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ABSTRACT

The Banff pancreas working schema for diagnosis and grading of rejection is widely used
for treatment guidance and risk stratification in centers that perform pancreas allograft bi-
opsies. Since the last update, various studies have provided additional insight regarding the
application of the schema and enhanced our understanding of additional clinicopathologic
entities. This update aims to clarify terminology and lesion description for T cell-mediated
and antibody-mediated allograft rejections, in both active and chronic forms. In addition,
morphologic and immunohistochemical tools are described to help distinguish rejection
from nonrejection pathologies. For the first time, a clinicopathologic approach to islet pa-
thology in the early and late posttransplant periods is discussed. This update also includes
a discussion and recommendations on the utilization of endoscopic duodenal donor cuff
biopsies as surrogates for pancreas biopsies in various clinical settings. Finally, an analysis
and recommendations on the use of donor-derived cell-free DNA for monitoring pancreas
graft recipients are provided. This multidisciplinary effort assesses the current role of
pancreas allograft biopsies and offers practical guidelines that can be helpful to pancreas
transplant practitioners as well as experienced pathologists and pathologists in training.

1. Introduction

Currently, pancreas transplantation is the only available
treatment leading to durable euglycemia in selected patients with
insulin-dependent diabetes mellitus. Following transplantation,

patients may demonstrate stabilization/reversal of diabetic com-
plications, improved quality of life, and survival.'®

The pancreas Banff schema provides guidelines for the
diagnosis and treatment of T cell-mediated rejection (TCMR)
and antibody-mediated rejection (AMR) and facilitates graft
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loss risk stratification.’'" Nevertheless, pancreas transplant
biopsies (PTxBx) remain underutilized due to misperceptions
regarding a high risk of complications and difficulty in safely
obtaining adequate tissue.'” The small number of PTxBx has
fostered the view that interpretation is difficult and clinical
correlations uncertain.

The success of pancreas transplantation demands a team
approach with collaboration between the medical-surgical team
that will decide treatment interventions and the pathologists that
interpret PTxBx.* 1323

This report presents progress in areas related to pancreas
graft histopathology as discussed at the Banff session on
September 21, 2022, reflects extensive discussions by the pa-
thology working group, and incorporates input sought from the
wider pancreas transplant community.

1.1. Indications for PTxBx

Careful donor and recipient selection, potent immunosup-
pression, and systematic posttransplant monitoring have helped
improve outcomes. Nevertheless, the incidence of allograft
rejection remains significant, according to reports from the
International Pancreas Transplant Registry and the Organ Pro-
curement and Transplantation Network/Scientific Registry of
Transplant Recipients .%*> Immunologic loss is higher following
solitary pancreas transplantation, including the pancreas trans-
plant alone (PTA) and sequential pancreas after kidney (PAK)
categories. However, even in simultaneous kidney-pancreas
transplants (SPK) after the first year, acute and/or chronic
rejection are the major causes of death-censored graft loss (15%
and 28%, respectively).?*?°> PTxBx remains the gold standard to
confirm active rejection, as neither serologic blood tests nor
radiological imaging are diagnostic.

International guidance for metabolic and immunologic moni-
toring, including indications for PTxBx, has recently been
published.''®

Performance of a PTxBx is strongly recommended when there
is exocrine graft dysfunction or clinical suspicion of rejection to
establish a diagnosis and tailor treatment.®'219.23.26.27 |5 gpK
transplantation, kidney biopsies play an important role, but
PTxBx are indicated when there is pancreas dysfunction and
particularly when the kidney biopsy is negative.28 Discordant
rejection in SPK transplantation occurs in 26% to 37% of
cases.'> 182930 pPTxBx are also indicated in patients with recur-
rent hyperglycemia and/or increasing hemoglobin A1c (HbA1c)
levels to identify islet pathology, particularly when the graft is not
small (fibrotic/atrophic) on imaging.’ "

1.2. Surveillance or protocol biopsies

Surveillance PTxBx are used to monitor PTA and PAK trans-
plants in < 30% of centers'?*>*5 and may be useful for patients
with donor-specific antibodies (DSA).®” Outcomes with PTxBx
performed at 4 months and 1 year highlighted the impact of
subclinical and acute rejection (AR) on graft failure.’
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1.3. Clinical correlations

For all PTxBx, it is important to emphasize the importance of
clinicopathological correlations. Consideration of the clinical
presentation can improve pathologic diagnostic accuracy and
result in feedback that is more meaningful to the clinical care
team (Table 1).

2. 2022 update to the Banff diagnostic categories

The reevaluation of the diagnosis and grading schemas had
the main purpose of making them more comprehensive and
easier to apply in the diagnostic setting. Table 2 presents
the current updated working schema. For the most recent
updates, visit https://banfffoundation.org/central-repository-for-
banff-2019-resources-3/

2.1. Category 3-TCMR

- A subsection on chronic active TCMR was added to
recognize the continuum between ongoing TCMR and evolving
graft fibrosis (Fig. 1). This subsection also provides the basis for
a more accurate diagnosis of chronic rejection vs graft fibrosis of
a different or unknown etiology.

2.2. Category 4 -AMR

- The diagnosis of AMR was initially based on limited experi-
ence and using features of AMR in the kidney.?”> Subsequently,
several groups have confirmed their usefulness for
PTxBx.58 15183740 |n the current update, the diagnosis of AMR
remains founded on the presence of microvascular inflamma-
tion/injury , documented DSA, and complement component 4d
(C4d) positivity. However, it is recognized that biopsies with only 2
features of AMR are not uncommon, typically prompting thera-
peutic interventions.®*":341 Although C4d positivity is associ-
ated with inferior graft outcomes, C4d staining appears to be less
reliable than the identification of microvascular inflamma-
tion/injury together with documented DSA.%%%*" Based on cur-
rent clinical practices and reflecting the consensus discussions for
the 2022 kidney update, the category “suspicious” is replaced by
“probable” active AMR, for cases with incomplete AMR features
(2 out of 3). The relative importance of each of the 3 components
has not been determined for the pancreas; however, the presence
of microvascular inflammation objectively reflects a morphologic
abnormality that requires further investigation and follow-up.

- The presence of DSA (particularly class ll), is associated
with an increased incidence of rejection of all types (TCMR,
AMR, and mixed), also conferring a greater risk of graft failure.*!
A footnote that applies to all rejection categories is added, to
emphasize the importance of recognizing mixed rejection (TCMR
+ AMR),*%%02 and also listing the main features of each
rejection type.*®

- Chronic active AMR is also added to category 4, with the
specific features listed in Table 2 and Figure 2.
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Clinical information potentially useful for the pathologic evaluation®.

Information

Rationale

Time post transplant

Reason for biopsy

Presence of DSA and history of DSA

Immunosuppression: Optimal vs
suboptimal

Previous rejection/previous
treatment

Peripancreatic infection/fluid
collection

Cytomegalovirus (CMV) viremia

SPK: kidney rejection, BK
nephropathy

Imaging studies: Small vs normal-

size graft

Septal chronic inflammation is more common in long-term transplants. Ischemic injury/peripancreatic reaction is
more common in the first few weeks posttransplant.

Surveillance vs increased enzymes (acute, persistent, fluctuating), hyperglycemia, and so on will prompt
consideration of other differential diagnoses and/or special studies.

Search for subtle features of antibody-mediated rejection and the possible use of ancillary stains.

In addition to rejection, lower immunosuppression can lead to subtle or unusual patterns of inflammation.

Residual inflammation may persist weeks or months after rejection treatment; accurate information may help
categorize active vs residual inflammation.

Acute and chronic phases can lead to inflammation and fibrosis in the more superficial parenchyma and require
differentiation from T cell-mediated rejection (TCMR) and chronic rejection.

May prompt the use of deeper sections or CMV stains for differentiation from TCMR.

Information regarding the pair organ can help interpret pancreatic pathology.

A biopsy showing a fibrotic graft from a graft of normal size may suggest a sampling error. Pancreas enlargement/

mass may represent an infiltrative process (eg, PTLD, tumor, or cyst).

DSA, donor-specific antibody; SPK, simultaneous pancreas and kidney transplant; PTLD, posttransplant lymphoproliferative disorder.

& This is not meant to be a complete list of clinical scenarios, but it exemplifies the type of information that, when available and shared with the pathology team,

can facilitate the pathology evaluation.

2.3. Previous category 5

- Chronic allograft arteriopathy, defined as “arterial intimal
fibrosis with mononuclear cell infiltration in fibrosis,
incorporated into the chronic active TCMR and AMR de-
scriptions. Chronic allograft arteriopathy is more common in
pancreatectomies from failed grafts with chronic or ongoing
rejection (TCMR or AMR).*“% Active and chronic arterial
changes may be caused by both TCMR and AMR.*/?

3. Rationale for the evaluation of cluster of
differentiation 3 (CD3) and cluster of differentiation
68 (CD68) stains to determine the extent and pattern

of inflammation

From a practical point of view, inflammation in the pancreatic
septal connective tissue and septal structures (veins, ducts, and
arteries) and in atrophic exocrine lobules is easily identified on
routine hematoxylin and eosin staining. In contrast, assessment
of mononuclear inflammatory infiltrates in well-preserved, tightly
packed acinar glandular tissue may be difficult. Accurate and
timely identification of acinar inflammation is essential to pre-
venting the development of lobular fibrosis. Accordingly, the

In preliminary studies, the extent of CD3 staining in acini
correlated linearly with the presence and severity of TCMR,
whereas the absence of TCMR had no or minimal CD3 staining.
Furthermore, the cumulative load of acinar T cells and macro-
phages correlates with an incremental risk of graft failure.>® The
contribution of CD68 staining to the diagnosis of early or mildly
active AMR was discussed previously.

Currently, 50% of the pathologists in the pancreas working
group use CD3 (pan-T cell) and CD68 (monocyte/macrophage)
immunostains routinely or for difficult cases to more accurately
assess the amount and distribution of the inflammatory infiltrates.

The pathology working group recommends that the diagnosis
and grading of rejection remain based on the evaluation of routine
stains and the application of the Banff working schema. Careful
evaluation of the acinar parenchyma with an assessment of the
extent of inflammation and associated acinar cell injury is essential
for the grading of TCMR and the recognition of early AMR. CD3
and CD68 stains can be helpful in ambiguous cases, particularly
with inconspicuous lobular mononuclear infilirates, and for
discrimination from nonrejection related processes (Figs. 1 and 3).

Systematic analysis of CD3 and/or CD68 scoring in PTxBx to
determine whether these are clinically useful is a main area of
future research (Table 3).

»4 is now

extent and severity of lobular inflammation/acinar cell damage

are essential for grading TCMR in the Banff schema.?’** The
CD3 and CD68 immunostains can help estimate the density and
distribution of T cells and monocytes/macrophages against the

background staining.**

3.1. Category 5—graft sclerosis

This category provides guidelines for assessing the degree
of fibrosis (stage), as this carries important prognostic impli-

365



C.B. Drachenberg et al. American Journal of Transplantation 24 (2024) 362-379

Table 2
Banff pancreas allograft rejection grading schema—2022 update diagnostic categories®®.

1. Normal

- Absent inflammation or inactive focal, septal, or mononuclear inflammation (small lymphocytes only), not involving ducts, veins, or arteries.

- There is no graft fibrosis. The fibrous component is limited to normal septa, and its amount is proportional to the size of the enclosed structures (ducts and
vessels).

- The acinar parenchyma shows no signs of inflammation, acinar cell injury, or atrophy.

2. Indeterminate®

- Septal inflammation that appears mostly inactive but is multifocal or has isolated features of activity (eg, focal activated lymphocytes and focal eosinophils).
There is no venulitis or ductitis.”

3. T cell-mediated rejection®

Mild active T cell-mediated rejection/grade |

- Active septal inflammation (activated, blastic lymphocytes, + eosinophils) involving septal structures as indicated by venulitis (perivenular inflammation/
cuffing and venous endothelitis in septal veins, subendothelial accumulation of inflammatory cells and endothelial injury, activation, swelling, and/or lifting)
and/or ductitis (epithelial inflammation and ductal epithelial injury, reactive features, disarray, sloughing).

and/or

- Focal acinar inflammation. No more than 2 inflammatory foci per lobule with absent or minimal acinar cell injury.

Moderate active T cell-mediated rejection/grade Il °

Multifocal (but not confluent or diffuse) acinar inflammation (> 3 foci per lobule) with spotty (individual) acinar cell injury and drop-out, focal encroachment by
lymphocytes, replacement of acinar cells by inflammation, and/or incipient fibrosis. Active septal inflammation, as in grade |, is often present.
and/or

Mild intimal arteritis/arterial endothelitis (with minimal, < 25% luminal compromise) with any degree of septal and/or lobular inflammation.

Severe active T cell-mediated rejection/grade Il °

- Diffuse, widespread, and extensive acinar inflammation with focal or diffuse multicellular/confluent acinar cell necrosis. Active septal inflammation, as
described for grade |, is often present.
and/or
Moderate or severe intimal arteritis/arterial endothelitis (> 25% luminal compromise) with or without transmural inflammation/necrosis with any degree of
septal and/or lobular inflammation
Chronic active T cell-mediated rejection

Defined as ongoing inflammation in acini and/or ducts and/or arteries with features of chronic injury, fibrosis, or remodeling.

- Predominantly mononuclear inflammation in fragmented acini with increased interacinar fibrosis. Overall, > stage 1 graft fibrosis is required.

- Ductal inflammation in ducts with periductal fibrosis and/or degenerative atrophic or metaplastic epithelial changes.

- Chronic transplant arteriopathy: arterial intimal fibrosis with mononuclear cell infiltration in fibrosis (typically T cells = macrophages).

Concurrent active T cell-mediated rejection should be separately diagnosed and graded as per guidelines, and listed as the primary diagnosis because it
may be amenable to treatment.”

4. Antibody-mediated rejection (AMR, see diagnostic components below*)

Active antibody-mediated rejection

*Confirmed circulating donor-specific antibody

*Morphologic evidence of active tissue injury (interacinar inflammation/capillaritis, acinar cell damage, swelling/necrosis/apoptosis/drop-out, vasculitis,
thrombosis)

*C4d positivity in interacinar capillaries (IAC, >1% of acinar lobular surface) ©

(continued on next page)
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Table 2 (continued)

- Active AMR 3 of 3 diagnostic components.*
- Probable active AMR 2 of 3 diagnostic components.*
- Heightened clinical vigilance and exclusion of AMR are recommended when only 1 diagnostic component* is present.

Guidelines for histologic grading of active AMR

Grade I/mild: Well-preserved architecture, mild monocytic/macrophagic, and/or neutrophilic infiltrates with rare acinar cell damage.

Grade ll/moderate: Overall preserved architecture with obvious monocytic/macrophagic, and/or neutrophilic infiltrates with multicellular acinar cell damage.

Capillary dilatation, capillaritis, congestion, and extravasation of red blood cells.

Grade lll/severe: Architectural disarray, scattered inflammatory infiltrates in a background of interstitial hemorrhage, multifocal parenchymal necrosis, arterial

and venous necrosis, and thrombosis.

Chronic active antibody-mediated rejection

*Morphologic evidence of active (as above) and chronic tissue injury with evolving parenchymal fibrosis (> stage | graft fibrosis) and/or vascular changes
indicating thrombosis, recanalization, vascular remodeling, and/or chronic transplant arteriopathy.

*Confirmed circulating DSA.

*C4d positivity in interacinar capillaries (> 1% of acinar lobular surface).

- Chronic active AMR: 3 of 3 diagnostic components*

- Probable chronic active AMR: 2 of 3 diagnostic components*

5. Graft fibrosis'

- Mild graft fibrosis/stage

Expansion of fibrous septa; the fibrosis occupies < 30% of the core surface, but the acinar lobules have eroded, irregular contours. The central lobular areas
are normal.

- Moderate graft fibrosis/stage II

The fibrosis occupies 30%-60% of the core surface. The exocrine atrophy affects the majority of the lobules in their periphery (irregular contours) and in their
central areas (thin fibrous strands crisscross between individual acini).

- Severe graft fibrosis/stage IlI

The fibrotic areas predominate and occupy > 60% of the core surface, with only isolated areas of residual acinar tissue and/or islets present.

6. Islet pathology®

- Islet injury due to parenchymal ischemia.

- p cell injury due to calcineurin inhibitors toxicity.

- Recurrence of autoimmune DM

o Insulitis

e Selective p cell loss

- Features of type 2 DM

o Islet amyloid deposition

- Nonspecific reactive/regenerative changes

o Nesidioblastosis

e Islet hyperplasia

7. Other histologic diagnosis. Pathologic changes are not considered to be due to active and/or chronic rejection. eg, peripancreatic reaction, ductal issues,

cytomegalovirus pancreatitis, posttransplant lymphoproliferative disorder, and others.

For most updated version, see Banff website: https://banfffoundation.org/central-repository-for-banff-2019-resources-3/.
DM, diabetes mellitus.

& Sample adequacy: 3 lobular areas and associated septal connective tissue. The report should state the number of lobular areas and mention whether arteries
are present or absent. Recommended stains are hematoxylin and eosin (H&E), trichrome, and C4d. Section thickness: 4 pm.

® The diagnostic categories can be used concurrently as applicable and should be listed in the pathology report according to their clinico-pathologic significance/
severity. When mixed active TCMR and AMR are identified, it is necessary to estimate the degree of activity (mild, moderate, or severe) for each process and also
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indicate the extent of overall fibrosis (stage). histologic features favoring active TCMR are septal infiltrates, eosinophils, venulitis, ductitis, and mononuclear
acinitis. Histologic features favoring active AMR are Neutrophilic acinar or septal infiltrates, capillaritis, necrotizing vasculitis, interstitial hemorrhage, and hem-
orrhagic necrosis.

¢ CD3 and CD68 immunostains can highlight differences in the composition and distribution of T cells and monocytes/macrophages. This may be helpful for the
diagnosis and grading of rejection and to distinguish other pathologic processes, particularly when the routine light microscopy findings are ambiguous.

9 Patchy perivenular mononuclear inflammation with no endothelial involvement and/or rare intraepithelial lymphocytes in an otherwise unremarkable duct are
not sufficient to diagnose rejection.

¢ Findings in all published studies are based on C4d immunohistochemical staining. C4d immunofluorescence staining could be more sensitive based on
studies in other organs, but systematic studies in pancreas transplant biopsies are not available.

f This category provides guidelines for the assessment of fibrosis independently of the etiology of scarring; however, rejection is the most common case of graft
fibrosis (chronic rejection). When features of TCMR or AMR are identified, the diagnosis is to be made according to specified guidelines. In the absence of specific
features, a descriptive diagnosis can be used.

9 Evaluation of insulin and glucagon immunostains is required in most instances for the evaluation of islet pathology. The vast majority of adequate percuta-
neous biopsies contain islets. Insulin/glucagon stain may highlight islets that are not recognized on H&E stain. Normal insulin and glucagon staining are common
in some forms of graft dysfunction (eg, insulin resistance, progressive graft fibrosis, and others).

cations.>* Morphologic criteria for semiquantitative evaluation of Even in grafts that have clinically lost endocrine function,

graft scarring are based on the identification of progressive irreqularly shaped islets with both insulin and glucagon-

fibrosis with replacement of the normal parenchyma.?':2454-56 producing cells often remain within the fibrous tissue. In some
Histologic examination of failed grafts is only performed when a patients, graft function may persist for some time despite signif-

graft pancreatectomy is deemed clinically necessary.*4*>°"% In icant parenchymal fibrosis.®®

the absence of pathologic evaluation, a presumed diagnosis of

chronic rejection is often made based on clinical findings, partic- 3.2. Category 6—islet pathology

ularly when the graft appears small/sclerotic on imaging

studies.!1:31:61 Although rejection is by far the most common cause The development of diagnostic criteria for this category has

of graft atrophy, in rare cases, the fibrosis can be attributed to other ~ Progressed slowly due to the limited number of PTxBx done

causes, including thromboembolic or ischemic complications, as solely for hyperglycemia. Timely diagnosis of the cause of islet
well as other processes such as previous infections.*>%? insufficiency may allow for the development of interventions to

Chronic rejection is histologically defined as progressive  Prevent or delay failure.

fibrosis/scarring resulting from persistent, repeated, or untreated After successful pancreas transplantation, insulirg4t27erapy is
allograft rejection.>* At the time of histologic evaluation, chronic  discontinued and glucose metabolism is normalized. On the

rejection can be inactive; previous history of rejection episodes or  ©ther hand, organs with partial function may still provide clinical
suboptimal immunosuppression supports a diagnosis of chronic ~ benefits. The Igls criteria propose 4 levels of graft function status:
rejection. In the absence of specific diagnostic features or a lack ~ ©OPtimal, good, marginal, and failure, by evaluating HbA1c and
of clinical history consistent with chronic rejection, the noncom- ~ C-peptide levels, severe hypoglycemia events/year, and total
mittal term graft sclerosis should be used. daily insulin requirements.**°

Figure 1. Chronic active T cell-mediated rejection (TCMR).
(A and B) Septal and interacinar fibrosis with mononuclear
inflammation predominantly around the acini (arrows). Ar-
rowheads mark acinar cell injury/loss. Top inset: Chronically
injured pancreatic duct with detachment from the sub-
epithelial area (arrows). Both the epithelium and the under-
lying connective tissue show prominent T cell infiltrates (CD3
stain). (C and D) Inflamed, atrophying acini with interacinar
fibrosis. The CD3 stain highlights the T cell infiltrates. Note
that the islet (is) has proportionally minimal inflammation; is-
lets are not primarily targeted by active TCMR.
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For practical purposes, most patients with islet dysfunction
after transplantation fall into one of the following 4 categories:

1. Early posttransplant dysfunction/failure: Delayed graft function (DGF)
and primary nonfunction (PNF)

Graft dysfunction after a technically successful, well-
vascularized transplant may resolve after a period of time
(DGF) or may persist permanently (PNF). Criteria defining DGF
and PNF have been proposed.?>6466:67

PNF occurs in 0.5% to 4% of all pancreas transplants,
and, together with technical failure, is the main cause of graft loss
in the first 3 months posttransplant.”* Regarding DGF, the re-
ported incidence varies significantly.®*¢”

In the absence of rejection, DGF and PNF in the pancreas are
often related to ischemic injury-triggering changes akin to those
seen in DGF and PNF in the kidney.”’

Histologic studies of pancreas graft PNF are limited because,
unless active rejection is suspected, these organs are not usually
biopsied.

A few reported cases of PNF’? and DGF’® showed ische-
mic/degenerative changes that involved all pancreatic com-
partments, including acinar cells, ductal epithelium, and islet
cells (see below for ischemic features). Both insulin- and
glucagon-producing cells are present in these cases, albeit
showing features of cellular injury (Fig. 4).

58,70

2. Islet dysfunction/failure accompanying active rejection
Hyperglycemia may be present in patients with active rejec-
tion.”>’* Islets are not specifically targeted by the alloimmune
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Figure 2. Chronic active antibody-mediated allograft rejec-
tion. (A) Evolving fibrosis surrounding partially atrophic acini
«y  with mixed infiltrates, including neutrophils in the interstitium,

__ ¢ and focal congestion/hemorrhage (lower area). Degenerated
§ ’ :.Q-:) acini with desquamated cells can be present and should be
A\ ?7.\‘ differentiated from capillaritis (arrows). (B) Atrophic acini in
:“\f_‘ig&' areas of evolving fibrosis. The arrow marks a small vessel
‘€4d~  with organized thrombosis. (C and D) Distended capillaries
'\ : (2,; with clusters of luminal inflammatory cells (capillaritis) marked
< 7 with the C4d stain. (E) Insulin stain highlights f cells in re-
% sidual distorted islets.
- "‘
Inzﬂlin

o,

Figure 3. Immunohistochemical findings in T
cell-mediated rejection (TCMR) assessment of the
extent and density of inflammatory infiltrates. (A)
Hematoxylin and eosin stain of a pancreas needle
biopsy with mononuclear inflammation in the septal
(arrows) and acini. The inset shows distortion of the
acinar organization and spotty cell loss. (B) The CD3
stain highlights the T cell infiltrates. Prominent acinar
inflammation and associated acinar cell damage are
consistent with moderately active TCMR (Banff II).
Multifocal encroachment of acinar cells by T cells
(arrowheads). Inset: The CD68 stain demonstrates
clusters of monocytes/macrophages that are less
pronounced in the same sample.

process,’> % but islet inflammation, islet cell damage, and occa-
sional islet necrosis may occur in TCMR and AMR to a degree
proportional to the severity of AR. In mild (Banff I) TCMR with pre-
dominant septal infiltrates, the islets are not affected. When there is
islet inflammation in moderate and severe TCMR (Banff Il and Ill),
typically characterized by prominent acinar inflammation, the islet
infiltrates have the same composition as the surrounding acinar
infiltrates.®®°  Similarly, in AMR, microvascular inflammation,
capillaritis, and hemorrhagic necrosis (in severe cases) may involve
all tissue components, including the islets.?® Both insulin- and
glucagon-producing cells are found in islets from cases affected by
TCMR and AMR, although heterogeneous abnormalities can be
observed correlating with the overall degree of tissue injury.

3. Islet dysfunction/failure due to progressive graft fibrosis/chronic
rejection

Severe or persistent TCMR leads to graft fibrosis.
Progressive scarring leads to irreversible distortion and obliter-
ation of the vascular milieu that supports endocrine function,
resulting in graft failure.”#>5455:85.86-90 | 55 commonly, evolving
AMR also results in progressive graft fibrosis following damage
and eventual destruction of the microvasculature.?>°’

30,84-86

4. Islet dysfunction/failure in the absence of allograft rejection or fibrosis

A proportion of patients return to a state of diabetes requiring
insulin or antidiabetic agents months or years after pancreas
transplantation. Several donor and recipient risk factors have
been identified, but the etiology appears to be heteroge-
neous.®>"® Hyperglycemia in these patients is secondary either
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Table 3

Future research directions.

American Journal of Transplantation 24 (2024) 362-379

Topic

Issues to address

Required evidence

Research plan

Surveillance biopsy

Histologic classification

Blood-based molecular
biomarkers (dd-cfDNA/
GEP)

Graft transcriptomics

Digital pathology/

Incidence of subclinical
rejection
Impact on graft outcomes

AMR C4d is negative.

CD3 and CD68
immunohistochemistry
Utility for longitudinal
pancreas graft monitoring
Between organ
discrimination (in PAK)
Active rejection gene

signatures

Standardization of graft

classification

Ideal timing toward the performance of
surveillance biopsies

Impact on long-term graft survival
Impact of C4d negative AMR on graft
outcomes (with and without DSAs)
Histologic scoring of CD3 and/or CD68
positive immunohistochemistry staining
Superiority to the current standard of care
(amylase/lipase/glucose)

Ability to discriminate between pancreas
and kidney graft rejection in PAK
Identification of active rejection gene
signatures with impact on graft outcome
(response to treatment/survival)

Ability of Al for automated histologic

classification

Standardization of protocol biopsies between
centers could provide further evidence of the
ideal timing to perform these biopsies
Retrospective cohort analysis (single or
multicenter)

Retrospective cohort analysis (single or
multicenter)

Multicenter prospective randomized clinical
trial

Large prospective clinical trial

Retrospective cohort analysis

Multicenter centralized scanned biopsy slides

artificial intelligence

(Al)

AMR, antibody-mediated rejection; dd-cfDNA, donor-derived cell-free DNA; DSA, donor-specific antibodies; GEP, gene expression profiles; PAK, pancreas after kidney.

to inadequate production of insulin by the transplant (ie, p cell
injury or loss) or to excessive insulin requirements leading to p
cell dysfunction (ie, insulin resistance or weight gain).*%”

Calcineurin inhibitor (CNI) islet toxicity is associated with
cell injury, most commonly occurring in the first year posttrans-
plant, in patients with high levels of either cyclosporine or tacro-
limus.®® The islet cell abnormalities are limited to the p cell
population and show cytoplasmic clearing and vacuolization on
light microscopy, weak insulin staining, and paucity of secretory
granules; cytoplasmic swelling is observed on electron micro-
scopy.”® The glucagon stain marks well-preserved o cells.

The histologic and clinical abnormalities in CIN toxicity may be
reversible with a reduction or discontinuation of the drug. Se-
lective B cell injury in CNI toxicity contrasts with the ischemic
changes that affect all cell types and can spontaneously resolve
over time (Fig. 4).

Type 1 diabetes mellitus recurrence (T1DR)

The first cases of T1DR were recognized by Sibley et al®® and
Sutherland et al'® but a more complete understanding of this
entity comes from seminal studies at the University of
Miami.'""1% |n one study, TIDR was identified in 2.5% of SPK
transplant recipients.'%*

PTxBx in T1DR generally exhibits insulitis (inflammatory
damage of the islets), the typical lesion of type 1 diabetes. The
active destructive phase, consisting of insulitis with progressive
and selective loss of f cells, is transient and may be patchy.
Paradoxical areas of prominent insulin staining can result from
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attempts at p cell regeneration.’®® Due to the lack of findings of
rejection or fibrosis, the pancreas and islets in the inactive phase
(after disappearance of f cells and associated insulitis) may look
superficially normal on routine stains.'%® The diagnosis requires
immunohistochemical demonstration of lack of insulin-producing
cells in the islets.'0%192.106.197 After a prolonged period of time,
the islets as a whole can disappear.8”-%° Most but not all patients
experience seroconversion for multiple islet antigen-specific au-
toantibodies and islet autoantigen-specific memory T cells that
have been identified in the peripheral blood, pancreas allograft,
and peripancreatic lymph nodes.'%*'%”""1% Djagnosis of insulitis
can be facilitated by CD3 immunostaining showing inflammation
circumscribed to the islets (mononuclear cuffing and intraislet
infiltrates), whereas the exocrine tissue overall has insignificant
inflammation (Fig. 5).

Development of type 2 diabetes

A more common but multifactorial presentation resembles
type 2 diabetes with insulin resistance and associated p cell
failure.”'" This process is often associated with amyloid depo-
sition and degenerative changes in islets.''> The specific
phenotype is difficult to characterize morphologically as the
changes are progressive, amyloid can be present before islet
dysfunction is clinically manifested, and the p cell changes are
poorly defined.'" 1'% Amyloid is best demonstrated with the
Congo red stain or using electron microscopy (Fig. 5).

Table 4 lists the main clinicopathological features of islet
dysfunction after pancreas transplantation.
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Figure 4. Ischemic graft injury (A, B, and C) and CIN islet toxicity (D, E,
and F). (A) Generalized graft injury involves islets and exocrine tissue in
patients with ischemic graft dysfunction. Exocrine ischemia appears
most commonly with microcystic degeneration in the acini (lower arrow)
as well as more subtle cell loss/apoptosis in individual acinar cells
(middle and upper arrows). The islets show various degrees of islet cell
vacuolization, often staining paler than normal. (B and C): Ischemic
injury affects the totality of the islet cells. (B) Insulin and (C) glucagon
stains demonstrate diminished insulin and glucagon secretion in both p
and a cells (compare with D inset and F showing normal staining for
insulin and glucagon, respectively). (D) Islet cell vacuolization and
clearing, but without significant changes in the acini, characterize § cell
injury in calcineurin inhibitor toxicity. Inset: Insulin staining in a control
sample for comparison. (E) insulin shows very weak, spotty staining. (F)
Glucagon stain marks a cells with expected strength and distribution.

Other nonspecific reactive reparative islet changes

In grafts that have lost function secondary to chronic rejection,
normal or fragmented islets, as well as clusters of enlarged islets
(hyperplasia), may be present. Although both insulin- and
glucagon-producing cells are found in the residual islets, the
atrophic/fibrotic parenchyma lacks the supportive microvascula-
ture necessary for effective endocrine function.
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Insulin- or glucagon-producing cells located within the ductal
epithelium (nesidioblastosis) are found in approximately 4% of
biopsy samples. These changes have no clear clinical correlation
and likely represent a reactive/regenerative change after graft
injury.81:62

Small pale acinar nodules, also representing a reactive/
regenerative change in exocrine lobules, can resemble islets
architecturally, but careful evaluation reveals their acinar cell
composition.''®

Specific recommendation for islet evaluation: In patients
with recurrent hyperglycemia and/or increasing HbA1c levels,
particularly when there is no evidence of evolving allograft
rejection, the performance of insulin and glucagon staining is
necessary to accurately determine the etiology of islet
dysfunction.

In islets with the expected population of alpha cells (normal
glucagon staining), the absence of p cells (negative insulin
staining) is diagnostic of T1DR; in the same context, weak or
sparse insulin staining likely represents selective p cell injury. In
contrast, normal insulin and glucagon staining, highlighting the
expected population of a and p cells, is common in other forms of
islet dysfunction (eg, insulin resistance, progressive graft fibrosis,
and others).

4. Category 7 other histologic diagnosis

4.1. Early graft thrombosis due to surgical complications
Vs active rejection

Technical failures (TF) account for 5.5% to 6.4% of graft los-
ses in the first 3 months posttransplant. The most common cause
of TF is graft thrombosis. Pathology analysis is important
because thrombosis due to TF can be misdiagnosed as rejection,
and vice versa.?*38:45:59

In the study of Wallace et al®®, 9 of 23 allograft pancreatec-
tomy specimens diagnosed as TF on clinical grounds had his-
tologic features of rejection (39%). All 9 cases had features of
active TCMR, with 4 of them also showing evidence for AMR.

Proposed diagnostic terminology for the pathologic evaluation
of pancreatectomy specimens performed in the first 90 days
posttransplant:

- Thrombosis—with no underlying vascular or parenchymal pathology

- Thrombosis—with the following pathologic findings: (List all findings,
eg, active rejection, arterial dissection, abscess formation, C4d pos-
itivity, and others).

Specify in the description of thrombosis:

o Recent, organized, or mixed

o Type of vessel: arterial and/or venous

o Size of involved vessels—large extrapancreatic vessels and/or intra-
parenchymal vessels

o Extent of thrombosis—focal/multifocal/diffuse

for

Specific recommendations

evaluations:

gross and histology
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- Evaluate large vessels, random sections from the lobular paren-
chyma, and C4d stain.

- Assess the duodenal cuff anastomosis to identify dehiscence (leak)
and serositis.

- Perform histologic sections of any discrete lesions (abscesses, tu-
mors, lymph nodes, and others).

4.2. Peripancreatic inflammation and ischemic
pancreatitis

Inflammation of the peripancreatic connective tissues in the
early posttransplant period, with and without infection or fluid
collection, may lead to histologic features in the pancreas pa-
renchyma that need to be differentiated from active rejection. On
H&E stain, there is irregular septal expansion due to a fibro-
blastic reaction with mononuclear or mixed septal inflammation
and overall preservation of the exocrine/acinar lobules. Lym-
phocytic lobular inflammation should be absent or only minimal in
the periphery of the lobules.

Ischemic pancreatitis is characterized by septal and connec-
tive tissue edema with variable macrophage and neutrophilic
infiltrates, as well as enzymatic fat necrosis. The lobules show
spotty acinar cell drop-out and microcystic degeneration.

4.3. Ductal issues

Ductal reactive changes (likely representing some impairment
of exocrine secretion drainage) affect interlobular or small acinar
ducts. The changes are heterogeneous, including periductal
fibrosis (trichrome stain), ductal dilatation, squamous metaplasia,
the accumulation of secretions, and/or ductal proliferation. Lym-
phocytic infilirates are not significant. Additional studies are
necessary to better understand the nature and significance of
this process.
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Figure 5. Recurrence of type 1 diabetes mellitus
(DM) (A and B) and type 2 DM after pancreas
transplantation (C). (A) Insulitis in recurrent autoim-
mune diabetes is characterized by dense lymphocytic
infiltration in and around 2 islets. (B) CD3 stain in-
dicates a predominance of T cells involving the islets,
with sparse inflammation in the surrounding acinar
tissue. Inset: Insulin stain is negative in the islet and
confirms complete loss of insulin-producing p cells.
(C) Type 2 DM after pancreas transplantation often
presents with islet amyloid deposition. These amor-
phous, acellular deposits are highlighted using the
Congo red stain. Bulky amyloid deposits lead to the
depletion of normal islet vascularization and the
eventual disappearance of the islet cells. Inset: In-
sulin stain highlights distortion of persisting functional
p cells in an islet with amyloid deposits (asterisks).

]
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5. Additional topics

Duodenal donor cuff biopsies as surrogates for
pancreatic biopsies

In pancreas transplants with gastric or duodenal drainage, the
duodenal cuff may be accessible endoscopically, and mucosal
biopsy samples can be obtained to monitor the status of the
graﬁ.16,1157117

Severe or advanced rejection usually involves both the
duodenal cuff and the pancreatic parenchyma,''®'2% but cys-
toscopically obtained duodenal cuff biopsies in patients with
bladder drainage have shown isolated rejection of one or the
other component.'?"

Brockman et al,'? performed prospective duodenal cuff bi-
opsies and identified AR in 30% of SPK and 82% of PAK re-
cipients, with subsequent histologic improvement after treatment
and good clinical outcomes. Nordheim et al,'?® performed 113
prospective biopsies of both the duodenal cuff and the pancreas
(97 for surveillance and 16 for graft dysfunction) and found that
the duodenum was an inadequate surrogate for pancreas
rejection, with a sensitivity of only 9%; rejection was identified in
27% of PTxBx. Perosa et al,'® used duodenal cuff biopsies for
prospective graft surveillance but also obtained concurrent
PTxBx in patients with graft dysfunction. In the latter group, there
was 70% concordance of rejection in duodenal and pancreatic
samples, but the grade of rejection was only in agreement in the
more severe cases. Both Perosa et al'®, and Nordheim et al'?®,
identified cases of isolated pancreas or duodenal rejection.
Duodenal biopsies have also been used to identify patients with
cytomegalovirus infection (unpublished data presented at the
2022 Banff meeting).

In summary, the most accurate diagnosis of rejection grade
and type (TCMR vs AMR) is achieved with PTxBx, but a surrogate
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Table 4

Main diagnostic criteria for the evaluation of islet dysfunction in pancreatic allograft biopsies.

American Journal of Transplantation 24 (2024) 362-379

Clinical setting

Main hematoxylin and eosin

histologic findings

Insulin stain

Glucagon stain

Possible outcomes

DGF due to ischemic

injury

Dysfunction

1st year posttransplant
due to selective p cell
injury

CNI toxicity, or other

cause

Unexpected
dysfunction due to DM
autoimmune

recurrence (T1DR)

Persistent or

progressive

Islet morphology: Global islet injury
with architectural disarray, islet cell
vacuolization, and islet cell drop-out.
No significant inflammation.
Exocrine morphology: Acinar cell
injury, vacuolization and drop-out,
pseudocystic acinar changes, ductal
cell injury (swelling, loss of polarity).
No significant inflammation.
Ischemic injury with pancreatitis:
Same as above, with variable septal
edema, septal and acinar infiltration
by macrophages and neutrophils, fat
enzymatic necrosis, and rarely small
thrombi.

Islet morphology: Islet cell
vacuolization with clear, swollen
cytoplasm. Spotty cell drop-out. In
more severe cases, loss of islet cell
polarity is associated with islet
disorganization.

Exocrine morphology: Normal.
There is no significant acinar cell
damage, no inflammation, and no
significant fibrosis.

Islet morphology: Active phase has
insulitis (dense lymphocytic
infiltrates in and around islets). Injury
and reactive changes in islet cells.
Late phase: Disappearance of
cells and clearing of inflammation.
Islet hyalinization.

Exocrine morphology: Normal.
There is no significant acinar cell
damage, no inflammation, and no
significant fibrosis.

Islet morphology: Ranging from

normal to enlarged with irregular

Islets with variable staining
of B cells ranging from

strong to weak depending
on the degree of ischemic

cell injury

Islets with weak or variable
staining of f cells
Granular staining
alternating with washed-

out staining

Islets in the early phase
show a decrease or rarely
patchy strong staining in
cells

Complete loss of p cells in

the late phase

Islets with overall normal

staining of p cells but
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Islets with variable staining
of « cells ranging from

strong to weak depending
on the degree of ischemic

cell injury

Islets with strong, normal
staining in a normal

population of a cells

Islets with persistence of «
cells despite variable to

complete loss of p cells

Islets with overall normal

staining of a cells but

-Resolution leading to
normal function within
days or weeks

- Partial resolution (good
or marginal function)®
-No resolution Primary
nonfunction, graft

thrombosis

-Resolution of dysfunction
with adjustment or change
in maintenance regimen

- Partial resolution (good
or marginal function)®

- Progression to graft

failure

Progression to graft
failure. Currently, no

treatment is available

Variable clinical course,

persistence of good or

(continued on next page)
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Table 4 (continued)

American Journal of Transplantation 24 (2024) 362-379

Clinical setting Main hematoxylin and eosin

histologic findings

Insulin stain

Glucagon stain Possible outcomes

dysfunction due to shapes. Variable islet cell

type 2 DM vacuolization. Irregular amyloid
deposition (amorphous pink material
subtle of diffuse).

Exocrine morphology: Normal or
nonspecific changes. There are no

features of rejection. There is no

significant fibrosis.

distorted islet architecture
when there is amyloid

deposition

distorted islet architecture marginal graft function®, or

when there is amyloid progression to graft failure

deposition

CNI, calcineurin inhibitors; DGF, delayed graft function; DM, diabetes mellitus; T1DR, type 1 diabetes mellitus recurrence.

@ Based on outcomes of p cell replacement as presented in reference®.

duodenal cuff biopsy may be helpful when the pancreatic paren-
chyma is inaccessible (Fig. 6). Duodenal cuff biopsies in patients
with enteric—duodenal or gastric drainage can be used for graft
surveillance, with the recognition that discrepant findings between
the duodenum and the pancreas may occur in up to one-third of
cases.'®

Specific recommendations:

- The diagnosis of rejection is based on guidelines used for small in-
testinal transplantation. 2412

- Obtain 3 to 5 biopsy fragments to avoid sampling issues.'?

- Rule out a cytomegalovirus infection.'®'"”

6. Noninvasive biomarkers in pancreas
transplantation

Noninvasive monitoring of pancreas graft rejection relies
traditionally on serum amylase and lipase measurements, that
are known to have poor specificity.'°
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Figure 6. Active antibody-mediated allograft rejection in a
duodenal cuff biopsy. The pancreas was not accessible for
percutaneous biopsy in this patient with graft dysfunction and
high-level class Il donor-specific antibodies. (A) Duodenal
mucosa with edema of the lamina propria, dilatation of cap-
illaries, and capillaritis (inset). (B) C4d stain marks the outline
of most capillaries in the lamina propria. Inset contrasts linear/
granular capillary wall staining (arrow heads) with nonspecific
reactivity in plasma (inset, arrow).

There is a benefit of monitoring for antihuman leukocyte an-
tigens DSA in pancreas transplantation'?’ because up to 39% of
patients develop de novo DSA (dnDSA)'?®'?° and dnDSA is
associated with an inferior pancreas graft survival rate.®% 29130
Protocol biopsies in SPK recipients with dnDSA revealed sub-
clinical rejection in up to 47% of cases, of which only 57% were
AMR.*? Therefore, the presence of dnDSA is a risk factor for
AMR, as well as rejection in general, and can be considered an
indication to perform a PTxBx.

More recently, blood-based molecular biomarkers, such as
donor-derived cell-free DNA (dd-cfDNA) and gene expression
profiles (GEP), have emerged as sensitive monitoring tools in
other abdominal solid organ transplants.'®''%¢ Dd-cfDNA is
particularly useful for the diagnosis of AMR, '®? whereas the GEP
has demonstrated a good ability to predict TCMR."** Major ad-
vantages of these biomarkers include their relative indepen-
dence from functional markers (ie, serum lipase), the fact that
they are donor- or graft-specific, and the fact that their increase in
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the presence of graft injury typically occurs prior to changes in
standard clinical markers.'®’ In an analysis including pancreas
biopsy-matched samples, dd-cfDNA was significantly increased
in patients with biopsy-proven AR diagnosed beyond day 45
posttransplant.’®® Dd-cfDNA outperformed serum lipase in the
diagnosis of pancreas AR, with an area under the curve of 0.84
compared with 0.74 for lipase. Of relevance, this performance
was achieved with a cut-off value of dd-cfDNA of 0.7% instead of
the 1% previously described for kidney transplantation.'?
Dd-cfDNA elevation was shown to precede the clinical rejection
episodes.139 A recent multicenter study confirmed that the mean
dd-cfDNA level for all pancreas transplant recipients is < 1.0%;
subsequent increases in dd-cfDNA levels were correlated with
rejection and infection.'*°

Dd-cfDNA increased significantly in the immediate post-
transplant period, likely due to the ischemia-reperfusion injury,
but normalized within 45 to 80 days. %8140

Dd-cfDNA is potentially useful for the longitudinal monitoring
of pancreas transplantation and can be considered a useful
biomarker for monitoring graft dysfunction after the early post-
transplant phase.

Additional studies should focus on the integration of these
blood-based molecular diagnostic tools with graft tran-
scriptomics,'*' peripheral blood immune cell phenotyping, #2143
functional studies.? This integration may provide further insights
into the pathophysiology of pancreas graft rejection, the corre-
lation between blood-based biomarkers and graft outcomes (ie,
response to treatment), and identifying organ specific molecular
biomarkers/signatures (ie, cfDNA-INS)'** or islet specific exo-
somes.'*® See Table 3 for areas for future research.

Funding

The 2022 Banff meeting received sponsorship from CSL
Behring, CareDx, Immucor, eGenesis, and Kamada Ltd.

Declaration of competing interests

The authors of this manuscript have no conflicts of interest
to disclose, as described by the American Journal of
Transplantation.

Data availability statement

Details on the process used for developing these guidelines
can be obtained from the Banff 2022 video recordings. Records
of written pancreas Banff group discussions are availabe and can
be made availalbe upon request.

ORCiD

Cinthia B. Drachenberg @ https://orcid.org/0000-0002-3104-5661
Maike Buettner-Herold (& https://orcid.org/0000-0002-9974-6683
Pedro Ventura Aguiar (& https://orcid.org/0000-0003-3381-7503
Catherine Horsfield @ https://orcid.org/0000-0002-6103-5149
Alexei V. Mikhailov @ https://orcid.org/0000-0002-5695-129X
John C. Papadimitriou (& https://orcid.org/0000-0001-7963-5380
Surya V. Seshan ) https://orcid.org/0000-0003-4384-0694

American Journal of Transplantation 24 (2024) 362-379

Marcelo Perosa ) https://orcid.org/0000-0002-8576-9761
Ugo Boggi @ https://orcid.org/0000-0002-7505-5896

Pablo Uva @ https://orcid.org/0000-0001-7317-3875

Michael Rickels @ https://orcid.org/0000-0002-9253-838X
Krzyztof Grzyb @ https://orcid.org/0000-0002-2718-8125

Lois Arend (@ https://orcid.org/0000-0001-5434-7630

Miriam Cuatrecasas ( https://orcid.org/0000-0003-3063-0110
Maria Fernanda Toniolo () https://orcid.org/0000-0002-3152-6860
Alton B. Farris @ https://orcid.org/0000-0001-5534-7763
Karine Renaudin (& https://orcid.org/0009-0003-9505-2718
Lizhi Zhang @ https://orcid.org/0000-0001-5829-9234
Candice Roufousse (& https://orcid.org/0000-0002-6490-4290
Angelika Gruessner (& https://orcid.org/0000-0001-5961-5913
Rainer Gruessner () https://orcid.org/0000-0002-2094-9817
Raja Kandaswamy @) https://orcid.org/0000-0003-4302-0119
Steven White (& https://orcid.org/0000-0002-6519-9853
George Burke @ https://orcid.org/0000-0002-6888-2842
Diego Cantarovich () https://orcid.org/0009-0006-0247-966X
Ronald F. Parsons & https://orcid.org/0000-0002-9243-1582
Matthew Cooper (& hitps://orcid.org/0000-0002-3438-9638
Yogish C. Kudva () https://orcid.org/0000-0003-0285-6622
Aleksandra Kukla @ https://orcid.org/0000-0001-9576-5687
Abdolreza Haririan (@ https://orcid.org/0000-0002-1810-7987
Sandesh Parajuli ) https://orcid.org/0000-0003-1667-7465
Juan Francisco Merino-Torres (& https://orcid.org/0000-0002-0191-4504
Maria Argente-Pla (@ https://orcid.org/0000-0002-4266-8290
Raphael Meier ( https://orcid.org/0000-0001-9050-0436

Ty Dunn @ https://orcid.org/0000-0002-5941-0659

Richard Ugarte @ https://orcid.org/0000-0002-0561-1455
Joseph Sushil Rao ) https://orcid.org/0000-0002-0197-6107
Fabio Vistoli @ https://orcid.org/0000-0003-2115-4191

Robert Stratta @ https://orcid.org/0000-0001-7634-094X

Jon Odorico () https://orcid.org/0000-0003-1096-464X

References

1. Boggi U, Baronti W, Amorese G, et al. Treating Type 1 diabetes by
pancreas transplant alone: A cohort study on actual long-term (10
years) efficacy and safety. Transplantation. 2022;106(1):147-157.

2. Kennedy WR, Navarro X, Goetz FC, Sutherland DE, Najarian JS.
Effects of pancreatic transplantation on diabetic neuropathy. N Engl J
Med. 1990;322(15):1031-1037.

3. Rana A, Gruessner A, Agopian VG, et al. Survival benefit of solid-organ
transplant in the United States. JAMA Surg. 2015;150(3):252-259.

4. Sollinger HW, Odorico JS, Becker YT, D’Alessandro AM, Pirsch JD.
One thousand simultaneous pancreas-kidney transplants at a single
center with 22-year follow-up. Ann Surg. 2009;250(4):618-630.

5. van Dellen D, Worthington J, Mitu-Pretorian OM, et al. Mortality in
diabetes: pancreas transplantation is associated with significant
survival benefit. Nephrol Dial Transplant. 2013;28(5):1315-1322.

6. Aziz F, Parajuli S, Uddin S, et al. How should pancreas transplant
rejection be treated? Transplantation. 2019;103(9):1928-1934.

7. Casey ET, Smyrk TC, Burgart LJ, Stegall MD, Larson TS. Outcome of
untreated grade Il rejection on solitary pancreas allograft biopsy
specimens. Transplantation. 2005;79(12):1717-1722.

8. de Kort H, Munivenkatappa RB, Berger SP, et al. Pancreas allograft
biopsies with positive c4d staining and anti-donor antibodies related to
worse outcome for patients. Am J Transplant. 2010;10(7):1660-1667.

9. Dong M, Parsaik AK, Kremers W, et al. Acute pancreas allograft
rejection is associated with increased risk of graft failure in pancreas
transplantation. Am J Transplant. 2013;13(4):1019-1025.

10. Niederhaus SV, Leverson GE, Lorentzen DF, et al. Acute cellular and
antibody-mediated rejection of the pancreas allograft: incidence, risk
factors and outcomes. Am J Transplant. 2013;13(11):2945-2955.

11. Redfield RR, Kaufman DB, Odorico JS. Diagnosis and treatment of
pancreas rejection. Curr Transplant Rep. 2015;2(2):169-175.

375


https://orcid.org/0000-0002-3104-5661
https://orcid.org/0000-0002-3104-5661
https://orcid.org/0000-0002-9974-6683
https://orcid.org/0000-0002-9974-6683
https://orcid.org/0000-0003-3381-7503
https://orcid.org/0000-0003-3381-7503
https://orcid.org/0000-0002-6103-5149
https://orcid.org/0000-0002-6103-5149
https://orcid.org/0000-0002-5695-129X
https://orcid.org/0000-0002-5695-129X
https://orcid.org/0000-0001-7963-5380
https://orcid.org/0000-0001-7963-5380
https://orcid.org/0000-0003-4384-0694
https://orcid.org/0000-0003-4384-0694
https://orcid.org/0000-0002-8576-9761
https://orcid.org/0000-0002-8576-9761
https://orcid.org/0000-0002-7505-5896
https://orcid.org/0000-0002-7505-5896
https://orcid.org/0000-0001-7317-3875
https://orcid.org/0000-0001-7317-3875
https://orcid.org/0000-0002-9253-838X
https://orcid.org/0000-0002-9253-838X
https://orcid.org/0000-0002-2718-8125
https://orcid.org/0000-0002-2718-8125
https://orcid.org/0000-0001-5434-7630
https://orcid.org/0000-0001-5434-7630
https://orcid.org/0000-0003-3063-0110
https://orcid.org/0000-0003-3063-0110
https://orcid.org/0000-0002-3152-6860
https://orcid.org/0000-0002-3152-6860
https://orcid.org/0000-0001-5534-7763
https://orcid.org/0000-0001-5534-7763
https://orcid.org/0009-0003-9505-2718
https://orcid.org/0009-0003-9505-2718
https://orcid.org/0000-0001-5829-9234
https://orcid.org/0000-0001-5829-9234
https://orcid.org/0000-0002-6490-4290
https://orcid.org/0000-0002-6490-4290
https://orcid.org/0000-0001-5961-5913
https://orcid.org/0000-0001-5961-5913
https://orcid.org/0000-0002-2094-9817
https://orcid.org/0000-0002-2094-9817
https://orcid.org/0000-0003-4302-0119
https://orcid.org/0000-0003-4302-0119
https://orcid.org/0000-0002-6519-9853
https://orcid.org/0000-0002-6519-9853
https://orcid.org/0000-0002-6888-2842
https://orcid.org/0000-0002-6888-2842
https://orcid.org/0009-0006-0247-966X
https://orcid.org/0009-0006-0247-966X
https://orcid.org/0000-0002-9243-1582
https://orcid.org/0000-0002-9243-1582
https://orcid.org/0000-0002-3438-9638
https://orcid.org/0000-0002-3438-9638
https://orcid.org/0000-0003-0285-6622
https://orcid.org/0000-0003-0285-6622
https://orcid.org/0000-0001-9576-5687
https://orcid.org/0000-0001-9576-5687
https://orcid.org/0000-0002-1810-7987
https://orcid.org/0000-0002-1810-7987
https://orcid.org/0000-0003-1667-7465
https://orcid.org/0000-0003-1667-7465
https://orcid.org/0000-0002-0191-4504
https://orcid.org/0000-0002-0191-4504
https://orcid.org/0000-0002-4266-8290
https://orcid.org/0000-0002-4266-8290
https://orcid.org/0000-0001-9050-0436
https://orcid.org/0000-0001-9050-0436
https://orcid.org/0000-0002-5941-0659
https://orcid.org/0000-0002-5941-0659
https://orcid.org/0000-0002-0561-1455
https://orcid.org/0000-0002-0561-1455
https://orcid.org/0000-0002-0197-6107
https://orcid.org/0000-0002-0197-6107
https://orcid.org/0000-0003-2115-4191
https://orcid.org/0000-0003-2115-4191
https://orcid.org/0000-0001-7634-094X
https://orcid.org/0000-0001-7634-094X
https://orcid.org/0000-0003-1096-464X
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref1
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref1
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref1
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref1
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref2
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref2
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref2
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref2
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref3
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref3
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref3
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref4
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref4
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref4
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref4
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref5
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref5
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref5
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref5
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref6
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref6
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref6
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref7
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref7
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref7
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref7
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref8
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref8
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref8
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref8
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref9
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref9
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref9
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref9
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref10
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref10
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref10
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref10
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref11
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref11
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref11

C.B. Drachenberg et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ward C, Odorico JS, Rickels MR, et al. International survey of clinical
monitoring practices in pancreas and islet transplantation.
Transplantation. 2022;106(8):1647-1655.

Sutherland DE, Gruessner RW, Dunn DL, et al. Lessons learned from
more than 1,000 pancreas transplants at a single institution. Ann Surg.
2001;233(4):463-501.

Papadimitriou JC, Drachenberg CB, Wiland A, et al. Histologic grading
of acute allograft rejection in pancreas needle biopsy: correlation to
serum enzymes, glycemia, and response to immunosuppressive
treatment. Transplantation. 1998;66(12):1741-1745.

Parajuli S, Arpali E, Astor BC, et al. Concurrent biopsies of both grafts
in recipients of simultaneous pancreas and kidney demonstrate high
rates of discordance for rejection as well as discordance in type of
rejection — a retrospective study. Transpl Int. 2018;31(1):32-37.
Perosa M, Noujaim H, lanhez LE, et al. Experience with 53 portal-
duodenal drained solitary pancreas transplants. Clin Transplant. 2014;
28(2):198-204.

Torrealba JR, Samaniego M, Pascual J, et al. C4d-positive interacinar
capillaries correlates with donor-specific antibody-mediated rejection in
pancreas allografts. Transplantation. 2008;86(12):1849-1856.

Uva PD, Papadimitriou JC, Drachenberg CB, et al. Graft dysfunction in
simultaneous pancreas kidney transplantation (SPK): results of
concurrent kidney and pancreas allograft biopsies. Am J Transplant.
2019;19(2):466-474.

Boggi U, Vistoli F, Andres A, et al. First World Consensus Conference
on pancreas transplantation: part Il - recommendations. Am J
Transplant. 2021;21(Suppl 3):17-59. Suppl 3.

Rogers J, Farney AC, Orlando G, et al. Pancreas transplantation: the
Wake Forest experience in the new millennium. World J Diabetes.
2014;5(6):951-961.

Drachenberg CB, Odorico J, Demetris AJ, et al. Banff schema for
grading pancreas allograft rejection: working proposal by a multi-
disciplinary international consensus panel. Am J Transplant. 2008;8(6):
1237-1249.

Drachenberg CB, Torrealba JR, Nankivell BJ, et al. Guidelines for the
diagnosis of antibody-mediated rejection in pancreas allografts-
updated Banff grading schema. Am J Transplant. 2011;11(9):
1792-1802.

Bittner-Herold M, Amann K, Pfister F, et al. [Pancreas transplantation-
clinic, technique, and histological assessment]. Pathologe. 2021;42(5):
509-523.

Gruessner AC, Gruessner RWG. The 2022 international pancreas
transplant registry Report-A Review. Transplant Proc. 2022;54(7):
1918-1943.

Kandaswamy R, Stock PG, Miller J, et al. OPTN/SRTR 2020 annual
data report: pancreas. Am J Transplant. 2022;22(suppl 2):137-203.
Papadimitriou JC, Drachenberg CB, Wiland A, Klassen DK, Fink J,
Weir MR, et al. Histologic grading of acute allograft rejection in
pancreas needle biopsy: correlation to serum enzymes, glycemia, and
response to immunosuppressive treatment. Transplantation. 1998;
66(12):1741-1745.

Papadimitriou JC, Wiland A, Drachenberg CB, Klassen DK, Bartlett ST.
Effectiveness of immunosuppressive treatment for recurrent or
refractory pancreas allograft rejection: correlation with histologic grade.
Transplant Proc. 1998;30(8):3945.

Assalino M, Hadaya K, Andres A, Berney T. Discordant rejection in
simultaneous pancreas and kidney transplantation: true discordance or
analysis artefact? Transpl Int. 2018;31(1):17-19.

Klassen DK, Weir MR, Schweitzer EJ, Bartlett ST. Isolated pancreas
rejection in combined kidney-pancreas transplantation: results of
percutaneous pancreas biopsy. Transplant Proc. 1995;27(1):1333-1334.
Troxell ML, Koslin DB, Norman D, Rayhill S, Mittalhenkle A.
Pancreas allograft rejection: analysis of concurrent renal allograft
biopsies and posttherapy follow-up biopsies. Transplantation. 2010;
90(1):75-84.

376

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

American Journal of Transplantation 24 (2024) 362-379

Gill IS, Stratta RJ, Taylor RJ, et al. Correlation of serologic and urinary
tests with allograft biopsy in the diagnosis of pancreas rejection.
Transplant Proc. 1997;29(1-2):673.

Kuo PC, Johnson LB, Schweitzer EJ, et al. Solitary pancreas allografts.
The role of percutaneous biopsy and standardized histologic grading of
rejection. Arch Surg. 1997;132(1):52-57.

Rogers J, Singh R, Iskandar S, et al. Surveillance Pancrease biopsies
in solitary pancreas transplantation: a shot in the dark. Am J
Transplant. 2007;7(suppl 2):251.

Stratta RJ, Taylor RJ, Grune MT, et al. Experience with protocol
biopsies after solitary pancreas transplantation. Transplantation. 1995;
60(12):1431-1437.

Gaber LW, Stratta RJ, Lo A, et al. Role of surveillance biopsies in
monitoring recipients of pancreas alone transplants. Transplant Proc.
2001;33(1-2):1673-1674.

Stegall MD. Surveillance biopsies in solitary pancreas transplantation.
Acta Chir Austriaca. 2001;33:6.

Parajuli S, Mandelbrot D, Odorico J. Utility of protocol pancreas
biopsies for de novo donor-specific antibodies. Transplant Direct.
2022;8(3):e1287.

de Kort H, Mallat MJ, van Kooten C, et al. Diagnosis of early pancreas
graft failure via antibody-mediated rejection: single-center experience
with 256 pancreas transplantations. Am J Transplant. 2014;14(4):
936-942.

Parajuli S, Alagusundaramoorthy S, Aziz F, et al. Outcomes of
pancreas transplant recipients with de novo donor-specific antibodies.
Transplantation. 2019;103(2):435-440.

Uva P, Quevedo A, Dotta A, et al. Antibody monitoring in pancreas
transplantation: when should we do protocol biopsies?
Transplantation. 2018;102:5448.

Parajuli S, Djamali A, Mandelbrot D, et al. The presence of donor-
specific antibodies around the time of pancreas graft biopsy with
rejection is associated with an increased risk of graft failure.
Transplantation. 2022;106(6):e289-e296.

Uva PD, Quevedo A, Roses J, et al. Anti-Hla donor-specific antibody
monitoring in pancreas transplantation: role of protocol biopsies. Clin
Transplant. 2020;34(8):e13998.

Papadimitriou JC, Drachenberg CB. Distinctive morphological features
of antibody-mediated and T-cell-mediated acute rejection in pancreas
allograft biopsies. Curr Opin Organ Transplant. 2012;17(1):93-99.
Roufosse C, Simmonds N, Clahsen-van Groningen M, et al. reference
guide to the Banff classification of renal allograft pathology, 2018
Transplantation. 2018;102(11):1795-1814.

Drachenberg CB, Papadimitriou JC, Farney A, et al. Pancreas
transplantation: the histologic morphology of graft loss and clinical
correlations. Transplantation. 2001;71(12):1784-1791.

Wieczorek G, Bigaud M, Menninger K, et al. Acute and chronic
vascular rejection in nonhuman primate kidney transplantation. Am J
Transplant. 2006;6(6):1285-1296.

Haas M. The relationship between pathologic lesions of active and
chronic antibody-mediated rejection in renal allografts. Am J
Transplant. 2018;18(12):2849-2856.

Hirohashi T, Uehara S, Chase CM, et al. Complement independent
antibody-mediated endarteritis and transplant arteriopathy in mice. Am
J Transplant. 2010;10(3):510-517.

Shimizu T, Ishida H, Shirakawa H, et al. Clinicopathological analysis of
acute vascular rejection cases after renal transplantation. Clin
Transplant. 2010;24(suppl 22):22-26.

Sis B, Einecke G, Chang J, et al. Cluster analysis of lesions in
nonselected kidney transplant biopsies: microcirculation changes,
tubulointerstitial inflammation and scarring. Am J Transplant. 2010;
10(2):421-430.

Lefaucheur C, Loupy A, Vernerey D, et al. Antibody-mediated vascular
rejection of kidney allografts: a population-based study. Lancet. 2013;
381(9863):313-319.


http://refhub.elsevier.com/S1600-6135(23)00801-8/sref12
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref12
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref12
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref12
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref13
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref13
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref13
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref13
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref14
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref14
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref14
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref14
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref14
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref15
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref15
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref15
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref15
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref15
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref15
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref16
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref16
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref16
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref16
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref17
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref17
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref17
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref17
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref18
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref18
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref18
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref18
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref18
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref19
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref19
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref19
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref19
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref20
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref20
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref20
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref20
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref21
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref21
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref21
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref21
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref21
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref22
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref22
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref22
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref22
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref22
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref23
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref23
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref23
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref23
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref24
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref24
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref24
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref24
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref25
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref25
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref25
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref26
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref26
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref26
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref26
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref26
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref26
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref27
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref27
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref27
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref27
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref28
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref28
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref28
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref28
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref29
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref29
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref29
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref29
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref30
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref30
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref30
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref30
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref30
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref31
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref31
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref31
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref32
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref32
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref32
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref32
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref33
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref33
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref33
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref34
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref34
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref34
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref34
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref35
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref35
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref35
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref35
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref36
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref36
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref37
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref37
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref37
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref38
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref38
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref38
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref38
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref38
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref39
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref39
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref39
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref39
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref40
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref40
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref40
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref41
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref41
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref41
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref41
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref41
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref42
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref42
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref42
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref43
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref43
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref43
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref43
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref44
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref44
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref44
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref44
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref45
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref45
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref45
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref45
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref46
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref46
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref46
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref46
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref47
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref47
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref47
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref47
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref48
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref48
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref48
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref48
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref49
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref49
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref49
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref49
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref50
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref50
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref50
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref50
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref50
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref51
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref51
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref51
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref51

C.B. Drachenberg et al.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Haas M, Loupy A, Lefaucheur C, et al. The Banff 2017 Kidney Meeting
Report: revised diagnostic criteria for chronic active T cell-mediated
rejection, antibody-mediated rejection, and prospects for integrative
endpoints for next-generation clinical trials. Am J Transplant. 2018;
18(2):293-307.

Drachenberg CB, Papadimitriou JC, Niederhaus S, et al. Evaluation of
CD8 and CD68 acinar/septal infiltrates in pancreas biopsies
discriminates rejection pathology and defines non-rejection entities.
Am J Transplant. 2023;23(6):S1055.

Papadimitriou JC, Drachenberg CB, Klassen DK, et al. Histological
grading of chronic pancreas allograft rejection/graft sclerosis. Am J
Transplant. 2003;3(5):599-605.

Nakhleh RE, Sutherland DE. Pancreas rejection. Significance of
histopathologic findings with implications for classification of rejection.
Am J Surg Pathol. 1992;16(11):1098-1107. https://doi.org/10.1097/
00000478-199211000-00009.

Munivenkatappa RP, Papadimitriou JC, Drachenberg CB. Accelerated
pancreas allograft sclerosis due to allograft rejection. Pathol Case Rev.
2012;17(6):229-235.

Gruessner RW, Dunn DL, Gruessner AC, Matas AJ, Najarian JS,
Sutherland DE. Recipient risk factors have an impact on technical
failure and patient and graft survival rates in bladder-drained pancreas
transplants. Transplantation. 1994;57(11):1598-1606.

Humar A, Ramcharan T, Kandaswamy R, Gruessner RWG,
Gruessner AC, Sutherland DER. Technical failures after pancreas
transplants: why grafts fail and the risk factors—A multivariate analysis.
Transplantation. 2004;78(8):1188-1192.

Wallace DF, Bunnett J, Fryer E, Drage M, Horsfield C, Callaghan CJ.
Early allograft pancreatectomy-Technical failure or acute pancreatic
rejection? Clin Transplant. 2019;33(10):e13702.

Stratta RJ. Patterns of graft loss following simultaneous
kidney-pancreas transplantation. Transplant Proc. 1998;30(2):288.
Tomimaru Y, Kobayashi S, Ito T, et al. Different timing and risk factors
of cause-specific pancreas graft loss after simultaneous pancreas
kidney transplantation. Sci Rep. 2022;12(1):17666.

Matsukuma S, Suda K, Abe H. Histopathological study of pancreatic
ischemic lesions induced by cholesterol emboli: fresh and subsequent
features of pancreatic ischemia. Hum Pathol. 1998;29(1):41-46.
Gruessner R. Immunobiology, diagnosis, and treatment of pancreas
allograft rejection. Pancreas transplantation. In: Gruessner RWG and
Sutherland DER Ed. Springer-Verlag; 2004:349-380.

Tan M, Kandaswamy R, Sutherland DE, Gruessner RW, Gruessner AC,
Humar A. Risk factors and impact of delayed graft function after pancreas
transplants. Am J Transplant. 2004;4(5):758-762.

Kandaswamy R, Stock PG, Miller J, et al. OPTN/SRTR 2019 annual
data report: pancreas. Am J Transplant. 2021;21(suppl 2):138-207.
Prieto M, Sutherland DE, Fernandez-Cruz L, Heil J, Najarian JS.
Experimental and clinical experience with urine amylase monitoring for
early diagnosis of rejection in pancreas transplantation.
Transplantation. 1987;43(1):73-79.

Troppmann C, Gruessner AC, Papalois BE, et al. Delayed endocrine
pancreas graft function after simultaneous pancreas-kidney
transplantation. Incidence, risk factors, and impact on long-term
outcome. Transplantation. 1996;61(9):1323-1330.

Rickels MR, Stock PG, de Koning EJP, et al. Defining outcomes for
beta-cell replacement therapy in the treatment of diabetes: a
consensus report on the Igls criteria from the IPITA/EPITA opinion
leaders workshop. Transplantation. 2018;102(9):1479-1486.

Landstra CP, Andres A, Chetboun M, et al. Examination of the Igls
criteria for defining functional outcomes of p-cell replacement therapy:
IPITA symposium report. J Clin Endocrinol Metab. 2021;106(10):
3049-3059.

Gruessner AC, Gruessner RW. Pancreas transplantation of US and
non-US cases from 2005 to 2014 as reported to the United Network for
Organ Sharing (UNOS) and the international pancreas transplant
registry (IPTR). Rev Diabet Stud. 2016;13(1):35-58.

377

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

American Journal of Transplantation 24 (2024) 362-379

Siedlecki A, Irish W, Brennan DC. Delayed graft function in the kidney
transplant. Am J Transplant. 2011;11(11):2279-2296.

Drachenberg CP, Papadimitriou JC, Scalea JR, et al. Quantifiable loss
of insulin secretory granules in delayed endocrine pancreas graft
function in comparison to controls. Am J Transplant. 2020;20:533-534.
Papadimitriou JC, Haririan A, Ugarte R, et al. Heterogeneous pathology
findings and outcomes in 16 patients with pancreas transplant biopsies
for hyperglycemia. Am J Transplant. 2023;23(6):1046.

Uva P, Quevedo A, Roses J, et al. Pancreas rejection with
hyperglycemia: is it always too late? Transplantation. 2020;104(S3):
S12. suppl 3.

Allen RD, Grierson JM, Ekberg H, et al. Longitudinal histopathologic
assessment of rejection after bladder-drained canine pancreas
allograft transplantation. Am J Pathol. 1991;138(2):303-312.
Gruessner RWG, Nakhleh K, Tzardis P, et al. Differences in rejection
grading after simultaneous pancreas and kidney transplantation in
pigs. Transplantation. 1994;57(7):1021-1027.

Nakhleh RE, Sutherland DE, Tzardis P, Schechner R, Gruessner RW.
Correlation of rejection of the duodenum with rejection of the pancreas
in a pig model of pancreaticoduodenal transplantation. Transplantation.
1993;56(6):1353-1356.

Vogt P, Hiller WF, Steiniger B, Klempnauer J. Differential response of
kidney and pancreas rejection to cyclosporine immunosuppression.
Transplantation. 1992;53(6):1269-1272.

Dietze O, Konigsrainer A, Habringer C, Krausler R, Klima G,
Margreiter R. Histological features of acute pancreatic allograft
rejection after pancreaticoduodenal transplantation in the rat. Transpl/
Int. 1991;4(4):221-226.

Bartlett ST, Kuo PC, Johnson LB, Lim JW, Schweitzer EJ. Pancreas
transplantation at the University of Maryland. Clin Transpl. 1996:
271-280.

Drachenberg CB, Papadimitriou JC, Klassen DK, Weir MR, Bartlett ST.
Distribution of alpha and beta cells in pancreas allograft biopsies:
correlation with rejection and other pathologic processes. Transplant
Proc. 1998;30(2):665-666.

Drachenberg CB, Papadimitriou JC, Weir MR, Klassen DK, Hoehn-
Saric E, Bartlett ST. Histologic findings in islets of whole pancreas
allografts: lack of evidence for recurrent cell-mediated diabetes
mellitus. Transplantation. 1996;62(12):1770-1772.

Drachenberg CB, Papadimitriou JC. The inflamed pancreas transplant:
histological differential diagnosis. Semin Diagn Pathol. 2004;21(4):
255-259.

Noronha IL, Oliveira SG, Tavares TS, et al. Apoptosis in kidney and
pancreas allograft biopsies. Transplantation. 2005;79(9):1231-1235.
Papadimitriou JC. Diffuse acinar inflammation is the most important
histologic predictor of chronic rejection in pancreas allografts.
Transplantation. 2006;82(suppl 2):223.

Steiniger B, Klempnauer J. Distinct histologic patterns of acute,
prolonged, and chronic rejection in vascularized rat pancreas
allografts. Am J Pathol. 1986;124(2):253-262.

Sibley RK. Morphologic features of chronic rejection in kidney and less
commonly transplanted organs. Clin Transplant. 1994;8(3 Pt 2):
293-298.

Rickels MR, Norris AW, Hull RL. A tale of two pancreases: exocrine
pathology and endocrine dysfunction. Diabetologia. 2020;63(10):
2030-2039.

Klassen D. Chronic rejection in pancreas transplantation. Graft. 1998;
(Suppl. 11):74-76.

Dybala MP, Kuznetsov A, Motobu M, et al. Integrated pancreatic blood
flow: bidirectional microcirculation between endocrine and exocrine
pancreas. Diabetes. 2020;69(7):1439-1450.

Einecke G, Sis B, Reeve J, et al. Antibody-mediated microcirculation
injury is the major cause of late kidney transplant failure. Am J
Transplant. 2009;9(11):2520-2531.

Smith JL, Hunsicker LG, Yuh WT, Wright Jr FH, Van Voorhis L,
Corry RJ. Appearance of type Il diabetes mellitus in type | diabetic


http://refhub.elsevier.com/S1600-6135(23)00801-8/sref52
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref52
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref52
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref52
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref52
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref52
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref53
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref53
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref53
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref53
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref54
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref54
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref54
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref54
https://doi.org/10.1097/00000478-199211000-00009
https://doi.org/10.1097/00000478-199211000-00009
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref56
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref56
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref56
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref56
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref57
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref57
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref57
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref57
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref57
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref58
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref58
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref58
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref58
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref58
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref58
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref59
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref59
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref59
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref60
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref60
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref60
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref61
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref61
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref61
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref62
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref62
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref62
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref62
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref63
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref63
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref63
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref63
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref64
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref64
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref64
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref64
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref65
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref65
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref65
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref66
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref66
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref66
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref66
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref66
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref67
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref67
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref67
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref67
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref67
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref68
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref68
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref68
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref68
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref68
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref69
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref69
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref69
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref69
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref69
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref69
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref70
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref70
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref70
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref70
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref70
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref71
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref71
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref71
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref72
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref72
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref72
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref72
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref73
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref73
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref73
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref74
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref74
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref74
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref75
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref75
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref75
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref75
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref76
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref76
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref76
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref76
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref77
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref77
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref77
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref77
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref77
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref78
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref78
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref78
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref78
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref79
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref79
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref79
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref79
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref79
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref79
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref80
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref80
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref80
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref80
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref81
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref81
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref81
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref81
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref81
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref82
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref82
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref82
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref82
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref82
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref83
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref83
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref83
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref83
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref84
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref84
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref84
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref85
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref85
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref85
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref86
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref86
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref86
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref86
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref87
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref87
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref87
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref87
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref88
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref88
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref88
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref88
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref89
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref89
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref89
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref90
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref90
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref90
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref90
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref91
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref91
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref91
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref91
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref92
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref92

C.B. Drachenberg et al.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

recipients of pancreas allografts. Transplantation. 1989;47(2):
304-311.

Pham PH, Stalter LN, Martinez EJ, et al. Single center results of
simultaneous pancreas-kidney transplantation in patients with type 2
diabetes. Am J Transplant. 2021;21(8):2810-2823.

Neidlinger N, Singh N, Klein C, et al. Incidence of and risk factors for
posttransplant diabetes mellitus after pancreas transplantation. Am J
Transplant. 2010;10(2):398-406.

Dean PG, Kudva YC, Larson TS, Kremers WK, Stegall MD.
Posttransplant diabetes mellitus after pancreas transplantation. Am J
Transplant. 2008;8(1):175-182.

Hudish LI, Reusch JE, Sussel L. $ Cell dysfunction during progression
of metabolic syndrome to type 2 diabetes. J Clin Invest. 2019;129(10):
4001-4008.

Nichols CG, Remedi MS. The diabetic p-cell: hyperstimulated vs.
hyperexcited. Diabetes Obes Metab. 2012;14(suppl 3):129-135, 0 3.
Drachenberg CB, Klassen DK, Weir MR, et al. Islet cell damage
associated with tacrolimus and cyclosporine: morphological features in
pancreas allograft biopsies and clinical correlation. Transplantation.
1999;68(3):396-402.

Sibley RK, Sutherland DE, Goetz F, Michael AF. Recurrent diabetes
mellitus in the pancreas iso- and allograft. A light and electron
microscopic and immunohistochemical analysis of four cases. Lab
Invest. 1985;53(2):132-144.

Sutherland DE, Goetz FC, Sibley RK. Recurrence of disease in
pancreas transplants. Diabetes. 1989;38(suppl 1):85-87.

Laughlin E, Burke G, Pugliese A, Falk B, Nepom G. Recurrence of
autoreactive antigen-specific CD4+ T cells in autoimmune diabetes
after pancreas transplantation. Clin Immunol. 2008;128(1):23-30.
Martin-Pagola A, Sisino G, Allende G, et al. Insulin protein and
proliferation in ductal cells in the transplanted pancreas of patients with
type 1 diabetes and recurrence of autoimmunity. Diabetologia. 2008;
51(10):1803-1813.

Vendrame F, Pileggi A, Laughlin E, et al. Recurrence of type 1 diabetes
after simultaneous pancreas-kidney transplantation, despite
immunosuppression, is associated with autoantibodies and pathogenic
autoreactive CD4 T-cells. Diabetes. 2010;59(4):947-957.
Argente-Pla M, Martinez-Millana A, Del Olmo-Garcia M, et al.
Autoimmune diabetes recurrence after pancreas transplantation:
diagnosis, management, and literature review. Ann Transplant. 2019;
24:608-616.

Alanentalo T, Hornblad A, Mayans S, et al. Quantification and three-
dimensional imaging of the insulitis-induced destruction of beta-cells in
murine type 1 diabetes. Diabetes. 2010;59(7):1756-1764.

Tydén G, Reinholt FP, Sundkvist G, Bolinder J. Recurrence of
autoimmune diabetes mellitus in recipients of cadaveric pancreatic
grafts. N Engl J Med. 1996;335(12):860-863.

Burke Il GW, Vendrame F, Pileggi A, Ciancio G, Reijonen H,
Pugliese A. Recurrence of autoimmunity following pancreas
transplantation. Curr Diab Rep. 2011;11(5):413-419.

Pugliese A, Reijonen HK, Nepom J, Burke Ill GW. Recurrence of
autoimmunity in pancreas transplant patients: research update.
Diabetes Manag (Lond). 2011;1(2):229-238.

Assalino M, Genevay M, Morel P, Demuylder-Mischler S, Toso C,
Berney T. Recurrence of type 1 diabetes after simultaneous pancreas-
kidney transplantation in the absence of GAD and IA-2 autoantibodies.
Am J Transplant. 2012;12(2):492-495.

Vendrame F, Hopfner YY, Diamantopoulos S, et al. Risk factors for
Type 1 diabetes recurrence in immunosuppressed recipients of
simultaneous pancreas-kidney transplants. Am J Transplant. 2016;
16(1):235-245.

Jurgens CA, Toukatly MN, Fligner CL, et al. Beta-cell loss and beta-cell
apoptosis in human type 2 diabetes are related to islet amyloid
deposition. Am J Pathol. 2011;178(6):2632-2640.

Leodn Fradejas M, Kandil D, Papadimitriou JC, del Pino Flérez Rial M,
Prieto Sanchez E, Drachenberg CB. Islet amyloid in whole pancreas

378

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

American Journal of Transplantation 24 (2024) 362-379

transplants for type 1 diabetes mellitus (DM): possible role of Type 2
DM for graft failure. Am J Transplant. 2015;15(9):2495-2500.

Clark A, Wells CA, Buley ID, et al. Islet amyloid, increased A-cells,
reduced B-cells and exocrine fibrosis: quantitative changes in the
pancreas in type 2 diabetes. Diabetes Res. 1988;9(4):151-159.
Dumbill R, Laurenson-Schafer H, Sharples EJ, et al. Pancreatic islet
changes in human whole organ pancreas explants: what can be
learned from explanted samples? Transplant Direct. 2020;6(11):e613.
Troxell ML, Drachenberg C. Allograft pancreas: pale acinar nodules.
Hum Pathol. 2016;54:127-133.

Margreiter C, Aigner F, Resch T, et al. Enteroscopic biopsies in the
management of pancreas transplants: a proof of concept study for a
novel monitoring tool. Transplantation. 2012;93(2):207-213.

Biglarnia A-R, Wallgren A-C, Larsson E, Wagner M, Tufveson G.
Systematic protocol biopsy of the duodenal graft for surveillance after
pancreas transplantation. Transplantation. 2012;94(10S):85.
Drachenberg CB. Is the duodenum trustworthy? Transplantation. 2019;
103(3):463-464.

Holanda D, Drachenberg CB, Minervini MI, et al. Allograft duodenal
cuff biopsy as surrogate in evaluation of pancreatic transplant rejection
— A multicenter data effort. Transplantation. 2018;102(suppl 7):S447.
Mark W, Hechenleitner P, Dietze O, et al. Duodenal histology for
monitoring treatment of acute rejection in pancreaticoduodenal
allografts in rats. Transplantation. 2002;73(2):198-203.

Nakhleh RE, Benedetti E, Gruessner A, et al. Cystoscopic biopsies in
pancreaticoduodenal transplantation. Are duodenal biopsies indicative
of pancreas dysfunction? Transplantation. 1995;60(6):541-546.
Brockmann JG, Butt A, AlHussaini HF, et al. Protocol duodenal graft
biopsies aid pancreas graft surveillance. Transplantation. 2019;103(3):
622-629.

Nordheim E, Horneland R, Aandahl EM, et al. Pancreas transplant
rejection episodes are not revealed by biopsies of the donor duodenum
in a prospective study with paired biopsies. Am J Transplant. 2018;
18(5):1256-1261.

Rabant M, Racapé M, Petit LM, et al. Antibody-mediated rejection in
pediatric small bowel transplantation: capillaritis is a major determinant
of C4d positivity in intestinal transplant biopsies. Am J Transplant.
2018;18(9):2250-2260.

Ruiz P, Bagni A, Brown R, et al. Histological criteria for the
identification of acute cellular rejection in human small bowel allografts:
results of the pathology workshop at the VIII International Small Bowel
Transplant Symposium. Transplant Proc. 2004;36(2):335-337.

Wu T, Abu-Elmagd K, Bond G, Nalesnik MA, Randhawa P,

Demetris AJ. A schema for histologic grading of small intestine allograft
acute rejection. Transplantation. 2003;75(8):1241-1248.

Aziz F, Mandelbrot D, Parajuli S, et al. Alloimmunity in pancreas
transplantation. Curr Opin Organ Transplant. 2020;25(4):322-328.
Cantarovich D, De Amicis S, Akl A, et al. Posttransplant donor-specific
anti-HLA antibodies negatively impact pancreas transplantation
outcome. Am J Transplant. 2011;11(12):2737-2746.

Mittal S, Page SL, Friend PJ, Sharples EJ, Fuggle SV. De novo donor-
specific HLA antibodies: biomarkers of pancreas transplant failure. Am
J Transplant. 2014;14(7):1664-1671.

Malheiro J, Martins LS, Tafulo S, et al. Impact of de novo donor-
specific anti-HLA antibodies on grafts outcomes in simultaneous
pancreas-kidney transplantation. Transpl Int. 2016;29(2):173-183.
Agbor-Enoh S, Wang Y, Tunc |, et al. Donor-derived cell-free DNA
predicts allograft failure and mortality after lung transplantation.
EBiomedicine. 2019;40:541-553.

Bloom RD, Bromberg JS, Poggio ED, et al. Cell-free DNA and active
rejection in kidney allografts. J Am Soc Nephrol. 2017;28(7):
2221-2232.

Kuhr CS, Davis CL, Barr D, et al. Use of ultrasound and cystoscopically
guided pancreatic allograft biopsies and transabdominal renal allograft
biopsies: safety and efficacy in kidney-pancreas transplant recipients.
J Urol. 1995;153(2):316-321.


http://refhub.elsevier.com/S1600-6135(23)00801-8/sref92
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref92
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref92
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref93
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref93
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref93
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref93
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref94
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref94
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref94
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref94
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref95
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref95
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref95
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref95
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref96
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref96
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref96
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref96
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref96
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref97
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref97
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref97
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref97
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref98
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref98
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref98
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref98
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref98
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref99
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref99
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref99
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref99
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref99
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref100
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref100
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref100
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref101
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref101
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref101
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref101
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref101
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref102
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref102
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref102
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref102
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref102
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref103
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref103
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref103
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref103
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref103
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref104
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref104
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref104
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref104
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref104
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref105
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref105
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref105
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref105
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref105
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref106
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref106
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref106
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref106
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref106
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref107
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref107
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref107
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref107
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref108
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref108
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref108
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref108
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref109
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref109
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref109
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref109
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref109
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref110
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref110
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref110
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref110
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref110
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref111
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref111
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref111
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref111
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref112
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref113
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref113
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref113
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref113
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref114
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref114
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref114
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref115
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref115
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref115
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref116
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref116
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref116
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref116
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref117
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref117
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref117
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref118
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref118
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref118
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref119
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref119
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref119
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref120
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref120
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref120
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref120
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref121
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref121
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref121
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref121
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref122
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref122
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref122
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref122
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref123
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref123
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref123
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref123
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref123
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref124
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref124
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref124
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref124
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref124
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref124
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref125
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref125
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref125
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref125
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref125
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref126
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref126
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref126
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref126
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref127
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref127
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref127
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref128
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref128
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref128
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref128
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref129
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref129
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref129
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref129
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref130
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref130
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref130
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref130
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref131
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref131
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref131
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref131
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref132
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref132
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref132
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref132
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref133
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref133
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref133
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref133
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref133

C.B. Drachenberg et al.

134.

135.

136.

137.

138.

139.

Park S, Guo K, Heilman RL, et al. Combining blood gene expression
and cellfree DNA to diagnose subclinical rejection in kidney transplant
recipients. Clin J Am Soc Nephrol. 2021;16(10):1539-1551.

Schitz E, Fischer A, Beck J, et al. Graft-derived cell-free DNA, a
noninvasive early rejection and graft damage marker in liver
transplantation: A prospective, observational, multicenter cohort study.
PLOS Med. 2017;14(4):e1002286.

Stites E, Kumar D, Olaitan O, et al. High levels of dd-cfDNA identify
patients with TCMR 1A and borderline allograft rejection at elevated
risk of graft injury. Am J Transplant. 2020;20(9):2491-2498.

Oellerich M, Sherwood K, Keown P, et al. Liquid biopsies: donor-
derived cell-free DNA for the detection of kidney allograft injury. Nat
Rev Nephrol. 2021;17(9):591-603.

Ventura-Aguiar P, Ramirez-Bajo MJ, Rovira J, et al. Donor-derived
cell-free DNA shows high sensitivity for the diagnosis of pancreas graft
rejection in simultaneous pancreas-kidney transplantation.
Transplantation. 2022;106(8):1690-1697.

Williams MD, Fei M, Schadde E, Hollinger EF, Chan EY, Olaitan O.
Early experience using donor-derived cell-free DNA for surveillance of
rejection following simultaneous pancreas and kidney transplantation.
Transplant Direct. 2022;8(5):e1321.

379

140.

141.

142.

143.

144.

145.

American Journal of Transplantation 24 (2024) 362-379

Yoo A, Riedel A, Qian|, etal. Aninitial analysis of the baseline levels of dd-
cfDNA after pancreas transplantation: a prospective study from high-
volume centers in the United States. Transplant Direct. 2023;9(4):e1459.
Roufosse C, Drachenberg C, Renaudin K, et al. Molecular assessment
of antibody-mediated rejection in human pancreas allograft biopsies.
Clin Transplant. 2020;34(11):e14065.

Chellappa S, Kushekhar K, Hagness M, Horneland R, Taskén K,
Aandahl EM. The Presence of activated T cell Subsets prior to
Transplantation Is Associated with Increased Rejection Risk in
Pancreas Transplant Recipients. J Immunol. 2021;207(10):
2501-2511.

Rovira J, Ramirez-Bajo MJ, Bandn-Maneus E, et al. Immune profiling
of peripheral blood mononuclear cells at pancreas acute rejection
episodes in kidney-pancreas transplant recipients. Transpl Int. 2022;
35:10639.

Zemmour H, Planer D, Magenheim J, et al. Non-invasive detection of
human cardiomyocyte death using methylation patterns of circulating
DNA. Nat Commun. 2018;9(1):1443.

Korutla L, Rickels MR, Hu RW, et al. Noninvasive diagnosis of
recurrent autoimmune type 1 diabetes after islet cell transplantation.
Am J Transplant. 2019;19(6):1852-1858.


http://refhub.elsevier.com/S1600-6135(23)00801-8/sref134
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref134
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref134
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref134
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref135
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref135
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref135
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref135
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref136
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref136
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref136
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref136
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref137
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref137
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref137
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref137
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref138
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref138
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref138
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref138
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref138
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref139
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref139
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref139
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref139
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref140
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref140
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref140
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref141
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref141
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref141
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref142
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref142
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref142
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref142
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref142
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref142
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref142
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref143
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref143
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref143
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref143
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref143
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref144
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref144
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref144
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref145
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref145
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref145
http://refhub.elsevier.com/S1600-6135(23)00801-8/sref145

	Banff 2022 pancreas transplantation multidisciplinary report: Refinement of guidelines for T cell–mediated rejection, antib ...
	1. Introduction
	1.1. Indications for PTxBx
	1.2. Surveillance or protocol biopsies
	1.3. Clinical correlations

	2. 2022 update to the Banff diagnostic categories
	2.1. Category 3–TCMR
	2.2. Category 4 –AMR
	2.3. Previous category 5

	3. Rationale for the evaluation of cluster of differentiation 3 (CD3) and cluster of differentiation 68 (CD68) stains to deter ...
	3.1. Category 5—graft sclerosis
	3.2. Category 6—islet pathology
	1. Early posttransplant dysfunction/failure: Delayed graft function (DGF) and primary nonfunction (PNF)
	2. Islet dysfunction/failure accompanying active rejection
	3. Islet dysfunction/failure due to progressive graft fibrosis/chronic rejection
	4. Islet dysfunction/failure in the absence of allograft rejection or fibrosis

	Type 1 diabetes mellitus recurrence (T1DR)
	Development of type 2 diabetes
	Other nonspecific reactive reparative islet changes

	4. Category 7 other histologic diagnosis
	4.1. Early graft thrombosis due to surgical complications vs active rejection
	4.2. Peripancreatic inflammation and ischemic pancreatitis
	4.3. Ductal issues

	5. Additional topics
	Duodenal donor cuff biopsies as surrogates for pancreatic biopsies

	6. Noninvasive biomarkers in pancreas transplantation
	Funding
	Declaration of competing interests
	Data availability statement
	References


