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[XTOITA®OAOI'TA NEOPIKOY MOXXEYMATOXZ

H e€€A&n otnv petapooxevon vedpou amattel BeAtiwon TG KATavonong Kal TN EKTIUNONG
¢ anopplPng Kot tnG vedplkng BAAPNC o€ LotoloyLko eninedo.

1. KuttapikoU tumou amnoppun [T cell-mediated rejection (TCMR)]

2. Artoppun pe tnv pecoAdpfnon avrtiowpdtwv [Antibody-mediated rejection (ABMR)]

3. Oteia Nedpikny BAAPN [Acute kidney injury (AKI)]

4. Atpodla cwAnvapiwv & Awapeon lvwon [Tubular atrophy and interstitial fibrosis]

TCMR & ABMR: Molpalovtal ta amoteAéopata e tn pecohdapfnon tng IFN y

TCMR: Exel mpokU el wG ouyyevig Sdtadikaoia Tou T-KUTTAPOU TIOU IOPOUCLALEL TO
QVTLYOVO oToV SLAEDO LOTO

ABMR: ArntoteAet Stadkaoia pe tnv pecoAdpfnon puoikwv KUTTApwv-60Aodovwy mou
oupBaivel otnv pkpokukAodopia & eival n kUpLa attia tng anodlopydvwong Tou
HOOXEVUOTOC

MNpoodata n oxeon petall Ekppaong yovidiwv kal KAVIKwWY dpatvotiTwy odrnynoe otnv
QAVATTUEN EVOG CUOTNUATOC TTou KaBlotd duvatr) tn SLayvwon CUYKEKPLUEVWY VOO HATWY
pe Baon ta enineda mRNA

OL popLlakeg petaBoAec mou oxetilovral pe tn vedpikn PAAPN elvoll cuxvaA TILO EKTETOUEVEC
aTto TLC TPOTEWVOUEVEC aTto TNV LotoAoyia kot utodelkvuouv OtL n SuCAELTOUpYLa TOU
HOOXEVUOTOC TIPOKOAELTaL oo cuvexn BAABN Twv vedppwvwv mapd ano tnv ivwon.

H poplakn aftoAdynon tng vooou €Xel BEATIWOEL TNV KATAVONGCN TWV CUYKEKPLUEVWV
SLEPYOOLWY TIOU EUTTAEKOVTOL OTNV EKBOON TOU PLOOXEVUATOG
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The goal of the Banff process is ongoing
integration of advances in histologic, serologic,
and molecular diagnostic techniques to produce a
consensus-based reporting system that offers precise
composite scores, accurate routine diagnostics, and
applicability to next-generation clinical trials.

The Xlll Banff meeting was held October 5-10, 2015, in
Vancouver, Canada, in conjunction with the annual meeting
of the Canadian Society of Transplantation.

The XIV Banff meeting was held jointly with the Catalan Society of
Transplantation in

Barcelona, Spain, March 27-31, 2017



Updated 2015 Banff classification categories

Category 1: Normal biopsy or nonspecific changes
Category 2: Antibody-mediated changes
Acute/active ABMR [Antibody-mediated rejection]
Chronic active ABMR
C4d staining without evidence of rejection
Category 3: Borderline changes Suspicious for acute TCMR
Category 4: TCMR [T cell-mediated rejection]
Acute TCMR
Chronic active TCMR
Category 5: Interstitial fibrosis and tubular atrophy
Category 6: Other changes not considered to be caused by acute or chronic rejection



Updated 2015 Banff classification categories

Category 1: Normal biopsy or nonspecific changes
Category 2: Antibody-mediated changes

Acute/active ABMR All three features must be present for diagnosis. Biopsies showing histological features plus evidence
of current/recent antibody interaction with vascular endothelium or DSA, but not both, may be designated as suspicious for
acute/active ABMR. Lesions may be clinically acute or smoldering or may be subclinical; It should be noted if the lesion is C4d-
positive or C4d-negative, based on the following criteria:

1. Histologic evidence of acute tissue injury, including one or more of the following:

. Microvascular inflammation (g >0 in the absence of recurrent or de novo glomerulonephritis, and/or ptc >0)

Intimal or transmural arteritis (v >0)

Acute thrombotic microangiopathy in the absence of any other cause

Acute tubular injury in the absence of any other apparent cause
2. Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the following:
. Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections or C4d >0 by
IHC on paraffin sections)
. At least moderate microvascular inflammation ([g + ptc] 22), although in the presence of acute
TCMR, borderline infiltrate, or infection; ptc 22 alone is not sufficient, and g must be >1
. Increased expression of gene transcripts in the biopsy tissue indicative of endothelial injury, if thoroughly validated
3. Serologic evidence of DSAs (HLA or other antigens)
. Biopsies suspicious for ABMR on the basis of meeting criteria 1 and 2 should prompt expedited DSA testing



Updated 2015 Banff classification categories

Chronic active ABMR All three features must be present for diagnosis. As with acute/active ABMR, biopsies showing histological
features plus evidence of current/recent antibody interaction with vascular endothelium or DSA, but not both, may be designated
as suspicious, and it should be noted if the lesion is C4d-positive or C4dnegative, based on the criteria listed:

1. Histologic evidence of chronic tissue injury, including one or more of the following:
. TG (cg >0), if no evidence of chronic thrombotic microangiopathy; includes changes evident by EM only (cgla; Table 4)
. Severe peritubular capillary basement membrane multilayering (requires EM)

. Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima favor chronic ABMR if
there is no prior history of biopsy-proven TCMR with arterial involvement but are not required

N

. Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the following:
Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d >0 by IHC on paraffin sections)
At least moderate microvascular inflammation ([g + ptc] 22), although in the presence of acute TCMR, borderline infiltrate,

or infection, ptc 22 alone is not sufficient and g must be >1
Increased expression of gene transcripts in the biopsy tissue indicative of endothelial injury, if thoroughly validated

3. Serologic evidence of DSAs (HLA or other antigens):
. Biopsies suspicious for ABMR on the basis of meeting criteria 1 and 2 should prompt expedited DSA testing



Updated 2015 Banff classification categories

C4d staining without evidence of rejection

All three features must be present for diagnosis

1. Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on
frozen sections, or C4d >0 by IHC on paraffin sections)

2.2=0, ptc =0, cg = 0 (by light microscopy and by EM if available), v =
0O; no TMA, no peritubular capillary basement membrane
multilayering, no acute tubular injury (in the absence of another
apparent cause for this)

3. No acute cell-mediated rejection (Banff 1997 type 1A or greater) or
borderline changes



Updated 2015 Banff classification categories

Category 3: Borderline changes Suspicious for acute TCMR

e Foci of tubulitis (t1, t2, or t3) with minor interstitial
inflammation (i0 or i1) or interstitial inflammation (i2, i3)
with mild (t1) tubulitis; retaining the il threshold for
borderline from Banff 2005 is permitted although this
must be made transparent in reports and publications

e No intimal arteritis (v =0)



Updated 2015 Banff classification categories

Category 4: TCMR

Acute TCMR Grade IA. Significant interstitial inflammation (>25% of
nonsclerotic cortical parenchyma, i2 or i3) and foci of moderate tubulitis (t2)

IB. Significant interstitial inflammation (>25% of nonsclerotic cortical
parenchyma, i2 or i3) and foci of severe tubulitis (t3)

lIA. Mild to moderate intimal arteritis (v1) with or without interstitial
inflammation and tubulitis

lIB. Severe intimal arteritis comprising >25% of the luminal area (v2) with or
without interstitial inflammation and tubulitis

lll. Transmural arteritis and/or arterial fibrinoid change and necrosis of medial
smooth muscle cells with accompanying lymphocytic inflammation (v3)

Chronic active TCMR Chronic allograft arteriopathy (arterial intimal fibrosis
with mononuclear cell infiltration in fibrosis, formation of neointima); note
that such lesions may represent chronic active ABMR as well as TCMR; the

latter may also be manifest in the tubulointerstitial compartment



Updated 2015 Banff classification categories

Category 5: Interstitial fibrosis and tubular atrophy

Grade I. Mild interstitial fibrosis and tubular atrophy (£25% of cortical area)
Il. Moderate interstitial fibrosis and tubular atrophy (26-50% of cortical area)
lll. Severe interstitial fibrosis and tubular atrophy (>50% of cortical area)

Category 6: Other changes not considered to be caused by acute or chronic rejection
BK virus nephropathy

Posttransplant lymphoproliferative disorders

Calcineurin inhibitor nephrotoxicity

Acute tubular injury

Recurrent disease

De novo glomerulopathy (other than transplant glomerulopathy)



Banff lesion grading system

Lesions

Quantitative criteria for inflammation: i score

i0 No inflammation or in <10% of unscarred cortical parenchyma

i1 Inflammation in 10—25% of unscarred cortical parenchyma

i2 Inflammation in 26-50% of unscarred cortical parenchyma

i3 Inflammation in >50% of unscarred cortical parenchyma

Quantitative criteria for tubulitis: t score

t0 No mononuclear leukocytes in tubules

t1 Foci with one to four leukocytes per tubular cross-section (or 10 tubular cells)

12 Foci with five to 10 leukocytes per tubular cross-section (or 10 tubular cells)

t3 Foci with >10 leukocytes per tubular cross-section or the presence of two or more areas of tubular basement
membrane destruction accompanied by i2/i3 inflammation and t2 elsewhere

Quantitative criteria for intimal arteritis: v score

vO No arteritis

vl Mild to moderate intimal arteritis in at least one arterial cross-section

v2 Severe intimal arteritis with at least 25% luminal area lost in at least one arterial cross-section

v3 Transmural arteritis and/or arterial fibrinoid change and medial smooth muscle necrosis with lymphocytic infiltrate
in vessel

Quantitative criteria for glomerulitis: g score

g0 No glomerulitis

gl Glomerulitis in <25% of glomeruli

g2 Segmental or global glomerulitis in 25-75% of glomeruli

g3 Glomerulitis in >75% of glomeruli

Quantitative criteria for peritubular capillaritis: ptc score

ptcO At least one leukocyte in <10% of cortical PTCs and/or maximum number of leukocytes <3

ptcl At least one leukocyte cell in 210% of cortical PTCs with three or four leukocytes in most severely involved PTC
ptc2 At least one leukocyte in 210% of cortical PTCs with five to 10 leukocytes in most severely involved PTC
ptc3 At least one leukocyte in 210% of cortical PTCs with >10 leukocytes in most severely involved PTC
Quantitative criteria for totai infiammation: ti score

ti0 No or trivial interstitial inflammation (<10% of total cortical parenchyma)

til 10-25% of total cortical parenchyma inflamed

ti2 26-50% of total cortical parenchyma inflamed

ti3 >50% of total cortical parenchyma inflamed



Banff lesion grading system

Quantitative criteria for inflammation in area of interstitial fibrosis and tubular atrophy: i-IFTA score

i-IFTAO No inflammation or <10% of scarred cortical parenchyma

i-IFTA1 Inflammation in 10-25% of scarred cortical parenchyma

i-IFTA2 Inflammation in 26—-50% of scarred cortical parenchyma

i-IFTA3 Inflammation in >50% of scarred cortical parenchyma

Quantitative criteria for C4d score

C4d0 No staining of PTCs (0%)

C4d1 Minimal C4d staining (>0 but <10% of PTCs)

C4d2 Focal C4d staining (10-50% of PTCs)

C4d3 Diffuse C4d staining (>50% of PTCs)

Quantitative criteria for double contour: cg score

cg0 No GBM double contours by light microscopy or EM

cgla No GBM double contours by light microscopy but GBM double contours (incomplete or circumferential) in at least
three glomerular capillaries by EM, with associated endothelial swelling and/or subendothelial electron-lucent
widening

cglb Double contours of the GBM in 1-25% of capillary loops in the most affected nonsclerotic glomerulus by light
microscopy; EM confirmation is recommended if EM is available

cg2 Double contours affecting 26—-50% of peripheral capillary loops in the most affected glomerulus

cg3 Double contours affecting >50% of peripheral capillary loops in the most affected glomerulus
Quantitative criteria for mesangial matrix expansion: mm score

mmO No more than mild mesangial matrix increase in any glomerulus

mm1 At least moderate mesangial matrix increase in up to 25% of nonsclerotic glomeruli

mm?2 At least moderate mesangial matrix increase in 26-50% of nonsclerotic glomeruli

mm3 At least moderate mesangial matrix increase in >50% of nonsclerotic glomeruli



T cell mediated rejection:

Tulldflmrlud'lliilr
“Top molecules™ e.g. granzyme, pa'rnm,etc
ynterferon effects —>
“Tap molecules”: €.9.CXCLY, 10, 11, etc,
Effector/inflammatory cell recruitment
“Tap molecules”; e.g. CCLS, PSMBS, etc,

Antibody-mediated rejection:

qu WFED!‘I,CBHS,‘,

v ete.

NK cell recruitment >
“Top molecules” e.g. CX3CR1, MYBLY, etc.

“Top molcule .3, granuysin, OXCL9, 10, 11 tc

Figure 1: Molecular lesions and their corresponding histologic lesions in T cell-mediated rejection and antibody-mediated
rejection in kidney allografts. cg, glomerular double contours; cv, vascular fibrous intimal thickening; i, inflammation; ptc, peritubular
apillaritis; ti, total inflammation; v, intimal arteritis.
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Acute T- cell-immune mediated rejection / Banff category
4, type 2 rejection / transplant endarteritis
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Figure 3 | Time-dependent effects on disease states after transplantation. Anabysi
of the relationship betwesen time post-transplantation to injury caused by the process of
domation arnd implantation. rejection and tubular atrophy and interstitial fibro=sis (TASTF)
rewveals earbly (6 weeks o & months), intermediats (6 months to 5 years) and late

events [(>5 years) ABME. antibody mediated rejection: cgaABME. ABEME with chromnic
glomernulopathy: CMIT. calcineurin inhibitor voxddcity; D54, donor specific antigen:

. glomernulonephrin=s pgAabBME. ABMNMR with pernoubular caplllarites and ghomernulitis;
pgcgABME, ABMER with peritubular capillaritis and glomernuditis plus chronic
glomerulopathny= TCME. T cell-mediared rejection.







