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1. Introduction 

The pmpose of this summaiy is to present information related to the safety and effectiveness of the 
TransMedics® Organ Care System™ Hea1t System (OCS Hea1t or OCS Hea1t System) manufactured by 
TransMedics, Inc. This device is designed to perfuse and maintain extended-criteria (also known as 
expanded-criteria) donor hea1ts in a temperatme controlled (34°C), near-physiologic and beating state, 
dming the time between cardioplegic an est and retrievaL and repeat cardioplegic an est and implantation 
into a suitable transplantation recipient. 

Two pivotal studies and a continued access protocol (CAP) were conducted with the OCS Hea1t System 
under investigational device exemption (IDE): PROCEED II (G060127) and EXP AND (G140111). 

• PROCEED II (G060127) was a randomized trial conducted between March 2009 and October 
2013 with standard-criteria donor hea1ts. Donor hea1ts were randomized 1:1) to the OCS Heart 
System or standard-of-care (SOC, controQ cold static was submitted to 
FDA for approval for standard-criteria donor hearts -

• EXP AND (G140111) was a single aim study conducted between September 2015 and March 
2018 with extended-criteria donor hearts (i.e. , hea1ts that may not be considered standard criteria 
donor organs for one or more reasons). EXPAND was designed to leverage the results of 
PROCEED II and allow for an indication for use in non-standard criteria donor heaits. An 
EXP AND Continued Access Protocol (EXP AND CAP or "CAP") was approved on Febma1y 7, 
2019 (G140111/S029) to pe1mit continued use of the OCS Hea1t System while the PMA 
- ) was under review. Considered an adjunctive dataset, EXP AND CAP data for 41 
~ ed hea1ts (and 4 tmned-down hea1ts) were provided to FDA infonnally, between 
~ d December 4, 2020 for review (provided fonnally on Janua1y 22, 2021 under 

- )-
FDA considered the clinical data from both studies (G060127 and G140111) to evah1ate the safety and 
effectiveness of the OCS Hea1t System. An Advis01y Panel is being convened to discuss the clinical 
data that were collected in these studies in supp01t of marketing approval for this device . 

The Executive Summa1y for this Advis01y Committee Meeting of the Circulat01y System Devices Panel 
on the OCS Heart System for extended-criteria hea1ts includes the non-clinical and clinical data that has 
been provided by the sponsor in its PMA - ) application. In pa1ticular, the clinical sections: 

• Provide fmmdational infonnation about the OCS Hea1t System used in the PROCEED II 
randomized trial for standard-criteria donor hea1ts; 

• Summarize the EXP AND study design, results, and conclusions derived from the use of the OCS 
Hea1t System for extended-criteria donor hea1ts; 

• Provide a smmna1y of FDA's evaluation of the device 's safety and effectiveness data; and 
• Discuss the Agency's concerns regarding this PMA application and the EXP AND study data, 

including the: 
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o Robustness of the collected data; 
o Possible deleterious effects to donor hearts associated with OCS Heart preservation; 
o Observed mortality rate in recipients of donor organs preserved with the OCS Heart 
System; 

o Heterogenous definition of “extended-criteria” donor hearts, the subjectivity of the donor 
heart inclusion criteria, and the potential for substantial overlap with standard-criteria 
donor organs; 

o Potential use of the OCS Heart System for the standard-criteria heart donor pool; and 
o Utility of heart lactate levels as a determinant of “transplantability” of procured donor 
hearts. 

2. Proposed Indications for Use 
TransMedics proposes the following indications for use statement for the OCS Heart System: 

The TransMedics® Organ Care System (OCS™) Heart System is a portable extracorporeal heart 
perfusion and monitoring system indicated for the resuscitation, preservation, and assessment of 
donor hearts in a near-physiologic, normothermic and beating state intended for a potential 
transplant recipient. OCS Heart is indicated for donor hearts with one or more of the following 
characteristics: 

• Expected cross-clamp or ischemic time ≥ 4 hours due to donor or recipient 
characteristics (e.g., donor-recipient geographical distance, expected recipient surgical 
time); or 

• Expected total cross-clamp time of ≥ 2 hours PLUS one of the following risk factors: 
• Donor Age ≥ 55 years; or 
• Donors with history of cardiac arrest and downtime ≥ 20 minutes; or 
• Donor history of alcoholism; or 
• Donor history of diabetes; or 
• Donor Left Ventricular Ejection Fraction (LVEF) ≤ 50% but ≥ 40%; or 
• Donor history of Left Ventricular Hypertrophy (LVH) (septal or posterior wall 
thickness of > 12 and ≤ 16 mm); or 

• Donor angiogram with luminal irregularities but no significant coronary artery 
disease (CAD). 

Panel: The Panel will be asked to comment on an appropriate indications for use statement that 
adequately defines the population of donor organs for which the device demonstrates a reasonable 
assurance of safety and effectiveness. 
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3. Device Description 
The OCS Heart is a device designed to transport non-standard (i.e., “extended-criteria”) donor hearts to 
the transplant recipient site by using extracorporeal circulation to maintain heart viability via continuous 
organ perfusion with temperature controlled, oxygenated blood (obtained from the donor) supplemented 
with the TransMedics’ Heart Solution Set. The current standard-of-care (SOC) preservation method 
involves flushing the heart with a cold crystalloid cardioplegic solution, followed by cardiectomy, 
packing the heart in a sterile and hypothermic container, and transportation to the recipient’s transplant 
center.  SOC preservation aims to minimize the cold-ischemic time. 

Figure 1: Schematic of OCS Fluid Flow 

The TransMedics® OCS Heart System is composed of 3 major components: 

• OCS Heart Console 
• OCS Heart Perfusion Set (consists of the Heart Perfusion Module (HPM) and the Heart 
Perfusion Accessories) 

• OCS Heart Solution 
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Heart Console OCS™ Heart Perfusion Set OCS™ Heart Solution 

Figure 2: OCS Heart System Components 

For a detailed description of the OCS Heart Console, the OCS Heart Perfusion Set (HPS) and the OCS 
Heart Solution Set and Solution Delivery Subsystem (SDS), please see Appendix A. 

4. Principles of Operation 
The OCS Heart circulates temperature-controlled (34°C) donor blood/OCS Solution through an 
oxygenator, to provide oxygen and nutrients to the donor heart during transportation of the donor organ 
to the recipient site.  Throughout OCS support, the user can adjust blood flow rate, infusion rate, gas 
flow rate, and blood temperature in order to create an optimal perfusion environment for the donor 
organ, through direct measurements of aortic pressure (AOP), coronary flow (CF), and heart rate (HR). 
Lactate levels are measured and are used as an indicator of adequate myocardial perfusion of the donor 
organ throughout preservation.  The perfusion parameters are monitored and adjusted as needed 
throughout the duration of support on the OCS Heart, with adjustments based on lactate levels and 
trends. 

Instrumentation of Donor Heart 

If the donor heart is deemed acceptable, the OCS Heart is assembled for use. Blood from the 
heparinized donor is collected (1100 – 1500 mL), passed through a leukocyte-depleting filter and into 
the reservoir of the HPM. The donor blood is supplemented with 500 mL of the OCS Priming Solution 
and mixed via the Heart Console pump.  The pump circulates the perfusate through the circuit to prime 
and de-air the HPM, as well as activate gas flow and blood warming. 

Cardioplegia is administered to the donor heart according to the institution’s standard procedure, and the 
surgeon removes the heart in a standard fashion. Cannulae are then inserted retrograde into the aorta and 
pulmonary artery and secured appropriately, thus connecting the donor heart to the closed, 
extracorporeal HPM fluid circuit. The superior vena cava is tied off, and the inferior vena cava is left 
open as a vent until the heart is reanimated (regains beating state), at which point it is tied off. A left 
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ventricle vent is placed to assist with de-airing and to prevent distension. The temperature of the heart is 
gradually warmed to 34°C as the heart is perfused with the warmed, oxygenated blood that has been 
already supplemented with OCS Priming Solution. Cardiac rhythm is initiated by external defibrillation, 
if needed. 

Maintenance of Donor Heart 

The OCS Heart is intended to perfuse and maintain the donor heart during transportation to the recipient 
site. Pump flow and solution infusion rates are set to optimize coronary flow (CF), aortic pressure 
(AOP), and heart rate. Once initial perfusion parameters (e.g., AOP, CF), baseline lactate measurements, 
and stable heart rate are achieved on the OCS Heart (approximately within 30-45 mins), the heart is 
ready for transport. Lactate trend values are monitored throughout transport to assess perfusion of the 
donor heart, and adjustments in AOP and CF are made as needed. The Wireless Monitor displays 
parameters including heart rate, pump flow rate, coronary flow rate, aortic pressure, temperature, oxygen 
saturation, and hematocrit (HCT) levels. An off-the-shelf portable blood gas analyzer is utilized to check 
blood chemistry and lactate. 

Figure 3: OCS Heart Wireless Monitor Display 

During transport, the heart is maintained at a temperature of 34°C to minimize the metabolic demand by 
the heart and to meet the following target preservation parameters: 

• Mean coronary flow range of 400-900 mL/min 
• Mean aortic pressure range of 40-100 mmHg 
• Mean heart rate range of 50-100 BPM 
• Stable or declining arterial lactate. 
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Arresting the Donor Heart and Removal from the OCS Heart System 

In accordance with the clinical study protocol, the donor heart is assessed at the recipient site.  If the 
donor heart is deemed acceptable for transplantation (see Final Donor Heart Assessment Criteria below), 
the donor heart is cooled on the system by connection to a standard heater-cooler device and then 
arrested by administering a cold cardioplegia solution through the aortic access port of the HPM. After 
arrest is achieved, the OCS pump is turned off and supplemental topical cooling may be applied. The 
mechanical cooling, cold cardioplegia, and topical cooling are meant to ensure adequate myocardial 
protection during the period of removal from the OCS Heart to implantation of the donor heart.  The 
donor heart is removed from the OCS Heart and placed in a sterile bowl filled with cold saline. The 
surgeon removes the OCS cannulae and prepares the donor heart for transplantation in accordance with 
standard surgical procedures. 

Final Donor Heart Assessment Criteria 

Accept for Transplantation 

Donor hearts preserved on the OCS Heart System maintained within the following parameters: 

• Total OCS™ arterial Lactate level < 5 mmol/L 
• Stability of OCS™ Heart Perfusion Parameters within ranges: 

• CF 400-900 ml/min 
• AOP 40-100 mmHg 
LVH hearts may require higher CF and/or AOP 

Reject for Transplantation 

• Total OCS Heart System arterial lactate level >5 mmol/L at the end of OCS Heart System 
perfusion period 

• Transplanting surgeon/heart failure cardiologist is clinically unsatisfied with donor heart 
evaluation after perfusion on the OCS Heart System. 

Panel: As described in the clinical and pathology sections of this Summary, the Panel will be asked to 
comment on clinical concerns related to the potential for myocardial injury associated with the use of the 
OCS Heart System, as well as rejecting of donor hearts based on information derived from the OCS 
Heart System. 

5. Regulatory History 
Prior to submitting the current PMA for the OCS Heart ), TransMedics submitted several other 

(b)(4)applications to FDA, including investigational device exemptions (IDEs), a prior PMA 
(b)(4)

, and 
pre-submissions (Q-SUBs). Table 1 shows the applications submitted to FDA that are directly related 
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Standard Hearts to broaden the indications foruse. 

to the OCS Hea1i System and the clinical data we will be cliscussing (note: G 1802 72 is ongoing, and 
data from this study are not included in our review of the current PMA): 

Table 1: FDA Submissions related to the OCS Heart Sys tem 

I) 

FDA 
Application 

G060127 

G140111 

G140111/S029 

G180272 

GI 80272/SOII 

Application 
Content 
PROCEED II Stu~ -
~ -128 ~ · 
Premarket Application 
(PMA)- analyses of 
clinical data obtained 
from0)60127. 

EXPAND Clinical Study 

EXPAND Continued 

su ~ectsan 

Access Protocol CAP) ­
; 18 

incrementally~ 
~ ects .... 

~ fcmrentPMA-
analyses of clinical data 
obtainedfromG1401 ll 
and0)60127 
DCDHeartStudy -

~ 9for 

DCD Continued Access 

~ ~ P)-
~ or90 

______________________________ _. 

Overview 

International randomized, controlled clinical s tudycon:paiing the safety and 
effe.ctiveness of the use of standard donor hea1tprese1vation techniques to the use 
of the OCS Hea1t System to preseive donor hearts in a near-physiologic and 
beating state. 

PROCEED II metthePrimuy Study Endpoint(Effectiveness)of 30-day 
patient stuvival without mechanical circulato1y support (non-infei-iority test, 
non-inferio11ty margin oflOO/o). 
PROCEED II dermnstratednon-inferio11ty for the secondaiy safety endpoint 
of cardiac graft-related se110us adverse events. However this composite 
endpoint was rmdified by the sponsor post-hoc, such that theo11ginalpre­
specified safety endpoint was never analyzed. 
The smvivalrate of patients with OCS Hea1t-preseived hearts was lower than 
that of control aim atients at all time oints outto 5 years. 

US - rms u yev ia g euseo eOCSHea1tSystem,usingnear-
physiologic, and beating state preservation, to maintain and peifase donor hearts 
that may not meet cmrent standard donor hea1tacceptancec 11te11a for 
transplantation to potentially improve donor heait utilization. The data from this 
studywas 01-igin intended to supplementan approved OCS Heart Systemfor 

Single-arms tudy to pennit access to the device at EXP AND sites while the PMA 
was underreview. 

Concurrently controlled IDE study of the use of the OCS Heart dewcefor heart 
donation after circulatory death (DCD) . Study ongoing. 

Singlearmstudy to pennit access to the device duringassemblyandreviewof a 
PMAfor DCD hearts 
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5.1 EXPAND 

Tables B .1 and B .2 in Appendix B provide a more detailed hist01y of the major device design and 
clinical protocol changes over the course of the EXP AND clinical study. Below is a high-level 
SlllilII1a1y: 

• Full EXP AND IDE approval was granted on September 3, 2014 
• First subject was transplanted with an OCS Hea1i System-suppo1ied hea1i on September 16, 2015 
• Last subject was transplanted with an OCS Hea1i System-suppo1ied hea1i on March 25, 2018 

OCS HEART SYSTEM DESIGN CHANGES 

Several changes to the device design were made throughout the EXP AND study. For more details of the 
major changes made, please see Appendix B. In Slllillna1y, major device modifications to the OCS 
Hea1i System during the EXP AND Study were made to mitigate problems with the AOP automatic 
mode and included removal of a compliance chamber and increases to the AOP and CF operating 
specifications . Prior to EXP AND Study emolhnent, TransMedics changed the oxygenator and pmnp 
designs compared to the OCS Heaii System used in PROCEED II. 

Table 2 identifies key design differences between the OCS Hea1i System used in PROCEED II (fmal 
design used in G060127), EXP AND ( original proposed design - G1401 11/Originan and EXP AND 
(fmal design changes made during G140111). There were subjects treated with each major design 
iteration within the EXP AND Study. 

Table 2: Design and Use Differences forOCS He art System Over Time 

Design Features PROCEED II 
(final desh?:n) 

EXPAND 
(G140111/O1i 2inal) 

EXPAND 
(final desi2n) 

Novalung Oxygenator X 
Maauet-i Small Aduh Oxvgenator X X 
2nd compliance chamber X 
One-way valve for 2nd compliance 
chamber 

X 

Addition of "Y" prime line with pressure 
relief valve in perfusion module. 

X X 

Cardinal Heahh MedSvstem III pump X 
SDS X X 
AOP range 40-80 X X 
AOP range 40-100 X 
CF range 400-800 X X 
CF range 400-900 X 
ManualAOP* X X X 
Automatic AOP mode* X X 

* AOP mode: a<ljll5tment of maintenance solution flowrate either automat ically (automatic AOP) or Manually (manual AOP). Operator 
choosesAOP mode. 
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CLINICAL PROTOCOL CHANGES 

Several changes to the clinical protocol were made throughout the EXP AND study. For more details of 
the protocol changes made, please see Appenrux B. In sunnna1y, some of the 1najor protocol changes 
incruded a requested emolhnent increase from 55 to 75 subjects after 87% of the subjects had ah-eady 
been emolled (>900/o of these subjects ah-eady had 30-day endpoint data available), and at the same time, 
a revised protocol 01 ersion 1.4) incruded changes made to the statistical plan and study defmitions. 

Table 3: Number of Subjects Enrolled under TransMedics' Protocols 

Protocol Version Application/Supplement Date Subjects Enrolled 
( N) 

Version 1.2 G1 401 l 1/S001 October 8, 2014 23 
Version 1.3 G1 401 l 1/S015 July 18, 2016 35 
Version 1.4 G1 40111/S018 August 10, 2017 17 

EXP AND STUDY DESIGN CONSIDERATIONS (SDC) 

In 2012, Congress revised Section 520(g) of the Food Dmg and Cosmetic Act such that, 

"FDA will not disapprove an IDE because the investigational plan/or a pivotal study may not 
support approval or clearance of a marketing application. However, if FDA believes 
modifications to the study are needed to achieve this objective, FDA will convey such 
considerations to the sponsor to provide greater clarity and predictability. In addition, FDA will 
convey to the sponsor considerations that FDA believes will be importantforfuturesubmissions 
related to the proposed investigation." 1 

Any remaining clinical study design concerns are communicated to the sponsor of the IDE as "Study 
Design Considerations (SDC)" and "Future Concerns (FC)," 2 usually as an enclosure to the IDE letter. 
While FDA strongly recommends that the SDCs are addressed in a timely manner (to assure a dataset 
that will be acceptable to suppo1i a marketing application) , revised Section 520(g) does not require the 
IDE sponsor to respond to the study design considerations, and the sponsor can complete their study 
without taking any of the study design considerations into consideration. 

FDA provided 27 SDCs and 1 FC to the sponsor over the course of the TransMedics EXP AND IDE 
study (G1401 11) and 5 SDCs and 2 FCs related to the EXPAND CAP Protocol Many of the SDCs 
f01warded to TransMedics were related to study design changes that FDA believed were needed for the 
EXP AND study to suppo1i marketing approval FDA ' s recommendations were intended to enhance the 
study's scientific sOlmdness and validity. Some of the more critical SDCs outlined in letters to 

1 FDA Decisions for Investigational Device Exemption Clinical Investigations - G1idance for Sponsors, Clinical 
Investigators, Institutional Review Boards, and Food and DmgAdministration Staff-Document issued on August 19, 2014. 
2 Any changes to the study design needed to protect study subjects will be comrrunicatedas deficiencies that may res ult in 
IDE disapproval (as discussed in section 6) and will not be comrrunicated as study design considerations. 
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TransMedics, and which were not adequately addressed during the IDE phase of the EXPAND study, 
include: 

• The need for a control arm for the EXPAND study; 
• A pre-specified safety endpoint hypothesis test; 
• A clinically robust primary effectiveness endpoint; 
• Methods for minimizing potential study bias; and 
• Definitions of analysis populations 

A complete list of the remaining SDCs and FCs as presented in FDA’s letter 
(G140111/S018) is provided in Appendix C.  This list of study design considerations represents the 

(b)(4)

remaining SDCs that FDA believes would have increased study and data quality and validity had these 
SDCs been implemented into the EXPAND investigational plan in a timely manner. 

5.2 EXPAND CAP 
The EXPAND CAP study was approved on February 7, 2019 for 18 initial subjects with an increased 
sample size during the PMA review to 75 subjects (approved on October 16, 2020). At the time of 
EXPAND CAP database lock on August 26, 2020, there were at least 30-day data available for 41 
subjects transplanted with EXPAND CAP donor hearts and 4 additional donor hearts perfused on the 
OCS Heart but turned-down for transplant.  

EXPAND VS. EXPAND CAP 

A CAP study is intended to permit continued access to the device while a PMA is under review and to 
potentially provide adjunctive safety and effectiveness data. As such, the CAP device design, study 
design, and enrolling sites are intended to be an extension of the original study.  While there were no 
major device or study design changes made during the EXPAND CAP study, there were some subtle 
differences in the inclusion/exclusion criteria and analysis populations.  Additionally, EXPAND CAP 
sites differed from the EXPAND sites. As will be discussed in more detail in Section 7.3: 

• Only 3 of the10 EXPAND CAP sites also enrolled in EXPAND; 
contributed a majority of the patients to both EXPAND (39%) and EXPAND 

• EXPAND sites selected to participate in EXPAND CAP were known to have higher patient 
survival rates and donor heart utilization rates (92% and 81%, respectively) than the EXPAND 
sites that did not participate in EXPAND CAP (56% and 73%, respectively). 

Other differences noted between the EXPAND and EXPAND CAP studies included the overall 
health/condition of the accepted donor hearts and of the intended recipients (e.g., EXPAND Status 1a/1b 
recipients totaled 99% of the enrolled population; EXPAND CAP Status 1-3 recipients totaled 61% of 
the enrolled population) – see Section 7.3. 

• 
CAP (59%) enrollment; and 
(b) (6)
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FDA Comment: Emollment of a majority of subjects at a single site selection of - ....... ---,----.-----high perfonning sites, and overall condition of the donor hea1ts and recipients may 
outcomes in this EXP AND CAP stu coh01t. 

EXP AND CAP STUDY DESIGN CONSIDERATIONS 

As indicated in Section 5.1 (and outlined in Appendix C), there were many outstanding Study Design 
Considerations (SDCs) that FDA conveyed throughout the course of the study and were intended to 
enhance the study's scientific sOlmdness and validity. Although TransMedics provided justification for 
not adopting many of FDA' s SD Cs, FDA continues to believe that the inc01poration of the 
recommended SDCs into the EXP AND and EXP AND CAP investigational plans would have increased 
study quality and validity. 

6. Non-Clinical Testing 

IN VITRO/BENCH TESTING 

The applicable in-vitro testing has been perfo1med, and results were acceptable. Testing included 
electrical safety testing, electromagnetic compatibility, batte1y testing, sterility, packaging, packaging 
integrity testing, shelf life testing, biocompatibility, and perfonnance testing on the OCS Hea1t System, 
the OCS Hea1t Console, and the Hea1t Perfusion Set (HPM phIS HPS Accessories) . Major changes made 
during the study were evaluated by risk analyses, and relevant testing was perfo1med. For more details 
on the in-vitro testing and changes made throughout the study, please see Appendix D. 

IN VIVO ANIMAL STUDIES 

In_ , TransMedics provided FDA with limited infonnation from a non-controlled, non-GLP 
animal study on N=2 ex vivo porcine healis. These heaits were preserved on the OCS Hea1i System for 
6 hours and transported in an SUV automobile for at least 30 1ninutes during preservation. Target A01tic 
Pressure (AOP) was 40-100 mmHg and target Corona1y Flow (CF) was 400-900 m1/min, which are the 
recommended operating specifications for the OCS Heaii System (G140111/S015). 

Physiologic parameters (e .g., AOP, CF, temperature, heaiirate, HCT, lactate) were monitored 
However, histologic evahiation of the two heaits or other assessments of tissue viability or injmy (e .g., 
ATP content, troponin) was not provided. In addition, there were no control hea1is treated with the 
cmTent standard of care ( cold static preservation). 

Pre- and post-preservation hea1i weights indicated a weight gain of 74. 1 g (22%) and 69.7 g (20%) in the 
two perfused annual heaits following 6 hours of OCS Hea1i System perftISion (Table 4). 
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Table 4: Animal Heart Pre-, Post-perfus ion Weight (N=2) 

Animal Heart Pre-perfusion Weight(g) Post-perfusion Weight (g) 

Heart #1 343.3 417.4 
Heart #2 357.2 426.9 

Increased tissue weight following OCS Heart System perfusion raises concerns for changes in cellular 
strncture, functionality, and tissue health. This weight gain may be seconda1y to organ edema and raises 
concerns for myocardial injruy that could negatively impact organ viability and functionality post­
transplant. 

Accordingly, FDA believes that the animal testing completed and submitted to FDA leaves several 
impo1iant questions of safety and perfonnance unanswered for the cunent PMA. 

Previously, TransMedics provided four non-GLP porcine studies (N=2 or 3 animals each) in ­
and G140111/S013 (see Appendix D, Table D.10 for more information on these studies) . Testing 
objectives largely centered on validating design changes as the device was modified. The sponsor did 
not perfonn comprehensive animal studies that evaruated the fmal device design in a clinically relevant 
setting. Important insights into device perfonuance and safety and effectiveness could have been 
addressed by well-designed and conducted animal studies. Imp01iant limitations of the annual testing 
incrude: 

• Translatability of data to supp01i safety and effectiveness of the subject device is dependent on 
pre-clinical testing evaruating the fmal or near-fmal device. Aniiual testing evaruated earlier 
device versions and was relied on as part of the OCS Hea1i System verification and validation. 
This results in limitations of the animal studies with respect to device perfon uance and safety. 

• The annual study sample sizes were sruall. 

• Aniiual testing was conducted without controls, so data interpretation are challenging when 
comparing safety and effectiveness to cold storage, the cunent standard of care. This may be 
especially imp01iant since no in vivo studies evahiating organ viability were submitted or 
completed prior to hmnan use. 

• Anirual testing did not evaruate myocardial histology following perfusion with the OCS Heari 
device. Histology provides vahlable information relevant to device safety and effectiveness that 
cannot be readily obtained from hmnan clinical studies. (Note: The sponsor identifies a study 
presented at ISHLT by Dr. Padera, et aL 2009 [Pathology Influences Device Development: The 
TransMedics Organ Care System for Hea1i . The Jomnal of Heaii and Lung Transplantation; 
Febma1y 2009], where it was stated that histology was perf01m ed. However it should be noted 
that this study was presented to FDA as an abstract, was perfo1med to "optimize device 
development", and full study materials (incruding the fmal study protocoL test methods, and 
complete original histologic results) were not provided to FDA for us to confnm study fmdings 
and evahiate their relevance to the OCS Heaii System used in the EXP AND Study.) 
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• Animal studies were non-GLP despite numerous requests for GLP compliance and were 
conducted without a GLP certified quality assurance unit. The sponsor noted the cost prohibitive-
nature of a quality assurance unit as justification for animal studies not being in compliance with 
GLP recommendations.  

FDA Comment: Perfusion with the OCS Heart System is intended to assess and preserve tissue 
viability and reduce myocardial injury in donor hearts.  Well-designed and executed animal studies 
evaluating hearts supported with the OCS Heart System compared to standard of care static cold storage 
hearts could provide valuable insights into myocardial preservation and injury patterns between these 
two strategies.  For the present PMA, animal studies were limited in scope and number, and importantly, 
did not include myocardial histologic analyses. 

7. Clinical Studies 
This clinical review summarizes the PMA submission from TransMedics for its OCS Heart System.  FDA 
presents the trial design, information on the execution of the study, statistical cohorts, and analyses followed 
by what FDA believes is the most informative analyses to assess the safety and effectiveness of the OCS 
Heart System. FDA includes comments in each section to point out concepts and information that FDA 
believes are of key contextual importance when evaluating study results. 

Unlike the established approach of donor heart preservation in a cold, static condition after crystalloid-based 
cardioplegia, the OCS Heart maintains a donor heart in a blood-perfused, near-normothermic, beating state. 
TransMedics suggests that preserving a donor organ with its device: 

• optimizes oxygen and substrate delivery, while also replenishing nutrients that are depleted due to the 
brain-dead condition in the body of the donor; 

• allows for resuscitation of the donor heart into a beating physiologic state ex-vivo, thereby enabling 
assessment of the donor heart’s viability; 

• reduces time-dependent ischemic injury to the donor heart during preservation, thus eliminating 
existing logistical and geographical barriers to heart transplantation; and 

• allows physicians to judge with lactate levels a donor heart’s condition and suitability for 
transplantation, thus minimizing the risk of transplanting poorly functioning hearts. 

In January 2006, TransMedics initiated its first feasibility clinical trial of the device (PROTECT) in Europe 
with 20 patients; 15 additional European patients were enrolled into the similar PROTECT II post-marketing 
study after the device’s September 2006 EU marketing approval. IDE G060127 began in 2006 with a US-
based pilot study (the PROCEED trial, which FDA initially approved for 5 subjects) that ultimately enrolled 
15 allograft recipients at 4 centers between April 2007, and July 2008. All three of these initial clinical 
protocols followed patients for 30 days post-transplantation, and the primary endpoint in each was 7-day 
patient survival. 
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The results of these small pilot n·ials inf01med the design of the follow -on U S pivotal study, P ROCEED II, 
which was fttlly approved by FDA in its fomth iteration (version 1.3) in July 2008. The fmal protocol 
(version 1.6) was to emoll 128 patients ("recipients," not donor allografts) with 1:1 randomization of the 
donor allografts to either standard cold preservation storage and n·ans 1i or OCS Herui perfusion and 
n-ansp01i. In December 2014, T ransMedics submitted PMA to FD A , seeking marketing approval 
for use of the device with standard criteria donor heaits . d almost exclusively upon the clinical 
results from PROCEED II. 

FDA perfon ned a detailed and complete review o~ , leading to several major concerns about 
PROCEED !I's clinical results and the device 's safety and effectiveness profile when used with standard 
criteria donor healis. TransMedics subsequently withdrew the PMA. The OCS Heaiihas not been approved 
by FDA in any population for any indication for use. 

The cmTent P MA,_ , concerns donor hea1ts having one or more characteristics that render them 
"extended" or "expanded-criteria" cardiac allografts as defmed by the protocoL as opposed to "standard" 
donor organs. In June 2014, with knowledge of the PROCEED II results, the sponsor submitted a separate 
IDE (G140111) to specifically evaluate the OCS Hea1iSystem when 1I·anspo1t ing extended-criteria donor 
hea1is in the single-aim EXP AND Hea1t ("EXP AND") study. At the time of FDA approval of EXP AND's 
protocol (September 2014) , the PROCEED II clinical study repo1i ha.d not yet been submitted to FDA for 
review. FDA 's approval of EXP AND included multiple study design considerations and recommendations 
about n·ial design (see Appendix C Study Design Considerations), including concerns that the n·ial lacked a 
comparator conn·ol group. 

FDA recognizes that it can be difficult to fttlly characterize the "standai·d-ness" of a donor hea1i , particularly 
in situations where the distinction between standard- and extended-criteria depends substantially upon a 
c linician's a priori estimate of required preservation time . FDA also believes that PROCEED II is relevant 
for any evaluation of the EXP AND study because there is overlap between the two studies' donor hea1i 
populations and PROCEED II was a randomized study with more extensive longer-te1m follow-up available. 
FDA communicated to the sponsor since 2014 that inte1pretation of the EXP AND n·ial would be framed by 
inferences drawn from the randomized PROCEED II n·ial 

Table 5: Clinical Inves tigations with the OCS Heart System 

Study Location Years Subjects 
Enrolled 

Study Design Donor Heart 

PROTECT EU 2006-7 25 Single-arm Standard-criter ia 

PROTECT II 
Registiy 

EU 2007-8 20+ Registry Standard-criter ia 

PROCEED us 2007-8 16 Single-arm Standard-criter ia 

PROCEED II 
(G06012 ,,,-n·• I 

US and EU 2009-13 128 Randomized 
Controlled 

Standard-c1iteria 
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(b)(4)
EXPAND US 2015-18 96 Single-arm Extended-
(G140111 (CAP 41) Criteria 
OCS Heart U.S. DCD US 2019 - 162 Concurrent Donation after 
Heart Trial present (CAP Control circulatory death 
(G180272) ongoing) (DCD) 

7.1 PROCEED II (G060127) 

7.1.1 Study Objective 
The OCS Heart’s hypothetical premise is that appropriately controlled warm-blood-based perfusion during 
organ storage and transport yields a better-functioning allograft after transplantation compared to standard-
of-care cold static preservation.  The clinician can modulate device pump flow and solution infusion rates in 
an effort to optimize coronary flow, aortic pressure, and heart rate. The rationale for a trial was to investigate 
the OCS Heart’s ability to: 

“…improve organ preservation and overcome the limitations of current organ preservation 
techniques, such as time-dependent ischemia and reperfusion injuries…thereby facilitating an 
optimal donor/recipient matching process and geographical distribution of organs.” 

To that end, the primary objective of PROCEED II was “to compare the safety and effectiveness of the OCS 
Heart System with the existing cold static cardioplegia standard of care for the preservation of donor hearts.” 

FDA agreed with the rationale for the PROCEED II IDE trial, given experience with cardiopulmonary 
bypass (CPB) and extracorporeal membrane oxygenation (ECMO) and the known limitations of cold static 
preservation techniques.  An implicit objective of the OCS Heart is to increase organ preservation time 
flexibility.  PROCEED II was not, however, prospectively designed to evaluate the interaction of transport 
(preservation) time with safety and effectiveness endpoints. In PROCEED II, despite 1:1 randomization 
prior to donor in-chest evaluation, donor hearts transported with the OCS Heart had substantially longer 
preservation times than control arm donor hearts preserved with cold, static preservation solution (the current 
standard of care, SOC). In EXPAND and EXPAND CAP, as discussed later, the most frequent characteristic 
qualifying a donor heart for inclusion as extended-criteria organ was the expectation by transplanting 
clinicians of prolonged (≥ 4 hours) ischemic time if cold static preservation had been utilized. 

7.1.2 Study Design 
PROCEED II was a multi-center randomized controlled trial designed to allocate 128 enrolled recipient 
patients randomized (1:1) to OCS Heart- (treatment arm) or SOC-preserved (control arm) donor hearts. 

INCLUSION AND EXCLUSION CRITERIA 

Separate inclusion and exclusion criteria were used for prospective donor organs and consented recipients. 
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Recipient Eligibility Criteria 

Recipients were screened for eligibility on two occasions (at the time of consent and again on the day of 
planned transplantation). 

Inclusion 
• Registered male or female primary heart transplant candidate 
• ≥ 18 years old 
• Signed, written informed consent document and authorization to use and disclose protected 
health information 

Exclusion 
• > 4 previous sternotomies* 
• Chronic renal failure defined by chronic serum creatinine >3.0 mg/dL for more than 2 weeks 
and/or requiring hemodialysis (except for hemodialysis or hemofiltration for fluid overload) 

• Ventilator dependence at the time of transplant 
• Use of a ventricular assist device for > 30 days and the presence of any of the following: 
systemic sepsis, intracranial hemorrhage, or heparin-induced thrombocytopenia 

• Panel reactive antibodies (PRA) > 40% and positive prospective cross match and/or virtual 
cross match 

• Use of any investigational drug or device, other than OCS Heart, during the study 
• Simultaneous transplant of a non-heart allograft, except for concurrent kidney transplant* 
*During the course of the trial, sternotomy and concurrent transplantexclusion criteria were changed.  The original 
criteria excluded patients with> 2 previous sternotomies andconcurrent kidney transplant.  Two OCSHeart-
randomized patients remained screen failures by the sponsor on the basis of the originalexclusion criteria. 

Donor Heart Eligibility Criteria 

Inclusion 

• < 60 years old 
• Mean arterial blood pressure > 60 mm Hg at the time of final heart assessment 
• Satisfactory echocardiography assessment defined as: 

o Ejection fraction > 40% 
o Absence of severe segmental wall motion abnormalities 
o Absence of left ventricular hypertrophy (interventricular septum (IVS) and posterior wall 
thickness (PWT) < 1.3 cm) 

o Absence of valve abnormalities (trace to mild valvular regurgitation acceptable) 

Exclusion 

• Abnormal coronary angiogram defined as > 50% stenosis, requiring coronary bypass 
• Donor-to-recipient body weight ratio of < 0.6 
• Vasoactive medicinal support at time of final heart assessment including, but not limited to: 

o Dopamine > 10 μg/kg/min 
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o Dobutamine > 10 μg/kg/min 
o Milrinone > 0.3 μg/kg/min 
o Epinephrine > 0.03 μg/kg/min 
o Norepinephrine > 0.03 μg/kg/min 
o Any bolus dose of the above vasoactive agents prior to explants that would result in 
exceeding the above stated criteria 

o Presence of any exclusion criterion based on the standard practice of the investigational 
site 

FDA Comment: PROCEED II did not have an inclusion criterion based upon expected cross-clamp time, 
and those data were not captured.  All donor organs in EXPAND had to meet a criterion of an expected 
cross-clamp time (i.e., anticipated ischemic time if transported without using the OCS Heart) ≥ 2 hours. 

ENDPOINTS 

PROCEED II had four powered endpoints, each of which tested a non-inferiority hypothesis. 

Primary Study Endpoint (Effectiveness) 

The Primary Study Endpoint evaluated effectiveness, defined as patient survival at post-operative day (POD) 
30 following transplantation with the originally transplanted heart and without any mechanical circulatory 
support (MCS) device: 

HO: πOCS < πSOC - δ 
H1: πOCS ≥ πSOC – δ 
δ = 0.10 

where δ is the non-inferiority margin, and πOCS and πSOC are the respective proportions of subjects 
surviving at POD 30: 

• with the originally transplanted heart; and 
• without a mechanical circulatory assist device on POD 30. 

If non-inferiority was demonstrated, the protocol allowed for superiority testing. 

Because the MCS endpoint criterion was limited to MCS use on day 30, it excluded temporary MCS use for 
severe allograft dysfunction that was subsequently discontinued prior to POD 30. 

At the time of IDE approval, FDA acknowledged the sponsor’s position that effectiveness results beyond 30 
days would likely be influenced by many factors other than the allograft preservation technique.  However, 
the Agency also maintained that the randomized nature of PROCEED II would mitigate much of the 
potential confounding.  FDA accepted the endpoint’s 30-day time frame, but repeatedly stressed--beginning 
with the IDE’s feasibility phase approval in 2006--the importance of longer-term follow-up data regarding 
effectiveness (patient survival and graft survival) and safety (serious adverse events).  The sponsor did not 
prospectively collect outcome data beyond 30 days, and FDA requested post hoc survival analyses based 
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Team 

Acute Rejection 

Balloon pump 
/L\BP) 
Car diac 

Al·r h y thmia 

Car diogenic S h ock 

G 1-aft Failure 

H eart Failure 

H yoer tension 
Hynotensio n 
~·Iyocardial 
Infa1•ccio n 

An endomvnrardial binnc,v finrlina of l SHLT 3R or hillhcr 2radin2 

Any use ofan aortic balloon pump required to correct arrhythmia post-transplant for greater than eight (8) 
hoW"S. The use of an IABP for less than 8 hours is anticioated as standard oracticc in some institutions. 
Any documented arrhythmia that results in clinical compromise (e.g .• o liguria. J)Tcsyncopc,. or syncope. 
rachycanlia. bradycan1ia) that requires hospitalization or occurs during the hospital stay post transp lant. 
Cardiac arrhythmias arc classified as 1 or 2 types: 

1.) Sustained ventricular arrhythmia requiring defibrillation o r card ioversion 
2 .) Sustained suoraventricuJar arrhvthm i::i r~uirine: drue treatment or cardiovcrsion 

Decreased cardiac output and evidence o f tissue hypoxia Sv02 < 50% or lactic acidosis) in the presence o f 
adequate intravascular volume. Specifically , the hcmodynamic criteria for cardiogenic shock arc: 

1.) Sustainll!'d h ypotension (systolic blood pressure <80 mmHg for a t least 60 m in) and 
2 .) A redu ced cardiac index (<2.0 Umin/m2) in the p resence of elevated pulmonary capillary occlusion 

pressure (> 18 m m H g). 
3 .) Also anv newlv installed Intra aortic balloon .................. to co1lle offhu-n.ass. 

Primary or nonspecific severe acute bean dysfunction necessi tating the sustained use of a mechanical support 
device iV AD or E CMO), listin2 for tr:.ncenlant or re--tr:.nc,nlant . 
Right Heart F ailure: Symptoms and signs o f persistent right venlricular dysfunction [central venous pressure 
(CVP) > 18 mmHg w iih a cardiac index <2.0 Um:inlm2 in the absence o f elevated left a trial /pu lmonary 
capillary wedge p ressure (greater than 18 mmHg), tamponade. ventricul ar arrhythmias or pneumothorax] 
requiring either RV AD implantation or inotropic therapy beyond 7 days or what is typical for inotropic 
management a t the site. 

Left H ean Failure: Symptoms and signs o f persistent left ventricular dysfunction (left-atrial pressure > 18 
mmHg with a cardiac index <2.0 Umin/m2) in the absence ofhemo-pericardi~ pneumo-pericardium, 
hcmothora.x or pncumothorax, requiring eiiher LV AD implantation or Inotropic therap y , 7 days or DK>rc after 
transp lant_ 
New onset blood p ressure elevation greater than or equal to 140mmHg systo lic or 90 nuuHg diastolic 

Svsto lic less than 90 mmHi::!: or diastolic less than mmHi::!: leadini::!: to faintini::!: 
Peri-Operative Myocardial Infarction: The clinical suspicion of myocardial infarction together with CK-:MB or 
T roponin > 10 times the local hospital upper limits or nonnal, found w ithin 7 days following transplant 
together with ECG and/or echo cardiogram findings consistent with acute myocardial infarction. 

Non-Perioperative Myocardial Infarction: The presence a t > 7 days post-transplant of the following criteria: 
1.) E CG with a pattern or changes consisicnt with m yoc:ardial in.farcti~ and 
2 .) T roponin or CK (m easured by standard clinical pathology/Jaboratoiy medicine methods) greater than the 

n ormal range for the local hospital with positive :MB fraction P-: 3% total CK). Tbis should be 
accomp anied b y a new regional LV or RV wall m otion abnonualitv on a m yocardial inlaP-imr study. 

Pe1·icardia l Effus io n Accumulation of fluid o r clot in the pcricardial space ihat requires surgical intervention o r percutaneous 
catheter drainage. This event \"\-'ill be subdivided into those with clinical signs o f tamp:>nade and those without 
s i nn"' ofMnttVU1"'de. 
A . ..ny disease proc:ess (e.g.: insufficiency o r stenosis) involving one or more o:f ·valvcs of the heart (mitral, aortic, 

V ah·e D isease pulmonary and bicuspid). The disease will be considered serious if" the valvular abnonnality was diagnosed as 
moderate to severe in an echo readin2.. 

C a1·diac 
Relared 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

upon data from the Scientific Registry of Transplant Recipients (SRTR), a mature transplantation registry 
funded and overseen by the US Health Resources and Services Administration (HRSA).  Longer-term 
survival data for non-US (OUS) recipients were separately collected post hoc by the sponsor. 

FDA Comment: Although post hoc in nature, FDA believes the longer-term survival analyses for 
OCS Heart and SOC patients are essential components of the OCS Heart’s safety and effectiveness 
assessment. 

Secondary Endpoint (Safety) 

There was a single pre-specified safety endpoint, the incidence of Clinical Events Committee (CEC)-
adjudicated cardiac-related serious adverse events (SAEs) up to 30 days following transplantation: 

HO: τOCS > τSOC + δ 
H1: τOCS ≤ τSOC + δ 
δ = 0.10 

where τOCS and τSOC are the respective proportions of patients experiencing at least one cardiac-related 
SAE, and δ is the non-inferiority margin. 

The approved IDE protocol pre-specified 11 cardiac-related SAEs as components of the composite safety 
endpoint (Table 6).  

Table 6:  PROCEED II Safety Endpoint Serious Adverse Event Definitions 
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-However, the secondary safety endpoint analysis presented by the sponsor in (b)(4) only incorporated 3 of 
the original SAE components: 

• graft failure requiring MCS or listing for re-transplantation; 
• left- or right-sided heart failure; 
• myocardial infarction or moderate/severe mitral regurgitation. 

The sponsor noted that the change to the definition of the safety endpoint’s components was approved by the 
PROCEED II Steering Committee and the CEC on or about 2012 (trial enrollment had begun in 2009). The 
sponsor maintained that the change ensured “adverse events that [comprised] the endpoint of Cardiac (Graft-
Related) Serious Adverse Events were directly related to the function of the transplanted donor heart (graft) 
to support the circulatory needs of the recipient.”  FDA was not aware of this protocol change, and the post 
hoc modification to the analysis plan was never approved by FDA.  Several clinically important SAEs such 
as acute rejection, cardiac arrhythmia, and pericardial effusion occurred in study subjects but were not 
captured in the PMA’s safety endpoint analysis. 

FDA Comment: FDA disagrees with the sponsor’s claim that the intent of the safety endpoint was limited 
to capturing SAEs “directly related to the function of the transplanted donor heart (graft) to support the 
circulatory needs of the recipient.”  FDA believes that the pre-specified safety endpoint was appropriate for 
the objective of PROCEED II, and that the limited sponsor-reported safety analysis was sub-optimal. 

Secondary Endpoints (Effectiveness) 

There were two non-hierarchical secondary effectiveness endpoints: (1) the incidence of rejection and (2) the 
length of Intensive Care Unit (ICU) admission. 

Rejection endpoint 

The first secondary effectiveness endpoint compared rejection episodes by POD 30: 

HO: τOCS > τSOC + δ 
H1: τOCS ≤ τSOC + δ 
δ = 0.10 

where δ is the non-inferiority margin, and τOCS and τSOC are the respective proportions of subjects 
exhibiting rejection by POD 30 defined as: 

• International Society for Heart & Lung Transplantation (ISHLT) grade 2R (moderate) or 3R (severe) 
acute rejection on any surveillance endomyocardial biopsy (core laboratory reading); or 

• clinically symptomatic rejection requiring augmentation of immunosuppressive therapy. 

There was no pre-specified imputation plan for missing endomyocardial biopsy data. The sponsor 
substituted site biopsy readings for missing core laboratory biopsy readings. 
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ICU Stay endpoint 

The second secondary effectiveness endpoint compared length of post-transplantation initial ICU stay: 

HO: λOCS > λSOC + δ 
H1: λOCS ≤ λSOC + δ 
δ = 12 hours 

where λOCS and λSOC are the respective median lengths of ICU stay after transplantation, and δ is the non-
inferiority margin. 

Exploratory Endpoints 

The protocol did not pre-specify exploratory endpoints, subgroup analyses, or sensitivity analyses. 

FDA requested the following post hoc endpoint and subgroup analyses: 

• Longer-term survival (Kaplan-Meier analysis) 
• Primary Study Endpoint tipping point analysis 
• Primary Study Endpoint, preservation-time stratification 

o ≤ 4 hours 
o > 4 hours 

• Primary Study Endpoint analysis adjusted for the following baseline covariates: 
o Pre-operative MCS use 
o Cardioplegia solution use 

ANALYSIS POPULATIONS 

Enrollment into PROCEED II followed a pre-specified process. Recipient consent was obtained at 
screening, the time of initial comparison to the pre-specified inclusion and exclusion criteria. A second 
assessment of recipient eligibility based upon inclusion/exclusion criteria (i.e., a second screening of 
consented recipients) took place at the time a potential donor heart meeting inclusion/exclusion criteria was 
identified. At this point, the consented recipient was randomized to OCS Heart or SOC.  Once the study 
site’s organ procurement team confirmed donor heart eligibility with an in-chest evaluation, the recipient 
patient was considered enrolled. Per the protocol: 

“Potential subjects who are initially consented and screened but are found to be ineligible for 
enrollment as part of final eligibility evaluations; and, subjects who are eligible based on the first and 
second evaluations but for whom it is determined at the donor site that no matching or eligible donor 
is found, will not be considered enrolled or part of the "intent to treat" population.” 

“A screen failure is a potential subject from whom an informed consent is obtained but in whom 
treatment within the context of the investigation is not attempted because it is determined that the 
subject does not meet all of the eligibility criteria during the second evaluation.” 
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Recipient Populations 

• Safety population: All subjects who receive a heart transported by either OCS Heart or SOC. If the 
heart is transported partially using the OCS Heart and partially using SOC, the analysis is per the 
initial treatment. 

The Safety population was specified as the primary analysis population for the secondary safety 
endpoint. 

• Intention-to-Treat (ITT) population: All randomized subjects for whom it is determined at the donor 
site that there is a matching and eligible heart. 

ITT was specified as a supplemental analysis for the Primary Study Endpoint. 

FDA Comment: FDA generally considers patient enrollment to take place when signing the informed 
consent form, thereby defining an unbiased intention-to-treat (ITT) population from which daughter 
analysis populations are derived. Although FDA acknowledged PROCEED II’s logistical justifications for 
randomization prior to definitive enrollment, this process may have caused a selection bias. This issue was 
discussed with the sponsor. FDA believes the protocol-defined ITT population in PROCEED II is more 
accurately considered a “modified” ITT (mITT) population. 

• Per Protocol (PP) population:All randomized subjects who are transplanted and have none of the 
following major protocol violations: 
o Ineligible for study per recipient inclusion/exclusion criteria 
o Ineligible for study per donor heart inclusion/exclusion criteria 

PP was specified as the primary analysis for the Primary Study Endpoint. 

Five OCS Heart-randomized donor hearts (7%) for four patients were turned down and not 
transplanted by investigators after meeting eligibility, preservation, and transport (see Section 6.3 
Turned-Down Hearts: Clinical and Clinicopathologic Analyses). 

FDA Comment: FDA generally considers a Per Protocol population to include patients who adhere to 
protocol requirements without major violations.  PROCEED II defined PP as transplanted recipient-donor 
heart matches that met all inclusion and exclusion criteria. The turn-down of OCS Heart donor organs after 
preservation functionally represented a secondary selection process not applied to SOC-randomized donor 
hearts.  FDA believes the non-inferiority analyses based upon the PP population may therefore be biased in 
favor of the treatment arm. 

• Treated (or As Treated, AT): All randomized subjects who receive a donor heart transported either by 
the OCS Heart System or the SOC subsequent to randomization. If the heart was transported 
partially using the OCS Heart and partially using SOC, analysis was per the initial treatment. 
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AT was specified as an analysis population for both seconda1y effectiveness endpoints and as a 
supplemental population for the Prima1y Study Endpoint. 

• Completed Treatment (CT): All subjects in the treated population who complete the study. CT was 
specified as an analysis population for the ICU stay seconda1y effectiveness endpoint. 

FDA Comme nt: FDA does not believe that the CT population analysis provides impo1tant infonnation 
regarding OCS HeaI1 perfonnance in PROCEED II, since "completed treatment" was not defmed in the 
study protocoL and it exch1ded patients who failed the Prima1y Study Endpoint due to death. 

Donor Heart Populations 

• OCS Hea1i Population: All hearts that were transported by the OCS Heait System. This coho1t 
inc hided the turned-down heaits mentioned above, but exch1ded any hea1ts: 
o for patients withdrawn/screen-failed after OCS Hea1ttransp01t; or 
o instnnnented for OCS Hea1t but converted to SOC prior to transpo1i. 

• Transplanted Donor Hea1t Population: All transplanted hea1ts that were transpo1ied as randomized. 
This donor heaii population, analogous to a "Per Protocol" donor heart population, was not pre­
specified. 

7.1.3 Patient Accountability 

CLINICAL SITES 

The trial had 12 em-oiling sites, 8 in the US, 2 in the UK and 1 each in Italy and France. Two of the 8 US 
sites did not transplant any emolled subjects during the trial Emollment initiated on March 21, 2009, and tre 
study was completed on October 17, 2013. 

The protocol did not pre-specify an emolhnent cap for individual sites, but FDA had requested that by the 
end of the study, no more than 20% of the total patients be em-oiled at any one site. Two sites in Los 
Angeles, California collectively contributed 57% of the study subjects (Table 7). 

Table 7 : PROCEED II Clinical Study Sites and Enrollment 

USA 
USA 
USA 
USA 
FR 

USA 
UK 
UK 
IT 

USA 

soc 
8 

20 
1 0 
1 

2 
4 

3 
20 
0 
1 

0 
0 

69 

ocs 
8 
22 
e 
0 
1 
6 
4 
20 
1 
3 
1 
0 

7 4 

# 
Ran.do-miz 
edPat:ien 

1 6 
42 
18 
1 

3 
10 
7 
40 
1 
4 
1 
0 

1 43 
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ENROLLED DONOR HEARTS 

Figure 4: Donor Heart Allocation 

Accepted Hearts 
(ln-<hecst Assessment) 

Accepted HHrts 
(In-chest Assessment ) 

OCS Randomiz.-ation SOC RandomizatK>n 
N:77 N=64 

1 dono r screen fail ure 1 donor screen failur e . LVhypemopnv ~ Crossovers 
~ or age > 60 

4 OCS-to-SOC . lack of field support (2) 1 SOC-to-OCS 

Pre-preservation 
3 recipient withdrawals . Chrucian choice (1) 

. Randomization error , . lack of field support 
-:. OPO requirement (1) _.,,, . Trial suspended 1 donor withdrawal . Recipient condition ~ ~-=-=:.:.~~:;:_--.. ---=----·--:::-:-::~:~~=~-) ~ donor consent 

1 OCS-to-SOC 

I 
: Heart complications on OCS 

Post-cardioplegia -. -..... -.......... ... . .... _ 
-. -- --.... ·-. -----.. ---. ·-----. ·} 

5 donor turn-downs 

Post-transport . Investigator assessm:~ 

1 recipient screen failure 

Post -transplant 

Pre-op ventilatory ~ 

1 recrprent withdrawal 

No HIPAA authori~ ' , ' , 
Transplanted Hearts Transplanted Hearts 

OCS Preservation SOC Preservat ion 
N=62 N=66 

*Randomiza t ion occurred prior to enrollment. 

OPO = Organ Procurement Organizat ion 
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re-preservation 

Post -t ransplant 

Pre-harvest 

Enrolled Recipients 
Randomized to OCS 

N=74 

1 recipient screen failures 
• Listing for heart-kidney Tx* 

3 recipient withdrawa s 
VAD complications 

• Lack of fie ld support 
• Recipient conditio 

1 donor screen failure 
• LV hypertrophy 

1 recipient screen failure 
• Pre-op ventila tory support 

1 recipient withdrawal 
• No HIPAA authorization 

1 recipient withdrawal 
• Tria l suspended 

Lack of fie ld support {2) 
• Clinician choice {1) 

Enrolled Recipients 
Randomized to SOC 

N=69 

1 SOC-t o-OCS 
Randomization e rror 

3 recipient withdrawals 
Relocation {1) 

• Tria l t ermination {2) 

1 donor withdrawal 

1 recipient screen failure 
• Temporary st atus 7 

• OPO requirement {1) 
--·------.. -----------.... .. --------·-········- --

---------------------··;;::···· 1 crossover f 

\ 
\ 
\ 
\ 
\, __ ,./ 

! 4 crossovers 

• OCS Complica tions 

ENROLLED RECIPIENTS 

Figure 5: Recipient Allocation 

*Status 7 is UNOS terminology for “not active” 

Among the accepted donor hearts: 

• 6/77 (7.8%) OCS Heart-randomized and 2/64 (3.1%) SOC-randomized hearts were not included in 
the study on the basis of screening failures or patient withdrawal. 

• 5/77 OCS Heart-randomized (6.5%) and 1/64 (1.6%) SOC-randomized hearts were involved in 
treatment crossovers. 

• 5/77 OCS Heart-randomized (6.5%) hearts were deemed not suitable for transplantation after 
transport. These hearts were not included in any study endpoint analyses. See Section 6.3 Turned-
Down Hearts: Clinical and Clinicopathologic Analyses for a discussion of hearts perfused on the 
OCS Heart device but turned down for transplantation. 
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Among the em-oiled and randomized recipients: 

• 14/74 (19%) OCS Hea1i -rnndomized and 8/69 (12%) SOC-randomized patients were not inch1ded in 
the PP Prima1y Study Endpoint analysis . 
o Two OCS Hea1i screen faihires/withdrawals occmTed post-transplantation. 
o Two screening faihires ( asterisks in diagram) were for exch1Sion criteria subsequently removed 

from the protocol 

FDA Comme nt: Post-randomization screen faihires, withdrawals, and treatment crossovers were more 
common in OCS Hea1i-randomized subjects and donor healis. FDA understands the complexities 
associated with organ procm-ement and transplantation. However, imbalances in rates of screen faihn·es, 
withdrawals, and treatment crossovers raise concerns about unintended bias in favor of the OCS Hea1i 
group despite 1:1 randomization in PROCEED II. 

7.1.4 Demographics and Characteristics 

ITT POPULATION DONOR HEART RECIPIENTS 

Key comparative baseline patient demographics and characteristics for the ITT population are shown in 
Table 8 ( coITesponding to Table 11-1 in the PROCEED II Clinical Study Report). 

Table 8: Recipie nt De mographics and Base line Characte ris tics for the ITT Population 

Parameter Statistic 
OCS (N=67) 

n (o/o) 
Control (N=63) 

n (o/o) p-value <1> 

A!!e (vears) N 67 63 
Mean (SD) 53.09 (13. 09) 54.46 (13.55) 0.5592 

Median 55 .51 56.60 
Min, Max 19.9, 74.9 20.4, 76. 1 

Gender 0.0867 
Male n (%) 57 (85. 1) 45 (71.4) 
Female n (%) 10 04.9) 18 (28.6) 

Race 0.8825 
American Indian or 
Alaskan Native n (%) 0 (0.0) 0 (0) 
Asian n (%) 5 (7.8) 6 (9.8) 
Black of African 
American n (%) 7 (10.9) 6 (9.8) 
Hisoanic n (%) 6 (9.4) 7 01.5) 
Native Hawaiian or 
Other Pacific Islander n (%) 1 (1 .6) 1 (1.6) 
White n (%) 41 (64.1) 40 (65.6) 
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Other n(%) 4 (6.3) 1 (1.6) 
Unknown N 3 2 

Blood Type 0.4965 
0 n(%) 32 (47.8) 22 (34.9) 
A n(%) 22 (32.8) 27 (42.9) 
B n(%) 7 (10.4) 8 (12.7) 
AB n(%) 6 (9.0) 6 (9.5) 

PRAo/o N 64 61 
Mean (SD) 2.1 (6.9) 3.2 (7 .5) 0.3932 

Median 0.0 0.0 
Min. Max 0.40 0.38 

(1) p-value is based on the two-sample t-test for continuous variables and Fisher's Exact Test for categorical variables 

Baseline clinical characteristics were generally similar between study groups, with the majority of subjects 
being white males. The SOC aim had a numerically higher prop01tion of women, and the OCS Heait aim 
had a numerically rugher prop01tion of blood type O patients. Blood type O patients generally comprise a 
group of transplant candidates for whom waiting times can be prolonged ( ~ 50% of type O "universal donor" 
organs may go to non-Type O recipients). A similar propoition of patients had no prior stemotomy ( ~50% ). 

Day-of-transplantation MCS device use was present in 28% of OCS Heait and 33% of SOC subjects. More 
SOC patients were on intra-a01tic balloon pump (IABP) suppoit on the day of transplantation. IABP MCS is 
typically a shoiter-teim intervention used for acute hemodynamically unstable patients. In 2018, the Organ 
Procurement and Transplantation Network (OPTN) modified the US donor heait allocation system to assign 
rugher medical urgency priority to candidates on an IABP (Status 2) vs. subjects w ithn01mally ftmctioning 
durable VADs (Status 3 and 4). The use ofMCS devices prior totransplantation is shown in Table 9. 

Table 9: Mechanical Support on the Day of Transplant, ITT and Treated Populations 

ITI Population 
Suooort o-value (I) 

IABP 

ocs fN=67) n/N (%) Control CN=65) n/N (%) 
0/66 (0.0) 6/63 (9.5) 0.0119 

VAD 19/66 (28.8) 15/63 (23.8) 0.5541 
ECMO 0/62 (0.0) 0/63 (0.0) 

. 
Treated Ponulation 

OCS (N=62)n/N(%) Control I N=66) n/N (%) Suooort o-value 
IABP 6/66 (9,1) 0/62 (0.0) 0.0281 
VAD 18/62 (29.0) 15/66 (22. 7) 0.4276 

ECMO 0/58 (0.0) 0/66 (0.0) 
VAD duration (Days) 

Mean 350 481 0.198 
Std Dev 229 321 
Median 409 581 

Min 23 56 
Max 704 1052 

(1) P-value,sbased onF1sher' sExact Test 
• Treated Population is the same as " As Treated" 
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DONOR HEART POPULATIONS 

Key comparisons of the "Transplanted Donor Heart" populations and the broader "OCS Heaii" 
population (which includes the five turned-down hea1i s) are shown in Table 10. 

Table 10: Donor Organ Clinical and Demographics Characteris tics 

Transplanted Donor Heart Population OCS Heart 
Population 

Parameter 
ocs 

(N=61) 
n (o/o) 

Control (N=62) 
n (o/o) p-vah1e 

ocs (N=67) 
n (o/o) 

Cause of Death 0.9874 
Anoxia 14 (23 .0) 13 (21.0) 15 (22.4) 

Cerebrovascular/Stroke 
17 (27.9) 17 (27.4) 18 (26.9) 

Head Trauma 26 (42.6) 28 (45.2) 29 (43.3) 
CNS Tumor 0 (0.0) 1 (1.6) 0 (0.0) 
Other 4 (6.6) 3 (4.8) 5 (7.5) 

Chest Trauma 0.3955 
Yes 8 (13.1) 5 (8.1) 10 (14.9) 
No 53 (86.9) 57 (91.9) 57 (85. 1) 

Hypotensive Episodes 0.5804 
Yes 22 (36.1) 26 (41.9) 24 (35.8) 
No 39 (63 .9) 36 (58.1) 43 (64.2) 

Cardiac Arrest 0.8376 
Yes 16 (26.2) 15 (24.2) 18 (26.9) 
No 45 (73.8) 47 (75.8) 49 (73.I) 

Transplanted Donor Heart Population OCS Heart 
Population 

Parameter Statistic 
OCS (N=61) 

n (o/o) 
Control 
(N=62) 
n (o/o) 

p-value 
ocs (N=67) 

n (o/o) 

Age (years) N 58 62 0.4509 64 
Mean 
(SD) 

36.09 (12.81) 34.36 (12.20) 35.43 (12.65) 

Median 35.61 33.61 35.29 
Min, Max 18.0, 57.9 13.4, 59.6 18.0, 57.9 
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Gender 0.6992 
Male n (%) 41 (67.2) 44 (71.0) 44 (65.7) 
Female n (%) 20 (32.8) 18 (29.0) 23 (34.3) 

Race 0.3140 
American Indian or 
Alaskan Native n (%) 2 (3.4) 0 (0.0) 2 (3.1) 
Asian n (%) 3 (5.2) 1 (1.7) 3 (4.7) 
Black of African 
American n (%) 11 (19.0) 6 (10.2) 13 (20.3) 
Hispanic n (%) 16 (27.6) 22 (37.3) 16 (25.0) 
Native Hawaiian or 
Other Pacific 
Islander 

n (%) 0 (0.0) 0 (0.0) 0 (0.0) 

White n (%) 24 (41.4) 29 (49.2) 27 (42.2) 
Other n (%) 2 (3.4) 1 (1.7) 3 (4.7) 
Unknown N 3 3 3 

Blood Type 
O n (%) 34 (55.7) 31 (50.0) 0.9328 36 (53.7) 
A n (%) 20 (32.8) 23 (37.1) 24 (35.8) 
B n (%) 5 (8.2) 6 (9.7) 5 (7.5) 
AB n (%) 2 (3.3) 2 (3.2) 2 (3.0) 

Overall, pre-procurement characteristics were similar between OCS Heart and SOC hearts. Only one donor 
heart in the SOC group had an ejection fraction (EF) < 50%. 

Baseline characteristics of the OCS Heart Transplanted Donor heart population were the same as the baseline 
characteristics of the entire OCS Heart population. 

7.1.5 Procurement, Transport, and Transplantation Characteristics 
Cardioplegia and Preservation Solutions 

Custodiol HTK solution was the cardioplegia solution used to effect cardiac standstill in 80% of OCS Heart-
preserved hearts but only in 6.6% of SOC-preserved hearts.  Conversely, University of Wisconsin (UW) 
solution (labelled “Other cardioplegia type”) was used to preserve over 40% of SOC donor hearts. 
University of Wisconsin (UW) is an “intracellular” (high potassium) type solution, and Custodiol HTK is an 
“extracellular” (low potassium) type solution.  There are differences with their constituents; for example, 
HTK has histidine as a primary buffer.  FDA did not allow the use of non-approved solutions with the OCS 
Heart during the IDE, and this regulatory requirement may explain the cardioplegia differences between the 
treatment arms. Initial and terminal cardioplegia solution uses are shown in Tables 11 and 12. 
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Table 11: Initial Cardioplegia Solution at Donor Site 

Transplanted Donor Heart Population OCS Heart 
Population 

Parameter Statistic 
OCS Heart 

(N=61) 
n (%) 

Control 
(N=62) 
n (%) 

OCS Heart 
(N=67) 
n (%) 

Cardioplegia Type 
St. Thomas I n (%) 3 (4 .9) 0 (0.0) 3 (4.5) 
HTK (Custodial) n (%) 49 (80.3) 4 (6.6) 53 (79.1) 
Celsior n (%) 0 (0.0) 8 (13.1) 0 (0.0) 
Plegisol n (%) 6 (9 .8) 1 (1.6) 8 (I 1.9) 
Site-soecific Formula n (%) 1 0 .6) 22 (36.1) 1 (1.5) 
Other n (%) 2 (3.3) 26 (42.6) 2 (3.0) 
Unknown n 0 1 0 

Cardioplegia Vohlme 
(ml) 

n 60 58 66 

Mean (SD) 606.8 (291.4) 1040.7 (284.9) 633 .5 (301.3) 
Median 500.0 1000.0 500.0 

Table 12 : Te rminal Cardioplegia Solution at Trans plant Site afte r OCS He art 

Transplanted Donor Heart 
Population 

OCS Heart 
Population 

Parameter Statistic 
OCS Heart 

(N=61) 
OCS Heart 

(N=67) 
Cardioplegia Type 

St. Thomas I n (%) 2 (3 .3) 2 (3.0) 
HTK (Custodial) n (%) 40 (65.6) 43 (64.2) 
Celsior n (%) 1 (1.5) 
Plegisol n (%) 6 (9.8) 8 (11.9) 
Site-specific Formula n (%) 1 (I. 6) 1 (1.5) 
Other n (%) 12 09.7) 12 0 7.9) 
Unknown n 0 0 

Cardioplegia Volume 
(ml) 

n 61 66 

Mean (SD) 913.9 (189.3) 915.2 (186.0) 
Median 1000 1000 
Range 200 - 1000 200 - 1000 
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FDA Comment: Incontrastto PROCEED II,allEXPAND (and EXPAND CAP)donorhea1ts received 
del Nido sohrtion, a 4:1 c1ystalloid:blood extracellular cardioplegia. 

Induction Imnnmosuppressfon 

The rates of induction innrnmosuppression with CD25 monoclonal antibodies (basiliximab and daclizumab) 
and antithymocyte globulin (rabbit or equine ATG) were similar between the study groups (Table 13). 

Table 13: Induction Immunosuppress ion 

OCS Heart (n=62) SOC (n=66) 

Monoclonal antibodies 8 (12.9%) 10 (15 .2%) 

Antithymocyte globulin 11 (17.7%) 11 (16.7%) 

Out-of-Body nme 

Table 14 shows the donor heaii out-of-body times (the period from the donor cross-clamp application to 
recipient cross-clamp removal) . 

• The average OCS Hea1t out-of-body time was 5.4 hours. The OCS perfusion time was 
approximately 3.5 hours plus an average additionalcold ischemia time of ~2 hours. 

• The average SOC out-of-body time (i e., cold ischemia time) was approximately 3.25 hours. 

The donor out-of-body times were clinically and statistically significantly longer for OCS Hea1i -preserved 
hearts compared to SOC (Table 14). 

Table 14: Donor Heart Out-of-Body Time PROCEED II 

Parame ter Statistic OCS (N=62) Control (N=66) ~ valuel1J 

Pre-OCS Ischemic Time (mins) N 61 n/a 
Mean(SD) 30.0 (8.2) 

Median 29 
Min, Max 16- 64 

OCS Perfusion Time (mins) n 61 n/a 
Mean (SD) 212.1 (74.6) 

Median 200 
Min-Max 56- 420 

Post-OCS Ischemic Time (mins) n 61 n/a 
Mean (SD) 82.0 (22.7) 

Median 84 
Min-Max 36 - 142 
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Total Cold Ischemia Time ( mins) N 61 66 
Mean(SD) 112.0 (24.5) 196.2 (65.3) <0.0001 

Median 118 189 
Min, Max 62 - 169 72 - 461 

Out of Body Time (min) N 61 66 
Mean(SD) 324.1 (78.6) 196.2 (65.3) <0.0001 

Median 315 189 
Min, Max 149 - 543 72 - 461 

1 OCS times are exchxled; 1 due toth userenor 
(1) p-value 1s fom the two-sa,q,Je t-test, testmg :fa a dilrrence tn means between treatment,; 

FDA Comment: The OCS Heaiidevice was associated with substantially longer out-of-body times. The 
increased time was likely due in pali to the required relatively complex instnunentation compared to 
placing an organ in a cooler. The benefit-risk profile for OCS Hea1i , as compared to SOC, may not be 
constant over time of preservation. 

7.1.6 Study Results 

EFFECTIVENESS RESULTS 

Primary Study Endpoint 

Table 15: Primary Study Endpoint -Patient and Graft Survival without MCS at Day 30 Post­
Trans plantation 

Analysis OCS Heart soc 95% UCB* of 
Population Difference 

Proportion 0.93 0.97 
pp (n/N) (56/60) (59/61) 

0. 099 95% CI of Proportion 0.838-0.982 0.887-0.996 
Proportion 0.94 0.97 

AT (n/N) (58/62) (64/66) 
0. 096 95% CI of Proportion 0.843-0.982 0.895-0.996 

Proportion 0.94 0.97 
ITT** (n/N) (63/67) (61/63) 

0. 088 95% CI of Proportion 0.884-0.997 0.925-1.000 
*Upper confidence botmd (UCB) 
* *Missing endpoint data imputed forOCS Hea1t subjects- and- (screen failure and te1mination, 
respectively, after tum-down of OCS Hea1t-transpo1tedh~ 

The pre-specified Prima1y Study Endpoint was met for non-inferiority (95% upper confidence bound (UCB) 
of difference < 0.10). Superiority was not demonstrated, and the nlllllerical resu.lts modestly favored the 
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SOC group. 

Success rates at 30 days were high in both anns of the study. All Prima1y Study Endpoint faihires were due 
to patient death. CRFs and source documentation identified the following causes of death: 

OCS Hea1i 

• Complications ofECMO for prima1y graft dysfunction (PGD) (subject- ); 
• Complications of protamine reaction ( subject ) ; 
• Perioperative bleeding/coagulopathy (subject 
• Hyperacute rejection - ). 

Control 

• Subarachnoid hemonhage - rnptured intracranial anemysm ( subject- ); 
• Intracranial hemonhage/multisystem organ faihire (MSOF) - ECMO for PGD - ). 

The CEC adjudicated the death of subject- as possibly related to the OCS Hea1i; all other deaths 
were adjudicated as not related to OCS Reali or SOC preservation. 

FDA Comment: Review of the data suggests to FDA that only one death (SOC subject 
pathophysiologically unrelated to the cardiac transplantation procedure. 

FDA ' s independent review of case repo1i fonns (CRFs) identified 2 additional deaths among hospitalized, 
OCS Hea1i patients that occmTed sh01ily after the 30-day prima1y endpoint assessment time frame ( at days 
33 and 38). These deaths had not been repo1ied to FDA by the sponsor and were not considered Prima1y 
Study Endpoint faihires per the endpoint defmition: 

• POD 33 (readmission): cardiac tamponade andcardiacanest (subject- . CEC adjudicated as 
lllll·elated to OCS Hea1i and not cardiac-related) . 

• POD 38 (index hospitalization): cardiac tamponade, sepsis, andrespirat01yfaihire (subject_ , 
not CEC-adjudicated). 

For the PP population, twice as many OCS Hea1t patients died within 30 days compared to SOC subjects 
(6.7% [4/60] vs. 3.3% [2/61]), and by POD 45, three times as manyOCS Heart patientshaddied(10% 
[6/60] VS. 3.3% [2/61]). 
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FDA Comme nt: The pre-specified prima1y endpoint (patient and graft survival without MCS at day 30) 
was met for non-inferiority. The Prima1y Study Endpoint results did not demonstrate superiority of the 
OCS device vs. SOC. In FD A 's opinion, non-inferiority of the OCS Heart compared to the SOC in 
PROCEED II has limited clinical value. Importantly, the observed prima1y endpoint event rates favored 
the SOC group, and death rates at 30 and 45 days were nmnerically higher in the OCS Hea1i group. 

Secondary Effectiveness Endpoint 

Rejection on POD 30 

The rate ofISHLT Grade 2R or 3R acute rejection or clinically symptomatic rejection was nmnerically 
higher in patients transplanted with OCS-Hea1is (17. 7%) vs. SOC hea1ts (13. 6%). There were neither 
clinically-driven occmTences of the rejection endpoint nor biopsy-proven grade 3R acute rejection episodes. 
The study failed to demonstrate non-inferiority of allograft rejection post-transplantation (Table 16). 

Table 16: Incidence ofBiopsy Proven ISHLT Grade 2R or 3R Acute Rejection or Clinically 
Symptomatic Rejection* during the 30-Day Follow-up Period (Treated Population) 

Statistic.-
ocs 

~=62) 
Control 
{l\=66) 

Number Subjects with 3R 0 0 
Number Subjects with 2R 11 9 
~(p' ) 
95% CI for Prooortion' 

11/62 (0.177) 
(0.092.0.295) 

9/66 (0.136) 
(0.064.0.243) 

95% Uooer Confidence Limit' 0.1469 
p-value' 0.5226 

3 Non-inferiority margin 0.10 
*There were no clinically symptomatic reject ions 

ICU Stay 

The duration of initial ICU stay was numerically longer for patients transplanted with OCS-Hearts (234 
hours) vs. SOC hea1is (161 hours, Table 17). Non-inferiority was not met in either protocol-specified 
analysis population for this endpoint. 

Table 17 : Length oflnitial ICU Stay 

Statistic Treated Population Completed Treatment Population 
ocs Control ocs Control 

n 62 66 58 64 
Mean (SD) 234.24 (349.02) 161. 34 (92.10) 244.39 (358.72) 157.62 (90.84) 
Median 147. 05 137.09 150.67 128.23 
95% Upper Confidence 
Limit1 

37.68 46.92 

Min. Max 54.3, 2653.8 40.7, 447.7 54.3, 2653.8 40.7, 447.7 
p-value 0.1157 

1 Non-inferiority margin ofl 2 hours 
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ocs Control 
Parameter Sta tis ti< (N=62) (N=66) o-rnlue (1) 
• e<1dmitted to ICU? 

Yes n (%) 4 ( 6.5) 3 ( 4.5) 0.7116 
No n (%) 58 ( 93.5) 63 ( 95.5) 

otal ICU Stay (hours) ll 62 66 
Me"° (SD) 239.80 (348.1 3) 175.16 (130.30) 0.1734 

Median 150.67 144.94 
Min, Max 54.3, 2653.8 40.7, 911.8 

ocs Control 
arameler Sr:a tistic (N=6: ) (N=66) o-rnlnt (1) 

11n;tial Hosoital Stav (davs) D 62 66 
Mean (SD) 19.8 (23 .6) 15.4 (8.1) 0. 1647 

Median 14.3 12.S 
Min. Ma., 3. 187 7.46 

R Mdmitted to Ho<»ital? 
Yes D ("/,) 5 ( S.1) 6 ( 9. 1) 1.0000 
No n(%) 57 ( 91.9) 60 (90.9) 

otol Hosoital St.lv (da,·,) D 62 66 
Mean{SD 20.5 \ .'3 .6) 16.0 (8.3) 0. 1639 

Median ID 13.2 
Min.Ma.~ 3. 187 7.46 

Average overall length of ICU stay (inclusive of ICU re-admissions) was 37% longer for recipients in the 
OCS Heart group (239.8 hours) vs. the SOC group (175.2 hours, Table 18). 

Table 18:  ICU Re-admission and Total ICU Stay (Treated Population) 

OCS Heart patients had longer overall hospital length-of-stay vs. SOC patients, and hospital re-admission 
rates were similar between groups (Table 19). 

Table 19:  Hospital Stay Post-Transplant (Treated Population) 

Post-Transplantation Ventricular Dysfunction and MCS 

There were no cases in either treatment group of MCS device use on POD 30 (a component of the Primary 
Study Endpoint), and the proportion of patients with CEC-adjudicated adverse events of ventricular 
dysfunction was similar in both arms (14.5% OCS Heart, 16.7% SOC). However, in SOC patients, MCS 
when needed, was typically limited to shorter-term IABP-only support. In contrast, OCS Heart patients more 
frequently required MCS involving combinations of IABP and higher levels of circulatory support (e.g., 
ECMO and/or ventricular assist devices/total artificial heart, Table 20). 
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Table 20: Use of Mechanical Circulatory Support Devices Post-Transplantation 

Type ofMCS Study 
arm D 

Mean ±SD 
(hours) 

Median 
(hours) 

Ran~e 
(hours) 

IABP ocs 6 79.2±36.5 90.6 34-111 
soc 5 53.7±48.5 32.3 13-134 

VAD ocs 3 225±173 135.6 115-425 
soc 1 n/a n/a 102 

ECMO ocs 4 67.8±29.0 54 52-111 
soc 1 n/a n/a 313 

Average cardiac output/cardiac index values are shown in Table 20. Numerically trends favored the SOC 
group, and cardiac index was significantly higher at POD 28 (p=0.0122, Table 21). The use ofvasoactive 
phannacological agents was similar. 

Table 21: Post-Trans plant Heart Function (Tre ated Population) 

. ' 

Parameter Timepoint S t:itisric 
ocs 

~=62) 
Contr ol 
~=66) p-,·aJut (1) 

Cardiac Output 
(mL/min) 

24 hrs post 
OR dischar~e n 48 60 

Mean (SD) '5-74(1.43) 5-84 ( 1.39) 0.7306 
Median 550 5.85 
Min.Max 3.4, 9.7 2.9, 9.1 

Dav 28 n 44 53 
Mean (SD) S.59 (1.28) 5.95 (1.66) 0.2368 
Median 5.38 5.87 
Min,Max 3 .6, 8 .9 2.7, 10.6 

Cardiac Index 
(L/min/m?) 

24 hrs post 
OR discharge n 49 60 

Mean (SD) 2.97 (0.64) 3.1 7 (0.66) 0.1146 
Median 2.97 3.13 
Min.Max 1.9 4.7 1.9 5.0 

Day28 n 34 43 
Mean (SD) 2.86 (0.56) 3.31 (0.97) 0.0122 
Median 2.83 3.20 
Min,Max 1.8, 4.3 1.6, 5.8 

40 



FDA Comment: Compared to patients transplanted with SOC donor healis, patients transplanted with 
donor healis perfused with the OCS Heart device had a numerically greater need for MCS post-transplant, 
more frequent acute rejection episodes, longer ICU stays, lower cardiac indices, and longer initial hospital 
duration. These data suggest that patients treated with OCS R emis had more frequent post-transplant 
ventricular dysfunction. These results are consistent with the numerically lower observed prima1y endpoint 
event rates and lower m01i ality rates at 30 and 45 days that favored the SOC group vs. the OCS Hemi 
group . 

LONGER-TERM SURVIVAL 

Longer-term Survival 

In2015, FDA requested a long-tenn all-cause mortality smvival analysis for PROCEED !I's ITT population 
(n = 130) using SRTR data for US sites and site-contact m01iality status for OUS sites. 

The smvival estimates for the ITT population, based upon data available to FDA in Jlme 2015, are shown in 
Figure 6. Seventeen (17) OCS Hea1t subjects and 6 SOC subjects had died within three years of 
transplantation. The nominal p-value from the log-rank test was 0.0164 with smvival in favor of the SOC 
group. As indicated by the tick marks, there was considerable censoring of smvival data at that time. 

Figure 6: Kaplan-Meier Analysis for All-Cause Mortality for PROCEED II Trial Patients from the 
Time ofTransplantation, ITT Population 

Kaplan-Meier Curves for the PROCEED II Study as of Year 2015 
With Number of Subjects at Risk 
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For the review o~ , FDA requested updated longer-te1m PROCEED II survival follow-up . The 
sponsor provided ~ m the SRTR for the US-only As Treated population (n = 118), which represents 
91 % of the ITT population. Censoring at 5 years was 8.9% for OCS Hea1t subjects and 6.5% for SOC 
subjects. SOC survival probability remains higher than OCS Hea1t survival at all time points (Figure 7 and 
Table 22). 

FDA calculated hazard functions for PROCEED II subjects (Figure 8). With the Cox propo1tional hazard 
modei the hazard ratio for mo1tality was 1.927 (95% CI: 0.987, 3.876) . Testing the null hypothesis of equal 
survival generated a p=0. 0533 for the log-rank test and p=O. 0290 for the Wilcoxon test. 

Figure 7: Longer-TermKaplan-Meier Estimate ofPatient Survival by Treatment Arm 
PROCEED II Study Subjects, As-Treated population (U.S. subgroup) 

Kaplan-Meier Curve for PROCEED II Study 
With Number of Subjects at Risk and 95% Confidence Umits 
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Table 22: Survival Probability PROCEED II 

Time Post-
transplantation 

OCS Heart Arm (N=56) SOC Arm (N=62) 

Subjects 
Left Censored Died 

Survival 
Probability 

% 
(95% Cl) 

Sub_jects 
Left Censored Died 

Survival 
Probability 

% (95% CI) 

6Months 49 1 6 89.3 
(77.7, 95.0) 59 1 2 96.8 

(87.7, 99.2) 

1 Year 45 1 10 
82.0 

(69. 1, 89.9) 58 1 3 
95.1 

(85.7, 98.4) 

2 Years 41 1 14 
74.7 

(61. 1, 84.2) 54 2 6 90.2 
(79.5, 95.5) 

3 Years 36 3 17 69.2 
(55.3, 79.6) 52 2 8 

86.9 
(75.5, 93.2) 

4 Years 33 5 18 
67.3 

(53 .2, 78.0) 48 4 10 
83.4 

(71.3, 90.7) 

5 Years 32 5 19 
65.3 

(51.1. 76.3) 48 4 10 
83.4 

(71.3 90.7) 

FDA Comment: The observed all-cause mortality rate aBer transplantation was higher after donor 
heart preservation using the OCS Reali device vs. cold static preservation. The magnitude of the 
smvival benefit for SOC was clinically meaningful and persisted over the long ten n. 

PARAMETRIC MODELLING 

FDA built exponential and piecewise exponential models based on the P ROCEED II dataset available in 
2015, the time of P ROCEED II 's PMA submission, which had an extent of follow-up analogous to that in 
the cmTent EXP AND PMA dataset. FD A compared the survival probabilities predicted by these models to 
the more recent PROCEED II smvivalrates observed in 2020 (Figure 7). The pmpose of this analysis was to 
get some idea of how well parametric models can predict longer-te1m smvival among coh01ts of patients 
receiving allografts preserved with the OCS Hea1idevice or cold static preservation. The exponential model 
assumes that survival time follows an exponential distribution with constant hazard rate. However, this 
assumption seems unlikely to hold given the shapes of the estimated hazard function plots using the 2020 
PROCEED II dataset (see Figure 8 with confidence limits) . 
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Figure 8: Estimated Hazard Function Plots PROCEED II (2020 dataset) 

The piecewise exponential model assumes that the hazard rate is constant within specified time intervals and 
may be different between intervals.  It is therefore more flexible than the exponential model. For the piece-
wise exponential model, FDA specified 5 intervals (0-30 days, 31-180 days, 181-365 days, 366-730 days, 
and >730 days). Comparisons of the models-predicted and Kaplan-Meier-observed survival probabilities are 
shown in Figures 9a and 9b and Table 23. 

Figure 9a: Kaplan-Meier curves and prediction for PROCEED II through 5 years 
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Figure 9b: Kaplan-Meier curves and prediction for PROCEED II through 10 years 
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Table 23: Es timated Survival Probability PROCEED II 

Survival Probability 
% (95% Cl) 

Time Post-
transplantation 

Exponential Model* 
(2015 dataset) 

Piecewise Exponential 
Model* 

(2015 dataset) 

Kaplan-Meier 
(2020 dataset) 

OCS Heart soc OCS Heart soc OCS Heart soc 

1 Year 
87.6 

(80.8,92.1) 
95.1 

(89.9, 97.6) 
83.0 

(73.1 , 91.1) 
95.2 

(88.7, 99.0) 
82.0 

(69.1 , 89.9) 
95.1 

(85.7, 98.4) 

2 Years 
76.7 

(65.3 , 84.8) 
90.4 

(80.9, 95.3) 
75.0 

(63.3, 85.4) 
91.2 

(82.7, 97.0) 
74.7 

(61.1 , 84.2) 
90.2 

(79.5, 95.5) 

3 Years 
67.2 

(52.7, 80.8) 
85.9 

(72.7, 93.0) 
70.3 

(57.8, 81.9) 
85.5 

(73.9, 94. 1) 
69.2 

(55.3, 79.6) 
86.9 

(75.5, 93.2) 

4 Years 
58.8 

(42.6, 71.9) 
81.7 

(65.4, 90.8) 
65 .9 

(50.6, 79.9) 
80.2 

(62.7, 92.5) 
67.3 

(53.2, 78.0) 
83.4 

(71.3 , 90.7) 

5 Years 51.5 
(34.4 66.2) 

77.6 
(58.8. 88.6) 

61.8 
(42.9. 78.2) 

75.1 
(52 .6 91.2) 

65.3 
(51.1 76.3) 

83.4 
(71.3 90.7) 

* Fitted exponential model parameters are1'.= 0 .0003 6355 for OCS group and 1'.= 0 . 00013874 for SOC group. Fitted piecewise exponential model 
parameters are 1'.= 0.00212 (0-30days), 0.000336(30-180days),0 .000391 (180-365days), 0.000279 (365-730days), 0.000176 (730-oo) for OCS 
group and1'.= 0 .000182 (0-180days),0 .000090(180-365days), 0.000117 (365-730days), 0.000177 (730-oo) for SOC group. 
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FDA Comment: The piecewise exponential model built using the PROCEED II dataset available in 
2015 worked well to predict survival during earlier time points (1-3 years), as survival probabilities 
based on the piecewise exponential model agree with those estimated by the Kaplan-Meier analysis of 
recent PROCEED II data (2020 dataset) for both SOC and OCS groups . Since the longer-te1m follow­
up data in 2015 was sparse, the last piece of the piecewise exponential model is estimated with greater 
unce1iainty. This explains the larger deviation of the survival probabilities based on the piecewise 
exponential models from those estimated by the Kaplan-Meier analysis at later time points (e .g., at 5 
years). FDA used similar modeling to predict longer-te1m survival for the subjects emolled in 
EXP AND and EXP AND CAP to provide context to the reliability of the survival probabilities (see 
Section 7.2.7 EXPAND Study Results and 7.3.6 EXPAND CAP Study Results). 

For explorat01y pmposes, FDA identified the mortality data from the most recent OPTN/SRTR Annual Data 
Rep01i (2018 Annual Data Repo1i. Scientific Registiy of Transplant Recipients 
httpJ/srtr. transplant.hrsa.gov/annual reports/Default.aspx, Accessed 2/4/2020) for all US ti·ansplant 
recipients who unde1went ti·ansplantation. We present this contemporaneously with the execution of 
PROCEED II (2009-2013 yellow box, Figure 10). 

Figure 10: Mortality Rate among Heart Transplant Recipients by Year of Transplantation 
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Using the Kaplan-Meier 2020 data.set in Table 22, estimates of OCS Heartmo1iality at one year (18% ), three 
years (30.8% ), and fwe years (34. 7%) were numerically greater than the conesponding SRTR rates shown in 
Figure 12. Conversely, observed survival estimates for PROCEED 11 ' s SOC subjects we1e consistent with Cl' 

higher than patients in the SR TR database. 
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ADDITIONAL Posr-Hoc ANALYSES 

Preservation Time Stratification 

Donor hea1t out-of-body time was clinically and statistically significantly longer for OCS Hea1t donor hearts. 
Tables 24 and 25 present a post hoc analysis of patient survival at Day 30 post-transplantation, stratified by 
out-of-body time, to assess the potential impact of this difference on the Prima1y Study Endpoint. 

Table 24: Patient Survival at Day 30, Out-of-Body Time :5 4 hours 

Analysis OCS Heart soc 95% UCB of 
Population Difference 

Proportion 0.88 0.98 
pp (n/N) (7/8) (50/51) 

95% CI of Proportion 0.473-0.997 0.896-1.00 0.300 
Proportion 0.89 0.98 

AT (n/N) (8/9) (53/54) 
95% CI of Proportion 0.518-0.997 0.901-1.000 0.268 
Proportion 0.92 0.98 

ITI (n/N) 01/12) (50/51) 
95% CI of Proportion 0.615-0.998 0.896-1.000 0.199 

Table 25: Patient Survival at Day 30, Out-of-Body Time > 4 hours 

Analysis OCS Heart soc 95% UCB of 
Population Difference 

Proportion 0.94 0.90 
pp (n/N) (49/52) (9/10) 

95% CI of Proportion 0.841 -0.988 0.555-0.997 0.123 
Proportion 0.94 0.92 

AT (n/N) (50/53) (1 1/12) 
95% CI of Proportion 0.843-0.988 0.615-0.998 0.115 
Proportion 0.94 0.92 

ITI (n/N) (50/53) (I 1/12) 
95% CI of Proportion 0.843-0.988 0.615-0.998 0.115 

In all analysis populations , point estimates for the rate of patient survival at day 30 in the OCS Hea1t 
group minimally exceeded the SOC group when out-of-body time was prolonged (> 4 hours). This 
fmding was reversed for the study population as a whole or for the :'.S 4 hours subgroup. However, there 
were substantial imbalances in the out-of-body time sample sizes stratified by treatment group, and 
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there was only one SOC patient that failed the 30-day smvival endpoint in each analysis; these factors 
limit any conclusions that might be drawn from these data. 

FDA Comment: Inferences from the out-of-body time subgroup analysis are substantially limited by 
the dissimilar sample sizes and post hoc nature. 

Covariate Adjustment for Cardioplegia Solution 

FDA requested post hoc covariate adjustments to the Prima1y Study Endpoint result. The cardioplegia 
covariate added more variance and heterogeneity to the treatment difference (Table 26) . 

Table 26: Primary Study Endpoint Evaluation (Patient Survival at Day 30) Adjus ted for 
Cardioplegia Solution Used 

Analysis 
Population 

OCS Heart soc Adjusted 
95% UCB of 
Difference 

pp Obse1ved Proportion 
(n/N) 

0.93 
(56/60) 

0.97 
(59/61) 0.233 

The protocol-specified non-inferiority margin for the full analysis dataset was 100/o. The prima1y endpoint 
result was sensitive to covariate adjustment for cardioplegia (non-inferiority not met, adjusted 95% UCB of 
difference 0.233, Table 26) . Of note, EXP AND and EXP AND CAP utilized a single cardioplegia soh1tion 
that was not pa1i of PROCEED II. 

Tipping Point Sensitivity Analysis 

Five OCS Heart-randomized and perfused donor hearts were tmned down by investigators after prese1vation 
and transpo1i on the OCS Hea1i. These heaii s were consequently not paii of the pre-specified effectiveness 
or safety analyses . It is possible that OCS Hea1i organs turned down by one investigator may have been 
implanted by another. It is also likely that ha.cl these hea1ts not undergone OCS Hea1t prese1vation, they 
would have been implanted if the prese1vation method had been SOC; for example, SRTR data indicate an 
aggregate tmn-down rate of < 1 % among hea1is recovered for transplantation using SOC prese1vation. 

To evaluate the impact of these tmn ed down hea1is, FDA perfo1med two sensitivity analyses. FDA 
simulated the Prima1y Study Endpoint under the conditions of OCS Heart-prese1ved heaits not having been 
turned down after transpo1i. A tipping point analysis was peif01med to assess the sensitivity of the results for 
the Prima1y Study Endpoint to all possible smvival outcomes of these fwe hearts. 

Table 26 shows the Prima1y Study Endpoint results when the turned-down hea1is are included in the OCS 
Hea1i an n. Under the assumption that a ll tmned-down heaiis were successes, the study would continue to 
demonstrate non-inferiority for the Prima1y Study Endpoint. However, if it is assmned only one ( or more) of 
the five heaits resulted in failure, the non-inferiority would not have been demonstrated for the Prima1y 
Study Endpoint. 
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Table 27 : Primary Study Endpoint Statistical Results Assuming that Five Turned-Down 
Hearts are Added to OCS Heart Group (Additions to OCS Heart) 

Analysis Set Scenario 
ocs 
Heart 

Failure 

soc 
Failure 

95% UCB of 
Difference1 

Primary 
Study 

Endpoint 
Success2 

Per Protocol 0 Failures 
6.15% 
(4/65) 

3.28% 
(2/61) 

9.05% Yes 

1 Failure 
7.69% 
(5/65) 

11.02% No 

2 Failures 
9.23% 
(6/65) 

12.95% No 

3 Failures 
10.77% 
(7/65) 14.84% No 

4 Failures 
12.31% 
(8/65) 

16.71 % No 

5 Failures 
13.85% 
(9/65) 

18.55% No 

As Treated 0 Failures 
5.97% 
( 4/67) 

3.03% 
(2/66) 

8.83% Yes 

1 Failure 
7.46% 
(5/67) 

10.75% No 

2 Failures 
8.96% 
(6/67) 

12.63% No 

3 Failures 
10.45% 
(7/67) 

14.48% No 

4 Failures 
11.94% 
(8/67) 

16.29% No 

5 Failures 
13.43% 
(9/67) 

18.08% No 

1 The difference is the survival rate in the SOC ann minus the survival rate in the OCS Heart ann. Normal approximation method 
was used for calculat ing the upper confidence bound 

2 Success iftheupper limitofthe95% CI is below 10%. 

Table 28 shows the Prima1y Study Endpoint results when the turned-down hea1i s are included in the SOC 
group. To meet the non-inferiority endpoint for the OCS Heart group, at least four of the five turned-down 
healis would have had to be successes in SOC patients . 
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Table 28: Primary Study Endpoint Statistical Results Assuming that Five Turned-Down 
Hearts are Added to SOC Group (OCS Heart-to-SOC Additions) 

Analysis 
Set Scena1io 

ocs 
Hea11 

Failure 

soc 
Failure 

95% UCB of 
Difference1 

Primary 
Study 

Endpoint 
Success2 

As Treated 0 failure 

6.45% 
(4/62) 

2.82% 
(2/71) 

11.21% No 

1 failure 
4.23% 
(3/71) 

10.20% No 

2 failure 
5.63% 
(4/71) 8.46% Yes 

3 failure 
7.04% 
(5/71) 

7. 16% Yes 

4 failure 
8.45% 
(6/71) 

6.98% Yes 

5 failure 
9.86% 
(7/71) 

5.86% Yes 

1 T he difference is the survival rate in the SOC arm minus the survival rate in the OCS Heart arm. Normal approximation 
method was used for calculating the upper confidence bound 
2 Success iftheupper limitofthe95%CI is below 10%. 

FDA Comme nt: The results of the sensitivity analyses suggest that the Prima1y Study Endpoint result is 
ve1y sensitive to utilization of the five heaits, which were turned down after harvesting and perfusion with 
the OCS Reali. 

SAFETY RESULTS 

There was no prespecified hypothesis-tested prima1y safety endpoint. 

Secondary Safety Endpo;nt 

The seconda1y safety endpoint (incidence of cardiac graft-related SAEs up to POD 30) demonstrated non­
inferiority ofOCS Hea1i to SOC (Table 29) . 
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Table 29: Incidence of Cardiac Graft-Related Serious Adverse Events up to the 30-Day 
Follow-up Period Post-Transplant (Treated Population) 

Statistic ocs 
(N=62) 

Control 
(N=66) 

n/N (pl) 8/62 (0. 129) 9/66 (0.136) 
95% CI for Proportion2 (0.057 , 0.239) (0.064 , 0.243) 
95% Uooer Confidence Limit3 0.091 
p-value4 0.9028 
p-value5 0.0368 

1 p= n/N = sample proportion 
2 The 95% confidence interval was calculated based on the Clopper-Pearson method 
3 The 9 5% upper confidence limit is for the difference between the two populat ion proportions 

(OCS - Control) and was calculated based on the normal approximat ion 
4 The p-value was calculated based on the Chi-square test for a difference between the two 

treatment proportions. 
5 The p-value was calculated based on the noninferiority test with margin of O. I . 

More OCS Hea1i patients experienced adjudicated SAEs than did SOC patients ( 47% and 35%, 
respectively). Among those patients having SAEs, a nmnerically higher propo1iion of SAEs were 
adjudicated as cardiac graft-related SAEs in the SOC ann (39% (9/23) vs . the OCS Hea1iann (28% (8/29). 

Review of CEC line item data revealed that no adverse events were adjudicated as "likely" or "defmitely" 
related to preservation methods. 

FDA Comme nt: The rates of SAEs overall were low in both treatment anns of PROCEED II The safety 
endpoint defmition was modified by the sponsor dming the trial 

PROTOCOL DEVIATIONS 

The frequency of repo1ied protocol violations/deviations were low and reasonable for the limited 
dmation of follow-up. Six of the eight Major Protocol Deviations occuned in the OCS Hea1i ann. The 
majority of protocol deviations involved endomyocardial biopsies (seconda1y rejection endpoint) . 

7.2EXPAND 

7.2.1 Study Objective 

EXP AND was designed to levera e the results of PROCEED II (assmning safety and effectiveness was 
going to be demonstrated in ) and allow for an indication for use in non-standard criteria donor 
healis . As such, in the submission, TransMedics states thatEXP AND's pm-pose: 

"was to evahiate the effectiveness of the OCS™ Heaii System to resuscitate, preserve and assess 
donor hea1is that may not meet cunent standard donor hea1i acceptance crite1ia for transplantation to 
potentially improve donor hea1i utilization for transplantation." 
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FDA informed the sponsor in August 2018 that OCS Heart effectiveness as measured by EXPAND’s 
objectives would not, as a stand-alone dataset, provide sufficient information to support marketing approval. 
PROCEED II was designed to rigorously study the fundamental safety and effectiveness of the OCS Heart 
technology at preserving donor hearts, and FDA has not determined that the PROCEED II results provide a 
reasonable assurance of safety or effectiveness of the OCS Heart System for standard-criteria hearts.  
Therefore, FDA does not agree that inferences from EXPAND can be predicated on the OCS Heart 
technology having already demonstrated safety and effectiveness for standard-criteria donor hearts. 

In multiple communications to the sponsor between 2014 and 2019, FDA expressed the following concerns 
regarding EXPAND’s trial design: 

• A one-arm study is less reliable than a concurrent controlled trial and is prone to potential biases.  
FDA therefore recommended EXPAND include a non-randomized, concurrent control arm of 
transplant recipients receiving standard hearts using cold storage preservation. 

• FDA recommended a pre-specified, hypothesis-tested, primary safety endpoint informed by the then-
available OCS Heart IDE experience and literature data. 

• FDA believed it was necessary to include all eligible donor hearts in an effectiveness analysis, 
regardless of whether a subsequent transplant took place. This analysis would allow for important 
inferences regarding the OCS Heart device’s ability to alter donor pool utilization in a clinically 
meaningful manner. 

The EXPAND analysis plan did not include a comparator arm, a hypothesis-tested primary safety endpoint, 
or an analysis based on all subjects for whom it was determined at the donor site that there was a matching 
and eligible heart (similar to PROCEED II’s ITT population). 

FDA Comment: FDA does not believe EXPAND’s analysis plan alone is sufficient to demonstrate a 
reasonable assurance of safety and effectiveness for OCS Heart marketing approval. Accordingly, FDA is 
asking the Panel to also consider the results from PROCEED II in its assessment of the OCS Heart benefit-
risk profile. 

7.2.2 Study Design 
EXPAND was a multicenter single arm trial designed to transplant 75 donor hearts not meeting sponsor-
defined standard donor heart acceptance criteria after preservation with the OCS Heart System.  The trial was 
proposed as international, but only US sites were included. 

FDA Comment:  FDA recommended that EXPAND be carried out as a non-randomized concurrent 
controlled investigation, but this recommendation was not adopted by the sponsor. 
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INCLUSION AND EXCLUSION CRITERIA 

Separate inclusion and exclusion criteria were used for prospective donor organs and consented recipients. 
Recipients were screened against the eligibility criteria on two occasions: (1) at the time of consent and (2) 
on the day of planned transplantation. 

Recipient Eligibility Criteria 

Inclusion 
• Registered primary heart transplant candidate 
• ≥ 18 years old 
• Signed, written informed consent document 

Exclusion 
• Prior transplantation (solid organ or bone marrow) 
• Chronic renal insufficiency or chronic hemodialysis 
• Multi-organ transplantation 

Donor Heart Eligibility Criteria 

Inclusion 
• Expected total cross-clamp time of ≥ 4 hours 
--or--

• Expected total cross-clamp time of ≥ 2 hours and at least one of the following: 
o 45-55 years old with no coronary catheterization data 
o ≥ 55 years old 
o Left ventricular hypertrophy (LVH): septal or posterior wall thickness > 12 and ≤ 16 mm 
o Reported down time ≥ 20 min, with stable hemodynamics 
o LV ejection fraction (EF) ≥ 40 and ≤ 50% 
o Angiographic coronary luminal irregularities: no significant coronary artery disease 
(CAD) 

o Carbon monoxide poisoning 
o Social history of alcoholism (EtOH) 
o Diabetes, with no angiographic CAD 

Exclusion 
• Angiographic CAD with > 50% stenosis 
• Myocardial infarction 
• Cardiogenic shock 
• EF < 40%, sustained at final inspection 
• Significant valve disease, not including bicuspid aortic valve 
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FDA Comment: EXPAND’s donor heart eligibility criteria do not identify organs that are uniformly 
deemed unacceptable for transplantation if preserved using cold static preservation techniques.  FDA 
believes there was overlap between hearts accepted for OCS Heart perfusion in the EXPAND and 
PROCEED II studies. 

For recipient eligibility, EXPAND differed from PROCEED II in that the latter trial excluded candidates 
who had multiple prior sternotomies; were ventilator dependent; or had durable VADs complicated by 
sepsis, intracranial bleeding, or clinically significant sensitization. 

Severaldonor organ eligibility criteria in EXPAND were imprecisely defined (e.g., luminal irregularities 
with no significant CAD, social history of alcoholism, and significant valve disease), difficult to validate 
(e.g., reported down time ≥ 20 min), and prone to investigator selection bias (e.g., expected total cross-clamp 
time of ≥ 4 hours). FDA recognized that the designation of a given donor heart as extended-criteria can be 
subjective and may not be reproducible across wait-listed recipients.  

In its review of the original PMA submission (the sponsor updated the list of donor heart inclusion 
(b)(4)criteria following FDA issuance of the first deficiency letter to TransMedics dated 

(b)(4)

), FDA 
noted that the most common reason for donor organ enrollment among transplanted organs was expected 
total cross-clamp time of ≥ 4 hours (“ECCT ≥ 4”); 29% of transplanted organs had ECCT ≥ 4 as the only 
criterion. Importantly, FDA considers such hearts as functionally “standard-criteria” in that they would have 
been eligible for PROCEED II (PROCEED II did not have a criterion defining expected cross-clamp time). 
FDA also noted that 8% of transplants had reported down time ≥ 20 min (“downtime ≥ 20”) as the only 
criterion, though there were no data fields in the CRFs documenting how investigators determined the 
downtime duration. 

FDA requested source organ procurement organization (OPO) data for all donor organs (transplanted and 
turned-down), as well as post hoc recipient survival analyses stratified by donor eligibility criteria. This 
information was provided after the previously locked dataset for donor eligibility was modified by the 
sponsor. The sponsor stated that, “While completing a careful review of our database, we determined that 
there were several donors that met multiple inclusion criteria; however, the investigators did not record all of 
the donor inclusion criteria in the Donor Eligibility eCRFs.”  Specifically, 17% (13/75) of transplanted donor 
hearts and 39% (7/18) of turned-down donor hearts had additional inclusion criteria added to the organ 
profiles. No donor organs had inclusion criteria removed during the sponsor’s review. 

FDA reviewed donor organ CRFs and source documentation in detail. FDA considers changes to the 
reported inclusion criteria to be problematic. Because no inclusion criteria were removed from donor hearts, 
it is not clear that a consistent data review was carried out for all donor organs. Furthermore, EXPAND was 
designed to capture eligibility as determined by the investigator at the time of organ acceptance. An 
investigator’s decision to enroll a donor organ was inherently multi-factorial, and FDA believes it is not 
possible to discern retrospectively whether details within donor source documentation were in fact part of the 
investigator’s decision-making. For example, 

o The catheterization report for Donor  stated, “40% proximal stenosis of RCA…This 
may actually represent the acute bend of the artery with overlap rather than actual atherosclerotic 

(b) (6)
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-
disease.”  However, the investigator accepted the organ into the study for meeting the criterion of 
luminal irregularity. 

o For Donor , the investigator did not cite left ventricular hypertrophy (LVH) for 
inclusion, as the echocardiogram report was “normal,” and septal thickness was 11 mm. 

(b) (6)

However, the sponsor added LVH as a criterion because its review of the donor echo found 
posterior wall thickness to be 13 mm (the post-transplantation echo listed the posterior wall 
dimension as 10 mm). 

FDA Comment: Although the Panel is presented with data from the modified dataset, FDA believes that 
donor characteristics as assessed by transplant surgeons at the time of organ acceptance are pertinent to the 
Panel’s deliberations. 

ENDPOINTS 

EXPAND had a single prespecified hypothesis for the Primary Effectiveness Endpoint of transplant recipient 
and allograft survival at post-operative day (POD) 30 in the absence of severe primary heart graft 
dysfunction (PGD) in the first 24 hours post-transplantation.  There were three secondary effectiveness 
endpoints and a single safety endpoint evaluating heart graft-related serious adverse events (SAEs). There 
were no hypothesis tests for the secondary effective or safety endpoints.  The study was powered for the 
Primary Effectiveness Endpoint. 

Primary Effectiveness Endpoint 

The Primary Effectiveness Endpoint evaluated transplanted recipient and allograft survival at POD 30 
following transplantation in the absence of severe PGD involving the left or right ventricle in the first 24 
hours post-transplantation. This endpoint was tested against a performance goal of 65%. The statistical 
hypothesis was as follows: 

HO: π ≤ 0.65 
H1: π > 0.65 

where π is the proportion (lower 95% confidence interval) of subjects transplanted with an OCS Heart donor 
organ who survived to POD 30: 

• With the originally transplanted heart, and 
• Without severe LV or RV PGD, as defined by the 2014 report of the ISHLT consensus conference 
on primary graft dysfunction after cardiac transplantation: 
o LV: 

• Dependence on left or biventricular MCS (except IABP) 
o RV: 

• Dependence on RVAD, or 
• CI < 2.0 L/min/m2 & RAP > 15 mmHg & PCWP < 15 mmHg & (TPG < 15 or PA systolic 
< 50 mmHg) 
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o Within 24 hours of transplantation procedure 
o Not secondary to discernible cause (hyperacute rejection, pulmonary hypertension, known 
surgicalcomplications) 

Unlike PROCEED II, EXPAND did not include a CEC. The approved protocol indicated that a Medical 
Monitor (MM) would adjudicate SAEs, but it did not specifically charge the MM with adjudication of severe 
PGD and the Primary Effectiveness Endpoint. The protocol defined Heart Graft-Related Adverse Events 
(HGRAEs) as “those which have any untoward effect on the health or safety of the patient and that are 
related to the transplanted heart function (except for acute rejection or myocardial tamponade),” but it also 
defined Heart Graft-Related Serious Adverse Events (HGRSAEs), which formed the safety endpoint (see 
below), to include moderate PGD, severe PGD, or re-transplantation within 30 days. In this way, the 
analysis plan characterized the Primary Effectiveness Endpoint as a measure of an SAE, and all subjects’ 
effectiveness outcomes were therefore determined by the MM’s adjudication of investigator-assigned PGD 
classifications.  

FDA noted that the listings of subjects with severe PGD reported to the Data and Safety Monitoring Board 
over the course of the trial were inconsistent with the endpoint results reported in the PMA. FDA reviewed 
source documentation and CRFs of all these subjects, as well as the databases containing MM decisions and 
DSMB deliberations. FDA observed that all PGD discrepancies between the site investigators and the MM 
involved the MM’s downgrading investigator-assigned severe PGD to non-severe PGD; no subjects with 
investigator-assigned mild or moderate PGD were adjudicated by the MM as severe PGD. 

FDA did not anticipate that the Primary Effectiveness Endpoint would be based upon adjudications of a 
single individual, the MM, who also served contemporaneously as the MM for the sponsor’s 2 pivotal trials 
of the OCS Lung System (INSPIRE and EXPAND Lung) and as a member of EXPAND Lung’s DSMB. 

FDA Comment:  Multiple site-identified PGD classifications were changed during the adjudication process, 
which took place months or years after the transplant. These changes suggest to FDA that, despite 
standardized definitions of PGD in EXPAND, the reported determinations were subjective to some degree. 
The Primary Effectiveness Endpoint result (see below) shows that the majority of endpoint failures were on 
the basis of PGD, not 30-day mortality. FDA does not question the MM’s expertise and specific 
adjudications.  However, the Primary Effectiveness Endpoint result should be interpreted with an 
understanding of the event classification changes over the course of the study and the subjectivity limitations. 

The sponsor’s sample size calculation anticipated an endpoint success rate of 80%. TransMedics justified the 
65% PG for the Primary Effectiveness Endpoint based on a published series of PGD rates ranging between 
22.6% and 32%. FDA stated a concern with the 65% PG, since the cited published studies did not utilize a 
standardized definition of PGD, and the proportion of extended-criteria donor organs in the historical studies 
was generally unknown. 

Secondary Endpoints 

There were 3 pre-specified secondary endpoints; 2 were components of the composite Primary Effectiveness 
Endpoint, and 1 evaluated the proportion of donor organs preserved with the OCS Heart that went on to be 
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transplanted: 
• survival at POD 30 among OCS Heart transplant recipients 
• incidence of severe PGD (within 24 hours) among OCS Heart transplant recipients 
• utilization (i.e., transplantation) rate among OCS Heart-preserved donor organs 

Safety Endpoint 

The safety endpoint was the composite incidence (number of events/subject) of HGRSAEs among OCS 
Heart transplant recipients by POD 30.  HGRSAEs were defined within Appendix 2 of the protocol and the 
MM charter as: 

• Moderate or severe PGD per the ISHLT 2014 consensus definition 
• Graft failure leading to re-transplantation 

However, the protocol’s Statistical Methods (analysis of safety) defined HGRSAEs differently: 

• ECMO, RVAD, LVAD, BiVAD or insertion of a new IABP for >12 hours after transplant 
• ≥ 2 inotropic agents/vasopressors for > 7 days after transplant 
• Open chest after transplant (for compromised heart function) 
• Graft failure leading to re-transplantation 

The difference between the two was that the Statistical Methods definition: 

• Did not require threshold hemodynamic criteria for a diagnosis of moderate PGD 
• Did not require inotrope score designation 
• Required a duration of > 12 hours for IABP insertion 
• Classified open-chest as an additional HGRSAE 

FDA reviewed line data for all subjects with HGRSAEs.  FDA noted that MM adjudication disagreed with 
multiple investigator-classified HGRSAEs, often on the basis of the SAE timing. This could be partially due 
to the differences in the defined HGRSAEs as noted above. 

Adverse event (AE) data collection was limited to the first 30 days after transplantation. Adjudication of 
AEs, including device-relatedness determinations, only applied to events recorded by POD 30.  Graft failure 
leading to re-transplantation after POD 30 was not a component of the safety endpoint. 

Subject follow-up ended at the 12-month assessment time point. Although not a part of the safety endpoint, 
6- and 12-month patient and graft survival rates were pre-specified.  The sponsor reported 12 subject deaths 
within one year of transplantation; 8 of those death events occurred after POD 30 (2 of the eight subjects had 
not been discharged after the index hospitalization).  The sponsor indicated that the 12 subject deaths were 
“adjudicated by the medical monitor.” The format for such adjudications is unclear to FDA, as there was no 
prospective collection of source documentation after 30 days.  
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Panel:  During IDE development, FDA advised TransMedics that EXPAND’s Primary Effectiveness 
Endpoint would likely be insufficient to capture all pertinent early safety information, and that its 
appropriateness as a surrogate for longer term safety was unknown. In addition, FDA recommended a 
hypothesis-tested primary safety endpoint.  The Panel will be asked to discuss the appropriateness of 
EXPAND’s analysis plan to support a reasonable assurance of safety. 

ANALYSIS POPULATIONS 

EXPAND enrollment followed a process similar to PROCEED II, except there was no randomization. 
Recipient consent was obtained at screening, the time of initial comparison to the pre-specified inclusion and 
exclusion criteria. A second assessment of recipient eligibility based upon the inclusion/exclusion criteria 
(i.e., a second screening of consented recipients) took place at the time investigators identified a potential 
donor heart meeting inclusion/exclusion criteria. Once the study site’s organ procurement team confirmed 
donor heart eligibility with an in-chest evaluation, the recipient patient was considered enrolled. 

As with PROCEED II, FDA conveyed to the sponsor that FDA considers enrollment in a device trial to 
occur at consent signing, defining an ITT analysis population. FDA also acknowledged that unique aspects of 
donor organ procurement justified an mITT population for EXPAND. FDA recommended that EXPAND 
include appropriately defined ITT, mITT, PP, and AT analysis populations. Prior to receiving the PMA 
submission, FDA indicated that analyses based on several analysis populations would be part of FDA’s 
review, irrespective of pre-specified analysis cohorts. 

Recipients 

Transplanted Recipient population (TR) 

All subjects who are transplanted with donor hearts preserved with the OCS Heart device, in the absence of: 

• inclusion/exclusion criteria violations (donor and recipient); 
• failure to follow IFU; or 
• failure to follow protocol. 

TR was the only pre-specified analysis population for all outcomes. TR was the same as what FDA 
considers to be a PP analysis population. 

FDA Comment: 16% of consented and enrolled subjects were terminated from the study before 
undergoing transplantation. Minimal endpoint or longer-term survival data are available for these subjects. 
A meaningful ITT analysis, which FDA requested prior to and throughout the EXPAND Study and 
considers informative, is not available because of the amount of missing data. 

Donor Hearts 

OCS Heart population (OCS-H) 

OCS-H describes all donor hearts that were instrumented onto and then transported with the device. It 
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includes hearts turned down for transplantation after OCS Heart preservation but excludes any hearts with 
day-of-surgery decisions by investigators to: 

• Not procure the donor heart due to donor factors (n=4), recipient factors (n=1), or logistical factors 
(n=1); or 

• Cross-over to cold static storage (n=1). 

SCHEDULE OF ASSESSMENTS 

Donor hearts 

Table 30:  Donor Heart Assessment Schedule 

Recipients 

Table 31:  Recipient Assessment Schedule 
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7.2.3 Study Enrollment and Patient Accountability 

ENROLLMENT/ CLINICAL STUDY SITES 

To test the Prima1y Effectiveness Endpoint ( one-sided a = 0. 05, power= 80% ), the estimated sample size 
was 55. Of note, FDA had requested one-sided a = 0. 025. In 2017, 44 subjects had reached the Primaiy 
Effectiveness Endpoint 30-day follow-up. The sponsor requested and received approval for a sample size 
increase to 7 5 subjects "to increase confidence in the resuhs and expand the clinical experience with the OCS 
Hea1i System in the US." The trial was approved for up to 20 US sites, and 12 sites received IRB approval 
and were activated. Three sites did not emoll any subjects . Previously emolling Site 02 's IRB withdrew its 
approval of the study in October 2017 because of unresolved study document discrepancies that "impacted 
study merit." 

The fast TR subject emolhnent occuned on September 16, 2015, and the fmal transplantation occuned on 
March 25, 2018. 

There were imbalances in study emolhnent. Site 06 contributed 390/o of the TR subjects (Table 32). 
Emolhnent caps were not pre-specified in the study protocoL but FDA encouraged the sponsor to address 
EXP AND site emolhnent imbalances during investigation under the EXP AND CAP study; however, this 
recommendation was not followed (see Appendix C, Future Consideration #2 for EXP AND CAP). Interim 
rep01is in 2019 demonstrated continued CAP emolhnent dominance by Site 06 (site C0l in the CAP study), 
and FD A reiterated its concem about appropriate emolhnent distribution. The protocol specified a 
poolability analysis for the Prima1y Effectiveness Endpoint. FDA requested post hoc effectiveness and 
survival analyses stratified by site, and the sponsor also perfon ned a poolability analysis for survival 

Table 32: EXPAND Study Sites 

# Site Name IRB Approval First Use 
First 

Transplant 
Last 

Transplant 

Transplanted 
Recipients 
(TR; n=75) 

1. 

-
2 

-
3 

-
4 

-
5 

-
6 

-
7 

-

IPIJ \111 
18-May-2015 NA NA NA 0 

02-Jun-2015--27-
Oct-2017 

16-Apr-2016 16-Apr-16 4-Nov-16 7 

23-Jul-2015 16-Sep-2015 16-Sep-15 27-Feb-18 13 

07-May-2015 06-Sep-2016 18-Dec-16 18-Dec-16 1 

30-Apr-2015 26-Jan-2016 l -Sep-16 26-Oct-16 2 

09-Jul-2015 03-Jul-2016 12-Jul-16 14-Feb-18 29 

26-Feb-2016 NA NA NA 0 
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(b) (6)
8 

15-Jan-2016 24-Feb-2017 24-Feb-17 24-Feb-17 1 

9 
24-Nov-2015 29-May-2016 29-May-16 25-Feb-17 7 

10 13-Oct-2016 20-Apr-2017 20-Apr-17 25-Mar-18 12 

11 28-Mar-2017 10-Jan-2018 24-Feb-18 9-Mar-18 3 

12 
21-June-2017 NA NA NA 0 

NA = Non-applicable due to no subjects enrolled at the site 

PATIENT ACCOUNTABILITY 

The EXPAND Study provisionally accepted 100 hearts for 96 consented subjects: 

• 7 hearts (for 7 recipients) were turned-down prior to support on the OCS Heart System 
• 18 hearts (for 16 recipients) supported by the OCS Heart System were turned-down after support on 
the OCS Heart System but prior to transplantation 

• 75 hearts supported on the OCS Heart System were transplanted into 75 recipients 

Figure 11 shows EXPAND patient accountability. 
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re-preservation 

Post-preservation 

-
-

Accepted Hearts 
(In-chest Assessment) 

N=lOO 
Donor turn-downs 

Consented Subjects 
ITT 

N=96 

1 pre-procurement withdrawal 
___ _,,. • weather-related 

Transplanted Hearts 
N=75 

4 in-chest withdrawals 
2 poor donor cardiac function 
1 low donor hematocrit 
1 recipient screen failure (1'TPG) .?------

1 OCS-to-SOC cross-over Tx/withdrawal 
• lack of cardioplegia 

1 in-chest turn-down/not withdra;./w::a::I ____ _ 
• poor donor cardiac function 

10 hearts 
• 10 subjects OCS-to-SOC Tx/withdrawal 

4 hearts 
• 2 subjects OCS-to-OCS-to-SOC Tx/withdrawal 

2 hearts 
• 2 subjects remaining on Wl/withdrawal 

1 heart 
• 1 subject died on WL/withdrawal 

1 heart 
• 1 subject OCS-to-OCS Tx/not withdrawal 

Transplanted Recipients 
TR Analysis Popu lat ion 

N=75 

Figure 11: Accountability of Identified Donor Hearts/Consented Subjects 

Among the donor hearts evaluated in-chest (n=100) for consented subjects (ITT, n=96): 

• One (1) heart was declined for logistical (transportation) reasons. The designated recipient was 
terminated from the study. 

• One (1) heart was declined because the designated recipient’s transpulmonary gradient was too high 
on the day of surgery. The subject was terminated from the study. 

• Four (4) hearts were declined based upon poor function at the in-chest evaluations. Three (3) of the 
designated recipients went on to receive separate SOC hearts (terminated from study), and 1 subject 

) went on to be transplanted on-study with a 2nd OCS Heart donor organ. 
• One (1) heart that qualified on the basis of the ECCT ≥ 4 criterion could not be instrumented because 
the del Nido solution was unavailable. The organ was instead preserved with SOC, and the recipient 

) was terminated from the study. 

( (b) (6)

( (b) (6)
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Fifteen (15) of 96 (16%) ITT consented subjects had donor organs accepted, procured, and transported, but 
no patient-level safety and effectiveness data were collected. Overall, 6 of 96 ITT subjects were excluded 
from mITT. 

Among the procured hearts preserved with the OCS Heartdevice (OCS-H, n=93) and the corresponding 
waiting list subjects (mITT, n=90): 

• Eighteen (18) hearts were turned down by investigators during or after device preservation: 
o Ten (10) of the designated recipients went on to receive separate SOC hearts and were terminated 
from the study. 

o Two (2) of the designated recipients were each offered 2nd OCS Heart organs that were also 
turned down after preservation; they went on to receive separate SOC hearts and were terminated 
from study. 

o One (1) designated recipient went on to receive a second on-study OCS Heart donor organ, after 
the first OCS Heart organ was turned down. 

o One (1) designated recipient died before transplantation. 
o Two (2) subjects remained on the waiting list at trial conclusion (two and four months, 
respectively, after turn-down). 

Fifteen (15) of 90 mITT subjects were excluded from the TR population, because 18 hearts (19% of 
OCS-H) that had been deemed acceptable for transplantation at the time of procurement were turned 
down by investigators after device OCS Heart support. One (1) designated recipient ( (b) (6) ) of a 
turned-down heart survived at least 2.8 years after transplantation with a second OCS Heart donor 
organ. One (1) designated recipient ( (b) (6) ) subsequently died on the waiting list 2 months after 
study enrollment. 

 in both the July 23, 2014 conditional approval letter, and the September 3, 
2014 approval letter; remains unaddressed as SDC  in the list of remaining SDCs for the 
EXPAND study found in Appendix C), FDA asked the sponsor to supplement the submitted PMA 
data with robust ITT and mITT analyses. However, the sponsor could only generate 1-year survival 
status on the basis of data reported to SRTR around the time of FDAs request.  Given the voluntary 
nature of SRTR data input, TransMedics was therefore only able to report definitive 1-year survival 
status for <40% of the ITT population subjects who were not part of the TR analysis population. 

Consistent with previous requests (e.g., the collection of data for an ITT analysis that included 
subjects who received a standard of care transplant or who were not transplanted was a Major Study 
Design Consideration (SDC) that was communicated to the sponsor prior to initiation of EXPAND 

(b) 
(6) (b) 

(6)

enrollment [i.e., SDC

The absence of complete data for 21 (22%) consented EXPAND subjects and 15 (16%) enrolled 
subjects complicates FDA’s ability to draw safety and effectiveness inferences. Although it is 
unknown whether hearts turned down after OCS Heart preservation, if instead implanted, would 
have led to sub-optimal outcomes because of underlying donor organ pathology, this possibility 
cannot be determined from the EXPAND dataset: 

(
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• Con elation of the observed EXP AND hea1t pathology fmdings with subject outcome is 
speculative, since it is generally unknown if similar anatomical fmdings can exist in donor 
hearts that are implanted and function acceptably well as an allograft. 

• The experience of Subject- (the donor hea1i preserved with cold static fluid) suggests 
that an indeterminate num~ XP AND donor organs could have been deemed 
appropriate by investigators for SOC preservation. In the US, < 1 % of a ll donor hearts are 
turned down after SOC prese1vation ( < 2% for donors~ 50 years old). The clinical outcome 
of EXP AND subjects who did not receive organs prese1ved with the OCS Heaii device (i.e., 
recipients who received SOC hea1is and recipients who remained on the waiting list) is 
generally unknown. 

• FDA ' s review of the turned-down OCS-H donor hea1is clinical characteristics, procurement 
and preservation details, and pathological rep01is cannot rnle out that the device in some 
instances contributed to tissue injuiy and their functional con elates while on the device (e.g. , 
elevated lactate levels, ventricular dysfunction; see Section 8). 

FDA Comment: FDA is concerned that the absence of a control aim and limited data for subjects not 
inch1ded in a Per Protocol (PP) population ( equivalent to Transplant Recipient [TR] population) makes it 
challenging to fo1mulate a benefit-risk assessment for the OCS Hea1t. 

7.2.4 Donor Heart and Recipient Demographics and Characteristics 

Unless othe1wise noted, data presented in Table 33 regarding donor hea1i and recipient demographics and 
clinical characte1istics are derived from the sponsor 's ainended August 19, 2019 dataset, developed in 
response to an FDA request for stratification based on donor qualification criteria. 

Pre-procurement Demographics 

Table 33: EXPAND Pre-Procurement Demographics 

Transplant Recipient population 

Recipients 
(n=75) 

Donors 
(n=75) 

Age 
Mean 
(SD) 

55.46 (12 .56) 37.34 (12.58) 

Median 59.22 35.99 
Min -
Max 

18.8 - 73.2 14.3 - 57.6 

Gender 
Male n (¾) 61 (81.3) 54 (72.0) 
Female n (¾) 14 (18.7) 21 (28.0) 
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Ethnicitv 
Hisoanic or Latino n(%) 1 0 .3) 4 (5.3) 
Not Hispanic or Latino n(%) 66 (88.0) 51 (68.0) 
Unknown N 8 (10. 7) 20 (26.7) 

Race 
American Indian or Alaskan 
Native 

n(%) 0 1 (1.3) 

Asian n(%) 2 (2.7) 2 (2.7) 
Black of African American n(%) 12 (16.0) 15 (20.0) 
White n(%) 58 (77.3) 55 (73.3) 
Other n(%) 2 (2.7) 0 
Unknown N 1 0 .3) 2 (2.7) 

Weight (kg) 
Mean 
(SD) 

86.16 (19 .18) 82.49 (18. 5) 

Median 84.09 79.80 
Min -
Max 

48.0 - 140.9 42.6 - 128.0 

Height (cm) 
Mean 
(SD) 

175.84 (9.37) 175.18 (9.93) 

Median 176.00 177.80 
Min -
Max 

155.0 - 195.6 149.9 - 198.0 

BMI (kg/m2) 
Mean 
(SD) 

27.66 (4.70) 26.80 (5.25) 

Median 26.85 26.94 
Min -
Max 

19.1 - 42. 1 18.0 - 41. 3 

Blood Tvoe 
0 - n(%) 5 (6.7) 6 (8.0) 
O+ n(%) 29 (38.7) 33 (44.0) 
A- n(%) 8 00. 7) 6 (8.0) 
A+ n(%) 25 (33.3) 25 (33.3) 
B- n(%) 1 (1 .3) 0 
B+ n(%) 6 (8.0) 4 (5.3) 
AB+ n(%) 1 0 .3) 1 (1.3) 

Donor Final Eiection Frac tion(%) N - 74 
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Mean 
(SD) 

- 57.4 (8.70) 

Median - 60.0 
Min-
Max 

- 40 - 79 

Donor Final Baseline Arterial 
Lactate (mmoVL) 

N - 60 

Mean 
(SD) 

- 1.56 (0.92) 

Median - 1. 39 
Min-
Max 

- 0.43 - 5.43 

Donor Cause of Death N - 75 
Anoxia n (¾) - 28 (37.3%) 
Cerebrovascular/Stroke n (¾) - 17 (22.7%) 
Head Trauma n (%) - 25 (33 .3%) 
Other n (%) - 5 (6.7%) 

Recipient Panel Reactive Antibody 
(%) 

N 74 -

Mean 
(SD) 

7.9 (18.12) -

Median 0.0 -
Min-
Max 

0- 81 -

Recipient Listing Status N 75 -
IA n (%) 52 (69.3%) -
IB n (¾) 22 (29.3%) -
II n (¾) 1 (1.3%) -

Rec ioient Diabetes N 74 -
Yes n (¾) 29 (38.7%) -
No n (¾) 45 (60.0%) -

Rec ioient MCS N 75 -
IABP n (¾) 11 (14.7%) -
LVAD n (¾) 47 (62.7%) -
BiVAD n (%) 1 (1.3%) -

Average recipient demographics in EXP AND were clinically similar to the OCS Heart recipients in 
PROCEED II, except for the following: 
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• EXP AND recipients were heavier and had a higher prevalence of diabetes. 

• More EXP AND subjects were on MCS at the time of transplantation. Pre-transplantation 
use of IABP and L V AD in EXP AND was also higher than rates reported by the SRTR for 
2018 (9.1 % and 43.6%, respectively) . FDA notes, however, that the SRTR rep01ts similar 1-
year smvival after trnnsplantation with or without pre-transplantation MCS (though longer­
tenn smvival is decreased among patients onIABP supp01t). 

• Average panel reactive antibodies (PRA) was higher in EXP AND, though this may have 
been the result of a few outlier subjects with ve1y high PRAs . 

Donor demographic featmes for donors of the transplanted EXP AND hea1ts (ie., the hea1ts not 
turned down after preservation) were generally clinically similar to the donors in PROCEED II 
whose hea1ts were suppo1ted and transplanted with the OCS Heait . 

7.2.5 Donor Heart Inclusion Criteria 

Donor organs were accepted into the study if they fulfilled one or more of the inclusion criteria. The 
distribution of qualifying criteria for the OCS-H population (hea1ts perfused with the OCS Heait System) is 
shown in Table 34, stratified by whether or not the organ was transplanted at the end of the OCS Heait 
perfusion period. Single-criterion hea1ts are highlighted in gray. 

Table 34: FDA Table ofRevisedDonorHe artlnclus ion Criteria 

Donor inclusion criteria 
OCS-H hearts 

(n=93) 

1R 
hearts 
(n=75) 

Turned-down 
hearts 
(n=18) 

ECCT 2:4 18 3 
Ef > 40% < 50% 10 1 
Downtime 2: 20 min + EF 5 1 
Downtime 2: 20 min 4 -
Downtime > 20 min+ L VH 4 1 
Downtime 2: 20 min + ECCT 2: 4 4 5 
LVH (> 12 and~ 16 mm) 3 
Luminal irregularities, no CAD 2 1 
2: 55 y/o 2 -
ECCT > 4 + EF 2 -
EtOH + > 55v/o 2 -
2: 55 y/o + other criteria 4 -
EtOH+ LVH 2 -
L VH + other criteria 5 -
ECCT 2: 4 + 2: 55 y/o 1 -
ECCT > 4 + > 55v/o + EtOH 1 -
ECCT 2: 4 + h1minal irregularities 1 1 
ECCT 2: 4 + 45-55 y/o, no cardiac cath 1 -
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Downtime 2: 20 min + h1minal irregularities - 1 
Age > 55 +downtime + h1minal irregularities - 1 
Downtime 2: 20 min + diabetes - 1 
Downtime 2: 20 min + carbon monoxide 1 -
45-55 v/o, no cardiac cath - 1 
EtOH 1 -
EF + diabetes or EtOH 2 1 

The sponsor's amended dataset led to changes in 20 OCS-H donor hea1i inclusion criteria. Additional 
criteria were assigned in all instances where donor hea1i inclusion criteria were revised; there were no donor 
hearts for which the sponsor's review identified criteria that needed to be removed. Seventeen (17) 
modifications changed investigators' assignment of single-criterion hea1is to multiple-criteria hea1is. 

The prop01iion of transplanted EXP AND heaiis accepted on the basis of .2!!!Y ECCT ~ 4 in the original 
analysis decreased from 29% (n=22) to 24% (n=18) . In the turned-down heaii group, the propo1i ion 
decreased from 33% (n=6) to 17% (n=3). As noted in PROCEED II, the mean and median out-of-body ( or 
cross-clamp) times for SOC donor heaits were < 4 hours. The proportion of transplanted donor hea1ts 
defmed as having £!!!Y L VH changed from 17% (n=13) to 23% (n=~ inquired about the 
justification for changing the CRF L VH output fields citing Donor - (Subject - ) as an 
example. The criteria modifications were not reflected in CRF audits, and thus the clinical sites appear not 
to have been involved. The sponsor explained that, ''Due to an unintentional oversight during database 
design, the eCRF only had a field for Septal Wall Thickness and it lacked a field for ... left ventricular 
posterior wall thickness ." Although donor - echocardiogram repo1i stated, "There is normal 
left ventricular wall thickness," the sponsor identified IVS and L V PW measurements of 1 hmn and 
13nnn, respectively, in the OPO's data.sheets, and therefore assigned LVH on the basis of the PW 
dimension > 12 mm. It is not clear to FDA that the investigator considered the donor organ to have 
L VH. Of note, the post-transplantation echocardiogram CRF showed an IVS thickness = 11 mm and 
LV PW thickness = 10 1nm. In another example, the Donor - (Subject - ) CRF indicates 
that the investigator-assigned the inclusion criterion of LVH on the basis of IVS thickness = 14 mm. 
The sponsor stated its database review discovered that the coITect pre-procurement septal dimension 
was 9. 5 ffilil, but this subject's L VH inclusion criterion was not changed to the revised analyses. 

FDA Comment It is unknown if criteria identified in a post hoc manner had actually inf 01med an 
investigator's rationales for heali emollment. FDA believes such changes to "extended-c1iteria" assignments 
substantially complicate the overall benefit-risk assessment of the device, because they raise questions about 
the tiue nature of the donor hea1i population in the study. FDA requested aq~mctive analyses of endpoints 
and survival sti·atified by the inchISion criteria. However, FDA deteimined that the sponsor's c1iteria 
changes do not ftmdamentally change study-wide inferences from EXP AND' s aggregate safety and 
effectiveness results . 
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7.2.6 Procurement, Transport, and Transplantation Characteristics 

PRESERVATION 

A ll procurements of the OCS-H population donor hea1is occmTed after an in-chest detennination that the 
organs were functionally acceptable for transplantation. delNido cardioplegia soh1tion was used during both 
procurement and upon removal from the OCS Hea1i System at the recipient site. Prese1vation parameters f C!' 

suppo1ied healis are shown in Table 35. 

Table 35: Preservation Parameters EXPAND Transplanted vs Turned-Down OCS Hearts 

OCS-H Population 
Preservation Parameters 

1R hea1is 
(N=75) 

Turned-down 
hearts 
(N=18) 

Pre-OCS Ischemic Time (mins) n 75 18 
Mean (SD) 29.7 (7.92) 30.5 (7.70) 

Median 28.0 29.0 
Min- Max 15 - 53 19 - 56 

OCS Perfusion Time (mins) n 75 18 
Mean (SD) 278.6 (83.28) 298.8 (76.87) 

Median 276.0 266.0 
Min- Max 100 - 532 220 - 500 

Post-OCS Ischemic Time (mins) n 75 0 
Mean (SD) 72.5 (21.88) 

Median 72.0 
Min- Max 36 - 135 

Totallschemic Time (mins) n 75 n/a 
Mean (SD) 102.1 (22.64) 

Median 98.0 
Min- Max 65 - 168 

Total "Cross Clarno" Time (min) n 75 n/a 
Mean (SD) 380.7 (93.20) 

Median 369.0 
Min- Max 173 - 682 

Arterial Lactate-Pre-OCS n 73 16 
Mean (SD) 1.3 (0.58) 1.6 (1.02) 

Median 1.1 1.2 
Min- Max 0.39 - 3.49 0.34 - 3.90 
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Arterial Lactate-Initial OCS n 75 18 
Mean (SD) 1.9 (0.64) 2.2 (0.91) 

Median 1.8 2.0 
Min- Max 0.93 - 3.80 1.06 - 4.47 

Arterial Lactate- Final OCS n 75 18 
Mean (SD) 3.1 (0.95) 5. 1 (0.84) 

Median 3.0 4.9 
Min- Max 0.55 - 4.97 3.50 - 7.17 

AOP Mean (mlllH2) n 75 18 
Mean (SD) 81.2 (7.8) 83.2 (7.0) 

Median 81.4 83.4 
Min- Max 48 - 102 68 - 97 

Coronary Flow (Umin) n 75 18 
Mean (SD) 0. 760 (0.136) 0.751 (0. 166) 

Median 0.785 0.785 
Min- Max 0.06 - 0.99 0. 15 - 0.92 

FDA Comment O ther than an increase in the average fmal OCS Heait arterial lactate leveL a ll preservation 
parameters and trends were similar between donor hea1i s that were transplanted and donor hea1i s that were 
turned down at the conchISion of OCS Heaii perfusion. 

PA CANNULA DISCONNECTIONS 

FDA identified missing CF trend data for multiple OCS-H donor orga11S. The spo11Sor explained that 
investigators detached the device puhnona1y a1ie1y (PA) outflow cannulae in 17 of 93 hea1is (18%) becalISe 
of concerns for right ventricular dysfunction observed during perfusion. Among the subset of 18 turned­
down hea1ts, PA canulae disconnectio11S occuned in 7 (39% ) . The PA cannula was disconnected on average 
for 26% of OCS Hea1i perfusion time (range 1 % - 88%). PA canulae disconnection was not a pa1i of the 
protocol and is not described in the IFU. Documentation of the disconnectio11S was not in the CRFs or 
available in somce docmnentation. 

Panel: FDA does not question investigators' clinical decisio11S to tmn down accepted orga11S beca11Se of 
concerns for poor outcomes. OveralL 13% (27/207) of accepted donor hea1is inch1ded in the IDE studies 
were tmned down by investigators after OCS Hea1t preservation (PROCEED II 7%, 5/69; EXP AND 19%, 
18/93; EXP AND CAP 9%, 4/45). No donor hea1i s preserved with cold static preservation in these studies 
were tmned down. SRTR data present an aggregate tmn-down rate of< 1 % among hea1i s recove1ed for 
tra11Splantation. FDA is concerned that available pathology data from the IDE trials cannot rnle out a calISal 
connection between OCS Heaii perfusion and myocardial injmy in some cases (see Section 8) . The Panel 
w ill be asked to provide an opinion on the potential conelation between OCS preservation and myocardial 

IDJlllY, 
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INDUCTION lMMUNOSUPPRESSION 

Reported rates of induction of innrnmosuppression were lower than in the PROCEED II trial The SRTR 
reports that ~50% of recent hea1t 1rnnsplantations involve induction immunosuppression, ahhough its clinical 
value is debated. 

Table 36: Induction Immunosuppress ion 

EXPAND 
{n=75} 

Monoclonal antibodies 1 (1.3%) 

Antithymocyte globulin 14 (18.7%) 

7.2.7 EXPAND Study Results 

EFFECTIVENESS RESULTS 

Primary Effectiveness Endpoint 

Table 37 : Primary Effectiveness Endpoint Results 

Survival at POD 30 without 
severe PGD (L V or RV) 

TR 
population 

(N=75) 

95% Clof 
Proportion 

Performance 
Goal 

p-value 

Proportion 
(n/N) 

88.00/o 
(66/75) 

78.4 - 94.4 65% <0.0001* 

• p-vahie from a one-sided exact binomial test ( u=0.05) 

The pre-specified Prima1y Effectiveness Endpoint was met. Nine (9) subjects failed the Prima1y 
Effectiveness Endpoint: 

• 3 subjects developed severe PGD and died withm 30 days, adjudicated as seconda1y to PGD : 

o POD 29: (68 y/o male) / (criterion: ~ 55 y/o) 

o POD 18: (45 y/o female) / (criteria: downtime ~ 20 minutes, carbon 
monoxide poisoning) 

o POD 12:- ( 47 y/o male) /-( criterion: L VH) 

• 1 subject died within 30 days without adjudicated severe PGD: 

o ~ ( 65 y/o male, death adjudicated as muhi-organ failure seconda1y to cinhosis) / 
~ 10n: ECCT ~ 4) 
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• 1 subject developed severe PGD and loss of allograft seconda1y to PGD 

o POD 6:- (57 y/omale, re-trnnsplantation(off-study)) /- (criterion:ECCT~4) 

• 4 subjects developed severe PGD and were discharged (1 before and 3 after POD 30): 

o POD 26:- (58 y/o male) /- (criterion: EF ~ 40% :::; 50%) 

o POD 41: (37y/omale) / (criterion:ECCT ~4) 

o POD 57: (52 y/o male) / (criteria: downtime ~ 20 minutes + LVH) 

o POD 115:- ( 47 y/o male) /- ( criteria: downtime ~ 20 minutes + LVH + EtOH) 

Six ( 6) of the Prima1y Effectiveness Endpoint faihlres were for donor hea1is with a single EXP AND 
inchlsion criterion, with ECCT ~ 4 accounting for 3 of the 6 endpoint faihlres. 

Table 38 shows an FDA-requested post hoc analysis of the Prima1y Effectiveness Endpoint stratified by the 
nmnber ( single or multiple) and type of donor inchlsion criteria ( carbon monoxide and diabetes are not 
inchlded). The study was not powered for this analysis, and the confidence intervals are wide. Subjects 
receiving donor organs with multiple inchlsion criteria had a modestly higher prop01i ion meeting the Prima1y 
Effectiveness Endpoint. 

Table 38: Primary Effectiveness Endpoint by Donor Inclusion Criteria 

Survival at POD 30 
without severe 

PGD (LV or RV) 

Sin~le or 
Multiple 
Crite1ia 

95% CI of 
Proportion 

Single 
Criterion 

95% Clof 
Proportion 

Multiple 
Criteria 

95% Cl of 
Proportion 

All 
66/75 

(88.0%) 78.4 - 94.4 
34/40 

(85 .0%) 70.2 - 94.3 
32/35 

(91.4%) 76.9 - 98.2 

ECCT 2: 4 
25/28 

(89.3%) 71.8 - 97.7 
15/ 18 

(83 .3%) 58.6 - 96.4 
10/ 10 

(100.0%) 
69.2 -
100.0 

EF 2: 40% :S 50% 
20/21 

(95 .2%) 76.2 - 99.9 
9/ 10 

(90.0%) 55.5 - 99.7 
11/11 

(100.0%) 71. 5 - 100 

Downtime 2: 20 
minutes 

20/23 
(87.0%) 66.4- 97.2 

4/4 
(100.0%) 

39.8 -
100.0 

16/ 19 
(84.2%) 60.4 - 96.6 

LVH 
14/17 

(82.4%) 56.6 - 96.2 2/3 
(66.7%) 9.4 -99.2 12/14 

(85 .7%) 57.2 - 98.2 

Luminal 
irregularities/no 

CAD 

7/7 
(100.0%) 

59.0 -
100.0 

2/2 
(100.0%) 

15.8 -
100.0 

n/a n/a 

2: 55 y/o 
9/ 10 

(90.0%) 55.5 - 99.7 
1/2 

(50.0%) 
15.8 -
100.0 

8/8 
(100.0%) 

63.1 -
100.0 

EtOH 8/9 
(88.9%) 51.8 - 99.7 1/ 1 

(100%) 2.5 - 100 7/8 
(87 .5%) 47.3 - 99.7 

Among the 9 out of 75 subjects (12%) who failed the composite Prima1y Effectiveness Endpoint, severe 
PGD was a cause in 8 out of 75 (11 %; the rate of severe PGD was a seconda1y effectiveness endpoint). 
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Thirty (30)-day m01iality after severe PGD occmTed in 3 out of 8 subjects (38% ) , and 30-day m01iality from 
any cause (the other seconda1y effectiveness endpoint) occmTed in 4 out of 75 subjects (5.3% ) . Thniy (30)­
day m01iality and/or loss of allograft occmTed in 4 out of 8 subjects (50%) with observed severe PGD events. 

There are few published, prospective series on PGD rates and sequelae since the adoption of the ISHLT 2014 
defmition. A United Kingdom national study(l) identified a severe LV PGD rate of 18% and RV PGD rate 
of 1 % among 450 heaii transplant recipients between 2012 and 2015. The 30-day mortality for patients with 
any PGD (mild, moderate, or severe) was 19%, while severe L V PGD had a 30% 30-day m01iality; 30-day 
mo1iality in the absence of any PGD was 4. 5%. A Canaclian study (2) identified severe L V PGD in 3. 9% 
and RV PGD in 2. 9% of 412 hea1i transplantations (2014 ISHLT defmition). A single-center, retrospective 
study of 191 isolated hea1i transplantations (3) identified severe L V PGD in 8.4% recipients, with a 30-day 
mo1iality rate of 38%; the 30-day mo1iality in the absence of any PGD was 0%. 

FDA Comment: Although the appropriateness of the perfonnancegoalvalue (65%) for the Prima1y 
Effectiveness Endpoint was unce1i ain at the time the study was designed, the study met the endpoint. 
FDA believes the observed result, which represents a sho1i -te1massessment, is comparable to published 
senes. 

SECONDARY ENDPOINTS 

Donor Heart Utilization and Post Hoc Analysis: Sensitivity to Turned Down Hearts 

The donor hea1i utilization rate after preservation was 80. 6% ( tum-down rate: 19. 4%). Site-specific tmn­
down rates in EXP AND varied between 0% and 60%. Heart tmn-down rates at the three highest-emolling 
sites (03, 09, and 06) were 19%, 19%, and 15%, respectively. The hea1itum-down rate in the ongoing CAP 
study is 9%. 

To address the impact of tum-down decisions (i e., utilization rate) on the Primaiy Effectiveness Endpoint 
result, FDA evaluated the Prima1y Effectiveness Endpoint under the conditions of OCS Hea1i-prese1ved 
hearts not having been turned down after transp01i . A tipping point analysis was perfo1med to assess the 
sensitivity of the results for the Prima1y Study Endpoint to all possible smvival outcomes of these 18 hea1is . 

The Prima1y Effectiveness Endpoint result was not sensitive to tmned-down hea1is. Fifteen (15) additional 
failures would be needed to change the statistical result (Figure 12- Green: Reject the null hypothesis, Red: Null 
hypothesis not rejected (one-sided 0. 02 5 significance level) 

Figure 12 Primary Effectiveness Endpoint Sensitivity to Turned-Down Hearts 

Number of Failure in Turned-Down Hearts 

Adding 
18 
hearts 
to the 
study 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
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JnddenceofSeverePGD (LVor RV) 

The incidence of severe PGD was 10. 7%, consistent with published reports (Table 39). 

Table 39: Incidence of Severe PGD 

Incidence of severe PGD (L V or RV) 
1R 

population 
(N=75) 

95% CI of 
Proportion 

Proportion 
(n/N) 

10.7% 
(8/75) 4.7 - 19.9 

The Safety Endpoint captures the rate of moderate and severe PGD. Moderate L V PGD is a clinical entity 
that also adversely affects post-trnnsplant patient survival Adjudication of PGD in accordance with the 2014 
ISHLT framework str~ ferentiates between moderate and severe L V PGD. FDA identified several 
subjects (e.g. ,. ,_ ,_ ) that successfully met the prima1y endpoint (no severe L V PGD) but 
nonetheless experienced clinically significant allograft dysfunction within the fast 24 hours (e.g., Subject. � required intraoperative ECMO in order to separate from CPB). 

Patient Surv;vaf at Day 30 Post-transpfantatfon: See Table 40. 

Table 40: Patie nt Survival at POD 30 

Patient Survival at POD 30 
TR 

population 
(N=75) 

95% Clof 
Proportion 

Propo1iion 
(n/N) 

94.7% 
(71/75) 86.9 - 98.5 

LONGER-TERM SURVIVAL 

A 12-month survival analysis was pre-specified in the protocol for the TR population. The sponsor rep01ied 
a one-year survival of 84% ( 63/75). One additional subject - ) who unde1went re-transplantation 
(using SOC preservation) on post-operative day (POD) 6 was terminated from the study and had rep01ied 
survival to one year. Although subjects had consented for I-year follow-up, FDA stressed early in 
interactions with the sponsor that they obtain longer-tenn follow-up for EXP AND subjects given FDA' s 
concern with the survival results observed in PROCEED II. AllEXP AND subjects reached the 18-month 
time point by November 2019, and all reached the 2-year follow-up time point by March 2020. The sponsor 
obtained survival status from the SR TR database in Fe brna1y 2020; 18-month survival data were censored 
for 12/75 (16%), and2-year survivaldata were censored for 32/75 (43%). 
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The Kaplan-Meier survival analysis for EXPAND is shown in Figure 13, demonstrating survival rates of 
83.8% at 1-year, 82.2% at 2 years, and 77.7% at 3-years. 

Figure 13: Kaplan-Meier Curve for EXPAND 

As previously discussed, the sponsor generated PROCEED II Kaplan-Meier survival analyses with updated 
SRTR survival data; there was minimal censoring of those data. The updated PROCEED II and EXPAND 
survival curves are presented together in Figure 14. 
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Figure 14: Kaplan-Meier Curves forEXPAND and PROCEED II 

HAZARD FUNCTION AND FITTED PARAMETRIC MODELLING 

The EXPAND survival curve (Figure 14) shows an early hazard function similar to PROCEED II’s OCS 
Heart arm, but with some separation of the survival curves at approximately 2 years. However, this 
observation should be interpreted with caution; as shown by the EXPAND tick marks, there was 
substantial censoring, which is illustrated by the widening confidence intervals of the hazard function 
beginning at 2 years (Figure 15). 
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Accordingly, to estimate the longer-term survival rates, we applied the Exponential and Piecewise 
exponential models to the available EXPAND data, similar to how survival probabilities were predicted 
for PROCEED II (Figure 16 and Table 41). 

Figure 16: Survival Curves forEXPAND and Fitted Models 
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Table 41: EXPAND Survival Probabilities 

Time Post- Survival Probability 
transplantation % (95% Cl) 

Exponential Piecewise Kaplan-
Model* Model* Meier 

1 Year 90.1 83.8 83 .8 
(83 .9, 94.0) (74.7, 91.2) (73.2, 90.5) 

2 Years 81.2 82.1 82.2 
(70.3, 88.4) (72.8, 90.0) (71.4, 89 .3) 

3 Years 73.1 78.0 77.7 
(59.0, 83 .1) (65 .5, 87.8) (62. 7, 87 .2) 

4 Years 65.9 74.1 
( 49.4, 78.1) (55.4, 86.8) 

5 Years 59.4 70.4 
(41.5, 73.4) (46.1, 86.1) 

•Fitted exponential model parameter is ).,=(). 000285 81. Fitted piecewise exponential model 
parameters are ).,= 0.00183 (0-30days), 0.000498 (30-180days) , 0.000258 (180-365days), 
0.000056 (365-730days) , 0.000140 (730-oo). 

The piecewise exponential model shows good agreement with the Kaplan-Meier estimates for EXP AND 
and provides an estimate of longer-tenn survival for EXP AND subjects. Figure 17 provides a combined 
plot that includes Kaplan-Meier cmves for PROCEED II and EXP AND with a prediction for EXP AND. 

Figure 17 Kaplan-Meier Curves for EXP AND, PROCEED II, EXP AND Piecewis e Exponential 
Model 

Kaplan-Meier Curves for EXPAND, PROCEED II Studies and EXPAND Piecewise 
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Based on the piecewise exponential modeL three (3) year survival for EXP AND subjects is expected to 
be 78%; by comparison, the SRTR reports that 3-year survival for US patients who unde1went hea1i 
transplantation between 2011 and 2013 was 85%. Based on the same modeL five (5) year survival 
among EXP AND subjects is expected to be 70%; by comparison, 5-year survival for US subjects in the 
SRTR database was 80%. FDA aclmowledges that modeling of longer-te1m EXP AND survival may 
evolve as more complete mid-te1m survival data become available. 

FDA Comment: Based upon the CUITently available data and modeling, longer-te1m survival for 

EXP AND subjects receiving extended-criteria donor healis preserved using the OCS Hea1i may be 

similar to the survival observed in recipients of standard donor hea1is preserved with the OCS Heaii 

during PROCEED II. The survival rate appears to be lower than the survival of SOC subjects in 
PROCEED II. 

TRANSPLANT WAITING LIST TIMES 

Table 42 compares the TR population demographics and median waiting list times to those of the 
SRTR transplant recipients (2018 data). EXP AND's distributions of blood type and urgency status 
were similar to the SRTR's. A higher proportion of EXP AND recipients were on LV AD or IABP 
supp01i at the time of surge1y. 

Median time on the transplant list was approximately two months sh01ier for EXP AND than the 
SRTR group. The majority of waiting time decrement was aCCiued by blood type O subjects, the 
blood group which generally experiences the longest wait times. The decision by subjects to emoll 
(consent) in the EXP AND study was made after a median of2-3 months on the waiting list. Once 
consented, half of the TR subjects had received their transplanted organs within an additional 1. 5 
months of waiting. 

Table 42: Wait List Times 

Waiting List Times 
EXPAND IR 

(n=75) 
SRIR 

2017-2018 
(n=2967) 

Days on WL prior to transplant (median) 
All 138 (100%) 207 (100%) 
Blood type 

0 151 (45%) 405 (40%) 
A 126 (44%) 150 (39%) 
B 146 (9%) 132 (16%) 
AB 122 (1 %) 45 (5%) 

Urgencv 
Status I A 138 (69%) 59 (66%) 
Status l B 117 (29%) 216(31%) 
Status 2 1860%) 507 (3%) 

Circulatory support at transplant 
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IABP 15% 9% 
LVAD 63% 44% 
BiVAD 1% <1% 
RV AD/ECMO/T AH 0 5% 

Days on WL prior to EXPAND consent (median) 
All 81 -

0 60 -
A 91 -
B 56 -
AB 121 -

Urgency 
Status I A 77 

Status l B 71 
Status 2 185 

Circulatory support at transplant 
IABP 57 
LVAD 113 
BiVAD 7 

Days on WL after EXPAND consent (median) 
All 35 

0 41 
A 22 
B 30 
AB 1 

Urgency 
Status I A 35 
Status l B 33 
Status 2 1 

Circulatory support at transplant 
IABP 34 
LVAD 41 
BiVAD 40 

Pane l: According to the SRTR, 33% of newly listed patients undergo transplantation within 3 
months, and 57% lmdergo transplantation within one year. Within a year of listing, approximately 
16% of subjects either die while waiting for a donor organ or are removed from the list. The OCS 
Reali group had shorter wait times than patients in the SRTR. However, EXP AND was not 
prospectively designed to use the SRTR as a comparator to assess wait times (for which other 
factors may also be considered) . The Panel will be asked to discuss potentially sh01ter wait times 
for an extended-criteria donor heait in the context of post-transplantation outcomes inc hiding post­
transplant smvival 
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Mechanical Circulatory Support Post- Percentage of Subjects Duration of Support 
Transplant (n/ N) (hours) 

Mean±SD 

Mechanical Circulatory Support 26.7% (20/75) 

RVAD 2.7% (2/75) 219.12 ± 31.35 

LVAD 2.7% (2/75) 139.0 ± 93.34 

IABP 18.7% (14/75) 80.0 ± 63.20 

ECMO 12.0% (9/75) 132.04 ± 97.09 

BiVAD 0% (0/75) -

Percentages are calculated based on the number of subjects in the Transplanted Recipient Population w ith non-missing 
data. A recipient may have more than type of post-transplant support, so the percentages may sum to more than 1C>O%. 
Note: The durat ion of support is the sum of the durat ions of all periods of support. 

Length of Init ia l Post-Transplant ICU Stay (Hours) ocs 
(N: 75) 

Mean ± SD 316.8 ± 420.38 

Median 199.9 

Min.- M ax. 55.4 - 2679.5 

Length of Init ia l Post-Transplant Hospital Stay (Hours) ocs 
(N=74) 

Mean ± SD 666.68 ± 554.36 

Median 515.09 

Min.- Max. 211.42 - 3043.05 

POST-TRANSPLANT FUNCTIONAL ASSESSMENTS 

Mechanical Circulatory Support Post-Transplant 

The use of MCS postoperatively in EXPAND is shown in Table 43. 

Table 43:  Post-Operative MCS Support EXPAND 

The postoperative MCS use rate in EXPAND was greater than the rates for either the OCS Heart or SOC 
group for PROCEED II (see Table 20). 

Initial ICU and Hospital Stays Post-Transplant 

ICU and hospital stays for EXPAND are shown in Table 44. 

Table 44:  ICU and Hospital Stays (index) 

Median and Mean ICU and hospital stays were longer for EXPAND subjects than either the OCS Heart or 
the SOC group of PROCEED II (see Tables 17 through 19). 
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SAFETY ENDPOINT 

There was no pre-specified prima1y safety endpoint hypothesis test. 

Secondary Safety Endpoint 

The safety endpoint was based upon the occunence of adjudicated H GRSAEs (Table 45). 

Table 45: Heart Graft-Related SAEs 

HEART GRAFT-RELATED SERIOUS ADVERSE EVENTS UP TO 30 DAYS AFTER TRANSPLJ.NTATION 
TRANSPLANTED RECIPIENT POPULATION 

ocs 
Twe ofHGRSAE (N=75) 
At Least One HGRSAE 12 (16.0%) 

Severe L V PGD 6 ( 8.0%) 
Moderate L V PGD 3 ( 4.0%) 
RVPGD 2 (2.7%) 
Primary Graft Failure Requiring Re-transplantation I ( 1.3%) 

The safety endpoint (Table 46) was the average number of H GRSAEs experienced by TR recipients . Since 
each subject was at risk of experiencing a maximum of 4 HGRSAEs, the safety endpoint could have ranged 
from 0-4. One subjectdeveloped2 HGRSAEs (severe LV PGD + re-transplantation). 

Table 46: Safety Endpoint Results 

Safety Endpoint 
Mean number ofHGRSAEs 

1R 
population 

(N=75) 

95% CI of 
Proportion 

Number of HGRSAEs 12 -
Subjects with a HGRSAE 

(n/N) 
14.7% 
(I 1/75) -

Mean number of HGRSAEs/subject 
(Safetv Endooint) 

0.16 
02/75) (0.1 - 0.2) 

Serious Adverse Events 

FDA found the types and rates ofSAEs to be consistent with expectations for hea1i transplantation studies. 
A total of 75% of TR subjects experienced an SAE, and 41 % experienced a cardiac SAE. Notable per 
subject SAE rates were stroke ( 4%), acute renal faihn·e (13% ), and allograB rejection events (16% ). As with 
PROCEED II, no SAEs were adjudicated as having been device-related. 
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L DEVIATIONS 
TRANSPLANTED RECIPIENT POPULATION 

Type of Protocol Deviation 
Any Protocol Deviation 

Donor Eligibility Criteria 
Donor assessment not perfom1ed 
Donor assessment out of time window 
Recipient eligibility criteria not met 
Recipient assessment not performed 
Recipient assessment out of window 
Failure to follow IFU 
Other 

ocs 
(N=75) 
n (¾) 

49 (65.3%) 

0 
17 (22.7%) 
32 (42.7%) 

0 
7 ( 9.3%) 

10 (13.3%) 
0 

9 (12.0%) 

PROTOCOL DEVIATIONS 

Protocol deviations were compiled by TransMedics (Table 47).  Unlike PROCEED II, there was no sub-
classification as “violation” versus “deviation.” The majority of deviations were related to assessments 
performed out-of-window and thus are unlikely to have affected the results.  However, FDA notes that there 
were no “Failure to follow IFU” deviations listed.  This accounting is not accurate, as TransMedics informed 
FDA of 17 IFU deviations involving disconnection of the PA cannula. 

Table 47: EXPAND Protocol Deviations 

7.3  EXPAND CAP 

7.3.1 Study Design 

EXPAND CAP (CAP) was a multicenter, single arm trial approved to preserve on the OCS Heart System 
and transplant up to 75 donor hearts not meeting sponsor-defined standard donor heart acceptance criteria. 
The study included a total of 10 sites identified by the sponsor. 

INCLUSION AND EXCLUSION CRITERIA 

Recipient inclusion and exclusion criteria for CAP were the same as EXPAND except for the following: 

• EXPAND excluded all subjects with a diagnosis of “chronic renal insufficiency” (CRI), whereas 
CAP excluded patients with CRI requiring hemodialysis or renal replacement therapy. 

Donor inclusion and exclusion criteria for CAP were similar to EXPAND except that CAP: 

• Modified the timing and duration of the ejection fraction exclusion criterion datapoint; 

• Clarified the definition of “significant coronary artery disease” as being <50% on angiogram; 

• Clarified that a “history” of carbon monoxide (CO) poisoning, rather than death “caused by” CO was 
an inclusion. 
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FDA Comment: Prior to the request for a CAP study in October 2018, and the submission of the 
EXPAND PMA in December 2018, FDA observed that the most frequent reason for EXPAND donor 
hearts to be considered “expanded criteria” was expected cross-clamp time (ECCT) ≥ 4 hours, noting to the 
sponsor that this corresponded to a sizeable sub-group of EXPAND donor hearts structurally and 
functionally more analogous to standard-criteria donor hearts than the donor hearts included on the basis of 
the other listed expanded donor criteria. FDA cautioned that it was not possible to know a priori whether 
the collected data from EXPAND would, if favorable in aggregate, be applicable to all expanded donor 
criteria subgroups. To facilitate subsequent PMA determinations, FDA therefore suggested in August 2018 
that the data from EXPAND inform a choice of a narrower donor heart population for the follow-on 
investigation. Specifically, FDA recommended that TransMedics consider limiting the requested 
supplemental study to donor hearts with ECCT ≥ 4 hours and/or reported down-time ≥ 20 minutes. The 
sponsor disagreed with this recommendation, and therefore FDA alternatively requested that the EXPAND 
CAP protocol be as consistent as possible with EXPAND, so that the CAP data might supplement the 
pivotal study’s data. FDA indicated that an analysis of pooled data from EXPAND and EXPAND CAP 
(without hypothesis-testing) could assist in the overall assessment of the device’s safety and effectiveness. 

ENDPOINTS 

CAP had a single Primary Endpoint of transplant recipient and allograft survival at post-operative day (POD) 
30 in the absence of severe primary heart graft dysfunction (PGD) in the first 24 hours post-transplantation.  
This unpowered endpoint was the same as the powered, hypothesis-tested Primary Effectiveness Endpoint of 
EXPAND.  CAP’s three secondary endpoints and a single safety endpoint evaluating heart graft-related 
serious adverse events (SAEs) were the same as EXPAND.  CAP defined 4 “other endpoints” (survival at 6 
and 12 months, PGD leading to re-transplantation, duration of initial ICU stay, and duration of initial 
hospitalization); these data, while not specified as endpoints in EXPAND, were collected in the earlier study. 

ANALYSIS POPULATIONS 

CAP’s two pre-specified analysis populations (TR for recipients, OCS-H for donor hearts) were the same as 
EXPAND’s, except that, unlike in EXPAND, CAP’s TR population did not exclude recipients for whom 
there were: 

• donor or recipient inclusion/exclusion criteria violations; 
• protocol violations; or 
• IFU failures. 

As noted in Section 7.2.2, FDA recommended that EXPAND include ITT and mITT analysis populations, 
but this was not done. In CAP, the sponsor further clarified that a subject (recipient) was enrolled only after 
transplantation with an OCS-instrumented donor organ; all other recipient-donor matches were considered 
“screen failures.” 

7.3.2 Study Enrollment 
The study was approved for up to 8 sites, though a total of 10 sites were included by the sponsor. At the 
time of database lock (August 26, 2020), 50 recipients had consented, 3 had withdrawn (transplantation 
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off-study), and 2 remained on the waiting list. 45 subjects were emolled after trnnsplantation (TR 
population) , but 4 of them (3 at Site C0l and 1 at Site C06) had not yet reached the 30-day post­
transplantation Prima1y Endpoint time point and were censored from the TR analysis population. 

F01iy-nine (49) donor hea1ts were procured and instnunented onto the device. Four (4) of these OCS-H 
population donor hea1ts were turned-down by investigators after support. 

Table 48: EXPAND CAP Sites 

SITE Site # Trans planted (% ) Turned 

(n=41 "ith at leas t 30- 00\Ul 

~ ~ { ~ 
day data) (n=4) 

COi 24 (591/o) [+3 censo1ed] 0 

C03 5 (12%) 0 
C04 0 2 

C05 4 (100/o) 0 
C06 5 (12%) [+I censored] 0 
C08 0 I 

COll I (2%) 0 

COl2 2(5%) I 
C09 0 0 
CO2 0 0 

Four (4) of the 10 sites in EXP AND CAP also emolled in EXP AND (C0l, C06, CO2, and C0ll), in 
which they were middle-to-high-emolling centers . 2 sites were newly activated for CAP (C03 and C08), 

while 3 sites, although previously activated for EXP AND, did not emoll EXP AND subjects(C04, COS, 

and C012) . One site (C09) activated for CAP did not contribute any donors or recipients. 

FDA Comment: A single site (COi ) enrolled a majority of the subjects in CAP. This site was 
also the highest enrolling site in EXP AND. FDA repeatedly advised the sponsor that such subject distribution 
was not consistent with the intent of either the CAP or the IDE trial and introduced challenges to data 
interpretability and generalizability. 

EXPAND sites that were selected to participate in EXPAND CAP had higher subject survival and donor heart 
utilization rates vs. EXPAND sites that were not invited to participate in EXPAND CAP (Table49): 
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Table 49: EXPAND Clinical Sites included as EXPAND CAP Clinical Sites 

EXPAND Site EXPAND 1-year Survival Rate Utilization rate N X * 
Enrollment (N) n N (0 o) (0 o) 

EXPAND Sites included as EXPAND CAP Sites 
29 26/29 (90%) 

3 

13 

7 

2 

1 
1 

3/3 (100%) 

12/ 13 (92%) 
Subject- was enrolled, 
withdrawn on POD 6, re­
trans /anted on da 7 
7/7 (100%) 

¾ 

1/2 (50%) 

7/ 581/o 
1/1 (100%) 

56% 
* X=numberof donor hearts supported by the OCS Hea1t Sys tern 

29/34 (85%) 

3/4 (75%) 

13/16 (81%) 

7/10 (70%) 

¾ 

1/2 (50%) 

2/5 (40%) 

1 / 86¾ 
1/1 (100%) 

73% 

7.3.3 Donor Heart Demographics and Characteristics 

Pre-procmement Demographics 

Key donor and recipient demographic and baseline characteristics for the TR population are 
presented in Table 50. Compared to EXP AND, although there were proportionately fewer female 
donors (28% EXP AND vs . 15% CAP), the female-to-male donor mismatch rate was greater in 
EXPAND (16% EXPAND vs. 0o/oCAP, p=0.01) . The following trends were also noted: 

• Pre-transplantation V AD use was substantially lower in CAP, while pre-transplantation 
IABP use was more frequent, perhaps reflecting UNOS wait-list modifications that now 
prioritize IABP use over V AD support. A higher proportion of CAP recipients were UNOS 
Status II (Status 6). 

• CAP recipients trended toward being yollllger and included a higher prop01tion of Blacks. 
The age of CAP donors was similar to EXP AND and included a lower propo1tion of Blacks. 
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• CAP recipients had less pre-existing chronic renal dysftmction ( although the renal 
dysftmction definitions differed) . 

Table 50: CAP Trans plant Recipient and Donor (pre-procurement) Baseline Characteristics 

Baseline Characteristics 

Recipients 
(n=41) 

Donors 
(n=41) 

Age 
Mean 
(SD) 

52.13 (14.21) 36.65 (10.34) 

Median 56.40 36.50 
Min-
Max 

19.4 - 69.9 18.9 - 56.2 

Gender 
Male n (%) 32 (78.0) 35 (85.4) 
Female n (%) 9 (22.0) 6 (14.6) 

Race 
American Indian or Alaskan 
Native 

n (%) 0 0 

Asian n (%) 0 1 (2.4) 
Black of African American n (%) 12 (29.3) 6 (14.6) 
White n (%) 28 (68.3) 28 (68.3) 
Other n (%) 1 (2.4) 2 (4.9) 
Unknown N 0 4 (9.8) 

BMI (kg/m2) 
Mean 
(SD) 

29.43 (4.68) 29.50 (8.61) 

Median 28.82 28.01 
Min-
Max 

19.7 - 39.4 19.0 - 49.6 

Renal Dysfunction N 41 
Yes n (%) 1 (2.4) -
No n (%) 40 (97.6) -

Donor Final Ejection Fraction (%) N - 41 
Mean 
(SD) 

- 59.7 (7.83) 

Median - 60.0 
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Min -
Max 

- 45 - 78 

Recipient Panel Reac tive Antibody 
(%) 

N 41 -

Mean 
(SD) 

6.6 (17.90) -

Median 0.0 -
Min -
Max 

0 - 79 -

Recipient Listing Status N 41 -
IA (Status 1-3) n (o/o) 25 (61. 0%) -
1B (Status 4) n (o/o) 12 (29.3%) -
II (Status 6) n (o/o) 4 (9 .8%) -

Male recipient/Female donor N 32 6 
Female donor to male recioient n (o/o) 0 0 

Recipient MCS N 41 -
IABP n (o/o) 16 (39.0%) -
LVAD n (o/o) 11 (26.8%) -
RVAD n (o/o) 1 (2.4%) -
BNAD n (o/o) 0 
ECMO n (o/o) 2 (4.9%) 

7.3.4 Donor Heart Inclusion Criteria 

Donor organs were accepted into the study if they fulfilled one or more inch1Sion criteria. The distribution of 
qualifying criteria for the OCS-H population (hearts perftISed with the OCS Hea1t System) is shown in Table 
51. 28/45 (62%) ofOCS-H hea1ts were inch1ded on the basis of a single inch1Sion criterion; expectedcross­
clamp time :::: 4 hours (ECCT :::: 4) accounted for 19 of the 28 (68%) single-criterion donor organs, making 
anticipated cross-clamp time alone the most frequent reason investigators opted for the device ( 42% of the 
CAP procurements). As noted in Section 7 .2. 5, single-criterion ECCT :::: 4 hours was also the most common 
reason for EXP AND investigators to use the device; 21/93 (23%) EXP AND procurements were based on 
this criterion alone. 

Four ( 4) OCS-H hea1ts (9%) were turned-down after pe1fusion with the device (Table 51). All four were 
single-criterion ECCT :::: 4 hours, which con esponds to21% (4/19) of CAP ECCT :::: 4hour-onlyhea1ts 
turned-down after initial acceptance and procurement. In EXP AND (Section 7.2.5), 14% ofECCT :::: 4-only 
hearts were turned-down after initial acceptance and procurement. 
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Table 51: CAP Donor Heart Inclusion Criteria 

Donor inclusion criteria 
OCS-H hearts (n=45) 

1R hearts 
(n=41) 

Turned-down 
hearts (n=4) 

Single criterion 24 4 
Muhi.ple criteria 17 0 
ECCT 2::4 25 4 
Downtime > 20 min 10 -
EtOH 7 -
EF 2:: 40% S 50% 6 -
LVH 5 -
Luminal irre1mlarities 3 -
2:: 55 y/o 2 -
CO as cause of death 0 -
Diabetes 1 -
45-55 v/o, no cardiac cath 0 -

Six ( 6) OCS-H donor hea1is inch1ded " L VEF ~ 4 0%, but~ 5 0% at time of acceptance of offer" as an 
incrusion criterion. However, FDA noted that 3 of these 6 hea1ts had subsequent pre-procurement L VEFs > 
50%. In addition, 1 of these 6 heaits had an LVEF rep01ied by UNOS as 500/o based on an ECHO 
_ ), but an LVEF rep01ied in the CRF of 600/o based on an Angiogram _ ), 1 had an LVEF 
rep01ied by UNOS as 55% (based upon echo repo1i of "50-55%"), and 1 had serial echo's documenting 
EF=50-55% before a fmal echo repo1ied EF=45-50%. 

7.3.5 Donor Heart Preservation Summary 

PRESERVATION PARAMETERS 

OCS Hea1i perfusion parameters are shown in Table 52. Ischemic and pump perfusion times for 
transplanted donor heaits were similar in CAP and EXP AND (average OCS perfusion time ~4½ hours, 
average ischemic time ~1¾ hours). Tmned-down donor hea1is had similar pre-OCS ischemic times 
EXP AND vs CAP ( ~30 minutes), but modestly longer OCS perfusion times as compared to the 
conesponding transplanted population (anadditional 20 minutes in EXPAND vs. 50 minutes in CAP). 

Perfusion parameters (a01iic pressure (AOP) and corona1y flow) were clinically similar across the two 
studies, and there were no clinically evident differences between OCS-H organs that were transplanted 
and those that were turned-down in CAP or EXP AND. Average initial and fmal lactate levels in CAP 
were similar to EXP AND, although the range of what fmal lactate levels investigators considered to be 
acceptable for transplantation was wider in CAP. There were 4 CAP OCS-H donor organs that had a 
fmal a1ierial lactate > 5.0 mmol/L, 2 of which were trans !anted, and 2 of which were tmned-down after 
perfusion (Table 53). One of the transplanted hea1ts ___ ) had a pre-instnunentation arterial lactate 
of 5.25 mmol/L. 

89 



Table 52: Preservation Parameters CAP 

OCS-H Population 
Preservation Parameters 

1R hearts 
(N=41) 

Turned-down 
hearts (N=4) 

Pre-OCS Is chemic Tnre (mins) n 41 4 
Mean(SD) 37.2 07.1) 29.8 (5.9) 

Median 33 30.5 
Min - Max 20 - 99 22 - 36 

OCS Perfosion Tnre (mins) n 41 4 
Mean(SD) 278.3 (77 .2) 328.5 (56.5) 

Median 278 333 
Min - Max 158 - 440 256 - 392 

Post-OCS Is chemic Tnre (mins) n 41 n/a 
Mean(SD) 66.7 0 4.9) 

Median 66 
Min - Max 20 - 105 

Totallschemic Tnre (mins) n 41 n/a 
Mean(SD) 104.0 (22.2) 

Median 98 
Min - Max 69 - 189 

Total "Q-o s s Clarno" Tnre (min) n 41 n/a 
Mean(SD) 382.3 (87.9) 

Median 385.0 
Min - Max 253 - 585 

Arterial Lactate-Initial OCS n 41 4 
Mean(SD) 1.8 (0.85) 2.2 0 .04) 

Median 1.7 1.9 
Min - Max 0.67 - 5.70 1.29 - 3.69 

Arterial Lactate-Final OCS n 41 4 
Mean(SD) 2.9 (1.26) 5.7 0 .74) 

Median 2.6 5.5 
Min - Max 1.28 - 7.59 3.92 - 7.89 

A OP Mean (mmH2) n 41 4 
Mean(SD) 77.4 (8.5) 77.3 02.7) 

Median 79.3 80.9 
Min - Max 52 - 96 59 - 88 

Corona1y Flow (Umin) n 41 4 
Mean(SD) 0.729 (0.113) 0.710 (0.178) 

Median 0.750 0.791 
Min - Max 0.32 - 0.92 0.44 - 0.81 
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Table 53: EXPAND CAP Hearts with a Final Arterial Lactate > 5 mmol/L 

Subject UNOSID Final Lactate 
mmol/L 

6.3 

7.89 

Outcome 

Tx 

TD 

TD =Tumeddownheait;Tx= transµantedheait 

PA CANNULA DISCONNECTIONS 

Based upon the OCS corona1y flow trend data , FDA identified 5/45 (11%) CAP OCS-H donor organs 

for which the PA outflow cannula was disconnected during some of the perfusion period. In EXP AND, 

PA cannular disconnection occuned in 18% of OCS-H organs (perf01m ed to adch-ess perceived donor 

hea1t RV dysfunction on the device). One of the 5 CAP healis with PA outflow cannula disconnection 

was subsequently turned-down after preservation, and 2 of the 4 transplanted CAP hea1ts with PA 

outflow cannula. disconnection had fmal lactate levels > 5.0 mmol/L. 

7.3.6 EXPAND CAP Study Results 

CAP Prima1y , Seconda1y, and Safety Endpoints results were similar to those observed in EXP AND. 

EFFECTIVENESS RESULTS 

Prhnarv Endpo;nt 

Table 54: Primary Endpoint 

Survival at POD 30 without 
severe PGD (L V or RV) 

TR 
population 

(N=41) 

95% Clof 
Proportion 

Proportion 
(n/N) 

97.6% 
(40/41) 

87.1 - 99.9 

Secondary Endpoh1ts 

Table 55: Patient and Graft Survival at Day 30 Post-trans plantation 

Patient/Graft Survival at POD 30 
TR 

population 
(N=41) 

95% Clof 
Proportion 

Proportion 
(n/N) 

1()()0/o 
(41/41) 

91.4 - 100 
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Table 56: Incidence of severe PGD in the first 24 hours post-transplantation 

Incidence of Severe PGD (LV or RV) 
1R 

population 
(N=41) 

95% CI of 
Proportion 

Proportion 
(n/N) 

2.4% 
0/41) 0.1-12.9 

Table 57: Donor heart utilization 

OCS-H 
Donor Hea11 Utilization population 

(N=45) 
Proportion 91% 

(n/N) (41/45) 

SAFETY RESULTS 

Safety Endpo;nt 

The safety endpoint was based upon the occun ence of HGRSAEs (Table 58). 

Table 58: Heart Graft-Related SAEs 

PRIMARY SAFETY ENDPOINT AND LISTING OF HORSAES BY TYPE 
OCS TRANSPLANTED RECIPIENTS POPULATION 

Parameter 
Number of be:>rt graft-related serio11s adverse evems 11p to 30 days after transplantation 

Statistic 
11 

Mean 
Me.dian 

ocs 
(N=41) 

41 
0.2 
0.0 

SD 
l\1inun nm - l\{axllnum 
95¾ Cl for Mean (l ) 

0.38 
0 -1 

(0.1, 0.3) 

HGR.SAfa by Type 

Moderate or severe PGD (LV or RV), U/N (%) 
Primazy Graft failure requiring re-transplantation 

11/N(¼) 
11/N(¼) 

7/4] (17.1%) 
0 
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Table 59: Safe ty Endpoint Results 

Safety Endpoint 
Me an number of HGRSAFs 

1R 
population 

(N=41) 

95% CI of 
Proportion 

Number of HGRSAEs 7 -
Subjects with a HGRSAE 

(n/N) 
17.1% 
(7/41) -

Mean number of HGRSAEs/subject 
(Safety Endpoint) 

0.2 
(7/41) 

(0.1 - 0.3) 

LONGER-TERM SURVIVAL 

Six and 12-month smvival analysis were pre-specified in the CAP protocol for the TR population. 
Six and 12-month smvivalprobabilities were 100% and93%, respectively. In EXPAND, the 
smvival probabilities were 93% and 84% at 6 and 12 months, respectively (Figure 18). 

Figure 18 EXPAND and EXPAND CAP 6-Monthand 12-Month Survival Probabilities 
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Of note, the CAP survival cmve includes a substantial amount of censoring due to many of the 41 TR 
subjects not having reached the follow-up time points: 21/41 (51%) censored prior to 6 months, and 
34/41 (83%) censored prior to 12 months. 
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POOLED EXPAND AND EXPAND CAP KAPLAN-MEIER CURVES AND FITTED PARAMETRIC MODELS 

Kaplan-Meier Curve 

Enrollment criteria and endpoints were generally the same for CAP and EXPAND. Notwithstanding 
site disparity and demographic baseline characteristic differences between CAP and EXPAND donors 
and recipients, FDA believes the two datasets are poolable from a clinical standpoint. 

A Kaplan-Meier survival analysis for Pooled EXPAND and EXPAND CAP is shown in Figure 19 
demonstrating survival rates of 87.2% at 1-year, 85.5% at 2 years, and 80.8% at 3-years. 

Figure 19 Kaplan-Meier Curve for Pooled EXPAND and EXPAND CAP 

94 



 

 

 

       
   

    

        
    

       

      
 

 

 

        
     

           
        

           
      
      

& 1.0 

1:! 
"' :ti 

I 

1: 
iii 
.s 
-;;; 
lJ.J 0.5 

0.0 

Bandwidth=1.3 

Pooled EXPAND+CAP Studies Smoothed Hazard Function 

0.5 1.0 1.5 

Years from Trans plant 

� 95% Confidence Limits 

2.0 2.5 

Fitted Parametric Models 

To estimate the longer-term survival rates, we applied various parametric models (analogous to the 
parametric modeling method described earlier) to extrapolate to longer-term survival rates from the 
pooled available EXPAND + EXPAND CAP data.  

From the Kernel-Smoothed Hazard Function plot in Figure 20, it appears that the hazard function tends 
to decrease early post-heart transplantation and then increase. The variance of the estimated hazard rate 
tends to increase towards the end of the follow-up when fewer patients are at risk. 

Figure 20: Pooled EXPAND and EXPAND CAP Smoothed Hazard Function 

Similar to the PROCEED II and EXPAND analyses, FDA applied exponential and piece-wise models to 
pooled EXPAND and EXPAND CAP data to extrapolate the survival function.  For the piece-wise 
exponential model, FDA specified the following intervals: 0 to 30 days, (30 to 180days, 180 to 365days, 
365 to 730days, and > 730 days. Table 60 shows the estimated survival rates and confidence intervals 
using the two parametric models and survival rates estimated by Kaplan-Meier. Figure 21 shows the 
pooled EXPAND and EXPAND CAP Study (EXPAND+CAP) Kaplan-Meier survival curve and the 
survival functions of the fitted parametric models. 
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Table 60: Survival Probability ofthe Pooled EXPAND and EXPAND CAP Dataset 

Time Post- Survival Probability 
transplantation % (95% Cl) 

Exponential Piecewise Kaplan-
Model* Model* Meier 

1 Year 90.9 87.1 87.2 
(85.4, 94.4) (79 .9, 92.9) (78.8, 92.4) 

2 Years 82.7 85.4 85.5 
(72.9, 89.2) (77.6, 91.7) (76.5 , 91.3) 

3 Years 75.2 81.1 80.8 
(62.3, 84.2) (69.4, 89.7) (66.3 , 89.5) 

4 Years 68.3 77.1 
(53.2, 79.5) (58.3, 88.8) 

5 Years 62.1 73.2 
(45.4, 75.0) (48.8, 88.2) 

• Fitted exponential model parameter is')..,= 0 . 00026095. Fitted piecewise expcmntial model 
parametersare 1= 0.00117(0-30days), 0.000341 (30-180days) ,0.000281180-365days) , 
0.000055 (365-730days) ,0.000140(730-oo) . 

Figure 21: Survival Curves forthe PooledEXPAND + CAP Data SetandFittedModels 

Survival Curves for Pooled EXPAND+CAP Studies and Fitted Models 
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According to the estimated hazard function, the piece-wise exponential model appears to be a more 
reasonable choice than the exponential model for the pooled EXPAND and EXPAND CAP dataset, 
because the estimated hazard function does not seem to be a constant. Figure 22 shows a combined plot 
that includes Kaplan-Meier curves for PROCEED II, EXPAND, and the pooled EXPAND+CAP dataset, 
with a prediction for the EXPAND and EXPAND+CAP pooled dataset. 

Figure 22: Kaplan-Meier Curves for EXPAND, Pooled EXPAND+CAP, Proceed II and 
EXPAND, and Pooled EXPAND+CAP Piecewise Exponential Model 

As shown in Figure 22, pooling of CAP with EXPAND shifts the extended-criteria heart survival curve 
upward. However, due to the large variability in KM estimates (presented in Table 60), the high 
proportion of CAP subjects enrolled at a single site, and limitations associated with comparing results 
across different studies, this observation should be interpreted with caution. 
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POST-HOC ANALYSES OF DONOR HEART INCLUSION CRITERIA IN POOLED EXP AND+cAP 

Single-criterion ECCT ~ 4 hours was the most frequent justification for use of the device in EXP AND, 
and this pattern was observed in CAP. Single-criterion ECCT ~ 4 hours accounted for 29% ( 40/138) of 
the pooled OCS-H population (Table 63) and 28% (33/116) of the pooled TR population (Table 61). 
F01iy-eight percent ( 48%) of EXP AND+cAP organs were prospectively identified as having ECCT ~ 4 
hours (29% as the sole inclusion criterion, 19% with other criteria) . 

Table 61: Donor Inclus ion Criteria by Study -Transplanted Hearts (TR) 

EXPAND 
(N=75) 

CAP 
(N=41) 

EXP (updated)+CAP 
(N=116) 

ECCT>4 hrs (as a criterion) 28/75 (37%) 25/41 (61%) 53/116 (46%) 
ECCT>4 hrs (sole criterion) 18/75 (24%) 15/41 (37%) 33/116 (28%) 

Table 62: Donor Inclus ion Crite ria by Study -Turne d Down Hearts 

EXPAND 
(N=18) 

CAP 
(N=4) 

EXP (updated)+CAP 
(N=22) 

ECCT>4 hrs (as a criterion) 9/18 (50%) 4/4 (100%) 13/22 (59%) 
ECC~ 4 hrs (sole criterion) 3/18(17%) 4/4 (100%) 7/22 (32%) 

Table 63: Donor Inclus ion Crite ria O CS-H Population EXPAND+CAP 

OCS-H Population EXPAND+CAP 
(N=138) 

ECCT>4 hrs (as a criterion) 66/138 (48%) 
ECCT>4 hrs (sole criterion) 40/138 (29%) 

Eighteen percent (7/40) of the EXP AND+cAP OCS-H organs with ECCT ~ 4 hours as the sole 
inclusion criterion w ere turned-down for transplantation after device preservation. 15/98 (15%) of the 
other EXP AND+cA P OCS-preserved hearts w ere turned-down. 

12-month survival in EXP AND for transplanted hea1i s with the single-criterion ECCT ~ 4 hours was 
88% (see Figure 1.6 in Appendix I). 9% (3/33) of EXP AND+cAP subjects transplanted w ith single­
criterion ECCT ~ 4 hours have died within one year, accounting for 23% (3/13) of all 12-month deaths 
thus far (follow-up not yet complete). 
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FDA Comment: FDA believes a donor heaI1 meeting only the inchISion criterion ECCT ~ 4 hours was, 
at the time of procurement, fimctionally and clinically analogous to a standard-criteria donor organ. 
Although the OCS device is specifically designed to offset deleterious effects of prolonged cold 
ischemia (ie., > 4 hours), post hoc analyses indicate that the tum-down rate (18%) among these 
"functionally" standard-criteria donor organs after > 4 hours of machine preservation was relatively 
high, in contrast to both the SRTR database(< 1%) and to the results from standard-criteria hea1is in 
PROCEED II (00/o SOC, 7% OCS). One-year survival in this subgroup of donor hea1is after OCS 
preservation is below that of standard-criteria donor heaI1s procured and transpo1ied with cold static 
preservation techniques. Considering the totality of data, the Panel will be asked to discuss any 
concerns regarding device lISe on the basis of anticipated cross-clamp time absent other co-existing 
extended donor characteristics. The Panel will also be asked to consider the proposed Indications for 
Use and labeling and whether modifications are needed to ensure a reasonable assurance of safety and 
effectiveness regarding extended donor characteristics. 

LONGER-TERM SURVIVAL - SITE EFFECT 

A site effect analysis for the Primaiy Endpoint found no adjustments were needed for site effects for the 
ooled dataset -0.8818). 53/116 (43%) pooled TR subjects were from the ~emolling site (C0l , 

) . FDA requested a post hoc analysis of survival comparing .. to all other sites. The 
-12--mo ""'_ ___ al at - was 93% (95% CI: 80, 98), and the smvival estimate at the other sites - - -nth sm:viv· 
combined was 82% (95% CI: 69, 90). 

Figure 24: Survival o vs. All Other Sites 
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Of note, 8 of- 58 OCS-H donor hea1is (14%) were single-criterion ECCT ~ 4 hours; 32 of the 
combined other srtes ' 80 OCS-H hearts (40%) were that sole criterion. 

99 



 

 

    
 

 
 

 
    

   
     

 
    
     

    
 

 

     
 

  

    
  

 

 
   

    

5.5 
5 

-:;4,5 
:::,. 4 

~3.5 
E 3 
_;2.5 
1. 2 
t:1.5 
!I 1 

0.5 
0 

-

.. -

_:i;_ -... · 
~ 2.4 -- z.z -- -- -

' 
ocs St arting ocs Ending 

Lactate Lactat e 

OCS Preserved a.nd Transpla.nted 
Hearts - Panel a 

6 
5 .5 

5 
~ 4 .5 
:::,. 4 
~ 3 .5 
E 3 
.;-2.5 
1. 2 

N 1 .~ 

0.5 
0 

ocs St arting OCS Ending 
Lactate Lact ate 

OCS Preserved a.nd Tum ed Down 
Hearts - Panel b 

Figure 3-1: Starting and Ending Levels for OCS Pro.served Hearts That Were 
Transplanted (Panel a) versus OCS Preserved Hearts That Were Turned Down for 
Transplantation (Panel b) 

8.  Turned-Down Hearts: Clinical and Clinicopathologic Analyses 

8.1  PROCEED II Turned-Down Donor Hearts: Clinical Analysis 
Five (5) PROCEED II OCS Heart System-preserved donor hearts (for 4 recipients) were turned down by 
investigators after preservation with the device and not transplanted.  The reason for turn-down was rising 
lactate for 3 hearts, inability to maintain aortic cannula positioning in 1, and aortic regurgitation in 1. Two of 
the 4 enrolled recipients were transplanted off-study (1 screen failure, 1 withdrawal). The other 2 patients 
maintained their randomization assignment with subsequent waiting list periods of 2 and 6 weeks. 

Lactate level was the cited clinical reason for turn-down of 3 hearts.  Elevated lactate immediately prior to 
donor cardiectomy was also the justification for one surgeon’s decision to preserve an OCS Heart-

s donor organ ( (b) (6)randomized subject' ) with SOC instead. Rising lactate level was observed during the 
course of OCS Heart support in 4 of the 5 turned down hearts. Starting in vivo lactate levels were clinically 
similar for transplanted and turned-down OCS Heart supported hearts (Figure 18). No blood lactate data 
were obtained from SOC-randomized donor organs during the harvesting procedure. 

Figure 25: Lactate levels for transplanted and turned-down OCS Hearts 
(PROCEED II) 

Among the 4 OCS Heart recipients who failed the Primary Study Endpoint, rising lactate while on OCS 
Heart perfusion was not a reproducible finding; average lactate at the end of OCS Heart perfusion in these 
patients was unchanged from the average starting value (2.4 mmol/L). 

The sponsor explained that the turned-down hearts had “undiagnosed pre-retrieval pathologies that render 
these hearts to be considered ‘non-standard’ and represent potential high risk to patients.” Given the 
randomized trial design, FDA believes a similar incidence of non-standard donor hearts would likely have 
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indicates the 

been present in the SOC control ann. In an independent analysis, FDA reviewed the core pathologist's 
reports ( see Appendix E) for each of the turned down hea1ts. FD A does not support the pos tf acto concrusion 
that the turned-down hea1ts were probably unsuitable for transplantation because of pre-existing pathologies. 
See FDA' s pathologic analysis of turned-down hea1ts below for further discussion. Of note, tum-down of 
conventionally preserved donor hea1ts is a ve1y rare occun ence in clinical practice but represented 7% of 
accepted PROCEED II standard-criteria OCS Heait pe1fused heaits . 

For randomized subjects who were not transplanted with the initial hea1t but were transplanted with a second 
( or third) study organ, the protocol required separate repo1ting of adverse events (AEs) from the beginning of 
subject preparation for transplantation with the initial hea1t to the beginnin~ ect p~ tion for 
transplantation with subsequent hearts . Source documentation for Subject~ and-
decisions to reject the donor organs were made after the subjects had been anesthetized, and Subject 
had had median stemotomy perf 01med. Relevant source documents for the other 2 subjects (Subjects 
and- ) were not provided to FDA. 

8.2 EXP AND Turned-Down Donor Hearts: Clinical Analysis 
Turned-down donor hea1ts in EXP AND comprised 19% (18/93) of the OCS Heaitdonorpopulation. The 
protocol-specified clinical criteria for donor hea1t transplantation at the conch1Sion of the support period with 
the OCS Hea1t device were as follows: 

• fmal total a1t erial circulating OCS Heait perfusate lactate < 5 mmoVL 

• stability of OCS Heart Pe1fusion Parnmetern within ranges: 

o meanAOP:40-lOOmmHg 

o CF: 400-900 ml/min 

L VH hearts may require higher CF and/or A OP 

Among the turned-down hearts, investigators cited the following in the CRFs as qualifying criteria for 
preservation with the device (propo1t ions differ from those in the amended dataset): 

• ECCT ~ 4 (n=6, 33%) 

• EF ~ 40% :S 50%(n=3, 17%) 

• ECCT ~ 4 +downtime ~ 20 minutes (n=3, 17%) 

• ECCT ~2 + downtime ~ 20 minutes (n=2, 11 % ) 

• ECCT ~2 + downtime ~ 20 minutes + huninal nTegularities/no CAD (n=l , 6%) 

• ECCT ~2 + downtime ~ 20 minutes + huninal nTegularities/no CAD+ ~ 55 y/o (n=l, 6%) 

• ECCT ~2 + huninal nTegularities/no CAD (n=l , 6%) 

• ECCT ~2 + age 45-55, no cardiac catheterization (n=l , 6%) 

Donor hea1ts: There were 18 EXP AND donor heaits placed on the OCS Hea1t System and intended for 
transplant but were subsequently deemed unsuitable for use. Donor hearts were from 15 men and 3 
women (mean age 31 ± 15 years, range 13 to 56 years) . Brain death was due to intracranial bl.eeding in 
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5 cases, asphyxia/suicide in 4 cases, chug overdose in 4 cases, head trauma in 4 cases, and drowning in 1 
case. The study revised inclusion criteria met by the donor hearts are shown in Table 48. 

Table 64: Inclusion criteria (revis ed) met by 18 EXPAND study turned down hearts 

Inclusion C1iteria Number of hearts 
Expected cross clamp time >4 hrs 3 hearts 
Expected cross clamp time >4 hrs, phis down time 5 hearts 
Expected cross clamp time >4 hrs , phis coronaiy 
hnninal irregulai·ities 

1 heait 

Expected cross clamp time >2 hrs with: 
- Coronai·v luminal irre1mlarities 1 heaits 
- LVEF 40% 1 heait 
- Down time and L VH 1 heait 
- Down time and diabetes 1 heait 
- L VEF 40% and history of alcohol abuse 1 heait 
- Age 45-55 1 heait 
- Age > 55, down time, and coronaiy 

hlminal irregulai·ities 
1 heait 

- Down time, and LVEF 45-50% 1 heait 
- Down time, and himinal irregulai·ities 1 heait 

Donor hea1t echocardiogram assessment: Transthoracic echocardiography perfon ned a mean of 1.5 ± 
0. 5 days (range 1 - 2 days) prior to donor heart removal showed a mean L V ejection fraction of 56 ± 
11 % (~55% in 12 healis, <50% in 4 hearts, and data not provided for 2 hea1ts ). Echocardiograms 
showed no other significant cardiac strnctural abnonnalities. 

In the 18 turned-down hea1ts, the mean time from cross-clamp to the sta1t of donor heaitperfusion on 
the OCS Hea1t System was 31 ± 7 minutes (range 19 to 56 minutes), and the mean total OCS Heart 
System perfusion time was 299 ± 76 minutes (range 220 to 500 minutes) . The mean a01tic pressure and 
corona1y flow rate were 83.2 ± 6.9 mm Hg (range 67.9 to 97.6 mm Hg) and 805 ± 45 ml/min (range 708 
to 882 ml/min), respectively. Corona1y flow data were exch1ded from 7 hea1ts in which the puhnona1y 
a1te1y catheter was disconnected for some time during hea1t perfusion. The mean fmal la.ctate level was 
5.07 ± 0.82 mmoVL (range 3.50 to 7.17 mmoVL). 

Besides "rising lactate" or "la.ctate trends," in most cases, no specific infonnation was provided to 
expla.in the reasons why the transpla.nting surgeon/hea1t faih1re cardiologist was unsatisfied with donor 
hea1t evaluation on OCS Heait System 

For donor hearts transplanted in the EXP AND study (n=75), the mean time from cross-cla.mp to the 
sta1t of donor heart perfusion on the OCS Heait System was 30 ± 8 minutes (range 15 to 53 minutes), 
the mean total OCS Heait System perfusion time was 279 ± 83 minutes (range 100 to 532 minutes), and 
the mean post-perfusion time was 72 ± 22 minutes (range 36 to 135 minutes). The mean a01t ic pressure 
and corona1y flow rate was 80.8 ± 8.0 mm Hg (range 48.1 to 101.9) and 786 ± 54 ml/min (range 669 to 
986 mVmin) respectively. Corona1y flow data were exch1ded from 10 transpla.nted hea1ts in which the 
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puhnona1y arte1y cannula was disconnected for some time during hea1i perfusion. The mean fmal 
lactate level was 3.09 ± 0.94 mmol/L (range 0.55 to 4.97 nnnol/L) . 

A comparison of OCS Hea1i System perfusion parameters for donor hea1i s turned down for transplant 
vs. transplanted donor hea1i s is shown in Table 49. The OCS Heaii System perfusion measures were 
generally similar between tum-down donor hea1i s and transplanted heaits except for a higher mean 
maximal lactate level in the turned down hea1i s (5.09 ± 0.81 vs. 3.09 ± 0.94 mmol/L, respectively) . 

Table 65: OCS Heart System perfusion parameters comparison between EXP AND donor hearts 
turned down for transplant and transplanted donor hearts 

Donor hea1is turned down for 
transplant (n = 18) Transplanted donor hea1is (n = 75) 

Mean time from CC to the start 
of donor heart perfusion (min) 

31 ± 7 30 ± 8 

Mean total OCS - Heart System 
perfusion time (min) 

299± 76 279± 83 

Mean aortic pressure (mm H!!) 83.2 ± 6.9 80.8 ±8.0 
Mean coronary flow rate 
(mVmin) 

805 ± 45 786 ± 54 

Mean final lactate level 
(mmol/L) 

5.07 ± 0.82 3.09 ± 0.94 

CC = Cross clamp. Coronary flow for transplanted hearts does not rnclude values for 10 hearts where the PA cannula was disconnected; 
CF for turned-do= hearts does not include values for 7 hearts where the PA cannula was disconnected 

The proportion of turned-down hea1i s with ECCT ::::: 4 as the only investigator-cited entiy criterion was 
similar to the prop01iion of ti·ansplanted heaits having ECCT ::::: 4 as the only investigator-cited inclusion 
criterion. These hearts did not have any identified donor-specific anatomical or functional abnormalities 
identified at the time of procurement. There were 39% of turned-down donor hearts with the criterion of 
downtime ::::: 20 minutes, and downtime ::::: 20 minutes was a criterion in 28% of ti·ansplanted donor hea1i s . 

Starting (in vivo) lactate levels were similar for transplanted and tumeddown hearts (Figure 19). 

Figure 26: Lactate Levels for Transplanted and Turned-Down Hearts with final lactate 4-5 
mmol/L* 

OCS Presef'Ved Heans That Were Tran!.planted OCS Preserved Hearts That Were Turned Down 
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Final a1ieriallactate was:::: 5 mmol/L in only 8 of 18 turned down hea1is (44%). Ten (10) of the heaits' fmal 
lactate levels were less than the protocol's implantation threshold value of 5 mmol/L (3 .5-4.9 mmol/L) . FDA 
identified 16/7 5 transplanted hearts (21 % ) with fmal lactate levels 4-5 mmol/L. OCS Hea1i support dmaticm 
were similar for hea1ts with elevated but sub-threshold fmal lactate levels (Table 50). 

Table 66: OCS Heart Perfusion Times for Turned-Down and Transplanted Hearts 

Final lactate 4-5 mmol/L * 
Mean 

Perfusion 
(min) 

Median 
Perfusion 

(min) 

Turned-down hearts (n= l O) 319 286 

Transplanted hearts ( n= 16) 312 298 
* One ttuned-down heaithad a final lactate of3 .5 nnml/L 

In response to an FDA que1y, TransMedics explained that investigators elected transplantation of the heaits 
with a fmal lactate 4-5 mmol/L because they had had CF, AO P, and lactate trends that were generally stable 
or (for lactate) declining at the end of the perfusion period, unlike with turned-down hea1i s . FDA reviewed 
line data for lactate, CF and AOP of all OCS Hearts. FDA disagrees that lactate, CF, and AOP trend data 
were clinically different between the turned-down and transplanted heaiis that had fmal lactate levels 
between 4-5 mmol/L. For example note the similarity of CF, OCS Hea1i - ·fusion time, andlactate profile 
between Donor organs for Subject- ( transplanted heart) and Subject ( turned down heart). 

Fi~ Subject (transplanted 2/2017) 
Donor- : 48 y/o ema e, A+, head trauma, ECCT :::: 4 hours 
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Figure 28: Subject (turned-down 6/2017) 
Donor (b) (6) : 52 y/o female,O-, cerebral hemorrhage, 

(b) (6)

ECCT ≥ 4 hours, LVEF 60% 

Panel: The sponsor’s proposed Instructions for Use state: 

“The ex-vivo metabolic assessment using lactate levels afforded by OCS is a new capability that 
enables metabolic data to be assessed by the transplant team up to the point of transplantation… The 
turn-down of [donor hearts] is a reflection of this new capability.” 

The sponsor suggests that standard-criteria donor hearts turned-down in PROCEED II because of rising 
lactate had “undiagnosed pre-retrieval pathologies that render these hearts to be considered “non-standard” 
and represent potential high risk to patients.” FDA does not believe the data support this conclusion. In 
EXPAND, 18 donor hearts were turned-down after OCS Heart device preservation; lactate level was the 
principle criterion for not continuing to transplantation after preservation of the donor organ. Even if rising 
lactate on the OCS Heart device was a valid biomarker of an organ at risk for poor outcome after 
implantation, neither PROCCED II nor EXPAND was designed to assess whether OCS Heart preservation 
was causal to any degree for the worsening metabolic state that rising lactate may reflect.  FDA views the 
lactate data as hypothesis-generating.  FDA also believes that turn-down of a donor heart will not always 
be a benign event and can expose patients to important safety risks (such as in patients who undergo 
sternotomy but in whom heart transplant is not performed, as was observed in PROCEED II).  The Panel 
will be asked to discuss the use of lactate as a determinant for not transplanting accepted donor hearts. 
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8.3 EXP AND CAP turned-down Hearts 

Four ( 4) EXP AND CAP OCS Reali System-prese1ved donor heaits (9%) for 4 recipients were turned down 
for transplant by investigators aBer prese1vation with the device. The reason for tum-down was 
"transplanting surgeon or designee is clinically llllSatisfi.ed with donor heart condition/performance on OCS 
System at fmal evaluation" for 3 hearts, and lactate > 5 mmoVL for 1 hea1i ( although two hea1is had lactate 
levels > 5 mmoVL). Three of the 4 emolled recipients were transplanted off-study, and the fomi h remained 
on the waitlist as of August 26, 2020. 

All 4 turned-down hea1ts had the sole donor hea1i inclusion criterion of ECCT ~ 4 hours, and an L VEF ~ 
60% at time of acceptance ( via UN OS forms) . The average pre-pe1fusion cold is chemic time was 29. 5 ± 4. 8 
min, and the average perfusion time was 328.5 ± 48.9 min (Table 67). One turned-down hea1i- ) 
appeared to have the PA cannula disconnected (no or low coronaiy flow recorded) for up to 3 hours . 

Table 67 : Turned Down Donor Heart Characteristics 

Subjt>ctlD Site Final Artt>rial 
(UNOS ID) Lactate 

(mmol/L) 
3.92 

7.89 

6.27 

4.81 

MEAN 

EF 
(UNOS) 

65% 

68% 

65% 

600/o 

Donor Inclus ion 
Criteria 

ECCT ~ 4 hours 

ECCT ~ 4 hours 

ECCT ~ 4 hours 

ECCT ~ 4 hours 

Pre-Perfus ion 
(min) 

29 

Perfusion 
time 
(min) 
256 

32 392 

22 322 

36 344 

29.5 ±4.8 328.5 ±48.9 

Mean and median perfusion times for the turned-down heaiis and transplanted head s are shown in the Table 
below: 

Table 68: Perfus ion Times Turned-Down and Transplanted Hearts 

Mean Median 
Perfusion Perfusion 

(min) (min) 

Turned-down hearts (n=4) 329 333 

Transplanted hearts (n=41) 278 278 

Pre-instnunentation and initial lactate levels were similar between the turned down and transplanted hea1ts, 
and fmal lactate levels were higher in turned down hea1is (Figure 29). 
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Figure 29: EXPAND CAP Arterial Lactate 
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Of note, there were only 4 heaits out of the 45 supported on the OCS Heart System in EXP AND CAP 
that had fmal lactate levels > 5nnnoVL. Two of these heaiis were transplanted, and one of these 2 
transplanted hea1is had a pre-instnunentation level of 5.25 mmoVL (Table 69). 

Table 69: EXPAND CAP Hearts with Lactate > 5 mmol/L 

I Site I Subiect ID I UNOS ID I Final Lactate (mmol/L) Outcome 
lllJllQ IIJUQ 6.33 Tx 

7.59 (pre-instrumentation lactate 5.25) Tx 
7.89 TD 
6.27 TD 

TD = Turned downheart; Tx= Transplanted heart 

8.4 FDA Clinicopathologic Analysis Background 

Effective organ preservation is a major determinant of graft outcome after transplantation. Following 
explantation, a donor heaii is subjected to ischemia, and the use of cooling and preservation solutions 
( cold static preservation) slow the progression of ischemic/hypoxic tissue injmy. Unsatisfact01y heart 
preservation may itself cause myocardial damage characterized by various fonns of myocyte necrosis 
(coagulative, myocytolytic and contraction band). Widespread interstitial hemonhage indicative of 
reperfusion injmy/infarction may also be observed (4) . Following transplantation, the restoration of 
oxygenated blood flow (reperfusion) can itself worsen organ damage. 
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Ischemia-reperfusion injmy (IRI) is defmed as cardiomyocyte damage seconda1y to the restoration of 
myocardial blood flow (5). The pathophysiologic mechanisms ofIRI are complex and involve calcium 
overload, ATP depletion, the release of oxygen free radicals, mitochondr ial swelling and rnpture, and 
sarcolemmal rnpture. These developments lead to the cascade of myocardial damage and 
cardiomyocyte dysfunction followed by necrotic cell death, all of which are most pronounced 
immediately afterreperfusion (6-10). 

FDA conducted an analysis of PROCEED II, EXP AND, and EXP AND CAP tmned-down hea1ts to 
provide insights into concerns regarding ineffective organ preservation or potential myocardial damage 
associated with donor hea1t perfusion using the OCS Hea1t System. 

Methods: The clinical study protocols indicated that non-transplanted donor hea1ts were to be examined 
by the transplant center qualified cardiac transplant pathologist and a central core lab. Eighteen (18) 
EXP AND hearts, 4 EXP AND CAP hea1ts, and 5 PROCEED II hea1ts were rejected for transplantation 
following OCS Hea1t support. Pathology reports from 2 core patholo labs were rovided for FDA 
review. Patholo its from the EXP AND core atholo labs 

information regarding the donors was ·o 1 

- pathologist but not to the 

EXP AND and EXP AND CAP tmned-down hearts: FDA perfo1med an independent review of cardiac 
pathology repo1ts from donor heaits that were perfused on the OCS Hea1t System but were subsequently 
turned down for transplantation. In addition, the following inf 01mation was compiled from medical 
records and case repo1t fonns (when available and provided by the Sponsor) from these donor hea1t 
patients: basic demographic data; medical hist01y leading to brain death; hospital course inf01mation 
including vital signs, laboratories, and cardiac assessments (inch1ding echocardiograms and cardiac 
catheterizations); study emollment criteria; brain death to cross-clamp time; OCS Hea1t System 
perfusion time; mean a01tic pressure; mean corona1y flow; lactate level assessment, and reason(s) for 
tum down of the donor hea1t for transplantation. 

Cardiac pathologic fmdings in EXP AND and EXP AND CAP study healis that were tmned down for 
transplantation (pathology repo1ts in Appendix F and Appendix G). 

The Sponsor provided cardiac pathology reports for 17 of 18 EXPAND and 5 EXPAND CAP OCS ­
Hea1t System perfused healis that were tmned down for transplantation; one EXP AND repo1t was 
inissing. Evidence of acute diffuse or multifocal ventricular myocardial damage was seen in 20 of 21 
healis, characterized by contraction band necrosis, coagulative necrosis, myocyte hypereosinophilia , 
myocyte wavy fiber change, and interstitial edema. None of these hearts had significant corona1y 
atherosclerosis except for one specimen, which had severe triple vessel obstrnctive corona1y disease. 
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The remaining heart showed healing subendocardial infarcts, consistent with myocardial damage prior 
to heart perfusion with the OCS Heart System. 

Cardiac pathologic findings in PROCEED II trial hearts that were turned down for transplantation 
(pathology reports in Appendix E) 

There were 5 OCS Heart System perfused hearts that were turned down in PROCEED II.  Cardiac 
autopsy findings in these 5 PROCEED II hearts showed acute diffuse myocardial damage in 3 cases and 
focal myocardial damage in one case. Per review of the case report forms (5 donors) and medical 
records (4 donors; medical records not available for 1 donor) provided by the sponsor, heart donor 
patients were hemodynamically stable and deemed clinically suitable for transplant (per the trial 
enrollment criteria), and all 5 had a normal LV ejection fraction 1 to 5 days prior to heart explant. 

Clinicopathologic correlation and interpretation of findings 

Pathologic analysis of turned-down PROCEED II, EXPAND, and EXPAND CAP donor hearts that had 
normal left ventricular function in the immediate antemortem period by echo (n=20) provides insights 
into the limitations of the OCS Heart System to provide effective organ preservation. There were 4 
PROCEED II, 12 EXPAND, and 4 EXPAND CAP hearts that were turned down for transplantation, 
which had an echocardiography-documented LV ejection fraction ≥55% within 1 to 2 days antemortem. 
During this period, available medical record vital signs flowsheets showed no prolonged episodes of 
hemodynamic instability. 

Cardiac autopsy findings in 18 of these 20 hearts showed acute diffuse ventricular myocardial damage in 
12 hearts (PROCEED II, n=3; EXPAND, n=6, and EXPAND CAP, n=3) and acute multifocal 
ventricular myocardial damage in 6 hearts (EXPAND, n=5; EXPAND CAP n=1). Of the two remining 
hearts without acute multifocal ventricular or diffuse myocardial damage, one PROCEED II heart had a 
congenital bicuspid aortic valve, and one EXPAND heart had acute and healing myocardial infarcts. In 7 
of the 11 EXPAND hearts with acute diffuse or multifocal myocardial damage, the peak lactate level 
was <5 mmol/L. 

An example of an EXPAND turned-down heart that demonstrated diffuse myocardial damage following 
(b) (6) (b) (6)OCS – Heart perfusion was Donor , Subject .  The donor was a 52-year old man with a 

hemorrhagic stroke.  Cardiac catheterization showed only coronary luminal irregularities, and 
echocardiography within 48 hours prior to cardiectomy showed a left ventricular ejection fraction of 
60%.  Vital signs prior to cardiectomy were stable.  The OCS-Heart perfusion time, coronary flow, and 
lactate levels are shown below: 
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Figure 30: Subject - (Turned-Down Heart) 
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The core lab pathology repo1i noted, "Sections throughout all of the myocardial defects noted grossly 
show severe and extensive ( ~25% of myocyte area) changes of ischemic injruy that range from 
contraction band to coagulative-type necrosis with microscopic foci of tissue dissolution in the center of 
the damaged areas. The damage is most severe in myocardial defects 2 and 3 from the left lateral 
ventricle and near the septum where early tissue dissoh1tion is seen but can be seen in nearly all defect 
and non-defect hea1i tissue samplings." Representative photomicrographs are shown in Figure 31. 

Figure 31: Ventricular myocardial histologic sections from Subject - (Tumed-Down Heart) 
showing diffuse contraction band necrosis and occasion myocytes with coagulation necrosis 

110 



 

 

 

     
   

     
   
       
       

     
          

       
        

  
        

     
   

     
    

 

        
        
     
      

     
          
        

    
       

     
      
     
      

     
    

  

       
    

       
        

Insights in to Early EXPAND study Transplant Recipient Deaths from Pathologic Findings in Turned 
Down EXPAND Hearts 

There were 12 EXPAND transplant heart recipients that died within 1-year of transplant.  Of these 12 
patients, 4 were diagnosed with acute severe primary graft dysfunction that directly contributed to death; 
three cases occurred within the first 24 hours, and 1 within 48 hours. Pre-transplant echocardiograms 
showed normal LVEF for 3 of these 4 hearts (UNOS donor forms; echo data not provided for one of 
these hearts).  In these 4 cases, the mean time from cross-clamp to the start of donor heart perfusion on 
the OCS – Heart System was 26 ± 5 mins (range 19 to 33 minutes), the mean total OCS Heart System 
perfusion time was 224 ± 75 minutes (range 100 to 292 minutes) and the mean post-perfusion time was 
84 ± 26 minutes (range 50 to 114 minutes). The mean aortic pressure and coronary flow rate was 80.2 ± 
3.2 mmHg (range 78.4 to 85.8mmHg) and 813 ± 43 ml/min (range 775 to 881 ml/min), 
respectively. The mean maximal lactate level was 3.14 ± 0.85 mmol/L (range 2.54 to 4.59 
mmol/L). Comments in the narrative summaries stated that mortality was “possibly related to 
preservation.” 

The occurrence of acute severe primary graft dysfunction in these cases raises the possibility of 
ineffective organ preservation by the OCS Heart System device. 

Limitations 

Limitations to the cardiac pathologic analysis include that not all source clinical and pathologic 
materials were provided and thus not reviewed by FDA. In addition, there was incomplete antemortem 
medical record access to core lab pathologists for clinicopathologic correlations. As acknowledged by 
the pathologists (phone call with FDA on May 13, 2019) and FDA, there is uncertainty in estimating of 
the timing of ischemic myocardial injury (e.g., occurring antemortem or during OCS Heart System 
perfusion); there are no animal studies that describe the features and time course of myocardial 
pathologic changes that occur when hearts are perfused with the device. Lastly, brain death is associated 
with myocardial dysfunction in some patients, which is believed to be due to excessive 
catecholamines/sympathetic storm. Limited cardiac pathologic studies, predominately in animals, show 
focal myocytolysis, coagulative necrosis, and contraction bands.  Therefore, in the turned down OCS 
Hearts, it is possible that some pathologic changes may have been associated with brain death. 
However, in turned down donor hearts with normal antemortem LV function and without significant 
antemortem structural abnormalities, the frequent observation of multifocal or diffuse myocardial 
damage following device use supports the conclusion that perfusion with the OCS Heart device can in 
some cases be associated with significant myocardial injury. 

Summary of Pathology Data 

The pathologic analysis of turned down donor hearts with: (1) stable antemortem hemodynamics; (2) 
normal (or essentially normal) cardiac anatomy and normal ventricular function by echocardiography; 
and (3) cardiac autopsy findings of acute diffuse or multifocal myocardial damage raise the possibility 
that in an important proportion of cases, the OCS Heart System device did not provide effective organ 
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preservation or may have severely damaged what would have been a viable graft for transplant. These 
fmdings raise the possibility that use of the OCS Hea1i System could lead to the unintended result of 
reducing the pool of donor hea1ts. 

Panel: The Panel will be asked to collllllent on the pathologic analysis of PROCEED II, 
EXP AND, and EXP AND CAP turned-down hea1ts and implications regarding the 
effectiveness of organ preservation and/or potential myocardial damage associated with donor 
hea1i perfusion using the OCS Heaii System, and the potential device impact on the pool of 
available donor hea1ts. 

9. Clinical Summary 
The OCS Hea1i System concept, and in particular its use in an extended criteria donor hea1i categ01y, is 
intended to advance the field of cardiac transplantation. However, due to multiple significant limitations 
in the design, execution, and analyses of the PROCEED II, EXP AND and EXP AND CAP studies, an 
assessment of device benefit-risk is challenging. The panel will be asked to comment and vote on the 
overall safety, effectiveness and benefit-risk profile of the OCS Heaii System 

10. Post-approval Study 

Note: The inclusion of a Post-Approval Study section in this summmy should not be 
interpreted to mean that FDA has made a decision or is making a recommendation on 
the approvability of this PMA. The presence of a post-approval study plan or 
commitment does not alter the requirementsforpremarket approval and a 
recommendation from the Panel on whether the benefits of the device outweigh the 
risks. The premarket data must reach the threshold for providing reasonable assurance 
of safety and effectiveness before the device can be found approvable and any post­
approval study could be considered The issues noted below are FDA 's comments 
regarding potential post-approval studies, for the Panel to include in the deliberations, 
should FDA/ind the device approvable based upon the premarket data. 

In the event that the OCS Hea1i System is approved (thus a reasonable assurance of safety and 
effectiveness is demonstrated), FDA recommends that additional data collection be required as a 
condition of approval for this first-of-a-kind device to continue evahiation of the sh01i, mid and long 
tenn (through 5 years) safety and effectiveness of the OCS Hea1i System Please see Appendix H for a 
more detailed description of the post-approval plan proposed by TransMedics, as well as FDA's 
connnents/concems with this plan. 

Summary 

TransMedics has proposed to conduct two post-approval studies to continue evahiating the perfonnance 
of the OCS Heart System: 
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1. OCS Heart Post Approval Reajstiy: A 175 patient, single-an n, prospective, multicenter, 
observational post-approval registry. Donors and recipients will be consistent with the approved 
indication for use and will reflect the eligibility criteria of the Hea1i EXP AND study. Patients w ill be 
followed for12 months post-ti·ansplantation. Patient outcomes w ill be evaluated at months 24 - 60 
post-tr·ansplantation by accessing data from the UNOS database . 

Discussion 
Study Endpoint and Hypothesis 
The prima1y endpoint for the proposed registry is patient survival from cardia.c graft-related death at 
12 months . In addition, the sponsor proposes to assess prima1y graft faihlre and patient death (all­
cause) within the initial 30 days post-tr·ansplant as a safety endpoint. Other endpoints to be evah1ated 
are freedom from cardiac graft-related death, freedom from all-cause death, freedom from re­
ti·ansplantation through 5 years and donor utilization rate. 

FDA Comment: Cardiac graft-related death at 12 months was a non-adjudicated, post-hoc analysis 
perfon ned by the sponsor for - · FDA has suggested that a major OCS Hea1i System concern 
is longer-tenn smvivaL possibly related to injmy to donor healis that might have been well­
preserved using standa.rd of care cold static preservation. As such, FDA recommends evaluating 
both atient survival and ·aft survival at 1 ear as a cot osite rima.1 en int. 

The sponsor proposes to conduct a hypothesis test to demonstr·ate that 12-month patient smvival 
from cardia.c graft-related death in this registiy study is greater than a perfon nance goal (PG) of 
86%. The proposed PG was based on OPTN data of I-year freedom from cardiac graft-related death 
for standard-criteria donor healis preserved on cold storage (98%). TransMedics has proposed a 
margin of 12% for the OCS Hea1i preserved standard-criteria donor heart assessment which results 
in PG of 86% (ie. , 98% - 12%). 

FDA Comment: FDA believes that a PG of 86% is low considering a post-hoc, unadjudicated 
analysis of cardiac graft-related smvival at 12 months in the EXP AND Trial was associated with a 
95% smvival rate . 

Panel: The Panel w ill be asked to discuss the appropriateness of the proposed prima1y endpoint 
(e.g.,12-month smvival from cardiac graft related death) and other follow-up assessments in order to 
evaluate the long-te1m safety and effectiveness of the device. Additionally, the panel will be asked 
to discuss the perfo1mance goal for the prima1y endpoint. 

2. OCS Heart EXP AND ti·ial Post Approval Follow-Up Data Analysis : A single-aim, prospective, 
observational post-approval study in which outcomes obtained from the existing national Scientific 
Registiy of Transplant Recipients (SRTR)/OPTN database for subjects ti·ansplanted in the Heaii 
EXP AND IDE Trial will be obtained and analyzed through 5 years . The study population will be 
compromised of all seventy-fwe (75) tr·ansplanted recipients in the Heaii EXP AND IDE tr·ial 
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FDA continues to work with TransMedics to address concerns with the proposed post-approval data 
collection plans to ensure that if the device is approved, remaining questions about device performance 
will be sufficiently addressed.  
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