SDC, Glossary of terms

Acute Tubular Injury

There is no current definition of acute tubular injury endorsed by the Banff classification. In
the absence of other apparent cause (Banff 2015), acute tubular injury is included as one of
the criterion for histological evidence of acute tissue injury in the diagnosis of acute/active
ABMR.(12) Moreover, it is included as a Diagnosis in Banff Diagnostic Category 6.

Antibody-mediated rejection (ABMR)

Antibody-mediated rejection (ABMR) refers to a rejection process believed to be primarily
driven by antibodies against graft epitopes. Diagnostic criteria are listed under Banff
Diagnostic Category 2 of the 2017 Banff update.(12) Diagnostic subcategories within include
the following; C4d Staining Without Evidence of Rejection, Active ABMR, Chronic Active
ABMR, Chronic ABMR. ABMR can coexist with additional diagnoses from Banff classification
categories 3-6.

Adequacy of Specimen

Since Banff 1997(5) a biopsy has been considered adequate if it contains at least 10 or more
glomeruli and at least 2 arteries; the threshold for a “minimal sample” is 7 glomeruli and 1
artery. It is also recommended that at least 2 separate cores containing cortex be obtained
or that there be 2 separate areas of cortex in the same core.(11)

Arteriole

Derived from the definition of arteries below, the definition of arterioles is consequently
arterial vessels having less than 2 smooth muscle layers.(11) Changes in arterioles are
currently not recognised as contributory to Banff Lesion Score v or cv.(12) Arteriolar
inflammation is noted with an asterisk behind Banff Lesion Score ah, eg, ah2*.(5)

Arteritis, Intimal

Arteritis is synonymous with endarteritis or endothelialitis. According to Banff 2015, intimal
arteritis as per Banff Lesion Score v1, v2 is defined as mononuclear cell infiltration beneath
the arterial endothelium. Severe arteritis v3 is defined by inflammation in the media and/or
fibrinoid necrosis of the vessel wall; the total number of arteries in the biopsy and the
number of arteries affected should be noted.(11) Marginated leukocytes alone are
insufficient to diagnose arteritis.

Artery
Since Banff 2013(10) an artery has been defined by “having a continuous media with two or
more smooth muscle layers”.(11)

Borderline Changes

This refers to Banff Diagnostic Category 3 “Suspicious (Borderline) for Acute TCMR”.(12) This
can be used in conjunction with other Banff categories with the exception of category 1
(Normal biopsy or nonspecific changes) or 4 (Acute TCMR Grade IA, IIA, 11B or Ill, Chronic
active TCMR Grade IA, IB or ).



Cad

Complement component 4 fragment d (C4d) is a degradation product of complement
component C4, which can bind covalently to the endothelial cell surface.(30) Positive
immunostaining indicates local complement activation and is scored with Banff lesion score
C4d.(11) The clinical significance of these findings is different in grafts exposed to anti-blood
group antibodies (ABO-incompatible allografts), in which isoagglutinin-mediated
complement activation does not appear to be injurious to the graft and may represent
accommodation. However, when caused by antibodies against donor-specific HLA or other
antigens, it may indicate ABMR activity. Based on the high specificity of C4d positivity, it is
considered equivalent to the serological proof of donor-specific antibody (DSA) for a
diagnosis of ABMR, although it is still recommended to test for DSA.

Banff Diagnostic Categories

This refers to the 6 consensus-based and empirically validated Banff Diagnostic Categories (1
to 6) for renal allograft biopsies.(12) Diagnoses from different Banff Diagnostic Categories
can be used if required in any combination other than category 1, 3 and 4 which are
mutually exclusive. Moreover, any diagnosis from categories 2-6 excludes Banff Diagnostic
Category 1 (Normal biopsy or nonspecific changes)®. Multiple diagnoses from a single Banff
Diagnostic Category can only be made from Category 6.

Banff Lesion Scores

Banff Lesion Scores are descriptive, consensus-based, standardised terms to grade important
active and chronic histopathological findings in the different morphological compartments of
the renal transplant. Although they are an integral part of the minimal dataset, they are by
themselves not necessarily sufficient to determine Banff Diagnostic Categories.

Chronic Allograft Arteriopathy

Chronic Allograft Arteriopathy is a feature of Chronic Active TCMR, Chronic Active ABMR,
Chronic ABMR and Chronic Active ABMR. It is defined as arterial intimal fibrosis with
mononuclear cell infiltration in fibrosis and/or formation of neointima. The Banff lesion
score cv is used to grade it, based on the extent of luminal occlusion in the most severely
affected artery. Lack of prior biopsy-proven TCMR favours a diagnosis of Chronic Active
ABMR or Chronic ABMR.(12)

Cortex

The outer part of the renal parenchyma, beneath the capsule and peripheral from the
medulla, including the columns of Bertin. It is characterised by the presence of glomeruli and
arteries.(31)

Donor-specific Antibody (DSA)

Circulating antibodies directed against donor human leukocyte antigen (HLA) class | and/or
class Il and/or non-HLA antigens. For the definition and technical details see the recent and
forthcoming consensus recommendations by The Transplantation Society.(13) DSA are
relevant for Banff Diagnostic Category 2 (ABMR) diagnoses. For Active and Chronic Active
ABMR only DSA present at the approximate time of biopsy and against the current



transplant are considered positive for the diagnosis; for Chronic ABMR DSA against the
current transplant present at or prior to the biopsy are considered.(12)

Fibrointimal Thickening, Arterial
See — Transplant Arteriopathy.

Gene Transcripts/Classifiers in the Biopsy Tissue strongly associated with ABMR
Increased Expression these, if thoroughly validated, are the only molecular markers
considered in the Banff classification. Since Banff 2013(10) they have been included in Banff
Diagnostic Category 2 for the diagnosis of Active ABMR and Chronic Active ABMR.(11) Along
with C4d positivity, they are considered equivalent to positive test for DSA, although
serological testing for DSA is still encouraged.(12)

Glomerulonephritis

Recurrent or de novo glomerulonephritis can occur in renal transplant biopsies. The
diagnosis is made by a combination of conventional histology, immunohistochemistry or
immunofluorescence, electron microscopy and correlation with clinical data. It should be
diagnosed under Banff Diagnostic Category 6, and can be used in combination with
categories 2-5 and any other diagnosis from Category 6. The presence of glomerulonephritis
precludes the use of Banff Lesion Score g as histologic evidence of acute tissue injury for the
diagnosis of Active ABMR and of Banff Lesion Score cg as evidence of chronic tissue injury in
the diagnosis of Chronic Active or Chronic ABMR.(12)

Hemorrhage, Tubulointerstitial

Extravasation of red blood cells into the tubulointerstitium. There is no special Banff Lesion
Score for this lesion. Instead the lesion is noted as an asterisk “*” attached to Banff Lesion
Score v (eg, vO* or v3*). It shares this coding with Infarct.

Infarct

Zone of tissue which is nonviable due to insufficient blood supply. It qualifies as “necrosis”
listed in the supplement of Banff 2015 and since Banff 1997 (Table 3) (5) has been coded
with an asterisk (*) behind any of the Banff Lesion Score v (eg, v1*) accordingly.(11)
Infarcted areas must not be scored for Banff Lesion Score C4d.(8)

Infection

In the presence of Infection (Table 5, Banff 2017) Banff Lesion Score g>0 greater is required
when using moderate microvascular inflammation (sum of Banff g+ptc>2) as a criterion from
Criteria Group 3 (Antibody interaction with tissue) for a diagnosis of Active ABMR or Chronic
Active ABMR.(12) le, Banff Lesion Score ptc2 with Banff Lesion Score g0 is insufficient for this
criterion when disease caused by infection of the transplant is present.

Interstitial fibrosis

Banff Lesion Score ci for interstitial fibrosis was initially meant to describe the area fraction
of fibrous tissue in the cortex only regardless of whether it represented fibrous tissue as the
normal constituent of the renal cortex (considered to be 5%) or fibrous tissue within a
cortical scar. Hence, a precise definition for individual patches of interstitial fibrosis in a scar



has never been given. This purely morphometric approach runs counterintuitive to routine
histopathological assessment for atrophic tubules separated by interstitial fibrosis in a
tubulointerstitial scar. Guides for the assessment of Banff Lesion Score ci can be found in the
main body of this manuscript.

Microvascular Inflammation, Moderate

Microvascular inflammation is scored by calculating the sum of the 2 Banff Lesion Scores g
and ptc. Microvascular inflammation is considered moderate with [Banff Lesion Scores g +
ptc] 22. In the presence of Acute TCMR, Borderline Changes or Infection such as,
Pyelonephritis, Banff Lesion Score g must be equal or greater than 1 in this calculation to
fulfil the criteria for moderate microvascular inflammation.

Peritubular Capillary

Only capillaries within the renal cortex are peritubular capillaries (PTCs) which can be used
for scoring peritubular capillaritis as in Banff Lesion Score ptc. Capillaries next to lymphoid
follicles must be disregarded to avoid confusion with lymphatic vessels. Banff C4d can be
scored not only in PTCs but also in medullary vasa recta.

Peritubular Capillary Basement Membrane Multilayering

Severe Peritubular Capillary Basement Membrane Multilayering (PTCML) is defined as
“seven or more layers of basement membrane in one cortical peritubular capillary and five
or more in two additional capillaries, avoiding portions cut tangentially”.(12) Only Severe
Peritubular Capillary Basement Membrane Multilayering is considered sufficient as one
possible criterion for chronicity of ABMR. This relative high threshold has been established
because mild PTCML can be seen in other diseases like hypertension. In cases where EM is
carried out in transplant biopsies, cortical peritubular capillary multilayering should be
assessed and reported. The number of layers of basement membrane should be counted in
the most affected PTC as well as in at least 2 additional PTCs. Tangentially cut PTC should be
avoided. See also recommendations for performing EM cited from the Banff 2015 report
under Banff Lesion Score cg for more detail.(11)

Pyelonephritis

Inflammation of the transplant parenchyma caused by bacterial or fungal infection, usually
ascending from the bladder. This falls within the remit of Banff Diagnostic Category 6. As an
—Infection, the presence of Pyelonephritis has important bearings on the diagnosis of
Active ABMR and Chronic Active ABMR, as then Banff Lesion Score g must be equal or
greater than 1 to fulfil the criteria for —Microvascular inflammation, Moderate ([Banff
Lesion Score g + ptc] 22).(12)

Polyomavirus Nephropathy

Replicative infection of the kidney by polyoma virus as indicated by viral inclusions seen on
histology, immunohistochemistry and/or electron microscopy. A Banff Working Group for
Polyomavirus Nephropathy has developed and validated a respective scoring schema, which
was presented at the 2017 and has been published recently. The percentage of tubules with
replicative BK virus infection and Banff Lesion Score ci informs the classification from 1 to



3.(32) Polyomavirus nephropathy is included in Banff Diagnostic Category 6 as BK-Virus
Nephropathy.

Scarred Cortical Parenchyma

Characterised by cortical tubular atrophy, usually but not always accompanied by interstitial
fibrosis —see —>Tubular Atrophy. Banff Lesion Score i must not be scored in these areas,
instead Banff Lesion Score i-IFTA is assessed in the areas.

Subcapsular Cortex

This term refers to areas immediately beneath the capsule, which may show areas of
nonspecific scarring or inflammation thought to be related to surgical ‘healing in’.(1) The
extent of the cortex that qualifies as “subcapsular” has not been more clearly defined in the
Banff Classification. Banff Lesion Scores ptc(7) and i(5) must not be scored in these areas.

T cell-mediated rejection (TCMR)

The spectrum of TCMR is defined as Banff Diagnostic Category 4 which contains Acute TCMR
Grade IA, IB, lIA, IIB, Ill as well as Chronic Active TCMR Grade IA, IB and Il. Suspicious
(Borderline) for Acute TCMR is the only diagnosis in Banff Diagnostic Category 3. Banff
Diagnostic Categories 3 and 4 are mutually exclusive but can be rendered together with
other diagnoses from Categories 2, 5 and 6.

Thrombotic Microangiopathy, Thrombotic Microangiopathy In The Absence Of Any
Other Cause

Thrombotic microangiopathy (TMA) can be caused by recurrent disease (usually atypical
hemolytic-uremic syndrome), ABMR, Calcineurin Inhibitor Toxicity (included in Banff
Diagnostic Category 6) and other causes.(33) If there is evidence of chronic TMA of
documented cause other than ABMR, Banff Lesion Score cg must not be used as a criterion
for histological evidence of chronic tissue injury in the diagnosis of either Chronic Active
ABMR or Chronic ABMR.(12)

Transplant Arteriopathy

Transplant Arteriopathy is defined as arterial fibrointimal thickening, also referred to as
vascular fibrous intimal thickening, and is graded based on the extent of luminal occlusion in
the most severely affected artery. Transplant arteriopathy is scored with the Banff Lesion
Score cv. Features that suggest Chronic Active TCMR Grade Il, Chronic Active ABMR or
Chronic ABMR versus other causes such as conventional arteriosclerosis or hypertension are
disruption of the elastica, inflammatory cells in the fibrotic intima, proliferation of
myofibroblasts and/or foam cells in the expanded intima, formation of a neointima.(11)
However, it should be noted that bland but progressive intimal fibrosis may be associated
with the presence of DSA.(34)

Transplant Glomerulopathy

Transplant glomerulopathy is defined as a Banff Lesion Score cg greater than 0, after the
exclusion of thrombotic microangiopathy of cause other than ABMR, eg, recurrent or de
novo Glomerulonephritis. It is not synonymous to ABMR, but is frequently associated with it.



Tubular Atrophy

According to Banff 1997, tubulitis shall not be counted in moderately-to-severely
Moderately atrophic tubules are defined as tubules having a diameter <50% of that of
unaffected or minimally affected tubules on the biopsy, with wrinkling and/or thickening of
the tubular basement membrane. (5)

Severely atrophic tubules are defined as tubules of diameter <25% of that of unaffected or
minimally affected tubules on the biopsy, often with an undifferentiated-appearing, cuboidal
or flattened epithelium (or in some cases even loss of epithelium with denudation of the
tubular basement membrane), and pronounced wrinkling and/or thickening of the tubular
basement membrane. This definition of severely atrophic tubules also includes very small,
endocrine-like tubules with very narrow lumens, although the basement membranes of the
latter may not be thickened.(12)

According to Banff 2017, severely atrophic tubules should be disregarded for Banff Lesion
Score t.(12)
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