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The Etiology of Chronic Graft Injury ("CGI"):
The Bench and Bedside Knowledge

IF/TA—interstitial fibrosis
and tubular atrophy

- May also be associated with
glomerular or arterial lesions

Association with TGFp and
other growth factors

Association with CNI
toxicity (chronic)
Association with antibody
mediated injury (allo, auto)
Inflammation in unscared
kidney "i" + IFTA

"Chronic inflammation” in
areas of atrophy “iatr”

Final common pathway for many injuries



Causes of Graft Loss Over Time
T cell Mediated Rejection
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Dark Ages

Acute TCM
Rejection

“Chronic
rejection”

Cellular Rejection :

Banff '91
(Kidney Int
1993;
44:411)

Grade I:
i2- i3 and/
or 2

Grade II:
t3 and/or
intimal
arteritis:
vl, v2

Grade
ITI:
transmural
arteritis v3

Banff '97
(Kidney Int
1999:;
55:713)

Type IA: i2,i3,

&t2
Type IB: 3

Type ITA:
mild-mod
arteritis vl
Type IIB:
severe intimal
v2

Type IT:
transmural
arteritis V3

Banff '97 AMR
Update (AJT

2003:; 3:706)

ditto

ditto

ditto

Chronic TCM

Rejection

Banff 2005
(AJT 2007: 7: 518)

Type TA i2 ori3 +12
Type IBi2 ori3 +13

Type IA: vl
Type IIB severe
infimal arteritis

comprising >25% of
luminal area v2

Type III; fransmural
arteritis and/or
arterial fibrinoid

change and necrosis of
medial smooth muscle
cells accompanying
lymphocytic
inflammation v3

Chronic allograft
arteriopathy: arterial
intimal fibrosis with

mononuclear cell
infiltration;
formation of neo-
intima (ie. cv)

Evolution of Criteria

Banff 2007
(AJT 2008;
8:753)

ditto

ditto

ditto

ditto

Banff 2009,
2011,
2013, 2015

ditto

ditto

ditto

ditto



Grading Chronic TCMR
Banff 2005

Chronic TCMR was defined by sclerosing transplant arteriopathy. This
lesion is characterized by intimal widening due to the de novo accumulation

of collagens I and IIT, lack of elastosis, and varying degrees of intimal
inflammation with mononuclear inflammatory cells

Arterial intimal thickening (cv)
% narrowing lumen of most
severely affected vessel

None IT IIT

26-

0% <25% 500/0

>50%

Am Jnl Transplant 2007; 7: 518



Donor Age and cv Score in Healthy
Living Donors

Table 4. Association Between Arterial Fibrointimal
Thickening (cv) S5core and Other Parameters in Core

~ Table 3. Matched Comparison of Arterial and Wedge Biopsies
Fibrointimal Thickening (cv) Scores in Wedge and Wedge Cove
Core Biopsies*
i e Odds
Core oy SCore Association of ov With Ratis* P Ralio* (]
Wedge ov Score 0 1 z Todal Donor age 1.04 .25 1.09 00z
— Donor sext .25 79 1.28 Ga
AI_ ATEes - ~ Donor racet .52 .72 .00 =59
'|] I:i-' T ! 28 Donor creatinine clear-
& 8 ance Dog 38 008 20
Total 13 10 13 1] Dionor farmiby history of
Interiobular arteries only hypertension$ 220 42 M4 36
0 P g 3 75 Percentage of globally _
-I II - - sclerotic glomenul l.oz .72 1.13 oz
2 - B Estimated percentage of
Total 17 11 B 36 interstitial fibrosis 122 .04 130 003
* All arteries: odds ratio 7.97 (95% confidence interval, 3 58-17.78; Hyaline arteriosclerosis i -
P = .00l Interlobular arteries only: odds ratio 4.62 (95% oonfidence sCore 4.72 Db 2.B8 07
interval, 2.21-9.70; P = .001) by ordered multinomial logit regression. * By ordered muktinomial logit regression. Odds ratios reflact the
Odids ratios reflect the odds of a higher cv score on a core biopsy incremental odds of a high ov score per year of donor age, 1 mb/min
compared with 2 wedge biopsy from the same kidney. of creatinine clearance, 1% globally sclerotic plomeruli, 1% estimated

interstitial fibrosis, and 1 unit of hyaline aneriosclenosis scone.
t Odds ratios for female pender (male = referance).
t Odds ratios for white race (black = referance).
& For donors o unrelated recipients only.

"The findings on core biopsy indicate that significant arteriosclerosis is often present

in kidneys from normotensive donors with normal renal function, particularly those

older than 40 years."
~Haas et al. Arch Pathol Lab Med 2008; 132:37



Cluster Analysis of Lesions in Nonselected Kidney
Transplant Biopsies:
cv as a correlate of parenchymal scarring

234 for cause biopsies

PCA & | o
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Sis et al. Am Jnl Transplant 2010,10(2): 421



cv Lesions and
Donor Specific Antibody

*  Progression of cv is associated with transplantation and
accelerated in presence of DSA [Hill et al. TJAMA 2011; 22(5):
975].

Mo Preformed DSA
Preformed ISA
DeNeva DSA Persistent Negative DSA
Dionor age at transplantation 48 +4 =6 48 +4
Mo. patients 15 4 19
3-month Bx 057 +017 030+029 0.63 017
Last Bx 2213+015 225+025 132015
A evgrade 167 +020 1.75+0.25 0.63 +023
P=0.000012 P=0.0009 P=0.000006

Months to last Bx B4 67T+16 48 +4
Slope of Banff cv prade 273y 162 yrfyr B9 yoivyr

Builds a case for cv as a chronic AMR feature







Tissue Regeneration versus Fibrosis:
The Process of Wound Healing

o . Regeneration of damaged tissues Fibrotic healing
Initiation Phase ddddddd ddd. | iddd
/-.:." e

Ag dependent  Ag independent Remodeiing and
MMP-TIMP maturstion Excessive ECM
balance restored phase deposition
Injury Collagen
MMP-TIMP and fibronectin
Epithelial and/or Wound contraction and imbalance
endothelial celis re-epithelialization / A
J94. ' 1999 Jad Matrix
o - acuan
2 — w— W
o Phas
inflammation, e
of necrosis

Platelet activation
and fibrin clot formation

‘m‘ W Circulation \_ _-,. % ‘, -
29 Eosinopi ’4' - QOV\L

Chemokines
TGF-p
PDGFs @B cell New blood
vessels

9B cell

&P Neutrophit
b Macrophage

myocbrobroblast
prafiferation
and activation

- v
, ‘.yohbmbla‘ 515 4—-’—“0 rocytes
== = <a—————— Other resident tissue cells,

e.g., HSCs

- e — ?e:?_dem fibroblasts

Inflammatory response @ddl. J3d3 Proliferative response
P A Tnl Clin Tnvestigation 2007; 117: 524



Graft Survival is Lower in Patients With

SCR Associated with IFTA (i+IFTA)

Tubulo-interstitial
inflammation in early
surveillance biopsies is
associated with
progression of IF and
decreased allograft

survival [Nankivell et al.
Transplantation 2004, 78:242; Choi

etal. AJT 2005;5: 1354].

Surveillance biopsies
with i in non-scarred
areas and IFTA [IFTA
+ i] are associated with
shorter graft survival.

»»»» Normal biopsy
(n=186)

we Subclinical rejection

el 75% BR

- Interstitial fibrosis/

tubular atrophy
(n=110)
Similar data relating .'" e Interstitial fibrosis/
inflammation with fibrosis and Siibulis 28 ith
poor outcome: ::bu'qr. . lmp.hy :f'
Cosio ATT 2005; 5:1464 (ee8) e
I} Park WD JASN 2010, 21: 1987
. | 1 1 I
0 50 100 150 200 months after transplantation

Moresco et al. Am Jnl Transplant 2006; 6: 747-752



Banff 2007 Criteria:
Scoring of Total Inflammation (ti) in the
Allograft

Total index of interstitial inflammation which uses the same
semi-quantitative criteria used for determining the i score, for
all cortical tissue present, including the sub-capsular cortex,
perivascular cortex and areas of IF/TA.

Cortical nodular infiltrates will be included in the i or ti score
depending on their localization

Am J Transplant. 2008 Apr;8(4):753-60

Score Criteria
ti O No or trivial interstitial inflammation (<10% of parenchyma)
til 10-25% of parenchyma inflamed
ti2 26-50% of parenchyma inflamed

ti3 >50% of parenchyma inflamed



Total i Score: Better Predictor of
Outcome (and gene expression)

A C
i-score <25%
9 _ t _ i-score >25%
O § i-score >25% §
g - w
' £ g .
o p=0.058 L p=0.599
B.l D
= L'I total i-score <25%
— total i-score <25%
(] - 3
— Qs
(] Y
o e =
"7 geed ERE TS CoA P SO —
LS 3 total l-score >25% 3 total i-score >25%
— - @
] 3. 5.
"5 - p<0.0001 = p=0.002
-t

1050 400¢ blogay 10 aventin menthe
all allografts (n=104, median time post
transplant = 19 months)

n;- aftar I;io;ry ts ur‘-rn in nu;h‘
allografts with 2IFTA grade | (n=88, median time
post transplant = 38 months)

129 biopsies
2004-2006
Total i=

- infiltrates in areas
of nonscarred
tubulointerstitium,

- in areas of
interstitial fibrosis
and tubular
atrophy (IFTA),

- nodular infiltrates

- perivascular
infiltrates,

- subcapsular
infiltrates

Mengel at al. Am Journal Transplant 2009; 9: 1859



IFTA + i and DSA

598 kidney transplant
recipients of low immune risk
(CTX neg, PRA<20%, DSA

heg) Factor OR of dnDSA
- Basiliximab, CNI based
therapy
- 6w and 12m biopsies with HLADR MM 195 (1.09-3.4
TSQSmeasur}a rr/\\/(F;FHITSIOOO i - P UmEa
(Labocreen)/ MF1<1000 = "scoreat 6w 5 49 (1 67-10.03)
9 biopsy
. nprr;\all)his'rology (i+t<1 and
CIH+CT< .
+ inflammation (i+t>2 and IFTA+i at 6w 409 (167-1005)

ci+ct<l)

« IFTA (i+t<1 and ci+ct22)

« IFTA+i (i+1>2 and ci+ct22)
Findings of IFTA+i @ 6w are
independent risk for dnDSA
(8.9% of pop at ly)

Garcia-Carro et al. Transplantation 2016, PMID 27163535



Deterioration of Kidney Allograft
Function (DeKAF) Study
(NIH UO1 AI58013)

7 transplant centers Hennepin County Med Center (Kasiske)
Mayo Clinic (Cosio)
University of Alabama (Gaston/Mannon)
University of Alberta (Halloran/Gorishankar)
University of Towa (Hunsicker)
University of Manitoba (Rush)
University of Minnesota (Matas)

Central pathology Mayo Clinic (6rande)
Central anti-HLA antibody  UCLA (Cecka)
Central urine metabolomics University of Manitoba (Rush)

Multicenter database and

Biostatistics Core University of Minnesota (Connett,
Leduc, Fieberg)



Deterioration of Kidney Allograft
Function (DeKAF) Study

* Prospective cohort (N=3751)

- Kidney or kidney-pancreas transplant with no other
organs simultaneously transplanted

- Enrolled within 10 days post-transplant
- Clinical and biopsy data entered into the database

» Cross sectional cohort (N=440)
- Enrolled as of 02/01/2006
- sCR < 2.0 mg/dL prior to 01/01/06

- Deterioration of function (>25% baseline) or new
proteinuria, i.e. Biopsy for cause

- Pathology, urine mass spec, serum for DSA
- Mean Creatinine - 1/2006 - 1.4 * 0.3 mg/d|



Characteristics of Cohorts

Am J Transplant 2010; 10:324-337

CSC (N=422) Prospective (N=2270)
Female 211 (50%) 864 (38%)
Race
Caucasian 333 (79%) 1740 (77 %)
AA 56(13%) 376 (17%)
Mean age + SD 48+18 48+14
Diabetes 169 (41%) 813 (37%)

Years Post Transplant 7.416.1 (median 5.7y) 1.0£0.6 (median 0.8y)
to Biopsy

Living Donor 262 (62%) 1239 (59%)

% graft Survival
(post enrollment)

6m 89.5% 98 %
12m 79% 96 %
18m 74% 95%



Cross Sectional Cohort Local Biopsy

Diagnoses
* adds up to >100% as 2 diagnoses/biopsy

e
///-

INS&TED

N (74

/

Prolcelel o o dAarvs 1IN Y
AMARY /S ECONUARY DN

Allograft nephropathy 196 (48)
CNI toxicity 116 (29)
Other (e.g., pyelo) 91 (22)
Transplant glomerulopathy 82 (20)
Acute cellular rejection 76 (19)
Recurrent disease 53 (13)
Art. nephrosclerosis 33 (8)
Borderline change 28 (7)
Acute antibody mediated rejection 29 (7)
Glomerulonephritis (de novo) 23 (6)
ATN 18 (4)
Polyomavirus (BK) 11 (3)
NPD 9 (2)

Inadequate 4 (1)



Impact of CAN (IF/TA):
Graft Survival in CSC After Renal Biopsy

100 {~e--
| _|_|_'_‘—-—-_.
90 1 e,
| e —
« 807 e,
5 J
@
5 60
E i
& 501
= |
£ 407
g 301 —_— Primary or Secondary CAN
& : No CAN Logrank = 0.01 p = 0.9374
201
101
n i I T T ' T ' v i 1 i i i I i i i 1 i i i I i i i 1
0 3 6 9 12 15 18
CAN+: 204 173 148 130 1M 75 51
CAN-: 215 159 126 91 76 a5 35

Months from Blopsy
Matas et al. Am J Transplant 2010; 10:324-337



DeKAF Cross Sectional Cohort:
Graft Survival after Biopsy
CNI Toxicity versus none

Time to Graft Failure — All CS Index Biopsies

100 {== L.
%! — ———  CNI Toxicity
~ 80
o
D 701
5 60
2
2 501
=
£t 40
g 30 Primary or Secondary CNI Toxicity
e No CNI Toxicity Logrank = 412 p = 0.0424
20
10
o-l T T T T T T T T
0 3 6 9 12 15 18 2 24
CNI+: 53 51 47 46 39 19 17 13 13
CNI-: 108 g7 a3 72 64 51 42 28 22

Months from Biopsy

Transplantation. 2010 Jul 15;90(1):68-74.



Depiction of Clusters - "Cluster Clock”
With additional histo scores

- Cluster 6
Each spoke

represents a Banff |
score

Length of spokes =
% with finding

= Banff 3

Clustering based on
Banff scores (i, t,
9. v, ct, ci, cv, cg,
mm, ah) plus tatr,
iatr, ptc Cv




Hierarchical Cluster Analysis of CS Biopsies
Using Selected Banff Scores
i, ¥, g, ct, ci, cv, mm, ah, and tatr

Legend

Length of spokes
=% with finding

... = Banff 1
--—- = Banff 2
— = Banff 3

Cluster 2:N=40

Clusters
1—no inflamm, min ci and
min mm
Cluster 4:Naid Cluster 5:NaZd Cluster B-N=14 2—|' T
3 +4—mm, ah, cv
5 +6 —inflam, and 2,3 4

Score Distributions for DeKAF Clusters

N=253. 13 Dbsarvations In 3 Clusters not Shown



Demographics of Clusters

No major differences in:

» donor or recipient age

* race/ethnicity

» primary kidney disease

» living/deceased donor

» prior transplants

* transplant era

+ initial immunosuppressive protocol



Actuarial Graft Survival Based on
Clustering

Percent without Event

8858835838

100 | —

10

R p— e — i — p— g — i p— p— — p— p—

Cluster 1:
Clustar 2

1 TR

f3 4B

M Surveml 5% Ci
04 08.4% (BG.2, D8 &)
&0 T5.F% (57.5, BE.4)
B5.T% (TG, 93.4)
14 T 1% (38.5, 87.6)
20 B4 7% (61.3. 95.3]
14 53.0% (23.3. 75.9]

Log-Rank = 2403 P=0.002

12 15 18

Time from Entry Biopsy (Months)

Am J Transplant 2010; 10:315-323



Characteristics of the 6 Computer-
Generated Clusters

Table 6: Local pathologists’ primary or secondary diagnoses for biopsies in the 6 clusters’

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
CAN (%) 3 R g TR
Fis} (o Fiel Ao (s Fiel s}
CNI toxicity (%) 45% 8% 21% 7% 41 % 21%
Acute cellular rejection (%) 5% 17% 3%
Ab-mediated rejection (&) 3% 13% 17% 7% 3% 7%

125 biopsies were not clustered; of these, 52% had local pathologists diagnosis of CAN.
CAM, chronic allograft nephropathy; Tx, transplant; CMI, calcineurin inhibitor toxicity; Ab, antibody.

Am J Transplant 2010; 10:315-323



Findings in For Cause Biopsies in
Late Allograft Dysfunction

“iatr"—inflammation in areas of tubular atrophy
O = inflammation in less than 10% of atrophic regions
1 = inflammation in 10-25% of atrophic regions;
2 = inflammation in 26-50% of atrophic regions;
3 = inflammation in >50% of atrophic regions.

Mannon et al. Am Jnl
Transplant 2010; 10: 2066



Impact on Presence of IATR on

Graft Failure after Biopsy

Percent Survival
S 888383

100 -

o

S 8

—  iatr21

- IATR = =1
IATR=0 Logrank = 8.44 p = 00037

0 3 6 9 12 15 18 21 24 27 30 33 36
Months from Biopsy

Mannon et al. Am Jnl Transplant 2010; 10: 2066-2073



Grade of IATR Impacts Time to

Graft Loss

Percent Survival
8 8838383

100 1

-
o o

8 8

Logrank = 30

39 p = 0.0000

12

15

18

21

24

27

Months from Biopsy

30

33

36

Hazard Ratio [95%

iatr Confidence
Interval]; P-value
0 REF*
1 2.27 [0.891,5.77];
0.0860
5 2.98 [1.07, 8.34];
0.0371
3 475 [1.58, 14.27];
p=0.0055

Mannon et al. Am Jnl Transplant2010; 10: 2066-2073




IATR Has Independent Effect on Time to
Death Censored Graft Failure

100 - —'—._I_\_l—l_\
90 -

70
60- i21
50
a0

30 - None: |1=0 IATR=0
1 IATR only: I=0 IATR>=1 Logrank = 10,07 p = 0.0065
20 - Some I: |==1 regardless of |IATR

10
O_I"'I"'I"'I"'I"'I"'I"'I"'I"' L B L B
0 3 6 9 12 15 18 21 24 27 30 33 36 39
3
1
9

Percent Survival

MNone: 102 101 a1 a7 83 65 54 44 39 17 16 6
IATR only:08 96 84 79 75 63 26 a 33 16 10 2
Some |1 127 14 107 97 88 72 64 57 51 31 27 15

Months from Blopsy

801 None



Proportional Hazards Regression Models of Time to
Death-Censored Graft Failure:
IATR and Other Factors

Model 2 Model 3 Model 5 Model 6
Model 1 Model 4
Adjusted for j§ Adjusted for Adjusted for ci § Adjusted for i, ci,

Group Adjusted for Adjusted for ct

i and ci and and ct and ct, C4d*, DSA*
creatinine and creatinine

creatinine creatinine creatinine and creatinine

iatr=0 REF* REF REF REF REF REF

1.911[0.95,3.90]; §2.47[1.17,5.20]; §1.59[0.77,3.30]; 1.68[0.81,3.48];  1.60[0.77,3.32]; | 3.36[1.05,10.68];

jatr=1
0.075 0.018 0.212 0.161 0.207 0.0403
2.52[1.26,5.02]; §4.38[1.95,9.82] §2.12[1.02,4.38]; 2.00[0.96,4.16]; 2.07 [0.99,4.35]; 5.11[1.44,18.07];
iatr=2
0.009 <0.001 0.043 0.065 0.053 0.0114
6.35[2.91,13.85]; §12.0[4.4,32.61]; §3.36[1.39,8.13]; 3.44[1.42,8.33]; 3.23[1.29,8.06]; 8.07[1.71,38.07];
iatr=3
<0.001 <0.001 0.007 0.006 0.012 0.0083
Overall p-

<0.0001 <0.0001 0.0441 0.0543 0.0756

value for iatr



Summary

+ Late allograft failure attributed to T cell
rejection is less commonly described in the
literature.

+ Arteriosclerotic lesions may classify Banff
Chronic TCMR but are in part donor derived,
worsen during the post-transplant period, and
accelerated in the setting of donor specific
antibodies.

* Late cellular rejection can be seen in allograft
biopsies and contributes to graft loss.

+ In biopsies for late allograft dysfunction,
inflammation in areas of atrophy is an
independent risk factor for death-censored 3r'af’r
loss, even in the setting of antibody mediate
injury features.



Conclusions

The classification of Chronic TCMR
needs updating and will need inclusion of
both T and B cell activation reflecting
contributions of both cellular (innate
and adaptive) and humoral arms of the
iImmune response.









Selection of Final Number of Clusters

Selection of the final number of clusters requires specification
of objective criteria and clinical input

Heuristic measures are available depending on the specific
clustering algorithm (pseudo-F, pseudo-R?, cubic clustering
criterion)

When the 'true’ number of clusters is unknown, one heuristic is
to select a number close to Sqrt(N/2)



2 Clustering Analyses

February / 09

Cluster 4N

Cluster 3:N

79

Cluster 1N

Clugler 8:N

Clugter 5N

November / 08

Clustar 3N

Clustar 2-M

Cluster i

Clusier 5N




Selected Banff - i, g, ct, cv, mm, ah, and tatr - used in clustering;

i - mononuclear cell interstitial infiltrate mm - mesangial matrix
T
g - glomerulitis ah - arteriolar

hyaline
ct - tubular atrophy
thickening

All B (Raulgedibre o p S

Y al

o) , \ ‘ % ! ; 7

tatr, ptc) depicted: ;-/ ,/" SR \ ~, e F
i (R T R e S A s

t - tubulitis ey, & e | g g

_ . . - Ay 'I .’ =] MK | , " H .

v- intimal arteritis S8 >/ \ ! \,

Ci - Interstitial fibrosis o o o

Clugter Hi —94 Clustor 2-4—a80 Clugter 3N —a8

cg - glomerulopathy | |
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atrophy * / \ !

ptc — peritubular capillary
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Selected Banff - I, g, ct, cv, mm, ah,

and tatr

cl-..' H=94 'ﬂll.;I 2M=a0
| | |
ST AN /~ N\ - % F \
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Chesler 4-N-=14 Cluwker 5N=20 Clusher BN =14

DeKAF clusters (n=265); 25 observations not depicted

Cluster

1 — no infl;
min ci;
min mm

2-1,T

6 — Infl &
severe
ci,ct




Introduction

Majority of recipients with slow deterioration of function
are labeled as having "chronic rejection”, “chronic
allograft nephropathy” (CAN), or "interstitial fibrosis
with tubular atrophy” (IF/TA).

These diagnostic terms do not define specific entities
from the etiologic, physiologic, pathologic, or
prognostic point of view.



Inflammation in Areas of Atrophy:
Strong Negative Predictor of Outcome
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“iatr"—inflammation in areas of tubular atrophy
O = inflammation in less than 10% of atrophic regions
1 = inflammation in 10-25% of atrophic regions;

2 = inflammation in 26-50% of atrophic regions;
3 = inflammation in >50% of atrophic regions.







Fibrosis and Fibrogenesis
Transcripts in BK PVN Biopsies
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Alloantibody and Autoantibody
Associations with CGI

* Endothelial injury
mediated by antibody,
complement,
monocytes, leukocytes

» Outcomes impacted by
presence of DSA.

- Effective treatment
options?




Summary/Conclusion

Chronic graft injury is a considerable long term problem for
solid organ transplant recipients.

The etiologies are multi-factorial and include both antigen
dependent and independent events, some of which are
beyond clinical control.

Regardless of insult, the response to inflammation is
fibrosis. Primary injury may occur in the endothelium,
microvasculature, or epithelium. In the kidney, epithelial
injury occurs and may be associated with EMT.

CNI toxicity contributes to allograft fibrosis, but is not the
only factor.

Identifying novel mediators and targets may provide for
specific opportunities for therapy.



Local Pathologists Primary or Secondary
Diagnosis for Each Cluster

Transplant
glomerulopathy (%)

CNI toxicity (%)
Acute cellular
rejection (%)

Ab-mediated
rejection (%)

#1

#2

#3 #4 #5 #6

(n=_94) (nJO) (n§9) (ng4) (n§9) (nq4)

38 21 48 36

21 7 41 21

17 29 3 36

17 7 3 7



Characteristics at Biopsy for Each
Cluster

#1  #2 #3  #4  H#S  #H6
(n=94) (n=40) (n=49) (n=14) (n=29) (n=14)

C4d positive (%) 29 50 49 50 36 58
Donor specific Ab* 18 40 53 43 52 50
(%)

Proteinuria 260 mg/g 19 35 51 50 55 50
CR (%)

Time from tx to 85 53 71 58 134 126
biopsy (mos) (x SD) (65) (B52) (B3) (32) (104) (78)



Other Analyses - Cross-sectional
Cohort

1) Level of C4d+ staining of peritubular capillaries

correlates with long-term graft survival
Optimal” cutoff has not been determined; > 10% strong predictor of
graft  loss

2) Time to graft failure is significantly associated with
C4d+ status but not AR (in late post-transplant biopsies)



Depiction of Clusters - “Cluster Clock"
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Histopathologic Clusters Differentiate Subgroups
Within the Nonspecific Diagnoses of CAN or CR:
Preliminary Data from the DeKAF Study

25 observations not depicted
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Am Jnl Transplant 2010; 10: 315



Histopathologic Clusters Differentiate Subgroups Within the
Nonspecific Diagnoses of CAN or CR: Preliminary Data from the
DeKAF Study

Clusser 1:M=04 Clusher 2:N=40

Clusser 4:M=14 Cluster S:NeZd Cluster GMaid

Am Jnl Transplant 2010; 10: 315-323



C4d* Progressed More Rapidly to Graft

Failure than DSA*

DeKAF Study Graft Survival by C4d/DSA Group
Long—Term Cohort Entry Biopsies

Graft Survival (%)

Cad-/DSA-:56
Cad-/DSA+:25
Cad+/DSA-:29
Cad+/DSA+: 34

13
Months from Entry Biopsy

Patients
with C4d or
DSA or both
had worse

outcomes
(p<0.0001)

Transplantation. 2010 Jul 15;90(1):68-74.



Inflammation in Areas of Atrophy:
Strong Negative Predictor of Outcome
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“iatr"—inflammation in areas of tubular atrophy

O = inflammation in less than 10% of atrophic regions
1 = inflammation in 10-25% of atrophic regions;

2 = inflammation in 26-50% of atrophic regions;
3 = inflammation in >50% of atrophic regions.




Fraction surviving
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Chronic TCMR

"Chronic TCMR was defined by sclerosing transplant
arteriopathy. This lesion is characterized by intimal
widening due to the de novo accumulation of collagens
I and ITI, lack of elastosis, and varying degrees of
in’rlilmal inflammation with mononuclear inflammatory
cells.

In sclerosing transplant arteriopathy, the intima
usually contains varying numbers of myofibroblasts,
occasional foam cells, and, in active disease stages,
scattered, often clustered mononuclear inflammatory
cells that may be most prominent along the inner
elastic lamina. Endothelial cells are offen enlarged
with reactive nuclei sometimes overlying an ill-defined
ring of smooth muscle cells: that is, so-called
neomedia formation."




Cohort Local Biopsy Diagnoses

Primary/Secondary DX

Acute antibody mediated rejection
Acute cellular rejection

ATN
Allograft nephropathy

Art. nephrosclerosis

Borderline change
CNI toxicity
Glomerulonephritis (de novo)

NPD
Polyomavirus (BK)

Recurrent disease
Transplant glomerulopathy
Inadequate

Other (e.g., pyelo)

€SC (N=425 )

N (%)
29 (7)
76 (19)
18 (4)
196 (48)
33 (8)
28 (7)
116 (29)
23 (6)
9 (2)
11 (1)
53 (13)
82 (20)
4(1)
91 (22)

Prospective
(N=227) N (%)
18 (8)

77 (34)

25 (11)

61 (27)
5(2)

18 (8)

25 (11)
7(3)

23 (10)

18 (8)
9(4)

16 (7)

2 (1)

48 (21)



Tissue Regeneration versus Fibrosis:
The Process of Wound Healing
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Graft Survival is Lower in Patients With
SCR Associated with IFTA (i+IFTA)

Fraction surviving
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IFTA + i

Tubulointerstitial
inflammation in early
surveillance biopsies is
associated with
progression of IF and
decreased allograft

survival [Nankivell et al.
Transplantation 2004, 78:242; Choi et

al. AJT 2005;5: 1354].

Surveillance biopsies
with i in non-scarred
areas and IFTA [IFTA +
iLare associated with
shorter graft survival
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IFTA + i and DSA

598 kidney transplant
recipients of low immune risk
(CTX neg, PRA<20%, DSA

heg) Factor OR of dnDSA
- Basiliximab, CNI based
therapy
- 6w and 12m biopsies with HLADR MM 1.95 (1.09-3.49)
DLS Qsmeasur'? nIQAanfSIOOO i
(Labocreen)/ MF1<1000 = "scoreat 6w 5 49 (1 67-10.03)
9 biopsy
. nprr;\all)his'rology (i+t<1 and
CIH+CT< .
. inﬂam{g‘aﬂon (i+t22 and IFTA+i at 6w 409 (167-1005)
ci+cte

« IFTA (i+t<1 and ci+ct22)

« IFTA+i (i+1>2 and ci+ct22)
Findings of IFTA+i @ 6w are
independent risk for dnDSA
(8.9% of pop at ly)

Garcia-Carro et al. Transplantation 2016, PMID 27163535



