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Disclaimers-Professional

¢ No industry funding
» No speaking honoraria
* No financial relationships

« | will discuss off-label use of technology
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Disclaimers-Personal
(I sit here on the shoulders of others)

« Stig Steen, M.D., Ph.D.

— Leading Pioneer in field, and person who excited my partner...
* Michael Jaklitsch, M.D.

— BWH Thoracic Surgery, who had me go learn from...
« Shaf Keshavjee, M.D., Ph.D.

— Forward thinking surgeon-Scientist whose work my talk is so heavily
dependent upon.
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Evolution of Innovation
Finding New Ways to Improve Lung Transplantation

* Lung Resuscitation Protocols
« Perfusion techniques
— Antegrade, Retrograde
» Perfusion solutions
* Metabolic manipulation
— Additives
* Ischemic Pre-conditioning

e Graft function testing
 Graft function resuscitation
+ Graft Function Engineering
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NEOB Lungs Transplanted / SCD
(US rate in 2007 through Sept 2009 = 0.42)

0.66
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Evolution of Innovation
Finding New Ways to Improve Lung Transplantation

* Lung Resuscitation Protocols
« Perfusion techniques
— Antegrade, Retrograde
» Perfusion solutions
* Metabolic manipulation
— Additives
* Ischemic Pre-conditioning

» Graft function testing
 Graft function resuscitation
« Graft Function Engineering
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Ischemia-Reperfusion Modification Techniques

 Nitric Oxide
» Free Radical Scavengers
* Induction Protocols
— BWH: Pre-Implant administration of ATG
— Concurrent Counter current ultra-filtration while on CPB

* Minimized Ischemic Time
— Controlled Antegrade perfusion
of implanted organ before
return of normal blood flow \
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Evolution of Innovation
Finding New Ways to Improve Lung Transplantation

* Lung Resuscitation Protocols
» Perfusion techniques

— Antegrade, Retrograde
 Perfusion solutions
* Metabolic manipulation

— Additives
« Ischemic Pre-conditioning
* But, this is only useful if the lungs can be used......
 Graft function testing
 Graft function resuscitation
 Graft Function Engineering
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Lung Transplantation and Donation After Cardiac "
Death: A Single Center Experience
Varun Pur, MD, Masina Scavuezo, RN, BSN, Tracey Guthrie, RN,
Ramsey Hachem, MD, Alexander S. Krupnick, MD, Daniel Kreisel, MD, PhD,
G. Alexander erson, MD, and Bryan F, Mevers, MD, MPH
5. Lowi, Mbsowt

Early Outcome After Lung Transplantation From Non-Heart-Beating Donors is Comparable to

Heart-Beating Donors, Presented at the Twenty-eighth Annual Meeting of the International Society
for Heart and Lung Transplantation, Boston, Massachusetts, April 9-12, 2008

Early Experience with Lung Transplantation Using Donors after Cardiac Death

Canclusions. At our center, early outcomes after DCD
lung transplantations are somewhat inferior to those of
series from .Ullu.-r centers but approach national averages b ey Sl It e e
for conventional lung transplantation. Thus, DCD lung [t Sl virativpst
transplantation has the potential to increase the donor  [HESRE AP
pool but must be affered cautiously. DCD use in lung transplantation.

iAnn Thorac Surg 2009881609150
© 2009 by The Society of Thoracic Surgeons

Conclusions: Lung transplantation using organs

Conclusions: Outcome after LTx in NHBD recipients is not inferior to HBD recipients
during the first 6 months. Late results and effect on chronic rejection should be further
awaited. Controlled NHBD may offer a valid source of lungs to overcome organ shortage

i
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Evolution of Innovation
Finding New Ways to Improve Lung Transplantation

* Lung Resuscitation Protocols
» Perfusion techniques

— Antegrade, Retrograde
 Perfusion solutions
* Metabolic manipulation

— Additives
« Ischemic Pre-conditioning

 Graft function testing
 Graft function resuscitation
» Graft Function Engineering
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Ex Vivo Evaluation of Nonacceptable Donor Lungs

Per Wierup, MD, FhD, Asa Haraldsson, MD, PhD, Folke Nilsson, MD, PhD,
Leif Pierre, CCP, Henrik Scherstén, MD, PhD, Martin Silverborn, MD. PhD,
Trygve Sjiberg. A0, Ulla Westfeldt, MD, PhD. and Stig Steen, ML, PhD
ry smd Thoracic Ansesthesls, Sahlgrenaks University Hospitsl, Gothenburg, snd Department
craity Hompatal e S e " I“

Deparsments of Cardiothorscic 5o
of Eatinthanaeic Sargery, Luad

Conclusions. The arterial oxygen pressure improves
significantly in this medel This ex vive evaluation model
ir a valuable addition to the armamentarium i
acceptable lungs in 2 donor population with inferior
arterial oxygen pressure values,

(Ann Thorae Surg 2006:51:460-6)
T 2006 by The Society of Thoracic Surgeons
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Lisng Physbology during BCMO Besascisaion of D00 Do
Followed by In-Vive Assessment of Lung Function

O with
hes an invive methosd 1o = if hangs
canlisc arresd, 3 pericd of

Comchshmns DOV

o o azerm

First Human Transplantation of a Non-
acceptable Donor Lung After
Reconditioning Ex Vivo

The Annals of Thoracic Surgery, Volume 83, Issue 6, June 2007, Pages 2191-2194
Stig Steen, Richard Ingemansson, Leif Eriksson, Leif Pierre, Lars Algotsson, Per Wierup, Qiuming Liao,
Atli Eyjolfsson, Ronny Gustafsson, Trygve Sjoberg
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Cannulation of pulmonary artery and left atrial cuff. A funnel-shaped silastic cannula
with a built-in pressure catheter (Vitrolife) is used. The funnel stents the atrium open.
The cannula is attached to the LA and PA using a 4-0 monofilament suture and a closed
circuit is created. Note that the silicone part of the cannula can be trimmed to fit the LA
and PA.
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EVLP vs. Standard Cryopreservation

Tissue Protection

Lung Injury Scoe

€03 staining O
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Ex Vivo Adenoviral-Mediated Gene Transfer to
Lung Isografts During Cold Preservation

Resplts. In group 1, all animals showed successful,
albeit patchy, gene express Thi rred in 2 of 4
animals in group 11, the other 2 showing no expression.
Transduced cells were consistent morphelogically with
endothelial cells and pneumaocytes. A minimal mononu-
clear inflammatory infiltrate was present. Control groups
showed no transduction.

Conclusions. It is feasible to perform ex vive adenovi-
ral-mediated gene transfer to rat lung isografts during
cold preservation.

(Ann Thorac Surg 1997:63:1556-61)
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Resuscitation of Organs
Pre-implant Genetic tissue engineering

Anti-GFP(red)
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B Vehicle Control
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Donor Lungs from Donation after Cardiac Death Have a
Decreased Inflammatory Cytokine Profile Compared to
Lungs from Brain Dead Donors

C.-H. Kang, M. Cypel, M. Sato, J. Yeung, M. de Perrot, T.K. Waddell, A. Pierre, M. Liu, S. Keshavjee Toronto General
Hospital, Toronto, ON, Canada

polusions: The bow kevels of infammatory cyiokines in DO
 dieath s assoc
. The comparable
clinical transplant outcomes suppon the safe use of donor lungs from
D

T
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Ex-Vivo Repair and Regeneration
of Damaged Human Donor Lungs

M. Cypel,1 M. Rubacha, S. Hirayama,1 J. Yeung, 1 K. Torbicki, S. Fischer,1 M. Anraku,1M. Sato, A. Pierre, M.

Liu, TK. Waddell, 1 M. de Perrgr1 8, Kashavieed 1Thoracic Syraery, Toranio Lung Transplant Program,
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Cumulative effect of various factors on
activation of inflammatory parameters

Ischemia
Mechanseal ventilation

Inflammatory parameters = Trauma

Hood tramsfusion

Primary graft dvsfunction
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Inflammat

Cytokines
IL-1B, IL-6, IL-8,
IL-10, IL-18, MIP-1a Complement
C3a, C5a
Lipids
Phospholipase A2,
PAF, leukotrienes

AT
Activation of the - Activation of the
innate immune system n adaptive Immune system
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Correlation between cytokine levels and death
from Primary Graft Dysfunction

Variable*

IL-8
IL-6
IL-10
IFN-y
TNF-
IL-1p

IL-8/L-10
IL-6L-10

Correlation p-value

coefficient

0.141

0.268
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MNew Donor Assessment

Donor lung retrieval
(extended or ideal donor)

Acceptable cylokine analysis
<1 hr from biopsies to PCR results)

NATCO 2010 Symposium for Advanced Transplant Professionals

Phiysioic
Assessment

Biclogic
Assessment

[ Excetient |
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TRANSPLAN
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IL-10 Gene Therapy,
Qther Repair Strategies

[ Reassess | — [Fais
TRANSPLANT
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What Does the ChestTransplant Surgeon want
the Donation Coordinator Know When They

Phillip Camp, Jr., M.D.
Director, Lung Transplant Program
Brigham and Women's Hospital
Assistant Professor, Harvard
Boston, MA

January 15, 2010

Harvard
Medical School

Brigham and Women's
Hospital
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“So we have a couple of lungs and a heart
here... what else do you need from us?”

NATCO 2010 Symposium for Advanced Transplant Professionals
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In Terms of placing organs, a very good
philosophy to embrace...
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In terms of knowing how to place the mow' OFganS= |

Remember the Audience that you are serving....
« Tired
* Busy
« Cranky (except me of course)
« Datadriven
* Looking for Highpoints before
delving into the bulk of the data

« Inherently suspicious and
concerned about the outcomes
of their centers’ transplants

* These people go back to work
after the get the notification...

« first presentation is your best
opportunity

NATCO 2010 Symposium for Advanced Transpiant Professionals
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Objectives

« Defining what the key target points for heart and lung
surgeons
« Identify how to present “problem data”
» Focus on some specific clinical issues:
— Imaging
— Bronchoscopy
— Cardiopulmonary pressures and outputs
— Gram Stains and ID data
* Normal and Abnormal anatomy

DonorNet
« Isagreat tool
« Is alot of data

« In general, you have about 2 minutes to make your case to the
surgeon reviewing the donation offer

+ DonorNet will never be anymore useful than the quality and
completeness of the data placed into the Database

* The Big picture can often keep the interest of a fussy surgeon

« A good explanation of “interesting” or abnormal findings can often
dissuade surgeon from a quick decline of your patient

NATCO 2010 Symposium for Advanced Transplant Professionals
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Imaging

* Imaging, Imaging, Imaging
- CXR
- CT
- Cine
— Echo
«  Will more often serve you than sink you.....

» Even areasonable quality picture of a film sent by email is
better than nothing.

NATCO 2010 Symposium for Advanced Transpiant Professionals
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Imaging

+ CXR
— Serial, big files, no camara phone with lights
« CT
— Multiple cuts of Normal and Abnormal Lung
— NO contrast
— Ask the questions we want to rule out......
« COPD, Brochiectasis/tree and bud, nature of lesions (units)
— Cine
« Full series
— Echo
« Important to both heart and lung teams
« Global and regional wall motion
« Valve function and leak (rule out previous “diagnosis”)
« Septal and posterior (free) wall thickness

NATCO 2010 Symposium for Advanced Transplant Professionals
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Actual Case of How a Picture is Worth a Thousand Words

¢ Chest X-ray report: Newly placed pulmonary artery catheter
is in proper location, no new pneumothorax or hemothorax
present, No change in persistent right peri-hilar infiltrates,
stable. May represent mild pulmonary edema

1/21/2010
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* Chest X-ray report: Newly
placed pulmonary artery
catheter is in proper location,
no pneumothorax or
hemothorax present, No
change in right peri-hilar
infiltrates, stable. May
represent mild pulmonary
edema

This is actual case where most programs passed due to a fair ABG with a PaO2 of 299 in a 30 year old female
with mild smoking history. - Surgeon had to *bug" the DC to find a radiology resident to find a way to post this
film.

NATCO 2010 Symposium for Advanced Transplant Professionals
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— Bronchoscopy
« Most programs put patient on back burner until this data is
available

« OPO specific Bronch form with COMMON issues to R/O

« A follow up bronch to abnormal findings is worth its weight in
gold

— Itis OK to remind your consultant that they get paid to do
this...

NATCO 2010 Symposium for Advanced Transplant Professionals

g
Tracheal bronchus

Tracheal bronchus orifice at level of carina and
at entrance to the Right main bronchus

Sowhat is the big deal? Well, we like to overlap the airway to help healing.

NATCO 2010 Symposium for Advanced Transplant Professionals
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— ABG'’s and Ventilator settings
« Absolute numbers will often outshine many other issues
— (so early recruitment is key...)
« PEEP
« Time from recruitment to ABG
« Relationship to travel, bronch, de-recruitment events

— Serologies
« Do not offer before done
« If NAT pending, but local done REPORT IT

1/21/2010
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 Cardiac Information
— Drips
— Outputs
— Filling pressures
— Response to changes in therapy
— Rhythms
« New, How long, how treated

NATCO 2010 Symposium for Advanced Transplant Professionals
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Gram Stains and Infection Indicators

Very important to document improvement

NATCO 2010 Symposium for Advanced Transplant Professionals

Thank You for Your Time
and Consideration!

| BRIGHAM AND Harvard
| WOMEN'S HOSPITAL Medical School

NATCO 2010 Symposium for Advanced Transplant Professionals
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Questions?

BRIGHAM AND Harvard
@j WOMEN'S HOSPITAL Medical School

NATCO 2010 Symposium for Advanced Transplant Professionals
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Thank You For Your Time

Medical School

BRIGHAM AND Fe g |
\ | WOMEN'S HOSPITAL

NATCO 2010 Symposium for Advanced Transplant Professionals
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What is new in liver
transplantation, and what
does the surgeon want the

coordinator to know?

1/21/2010

No Disclosures

Julie Heimbach, MD

Surgical Director, Liver
Transplantation

Mayo Clinic
Rochester, MN

Goals: review key trends in Liver TX

Liver and Intestine Transplantation in the

Uniied Siaios 1558-2607

£ 1 Bangl? B F 1M Wy wiods: Decaasid donscs oy donsos, oegis
B Eobarde®, 3 K Wairach, b e eryr e g F g ]
L ] Tl Rl

a0l 0V, Mararkagat

« Characteristics of recipients/donors
* Allocation issues
« DCD organ transplantation

Figure V-1. Number of Candidates on the Liver
Waiting List, Active at Year-End, 1998-2007
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Source: 2008 OPTN/SRTR Annual Report, Table 9.1a.




Waitlist and Transplant Activity for Liver, 1997-2006
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Figure V-2. Distribution of MELD/PELD Scores
Among Candidates on the Liver Waiting List at Year-
End, 2003-2007

B MELD/PELD < 11 O MELD/PELD 11-20
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Source: 2008 OPTN/SRTR Annual Report, Table 9.1a.

Figure V-7. Number of Deceased Donor Liver
Transplants by Age, 1998-2007
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Source: 2008 OPTN/SRTR Annual Report, Table 9.4a.
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Figure V-9. Deceased Donor Transplant Recipients
by Hospitalization Status, 1998-2007
\+ Not in Hospital Hospital, not ICU —=—I|CU Life Suppon\
80% 1
70% - w
60% -
5
8 50% A
S 40% -
8
S 30% A
&
20% | '—/—-\
—_— =,
10% +
0% T T T T T T T T T |
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Year
Source: 2008 OPTN/SRTR Annual Report, Tables 9.4a.

Patient Survival Until Five Years After Transplant
Patients Transplanted 2000-2006

Heart Lang
- Kk

dney (Deceased Daner]
]

Figure V-10. Adjusted Five-Year Patient Survival of LDLT
and DDLT Recipients by Diagnosis
100% - ‘l Living Donor O Deceased Donor‘
90% +
80% -
£ 70% -
S 60% A
% 50% -
E 40%
8 30%
20% -
10% +
0% -+
Non- Cholestatic AHN Biliary Metabolic Malignant Other
Cholestatic Atesia
Diagnosis
Source: 2008 OPTN/SRTR Annual Report, Tables 9.12a and 9.12b.




Mayo Clinic Rochester Liver Transplant
Program
Adult Patient Survival - Primary Transplantation
n =1627

71+15

50 + 3%
% *

August 21, 2008
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Liver transplantation
Indications

m Acute liver failure

m Chronic liver disease
(decompensated cirrhosis)

m Other accepted indications
m Controversial indications

Liver transplantation
Contraindications - Absolute

Extrahepatic malignancy, unless tumor free for
>2 years and low probability of recurrence

m Untreated alcoholism / Alcoholic hepatitis

m Extrahepatic sepsis unresponsive to medical
therapy

m High dose multiple pressors

Severe multiorgan failure

Severe psychological disease likely to affect
compliance

Severe pulmonary HTN
m Advanced cardiopulmonary disease




Liver transplantation
Contraindications - Relative

m General debility
m Advanced age
m Extensive prior abdominal surgery

m Extensive portal/mesenteric
thrombosis

m Social isolation

1/21/2010

Liver transplantation
Timing and Indications

Timing of OLT with deceased donor liver
depends on risk of mortality

m Acute liver failure (PNF/early HAT): Status 1
m Chronic liver disease — calculated MELD/PELD
m MELD exceptions — assigned MELD

m Controversial indications - appeal

Indications for Liver Transplantation
(UNOS Registry)

P\




Deceased Donor Liver Allocation
February 2002 Changes
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OLD UNOS POLICY: CTP NEW POLICY: MELD

* Medical status 29 * Probability of death

* Waiting time D9 * No waiting time

e Local, regional, national * Local, regional, national

* Regional sharing for * Regional sharing for
status 1 status 1

e Status 2A forICU @ @ * No preference for ICU
patients patients

http://www.unos.org/resources/meldPeldCalculator.asp

What is the INR ?
What is the bilirubin ?

What is the serum creatinine?

Has the patient been on dialysis at least twice

in the past week? yes_  no__ calculate

MELD

Mean Match MELD/PELD @ Transplant
Deceased Donor Liver Transplants, 2008
Adults only, No Exceptions
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Death Rates* @ 365 Days
All Candidates Listed for a DD Liver Transplant
1/1/2007-6/30/09

Adults only, No Exceptions

* Includes removals for too sick; DSAS with <10 Txs during 2008 excluded

OPTN

Number of Predicted Total Deaths
(Average of 10 Iterations)

B
3

Number of Total Deaths

A g g o L Y

y
o

Share Concentric Zones

Currently, UNOS Liver-Intestine committee sponsoring an RFI
on alternative allocation models to more broadly distribute organs,
and public forum will be held to discuss responses: April 2010

Figure V-13. Fraction of DDLT with MELD/PELD
Exceptions by Type and Year, 2002-2007

‘l None O HCC B Case-by-Case O Standardized Diagnoses ‘
100% -

80% -
60% -
40% -
20%
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2002 2003 2004 2005 2006 2007

Fraction of DDLT

Year

Source: SRTR Analysis. Data as of August 2008.




Liver transplantation
Hepatocellular carcinoma

T2 lesions - “Milan Criteria”
One lesion 2-5cm in size
or
3 or less lesions, all <3cm in size

Hepatocellular Cancer
Ch in MELD Prioritizati

Original  Feb 2003 Apr 2004 Mar 2005

&P B Miskc
MELD | =MELD

Stage | 18% Aok | EhAen | O
ealculaied | caleulated

1mmorsdem SMELD M| sMELDID

g ¥
Tlurmcr S MPLPEk | IS Aisk | 15 Mk | 15% Mk
om 3lumon CMELDPY | GMELDT4 | sMELOZ | =MELD 72
Irgest < 3 CM
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Percent T-anapeasted in One Cyee

E UNOS HCC consensus
- H ” ” n |'| conference Nov. 2008:
T e e T e -Standardized pathology

reporting

staging

-Potential changes in
MELD score awarded
based on tumor
characteristics

K. Washburn, 2009

Foge 8. Purcasd dropossl witlin 12 s semsdileton with HOT wal et
without HOC by UNOS negica.

-Standardized radiographic

Figure V-16. Types of Standardized Diagnoses
MELD/PELD Exceptions by Region, 2002-2007

‘D Fam Amyl O HPS O Primary Oxal B Metabolic O Hepatoblastoma B HAT ‘

4.5%
4.0% -
3.5% -
3.0% -
2.5% A
2.0% -
1.5% -
1.0% -

Fraction of DDLT in Region

0.5% -

0.0% -
1 2 3 4 5 6 7 8 9 10 11
Region Number

Source: SRTR Analysis. Data from 2002-2007 combined, as of August 2008.




Liver Transplantation

Standardized MELD Exceptions

(June 09)= MELD 22

m Hepatopulmonary syndrome

m Familial amyloid polyneuropathy

m Cholangiocarcinoma ( neoadjuvant protocol

approval)

m Portopulmonary hypertension

m Cystic fibrosis

m Primary hyperoxaluria (starts at MELD 28)

(Templates and more info coming soon)
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Liver Transplants using DCD donors

2000 4407 39 088 | (A1D
2001 4465 68 152 20
2002 4697 76 1.62 28
2003 5042 | 110 2.18 38
2004 5459 | 178 | 3.26 42
2005 5679 | 260 | 458 54
2006 5849 | 278 | 4.75 60
2007 5625 | 295 5.24

Outcomes of DCD Liver allografts

Graft Survival (%)

10% P<0.001

= = 'Donation after Brain Death
——Donation after Cardiac Death

0 12

24

Time Post-Transplant (Months)




Donor Factors predictive of graft loss

Donor 1.57 1.13-2.19 0.008
weight>100 kg

Cold Ischemia 1.79 1.02-3.14 0.042
time >9 hours

Cold ischemia 2.29 1.32-3.95 0.003
time missing

Age >50 (ref. 1.37 0.98-1.91 0.067
18-39)

Age>50 and 3.71 0.89-2.60 <0.001
CIT>9 hours

Not predictive: donor cause of death, race, gender, height,
organ sharing local vs. regional and national,
and interaction between CIT>9 hours and donor age >50
ATC, 2009

1/21/2010

The impact of ischemic
cholangiopathy in liver transplantation
using donors after cardiac death: The
untold story

Amon 1. Skara, I, PHTL® Callcen L. Jay, MT),* Talia B. Baber, MD),* Edarel Wang, PRI Sarina
Famich, T5.* Vadion Lyulsemburg, 1. John A. Martin, M Joseph M. Feinglae, PhD Luke B
Precacunka,* and Michael M. Abecamis, ND, MEA® Chici, 1

Surgery, vol. 146, 543-553, 2009 ° |ncreased resource
utilization, graft loss,
and re-transplant rate

« “Any efforts to
promote increases
DCD livers should
include precautions
against
cannibalization of
DBD livers.”

DCD conclusion

» Rates of DCD organ utilization continue
to increase

« DCD allografts are associated with
inferior graft survival (donor weight and
cold ischemia time important factors)

< As DCD organ recovery increases,
important not to use DCD option in
place DBD for sake of time to
declaration of brain death, etc.
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Summary:

Liver transplantation is the standard of care for
patients with end-stage disease and is associated with
excellent outcomes.

Optimizing access to liver TX is a priority

Due to the extreme shortage of suitable donor organs,
many options exist in addition to standard criteria
deceased donation (living donor, DCD, ECD, high-risk)

Organ recovery and transplantation-- only possible
because of the extraordinary gift offered by
individuals or their family members

.

.

We cannot live only for ourselves. A
thousand fibers connect us with our
fellow men. ~Herman Melville

1/21/2010
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