less

agreement. There was complete agreement among all six

pathologists about the diagnoses (cABMR, aABMR and

no ABMR) in only 43.3% of biopsies (29/67). All six

pathologists agreed upon six cases of no ABMR, six cases

of aABMR, and 17 cases of cABMR. However, in 56.7%

(38/67) at least one pathologist’s scores lead to a different

composite diagnosis. The incidence of the three diagnoses

as designated by individual pathologists ranged from 16.4

Table 1. Patient characteristics.

All patients
(N = 44)

Number of biopsies reviewed/patient n (%)
1 28 (63.6)
2 11 (25.0)
3 3 (6.8)
4 2 (4.5)

Age at transplantation years median (IQR) 47 (35–54)
Years from transplantation to biopsy median
(IQR)

1.0 (0.6–2.1)

Female gender n (%) 30 (68.2)
Race n (%)
Caucasian 40 (90.9)
Hispanic 2 (4.5)
African American 1 (2.3)
Pacific Islander 1 (2.3)

Donor Type n (%)
Living unrelated donor 25 (56.8)
Living related donor 17 (38.6)
Deceased donor 2 (4.5)

Etiology of end stage renal disease n (%)
Glomerulonephritis 19 (43.2)
Cystic Kidney Disease 5 (11.4)
Diabetes Mellitus 5 (11.4)
Hypertension 4 (9.1)
Congenital Renal Disease 2 (4.5)
Other 7 (15.9)
Unknown 2 (4.5)

Positive B-flow crossmatch n (%) 36 (81.8)
Maintenance immunosuppression n (%)
Tacrolimus, Mycophenolate mofetil,
Prednisone

42 (95.4)

Other 2 (4.5)
Allograft status 2 years post-transplant n (%)
Active 43 (97.7)
Failure 1 (2.3)

Allograft status 5 years post-transplant n (%)
Active 36 (81.8)
Failure 8 (18.2)
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to 22.4% for no ABMR; 17.9 to 47.8% for aABMR; and

35.8 to 59.7% for cAMBR. (Table 3). The kappa statistic

for cABMR versus no cABMR (no ABMR or aABMR)

ranged from 0.43 to 0.74.

Majority rules approach

Table 3 shows the ranges of individual scores and diag-

noses among individual pathologists and between the

Table 2. Diagnostic agreement among pathologists based on individual Banff scores. The cell values correspond to the
count and percentage of the 67 total cases with no difference (zero), one, two, or three in Banff scores given by the

two pathologists.

First pathologist Second pathologist

Magnitude of difference between first and second
pathologist

Zero (%) One (%) Two (%) Three (%)

Glomerulitis Path 1 Path 2 39 (58.21) 22 (32.84) 6 (8.96) 0 (0)
Path 1 Path 3 30 (44.78) 33 (49.25) 4 (5.97) 0 (0)
Path 1 Path 4 39 (58.21) 27 (40.3) 1 (1.49) 0 (0)
Path 1 Path 5 41 (61.19) 22 (32.84) 3 (4.48) 1 (1.49)
Path 1 Path 6 32 (47.76) 27 (40.3) 8 (11.94) 0 (0)
Path 2 Path 3 33 (49.25) 29 (43.28) 5 (7.46) 0 (0)
Path 2 Path 4 41 (61.19) 23 (34.33) 3 (4.48) 0 (0)
Path 2 Path 5 44 (65.67) 17 (25.37) 6 (8.96) 0 (0)
Path 2 Path 6 36 (53.73) 18 (26.87) 12 (17.91) 1 (1.49)
Path 3 Path 4 37 (55.22) 26 (38.81) 4 (5.97) 0 (0)
Path 3 Path 5 32 (47.76) 27 (40.3) 7 (10.45) 1 (1.49)
Path 3 Path 6 34 (50.75) 22 (32.84) 9 (13.43) 2 (2.99)
Path 4 Path 5 44 (65.67) 20 (29.85) 3 (4.48) 0 (0)
Path 4 Path 6 38 (56.72) 26 (38.81) 3 (4.48) 0 (0)
Path 5 Path 6 35 (52.24) 20 (29.85) 12 (17.91) 0 (0)

Chronic glomerulopathy Path 1 Path 2 42 (62.69) 21 (31.34) 3 (4.48) 1 (1.49)
Path 1 Path 3 54 (80.6) 12 (17.91) 1 (1.49) 0 (0)
Path 1 Path 4 52 (77.61) 12 (17.91) 3 (4.48) 0 (0)
Path 1 Path 5 37 (55.22) 22 (32.84) 6 (8.96) 1 (1.49)
Path 1 Path 6 44 (65.67) 14 (20.9) 6 (8.96) 3 (4.48)
Path 2 Path 3 46 (68.66) 17 (25.37) 3 (4.48) 1 (1.49)
Path 2 Path 4 49 (73.13) 13 (19.4) 4 (5.97) 1 (1.49)
Path 2 Path 5 39 (58.21) 19 (28.36) 5 (7.46) 3 (4.48)
Path 2 Path 6 46 (68.66) 10 (14.93) 8 (11.94) 3 (4.48)
Path 3 Path 4 53 (79.1) 14 (20.9) 0 (0) 0 (0)
Path 3 Path 5 35 (52.24) 22 (32.84) 8 (11.94) 1 (1.49)
Path 3 Path 6 46 (68.66) 13 (19.4) 6 (8.96) 2 (2.99)
Path 4 Path 5 39 (58.21) 19 (28.36) 7 (10.45) 1 (1.49)
Path 4 Path 6 48 (71.64) 11 (16.42) 6 (8.96) 2 (2.99)
Path 5 Path 6 46 (68.66) 16 (23.88) 1 (1.49) 3 (4.48)

Peritubular capillaritis Path 1 Path 2 34 (50.75) 27 (40.3) 5 (7.46) 1 (1.49)
Path 1 Path 3 37 (55.22) 28 (41.79) 2 (2.99) 0 (0)
Path 1 Path 4 43 (64.18) 21 (31.34) 3 (4.48) 0 (0)
Path 1 Path 5 30 (44.78) 31 (46.27) 5 (7.46) 1 (1.49)
Path 1 Path 6 36 (53.73) 25 (37.31) 6 (8.96) 0 (0)
Path 2 Path 3 43 (64.18) 19 (28.36) 4 (5.97) 1 (1.49)
Path 2 Path 4 36 (53.73) 29 (43.28) 2 (2.99) 0 (0)
Path 2 Path 5 34 (50.75) 26 (38.81) 7 (10.45) 0 (0)
Path 2 Path 6 35 (52.24) 27 (40.3) 5 (7.46) 0 (0)
Path 3 Path 4 31 (46.27) 33 (49.25) 3 (4.48) 0 (0)
Path 3 Path 5 34 (50.75) 27 (40.3) 5 (7.46) 1 (1.49)
Path 3 Path 6 38 (56.72) 25 (37.31) 4 (5.97) 0 (0)
Path 4 Path 5 34 (50.75) 30 (44.78) 2 (2.99) 1 (1.49)
Path 4 Path 6 45 (67.16) 20 (29.85) 2 (2.99) 0 (0)
Path 5 Path 6 38 (56.72) 29 (43.28) 0 (0) 0 (0)
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various majority rules groups of three pathologists.

Using the majority rules approach, the agreement for g,

ptc, and cg increased markedly to 72.2%, 70.4%, and

72.2%, respectively (Table 4). The kappa statistic also

increased to 0.62, 0.60, and 0.57, for g, ptc, and cg,

respectively.

Table 4 shows the mean and range percent agreement

and kappa statistics for Banff scores and diagnoses using

a single pathologist or a “majority rules” approach. As

expected, the kappa statistic improved for all categories

using majority rules. For the diagnosis of ABMR versus

No Rejection, agreement improved from a range of

86.6–97.0% to a range of 91.0–97.0%. The “majority

rules” kappa ranged from 0.71 to 0.91.

Similar to the diagnosis of aABMR, a majority rules

approach involving three pathologist’s scores led to

Figure 1 Heatmaps for Banff scores using one pathologist versus a 3 pathologist “consensus” score. The darker the gray, the higher the case

was scored by that pathologist.
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improved consistency in the various diagnoses. The var-

ious combinations of three pathologist’s scores led to

the same diagnosis (cABMR vs. aABMR or no rejection)

in an average of 85.4% of cases and ranged from 80.6

to 89.6%. When considering the three-level diagnosis as

no rejection versus aABMR versus cABMR, there was

average agreement of 72.3% (range = 59.7% to 80.6%)

using one pathologist and 80.0% (range = 74.6–86.6%)

using a majority rules method. The incidence of the

three diagnoses as designated by three pathologist

majority rules ranged from 16.4 to 23.9% for no ABMR;

28.4 to 50.7% for aABMR; and 32.8 to 49.3% for

cAMBR.

Implications of using a majority rules approach in

clinical trial design: an example

Inclusion criteria

Table 5 and Fig. 2 show the mock trial and statistical

variability of using one pathologist versus three in a

majority rules approach. Calculations are based on the

six pathologist consensus diagnosis. Note that two cases

had a tie (three vs. three) and these cases were excluded

from subsequent calculations. When only one

pathologist determined a positive cABMR diagnosis, a

mean of 25.8% (100% minus 74.2%) of cases were clas-

sified differently than the consensus of six pathologists

(true diagnosis). In contrast, when the majority rules

approach was applied using three pathologists; on aver-

age, only 17.1% of cases were classified differently than

the “true diagnosis.”

Clinical trial result

Clinical trial results can also be influenced by diagnostic

reliability. To illustrate this, a mock clinical trial was

designed with the following assumptions: (i) All patients

enrolled had biopsy-proven cABMR [prevalence of the

underlying disease was estimated using the average posi-

tive predictive value (number of true cABMR cases pre-

dicted correctly divided by the total predicted number

of cABMR cases)], (ii) The rate of treatment being suc-

cessful was 45% in the control group and 68% in the

treatment group consistent with reported treatment effi-

cacies [7,8], and (iii) the range of cABMR variability

used corresponds to 79.5% for a single pathologist and

85.4% for a “majority rules” group based on known

variability (Table 4). Using these assumptions we calcu-

lated the impact of diagnostic variability on the trial

results (Fig. 3). In an ideal situation the reported odds

ratio would be 0.390 (P = 0.0049), i.e., drug is effective

in reversing ABMR Fig. 3a. However, the results from a

second pathologist reading the same slides could be an

odds ratio of 0.530 (P = 0.0757) Fig. 3b. If the majority

rules approach (three pathologists) applied, the clinical

trial result would more likely match the result as that

from the ideal situation [odds ratio of 0.482

(P = 0.0370)] and deem the drug effective as before

Fig. 3c. The impact of diagnostic variability can be

Table 3. Range of diagnosis incidences using a single
pathologist or a “majority rules” approach.

Diagnosis One pathologist, % Three pathologists, %

No rejection 16.4–22.4 16.4–23.9
aABMR 17.9–47.8 28.4–50.7
cABMR 35.8–59.7 32.8–49.3

aABMR, acute active antibody-mediated rejection; cABMR,
chronic, active antibody-mediated rejection.

Table 4. Mean and range percent agreement and kappa statistics for Banff scores and diagnoses using a single
pathologist or a “majority rules” approach.

Score

One pathologist Three pathologist ‘majority rules’

% Agreement
[mean (range)] Kappa [mean (range)]

Agreement
[mean (range)] Kappa [mean (range)]

Glomerulitis 55.2 (44.8, 65.7) 0.39 (0.24, 0.53) 72.2 (67.2, 79.1) 0.62 (0.55, 0.72)
Peritubular capillaritis 54.5 (44.8, 67.2) 0.38 (0.27, 0.54) 70.4 (62.7, 80.6) 0.60 (0.49, 0.73)
Chronic glomerulopathy 67.5 (53.7, 80.6) 0.48 (0.31, 0.65) 72.2 (67.2, 77.6) 0.57 (0.50, 0.64)
Acute, active antibody-
mediated rejection (Y/N)

90.2 (86.6, 97.0) 0.70 (0.53, 0.91) 94.0 (91.0, 97.0) 0.82 (0.71, 0.91)

Chronic, active antibody-
mediated rejection (Y/N)

79.5 (70.1, 88.1) 0.59 (0.43, 0.74) 85.4 (80.6, 89.6) 0.70 (0.60, 0.78)

Diagnosis 72.3 (59.7, 80.6) 0.57 (0.39, 0.70) 80.0 (74.6, 86.6) 0.69 (0.61, 0.79)
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generalized to other effect and sample sizes as shown in

Fig. 4.

Discussion

We found that the reproducibility of the individual

Banff scores needed to diagnose ABMR (glomerulitis,

peritubular capillaritis, and cg) was poor when evaluat-

ing the histologic interpretation of 67 biopsies by six

pathologists from three transplant centers. The diagnosis

of ABMR based on a composite of individual scores,

had reduced variability but remained inadequate consid-

ering that reliable and accurate histologic diagnosis is

essential for the design of effective clinical trials, as

illustrated in our mock clinical trial design. In only

43.3% of the cases did the composite of individual

Banff scores lead to the same diagnosis for all patholo-

gists. We devised a majority rules approach using three

pathologists for ABMR diagnostic classification and

found that it led to a more reliable and reproducible

results than the use of a single pathologist. This alterna-

tive approach to histologic interpretation is consistent

with the best practice recommendations for histologic

diagnosis outlined in the Banff 2017 meeting report and

would likely improve our ability to perform effective

clinical trials in ABMR.

A potential limitation of this study was that most

cases were purer forms of ABMR that lacked concurrent

signs of cellular rejection. Thus, the reproducibility of

the lesions related to ABMR in other types of patients

(i.e., those more conventional patients with nonadher-

ence) might be limited.

It is well known that histologic interpretation is com-

plex and the reproducibility of most Banff lesions is low

[9]. Many studies have looked at the acute Banff scores

with kappa values ranging from 0.19 to 0.50 for

glomerulitis [2,10–13]. Another study showed kappa

values using two pathologists to score peritubular capil-

laritis were as low as 0.28–0.53 [14,15]. The interob-

server variability of transplant glomerulopathy was

found to 0.14 [2] although this was improved to values

as high as 0.47 with later diagnosis criteria [16]. Similar

poor interobserver variability has been observed with

other Banff lesions including: interstitial fibrosis (lin-

early weighted kappa = 0.04–0.15), peritubular capillary

basement membrane multilaminations (kappa = 0.66–

Table 5. Sensitivity, specificity, positive predictive value,
and negative predictive value each single pathologist.

Average scores are given for single pathologists and three

pathologist “majority rules” for comparison as well.

Sensitivity Specificity PPV NPV

Three path average 100.00 89.4 82.9 100.0
One path average 94.8 83.0 74.2 96.9
Path 1 92.2 90.9 83.9 95.7
Path 2 96.1 76.8 68.1 97.4
Path 3 92.2 92.9 87.0 95.8
Path 4 92.2 92.9 87.0 95.8
Path 5 100.0 60.6 56.7 100.0
Path 6 96.1 83.8 75.4 97.6

Figure 2 A flow diagram for

diagnosis in a hypothetical clinical

trial for chronic, active antibody-

mediated rejection (cABMR) involving

150 patients. The ground truth is

given by the six pathologist

consensus diagnosis and the range of

diagnoses either in agreement or not

is given for a three pathologist

consensus or a single pathologist.

180 Transplant International 2019; 32: 173–183

ª 2018 Steunstichting ESOT

Smith et al.



0.73), arteriolar hyalinosis (ICC = 0.06–0.38), and acute

cellular rejection (kappa = 0.47–0.72) [3,17–20].
Emphasizing the importance of reproducibility of the

histologic scores comprising the diagnosis of ABMR is

not merely an academic argument. Currently, there are

two Phase III clinical trials enrolling patients with

biopsy-proven ABMR with the goal of either preventing

eGFR decline/graft loss [13] or preventing the progres-

sion of cg [14]. The distribution of diagnoses in the

two trials with the same biopsies, but a different central

pathologist might be: 16.4–22.4% for no ABMR; 17.9–
47.8% for aABMR; and 35.8–59.7% for cAMBR. This

Figure 3 A mock trial involving 150 patients. In the ideal situation a pathologist would always and only identify positive cases as positive for

chronic, active antibody-mediated rejection (cABMR). Given the PPV and diagnostic agreement for one pathologist and a three pathologist

“majority rules”, the conclusion of the trial could be affected.

Figure 4 The effect of a lack of

reproducibility versus (a) effect size

and (b) sample size based on the

above agreement and PPV. In order

to produce lines, the mock trial was

repeated for a variety of different

effect sizes (odds ratios) and sample

sizes.
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variability might have a major impact on determining

the efficacy of a potential therapeutic agent, whether the

drug effect is underestimated (false negative), or the

effect cannot be reproduced in subsequent trials or clin-

ical settings (false positive). Furthermore, our data show

the progression of cg is subject to major variability

when the damage is mild to moderate (Banff cg score

1/Banff cg 2). We suggest that a “majority rules”

approach using the scores of three pathologists may be

an appropriate compromise when using the Banff

ABMR schema for clinical trials. In practice, a study

could have a local read and a central read by a study

pathologist. If there is disagreement regarding either cri-

teria for inclusion or the primary endpoint, a third

pathologist reread would be needed to determine a

“majority rules” score.

Although we found that the reproducibility of indi-

vidual Banff scores was relatively low, we do not con-

clude that certain pathologists are performing poorly.

On the contrary, we believe that the lack variability in

pathologic interpretation results from the fact that cur-

rently pathologists are forced to provide a discrete score

to a complex continuous process. Not only does the

pathologist have to determine the presence or absence

of a specific lesion (i.e., glomerulitis), the pathologist

must determine the severity of that score (1–3). For cg,
the pathologist must also determine the presence and

score in the “most affected glomerulus not globally

sclerosed.” Our data revealed that despite the lack of ex-

act agreement, there was actually good general agree-

ment among pathologists.

Going forward, reproducibility might be increased in

other ways. First, use of images has been shown to

improve inter-rater reproducibility [12,21]. Next, a

morphometric scoring system might decrease scoring

variability. In this approach, a pathologist or a trained

technician would annotate computer-scanned biopsies

for each lesion (i.e., determine presence or absence). A

computer program then would determine the extent to

which the lesion is present and thus limit variability in

this aspect of scoring. This approach might also allow

for a continuous scoring system obtained through mor-

phometric analysis of biopsies which should decrease

problems associated with discretizing [22,23]. For exam-

ple, an interstitial fibrosis morphometric score correla-

tions have been reported as high as 0.9636 although

reproducibility was lower [17]. For cg, the fraction of

the glomerular basement membrane with contour dou-

bling may be a useful alternative. Such a system might

be able to assess the progression of cg (Banff cg lesions)

from mild (Banff cg score 1) to severe (Banff cg score

3) in serial biopsies.

The ideal ABMR histologic classification system

should not only be highly reproducible, but also should

have a high correlation with clinically important out-

comes such as graft function and graft survival. While

validity, or the correlation of Banff scores with out-

comes, is not guaranteed by a more reliable measure,

any relationship with this measure is limited by the reli-

ability. In clinical trials, histology might be used to

assess response to therapy similar to oncology studies in

which a histologic response is used. Essentially, this

means validation of histology as a biomarker for ABMR.

Whether or not the current Banff system is sufficient or

requires further modification is unclear at the present.

However, we believe that a major goal of the Banff

working groups going forward should be to correlate

histologic data with graft outcomes in order to validate

future scoring systems. The use of gene expression has

been suggested to be a more accurate biomarker of

ABMR than histology [24]. Modeling histology, gene

expression, and clinical data might lead to a model that

is truly predictive of outcomes and provides useful end

points for future clinical trials.
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