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Banff classification history & topics
Banff classification WG issues

BK virus nephropathy
non—rejection findings

medullary ray injury (MRI)

Acute rejection / graft survival (%)
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Major Banff classification change

1. clinical definition — immunological definition;
91" —97’
2. C4d on PTC; 01’
DSA is necessary on diagnosis.
3. CAN — CSAN — IF/TA
91— 977 — 05
4. chronic antibody mediated rejection; 05’
chronic T cell mediated rejection
5. isolated v lesion certainly exists.; 07° -13’

C4d negative AMR certainly exists.

Banff code
[ fal & il = 0,1,2,3
t RIS 01,23
2013 v FRAIEA 0,1,2,3
O g SERIER 0,1,2,3
ptc PTCits 01,23
Ol cad PTC or GBM 0,1,2,3

ti code

ci R E AR 0,1,2,3
ct FRIE =i 01,23
cv A EhRFIIE S 0,1,2,3
O__cs BALRERIAAE 0,1,2.3
ptchm PTCBMZEZ[E{l: 01,23
rmm AY 0 AFTE N 01,23
ah flERE L 0,1,2,3
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Banff classification Banff 2007
BL. 23| o, [v,0123 | g 01253]| ptc, 01,23 |cad, 01,235
BL. .01, | .0 283|wv01253]| g 0123 | ptc, 01,23 |Ccad, 0,1.2.3]
AAMR
Il. 0123 |t 0123 | v01.23 | g0, | pte, 0, |c4d, 0.1 |
DSA
M. i0123[/t01.23|v01.2 |g01, |ptc 01 lcad, 01 |
ATMR
A, o1, Jto1, 3|vo125]| 20123 | pte, 01,23 |C4d, 0,1,2.3]
IB. i, 01, [t,012 [vw0123]| g 0123 [ ptc, 01,23 [Cad, 01,2.3|
IA. o1, [t o041 A ,2,3\\| g 01,23 | ptc, 01,23 |C4d, 01,2,3|
B. 01, [t 01 [ v, 01, ,3/1 201,23 | ptc, 0,1,2,3 [Cad, 01,23
M. i 01 [t,o1, [wv oMz /] g 0123 | pte, 01,23 [Ccad, 01,23
CAAMR
ci, 0, |ct, 0, |ov, O/\cg, 0, | ptcbm, O, | mm, 01,23 ]| ah, 01.2.3 |
CATMR [L
ci, 0, |et, 0, |ov, cg, 01.2.3 | ptobm, 01,23 | mm, 01,23 | ah, 01.2.3 |
History of Banff classification
5 9 -1 9 ffn a B 7 9 ffn a B
normal normal
superacute rejectoin antibody mediated rejection
‘ A’ superacute rejection
B: acclerated acute rejection t, v
i,g
boaderline change boaderline change mm, ah
score
acute rejetcion acute/active rejetcion
grade I type [A. B
grade T A. B ‘ type TA. I B
grade Il type I

chronic allograft nephropathy chronic sclerosing allograft nephropathy
(CAN) (CSAN)

grade 1, I, I ‘ grade [, I, I

a or b (rejection (+))
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History of Banff classification

Banff 97’ Banff 01’
normal normal
antibody mediated rejection antibody-mediated rejection (meeting criteria of C4d +

A: superacute rejection and with circulating anti-donor antibody)
B: acclerated acute rejectio~ 1 ATN-like
2 capillary-glomerulitis, polymorphonuclear and/or mononuclear
leukocytes in peritubular capillaries
3 arterial-transmural inflammation/fibrinoid change

boaderline change boaderline change

acutelactive rejetcion acute/active rejetcion cad
type |A, B type IA. B
type IA, IB type TA. IB
type Il type Il

chronic sclerosing allograft nephropathy chronic sclerosing allograft nephropathy

(CSAN) (CSAN)
grade [, I, 1T grade [, I, 1T
a or b (rejection (+)) a or b (rejection (+))

History of Banff classification

"1 0 ffn a B 5 0 ff n aB&affo7
antibody-mediated rejection (meeting criteria of C4d + acute antibody mediated rejection
and with circulating anti-donor antibody) 1 ATN-like
1 ATN-like 2 capillary-glomerulitis, polymorph lear and/or lear
2 capillary-glomerulitis, polymorph lear and/or lear leukocytes in peritubular capillaries
leukocytes in peritubular capillaries 3 arterial-transmural inflammation/fibrinoid change

3 arterial-transmural inflammation/fibrinoid change ‘ chronic antibody medaited rejection

boaderline change boaderline change
C4d score
acute/active rejetcion T cell mediated rejection
type | A, B acute T cell mediated rejection 2003
type TA, IB type | A, B
type Il type TA. IB ptc score
type Il

chronic sclerosing allograft nephropathy

(CSAN) - chronic T cell medaited rejection

grade [, I, 1T

a or b (rejection (+)) ‘ IFITA
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Borderline changes

Banff 2007
‘Suspicious’ for acute T-cell-mediated rejection
This category is used when no intimal arteritis is present,
but there are foci of tubulitis (t1, t2 or t3) with minor interstitial infiltration
(i0 or i1) or interstitial infiltration (i2, i3) with mild (t1) tubulitis
23] o, |v,0123 | 50123 pvtc, 01,23 |cad, 01,2,3]
01, | .0 23 |v0123| g 0123 |ptc, 01,23 |Cad, 01.23|

Acute antibody-mediated rejection

C4d deposition without morphologic evidence of active rejection C4d+
presence of circulating antidonor antibodies, no signs of acute or chronic
TCMR or ABMR (i.e. g0, cg0, ptc0, no ptc lamination). Cases with Banff 2007
simultaneous borderline changes or ATN are considered as indeterminate
C4d+ and DSA

morphologic evidence of acute tissue iniurv, such as :

I. ATN-like minimal inflammation

1. Capillary and or glomerular inflammation (ptc/g >0) and/or thromboses

11l. Arterial—v3
0123 |t0123|v 01,23 g0, | pte, o, [cad, 0,1 |
,0123|t0123[v,01,2, |go01, |optc 01 lcad, 014 |

,0123t0123[v, 01,2, | 501,23 |ptc, 01,23 |[cad, 01 |

Table 1: Quantitative criteria for peritubular capillritis'

S ptcl No significant cortical pte, or <10% of PTCs with inflammation
: e ptc1 >10% of cortical peritubular capillaries with capillaritis, with max 3 to 4 luminal inflammatory cells
= pic2 >10% of cortical peritubular capillaries with capillaritis, with max 5 to 10 luminal inflammatory cells
i pted >10% of cortical peritubular capillaries with capillaritis, with max > 10 luminal inflammatory calls

It is recommended that one comment on the composition (menonuclear cells vs. neutrophils| and extent (focal, 50% vs. diffuse,
=50%) of peritubular capillaritis.
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Acute antibody—mediated rejection

Banff 2007

C4d+ and DSA

morphologic evidence of acute tissue injury, such as :

I. ATN-like minimal inflammation

1. Capillary and or glomerular inflammation (ptc/g >0) and/or thromboses
IIl. Arterial—v3

Banff 2007 Banff 2013
% biopsy area
(cortex and/or medulla) IF IHC IF HC
C4d0 Negative: 0% Neg |  Neg | negative | negative |

CAd1 Minimal  1<10% Neo | unkoown | l
C4d2 Focal 10-50% [ Unknown |INEECSEN
C4d3 Diffuse >50%  [HNEoSNNNNNFCSN | positve | postve |

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

Banff 2013

sections)

this)

borderline changes

Am J Transplant 2014 Feb 14(2):272-83_ doi 10.1111/ajt. 12590

arterial lesions.

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

3. No acute cell-mediated rejection (Banff 97 type 1A or greater) or

Banff 2013 meeting report: inclusion of cdd-negative antibody-mediated rejection and antibody-associated

WD, Mengel M; as the Banii meefing repori writing committee.

Di CB, Farver CF, Farris AB 3rd, Gibson IW, Kraus E, Liapis H, Loupy A, Nickeleit V. Randhawa P, Rodriguez ER, Rush D, Smith RN, Tan CD, Wallace




AAREBRKRESEFS FohEhtIS— 2014538148
[FBHEE R & &ifBanffE]

Acute antibody—mediated rejection

Banff 2007
C4d+ and DSA
morphologic evidence of acute tissue injury, such as :
I. ATN-like minimal inflammation

Il. Capillary and or glomerular inflammation (ptc/g >0) and/or thromboses
lIl. Arterial—v3

g1 =1loop LI E
EM T+OK

cg0 — Banff 2013
Cg no GBM double contours by LM or EM

cgla — no GBM double contours by LM bu
tat least three CL by EM with associated
endothelial swelling and/or subendothelial
electron- lucent widening

cg1b — one or more GBM double contours
in 1 nonsclerotic glomerulus by LM

~w= EM confirmation is recommended if EM is
available.

Acute/active ABMR Banff 2013

all three features must be present for diagnosis

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

Microvascular inflammation (g>03 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>2)

Increased expression of gene transcripts in the biopsy tissue indicative of
endothelial injury, if thoroughly validated

3. Serologic evidence of donor-specific antibodies (DSAs)
(HLA or other antigens)




AAREBRKRESEFS FohEhtIS— 2014538148
[PHEE IR & RifBanffoE]

Chronic active antibody—mediated rejection
Banff 2007

C4d+ and DSA
morphologic evidence of chronic tissue injury, such as glomerular double contours and/or

peritubular capillary basement membrane multilayering and/or
interstitial fibrosis/tubular atrophy and/or

fibrous intimal thickening in arteries cgla: LM (-), EM (+) loop>0
cg1b: LM (+) loop>0

ci, 0, .0, 0, |cg, 0, | ptobm, 0, | mm, 01.23] ah, 01.2.3 |

Chronic, active ABMR Banff 2013

all three features must be present for diagnosis

1. Morphologic evidence of chronic tissue injury, including one or more of the
following:
Transplant glomerulopathy (TG) (cg>0), if no evidence of chronic

thrombotic microangiopathy
Severe peritubular capillary basement membrane multilayering (requires

EM)
Arterial intimal fibrosis of new onset, excluding other causes

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>2)
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)

10
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Acute T—cell-mediated rejection

Banff 2007

IA. Cases with significant interstitial infiltration (>25% of parenchyma affected, i2 or i3)
and foci of moderate tubulitis (t2)

IB. Cases with significant interstitial infiltration (>25% of parenchyma affected, i2 or i3)
and foci of severe tubulitis (t3)

IIA. Cases with mild-to-moderate intimal arteritis (v1)

IIB. Cases with severe intimal arteritis comprising >25% of the luminal area (v2)

Ill. Cases with ‘transmural’ arteritis and/or arterial fibrinoid change and necrosis of medial
smooth muscle cells with accompanying lymphocytic inflammation (v3)

A. 01, |vo01,,3[v01,23]|g0123]|ptc, 01,23 |cad, 01,23
B. 01, [t01,2 [w0123]g0123]pc 01,23 |C4d, 01,23]|
NA. o1, [t 01 |v.0, 23] g 01253 [ pte, 01.2.3 [cad, 0.1.2.3]
B. i,01, |t 041 [v,01, 3] g.01.2.3 | ptc, 01,23 [cad, 0,1,2.3]|
n. i, 01 [t,o1, [wvo012 [g0123]ptc 01,23 [cad, 01,23]

Chronic active T—cell-mediated rejection
Banff 2007

‘chronic allograft arteriopathy’
arterial intimal fibrosis with mononuclear cell infiltration in fibrosis, formation of
neo-intima

ci, 0, |ct, O, low, O |cg, 01,23 | ptcbm, 0,1,2,3| mm, 01,23 | ah, 01,23 |

- E i
- ey |
Fig. 3. Fibrous intimal thickening in a patient with chronic rejection
(Masson irichrome stain, % 57).

11
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1. Banff classification history & topics
2. Banff classification WG issues

BK virus nephropathy
3. non-rejection findings

medullary ray injury (MRI)

Banff 2011

1. T Cell-Mediated Rejection (TCMR) Working Group

2. Clinical and Laboratory Assessment of Highly Sensitized
Patients Working Group

3. Working Group for Evaluation of Adjunctive Diagnostics in

Renal Allograft Biopsy Interpretation

Isolated v-lesion

Working Group
Fibrosis Scoring Quality Assurance
Working Group Working Group

Glomerular Lesion Polyoma Virus Nephropathy
Working Group Working Group

Molecular Pathology
Working Group

12
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Progressing report of the working group on the
classification of polyomavirus nephropathy (PVN)
2011 report

Pathological stages of PVN
Stage A medulla/cortex
Stage B medulla/cortex

Stage C medulla/cortex

13
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varying degree of viral replication with intranuclear inclusion bodies and/or positive
immunohistochemistry (SV-40 T antigen) and/or in-situ hybridization signals.

No or minimal tubular epithelial cell lysis / cell necrosis

No or minimal denudation of tubular basement membrane caused by viral epithelial
lysis.

Interstitial fibrosis < 50% of renal cortex (Banff chronicity score ci2)

Medulla changes limited to medulla
Cortex changes seen in cortex +/- medulla

Drachenberg CB, Hum Pathol. 2005 Dec;36(12):1245-55

; e
AT, b o

- :‘..-"7&( > %f s
A R B A

Viral repllcatlon in cortex andlor medulla (minimal to marked)
Interstitial fibrosis > 50% of cortex (Banff chronicity score=ci3)

14
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Progressing report of the working group on the
classification of polyomavirus nephropathy (PVN)
2011 report
S-Cr
6
5 S-Cr change A
4 /
3 "\i— / —o—stage A
2 -#::mf ——stage B
=—stage C
1
0 T T T T T T 1
© ™ weeks
?;’é\& & v VoA
Ae)

Progressing report of the working group on the
classification of polyomavirus nephropathy (PVN)
2011 report

% Graft failure /all causes

*

100

80

60 mm 2l cases

40 mm cases without

rejection

PVN stage A PVN srage B PVN stage C

graft failure

15
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Progressing report of the working group on the
classification of polyomavirus nephropathy (PVN)
2011 report

Polyomavirus nephropathy all repeated biopsy

repeat biopsy n=22

regression 27%
stable 43%
progression 30%

differential diagnosis between
PVN and acute rejectioin

PVN AR
location : medulla cortex
C4d.: on TBM on PTC
Infilt. cell plasma lymphocyte
nucleus change (+) (-)
SV-40 (+) ()

16
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Banff classification history & topics
Banff classification WG issues

BK virus nephropathy
non—rejection findings

medullary ray injury (MRI)

IF/TA

medullary ray injury (MRI) 3 #k & #

Original Article
Medullary ray injury in renal allografts

Pathology International 2010; 60: 744—749

I Kobayashl,' lzumi Y. 3, Shinichi Ito,” Yuko Akloka,” Y to,' S
i? | Tanabe,® Tatsuo Hosoya' and Yutaka Yamaguchi®

17
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medullary ray injury (MRI) 3 #k & %

Original Article
Medullary ray injury in renal allografts

Pathology International 2010; 60: 744—749

Akimitsu Kobayashi," lzumi Yamamoto,' Shinichi Ito,? Yuko Akioka,” Hiroyasu Yamamoto,' Satoshi Teraoka,*
Motoshi Hattori,” Kazunari Tanabe,® Tatsuo Hosoya' and Yutaka Yamaguchi®

The etiology of MRI n=36

CNI toxicity (44.4%)

chronic obstruction (36.1%)

acute or chronic pyelonephritis (5.6%)
and others (13.9%)

18
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HEPTINSTALL'S

PATHOLOGY
OF THE

VOLUME

Figure 1.27 Longitudinal section through the cortex of a hes
man kidney. The arteres have been injected with sillcons ruboer
(Microflll. The different capillary patterns of the cortical labyrirth
and of the mﬁdul!a‘,- rays are visible. Within the cortical isbyrinth,
the imericbular jcorticoradial] arteries (A] and veins (V] 2z wel as
the glhomeruli are fmnd Within the medullary rays, the capillary
plewin of gated hes. [x70.) AA arcuate artery:
AV, srousts wean.

BB K —EREORAGRE EoEm €

1807 ) B (xE 1807 ) M o (
® HA .
160 L 160
& 140 - 140 -
£
< 120 .- 1204
E 100 100
E .
&
80 80 -
0 0
] 1 1 T T T | ] 1 1 T 1
20 30 40 50 60 70 20 30 40 50 60 70
Fim (%) Fin (%)
KEDT—ZICBARDEAEERQTHRT. RRESKEDT —2 DTHDOBHEET, =iRIE

0% DIEFIHE ENZEEETY .
(Poggio, et al. Kidney Int 2009 ; 75 : 1079-1087, Horio. et al. Cli n Exp Nephrol 2012 : DOI : 10.1007/510157-012-0586 6.
LYEIH, ®E)
CKDE2FEA A R2012 p.21 K15
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— (mg/H)
YRERSS RTILT = w/Crtt
(ma/acCr) 30K 30~299 300 U E
B
B REAEE E BEEAR BESAR
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BB REE/Cr it
BH (9/9Cr) 0.15K7% 0.15~0.49 0.50L4 k&
Z oAt
Gl | EEEfEEE
G2 | EEEREBEET
GFRR%) | G3a | BE~ZEET
(mL/%>
AT3m?) | GIb | REE~BEET
G4 | BEET
o | AEETE
(ESKD)

EEEIFFRE - GFRXS) - ERREDZEEHEAT— I ISl 5. CKDOEFEEIFFET, FPELL, DMERCREDY ZR DX

TURRAEIC,

,Tb' .7f DIBICRAT—IDERTBEEVRVIEERTS.

(KDIGO CKD guideline 2012% BAA B ICHZ)
CKDE2FEA A R2012 p.3 %]

BARICEHT B CKDEZEE(%)(207% 4 L)

GFR GFR RER RER
RAT—=Y (mL/53/1.73m 2) = 1+ E
Gl =90 2,803B A 6175.A(0.6%)
G2 60~89 6,187A A 1713 AN(01.7%)
G3a 45~59 88673 A(8.6%) 5875.A(0.6%)
G3b 30~44 10675 A(1.0%) 24715 N0.2%)
G4 15~29 1073 A(0.1%) 97 A(0.1%)
G5 <15 173 A(0.01%) 475N (0.03%)

DETAHH, CKDITHHE TS

(PR2BFEREHBECKODRARR - T - ARIRE(L - ERMAELLICET %N

CKDE2EAH 1 F2012 p6 F4

2014438148
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medullary ray injury (MRI)X Bk & $i

Original Article
Medullary ray injury in renal allografts

Pathology International 2010; 60: 744-749

A K ! lzumi Y: to,' Shinichi Ito,? Yuko Akioka,” Hiroy Y: to,’' *
Motoshi Hattori,” Kazunari Tanabe,® Tatsuo Hosoya' and Yutaka Yamaguchi®

The etiology of MRl n=36

CNI toxicity (44.4%)

chronic obstruction (36.1%)

acute or chronic pyelonephritis (5.6%)
and others (13.9%)

aging and ischemic damages

23
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A

Banff classification history & topics
2. Banff classification WG issues
BK virus nephropathy
3. non-rejection findings
medullary ray injury (MRI)
IF/TA

Pathomics
Banff 2015 update
| Resident cells + No tubuiitis Resident calls * Tubulitis
are molecularly + No glomerulifis || aremolecularly » Glomerulitis
quiescent * No arteritis H active + Arterifis
. + Intersitial infiltratas

| #No iterslinfiraes | |

Infitrating cels | | +MNoBMduplcation | | | nfiratng cells + BM duplication
are molecularty | | * Normal blood vessels mmulnmla‘lv + Abnormal blood vessels
quiescent | | No tubular alrophy ;

| » No interstitial fibrosis i

Figure 4 | Presentation slide by Thangamani Muthukumar in the style of Wired Magazine's FOUND: Artifacts from the Future
speculating on what the state of science will be at the Banff 2015 meeting, Pathomics'is a term from a 2007 editorial by Robert Colvin®
BM, basement membrane.

The Banff classification revisited
Kidney International 2012. Kidney Int. 2013 Feb;83(2):201-6. Epub 2012 Dec 12.
Solez K, and Racusen LC
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