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The long term liver allograft
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A Low magnification v High magnification
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Overall eyball 65% of 5% = 3%
Morph 64% of 6.7% = 4%
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Reviewer 1 <5%
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https://allograftpath.upmc.com/TxSteatosis.htm
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e Reference group n=5
* Repeat scorers n=13

* New scorers n=17



grade 5%, 33% , 50% and 67% cutoffs
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Conclusions
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1St tentative scheme

HI" PORTAL I NFLAMMATION

Banff Criteria exept for quality of
inflammatory cells

HI" BILE DUCT DAMAGE
Banff Criteria
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in place of Banff subendothelial
inflammation
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2nd tentative scheme
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Outcome
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* evolution not revolution: e.g. microvascular injury, interface activity; fibrosis integration
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Parenchymal nodular transformation
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* No defined early NRH changes

* Discovery cohorts (91 native; 38 allograft) with clinical, biochemical & radiologic data
* Reticulin-based score (RET score)
* Fibrosis, sinusoidal dilation, congestion, lymphocytosis, ductular reaction, CK7, CD34

| @%E,&090)-(A0#&0A(OD#%A4#)/3(A0H2(A0&HKHS

| $9%&'()*#*&%+,



Grading regenerative change & nodulation on reticulin stain

RET score

0: Normal

1: lrreqularity of liver plates no nodulation

2. lIrregularity  of liver plates rare nodulation with thickening
of periportal plates in some areas

3: Evident nodulation with periportal thickening but slight
compression of zone 3 hepatocytes

4: Evident nodulation with alternate thickening and
compression of liver plates




| Histologic severity range
1 Early changes subtle: need reticulin
| RET 1 outside Gtandard NRHObox but 69% has PHT
I Correlation with perisinusoidal fibrosis

1 High RET score have clinically more severe disease

| Validation cohort



Importance of chronic vascular lesions and fibrogenesis:
Portal venopathy, NRH and v-lesions
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e Limited data in allografts

| L++4%"'5%M43$/'5%'2::)7$2#."N!IO
e Cohort: 18 allograft NRH + 36 controls (2014 with follow up)
* DSA+ 33% (NRH = controls)(high class Il 28% vs 19%)
* C4d, CD34 (capillarisation), MHCII, SMA, CD8
* Follow-up biopsies
* Significant (vs controls)

* Sinusoidal (71%) C4d+ (also portal C4d+ & sinusoidal microvasculitis in follow-up bx)
* Sinusoidal fibrosis (42% vs 12%)
e 22% NRH but 0 controls met Banff chronic AMR criteria

| P)%&:4(5)%
* alloimmune injury implicated in late graft NRH pathogenesis
* Consider recognition of venopathy & NRH lesions, sinusoidal C4d under Banff cAMR
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Patient survival curve by era of transplant

Cumulative patient survival (%)
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32 Annual Report - Data to 31 Decemb
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Protocol biopsies

Molecular profiling

3 cases —multiple pathologies

Summary/Conclusions




4'(+$)*9%22+15)63#(35%* #(*

F/U of many patients are now between 30-30 years post LTX - any protocol biopsies ?

long term biopsies in children & adults with normal LFTs show inflammation & fibrosis in up to 50%
More significant fibrosis than inflammation

Most of the changes are minimal and such patients can have reduced IS

Biopsies identify a subset of patients with significant chronic hepatitis changes .These patients seem to
have evidence of TCMR associated transcripts suggesting that these lesions represent a form of

allograft rejection .It is unclear how to manage such patients re IS levels

The INTERLIVER transcriptome analysis suggests an association between B cell and Endothelial
transcripts and long term allograft fibrosis ( ? Chronic ABMR )

New advanced microscopy within the allograft may provide further insights
Non-invasive monitoring would be useful

Don’t forget to biopsy select patients with biliary disease
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Feature

Maximum number of transcript
targets

Off-the-shelf panels available

Custom panels available

Recommended RNA input
quantity

Requires reverse transcription/
amplification

Approximate assay turnaround
time®

Analysis software provided by
manufacturer

Ability to use same sample for
histology and gene expression
analysis, that is, ability for
histomolecular integration

Immediate access to long-term
clinical follow-up data on
archival clinical samples (FFPE)

Food and Drug Administration
approved

Approximate assay cost per
sample®

Integration with local
(decentralized) clinical workflow

FFPE tissue with NanoString
nCounter

800

Yes
Yes
100 ng

24-40h

Yes®

Yes for platform
Yes for specific clinical assays®

5275

Simple due to local testing
(ne shipment of samples) on
regulatory approved platform
using simple open source
analytics

Fresh tissue with
cDNA microarrays

=47 000"

Yes
Yes
50-500 ng

Yes

255-375h

yes?

No

No

No for platform
‘Yes for specific clinical
assay’

$1000-3000

Complex (shipment
of sample to referral
lab, no regulatory
approval of platform,
complex analytics)

TABLE 1 Technical comparison of gene
expression analysis using formalin-fixed
paraffin-embedded (FFPE) tissue with
ManoString nCounter vs fresh tissue with
DMA microarrays

TAMBUR et AL
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TABLE 1 Evaluation of laboratory assays—path for clinical utility

Purpose/expectations

Analytical validity

Demonstrates the accuracy, precision, and reproducibility of
the testin a clinical laboratory setting

Clinical validity
Demonstrates the effectiveness of the test—ie correlation
between the test result and the pathophysiology of the
disease—for diagnostic/prognostic/predictive accuracy
Clinical utility
Demonstrates that the test result performs around the
clinical decision point (SD and %CV that can change patient
treatment)

Statistical significance = clinical significance

Information provided

How well does the test measure what it claims
to measure

How relevant is the test measurement to the
clinical condition?

Is the test result relevant to the clinical decision
making (eg treatment). Can it lead to clinical
decision that improves patient outcome

Regulated by

CMS/CLIA mandate

FDA mandate

Often determined
after the assay is in
clinical use

Abbreviations: CLIA, Clinical Laboratory Improvement Act; CMS, Centers for Medicare and Medicaid Services; CV, coefficient of variance; FDA, US

Food and Drug Administration.
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Molecular Analysis of Renal Allograft Biopsies —More
Than a Nice Toy for Researchers?
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TABLE 1 Evaluation of laboratory assays—path for clinical utility

Purpose/expectations Information provided Regulated by BIomanker-guided skBes (approval saudios) (Brospecive)

CAnical rouing use. Incl. relmbursemant

Amalytical Va”dity 6 d nstrating chinical utility
= demonstrating cinical utility
Demonstrates the accuracy, precision, and reproducibility of How well does the test measure what it claims CMS/CLIA mandate ( Figure 1: Long way to molecular diagnostics (biomarker)-
the test in a clinical laboratory setting to measure driven therapy.

Clinical validity

i . . . - } n 1 * m *
Demonstrates the effectiveness of the test—ie correlation How relevant is the test measurement to the FDA mandate 6 (7( #$%& (&) + , &_ . &/)#O # .

between the test result and the pathophysiology of the clinical condition?
disease—for diagnostic/prognostic/predictive accuracy

Clinical utility
Demonstrates that the test result performs around the Is the test result relevant to the clinical decision ~ Often determined !
clinical decision point (SD and %CV that can change patient making (eg treatment). Can it lead to clinical after the assay is in
treatment) decision that improves patient outcome clinical use

Statistical significance = clinical significance

Abbreviations: CLIA, Clinical Laboratory Improvement Act; CMS, Centers for Medicare and Medicaid Services; CV, coefficient of variance; FDA, US
Food and Drug Administration.
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Endothelial transcript differences in
endarteritis related to DSA and
diversity of endothelial responses in
kidney microvasculature.
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Immunity & microanatomy in
the long term liver allograft
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Portal fibroblasts generate liver fibrosis
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 unlike stellate cell-derived myofibroblasts: stable numbers in CLD c/w normal liver.
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 scaffold for fibrosis progression, interstitial collagens and elastic crosslinking.
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Myofibroblast-macrophage cell circuit I8
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Septal arteriole winds along
near proximal septal venule.

Septal zone of inflow
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Innate immune surveillance is asymmetric
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Conclusion: long term allografts
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Biopsy guided immunosuppression after liver transplantation
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Clinical Implications
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The Role of Non-Invasive Testing in
Long-term Allograft Monitoring:
Role of Liver Stiffness
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WHAT PROBLEM SHOULD WE ADL

| The graft: ? too little | In the clinic?
| Inflammation I Through clinical trials?
| Fibrosis
| Other

| The patient: ? too much P AdCE _
| Renal function I NN
| Malignancy
| Metabolic / cardiovascular




CONCLUSIONS

| Current IS management is crude and impersonal

| Longterm patient outcomes reflect the toll of chronic IS

' 1S minimization may mitigate the toll, improving quality and quantity of life

' Patient characteristics likely affect the equipoise of IS minimization
| However, allograft health should also be a prime consideration

| Metrics of allograft health, both namvasive and invasive, are
emerging
. But are they ready for use in clinical practice versus more testing?

. And do we know how to use them: singly, in combination, serially, and, very
Importantly, longitudinally?
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. We have to do something with the information.
HE% &' (Yo()*

. Understand mechanism

' Develop predictive model for IS management
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The long term liver allograft
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