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Thené

Å41 patients receiving a skin-containing 

VCA had been reported worldwide

ïN=28, hands

ïN= 3, face

ïN= 1, knee with a skin island

ïN= 9, abdominal wall



•Broad based, nonadvocacy, independent panel

•Freedom from scientific or financial conflict of 
interest

•Systematic literature review

•Invited speakers 

•Predetermined questions defining scope and 
direction of the conference

•Conclusions summarized as Consensus Report and 
submitted for peer-reviewed publication

•Reconvene in 2 years to evaluate how this 
classification is working

NIH Consensus Development Program
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Living Document 



Grade 0 Grade I

Grade IV

Grade IIIGrade II



ÅAcute Cell-Mediated Rejection

ÅChronic Rejection

ïóInsufficient data are available to define specific 

changes of chronic rejection in CTAô

ïVascular narrowing, loss of adnexa, atrophy, 

myointimal proliferation, and nail changes

ÅAntibody-mediated rejection 

ïóthere is not enough information to draw conclusions 

regarding AMRòé donor-HLA specific antibodies, 

vasculitis, neutrophilic margination, thrombi, necrosis, 

history of sensitization,

ÅRelated/nonrejection pathology

ïInfection, drug toxicity, PTLD, GVHD, dermatitis, 

eosinophilic cellulitides
AJT 2008;8:1396-1400



ÅAcute Cell-Mediated Rejection

ÅChronic Rejection

ïóInsufficient data are available to define specific 

changes of chronic rejection in CTAô

ïVascular narrowing, loss of adnexa, atrophy, 

myointimal proliferation, and nail changes

ÅAntibody-mediated rejection 

ïóthere is not enough information to draw conclusions 

regarding AMRòé donor-HLA specific antibodies, 

vasculitis, neutrophilic margination, thrombi, necrosis, 

history of sensitization,

ÅRelated/nonrejection pathology

ïInfection, drug toxicity, PTLD, GVHD, dermatitis, 

eosinophilic cellulitides
AJT 2008;8:1396-1400



Nerlich A, et al. Germany



ÅAcute Cell-Mediated Rejection

ÅChronic Rejection

ïóInsufficient data are available to define specific 

changes of chronic rejection in CTAô

ïVascular narrowing, loss of adnexa, atrophy, 

myointimal proliferation, and nail changes

ÅAntibody-mediated rejection 

ïóthere is not enough information to draw conclusions 

regarding AMRò

ÅRelated/nonrejection pathology

ïInfection, drug toxicity, PTLD, GVHD, dermatitis, 

eosinophilic cellulitides

AJT 2008;8:1396-1400



Nail Changes 

Chronic rejection 

Kaufman C, et al. Louisville, KY

Loss of Adnexa



Graft Vasculopathy in Clinical Hand Transplantation

Kaufman CL, et al, AJT 2012



First Banff VCA Survey



ÅAcute Cell-Mediated Rejection

ÅChronic Rejection

ïóInsufficient data are available to define specific 

changes of chronic rejection in CTAô

ïVascular narrowing, loss of adnexa, atrophy, 

myointimal proliferation, and nail changes

ÅAntibody-mediated rejection 

ïóthere is not enough information to draw conclusions 

regarding AMRò

ÅRelated/nonrejection pathology

ïInfection, drug toxicity, PTLD, GVHD, dermatitis, 

eosinophilic cellulitides

AJT 2008;8:1396-1400



Related/nonrejection pathology

Demetris J, Gorantla V, et al.



Demetris J, Gorantla V, et al.



Demetris J, et al., Banff 2013

Gorantla V, et al. VCA Histopathology Workshop 2016 

Banff III
Epidermal vesiculation 

& vascular thrombosis 

Related/nonrejection pathology



Chronic Rejection (preclinical model)

Mundinger G, et al.  Transplantation 2013

Chonic Rejection in non-human primates

Drachenberg C, et al



Chronic changes (Clinical)

Drachenberg C, 

Diefenbeck M, et al Transplant Int. 2011 



ÅAcute Cell-Mediated Rejection

ÅChronic Rejection

ïóInsufficient data are available to define specific 

changes of chronic rejection in CTAô

ïVascular narrowing, loss of adnexa, atrophy, 

myointimal proliferation, and nail changes

ÅAntibody-mediated rejection 

ïóthere is not enough information to draw conclusions 

regarding AMRò

ÅRelated/nonrejection pathology

ïInfection, drug toxicity, PTLD, GVHD, dermatitis, 

eosinophilic cellulitides

AJT 2008;8:1396-1400



Antibody-mediated rejection

Case report

POD 5Pre-op

POD 12 Banff I

POD 15 Banff II and signs of 

AMR with capillaries in the 

papillary dermis, around 

eccrine glands, small arteries 

and arterioles with C4d+

Chandraker A, et al. 

POD 5



Complement Deposition (C4d)

Pre- cellular rejection              Cellular rejection                Post-treatment

Pre-

sensitized 

patient

Not pre-

sensitized 

patient

Chandraker A, et al.



ÅAcute Cell-Mediated Rejection

ÅChronic Rejection

ïóInsufficient data are available to define specific 

changes of chronic rejection in CTAô

ïVascular narrowing, loss of adnexa, atrophy, 

myointimal proliferation, and nail changes

ÅAntibody-mediated rejection 

ïóthere is not enough information to draw conclusions 

regarding AMRò

ÅRelated/nonrejection pathology

ïInfection, drug toxicity, PTLD, GVHD, dermatitis, 

eosinophilic cellulitides

AJT 2008;8:1396-1400



Kanitakis J, et al.

Transplant Int 2014

Graft Vasculopathy in the skin



Kanitakis J et al, Transplantation 2016

Vasculopathy in the skin



CD3

CD20

Allograft vasculopathy  - Finger amputation

Arteritis
Intimal thickening
myointimal proliferation

Capillary thrombosis
Kanitakis J et al, Transplantation 2016



Kanitakis J, et al

Chronic changes in face transplantation



Consensus



•Broad based, nonadvocacy, independent panel

•Freedom from scientific or financial conflict of 
interest

•Systematic literature review

•Invited speakers 

•Predetermined questions defining scope and 
direction of the conference

•Conclusions summarized as Consensus Report and 
submitted for peer-reviewed publication

•Reconvene in 2 yearsto evaluate how this 
classification is working

NIH Consensus Development Program



I International Workshop on VCA Histopathology- May 2016

Austria
Brigham and Women Hospital
Johns Hopkins
Louisville
Lyon, France
Massachusetts General Hospital
Mexico City, Mexico
University of Maryland
University of Pennsylvania
University of Pittsburgh
Duke University

Evaluation of the Classification
Discussion of the first revision 
E-Survey to 11 Pathologists
Biopsy Form –

Consensus
Banff VCA Vancouver 2015

Case Presentations
Pathologists 
Treating Physicians

‘Grades and Stages of Rejection: Towards Clinical Correlation’



Pre-Workshop Survey

Adnexa

Dermal 
changes 

8/11 responded

41 data points collected

Vascular 
changes 

Case  # 10:



Consensus 

ÅStandardize definitions of criteria

ÅAcute, chronic, AMR

ÅMeeting report



•Laboratory Information Management System 
(LIMS) –LabVantage
–Patient

•Consents

–Visits
–Sample 

•aliquots 

–Track & Store
–Distribution & Shipping

•REDCap 
– Extracted clinical data
–Query discrete clinical criteria

•Clinical and Preclinical Histology 
Immunohistochemistry Core

VCA Biorepository



Pre-clinical models in VCA

Skin Vessels Nerve

Cendales L, Kirk AD, et al. 

Duke University

Hanconck W, Levin S, 

Levine M, et al. 

CHOP/U Penn
Bartlett S, Barth R, et al. 

University of Marland



Skin as a Harbinger of Rejection of Underlying 
Structures in Vascularized Composite Allografts: 

Concordance or Discordance?

Cendales L1, Levine M2, Bartlett S3, CheesemanJ1, 
DrachenbergC3, Hancock W4, Joshi M1, Kirk AD1, 

Leopardi F1, Levin S1, UluerM3, SelimA1, Song M1, 
TwaddellW3, Wang L4, Wang Z2, Barth R3. 

1Duke University,
2University of Pennsylvania, 

3University of Maryland 
4Children's Hospital of Philadelphia

AJT 2016, 16(S3):433



http://aperio.duhs.duke.edu/Pathology_Cendales/view.apml

E- Survey 

http://aperio.duhs.duke.edu/Pathology_Cendales/view.apml


Nowé

ÅInternational Collaboration

ÅComposite Tissue Allotransplantation to 

Vascularized Composite Allotransplantation



ÅAcute Cell-Mediated Rejection

ÅChronic Rejection

ïóInsufficient data are available to define specific changes of 

chronic rejection in CTAô

ïVascular narrowing, loss of adnexa, atrophy, myointimal 

proliferation, and nail changes

ÅAntibody-mediated rejection 

ïóthere is not enough information to draw conclusions regarding 

AMRòé donor-HLA specific antibodies, vasculitis, neutrophilic 

margination, thrombi, necrosis, history of sensitization,

ÅRelated/nonrejection pathology

ïInfection, drug toxicity, PTLD, GVHD, dermatitis, eosinophilic 

cellulitides

AJT 2008;8:1396-1400

Established a Common Language



Limitations

•Sampling error

•Reproducibility

–Dependent on the group in which is tested

–Influenced by biological variability

–Experience of the pathologist

•Role of immunostaining

–Not indicated for diagnosis in routine practice

–May result in overdiagnosisof rejection



Controversies in pathology

•Classification is non-specific

•Presence of histopathologicalsigns of rejection with absence of 
clinical signs of rejection

•Classification relies on histopathologicalcharacterization of 
rejection and excludes the visual changes

•Classification does not differentiate rejection from other T-cell 
dominated inflammatory conditions

•Classification is inadequate between intra- and interobserver
reproducibility

•Classification is deficient in precision between borderline acute 
rejection and acute rejection



Skin and non-skin containing VCA

N= < 300 recipients reported worldwide

Kidney 

N= > 200,000 recipients reported 
worldwide



 

Pre-
Banff[1] 

1st Banff[2] Banff'97[3] 
Banff'97 

Update[4] 
Banff'051[5] Banff'07[6] 

1. Normal 1. Normal 1. Normal 1. Normal 1. Normal 1. Normal 

2. 

Hyperacute 
2. Hyperacute 

2. Antibody-

mediated rejection 

immediate ï 

Hyperacute 

Delayed ï 

accelerated acute 

2. Antibody-

mediated rejection 

2. Antibody-

mediated rejection 

2. Antibody-

mediated rejection 

   

Type I: C4d+, 

ATN, min. 

inflamm Type II: 

C4d+, leukocytes 

in ptc Type III: 

C4d+, transmural 

arteritis 

Acute AMR Type 

I: C4d+, ATN, 

min. inflamm Type 

II:  C4d+, 

leukocytes in ptc 

Type III: C4d+, 

Transmural arteritis 

Chronic active 

AMR 

Acute AMR Type 

I: C4d+, ATN, 

min. inflamm 

Type II: C4d+, 

leukocytes in ptc 

Type III: C4d+, 

transmural 

arteritis Chronic 

active AMR 

3. 

Accelerated 

acute 

3. Borderline 

Mi ld tubulitis: 

t0, t1 

interstitial 

inflamm: i0, i1 

3. Borderline Mild 

tubulitis: t0, t1 

interstitial 

inflamm: i0, i1 

3. Borderline Mild 

tubulitis: t0, t1 

interstitial 

inflamm: i0, i1 

3. Borderline Mild 

tubulitis: t0, t1 

interstitial 

inflamm: i0, i1 

3. Borderline 

Mi ld tubulitis: t0, 

t1 interstitial 

inflamm: i0, i1 

4. Acute 

rejection 

4. Acute 

rejection Grade 

I: i2ïi3 and/ or 

t2 Grade II: t3 

and/or intimal 

arteritis: v1, v2 

Grade III: 

transmural 

arteritis v3 

4. Acute/Active 

rejection Type IA : 

i2, i3 & t2 Type 

IB: severe 

tubulitis t3 Type 

IIA : mild-mod 

intimal arteritis v1 

Type IIB: severe 

intimal arteritis v2 

Type III: 

transmural 

arteritis v3 

4. Acute/Active 

cellular rejection 

Type IA: i2, i3 &  

t2 Type IB: severe 

tubulitis t3 Type 

IIA : mild-mod 

intimal arteritis v1 

Type IIB: severe 

intimal arteritis v2 

Type III: 

transmural arteritis 

v3 

4. T-cell-mediated 

rejection Acute 

TCR Type IA: i2, 

i3 & t2 Type IB: 

severe tubulitis t3 

Type IIA: mild- 

mod intimal 

arteritis v1 Type 

IIB : severe intimal 

arteritis v2 Type 

III:  transmural 

arteritis v3 Chronic 

active TCR 

4. T-cell-mediated 

rejection Acute 

TCR Type IA: i2, 

i3 & t2 Type IB: 

severe tubulitis t3 

Type IIA: mild-

mod intimal 

arteritis v1 Type 

IIB : severe 

intimal arteritis v2 

Type III: 

transmural 

arteritis v3 

Chronic active 

TCR 

5. Chronic 

rejection 

5. Chronic 

allograft 

nephropathy 

Grade I: mild 

Grade 

II:moderate 

Grade III: 

severe 

5. Chronic 

allograft 

nephropathy 

Grade I: mild 

Grade II:moderate 

Grade III: severe 

5. Chronic 

allograft 

nephropathy 

Grade I: mild 

Grade II:moderate 

Grade III: severe 

5. Interstitial 

fi brosis and tubular 

atrophy (IFTA) 

Grade I: mild 

Grade II:moderate 

Grade III: severe 

5. Interstitial 

fibrosis and 

tubular atrophy 

(IFTA) Grade I: 

mild Grade 

II:moderate Grade 

III:  severe 

 

6. Other: 

Changes not 

due to rejection 

6. Other: Changes 

not due to 

rejection 

6. Other: Changes 

not due to 

rejection 

6. Other: Changes 

not due to rejection 

6. Other: Changes 

not due to 

rejection 

·   

Evolution of the Banff Kidney Scoring System 

D.M. Bhowmik, et al. Indian J 

Nephrol 2010



More Unknowns than Knowns
• Gradingcapillarythrombosis

– Relationship with chronicrejection 

– Or consequenceof AMR

• Diagnosisand Gradingchroniclesions

– Fibrosis: 

• surface extension 

• Deepnessin the skin biopsy

• Gradingof vasculopathy

– Involvement, numberof arteries

– Localization

– Active lesion, arteritis

• Diagnosisof AMR 

• Molecular and genomic approaches

• Study of effector functions of antibody and its 
manifestations in tissues (acute and chronic)

• Detection of antibody functions

– Biopsy: histology, genomics

– Blood: serological, cellular

• Therapeutic options

• Mixed rejection

• Specificity of isolated 
dyskeratotic/apoptotic keratinocytes 

• Does location alter the specificity of 
isolated dyskeratotic/apoptotic cells?

– Epidermis

– Follicular epithelium

– Sweat gland epithelium

– Basal vs. suprabasal/at all levels

• Analogy to GVHD 

• Value of a numeric threshold

• Role of mast cells in chronic immune 
injury

• Role of C4d staining and/or DIF staining 
for C4d in the management of rejection

• Significance of focal epidermal changes 
(i.e. spongiosisand/or lymphocyte 
exocytosis) in Banff I, Banff II

• Relationship of graft function vs. rejection
– Acute and chronic



Coming together and agreeing to 
systematically study VCA pathology is 

a significant step

But the hard work starts now



We started talking together in a 
common language

A common language allows for 
collaboration



We started talking together in a 
common language

We can now argue


