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Long-term survival after lung transplantation remains
limited by the development of chronic lung allograft dys-
function (CLAD), which affects approximately 50% of
lung recipients by 5 years post-transplant.’ Given the lack
of a proven therapy once CLAD is diagnosed, risk factor
mitigation is a key preventive strategy. The principal risk
factor for CLAD is A-grade acute cellular rejection (ACR).
A-grade ACR is diagnosed by transbronchial biopsy
(TBB), exhibiting perivascular mononuclear cell infiltrates
that extend into the interstitium with higher grade rejec-
tion.” Although definitive data are lacking, treatment of
A-grade ACR with augmented immunosuppression is con-
sidered to be a key strategy for reducing the risk of CLAD.
However, inappropriate treatment increases the risk of
opportunistic infections and malignancy, which makes an
accurate diagnosis essential. Although considered the cur-
rent “gold standard,” the utility of TBB to diagnose A-grade
ACR is limited by frequent sub-optimal or inadequate sam-
pling, as well as poor interobserver agreement.” > New
tools are needed to facilitate a reliable diagnosis of A-grade
ACR and thus impact the clinician’s ability to prevent
CLAD.

In this issue of the Journal, Halloran et al® report their
study of microarray assessment of single TBB pieces for
the diagnosis of lung allograft rejection. The authors
used a discovery-based approach and unsupervised anal-
ysis to determine whether gene expression relates to his-
tologic A-grade ACR (also referred to T-cell-mediated
rejection [TCMR] in the study), as well as antibody-
mediated rejection (ABMR) and donor-specific antibody
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(DSA) status. Four extreme phenotypes, or archetypes,
were distinguished based on the expression of a pre-spec-
ified list of rejection-associated transcripts (RATS).
RATSs were established in renal transplant and validated
in heart transplant biopsies.”® The 4 archetypes identi-
fied were A1l (normal), A2 (TCMR), A3 (ABMR-like),
and A4 (injury), and each biopsy was assigned 4 corre-
sponding scores, reflecting the weighted similarity to
each archetype. High scores for the TCMR archetype
were strongly associated with histopathologic A-grade
ACR. There was no association of the ABMR-like arche-
type, or any other archetype, with a clinical diagnosis of
ABMR or DSA positivity. The authors argued this lack
of relationship between molecular scores and ABMR
may be due to the low frequency of ABMR diagnoses in
the cohort. In addition, the lack of association may be a
reflection of the diagnostic uncertainty of ABMR in lung
transplantation. However, the strong association of
TCMR molecular scores with histopathologic A-grade
ACR suggests promise as a novel tool for ACR diagnosis
and deserves additional reflection.

There are drawbacks in their study that should be
considered in interpreting the results. First, an important
rationale for the research is the relatively high rate of
TBBs that were ungradeable for A-grade ACR (15% in
the study). However, with the 1 TBB piece used for the
molecular diagnostic test, the authors had to exclude
37% of samples from the analysis due to low surfactant
expression, indicative of the low amounts of alveolated
tissue. Inclusion of additional TBB pieces should solve
this issue, but with some incremental risk due to the
added biopsies. Safety was not addressed by the authors,
but most centers perform 6 to 10 biopsies for
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histopathologic grading. Thus, replacement of the cur-
rent standard with a molecular diagnostic test that relies
on fewer biopsies should be at least safety-neutral, if
not safer, than the current standard.

An additional drawback of the study is that the primary
analysis relied on a list of RATs that were previously iden-
tified in kidney transplants.” Subsequently, the authors
demonstrated RATs to be shared with heart transplanta-
tion.” However, the study does not prove that RATs are
applicable to lung transplantation. There are reasons to
believe that lung allograft rejection may include unique
molecular pathways: ACR is more common in lung trans-
plantation despite the use of more intense immunosuppres-
sion, and pre-clinical rodent models indicate rejection of
lungs is more rapid,” can occur in the absence of secondary
lymphoid organs,'” and is not dependent on CD4* T cells,"’
in contrast to other solid-organ transplants. Nevertheless,
the strong relationship between TCMR scores and A-grade
ACR in spite of these limitations is exciting. It is possible
the relationship would be further strengthened by the devel-
opment of lung-allograft—specific RATs, but this will
require a much larger number of biopsies with A-grade
ACR. Eventually, a larger sample size should also allow for
analyses of other important outcomes, including B-grade
rejection, infections, and CLAD.

Given the problems with TBB histopathology for ACR
diagnosis, the findings by Halloran and colleagues suggest
that molecular diagnostic testing of TBB tissue will eventu-
ally be the better diagnostic test once the “kinks” are
worked out. In addition, molecular testing will result in a
better understanding of lung allograft pathobiology. How-
ever, it is not clear how TBB molecular diagnostics will
stack up against other novel diagnostics also being studied.
For example, cryobiopsy provides more tissue and better
preservation of architecture than TBB. Several small stud-
ies in lung transplantation have suggested that cryobiopsy
improves the diagnostic yield of ACR compared with
TBB.'*"'* However, cryobiopsy would likely incur added
risk for the patient. Several small studies have also tested
molecular diagnostics in bronchoalveolar lavage (BAL)
fluid for ACR diagnosis and suggested gene expression in
the BAL cell pellet is informative about ACR.'>'® BAL is
easier to perform, has less risk, and provides sampling from
a larger area of lung than TBB or cryobiopsy. Furthermore,
the ultimate goal of a minimally invasive diagnostic test for
ACR may also be achievable. Several groups are investigat-
ing cell-free DNA in peripheral blood as a diagnostic test
for lung allograft ACR.'"'*

Undoubtedly, the standard of care for the diagnosis of
lung allograft ACR is overdue for an overhaul. Halloran et
al demonstrated that molecular diagnostics are feasible
and provide a wealth of information beyond what we can
abstract with standard histopathology, yet they have only
scratched the surface of what is possible. Through contin-
ued work in this area, a reliable diagnosis of ACR is
achievable, which will enhance our ability to prevent

CLAD and improve outcomes among patients with lung
transplantation.

Disclosure statement

The authors have no conflicts of interest to disclose.

References

1. Weigt SS, DerHovanessian A, Wallace WD, Lynch 3rd JP, Belperio
JA. Bronchiolitis obliterans syndrome: the Achilles’ heel of lung trans-
plantation. Sem Respir Crit Care Med 2013;34:336-51.

2. 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 Transplant 2007;26:1229-42.

3. Arcasoy SM, Berry G, Marboe CC, et al. Pathologic interpretation of
transbronchial biopsy for acute rejection of lung allograft is highly
variable. Am J Transplant 2011;11:320-8.

4. 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.

5. 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 Transplant 2016;35:40-8.

6. Halloran KM, Parkes MD, Chang J, et al. Molecular assessment of rejec-
tion and injury in lung transplant biopsies. J Heart Lung Transplant
2019;pii: S1053-2498(19)31347-6. doi: 10.1016/j.healun.2019.01.1317.
[Epub ahead of print].

7. Halloran PF, Potena L, Van Huyen JD, et al. Building a tissue-based
molecular diagnostic system in heart transplant rejection: the heart
Molecular Microscope Diagnostic (MMDx) System. J Heart Lung
Transplant 2017;36:1192-200.

8. Halloran PF, Venner JM, Famulski KS. Comprehensive analysis of
transcript changes associated with allograft rejection: combining uni-
versal and selective features. Am J Transplant 2017;17:1754-69.

9. Prop J, Tazelaar HD, Billingham ME. Rejection of combined heart-
lung transplants in rats. Function and pathology. Am J Pathol
1987;127:97-105.

10. Gelman AE, Li W, Richardson SB, et al. Cutting edge: acute lung allo-
graft rejection is independent of secondary lymphoid organs. J Immu-
nol 2009;182:3969-73.

11. Gelman AE, Okazaki M, Lai J, et al. CD4+ T lymphocytes are not nec-
essary for the acute rejection of vascularized mouse lung transplants.
J Immunol 2008;180:4754-62.

12. Fruchter O, Fridel L, Rosengarten D, Raviv Y, Rosanov V, Kramer
MR. Transbronchial cryo-biopsy in lung transplantation patients: first
report. Respirology 2013;18:669-73.

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

14. 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.

15. Gimino VJ, Lande JD, Berryman TR, King RA, Hertz MI. Gene
expression profiling of bronchoalveolar lavage cells in acute lung
rejection. Am JRespir Crit Care Med 2003;168:1237-42.

16. Patil J, Lande JD, Li N, Berryman TR, King RA, Hertz MI. Bronchoal-
veolar lavage cell gene expression in acute lung rejection: develop-
ment of a diagnostic classifier. Transplantation 2008;85:224-31.

17. Agbor-Enoh S, Wang Y, Tunc I, et al. Donor-derived cell-free DNA
predicts allograft failure and mortality after lung transplantation [e-pub
ahead of print]. EbioMedicine. doi: 10.1016/j.ebiom.2018.12.029,
accessed January 25, 2019.

18. Zou J, Duffy B, Slade M, et al. Rapid detection of donor cell free DNA
in lung transplant recipients with rejections using donor-recipient HLA
mismatch. Hum Immunol 2017;78:342-9.


http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0001
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0001
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0001
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0002
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0002
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0002
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0003
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0003
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0003
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0004
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0004
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0004
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0005
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0005
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0005
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0007
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0007
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0007
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0007
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0008
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0008
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0008
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0009
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0009
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0009
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0010
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0010
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0010
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0011
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0011
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0011
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0012
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0012
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0012
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0013
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0013
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0013
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0014
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0014
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0014
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0015
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0015
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0015
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0016
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0016
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0016
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0017
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0017
http://refhub.elsevier.com/S1053-2498(19)31408-1/sbref0017

	Molecular diagnostics for lung transplant rejection: An information pipeline or a pipe dream?
	Disclosure statement
	References


