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identify key morphologic features to be assessed, select consistent and reproducible terminology for
each histological feature, and provide standardized definitions for pathological assessment and grading.
METHODS: A template was created by experts in lung transplantation including pathologists, pulmonol-
ogists, immunologists. An initial draft was circulated, followed by discussions and multiple revisions
by email and conference calls.

RESULTS: The “lung allograft standardized histological analysis — LASHA” template was created and
structured as multiple-choice questions with number of fields to be filled in to allow for standardization
of results and easy transfer into a future electronic spreadsheet.

CONCLUSION: This template will help facilitate multicenter studies through a uniform protocol and cor-
relations with new diagnostic modalities. After validation in large-scale studies, an optimized template
could be included in routine clinical practice to enhance graft assessment and medical decision-making.
J Heart Lung Transplant 2022;41:1487—1500

© 2022 The Author(s). Published by Elsevier Inc. on behalf of International Society for Heart and Lung

Transplantation. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Lung transplantation (LTx) is the ultimate therapeutic
option for many patients with end-stage lung disease. How-
ever, according to recent data from the International Society
for Heart and Lung Transplantation (ISHLT), the median
survival is 6.7 years' for adults, usually limited by immuno-
logic and/or nonimmunologic complications.

Rejection is the main determinant of allograft failure.
Although clinical monitoring by pulmonary function
tests, laboratory analyses (microbiological/immunologi-
cal tests) and imaging facilitate the identification of
complications, currently the diagnosis of allograft rejec-
tion relies on histologic assessment of lung biopsies and
the exclusion of other diagnostic entities such as infec-
tion. To date, standardization of pathologic diagnosis
and grading of rejection [acute cellular rejection (ACR),
antibody-mediated rejection (AMR), and chronic lung
allograft dysfunction (CLAD)] has been achieved
through consensus statements and guidelines supporting
the importance of a multidisciplinary approach.” > There
is an ongoing need to standardize injurious patterns by
histopathologic examination and to identify the changes
associated with poor clinical outcomes.”"”

The proposed “lung allograft standardized histological
analysis”-LASHA- template aims: (1) to identify key mor-
phologic features to be assessed, (2) to select consistent and
reproducible terminology for each histological feature, (3)
to provide standardized definitions for pathological assess-
ment and grading.

The lack of uniform histological reporting of biopsies
after transplant has resulted in unreliable and nonstandar-
dized language in histopathological reports, particularly for
morphologic findings out of rejection (acute or chronic)
that are not conventionally graded by the current guidelines.
This has historically led to both misinterpretation of post-
LTx complications, and has potentially introduced bias in
clinical trials."*

Data reporting elements are proposed for research in a
framework to facilitate multicenter collaborative studies
allowing identification of currently unrecognized features
of specific processes. The template is currently more com-
prehensive than what is currently used in clinical practice
and not all elements may be required for routine diagnosis.

In the future, this template, in combination with a digital
platform, may be used as an educational tutorial for pathol-
ogists. After adjudication of the collected data from the
research application of the template, the intention is to
remove those histological features which have been proven
non-relevant, and to adjust it for routine clinical practice.
Correlation with clinical, radiological, and molecular fea-
tures could ultimately reinforce the significance of these
histological entities, allowing the refinement of ISHLT
diagnostic criteria.

Methodology and description of the template
Methodology

The LASHA grid was discussed by panelists of the lung session on
AMR at the 2017 14th Banff Foundation for Allograft Pathology
Conference in Barcelona.'? The panel was composed of patholo-
gists, pulmonologists, and immunologists. The idea of such a grid
was vetted through ISHLT Connect to the pathology community,
selecting those colleagues involved in lung transplantation. The
working group members were from different countries: Europe
(8), USA (10), and Australia (1).

The grid was originally intended to focus on AMR. However,
the working group agreed that the wide AMR-related range of
histopathologic lesions could also be crucial in the differential
diagnosis of several other post-transplant complications. Thus,
the grid was planned as a comprehensive report of all pathology
findings detected in a lung allograft specimen. The pathologists
(all experienced in lung transplant pathology) discussed and
defined the scoring system adopted for the different lesions, with
the intention to evaluate its usefulness and reliability in research
studies.

An initial draft of the grid was circulated by email among the
panel members; subsequent discussions and multiple revisions
occurred by email and conference calls. The LASHA grid was
finally drafted as a Word document where it was structured as
multiple-choice questions, with number fields to be filled in to
allow for standardization of results and easy transfer into a
spreadsheet (Figure 1). This grid will be made available in an
electronic format in REDCap (Research Electronic Data Cap-
ture, https://www.project-redcap.org/) which is a secure web
application for building and managing online databases. This
application has several advantages, such as using a real
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LUNG ALLOGRAFT STANDARDIZED HISTOLOGICAL ANALYSIS (LASHA)

Type of sample: Transbronchial biopsy g Transbronchial cryobiopsyD Wedge biopsy g Other ( )
Stainings/techniques: H&E l;‘ Connective tissue staining Q Silver stains |;| Other special stains ( )
Other ancillary tools ( )

C4d evaluation: Immunohistochemistry (IP) Immunofluorescence (IF) Q

1P: Distribution: <10% 10-50% __ >50% __ [F:Intensity (score):0__ 1__ 2__ 3
Biopsy*: adequateD |nsufﬁuent |nadequateg

Bronchi:
Bronchioles:
Artery:

Lesions suggestive of acute ceIIuIar rejectlon

- Perivascular mononuclear infiltrates: YES N

- Lymphocytic bronchiolitis: YES NO

Lesions suggestive of chronic rejection:

- Obliterative bronchiolitis: YES NO

- Vascular rejection: YES NO

Alveolar septal injury pattern:

- Neutrophils in alveolar septa (score):

- Neutrophilic/cellular debris in alveolar septa (score):

- Platelet-fibrin thrombi in alveolar capillaries (score):

- Alveolar capillary dilatation (score):

- Septal wall oedema/widening (score):

- Mononuclear cells in alveolar septa (score):

- Septal fibrous thickening (score):

Intra-alveolar Injury pattern:

- Neutrophils in alveolar spaces (score):

- Hyaline membranes (score):

- Pneumocyte hypertrophy/reactive changes (score):

- Granulation tissue plugs in alveolar spaces/OP (score):

- Fibrin balls in alveolar spaces (suggestive of AFOP) (score):

- Alveolar proteinosis (score):

- Macrophages (score):
Specify subtypes: normal D hemosiderophages D foamy
Foreign body in alveolar spaces: YES g NO

Injury pattern in other sites (e.g.subpleural, interlobular septa, large airways)

Ungradable** ;
Ungradable**| |
Ungradable**| |
Ungradable**| |
Ungradable**| |
Ungradable**| |
Ungradable**|_|

] [] ] Ungradable**;
Ungradable**|_|

O O O O o o o
e e e i i
I
NNNNNNRN
|
W W wwwww
I
I

Ungradable**| |
Ungradable**| |
Ungradable**| |
Ungradable**| |
1 | 2 3 Ungradable**| |
cholesterol cleft—g giant cells D—

e e
I
NNNNNRN
|
W W wwww
I
I

O O O O O o o

- Suspected pleuroparenchymal/intralveolar fibroelastosis YES NO|_|

- Inflammation of subpleural/interlobular areas (specify the type) YES NO|_| (specify: )
- Injury of the large airways (specify the type) YES NO|_|(specify: )
Other:

- Arteritis/endotheliitis: YES NO g (specify: )
- Thrombus: YES NO|_|

- Ischemic necrosis: YES NO|_|

- Viral inclusions: YES NO|_| (specify: )
- Fungal organisms: YES NO || (specify: )
- Other infectious organisms: YES NO|_| (specify: )
- Granuloma: YES NO| |

- Suspected PTLD YES NO|_|

- Suspected recurrent disease YES NO|_| (specify: )
- Eosinophilia (interst/alv): YES NO|_| (specify: )
- BALT***: YES NO| |

- Previous biopsy site YES NO 3 (specify: )
- Other (specify)

SUMMARY

Acute cellular rejection: A & B Grades

(A Grade): 05 % % % 4[] x[]

(B Grade): 0 1R

Infection: yes/no (specify the type)

Lesions suggestive of AMR: yes/no (specify the lesions and C4d staining)

Lesions suggestive of chronic rejection: yes/no (specify if OB, RAS-like or vascular, reporting the C and D grades for OB and vascular type)
Lesions suggestive of I/R injury: yes/no (specify the lesions)

Lesions suggestive of other diagnosis: yes/no (specify the diagnosis)

Figure 1 Lung allograft standardized histological analysis template in which all histological changes must be reported. * According the
ISHLT working formulation established criteria® ** The features are visible but not precisely gradable or equivocal *** BALT means orga-
nized lymphoid tissue with vessels and occasional anthracotic pigmented macrophages.

DATABASE-SQL (MySQL), the availability of multiple forms The writing workgroup was divided into subgroups covering
connected to each other and different tools and customizations, the following topics: (1) introduction about the need for standardi-
easy management of multicenter studies, and the possibility of zation of pathological diagnosis reports and the potential clinical
exporting data in an adequate format for statistical software impact, (2) methodology and description of the different lesions
(SAS, SPSS, R). A website will be set up with multisite access after a comprehensive literature search and review of each topic,

for managing the REDCap database. (3) open issues and current/future perspectives.
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Description of the template
Tissue samples, staining, and scoring system

The first section of the template focuses on specimen adequacy,
biopsy type and histochemical/immunohistochemical stains. The
adequacy of TBB is evaluated according to the ISHLT working for-
mulation established criteria.” In particular, the biopsy is considered
adequate when there are at least 5 pieces of well-expanded alveolated
lung parenchyma and at least 1 or 2 bronchioles. If one of the biopsy
pieces does not include alveoli but only airway structures, pleura, or
vessels, it is excluded from the counts. If the biopsy piece is affected
by crush artifact, it will also be excluded from counting. In case of an
insufficient biopsy (including at least 3 pieces of well-expanded
alveolated lung parenchyma), the evaluation of pathologic changes
will be reported as present/absent, skipping the scoring system.

The most commonly encountered biopsy is the fiberoptic trans-
bronchial biopsy (TBB) and the template has been designed
accordingly. However, other diagnostic techniques such as the
transbronchial cryobiopsy can be accommodated.'”'® Surgical
biopsies are infrequently performed and generally attempted when
other investigations fail to yield the diagnosis. In case of larger
biopsies such as cryobiopsies and wedge biopsies the LASHA
scoring of histologic lesions will be simply reported as present or
absent, postponing the grading of changes to when the template
will be widely used.

The template requires reporting of results of any ancillary test-
ing that was done including histochemical, immunohistochemical,
immunofluorescent (for C4d) stains, and molecular techniques. 19

Some aspects of tissue processing and analysis are omitted as
they are center-specific and are left to the discretion of individual
centers, for example, TBB vs cryobiopsy approaches and techniques
for C4d evaluation (immunohistochemistry vs immunofluorescence).

Albeit controversial (see “Remaining questions” paragraph),
the working group agreed on retaining immunostaining for C4d as
a supportive tool for diagnosing AMR. Currently, most centers
use immunoperoxidase (IP) assays; immunofluorescence (IF) has
also been included for centers that prefer this other approach.
Both intensity score (from O to 3 for IF) and distribution of immu-
noreactivity in interstitial capillaries (<10%, 10%-50%, and
>50% for IP) are reported in the template.

ACR, lymphocytic bronchiolitis and chronic rejection (CR) are
reported according the ISHLT working formulation established crite-
ria.” A key feature of this template is the application of a 4-tiered
scoring system for the majority of histologic findings. The working
group pathologists proposed a simple and easily applicable score for
the different parameters. This score includes: O-morphologic feature
not present, morphologic feature present focally (score 1), in at least
half of the samples (score 2), or in all samples (score 3).

Description of histological features

Except for ACR/CR grading, all other findings are grouped into 3
main categories based on the anatomic compartment affected:
alveolar septum, intra-alveolar lumen, and other sites (e.g., sub-
pleural, interlobular, large airways). All histological changes of
the anatomical compartments are outlined briefly focusing on the
description and main etiologies (Tables 1, 2, and 3).

Acute and chronic cellular rejection

ACR and CR should be reported/graded (in the summary) accord-
ing to the ISHLT working formulation for lung allograft

rejection.” Briefly, for ACR, perivascular and interstitial mononu-
clear cell infiltrates are graded from AO to A4 and AX if not evalu-
able (A-grade). Some lesions detected in severe acute rejection
(A4) are listed in the section of “intra-alveolar injury pattern” (e.
g., hyaline membranes, reactive pneumocytes, granulation tissue
plugs) and are morphological correlates of injury in other condi-
tions such as infection, drug toxicity, aspiration, AMR, or ische-
mia/reperfusion injury. While the presence of mononuclear
inflammation in a perivascular distribution increases the diagnos-
tic confidence of severe ACR it must be emphasized that perivas-
cular inflammation is not entirely specific for ACR. Other
conditions such as infection may mimic alloreactive lung injury.
Ancillary testing, often implemented as the diagnosis of acute
allograft rejection (ACR and AMR), is a diagnosis of exclusion.
On occasion concurrent infection and rejection are present and
add diagnostic and clinical complexity.

Using the ISHLT working formulation, small airway inflam-
mation should be graded from B0 to B2R, and BX when small air-
ways are not visible. Infectious processes need to be excluded,
especially in the presence of neutrophils or mixed airway inflam-
mation. The literature contains contradictory data regarding inter-
and intra-observer variability for A- and B- rejection grading.
While some found relatively good inter-observer agreements for
the A-grade (kappa values between 0.65 and 0.73), others showed
only fair to moderate agreement for A- and B-grade (kappa values
between —0.04 and 0.46).°"'* In future updates of the ISHLT
working formulation, an ongoing and more uniform data collec-
tion of several lesions through the present template could improve
reproducibility.

Historically, TBB has shown low sensitivity in identifying
CR, either of small airways (obliterative bronchiolitis, C-
grade) or of vessels (vascular rejection, D-grade). Obliterative
bronchiolitis (OB), the morphological correlate of obliterative
bronchiolitis syndrome (BOS), is characterized by submucosal
collagenous scarring producing subtotal or total airway nar-
rowing and is currently graded as absent (ISHLT grade CO) or
present (C1).? Vascular rejection is characterized by thickened
pulmonary arteries and more often veins, due to the intimal
proliferation of fibroinflammatory connective tissue. Both C
and D grades are rarely identified on TBB since they usually
lack bronchioles or sufficiently sized vessels. However, post-
obstructive changes (e.g., foamy macrophages and cholesterol
clefts), listed in the section “intra-alveolar injury pattern,” are
highly suggestive of airway obstruction and can be reported as
suggestive of CR.

Alveolar septal injury pattern

The “Alveolar Septal Injury Pattern” section of the template focused
on alterations of the normal alveolar septal structure. Septal changes
may indicate the underlying cause of the observed injury pattern (e.
g. immunologic or infectious disorders). For example, presence
of septal neutrophils, neutrophilic/cellular debris, platelet-fibrin
thrombi, septal widening/edema and/or alveolar capillary dilatation
while not entirely specific are suggestive of AMR.'**°"%* Capillary
neutrophilic inflammation with varying degrees of severity (1: neu-
trophilic margination above baseline; 2: neutrophilic margination
above baseline with at least 2 back-to-back neutrophils; and 3: neu-
trophilic capillaritis) has been the subject of discussion in several
AMR statements.****' However, interobserver reliability for differ-
ent grades of capillary neutrophilic inflammation was low”' and
there is objective difficulty in precisely identifying the compartmen-
talization of neutrophils in capillaries. The working group tried to
simplify the description of inflammatory changes by reporting the
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Table 1  Alveolar Septal Injury Pattern

Histopathological pattern

Main etiologies

Notes®

Neutrophils/neutrophilic or cellular
debrislB,ZO,Zl

Platelet-fibrin thrombi in alveolar
capillaries**-?%%

Septal edema or widening possibly due to
organizing DAD, neutrophils, chronic
inflammatory cells/capillary
dilatation®*#

Mononuclear cells (not perivascular
cuffing)*?

4,24,25

Septal fibrous thickening

Immunological insults (mainly AMR but
also severe ACR)
Ischemia reperfusion injury

Infection

Immunological insults (mainly AMR but
also severe ACR)
Ischemia reperfusion injury

Infection (e.g., SARS-COV-2)
Thrombotic diathesis (hypercoagulop-
athy disorders such as APS, autoim-

mune diseases such as SLE)

Immunological insults (mainly AMR but
also severe ACR)

Ischemia reperfusion injury

Infection

Sampling artifact

Infection (mainly viral)

PTLD (sheet like infiltration)

BALT

Immunological insults (NSIP features in
RAS)

Infection (i.e., postinfectious/postin-
flammatory fibrosis)

Iatrogenic
Post-ischemic

C4d staining (insensitive marker but quite
specific)

Detected in TBB (early post-transplant
within 6 weeks)

Useful special stains [e.g., PAS, GMS, AFB,
IHC (e.g., CMV)/molecular analysis]

C4d staining useful (insensitive marker but
specific)

Detected in TBB (early post-transplant
within 6 weeks)

Useful special stains [e.g., PAS, GMS, AFB,
IHC/molecular analysis]

C4d staining (insensitive marker but
specific)

Detected in TBB (early post-transplant
within 6 weeks)

Useful special stains [e.g., PAS, GMS, AFB,
IHC/molecular analysis]

Usually associated with other changes (e.
g., blood extravasation)

Useful special stains [e.g., PAS, GMS, AFB,
IHC/molecular analysis]

Useful IHC/molecular analysis for B/T lym-
phocytes clonality and EBV (mRNA)

Often associated with small vessels and/or
pigmented macrophages

Connective tissue staining useful (Masson
trichrome or Movat stain)

Abbreviations: ACR, acute cellular rejection; AFB, acid-fast bacillus; AMR, antibody-mediated rejection; APS, antiphospholipid syndrome; BALT, bron-
chus-associated lymphoid tissue; CMV, cytomegalovirus; DAD, diffuse alveolar damage; EBV, Epstein-Barr virus; GMS, Grocott-Gomori's methenamine sil-
ver; IHC, immunohistochemistry; NSIP, nonspecific interstitial pneumonia; PAS, Periodic acid—Schiff; PTLD, post-transplant lymphoproliferative
disorder; RAS, restrictive allograft syndrome; SLE, systemic lupus erythematosus; TBB, transbronchial biopsy.

The notes refer only to additional contributions from pathologists. Multidisciplinary discussion with transplant specialists is strongly recommended

for summary and final interpretation.

presence of neutrophils/cell debris and/or mononuclear cells within
the alveolar septa (Table 1).

Interstitial infiltration by mononuclear cells, not arranged in
perivascular cuffing, can have different etiologic explanation,
some with clinical impact and others without significance in
patient outcomes. Careful attention to other concurrent morpho-
logic changes is helpful in establishing a more definitive diagnosis
for example, lymphocytic septal infiltration may occur in patients
with recent infections. Viral infections may produce characteris-
tics viral cytopathic effects and immunohistochemistry or tissue
molecular analysis can be applied to confirm infection.'' Marked
mononuclear infiltrates with significant interstitial widening by
“sheet-like infiltration of inflammatory cells” raises the possibility
of post-transplant lymphoproliferative disorder (PTLD). An
appropriate workup should be performed including assessment for

Epstein-Barr virus genome (using mRNA EBER), and B-cell clon-
ality and T-cell subsets.

However, compact interstitial infiltration by mononuclear
cells may have no particular pathologic significance when
accompanied by small vessels and/or pigmented macrophages.
Indeed, often this feature corresponds to bronchial-associated
lymphoid tissue (BALT), or donors with a smoking history.
Additional details about the significance of BALT are elabo-
rated in the “Other” section.

Septal fibrous thickening, highlighted by the Masson tri-
chrome or Movat stains can represent a focal reparation process
from interstitial injury of different etiologies for example, infec-
tion, iatrogenic/prior biopsy site, ischemic/reperfusion injury,
and/or immunologic-mediated injury such as the nonspecific
interstitial pneumonia (NSIP)-like pattern that has been observed
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Table 2 Intra-alveolar Injury Pattern

Histopathological pattern

Main etiologies

Notes®

Hyaline membranes, Pneumocyte
hyperplasia, Granulation tissue
pI.UgS (OP)12,13,20,21

AFO P13,26729

Alveolar proteinosis® Infection

Immunological insults (mainly AMR
but also severe ACR)

Ischemia reperfusion injury

Infection

Immunological insults (e.g. AMR,
RAS)

Infections

Drug toxicity
Useful special stains PAS and dia-

C4d staining (insensitive marker but
quite specific)

Detected in TBB (early post-trans-
plant within 6 weeks)

Useful special stains [e.g., PAS,
GMS, AFB, IHC (e.g CMV)/molecu-
lar analysis]

C4d staining (insensitive marker but
specific)

Useful special stains [e.g., PAS,
GMS, AFB, IHC/molecular analysis]

stase PAS and special stains for
microorganisms.

Drug toxicity

Macrophages®’ Normal (extensive)

If extensive, infections

Smoking/fume inhalation (rarely)

Hemosiderophages

Recurrent DIP-like native disease

Previous episodes of hemorrhage of
different etiologies (infections,

Useful information about native
disease

Useful special stains [e.g., PAS,
GMS, AFB, IHC/molecular analysis]

Associated other smoking lesion
stigmata (e.g. antracosis)

Perls Prussian blue stain may be
done in case of doubt

immunological, heart failure: in
combined H-L TX; procedure)

Lack of pathologic significance

Foamy-w/wo cholesterol

Indicative of bronchiolar

Especially in case of minimal infil-
tration (score 1)
Useful special stain e.g Verhoeff-Van

cleft/ giant cells obstruction Gieson elastin stain (to highlight
scar)
Drug toxicity Sometimes associated with OP and
eosinophils

Abbreviations: ACR, acute cellular rejection; AFOP, acute fibrinous organizing pneumonia; AFB, acid-fast bacillus; AMR, antibody-mediated rejection;
CMV, cytomegalovirus; DIP, desquamative interstitial pneumonia; GMS, Grocott-Gomori's methenamine silver; H-L TX, heart-lung transplantation; IHC,
immunohistochemistry; OP, organizing pneumonia; PAS, Periodic acid—Schiff; RAS, restrictive allograft syndrome; TBB, transhronchial biopsy; W/WO,

with/without.

The notes refer only to additional contributions from pathologists. Multidisciplinary discussion with transplant specialists is strongly recommended

for summary and final interpretation.

to 25%

24,25

in up
patients.

of restrictive allograft syndrome (RAS)

Intra-alveolar injury pattern

The “intra-alveolar injury pattern” section of the template includes a
spectrum of lesions with either acute (neutrophils in alveolar spaces,
hyaline membranes, pneumocyte hypertrophy/reactive changes, and
acute fibrinous and organizing pneumonia -AFOP-) or ongoing
reparative/chronic features (different types of macrophages and gran-
ulation tissue plugs). These lesions can be associated with several
etiologies. Acute lung injury changes, especially if hyaline mem-
branes and neutrophils are extensively present (score 3), are the mor-
phological correlate for diffuse alveolar damage with possible
etiologies that include clinically relevant infectious, ischemic or
immunologic tissue injuries. Results from ancillary tools (special

stains/molecular analysis for microorganisms, C4d immunostaining)
may strengthen the pathological interpretation (Table 2).
Interestingly, AFOP and alveolar proteinosis can be caused
by different conditions and may represent an allograft injury
pattern®®~%*~°: AFOP has been reported in a few cases of
AMR," and can precede CLAD with the RAS phenotype.>’
Intra-alveolar macrophage infiltration should be graded inde-
pendently with particular attention to the macrophage subtypes
as they may provide etiologic clues. For example, foamy mac-
rophages and/or macrophages with cholesterol clefts are often
associated with aspiration or as secondary changes in patients
with chronic airway rejection-OB. This aspect may be the
only sign of OB in the absence of bronchiolar structures in
TBB. The presence of intra-alveolar foamy macrophages with
scattered, sparse eosinophils and foci of organizing pneumonia
may be an indicator of drug toxicity, in some circumstances.
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Table 3  Injury Patternsin Other Sites

Histopathological pattern Main etiologies

Notes®

Pleuroparenchymal/intraalveolar
fibroelastosis*

Inflammation/fibrosis of subpleural/inter-
lobular septa
Injury of large airway (lymphocytic)

if mild)

S Infections

Ischemic injury

Immunological insult (RAS)

Often nonspecific finding (especially

Connective tissue stains: Verhoeff-Van Gie-
son elastin stain.

Rarely detected in post-transplant TBB
(better cryobiopsy or VATS).

Precise reporting in the template could
provide new insights

Useful special stains [e.g., PAS, GMS, AFB,
IHC/molecular analysis]

Immunological insults (debated)

Abbreviations: AFB, acid-fast bacillus; RAS, restrictive allograft syndrome; GMS, Grocott-Gomori's methenamine silver; IHC, immunohistochemistry;
PAS, Periodic acid—Schiff; TBB, transbronchial biopsies; VATS, Video-assisted thoracoscopic surgery.
The notes refer only to additional contributions from pathologists. Multidisciplinary discussion with transplant specialists is strongly recommended

for summary and final interpretation.

Intra-alveolar hemosiderin-laden macrophages are com-
monly observed in TBB. They could reflect previous episodes
of inflammation, hemorrhage but, more commonly, lack of
pathologic significance (e.g., residuum of bleeding from prior
biopsies).”!

Injury patterns in other sites (e.g., subpleural,
interlobular septa, and large airways)

Inflammation in subpleural and/or interlobular septa are often
observed in large allograft samples (i.e., cryobiopsy or surgical
biopsy). The histopathologic diagnosis of pleuroparenchymal
fibroelastosis, seen in RAS, requires the demonstration of intra-
alveolar fibrosis and elastosis, ideally with visceral pleural fibro-
sis. The latter is typically absent in TBB, due to the lack of pleural
tissue and/or on account of its patchy distribution. These lesions
are more easily observed using Verhoeff-Van Gieson elastin stain,
with alveolar parenchyma obliterated by fibrosis.*****-**~ Iso-
lated, mild remodeling changes (inflammatory or fibrotic) of sub-
pleural or interlobular septum compartments has little clinical
significance. However, strict evaluation in all future biopsies using
the template could provide future insights into this morphological
feature and its clinical significance (Table 3).

Large airway lymphocytic inflammation should be reported,
specitying the exact location of the infiltrates (intraepithelial, sub-
mucosal, peribronchial). Inflammation in both in small and large
airways should also be described as there is growing evidence of
the association of these lesions with future development of
CLAD. ™"

Other

Other histological findings detected in different compartments of
the biopsies are listed in this section as either present or absent.
Vascular injuries such as endotheliitis/arteritis and thrombi have
been reported more frequently as signs of an immunological
insult, such as severe ACR or AMR.'*?! When present, these find-
ings should always be reported and taken into account in conjunc-
tion with other lesions in the final summary report.

Even if patients receive prophylaxis for cytomegalovirus
(CMV) or fungi, infections can still occur and microorganisms
can be detected or confirmed by special stains (Gram, Grocott,

PAS, Ziehl-Neelsen), immunohistochemistry (early/late CMV
antigen), and molecular techniques (especially for viruses and
mycobacteria).

PTLD and recurrent diseases are rarely diagnosed in TBB, and
usually require larger specimens for diagnosis and classification.
Both PTLD and recurrent disease are often unrecognized or mis-
diagnosed, both clinically and radiologically. Thus, lung tissue
analysis is considered the gold standard for correct diagnoses.

Eosinophils are detected in lung transplant biopsies as an inte-
gral part of the inflammatory infiltrate in higher grades of ACR.
When eosinophils comprise more than 50% of the inflammatory
infiltrate, other etiologies should be considered in part based on
localization within the lung. If detected in the airways an infec-
tious etiology should be suspected. In particular, infection by a
Pseudomonas species can be associated with a dense eosinophilic
infiltrate, possibly inducing clinical symptoms of airflow obstruc-
tion indistinguishable from asthma. Another important cause of
eosinophil infiltration in airways and lung parenchyma is fungal
infection, most commonly, Aspergillus. Eosinophils can also be
observed in pulmonary drug reactions (e.g., nitrofurantoin, sulfa-
salazine, penicillin®’).

The significance of BALT, detected in TBB, is not well
understood. In human lung transplantation, the presence of
BALT has been associated with low-grade or no rejection (AO or
Al), leading to the speculation that BALT in human lung allog-
rafts might be involved in immunological tolerance. Only a few
experimental studies have focused on this topic reporting similar
data; the clinical and immunologic significance merits further
studies.*®?

Summary

The likely pathological process(es) based on the overall interpreta-
tion of the assessed histological features is summarized at the bot-
tom of the template.

Final interpretation of all changes requires
comprehensive multidisciplinary discussion with
the clinical team directing patient management

Illustrative cases (images and LASHA templates) of some impor-
tant post-transplant complications are featured in Figures 2—7.
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Figure 2 Explanatory Case 1. This 23-year-old female received a bilateral lung transplantation for cystic fibrosis. Eleven months
post-transplant the patient presented with dyspnea, cough and was found to have bilateral abnormalities at chest-tomography scan
(ground-glass, alveolar pattern, tree-in-bud) and a TBB was performed. Donor specific antibodies were detected at the time of biopsy
(DR53: 13000 MFI). Immunosuppression levels were within range. HLA Class I and HLA Class II percent reactive antibodies were neg-
ative. Microbiologic cultures and viral polymerase chain reaction for infectious agents were negative. The biopsy was characterized by
septal widening with neutrophils, cellular debris, capillary dilatation (A-E). Aggregates of neutrophils/debris are marked by arrow (E).
C4d immunostaining was strongly and diffusely positive (F). See more detailed description in the template (Figure 5). The positivity for
C4d immunostaining and several histological features strongly suggest antibody-mediated rejection. (A) hematoxylin and eosin, X5;
(B) hematoxylin and eosin, X10; (C) hematoxylin and eosin, X10; (D) hematoxylin and eosin, X20; (E) hematoxylin and eosin, X40;
(F) immunohistochemistry for C4d, X40.

Figure 3 Explanatory Case 2. This 53-year old male was transplanted for chronic hypersensitivity pneumonitis. The TBB was per-
formed at 10 months post-transplant to evaluate the mild restrictive pattern on pulmonary function tests. Immunosuppression levels were
within range. HLA Class I and HLA Class II percent reactive antibodies were negative. Microbiologic cultures for bacterial infection were
negative. Polymerase chain reaction for Cytomegalovirus (CMV) in blood showed high number of viral copies (1000 copie/ml). The interal-
veolar septa showed moderate widening with mainly lymphocytic inflammatory cell infiltrates, and diffuse macrophagic alveolitis (A-E).
Hemosiderophage macrophages and lymphocytic septal infiltration are marked with arrows (D and E respectively). Immunohistochemistry
for CMV showed nuclear positivity in several pneumocytes. Nuclear positive staining of pneumocyte is marked with arrow (F). See more
detailed description in the template (Figure 6). The diagnosis of CMV pneumonitis was established. (A) hematoxylin and eosin, X5; (B)
hematoxylin and eosin, X10; (C) hematoxylin and eosin, X10; (D) hematoxylin and eosin, X20; (E) hematoxylin and eosin, X20; (F) immu-
nohistochemistry for CMV, X40.
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Figure 4

Explanatory Case 3. This 61-year-old male received a single left lung transplant for end-stage usual interstitial pneumonia/idi-

opathic pulmonary fibrosis. On day 15 post-transplant, a TBB was performed due to increasing shortness of breath over a 2-day period. At
rest, his oxygen levels were normal, but dropped under stress to 80 percent. A new left lung infiltrate was encountered on chest x-ray. Immu-
nosuppression levels were within range. His HLA Class I PRA was 7, and HLA Class II PRA was negative. Microbiologic cultures and viral
polymerase chain reaction were negative. The biopsy showed septal widening by reactive pneumocyte change (arrows, F), and every biopsy
piece showed granulation tissue plugs obstructing intra-alveolar spaces (A-F) indicating an organizing pneumonia pattern of injury. See
more detailed description in the template (Figure 7). Given the time point of this biopsy (approximately 2 weeks following transplantation),
the findings were consistent with ischemia-reperfusion injury. (A) hematoxylin and eosin, X5; (B) hematoxylin and eosin, X10; (C) hema-
toxylin and eosin, X10; (D) hematoxylin and eosin, X20; (E) hematoxylin and eosin, X20; (F) hematoxylin and eosin, X40.

Current and future applications

At present, the primary use of this template is limited to
research endeavors. It is crucial that research studies designed
for the identification of biomarkers of post-transplant compli-
cations include histopathologic information, in a shared man-
ner. Several research groups are actively exploring the
technical feasibility and clinical utility of molecular analysis
in allograft biopsies,””""** airway brushings,”">** bron-
choalveolar lavage samples” "’ and peripheral blood."*”"
These efforts include the use of various technologies, such as
reverse transcriptase polymerase chain reaction,””** cDNA
microarrays,’’*> RNA sequencing,””****° donor-derived
cell-free DNA*™” and NanoString analysis, with®' or
without’** laser capture microdissection. Regardless of sam-
ple type or analytical strategy, the ability to correlate molecu-
lar data with standardized histomorphologic parameters will
facilitate the training and validation of new molecular diag-
nostic tools and prognostic parameters. It will also provide
the opportunity to reevaluate the clinical significance of spe-
cific histological features based on novel phenotypes identi-
fied with these molecular platforms such as the identification
of C4d-negative AMR in kidney transplants.” Recent advan-
ces in digital pathology and computational image analysis in
the field of transplant pathology, including machine learning
analysis of kidney,” heart,”” and lung™ transplant biopsies
provides a rich venue for pathologic-clinical correlation. The
successful translation of these technologies to lung transplant
pathology will rely heavily on the availability of high quality
and well-annotated histological data with which to train and
optimize the artificial intelligence-based systems that power

them. After validation and modification, the template or a
modified version might be applied for daily clinical purposes.
The template highlights lesions with proven association with
clinical outcomes.

Remaining questions and unresolved issues

Despite the tremendous effort to standardize the nomencla-
ture of morphological features and technical approaches
some controversies remain unresolved.

The first concern is which lesions should be selected for
reporting. This template has incorporated all histological
features that may be detected in different anatomic com-
partments of allograft biopsies. This may be seen as a first
attempt to replicate what has been successfully done in
other major solid organ transplants, such as in kidney allo-
graft biopsies.

The proposed scoring system provides a simple, repro-
ducible and easily applicable scheme for most histopatho-
logical lesions encountered in TBB. Considering that
biopsies are taken from multiple areas, diffusely detected
lesions are more likely to represent the morphological cor-
relate of diffuse organ impairment (score 3). However, a
scoring system remains subjective, with uncertainties par-
ticularly encountered at the cut-off points between semi-
quantitative grading schemes which result in inter- and
intra-observer variability. The future application of digital
algorithms on digital whole slide images will overcome this
limitation providing a standardized quantification.

A crucial aspect to consider is the sensitivity and compa-
rability of C4d staining. ISHLT guidelines consider C4d
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LUNG ALLOGRAFT STANDARDIZED HISTOLOGICAL ANALYSIS (LASHA)

Type of sample: Transbronchial biopsy lZl Transbronchial cryobiopsy |:| Wedge biopsy l:‘ Other ( )
Stainings/techniques: H&E |Z| Connective tissue staining |Z| Silver stains [:l Other special stains ( )
Other ancillary tools ( )

C4d evaluation: Immunohistochemistry (IP) Izl Immunofluorescence(IF)D
IP: Distribution: <10% __ 10-50% __ >50% [X | IF:Intensity (score):0__ 1__ 2__ 3

Biopsy*: adequate E insufficient |:| inadequateD

Bronchi: YES [X | NO
Bronchioles: YES E NO
Artery: YES [X | NO

Lesions suggestive of acute cellular rejection:
- Perivascular mononuclear infiltrates: YES NO
- Lymphocytic bronchiolitis: YES NO

Lesions suggestive of chronic rejection:

- Obliterative bronchiolitis: YES NO

- Vascular rejection: YES NO
Alveolar septal injury pattern:

- Neutrophils in alveolar septa (score):

- Neutrophilic/cellular debris in alveolar septa (score):
- Platelet-fibrin thrombi in alveolar capillaries (score):
- Septal wall oedema/widening (score):

- Mononuclear cells in alveolar septa (score):

- Alveolar capillary dilatation (score):
- Septal fibrous thickening (score):

3 lZl Ungradable**
3 |Z| Ungradable**

e e i
NNNNNNN

O O O O O O o

3 |Z| Ungradable**
3 [X] Ungradable**
3 IZl Ungradable**
3 IZl Ungradable**

(ITTTTTT]

3 l:‘ Ungradable**
Intra-alveolar Injury pattern:
- Neutrophils in alveolar spaces (score):
- Hyaline membranes (score):
- Pneumocyte hypertrophy/reactive changes (score):
- Fibrin balls in alveolar spaces (suggestive of AFOP) (score):
- Granulation tissue plugs in alveolar spaces/OP (score):

Ungradable**
Ungradable**
Ungradable**
Ungradable**
Ungradable**
- Macrophages (score): 2 3 Ungradable**

Specify subtypes: normal lz‘ hemosiderophages % foamy cholesterol c/eftsD giant cells
S NO

o o oo oo
[ X[<I<>]x]
[N
NN
wwwww

Foreign body in alveolar spaces: YE

Injury pattern in other sites (e.g.subpleural, interlobular septa, large airways)

- Suspected pleuroparenchymal/intralveolar fibroelastosis YES| |NO n

- Inflammation pf subpleural areas (specify the type) YES| |NO n (specify: )
- Injury of the interlobular septa (specify the type) YES| |NO n (specify: )
- Injury of the large airways (specify the type) YES| |NO n (specify: )
Other:

- Arteritis/endotheliitis: YES z NO : (specify: )
- Thrombus: ves| | No [x ]

- Ischemic necrosis: YES| | NO |X |

- Viral inclusions: YES| | NO |X |(specify: )
- Fungal organisms: YES| | NO |X |(specify: )
- Other infectious organisms: YES| | NO |X |(specify: )
- Granuloma: YES| | NO |X |

- Suspected PTLD YES| | NO |X |

- Suspected recurrent disease YES| | NO |X |(specify: )
- Eosinophilia (interst/alv): YES| | NO |X | (specify: )
- BALT***: YES_ NO X_

- Previous biopsy site YES| | NO |X |(specify: )
- Other (specify)

SUMMARY Acute cellular rejection: AOBO; C4d staining: positive >50%; Lesions suggestive of AMR: yes (widening; neutrophilic/cellular
debris in alveolar septa; endothelialitis; C4d pos )

Figure 5 LASHA template of the explanatory case 1.
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LUNG ALLOGRAFT STANDARDIZED HISTOLOGICAL ANALYSIS (LASHA)

Type of sample: Transbronchial biopsy IZI Transbronchial cryobiopsy DI:\INedge biopsy D Other ( )
)

Stainings/techniques: H&E E Connective tissue staining IZ[ Silver stains Other special stains (
Other ancillary tools (IHC for CMV) |)_—(I

C4d evaluation: Immunohistochemistry (IP) IZI Immunofluorescence (IF) |:|
IP: Distribution: <10% E 10-50% __ >50% __ |IE:Intensity (score):0__ 1__ 2 3

Biopsy*: adequate E insufficient inadequate |:|
Bronchi: YESX |NO

Bronchioles: YESX |[NO

Artery: YES NO X

Lesions suggestive of acute cellular rejection:
- Perivascular mononuclear infiltrates: YES NO
- Lymphocytic bronchiolitis: YES NO
Lesions suggestive of chronic rejection:
- Obliterative bronchiolitis: YES NO
- Vascular rejection: YES NO

Alveolar septal injury pattern:

- Neutrophils in alveolar septa (score): 0 : 1 Z 2 3 : Ungradable** :
- Neutrophilic/cellular debris in alveolar septa (score): oX| 1| | 2 3| | Ungradable**| |
- Platelet-fibrin thrombi in alveolar capillaries (score): o] 1] | 2 30| Ungradable** |
- Alveolar capillary dilatation (score): 0| | 1] | 2X| 3| | Ungradable**| |
- Septal wall oedema/widening (score): o | 1| | 2)x| 3| | Ungradable**| |
- Mononuclear cells in alveolar septa (score): o |1 2| 3] | Ungradable** |
- Septal fibrous thickening (score): ox| 1 [ 2 3| | Ungradable**| |
Intra-alveolar Injury pattern: - - o
- Neutrophils in alveolar spaces (score): oxX| 1| | 2 3| | Ungradable**| |
- Hyaline membranes (score): oxX| 1| | 2 3| | Ungradable**| |
- Pneumocyte hypertrophy/reactive changes (score): O | 1] | 2| 3| | Ungradable** ||
- Granulation tissue plugs in alveolar spaces/OP (score): 0| | 1] | 2X]| 3| | Ungradable**| |
- Fibrin balls in alveolar spaces (suggestive of AFOP) (score): oxX| 1| | 2 3| | Ungradable** ||
- Alveolar proteinosis (score): ox| 1 2 3| Ungradable** L
- Macrophages (score): 0 1 ] 2 3X | Ungradable**

Specify subtypes: normal |:| hemosiderophages IZJ foamy cholesterol clej% D giant cells U
Foreign body in alveolar spaces: YES D NO E

Injury pattern in other sites (e.g.subpleural, interlobular septa, large airways)

- Suspected pleuroparenchymal/intralveolar fibroelastosis YES| | NO Z

- Inflammation of subpleural/interlobular areas (specify the type)  YES || NOX | (specify: )
- Injury of the large airways (specify the type) YESX | NO| | (specify: fibrosis)

Other:

- Arteritis/endotheliitis: YES : NO Z (specify: )
- Thrombus: YES| | NOKX |

- Ischemic necrosis: YES| | NOKX |

- Viral inclusions: YES| | NOKX | (specify: )
- Fungal organisms: YES| | NOX | (specify: )
- Other infectious organisms: YES| | NOX | (specify: )
- Granuloma: YES| | NOX |

- Suspected PTLD YES| | NOKX |

- Suspected recurrent disease YES| | NOKX | (specify: )
- Eosinophilia (interst/alv): YES| | NOKX | (specify: )
- BALT***: YES| | NOKX|

- Previous biopsy site YES NOX | (specify: )
- Other (specify) o o

SUMMARY

Acute cellular rejection: AOBO; C4d staining: <10% (negative); Lesions suggestive of infection: yes (alveolar septal widening, lymphocytic
inflammatory cell infiltrates, diffuse macrophagic alveolitis, IHC positivity for CMV)

Figure 6 LASHA template of the explanatory case 2.
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LUNG ALLOGRAFT STANDARDIZED HISTOLOGICAL ANALYSIS (LASHA)

Type of sample: Transbronchial biopsy [] Transbronchial cryobiopsy Wedge biopsy D Other ( ) |:|
Stainings/techniques: H&E |z| Connective tissue staining D Silver stains Other special stains ( )
Other ancillary tools (GMS and PAS) IZI

C4d evaluation: Immunohistochemistry(IP)‘E Immunofluorescence(lF)D
1P: Distribution: <10%|Z| 10-50% __ >50% __ IF:Intensity (score):0__ 1_ 2 3

Biopsy*: adequate IZI insufficient |:| inadequate |:|
Bronchi: YES NO
Bronchioles: YES NO
Artery: YES NO

Lesions suggestive of acute cellular rejection:

- Perivascular mononuclear infiltrates: YES| |NO
- Lymphocytic bronchiolitis: YES| [NO
Lesions suggestive of chronic rejection:

- Obliterative bronchiolitis: YES| |[NO
- Vascular rejection: YES| |[NO

Alveolar septal injury pattern:

- Neutrophils in alveolar septa (score): 0 Z 1 : 2 : 3 : Ungradable** ||
- Neutrophilic/cellular debris in alveolar septa (score): oX| 1| |2| |3] | Ungradable**| |
- Platelet-fibrin thrombi in alveolar capillaries (score): OX| 1| |2| |3] | Ungradable**

- Septal wall oedema/widening (score): 0 | 1X|2| |3] | Ungradable** L
- Mononuclear cells in alveolar septa (score): o | 1X|2| |3] | Ungradable** L
- Alveolar capillary dilatation (score): OX| 1| |2| |3] | Ungradable** |
- Septal fibrous thickening (score): OX| 1| | 2| |3[ |Ungradable**| |
Intra-alveolar Injury pattern:

- Neutrophils in alveolar spaces (score): 0 Z 1 : 2 : 3 : Ungradable** :
- Hyaline membranes (score): OX| 1| |2| |3| |Ungradable**| |
- Pneumocyte hypertrophy/reactive changes (score): OX| 1| |2| |3| |Ungradable**| |
- Fibrin balls in alveolar spaces (suggestive of AFOP) (score): oX| 1| |2| |3] | Ungradable** L
- Granulation tissue plugs in alveolar spaces/OP (score): OX| 1| |2| |3 |Ungradable**| |
- Macrophages (score): 0 1X|2 3| |Ungradable**

Specify subtypes: normal IE hemosiderophages D foamy cholesterol cle—fts D giant ce//s—D
Foreign body in alveolar spaces: YES D NO |Z|

Injury pattern in other sites (e.g.subpleural, interlobular septa, large airways)

- Suspected pleuroparenchymal/intralveolar fibroelastosis YES| |NO

- Inflammation pf subpleural areas (specify the type) YES| |NO (specify: )
- Injury of the interlobular septa (specify the type) YES| |NO (specify: )
- Injury of the large airways (specify the type) YES| |NO (specify: )
Other:

- Arteritis/endotheliitis: YES : NO i (specify: )
- Thrombus: YES| [NO X |

- Ischemic necrosis: YES| |NO X |

- Viral inclusions: YES| |NO X | (specify: )
- Fungal organisms: YES| |NO X | (specify: )
- Other infectious organisms: YES| |NO X | (specify: )
- Granuloma: YES| |NO X |

- Suspected PTLD YES| |NO X |

- Suspected recurrent disease YES| [NO X | (specify: )
- Eosinophilia (interst/alv): YES| [NO X | (specify: )
- BALT***: YES L NO X_

- Previous biopsy site YES| |[NO X | (specify: )
- Other (specify) o -

SUMMARY

Acute cellular rejection: AOBO; C4d staining: negative; Lesions suggestive of I/R injury: yes (granulation tissue plugs in alveolar spaces;
pneumocyte hypertrophy/reactive change)

Figure 7 LASHA template of the explanatory case 3.
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deposition in >50% of alveolar capillaries as a positive
result.”’ However, there is a large body of literature that
highlights different clinical and interpretative issues in C4d
staining, and criteria validated in other solid organ trans-
plants cannot be translated to the lung.

All working group members agreed that other surrogate
markers, detected by new molecular approaches, could sup-
port overcoming these critical issues.

Conclusions

This template represents a crucial step forward in the stan-
dardization of pathological reporting of lung-transplanted
patients. As a first step, it will serve as an important func-
tional tool for research purposes, in particular to unify pro-
tocols and reporting for multicenter studies. Moreover, the
brief description lesions present a basis for launching edu-
cational tutorials for pathologists involved in this field. It
should be stressed that this is work in progress and will
require implementation, updates and, eventually, modifica-
tions. Following validation of the template in multicenter
studies, a refined version could serve as a reporting vehicle
for routine clinical use. Standardized and clear reports are
fundamental to avoid diagnostic errors which could have
serious impact on the clinical management of the recipient.
Ultimately, this template should be clinically useful, repro-
ducible and easily implemented.

Acknowledgments

The authors have no relevant funding disclosures with
respect to this research.

Author contribution: FC, DJL, AR conceived the
research consensus proposal, supervised the project, wrote
and made critical revisions to the manuscript. AR, EP, FL,
DN, BA, DH, MG, GJB, MI, JVT, LG, CL, KW, CG, AZ,
FC, DJL and AR participate to the multidisciplinary discus-
sions and in drafting the manuscript. FC, DJL, AR, GW,
GB made critical revisions to the manuscript. All authors
discussed the results and implications, commented on the
manuscript at all stages, and approved the final version
before submission.

Disclosure statement

The authors have no conflicts of interest to declare with
respect to this research.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at https://doi.org/10.1016/j.hea
1un.2022.06.021.

References
1. Chambers DC, Cherikh WS, Harhay MO, et al. The International Tho-

racic Organ Transplant Registry of the International Society for Heart
and Lung Transplantation: thirty-sixth adult lung and heart-lung trans-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

plantation Report-2019; Focus theme: donor and recipient size match.
J Heart Lung Transpl 2019;38:1042-55.

. Stewart S, Fishbein MC, Snell GI, et al. Revision of the 1996 working

formulation for the standardization of nomenclature in the diagnosis
of lung rejection. J Heart Lung Transpl 2007;26:1229-42.

. Levine DJ, Glanville AR, Aboyoun C, et al. Antibody-mediated rejec-

tion of the lung: a consensus report of the International Society for
Heart and Lung Transplantation. J Heart Lung Transpl 2016;35:397-
406.

. Glanville AR, Verleden GM, Todd JL, et al. Chronic lung allograft

dysfunction: definition and update of restrictive allograft syndrome-A
consensus report from the Pulmonary Council of the ISHLT. J Heart
Lung Transpl 2019;38:483-92.

. Verleden GM, Glanville AR, Lease ED, et al. Chronic lung allograft

dysfunction: definition, diagnostic criteria, and approaches to treat-
ment-A consensus report from the Pulmonary Council of the ISHLT. J
Heart Lung Transpl 2019;38:493-503.

. Stephenson A, Flint J, English J, et al. Interpretation of transbronchial

lung biopsies from lung transplant recipients: inter- and intraobserver
agreement. Can Respir J 2005;12:75-7.

. Colombat M, Groussard O, Lautrette A, et al. Analysis of the dif-

ferent histologic lesions observed in transbronchial biopsy for the
diagnosis of acute rejection. Clinicopathologic correlations during
the first 6 months after lung transplantation. Hum Pathol 2005;36:
387-94.

. Chakinala MM, Ritter J, Gage BF, et al. Reliability for grading acute

rejection and airway inflammation after lung transplantation. J Heart
Lung Transpl 2005;24:652-7.

. Bhorade SM, Husain AN, Liao C, et al. Interobserver variability in

grading transbronchial lung biopsy specimens after lung transplanta-
tion. Chest 2013;143:1717-24.

Roden AC, Kern RM, Aubry MC, et al. Transbronchial cryobiopsies
in the evaluation of lung allografts: Do the benefits outweigh the risks?
Arch Pathol Lab Med 2016;140:303-11.

Calabrese F. Lung transplantation-related pathology. In: Popper H,
Calabrese F, eds. Pathology of lung diseases. morphology-pathogene-
sis-etiology, Springer; 2016:335-52.

Roden AC, Aisner DL, Allen TC, et al. Diagnosis of acute cellular
rejection and antibody-mediated rejection on lung transplant biopsies:
a perspective from members of the Pulmonary Pathology Society.
Arch Pathol Lab Med 2017;141:437-44.

Roux A, Levine DJ, Zeevi A, et al. Banff Lung Report: current knowl-
edge and future research perspectives for diagnosis and treatment of
pulmonary antibody-mediated rejection (AMR). Am J Transplant
2018;19:21-31.

Pavlisko EN, Farver CF, Hwang DM, et al. Creating standardized

reporting for non-rejection lung transplant pathology to
improve interobserver agreement. J Heart Lung Transplant
2016;35:5268.

Montero MA, de Gracia J, Culebras Amigo M, et al. The role of trans-
bronchial cryobiopsy in lung transplantation. Histopathology 2018;73:
593-600.

Gershman E, Ridman E, Fridel L, et al. Efficacy and safety of
trans-bronchial cryo in comparison with forceps biopsy in lung
allograft recipients: analysis of 402 procedures. Clin Transpl
2018;32:e13221.

Loor K, Culebras M, Sansano I, Alvarez A, Berastegui C, de Gracia J.
Optimization of transbronchial cryobiopsy in lung transplant recipi-
ents. Ann Thorac Surg 2019;108:1052-8.

Zeglen S, Karolak W, Mikotajczyk G, et al. Cryobiopsy as a new tool
for complications diagnosis during follow-up after lung transplanta-
tion: single institution case series. Transplant Proc 2021;53:2008-12.
Calabrese F, Lunardi F, Popper H. Molecular diagnosis in lung dis-
eases. Front Biosci (Landmark Ed) 2015;20:644-88.

Berry G, Burke M, Andersen C, et al. Pathology of pulmonary anti-
body-mediated rejection: 2012 update from the Pathology Council of
the ISHLT. J Heart Lung Transpl 2013;32:14-21.

Wallace WD, Li N, Andersen CB, et al. Banff study of pathologic
changes in lung allograft biopsy specimens with donor-specific anti-
bodies. J Heart Lung Transpl 2016;35:40-8.


https://doi.org/10.1016/j.healun.2022.06.021
https://doi.org/10.1016/j.healun.2022.06.021
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0001
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0001
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0001
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0001
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0001
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0002
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0002
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0002
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0003
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0003
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0003
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0003
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0004
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0004
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0004
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0004
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0005
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0005
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0005
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0005
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0006
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0006
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0006
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0007
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0007
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0007
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0007
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0007
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0008
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0008
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0008
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0009
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0009
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0009
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0010
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0010
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0010
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0012
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0012
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0012
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0011
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0011
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0011
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0011
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0013
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0013
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0013
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0013
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0014
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0014
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0014
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0014
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0015
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0015
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0015
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0016
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0016
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0016
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0016
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0017
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0017
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0017
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0017
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0018
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0018
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0018
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0018
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0018
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0019
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0019
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0020
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0020
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0020
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0021
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0021
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0021

1500

The Journal of Heart and Lung Transplantation, Vol 41, No 10, October 2022

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Calabrese F, Hirschi S, Neil D, et al. Alveolar septal widening as an
“alert” signal to look into lung antibody-mediated rejection: a multi-
center pilot study. Transplantation 2019;103:2440-7.

Alexander MP, Bentall A, Aleff PCA, Gandhi MJ, Scott JP, Roden
AC. Ultrastructural changes in pulmonary allografts with antibody-
mediated rejection. J Heart Lung Transpl 2020;39:165-75.

Ofek E, Sato M, Saito T, et al. Restrictive allograft syndrome post
lung transplantation is characterized by pleuroparenchymal fibroelas-
tosis. Mod Pathol 2013;26:350-6.

von der Thiisen JH, Vandermeulen E, Vos R, Weynand B, Verbeken
EK, Verleden SE. The histomorphological spectrum of restrictive
chronic lung allograft dysfunction and implications for prognosis.
Mod Pathol 2018;31:780-90.

Beasley MB, Franks TJ, Galvin JR, Gochuico B, Travis WD. Acute
fibrinous and organizing pneumonia: a histological pattern of lung
injury and possible variant of diffuse alveolar damage. Arch Pathol
Lab Med 2002;126:1064-70.

Paraskeva M, McLean C, Ellis S, et al. Acute fibrinoid organizing
pneumonia after lung transplantation. Am J Respir Crit Care Med
2013;187:1360-8.

Gomes R, Padrao E, Dabo H, et al. Acute fibrinous and organizing
pneumonia: a report of 13 cases in a tertiary university hospital. Medi-
cine (Baltimore) 2016;95:e4073.

Costa AN, Carraro RM, Nascimento EC, et al. Acute Fibrinoid Orga-
nizing Pneumonia in lung transplant: the most feared allograft dys-
function. Transplantation 2016;100:e11-2.

Philippot Q, Cazes A, Borie R, et al. Secondary pulmonary alveolar
proteinosis after lung transplantation: a single-centre series. Eur
Respir J 2017;49:1601369.

Rossi G, Cavazza A, Spagnolo P, et al. The role of macrophages in
interstitial lung diseases: number 3 in the series “pathology for the
clinician” edited by Peter Dorfmiiller and Alberto Cavazza. Eur Respir
Rev 2017;26:170009.

Dugger DT, Fung M, Hays SR, et al. Chronic lung allograft dysfunc-
tion small airways reveal a lymphocytic inflammation gene signature.
Am J Transplant 2021;21:362-71.

Greenland JR, Jones KD, Hays SR, et al. Association of large-airway
lymphocytic bronchitis with bronchiolitis obliterans syndrome. Am J
Respir Crit Care Med 2013;187:417-23.

Pakhale SS, Hadjiliadis D, Howell DN, et al. Upper lobe fibrosis: a
novel manifestation of chronic allograft dysfunction in lung transplan-
tation. J Heart Lung Transpl 2005;24:1260-8.

Verleden SE, Vasilescu DM, McDonough JE, et al. Linking clinical
phenotypes of chronic lung allograft dysfunction to changes in lung
structure. Eur Respir J 2015;46:1430-9.

Montero MA, Osadolor T, Khiroya R, et al. Restrictive allograft syn-
drome and idiopathic pleuroparenchymal fibroelastosis: Do they really
have the same histology? Histopathology 2017;70:1107-13.

Mogayzel PJ Jr, Yang SC, Wise BV, Colombani PM. Eosinophilic
infiltrates in a pulmonary allograft: a case and review of the literature.
J Heart Lung Transpl 2001;20:692-5.

Hasegawa T, Tacono A, Yousem SA. The significance of bronchus-associ-
ated lymphoid tissue in human lung transplantation: Is there an association
with acute and chronic rejection? Transplantation 1999;67:381-5.

Burke CM, Glanville AR, Theodore J, Robin ED. Lung immunogenic-
ity, rejection, and obliterative bronchiolitis. Chest 1987;92:547-9.

40

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Jonigk D, Izykowski N, Rische J, et al. Molecular profiling in lung
biopsies of human pulmonary allografts to predict chronic lung allo-
graft dysfunction. Am J Pathol 2015;185:3178-88.

Halloran K, Parkes MD, Timofte IL, et al. Molecular phenotyping of
rejection-related changes in mucosal biopsies from lung transplants.
Am J Transplant 2020;20:954-66.

Halloran K, Parkes MD, Timofte I, et al. Molecular T-cell-mediated
rejection in transbronchial and mucosal lung transplant biopsies is
associated with future risk of graft loss. J Heart Lung Transpl 2020;39:
1327-37.

Tasella CJ, Hoji A, Popescu I, et al. Type-1 immunity and endogenous
immune regulators predominate in the airway transcriptome during
chronic lung allograft dysfunction. Am J Transpl 2021;21:2145-60.
Sacreas A, Yang JYC, Vanaudenaerde BM, et al. The common rejec-
tion module in chronic rejection post lung transplantation. PloS one
2018;13:¢0205107.

Gregson AL, Hoji A, Injean P, et al. Altered exosomal RNA profiles in
bronchoalveolar lavage from lung transplants with acute rejection. Am
J Respir Crit Care Med 2015;192:1490-503.

Weigt SS, Wang X, Palchevskiy V, et al. Usefulness of gene expres-
sion profiling of bronchoalveolar lavage cells in acute lung allograft
rejection. J Heart Lung Transpl 2019;38:845-55.

Yang JYC, Verleden SE, Zarinsefat A, et al. Cell-free DNA and
CXCL10 derived from bronchoalveolar lavage predict lung transplant
survival. J Clin Med 2019;8:241.

De Vlaminck I, Martin L, Kertesz M, et al. Noninvasive monitoring of
infection and rejection after lung transplantation. Proc Natl Acad Sci
US A2015;112:13336-41.

Agbor-Enoh S, Jackson AM, Tunc I, et al. Late manifestation of allo-
antibody-associated injury and clinical pulmonary antibody-mediated
rejection: evidence from cell-free DNA analysis. J Heart Lung Transpl
2018;37:925-32.

Agbor-Enoh S, Wang Y, Tunc I, et al. Donor-derived cell-free DNA
predicts allograft failure and mortality after lung transplantation.
EBioMedicine 2019;40:541-53.

Todd JL, Kelly FL, Neely ML, et al. NanoString gene expression pro-
filing in chronic lung allograft dysfunction (CLAD). The J Heart and
Lung Transpl: the off publ Int Soc Heart Transpl 2020;39:S113.

Adam BA, Du K, Rotich S, Mengel M. Gene expression in formalin-
fixed paraffin-embedded lung transplant biopsies: correlation between
molecular and histologic phenotypes. J Heart Lung Transpl 2019;38:
S56.

Sis B, Jhangri GS, Bunnag S, Allanach K, Kaplan B, Halloran PF.
Endothelial gene expression in kidney transplants with alloantibody
indicates antibody-mediated damage despite lack of C4d staining. Am
J Transplant 2009;9:2312-23.

Hermsen M, de Bel T, den Boer M, et al. Deep learning-based histo-
pathologic assessment of kidney tissue. J Am Soc Nephrol 2019:;30:
1968-79.

Nirschl JJ, Janowczyk A, Peyster EG, et al. A deep-learning classifier
identifies patients with clinical heart failure using whole-slide images
of H&E tissue. PloS one 2018;13:¢0192726.

Davis H, Glass C, Davis RC, Glass M, Pavlisko EN. Detecting acute
cellular rejection in lung transplant biopsies by artificial intelligence:
a novel deep learning approach. ISHLT 40th annual meeting. Mon-
tréal, Canada. J Heart Lung Transpl 2020;39:S501.


http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0022
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0022
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0022
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0022
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0023
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0023
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0023
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0024
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0024
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0024
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0025
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0025
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0025
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0025
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0025
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0026
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0026
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0026
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0026
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0027
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0027
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0027
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0028
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0028
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0028
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0028
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0028
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0029
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0029
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0029
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0030
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0030
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0030
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0031
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0031
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0031
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0031
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0031
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0031
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0031
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0032
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0032
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0032
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0033
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0033
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0033
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0034
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0034
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0034
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0035
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0035
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0035
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0036
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0036
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0036
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0037
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0037
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0037
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0038
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0038
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0038
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0039
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0039
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0040
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0040
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0040
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0041
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0041
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0041
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0042
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0042
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0042
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0042
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0043
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0043
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0043
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0044
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0044
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0044
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0045
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0045
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0045
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0046
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0046
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0046
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0047
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0047
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0047
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0048
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0048
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0048
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0049
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0049
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0049
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0049
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0050
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0050
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0050
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0051
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0051
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0051
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0052
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0052
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0052
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0052
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0053
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0053
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0053
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0053
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0054
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0054
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0054
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0055
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0055
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0055
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0056
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0056
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0056
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0056
http://refhub.elsevier.com/S1053-2498(22)02019-8/sbref0056

	Lung allograft standardized histological analysis (LASHA) template: A research consensus proposal
	Methodology and description of the template
	Methodology
	Description of the template
	Tissue samples, staining, and scoring system
	Description of histological features
	Acute and chronic cellular rejection
	Alveolar septal injury pattern
	Intra-alveolar injury pattern
	Injury patterns in other sites (e.g., subpleural, interlobular septa, and large airways)

	Other
	Summary
	Final interpretation of all changes requires comprehensive multidisciplinary discussion with the clinical team directing patient management

	Current and future applications
	Remaining questions and unresolved issues
	Conclusions
	Acknowledgments
	Disclosure statement

	Supplementary materials
	References



