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The long term liver allograft

• Working groups
• Donor steatosis

• Desley Neil, Max Smith
• Rejection classification

• Claudia Mescoli
• NRH grading

• Mylene Sebagh, Funda Yilmaz

• Tissue monitoring
• Role of the late allograft biopsy

• Geoff McCaughan
• Expression profiling

• Michael Mengel
• Immune microanatomy

• Chris Bellamy
• Chronic graft injury

• Isobel Fiel
• Biopsy-guided immunosuppression

• Elmar Jaeckel

• Non-invasive monitoring
• DSA

• Annette Jackson
• Cell-free DNA

• Josh Levitsky
• Liver stiffness

• Thomas Schiano

• Immunosuppression optimisation
• Sandy Feng

• Decision making: putting it together
• Jackie O’Leary

13 sessions
pathology, clinical science, immunology, microanatomy,
transplant hepatology, transcriptomics
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https://allograftpath.upmc.com/TxSteatosis.htm
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• Reference group n=5
• Repeat scorers n=13
• New scorers n=17



EXCLUDING THE 4 WITH ARTEFACT



Conclusions
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HISTOLOGICAL 
CRITERIA



early-TCMR                                
grading

Chronic Rejection                     
staging

late-TCMR                                   
grading & staging
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1st tentative scheme

PORTAL I NFLAMMATION
Banff Criteria exept for quality of 
inflammatory cells

BILE DUCT DAMAGE
Banff Criteria

CENTRAL PERIVENULITIS
in place of Banff subendothelial 
inflammation

I NTERFACE ACTIVITY

FIBROSIS  
according to Venturi 
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I NTERFACE ACTIVITY

FIBROSIS  
according to Venturi 
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! ORTAL "NFLAMMATION
exept for quality of inflammatory cells

#ILE / UCT $AMAGE

%UBENDOTHELIAL "NFLAMMATION
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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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Professor of Pathology
Icahn School of Medicine at Mount Sinai
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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
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RET score

0: Normal 

1: Irregularity of liver plates no nodulation 

2: Irregularity 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

Grading regenerative change & nodulation on reticulin stain



CONCLUSIONS- NRH RET SCORE

! Histologic severity range

1 Early changes subtle: need reticulin

! RET 1 outside Ôstandard NRHÕ box but 69% has PHT

! Correlation with perisinusoidal fibrosis

1 High RET score have clinically more severe disease

! Validation cohort
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• Limited data in allografts

! L++4%"'5%M4$/'5%'2::)7$2#.'N!O
• Cohort: 18 allograft NRH + 36 controls (2014 with follow up)

• DSA+ 33% (NRH = controls)(high class II 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%)
• 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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! Protocol biopsies 

! Molecular profiling

! 3 cases –multiple pathologies 

! Summary/Conclusions 
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! 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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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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• ? central vein also
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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.
• pro-angiogenic (SLIT2)

Lei L Hepatology 2022



Myofibroblast-macrophage cell circuit
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Septal zone of inflow

Slender #$$,11'*2&3,0+",1&fill the 
perfusion gap around 
the septal venule

Septal arteriole winds along 
near proximal septal venule.
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terminal artery 
septal venule

inlet venules

arteriolo-venous
anastomosis

Septal venule: 26μ diam from 47μ portal parent
[Teutsch2005] – absent in rats, rabbits



Innate immune surveillance is asymmetric
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: Reducing IRI injury
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Conclusion: long term allografts
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Toronto Liver Transplant 

Program
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UHN, Canada
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Perito,.., Feng Am J Transpl 2020: 19(5): 1545–1551 

: No clinical significant bleeding !
: Most frequent pain 11/451 ,     cholangitis 6/450 
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Biopsy guided immunosuppression after liver transplantation

¥Immunosuppression after liver TX

¥Results from protocol biopsies

¥Molecular profiling of protocol biopsies

¥Prospective treatment algorithm (ALADIN)

¥ALADIN 2.0: CNI -free IS

¥Non-invasive parameters



Biopsy guided immunosuppression after liver transplantation

: Little evidence for IS beyond 18 months
: End-point BPAR not prognostically relevant for liver Tx patients
: Clinical judgement, experience, habbit determines IS (false sense of security in 80%)

: Liver function tests and new non-invasive tests are sensitive for aTCMR, but not for 
subclinical TCMR

: Protocol biopsies reveal graft inflammation and fibrosis otherwise clinically not 
evident  -> chance for individualized therapies

: Fibrosis progresses over time
: DSAs + histology identifies risk group for progression (but not DSAs per se)
: Molecular microscope, AI (Bhat) might be helpful for prognosis

: Biopsy identifies patients which can safely reduce their IS with benefit for their renal 
function (and hopefully more)
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Holy Grail
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Clinical Implications

! G20A/301#11Z64;KO#&0,&0-0)3-#/#620/&#-(*)/2#%4#0/&2<#*&/43#():+&<#()#2(A0&#
3&/)-,2/)3#&06(,(0)3-#/)1#(-#E%-3#,&%E()0)3#()#OH"

! =90#,&%,%&3(%)#%4#11Z64;KO#()6&0/-0-#-0&(/22<#,&0601()*#020A/3(%)#%4#.N=-#/)1#
*&/43#1<-4+)63(%)B#/)1#106&0/-0-#4%22%D()*#OH#&0-%2+3(%)"

! =90-0#1/3/#-+**0-3#/#,+3/3(A0#&%20#4%&#39(-#)%A02#8(%E/&'0&#4%&#-0&(/2#
E%)(3%&()*#%4#*&/43#():+&<#()#2(A0&#3&/)-,2/)3#&06(,(0)3-B#,/&3(6+2/&2<#()#390#
6%)30[3#%4#JW#E()(E(?/3(%)#-3&/30*(0-#/)1#-+862()(6/2#():+&<#103063(%)#



!"#$%&'()'*+",%-#.'/(
!"#$%&'()$*"%+,*-(.$/"*(0*&123'&1+&+$,1

)$*"%+,*-(4'$1$%&'(5"3&+,',67
3&')@="4-)*14.1)@'A1%./)B'4-'(

8'C)D=(E,)8'C)D=(E

!"#$$%&'()*+,#-).//-,#0
!"#$$1)234/5-"1)&"#"6"

!"#$"%&"'()*+()*))



^ *%7"#8,.')9 :;<=)*>?).@@"#A.&

^ 8255")B.A5)A5&#,%-6C),#'A5"-54)
%'-#)D5.0+"5)#$)&%A5")0-%$$'500

^ E".'04+,5")+-%&%F%'()G;)HIF)
B.A50)"5$&5,-54)7.,J)$"#D)&%A5"

^ E.J50)GKL)D%'+-50

^ !260%,%.')5M-5'45"0),.')@5"$#"D

^ 8@&55')0-%$$'500)D.6),#""5&.-5)
B%-2)45("55)#$)@#"-.&)
26@5"-5'0%#')))

4#00506&#0.&7(.#8"9&-#1)*',0),*'"'62&:;;<

!"#$%&'()&*+,-&-(./%&001"--2(3--"--4"1%



+,--.&/
^ &'()*+,)-. ,/(*-01'(234 (22,('*.-0.3(5,.*+6+/('.*,)*+-+5+-+,*.()7.2+-8(//*.20*-9

/+5,'.-'()*2/()-.(*.+-.70,*.+).:3'0)+:./+5,'.7+*,(*,;

^ "-*.<*,.6(4.=,.3,/28</.-0.,>:/<7,.-3,.2',*,):,.08.<)7,'/4+)1.+66<),.
74*8<):-+0)?.60*-.+620'-()-/4.+).3+139'+*@.2(-+,)-*.A30.3(5,.)0'6(/.BC&;

^ !(+'+)1.-'()*+,)-. ,/(*-01'(234 A+-3./+5,'.=+02*4?.,*2,:+(//4.(*.2('-.08.:/+)+:(/.
-'+(/*.()7.2'0-0:0/*.+).0'7,'.-0.,*-(=/+*3.(.7(-(*,-.08.:3'0)+:./+5,'.(//01'(8-.
+)D<'4?.+*.),:,**('4;

^ !'0-0:0/./+5,'.=+02*+,*.(',.BCEBF%.=,--,'.-0.3(5,?.=<-.-3,*,.6(4.)0-.(/A(4*.
=,./01+*-+:(//4.8,(*+=/,.,*2,:+(//4.+).-3,./0)19-,'6.-'()*2/()-.',:+2+,)-;

– Abnormal LSM may persuade an unwilling patient to agree to a biopsy.
– LSM may provide peace of mind in the lowering of immunosuppression or in 

patients at low risk for rejection.
– LSM may help exclude the confounder of NASH as a cause of abnormal liver tests.
– Is it better to have serial DSA measurements rather than serial LSM?
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HIGH PREVALENCE OF SUBCLINICAL HISTOPATHOLOGY:
A reflection of  too little immunosuppression?

56% eligible to start IS withdrawal



WHAT PROBLEM SHOULD WE ADDRESS? 
! The graft: ? too little 

! Inflammation
! Fibrosis
! Other

! The patient: ? too much
! Renal function
! Malignancy
! Metabolic / cardiovascular

! In the clinic? 
! Through clinical trials?



CONCLUSIONS
! Current IS management is crude and impersonal

! Long-term patient outcomes reflect the toll of chronic IS

! IS 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 non-invasive 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.

" "#$%&'('%()*
! Understand mechanism
! Develop predictive model for IS management
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The long term liver allograft
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