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Learning Objectives: Review current available
biomarkers reflecting immuno-responsiveness

* Non-specific markers of humoral and cellular
immune function

* Viremia and virus-specific responses

 HLA-related responses
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asic Tools of
avigation
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Balancing inadequate vs. excessive
Immunoresponsiveness

GRAFT HEALTH

AND FUNCTION INFECTION
Cellular and
Humoral Rejection

DRUG LEVELS

AND TOXICITY MALIGNANCY
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Cause of Death >3 Years - 5 Years >5 Years - 10
(N=3,941) Years (N=4,992)

OB/BOS 1,176 (29.8%) 1,234 (24.7%)
Acute Rejection 24 (0.6%) 23 (0.5%)
Lymphoma 55 (1.4%) 93 (1.9%)
Malignancy, Non-Lymphoma 478 (12.1%) 761 (15.2%)
CMV 10 (0.3%) 6 (0.1%)
Infection, Non-CMV 694 (17.6%) 835 (16.7%)
Graft Failure 704 (17.9%) 804 (16.1%)
Cardiovascular 184 (4.7%) 293 (5.9%)
Technical 18 (0.5%) 36 (0.7%)
Multiple Organ Failure 158 (4.0%) 233 (4.7%)
Other 440 (11.2%) 674 (13.5%)
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Biomarkers
That Reflect or Predict Immune Responses

Non-Specific Pathways Allo-Immune Pathways
Humoral immune function HLA Mismatch
Cellular immune function Anti HLA Antibodies

Drug Metabolism Cellular rejection
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Non-specific immunity:
Hypogammaglobulinemia

* |lgG< 700
— 60% overall incidence
* |lgG <400

— 32% time of transplant.
— 6-14% 3 months to 1 year
 Hypogammaglobulinemia associated with increased risk for
— pheumonia
— BOS

(Kawut et al, Transplantation 2005; Petrov et al, Transplant Direct 2018; Chambers et al, JHLT 2013)
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Assessment of T-cell Mitogen
Response

CD4+ T-Cell ATP production in response to
the mitogen phytohemagglutinin(PHA)

Responses are lower in lung transplant
recipients with infection

Bhorade et al, JHLT 2008
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Usefulness of immune monitoring in lung transplantation using
adenosine triphosphate production in activated lymphocytes:

Shino et al, J Heart Lung Transplant 2012
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Viremia and
Immuno-responsiveness
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EBV Viremia

40 7 B Any detectable EBVA
ag . 22 log,, copies/mL
* 1/3 of patients in 1%t year 3 30 1
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increased EBV viremia g 207
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Silva et al, Transp Inf Dis 2016
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E BV Vi re m ia 100 -, —— EBVd =2 log4y copies/mL
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CMV Immune response

* |n-vitro stimulation of CD8+ T-cells with CMV antigen
and measurement IFNy release compared to mitogen
response (ELISPOT assay)

* A specific marker of immunoresponsiveness to CMV

e Can can be used to tailor duration of antiviral
prophylaxis and reduce the rate of CMV infection

Westall et al, Transplantation 2018
Kumar et al, Am J Transplant 2017

AST | iisesisiamss "' CUTTING EDGE of TRANSPLANTATION



Viral PCR: Torque Teno Virus

* DNA virus present in most humans
e Viremia increases with immune suppression

* Potential negative correlation between viral
load and immunoresponsiveness

* A non-specific marker of
iImmunoresponsiveness
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Torque Teno Virus as a Novel Biomarker Targeting the Efficacy of
Immunosuppression After Lung Transplantation
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HLA and DSA Assessment
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A 100 ===+ HLA mismatch 0-2
HLA Mismatch & Survival s Filfirriarrsiches
. 0.80 -
HLA mismatches > 3
HR of 1.214 for mortality 2
vs. HLA mismatches 0-2 § 060 1
O
&
HLA-A mismatch HR 1.070 2 040
HLA-DR mismatch HR 1.054 )
0.20 -
Influence of HLA Mismatching on 0.00 Log-rank test: Chi-square (df=1): 9.96, p = 0.002
Survival in Lung Transplantation. ' T T T T T T . . T T T
Hayes et al, Lung 2015 B F & = & & & £ B & W

Time Since Tx (Years)
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HLA Mismatch and BOS:
Number of mismatches
associated with BOS risk
HR 1.060 for each 1-unit
increase in HLA mismatch

HR for HLA-A mismatch
was 1.128

BOS-Free Survival Probability

Influence of human leukocyte antigen
mismatching on bronchiolitis obliterans
syndrome in lung transplantation. Hayes et
al, JHLT, 2016
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Pre-Transplant Donor-Specific Antibodies

* Retrospective study without virtual x- 100
match:
* DSAis an independent predictor of 80 1,
poor patient survival within 1 year HR R \
3.569. $ e} ~ - - DSA C4d NEG
* HR for Complement-fixing DSA 11.083 § & DA CAA POB
with § 40 - - = NDS C4d NEG
* oneyear survival of 12.5% 1 Sesonesentenestnsestsentnses N
Q : — NEGATIVE
o6 Sousnreey
Pre-transplant donor HLA-specific antibodies: 1 rassssssssss s
characteristics causing detrimental effects on 0 p<(?‘0001 :
survival after lung transplantation 0 5'0 160 1;0 200 2;0 3(')0 3;0 “')0
Smith et al, JHLT. 2014 Days Post Transplent
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Pre-Transplant Donor-Specific Antibodies
A

No difference in freedom from Log rank p =0.82

CLAD or survival when potentially
reactive HLA are avoided by

virtual crossmatch
Not allosensitized

Freedom from CLAD

50+
(Y.
Allosensitized™ ="

25- e F
The impact of pre-transplant OW
allosensitization on outcomes after 0 365 730 1095 1460 1825 2190
lung transplantation. : y
Bosanquet et al, JHLT 2015 Time after transplantation, days
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Post-Transplant DSA

< 100
Multicenter prospective study 8 30
119 patients. c
* 36% developed DSA 2 60
«  DSA with MFI > 3000 c
e  hadHRof2.11forACR2A2 8 40
* No association between DSA g
and survival w20
0 ' ' Y ' 1
Human leukocyte antigens antibodies after lung 0 30 60 90 120 150
transplantation: Primary results of the HALT study. ) }
Hachem et al, Am J Transplant. 2018 Sep Time after tranSplantatlon, dayS
N at risk = 119 89 70 o2 19 0
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Post-Transplant DSA  al 100,
oS
7; 80 -
362 patients > i
175 developed DSA > 604
Persistent DSA had HR of o 40 - T S
3.39 for CLAD = i ' -
=, —— No DSAs
.| 20 5 .
O —— Transient DSAs
Donor-specific and -nonspecific —— Persistent DSAs
HLA antibodies and outcome post 0 T T T 1
lung transplantation 0 2 4 6 8
Verleden et al, European Time after transplantation years
Respiratory Journal 2017
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b) 1001
“ Post-Txp DSA and C1Q
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i Time years
At risk n Timeyears At risk n Y
DSA- 99 74 42 DSA- 100 89 54
DSA*Clq- 41 29 10 DSA*C1q- 41 37 15
DSA*Clg* 27 10 6 DSA*Clg* 27 17 9

Brugiere et al, Eur Resp J 2018
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Conclusions

1. Non-specific biomarkers of humoral immune function (I1gG)
may be predictive of infection and BOS

2. Viremia and viral immune responses reflect immuno-
responsiveness and may provide avenues for additional study

3. HLA mismatch may identify patients at greater risk for BOS and
mortality

4. DSA is a biomarker that is associated with worse outcomes and
influences donor selection when present pre-transplant

5. Post-transplant DSA is an accepted biomarker that portends
worse outcomes after transplant
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