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Abstract

A “central pathology” or “site” reading of biopsy slides is used in liver transplant clinical trials to
determine rejection. We evaluated inter-rater reliability of readings of “rejection or not” using
digitized slides from the Medication Adherence in Pediatric Liver Transplant Recipients (MALT)
study. 4 masked experienced pathologists read the digitized slides and then reread them after a
study-specific histologic end-point development program. Agreement was expressed throughout as
a Kappa or Fleiss Kappa statistic (x). A k > 0.6 was predefined as desirable. Readings were
correlated with immunosuppressant adherence (The Medication Level Variability Index, MLVI),
and maximal liver enzyme levels during the study period. Interrater agreement between site and
central review in MALT, and between 4 pathologists later on, was low (x=0.44, Fleiss k = 0.41,
respectively). Following the end-point development program, agreement improved and became
acceptable (x = 0.71). The final reading was better-aligned with maximal GGT levels and MLVI
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as compared with the original “central” reading. We found substantial disagreement between
experienced pathologists reading the same slides. A unique study-specific procedure improved
interrater reliability to the point it was acceptable. Such a procedure may be indicated to increase
reliability of histopathologic determinations in future research, and perhaps also clinically.

Keywords
Transplantation; Pathology; Rejection; Adherence; Histology

INTRODUCTION

Prevention and management of late acute cellular rejection (LAR)?! has assumed greater
clinical importance in pediatric liver transplantation, as LAR has been recognized as
detrimental to long term outcomes.2~# Not surprisingly therefore, “rejection” is frequently
used as the primary outcome of interest in clinical trials as well as in practice.>~7 But it is
not entirely clear how to determine whether a patient has rejection or not. Histology results
are the current standard. However, differences in the way pathologists read the same
specimen are often not considered. To enhance reproducibility in clinical trials, histological
findings are sometimes determined by a “central pathology” procedure in which the same
pathologist (masked to clinical information) reviews all study histology. Alternatively, site-
determined histological findings are used as the standard, but precisely what information, in
particular nonhistological information, sites use to arrive at the definition of rejection is
rarely clearly defined. To illustrate this point further, we conducted a clinicaltrials.gov
search, in which we identified at all completed registered trials in pediatric liver
transplantation in which rejection was either a primary (8 trials) or secondary (10 trials)
outcome.8 Those trials used only one pathologists’ reading without an attempt to verify that
this reading was reproducible. Three used a single “central” reading, and the rest used site
readings.

Currently, therefore, in pediatric liver transplantation, the field lacks validation of a robust,
reproducible outcome measure to gauge the efficacy of interventions aiming to reduce the
incidence of LAR, because only one pathologist’s reading of a histologic specimen is
accepted as an outcome measure, but the interrater reliability of pathologists’ determination
of LAR is not known. If interrater reliability is poor (different pathologists can reach
different conclusions when reading the same slide), then neither a “central” pathologist nor a
“local” reading would be appropriate for use in trials. In addition, the most frequently used
outcome, a local determination of rejection, is potentially fraught with inconsistencies: there
is no standard process to determine what information should be used to supplement the
histopathologic reading, sites’ clinical practices vary, and the site determination is likely to
be biased by the patient’s known behavior and clinical course.

The field, therefore, is in urgent need for a thorough investigation of the degree of interrater
reliability in pathologists’ determinations of “rejection”. We must develop and validate a
robust, objective, unbiased process that could reliably and consistently inform us of the
effect of a given intervention on the prevalence of rejection. So long as we worry that
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different readers might assign significantly different determinations to the same exact biopsy
slide, and thus completely change study results, the field cannot reasonably move forward in
developing and testing new interventions.

The MALT (Medication Adherence in Children who had a Liver Transplant;
ClinicalTrials.Gov registration # NCT01154075) study was a prospective cohort study that
enrolled pediatric liver transplant recipients in 5 centers across the United States, aiming to
evaluate the relationship between nonadherence to tacrolimus and LAR.? In the design of
MALLT, it was appreciated that the clinical determination of rejection could have been biased
by the readers’ knowledge of patient behavior (e.g. nonadherence). As a result, central
assignment of late acute cellular rejection, done by a pathologist who was masked to the
clinical course of the patient, was used in MALT. But after MALT was concluded, it was
found that there was poor correlation between site and central assignment of rejection status.
As the investigation moved towards the design of an intervention study (iMALT,
NCT03691220) that aims to improve adherence, it was essential to develop a robust outcome
measure that was unbiased by clinical information on one hand, but also displayed
acceptable inter-rater reliability. The present work was done at the iIMALT study design
phase to create a reliable mechanism for histological determination of rejection, using
available masked slides from the previous MALT cohort.

In the present investigation a group of 4 expert pediatric liver histo-pathologists read
scanned digital slides of the liver biopsies obtained in MALT. Their reading was masked to
any clinical information. In light of the poor inter-rater reliability of these initial readings,
we created a study-specific histologic end-point development program with a goal of
enhancing the inter-rater reliability for the study determination of LAR. A year later, the
same set of slides was re-read by the same 4 pathologists. Those first and second phase
readings were also compared with prior site and central readings of rejection in the original
study (MALT), as well as with clinical information which was not known to the
pathologists. This information included maximal levels of serum GGT and ALT and the
level of fluctuation of tacrolimus blood levels over time (the Medication Level Variability
Index [MLVI], a measure of adherence to medications)? - parameters which were previously
chosen as other end-points in MALT.

The primary aim of the study was to investigate interrater reliability between pathologists in
the determination of “rejection”, and evaluate whether a study-specific histologic end-point
development program can increase this agreement in a future masked reading by the same
pathologists. A secondary aim was to evaluate the correlation between clinical parameters
(MLVI and liver enzymes) and pathologists’ readings, as a way to gauge which of those
readings were better correlated with other markers that are known to be associated with
rejection.

METHODS
Original MALT cohort

The MALT (Medication Adherence in pediatric Liver Transplant recipients;
ClinicalTrials.Gov registration # NCT01154075) study was a prospective cohort study that
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enrolled pediatric liver transplant recipients in 5 centers across the United States. 400
participants were followed for two years, to determine the relationship between
nonadherence to tacrolimus and LAR.® When any participant in MALT had a clinically
indicated biopsy (research and/or protocol biopsies were not performed), one hematoxylin
and eosin (H&E) stained slide, chosen by the site as representative of the case, was read by a
central pathology team in the absence of clinical information. The study-specific histological
end-point adopted in MALT and all later readings throughout the present study was the
presence or absence of rejection based on features listed by the International Working Party
on Terminology for Hepatic Allograft Rejection, published as a 2016 Comprehensive
Update of the Banff Working Group on Liver Allograft Pathology.1? These criteria include:
(1) mixed but predominantly mononuclear portal inflammation, containing “blastic”
(activated) lymphocytes, neutrophils, and frequently eosinophils; (2) bile duct inflammation/
damage; (3) subendothelial inflammation of portal or terminal hepatic veins. We did not use
the scoring mechanism published alongside those recommendations, because we did not aim
to determine rejection severity.

Centrally-read biopsy (rejection or not), the site determinations of acute rejection (based on
biopsy results as read at the site in the context of clinical information available as part of
routine clinical care), serum ALT / GGT, and trough tacrolimus levels, were all recorded in
MALT for a period of 2 years for each of the participants. Adherence to tacrolimus in MALT
was determined by the Medication Level Variability Index (MLVI), a calculation of the
standard deviation of tacrolimus blood levels over time.® A higher MLVI means a higher
degree of fluctuation between individual blood levels in a given patient, which translates into
more erratic adherence to medications. A high MLVI (low adherence) predicts poor post-
transplant outcomes.%11

The original MALT readings were based on glass slides. For subsequent readings (after
MALT), slides were scanned using Aperio CS2 or AT2 scanners, Leica Biosystems®
(Department of Pathology, UPMC Children’s Hospital of Pittsburgh).

Sample size

The primary analysis in MALT, by design, only looked at MLV prior to the first episode of
rejection and correlated with the presence or absence of centrally assigned rejection.
Seventy-four biopsies were performed and 74 “cases” read by both the central and site
pathologists during the 2 year follow up period of the 400 participants in the original MALT
cohort; some participants had more than one biopsy. The results of the central and site
review of the slides were distinct and not shared. Nine slides were not available for
scanning, and thus 65 scanned slides from biopsies performed on 50 participants were
available for the subsequent readings (Table 1, Figure 1).

Procedures

The degree of agreement between the original masked MALT central pathology reading and
the local unmasked reading, which was done as a part of clinical care at the site (“central”
versus “site” reading), was assessed using the Kappa statistic («), applied to the 74 biopsies
which were reviewed in MALT. The maximal ALT / GGT level recorded during the study
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was compared amongst participants who had site vs. central assignment of rejection, and
participants who had no rejection but underwent a clinically indicated liver biopsy.

Two years after the conclusion of the MALT study in preparation for the interventional study
iMALT, a second masked reading of the aforementioned 65 digitally scanned biopsy slides
from MALT, was undertaken by four experienced pediatric liver pathologists at 4 different
sites (iIMALT1). Pathologists were asked to determine whether they observed potentially
actionable (i.e. for which a therapeutic intervention would be considered by the team caring
for the patient) late acute cellular rejection. The degree of agreement between those four
readings was assessed including the number of times in which a full (all readings are the
same) or partial (majority of readers reach the same conclusion) agreement was reached. The
low level of agreement in IMALT?1 led to the development of a study-specific histologic
end-point development program,for the purpose of reaching a consistent way of determining
the presence or absence of rejection in the upcoming iIMALT clinical trial.

iIMALT LAR study-specific histologic end-point development program

The 4 experienced pediatric liver pathologists participated in this study-specific program
which was led by an independent senior pathologist (Anthony J Demetris, M.D.). It included
a general discussion of the features of rejection that would meet the criteria of LAR in
iMALT. This included a brief review of Banff features and their relevance to the iIMALT
study aims. A key part of the program was a collaborative review and discussion on-line of
three slides, chosen at random, in which there were discrepant readings in iMALTL. The
collaborative review, included a standard and detailed review of each and every one of the
different elements of rejection as identified in the Banff consensus statement10 (but without
explicit scoring of the elements): bile duct epithelial damage; portal endothelialitis;
eosinophilic portal infiltration; and venular endothelialitis. The discussion centered not only
on whether or not those elements were present, but also on reaching a consensus about how
much of those need to be present in order to make a determination of “rejection” for the
purpose of the particular proposed research in iMALT.

A year later, the same digitally scanned slides were re-read by the same four
pathologists,with the goal of applying the methods discussed in the study-specific histologic
end-point development program to the dichotomous determination of rejection or no
rejection to the same set of 65 digitized slides (iMALT2). This reading was again done
independently but at the same time as part of a video conference amongst the four
pathologists who were not aware of each other’s readings.

iMALT 2 adjudication readings

Ultimately, a final assignment of rejection or not was made for all 65 slides (iMALT?2
adjudication). This included an open on-line discussion of slides (n = 6) where there was an
even split on the finding (e.g. 2 in favor and 2 against rejection). The endpoint of the
adjudication process was a final determination of “rejection” or “not rejection” for all 65
slides (iIMALT?2 adjudication results).
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Participant outcomes

To evaluate the degree to which the above readings were associated with patient outcomes,
we evaluated the following outcomes experienced by the 50 participants who underwent
clinically indicated biopsies. For those participants who had more than one biopsy
performed during the study, if any biopsy was read as “rejection”, they were assigned into
the “rejection” group:

1. MLV (adherence) score, using data from the entire 2 year follow-up.

2. Maximal gamma glutamyl transferase (GGT) level during the two years in
MALT.

3. Maximal alanine aminotransferase (ALT) level during the two years in MALT.

Statistical Analyses

RESULTS

Descriptive analyses include the number of biopsies read, the number of cases in which a
“rejection” was assigned by various reading stages, and the number and percent of cases in
which an assignment of “rejection” was associated with increased MLV (nonadherence) and
with the clinical outcomes and treatment outcomes as presented above.

To compute the significance of the difference between rejection versus “no rejection”
assignments and MLV outcomes, we used a non-parametric Kruskal-Wallis test when
MLVI is treated as a continuous variable (higher MLV = worse adherence) or a Fisher’s
Exact Test when MLVI is treated as a threshold variable (in which MLVI values equal to or
greater than 2.5 are considered to be “nonadherence”, as previously described). A non-
parametric Kruskal-Wallis test was used for computing significance between maximal ALT/
GGT.

A Kappa statistic (x) was used to determine the degree of agreement between individual
raters. A Fleiss Kappa was calculated to denote the degree of agreement between multiple
raters. The differences between kappas were compared using a two-sided t-test. A «>0.6
was predefined as desirable. Kappa statistic (Cohen’s) was determined using SAS (\ersion
9.4) software. Fleiss Kappa was determined using R (version 3.6.1) software with IRR
package.

Central vs Site - read Rejection in MALT

A total of 74 biopsies performed during the conduct of MALT were reviewed during MALT
by the sites and by the central pathologist. For 53 of the 74 biopsies performed for clinical
indications during MALT, the central pathologist assigned rejection, while the site assigned
44 as rejection (Table 2). Substantial discrepancies were observed between the central and
local assignment of rejection for these biopsies. There was concordance of rejection for 39
biopsies and no rejection for 16, leaving discordant readings in the remaining 19 biopsies.
The Kappa coefficient for this comparison was 0.44.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mazariegos et al.

Page 7

Four Pathologists’ reading of Biopsies (iMALT), before and after the study-specific
histologic end-point development program

To shed further light on the histopathologic findings, a group of 4 pathologists including the
central pathologist in MALT reread the 65 available digitized biopsy slides (iMALT
readings). Raw results are presented in Supplemental Table 1. In the first review of these
biopsies by the four pathologists (iMALT1), substantial discordance was observed in the
assignment of rejection (Fleiss kappa = 0.41). There was universal concordance of rejection
and absence of rejection in 20 and 12 biopsies, respectively. In 10 cases, 3 readers of the 4
assigned rejection; in 10 cases, 3 of 4 readers assigned no rejection, while in 14 cases,
assignments were evenly split relative to rejection. After the training, concordance in
readings (iIMALTZ2) improved (Fleiss kappa = 0.71). Individual Kappas for the first and
second readings are presented in Figure 2. Intra-rater reliability between the first and second
readings were = 0.81, 0.56, 0.52 and 0.79 for each of the 4 pathologists. The group’s
assignment status changed for 23 of the 65 biopsies. There was universal concordance of
rejection in 28 cases in the first reading, which improved to 36 cases in the second reading
and similarly, complete agreement on the absence of rejection was observed in 20 cases in
the first reading and 28 cases in the second reading (Supplemental Table 1).

Remaining discrepant readings (split decision) during the second reading were then
discussed by teleconference with an on-line review of the relevant digitized slides (n=6)
leading to the final adjudicated assignments of rejection from these biopsies (iMALT2
adjudication). The agreement between the resulting iIMALT?2 adjudication reading and the
original MALT central pathology reading (x= 0.47), or the site reading (&= 0.49) was weak.
Tables 3 and 4 describe the “adjudication” reading (iIMALT2 adjudication) as compared with
the central and site readings in MALT to determine relationship to clinical parameters of
interest (MLVI1 and maximal ALT / GGT). MLVI, either as a continuous variable or relative
to a relevant cut-off, was significantly higher in site and iMALT2 adjudication assignment of
rejection versus no rejection. Maximal ALT was only higher in rejection versus no rejection
for the site assignments, while maximal GGT was only higher in rejection versus no
rejection for the IMALT2 adjudication assignment.

DISCUSSION

We assessed different methods for the histologic assignment of “rejection” in the MALT
study cohort, and found that the masked central pathology assessment was not well-aligned
with site determinations. We also found that a separate review of slides by 4 expert pediatric
liver pathologists initially had a high level of disagreement between the readers. However,
the inter-rater agreement substantially increased after a study-specific histologic end-point
development program that involved open discussions about a few slides and a review of the
aims of the intervention trial (iMALT) for which the training was designed. The goal in
iMALT is to identify rejection as a dichotomous unscored outcome. The study seeks to
identify histologic findings, which would in the absence of other information prompt clinical
intervention. When looking at clinical correlates of rejection, we found that the last reading
(iMALTZ2) showed not only a better interrater agreement but also, after adjudication of the
few “split” readings (iIMALT2 adjudication) better alignment with clinical information
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compared to the central assignment of rejection (Tables 3 and 4). Our results suggest that
study-specific histologic end-point development programs could be one way to mitigate
disagreement between raters, as well as to ensure a good alignment between histological
readings.

The substantial discrepancy in the assignment of rejection status that we observed in the
initial readings is worrisome given both the clinical and research importance of the diagnosis
of rejection. A highly relevant question is which reading is “correct,” which also begs the
question as to the definition of rejection. Rejection is an immunologic process, which
potentially leads to liver injury that may necessitate enhanced immunosuppression. Is
rejection simply a histologic determination or is it a clinico-pathologic entity? Should that
clinico-pathologic entity incorporate clinical information prior to and potentially after a
clinical intervention is made? In the absence of a true “gold standard” for late acute cellular
rejection, we anchored our findings to biochemical evidence of liver injury in the form of
maximal ALT and GGT, presuming these would be increased in rejection. Others, for
example, linked interface hepatitis and perivenular inflammation (cluster 1 patients) with a
13 gene signature previously associated with T cell mediated rejection as well as specific
genes linked with TCMR in clinical and experimental settings (eg, CXCL9 , CXCL10)1.12
Examination of markers such as these could add mechanistic and diagnostic insight in the
future if they are further studied and validated.

The study-specific histologic end-point development program yielded enhanced agreement
and the important finding of a significant difference (2-fold increase) in GGT between those
with and without rejection. This suggests that the training resulted in a more consistent
reading that was also better aligned with the process that we consider to be late acute
cellular rejection.13.14

Although ours is perhaps the largest study in pediatric liver transplantation to note such
differences, substantial disagreements between histological readings have been previously
reported, both in the particular setting of liver biopsies®17 and more generally with other
pathological findings.18:19

The most important insight from our findings is that in a research setting, the use of biopsy
readings as the sole arbiter of the presence or absence of LAR is probably rarely appropriate.
A “central pathologist” reading is likely to result in irreproducible findings, unless a study-
specific histologic end-point development program is added before the study commences.
Nevertheless, single-pathologist readings of a biopsy — whether as a “site” reading or a
“central” reading — is commonly and perhaps exclusively used® to determine treatment
effects. We have identified a way to improve the reliability of such readings via a dedicated
program that takes into account the specific study design and needs. Presumably, the use of
such procedures will also include a re-evaluation of readers’ consistency as we have done.
What should be the best way to evaluate interrater variability in such readings and what level
of agreement should be deemed “satisfactory”? We are not sure that there is a single answer
to this question, and it is possible that each study, and each clinical setting, should develop
its own “minimal standard” for reproducibility. The original interpretation of Kappa posits
that Kappas between 0.21-0.4 denote “fair agreement”, 0.41-0.60 is “moderate agreement”,
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0.61-0.8 is “substantial,” and above 0.81 is “almost perfect”.20 A Kappa of 0.6 is generally
considered a requisite minimum for clinical decision-making, but there is little empirical
research to support this assertion, and it is possible that a higher threshold should be
required, especially in cases in which a specific determination might lead to treatment
modifications that may result in adverse consequences if done wrong (as in our case). Our
results, however, were not subtle: our “pre-consensus” Kappas, in the range of 0.4-0.5, are
most certainly unacceptable in our setting, as demonstrated by a case-by-case review
(Supplemental Table 1) that showed a large number of cases in which there was
disagreement. Whether or not the final Kappa of 0.7 is good enough could be debated.

Our results have several limitations. First, the iIMALT readings used scanned slides while
MALT readings used actual slides. Scanned slides are commonly used in both clinical
practice and research. Published information in transplant medicine, using the same
equipment that we used, suggests that histologic reviews of scanned slides are at least as
good in detecting rejection as reviews of glass slides.2> We found that it was possible to
increase interrater agreement while using the same scanned slides, and that very substantial
disagreement between readers (of the same magnitude) was observed when either glass
slides or scanned slides were used. The existing literature combined with our own findings,
therefore, strongly suggest that using scanned versus actual slides was not a major
explanatory factor in the present study. Second, the readings at the central and iMALT
procedures were based on a chosen single slide, while site readings may have involved one
or more slides. Third, our results pertain to children, and it is not entirely clear whether our
results are also applicable to adults, although they may be.

The fact that the present sample was obtained from a nationally representative multisite
cohort?2 and involved readings by leading pathologists, all of whom have specific expertise
in the study population, suggests that in spite of the limitations mentioned above, our results
are likely to be generalizable.

Clinical trials need an unbiased, masked outcome measure to determine intervention effects,
and site readings can be unacceptably biased in this regard. It is reassuring, therefore, that a
study-specific histologic end-point development program could substantially increase both
reliability as well as clinical relevance of the readings, even while still masked. This process
should be strongly considered in future clinical trials that rely on histologic features of liver
rejection as a critical endpoint.

The diagnosis of liver allograft rejection in the clinical setting does include ancillary
information in addition to histologic features but is still typically assessed by a single
observer. A clinician can evaluate the patient’s course after the clinical determination of
rejection status was made — changing course given new information related to treatment
responses. In this way, the uncertainty that we report related to the reading of a single
pathologist can be mitigated, but perhaps not entirely eliminated, in clinical practice.

Our novel study-specific histologic end-point development program methodology provides a
way to mitigate the problem of inter-rater disagreement in the context of (necessary)
masking. The concepts of interrater reliability and pre-trial end-point development processes
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to improve such reliability, which are reviewed in this manuscript, are relevant to studies of
patients with low immunosuppression (whether due to nonadherence or other reasons), but
also more broadly. We believe that our results are also important in developing protocols to
better study and define rejection, either as an endpoint or an outcome measure, including
that of the subclinical type.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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9 slides were not
scanned

Figure 1.
Diagram of the flow of assignment of rejection for the biopsy slides analyzed.
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Figure 2.
Kappas for the iMALT1 and iMALT2 readings. Bars represent mean (Fleiss) Kappa, £

Standard Deviation. The differences between the two reading Kappas are significant,
p<0.0001.
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TAB

LE 1:

DIFFERENT READINGS IN THE CURRENT ANALYSIS:

Page 14

READING PROCEDURE TIMING #OF PURPOSE
DESIGNATION (YEAR) SLIDES
MALT “central” The original masked reading by During the 74 Central assignment of “rejection”,
MALT central pathology MALT cohort without clinical information
study: 2009-2015
MALT “site” The original clinical reading by the During the 74 Routine clinicopathologic diagnosis
site at the time the biopsy was done MALT cohort of rejection.
study: 2009-2015
Second reading (MALTL1) | 4 experienced pathologists, individual | 2017 65 Evaluate degree of agreement in a
masked reading of available scanned masked reading
MALT slides
Study Specific Histologic End-point Development Program
Third reading (MALT2) The same 4 experienced pathologists, 2018 65 Evaluate degree of agreement in a
individual masked reading of MALT masked reading after consensus
slides, after program building
Third reading The same 4 experienced pathologists, 2018 65 Each slide was determined to be

“adjudication” - on a
rolling basis, immediately
following the individual
reading above (MALT2
adjudication)

open reading and discussion of
MALT slides in cases of an even
“split” rejection vs no rejection (n=6)

“rejection” vs “non rejection” either
by a majority read or adjudication
when needed. This final readiing
was compared with previous MALT
readings.
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TABLE 2
Relationship and Agreement between Central Pathologist and Site Biopsy Assigned Rejection

Central Pathologist Assigned

Rejection
Kappa
Coefficient
Yes No Total (95% C.1.)
Site Biopsy Assigned Rejection
No 14 16 30 0.44 (0.23-0.65)
Yes 39 5 44
Total 53 21 74
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