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SJHMC Lung Transplant Program

Lung Waitlist Time (Months)
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SJHMC Lung Transplant Program

Patient Survival
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Challenges in Lung Transplantation

e Barriers to success
 Lung donor shortage
* Primary graft dysfunction
e Long term survival

Significant Underutilization of
Donor Lungs
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L_ung Donor Shortage
The need continues to grow...

~20% on waiting list do not get a transplant in time
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Primary Graft Dysfunction
Short & Long Term Impact

Severe PGD 3: 20-30% Incidence
PGD 3 within the first 72hr correlates with both short and long term survival
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n=450, ISHLT registry. Lee J., et al., Clin Chest Med 2011 Bryan A.Whitson et al. Primary Graft Dysfunction and long--term

Pulmonary Function After Lung Transplantation. 26 J. HEART AND
LUNG TRANSPLANTATION, 1004, 1004--1011 (2007).
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STRATEGIES TO MAXIMIZE
LUNG RECOVERY

Extended criteria lungs
DCD donors

ECMO Bridge

Ex Vivo Lung Perfusion




Extended Criteria Lungs
Summary

 ECD Lungs help close the supply-demand gap
« Survival considerations

e Age

e Smoking hx

e High LAS recipients
e Big picture

 Survival without transplant is nil
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STRATEGIES TO MAXIMIZE LUNG

RECOVERY

Donation After Circulatory Death

« Maastricht Categories

e Uncontrolled-Uncommon
e |.Found dead
e |l. Witnessed arrest unsuccessful resuscitation
e |V. Cardiac arrest while brain dead

e Controlled-Most Common
« |Il. Awaiting cardiac death

% Modified Maastricht - Paris DCD Work Group - 2013

First human lung transplant
was DCD donor who died of
myocardial infarction

Hardy et al. JAMA 1963;186:1065-74.
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DCD Lung Expansion

U.S. OPO Experience — Organ Donors / DCDs
1995 - 2015

Year Donor Total Donors Toinl DCD Perceni SRR T
Recovered {includes IMCDs ) DCDs of Total DED

1995 | 5,363 | e | 12% | 22
1996 | 5,418 | 70 | 13% | 21
1997 | 5479 | ™ | 14% | 19
1998 5,793 75 1.4% 16
1999 | 5,824 | 87 | 17% | 18
2000 | 5,985 | | 19% | 22
2001 6,080 | | 27% | 29
2002 | 6,190 | |  31% | 31
200 1 6,457 L 41% | 32
2004 7,150 | | 54%
2005 | 7,593 | 74%
2006 8,017 8.0%
2007 | |  98%
2008 | |

2009

2010

2011

2012

2013

2014

2015

Number of OP(Os

1399238809288

Searre: Baned on OFTN detn throsgh December 11, 2075
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DCD vs DBD Outcomes
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Cypel et al. J Heart Lung Transplant 2015;34:1278-1282
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DCD Challenges
Dry Run

o (Categories
« Poor donor quality
e Mainly in marginal donors on EVLP
e Controlled DCD fails to expire
e Common problem

» Assess likelihood with clinical stability
» Pressors/inotropes, spontaneous respiration, gag reflex, corneal reflex?

« Transplant Centers less likely to fly for DCD imports
o 5559

o Cost Burden- Who pays?
« No operation for the recipient/insurance company
e Transplant Center
« OPO
« Medicare cost report
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» Critical End Stage Lung Disease

STRATEGIES TO MAXIMIZE

LUNG RECOVERY
Buying Time with ECMO Bridge to Transplant

Role of LAS
More rapid deterioration candidates
Conventional ventilation ineffective/harmful
ECMO Bridge to Transplant (BTT)
» Pt selection is critical
» Diminish/eliminate need for high vent settings
» Requires specialized/dedicated ECMO team

» Barriers to success
 Myopathy
Delirium
» Anticoagulation
Cannulation strategy
e  Waiting times
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LLung Donor Shortage
Buying Time with ECMO Bridge to Transplant

Extracorporeal membrane oxygenation as a bridge to lung ®{-..m!,.;
transplantation: A single-center experience in the present era

Emily M. Todd, CCP,” Srecja Biswas Roy, MB BS," A, Samad Hashimi, MDD,” Rosemarie Serrone, MDD,

Rothan Panchanathan, BS," Paul Kang, MPH,' Katherine E. Varsch, RN, MSN, CCTC *

Barry E, Steinbock, BS," Jasmine Huang, MD," Ashraf Owmar, MDD, Vipul Pael, ™MD Rajat Walia, MD,"

Michael A, Smith, MI)," and Ross M. Bremner, MD, PhiY -

g
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ABSTRACT — r—

R

T—

Objective: Extracorporeal membrane avygenstion has been wod a5 a bridge to
lung transplantation in patients with rapid pulmonary function detersoration
The reported seocess of this modality sad perioperative and functional outcorme
are variad

Methods: We retrospectively reviewed all patients who underwent lung trans-
plantation af cur institution over | year (Japusry 1, 2015, to December 31,
2005), Patients were divided into 2 groups depending on whether they reguired
extracorporeal membrane oxygerathon suppor a5 a bridge to transplant; preoper-
ative characteristics, lung transplantation outcomes, and survival wene compared
between groups

Results: OF the 93 patients, 12 (13%) received bridge to transplant, and 81 (57%)
did not. Patients receiving bridge o transplant were younger, had higher lung allo-
cation scores, had Jower functional status, and were more often on mechanical
ventilation at Hating. Mot patients who reecived bridge 1o transplant (n = 10,
B3.3%) had pelmonary fboosis. Mean pretransplant extracorporeal membrane
oxypenstion suppon was 100.6 bours in duration (range, 16-393 hours). All pa-
tients who received bridge to tranaplant were decannulated immediately after
lung triniplantstion bt were more likely 1o refum o the operating room for sec-
ondary chewt clomse of rethoracotomy. Cirade 3 peimary gralt dysfunction within
T2 bhaars was similar between proups. Lung tansplantstion success and bosgital
discharge were 100% in the bridge to transplant group; however, these patients
experienced longer hospatal stays and higher rates of discharge fo acuie rehabali-
tation. The -year warvival was 100%: ta the beidpe to transplant groap and 91% i
the nor-bridge to transplant group (log-rank, P = 24), The 1-year functional sta-
s was excellent in bath groups.

Comchusions: Extracorporeal membrane oxypenation can be used to safely beidge
high-acuity patients with end-stape lung descase to Jung transplentation with good
H-day, W-day, and 1-year survival and excellent |-year fnctional status. Long-
term outcames ame being studied. (] Thore Cantiovase Surp 2007, 154: 1798 | B09)

Mel'y depcton of W OECMO dnl-lemen Avaln
carmuiy, Usedd with permisseny o Diorion Thorsoe
Irettute, Proerin, Aioma

Camiral Mewagy

MO can b el e wa i Bridige b LT
with biph smeoces reies and pood shori-ierm
wavivil @ selot Bigh-acuily palicsti with
erud atige lung doetine

Ponpectine

FCMO can e used m Bridpe therapy i selsc
aritcally il patsmis who experioect soer
drteviorstion whily gvawting LTv (oo shant-
lrm gefoome egnfisg  primery  gral
dyifuncton reies, |-year wrvival, nd |-year
lenctiotud wiatan cmn be ackibod @ aclct
bl moury patenon

See Editorial Commentary page 18100

See Editorial page 1796
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Advances in Lung Transplantation

~20%

e Barriers to success Utilized
e Lung donor shortage
e Primary graft dysfunction
e Long term survival

 What iIs the role of EVLP?

k__) Thoracic Institute



Advances in Lung Transplantation
Donor Lung Preservation

VENTILATOR

Cold Storage

< @ Severe Time-Dependent Injury
Q TEMPERATURE FROBE
: @ No Assessment of Organ Viability

PRESSUAE MEASLREMERT

- @ No Organ Optimization Capabilities

Limitations impact patient outcomes, pool of donor organs, and utilization of available organs

e Perfusion circuit|“=&"

e Pumptodrive |
perfusate - —

* Ventilator e

A \NORTON
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Rationale for EVLP

e Cold Static Storage  Normothermic EVLP

o Slow metabolism « Tissue physiologically
e Decreases need for O2, active
”Ut“e”_ts’ etc  Allows for several
* Preservation by hours:
S|OWI_I’lg organ « Preservation
deterioration for a « Assessment
short period  Reconditioning
e Unable to

assess/recondition

5 \NORTON
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OCS System Designed to Address
Limitations of Cold Ischemic Storage

Reduce Ischemic
Injury

(use of warm, oxygenated blood
perfusion)
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¥ TransMedics

Optimization
of Organ Condition

(Replenish depleted hormones
and nutrients)

Ex-vivo Metabolic &

Functional Assessment
(By maintaining the organ
in physiologic state )
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Advances Iin Lung Transplant

Donor Lung Preservation

 First Clinical Application 2001

(Falled Resuscitation) Y

Transplantation of lungs from 2 non-heart-beating donor

[ ]

Shg Steen 5 Trvgre Sidberg, Leif Fierre, Qmming Liss, Leil Enilcoves and Lars Alpetunen o
[ ]

THE LANCET °

54 yo donor arrested due to Ml
Failed 190 min CPR (uDCD)

Lung topically cooled and perfused
Placed on EVLP for 65 min
Successful R SLTx performed

:';:f.f..“‘l-':-i_:_ N O R VI'\ O N
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Landmark Clinical Series from Toronto

» Extended criteria
donor lungs
underwent EVLP for
4 hours

« 20/23 EVLP lungs
suitable for TX

« PGD 72 h similar to
control cohort

Normothermic Ex Vivo Lung Perfusion
in Clinical Lung Transplantation

ABSTRACT

BACRCHDwND

More than 80% of donoe longs am potentially infured and therefore mot consdered  Fom B Tomnin Ling Tramiplest

traneplamtation. With the pse of nomocermic e vive ling perfisin

[(EV L, the retrieved donor lung can be perk an o vive cicuit, peoviding an oo
opporhuniy b reaseess its fonction befoer tmansplantation. In tis study, we cam- #
med the frasdhifity of transplamting high-risk donor fung's that bave undergene EVLE. ©

WiTHODE

In Ciis prospectae, Dosrandomroed Craal trial, we subsocted ungs cogsdend to b T e
high risk for transplastation to 4 hoars of EVLE, High-sk l]-n'f'un.:wwzh:-.'ﬁ'im:-.' 3
13, incindimg polminary edems snd o eaci of te pureial presase of e
arteyin’ orypen o ihe Fraction of imgired oxwgen (N0 Fiid ) less chan 300 mm Big. W
Leggs with secepisble function wepe sehsoguently cransplanted. Longs that weee 'j‘.

by wpecifi; o

tramsplante without EVLF dering the same peviod were osed as oostrols. The po-
mary end pamt was prmary graft dysfunction 72 hours after transplantation. Sec-

ondary end points were Mi-day mortality, broachial complications, duration of me- 7™ ©

chaste! ventilation, sad kength of seay In the Intensier care unit and Bospiral

NORTON
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Clinical Trials-NOVEL

=Toronto Protocol

=Prospective multicenter clinical trial (six U.S. centers)

« EVLP Group e Control Group

P/F ratio < 300

Multiple blood
transfusions

Pulmonary edema

« Historical
« Standard criteria lungs

EVLP Control
« DCD (n=42) (n=42)
e Investigator deemed L
. PGD 3 at any time point 9 4
poor donor quality it
Median (Range) 119-296) 1(0-29)
The authors conclude that EVLP is a safe :SIU;H? J:':*-ﬁ 3 (1-197) 2.5 (1-144)
diagnostic tool to increase the percentage of tx - = 'a“l{:”g:}
; . s ospital Stay days
lungs by screening the unused donor pool. Madian (Ranga) 13 (4-198) 11 (6-236)
30 day survival 41 42

1 year survival 38 40

0.2

0.4

0.8

0.7



Flavors of EVLP

Ingredients Recipes
 Perfusate e Lund
e Steen™ Solution . Static EVLP
: i)l(;]ar;ei:u'ar  Steen Solution™ with
e Dextran 40 RBC
« +/-Red Blood Cells e Toronto
e OCS o Static EVLP
Solution™/Perfadex « Steen Solution™ alone

e Low potassium dextran e Organ Care System™

40 based
. No albumin e Portable EVLP

« + Red Blood Cells * OCS Solution/Perfadex
with RBC
Several devices have been developed: OCS™ Lung (Transmedics), @l NORTON
Vivoline® LS1 (Vivoline Medical, Lund, Sweden), Lung Assist® (Organ C}Ihgrm ILsgutc
Assist, Groningen, the Netherlands) and XPS™ (XVIVO Perfusion AB) A ' '



Flavors of EVLP

Figure 3 Commercial devices for ex vivo lung perfusion. (A) OCS™ Lung (Transmedics); source: www transmedics.com. (8) Vivoline® LS1 (Vivoline
Medical); source: www.vivoline.se. (C) Lung Assist® (Organ Assist);, source: www.organ-assistnl. (D) XPS™ (XVIVO Perfusion AB), source:
www.vivoperfusion.com, Reprinted with permission from Van Raemdonck et al. [68].

NORTON
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EVLP Timing

« Location

» Delayed-Toronto and Lund protocols
» Lungs transported on ice to home institution
e Then instrumented onto the EVLP machine
« Then placed on ice again prior to implantation

e Immediate-OCS™
* Lungs placed immediately on device at donor site
e Then placed on ice prior to implantation

e Data?

5 \NORTON
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Best Timing for EVLP?

[ Static EVLP

Toronto/Lund
Protocols

Cold storage of donor lungs

= |schemic injury = Delayed benefits
= No recruitment or resuscitation = Limited capabilities
= No assessment

Up to 10+ hours

|
OCS ™ Protocol ‘&
%

= Reduction of ischemia
= Immediate and sustained recruitment/resuscitation
= Continuous monitoring and assessment of function

= Efficient utilization of resources Recipient

NORTON
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OCS™ Lung Perfusion — |
 Two Operating Modes m’d

DraEaE T MiEdE Monitoring/Assessment
Mode

Ventilation in Preservation Mode Continuous Monitoring m
bt

L
| ;

e

00, = 5.5% €O, = 6%

’ \

Gas
Exchanger

Gas
Exchanger

= Pump flow is 2 L/min
= OCS Monitor the Sv02/5a02

= ABG at ~120 sec. to calculate
PaD2/Fi02 ratio

Equilibrium State

A \NORTON
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The OCS™ Lung SyStem
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ICU for the Donor Lungs
Monitored Parameters

PAWP (Peak Airway Pressure)

Pump Flow PAP (Pulmonary Artery

Pressure)

VR (Vascular

Resistance) Critical Trends

(Perfusion & Ventilation

Sa0, & SvO, Parameters)

Tidal Volume

A\NORTON
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Designed for Maximum Portability

»  Detachable wheels allow it to fit in all
standard modes of transportation for
organ retrieval

o  Lightweight carbon-fiber construction,
weighs ~38 kg, and can be easily lifted
by two adults

e Three on-board batteries

Raliner e . »  Easy rolling between destinations

LOS "ANG

AEANORTON
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Bronchoscopy Assessment Capability
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OCS Lung Clinical Data Highlights
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THE LANCET
Respiratory Medicine ™

OCS" Lung
INSPIRE Trial

Normothermic ex-vivo preservation with the portable Organ @ i =

Care System Lung device for bilateral lung transplantation ~ (i) . o :
® " " " —— 0058
(INSPIRE): a randomised, open-label, non-inferiority, : =
p=0-015"
phase 3 study o, e——
9%
Gregar Warnecke, Dirk Von Raemdenck, Michael A Smith, Gilbert Matsard, Jasleen Kukrejo, Federico Ren, Gabrie Loo, Fabio De Robertis, 304
Jayan h‘ngtndrﬁ.'l. Kumud K Disital, Franciao Javier Morodiellos Diez, Christoph Knosalla, Christian A Bermuder, Steven Tsul, Kenneth McCumy, | 736%
[-Wien Wiang, Tabias Deuse, Guy Lesdche, Pescal Thornes, Igor Tudarache, Christion Kikn, Muret Aviar, Betting Wiegmann, Wisbke Sommer, e 3
Arne Neyrinck, Marco Schiavon, Fiorell Calebrese, Nichola Santelma, Anne (iland, Pienre-Emanuel Fakioz, Andre B Simon, Andres Varelg, -E- 20 - 177%
Joven C Madsen, Marshall Hertz, Axel Haverich, Abbas Ardehali g
B 15
Summary =
Background Severe primary grafl dysfunction (PGD) of grade 3 (PGD3) is 3 common sericus complication following  Lesetmegs mat 200, 10+
lung transplantation. We aimed to assess physiological donor lung preservation using the Organ Care System [OCS) 53747 5
Lung device compared with cold static storage. m";?:""
hittgrlide.dol srgfa0 100 & 0

Methods In this non-inferiority, mndomised, controlled, open-label, phase 3 trial (INSPIRE) recipients were aged oy oo

18 years or obder and were registered as standard eriteria primary double lung trancplant candidates. Eligible donars St Comment page 119
were younger than 65 years old with a ratio of partial pressure of arygen in artertal blood to the fraction of inspired Depurionast of Canline.
oxygen of mare than 300 mm Hy. Transplant recipients were randomly assigned (1:1) with permuted blocks, stratified i Tansslastarion, s
by rentre to reeeive gtandand rritera daner hinee neseeresd inthe O3S Tona devics (008 armb ar cald chorsoe 3t 4 Vaaods Sy, Hannoer

B Control Il OCS 0 O Solution subgrowp [ LPD Solution subgeoup
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OCS EXPAND I Lung Clinical Trial

ocs™
T ExPAND Lung

Analysis will Include:

Patient survival at Day 30 post-transplant

Absence of PGD (Primary Graft Dysfunction) in the first 72 hours post-
transplantation

Duration of initial post-transplant invasive mechanical ventilation, ICU stay and
hospital stay

Incidence of BOS at 6 and 12 months post-transplantation
Incidence of lung graft-related Serious Adverse Events through Day 30 post-

t lant 1
ranspilan @%NO&TON



EXPAND | Lung Trial Centers

OCS"™
EXPAND Lung

University of Minnesota
Medical Center L.euven, Belgium

) MGH
UCSF Medical Center

_ Hannover, Germany
UCLA Medical Center : :
Temple University

St. Joseph’s Hospital and

Medical Center . )
Duke University

AS\NORTON
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EXPAND I Lung Trial Status
Completed on Oct. 2016

OCS™
EXPAND Lung

= 32.9 % DCD \
= 39.2% Age > 55 y.o.

= 26.6% PaO,/FiO, <300 mmHg

= 34.2% Expected cross-clamp time > 6 hrs

= > 1 Eligibility criteria

= 899 Utilization Rate

J

@ ' \NORTON
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EVLP at St Joseph’s
Current Status

e OCS Lung received FDA Pre Market Approval 5/2017
o Commercial distribution of the device has begun
 Indication is for standard donor lungs
« EXPAND IlI trial for Extended Criteria Donors Enrolling
o Post Approval Study Currently Enrolling
« Thoracic Organ Perfusion registry
* Prospective, single arm, multi-institutional study
« Evaluate device performance in real-world setting

C;.;éi'-iﬁNOR'I‘ON
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EVLP in Lung Transplantation

Summary

» Expand the donor pool

o Assess marginal donors

« Distant donors

 DCD donors

* Rehabilitate/treat inferior donor lungs
* Reduce primary graft dysfunction

e Limitischemia

e Superior preservation
e Extend long term survival

A \NORTON
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