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Updates of 2022 Banff Classification

Table S3: Phenotypes/subcategories of Banff 2022 Category 2: AMR/MVI, and changes to the Banff 2019
report. This table aligns with the classification of Table S1 but is in the format of the Banff 2019 report, per
phenotype/subcategory. Changes to the Banff 2019 report are highlighted in red (deletions), green

(additions) or italics (rewording).

Banff Category 2: Antibody-mediated rejection and microvascular inflammation/injury (AMR/MVI)

Active AMR; all 3 criteria must be met for diagnosis

1. Active lesions™ of AMR present, at least Histologic-evidence-ofacute-tissue-injury—including 1 ermere of the following:

. Microvascular inflammation (g > 0 and/or ptc > 0), in the absence of recurrent or de novo glomerulonephritis, although in the
presence of acute TCMR, borderline infiltrate, or infection, ptc = 1 alone is not sufficient and g must be = 1
Intimal or transmural arteritis (v>0)
Acute thrombotlc mlcroanglopathy, in the absence of any other cause

2. At!east v 3 ! ] A4 / ? ing1 or more of the following:
Linear C4d stalnlng in perltubula plllarles or medullary vasa recta (C4d2 or C4d3 by IF on frozen sections, or C4d > 0 by

IHC on paraffin sections)

At least moderate microvascular inflammation ([g + ptc] =2) in the absence of recurrent or de novo glomerulonephritis,
although in the presence of acute TCMR, borderline infiltrate, or infection, ptc = 2 alone is not sufficient and g must be =1
Biopsy-based transcript diagnostics for AMR/MVI above a defined threshold, if thoroughly validated for use as substitute for

MVI and available
3. Serologie Evidence of circulating donor-specific antibodies (DSA to HLA or other antigens). If thorough testing for DSA (anti-HLA or

other specificity) has not yet been performed, this should be done, following the STAR guidelines.’-3. Detection of hon-HLA antibodies
(including ABO antibodies in ABO-incompatible transplantation) can be used as serologic Banff criterion for diagnosis of AMR, if the
testing protocols are sufficiently standardized and clinically validated for the appropriate clinical context. C4d staining erexpression-of

validated-transcripts/classifiers-as-noted-above-in-criterion-2 as noted above in Criterion 2 may substitute for DSA.




Banff Lesion Score g (Glomerulitis)




This is a synopsis of the thresholds for all Banff Lesion Scores

Banff lesion score, Abbreviation 0 1 2 3

Interstitial inflammation i <10% 10-25% 26-50% >50
Tubulitis t None 1-4/tubular cross section or 5-10 >10 or foci of tubular basement
10 tubular epithelial cells membrane destruction with
| > 2 and t2 elsewhere
Intimal arteritis <25% luminal area lost >25% luminal area lost ~ Transmural and/or fibrinoid
change and medial smooth
muscle necrosis

None 2H9 2H-/5° /59

Glomerulitis ) 25% 25-75
Peritubular capillaritis <3 leukocytes/ >1 leukocyte in >10% of ~ >1 leukocyte in >10% of >1 leukocyte in >10% of
PTC PTCs with max. of 3-4/PTC  PTCs with max. of 5-10/PTC  PTCs with max. of >10/PTC
C4d None <10% 10-50% >50%
Interstitial fibrosis ci <5% 6-25% 26-50% >50%
Tubular atrophy ct None <25% 26-50% >50%
Vascular fibrous Intimal cv None <25% 26-50% >50%
thickening
GBM double contours cg None 1a: only by EM 26-50% >50%
1b: <25% by LM
Mesangial matrix expansion mm None <25% 26-50% >50%
Arteriolar hyalinosis ah None Mild to moderate in =1 Moderate to severe in >1 Severe in many
Hyaline arteriolar thickening aah None 1 without circumferential =>1 without circumferential circumferential
Total inflammation i <10% 10-25% 26-50% >50%
Inflammation in the area of IFTA ~ FIFIA <10% 10-25% 26-50% >50%

The user of this table should be familiar with the exact definitions underlying each individual Banff Lesion Score. Reliance on these thresholds alone without consideration of the regulatory statutes behind these
scores is strongly discouraged. max.:, maximum; PTC, peritubular capillary.




Banff Lesion Score ptc (Peritubular Capillaritis)




ptcO, PTCs with 1-2 mononuclear cells only = ®

~ ' : 5 .
v - 4 ..,
e
» “ ',
I




ptcl*, mononuclear cells only
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Acute Thrombotic Microangiopathy (TMA)
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TMA in renal allograft can be a challenging diagnosis
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Figure 3: Glomerular ischemic changes (Chronic TMA) A) wrinkling in the glomerular tuft (JMS) B) bloodless ischemic glomerulus with
mesangial collaps (H&E) C) Double contours in capillary walls (JMS)
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Figure 9: A) Occluded capillary lumina with endocapillary cells, debris and fibrin B) Subendothelial
widening and duplication of GBM (inlet)




Banff Lesion Score C4d

"" 3-Step IP Technique



C4d Immunofluorescence

Acute Cellular Rejection Acute Humoral Rejection




C4d scoring in peritubular capillaries
(PTC)

n;l'l:-:r biﬂpﬁy‘ EII"EE Significamoe amnd inlerprotabicon eooonding 0o iechnbgue
(cortex and/or medulla) IF IHC

C4d0 MNegative: 0% Neg Neg

C4d1 Minimal 1<10% Neg Unknown l

C4d2 Focal 10-50% unknowr [T
C4d3 Diffuse >50% | Pos | Pos

Figura 1: C4d scoring in peritubular capillaries (PTC) and influence of staining method. 7h
on paraffin saction i usually
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Updates of 2022 Banff Classification

Chronic active AMR; all 3 criteria must be met for diagnosis

1. Chronic lesions™ of AMR present, Morphologic-evi falli] njur—including at least 1 er-more-of the following:
e Transplant glomerulopathy (cg > 0) if no ewdence of chronlc TMA or chronlc recurrent/de novo glomerulonephritis; includes
changes evident by electron microscopy (EM) alone (cg1a)
o Severe pentubular caplllary basement membrane multilayering (ptcml1; requires EM)

Artari n.n n- ol naw Ancal o nnnnn- . 4 _;_nn ala
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2. ldentical to criterion 2 for active AMR, above
3. |dentical to crltenon 3 for active AMR above mcludmg strong recommendanon for DSA testing whenever criteria 1 and 2 are met.

2.--. -_n-- nn C a alll C A Lrant Ar n n @\ n-n_- a . AW FaYal~ - alls =11 ~ishfaTa alalll nn

Chronlc Hnastwe} AMR aII 3 cnterla must be met for dlagn05|s

1. cg > 0 and/or severe ptcml (ptcml1)

2. Absence of criterion 2 ef6t

above

3. Prior documented diagnosis of active or chronic active ABMR and/or documented prior (post-transplant) and/or current evidence of
DSA (DSA as defined in above criterion 3 for active AMR)







Quantitative Criteria for Double Contour- cg Score

Quantitative criteria for scoring decree of double contours in diagnosing TG

cgl
cgla

No GBM double contours by LM or EM (no TG)

No GBM double contours by LM but GBM double contours in at least 3 glomerular capillaries
by EM with associated endothelial/subendothelial changes

GBM double contours in 1-25% of capillary loops by LM in the most & eu fected glomerulus
GBM double contours in 26-50% of LdJlHdl lJUpb by LMiin the most affect ed olomerulus
GBM double contours in >50% ¢ fudplﬂdr\ loops by LM in the most affcted bmemlm










Chronic Allograft Glomerulopathy/
‘Transplant glomerulopathy (Cg)
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Peritubular Capillary Multilamination




Peritubular Capillary Multilamination
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PTC BM multilayering (up to 7 layers)
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C4d staining without evidence of rejection; all 4 features must be met for diagnosis

1. Lingar G4d staining In peritubular capillaries (C42 or C4d3 by IF on frozen sections, or C4d > 0 by IHC on paraffin sections)

2. Griterion 1 for active or chronic active AMR not met
3. Negative biopsy-based transerpt diagnostics for AMR/MYI as in criterion 2 for active and chronic active AVR
4. No acute or chronic active TCMR, or borderling changes




“Normal” Protocol Biopsy with C4d+
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2-4% of 501 protocol bx in 15t yr Mengel AJT, 5: 1050, 2005



50-80% of 55 protocol bx Haas AJT, 6: 1829, 2006 :
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Flowchart of the Banff 2022 Classification for Category 2:

Antibody-mediated rejection and microvascular inflammation/injury
(AMR/MVI).

M. Naesens, C. Roufosse et al. American Joumal of Transplantation 24 (2024) 338-349
Diagnostic features®? of AMR/MVI
present (g, ptc, v, TMA, cg, ptcml)

Evaluate MVI threshold ([g + ptc = 2]¢
and/or biopsy-based transcripts for AMR/MVI9)

|

At or above MVI
threshold

Evaluate C4dfin ptc
and DSAs

!

Both C4d+
and DSA+

|

Banff 2019

Banff 2022
Banff 2024

! l

Either C4d+ Both C4d-

negative and
4d negative

}

Diagnostic features of AMR/MVI lesions
present but below MVI threshold®

Evaluate C4dfin
ptc and DSAE

! }

Both C4d-

C4d+ (independent
of DSA status)

Probable
AMR




