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1.

Synopsis

The TransMedics Organ Care SystemTM (OCS-Lung) was studied in a randomized, controlled,
international, multi-center, prospective clinical trial (the INSPIRE trial). In this trial, the OCS-Lung
system was compared to the cold storage standard of care (SOC) for the preservation and
transportation of donor lung, and the objective was to show that the OCS-Lung was non-inferior to
SOC.
A total of 407 subjects were randomized in a 1:1 ratio to OCS (n=208) or SOC (n=199) in 21
transplant centers in US, Europe, Australia, and Canada. This corresponds to the true Intent-toTreat (ITT) population. Screening failures after randomization were observed in higher proportion
in the OCS (21%) compared to the SOC arm (7.5%). These cases were excluded from the true ITT
population, leaving 349 randomized patients for the modified ITT (mITT) population.
Screening failure patients were withdrawn from the study, transplanted outside of the study, or
returned to the waiting list without preserving original randomization.There were insufficient data
collected to evaluate the outcomes of the screening failure patients.
The primary effectiveness endpoint and the population in which this endpoint would be tested were
changed over the course of the clinical study. FDA initially approved a composite endpoint of
“patient survival at day 30 post-transplantation, and absence of 2005 International Society for
Heart and Lung Transplantation (ISHLT) Primary Graft Dysfunction (PGD) grade 3 at 72 hours
post‐transplant.” After the clinical study had been initiated, when 241 out of 349 patients had been
transplanted, TransMedics modified the primary effectiveness endpoint to “Survival at Day 30
post-transplantation and absence of ISHLT PGD 3 within the first 72 hours.” The protocol called
for PGD to be graded according to the 2005 ISHLT guidelines.
The modified primary effectiveness endpoint (survival at Day30 and absence of PGD grade 3
within the first 72 hours) was not reached in the mITT population. Similarly, the initial primary
endpoint (survival at Day 30 and absence of PGD grade 3 at 72 hours) was not reached in either the
mITT and Per Protocol (PP) population.
The secondary effectiveness endpoint analysis (ISHLT PGD grade 2-3 at 72 hours) did not
demonstrated non-inferiority of OCS to SOC in any of the three populations (i.e., mITT, AT, PP).
For the secondary effectiveness endpoint (survival at 30 days), the non-inferiority of OCS to SOC
was not demonstrated in any of the three populations. However, beyond 6 months up to 2 years,
patient survival was comparable across arms.
The safety of the OCS-Lung for preservation and transplantation was also evaluated based on the
primary safety endpoint, consisting of the average number of lung-graft-related SAEs through 30
days post transplantation. The safety non-inferiority has been established based on the Safety
population, and supported in the PP populations. However, the safety analysis population excluded
screening failures related to the inability to perform OCS-(b) (4)
and mainly those due
to device failures. In addition, this safety analysis did not take into consideration lung discards after
OCS preservation.
6

3.

Proposed Indications for Use

TransMedics proposes the following indications for use for the OCS Lung System:
The TransMedics® Organ Care System™ (OCS) Lung System is a portable organ perfusion,
ventilation, and monitoring medical device intended to preserve donor lungs in a near
physiologic, ventilated, and perfused state for transplantation.

4.

Clinical Background

Lung transplantation is the standard of care treatment for patients with end-stage lung diseases.
According to the OPTN (Organ Procurement and Transplant Network)/SRTR (Scientific Registry
of Transplant Recipients) 2015 Annual Data Report, 2072 lung transplants were performed in the
US, a majority of which were bilateral lung transplant (68.0-72% of all lung transplants over the
past 5 years).5 The number of patients listed for lung transplantation largely exceeds the number of
suitable lung donors. On average, only 15% of lungs from multi-organ donors are used for
transplantation.6 There is much ongoing scientific research, as well as debate over the utilization
rate of donor lungs and the various criteria used to define ideal/standard/acceptable versus nonideal/marginal/extended-criteria/non-acceptable donor lungs. Current lung recipient selection
criteria are based on the urgency for a transplant and if a given recipient is likely to sustain a
survival benefit from the procedure. The lung allocation score (LAS) is a numerical value used by
the United Network for Organ Sharing (UNOS) to assign relative priority for distributing donated
lungs for transplantation within the United States.
Survival of lung transplant is suboptimal compared to other type of organ transplants, with a high
mortality rate related to primary graft dysfunction (PGD), infection, and chronic graft dysfunction.
Long-term survival has not improved in the past 5 years. At 5 years post-transplant, 55.5% of
recipients remained alive. Six-month death rates had decreased from 9.4% in 2005 to 7.9% in
2014.
PGD is a major early clinical complication to lung transplantation. PGD refers to a severe form of
ischemia-reperfusion injury to the lung allograft. Based on the 2005 International Society for Heart
and Lung Transplantation (ISHLT) Consensus Definition, 7PGD can be characterized clinically by
diffuse alveolar infiltrates on chest radiograph, with the degree of associated hypoxemia
determining its severity. PGD, affecting 10 to 25% of lung transplants, is the leading cause of
5

OPTN/SRTR Annual Data Report 2015 January 2017. Volume 17, Issue Supplement S1. Pages
1–564
6
Cybel et al. Normothermic ex vivo (b) (4)
in clinical lung transplantation. N Engl J Med
2011; 364:1431-40.
7
Christie et al. Report of the ISHLT working group on primary lung graft dysfunction: Part II.
Definition. J Heart Lung Transplant 2005;24:1454–1459
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7. Clinical Study
7.1

Background and Regulatory History

In November 2010, TransMedics requested approval from FDA to begin a clinical study,
INSPIRE (Investigational Device Exemption (IDE)(b) (4)
), of the OCS-Lung. At that
time, there had been no human experience with the OCS-Lung worldwide, only a single
feasibility evaluation of the device with a non-transplanted human donor lung, which had
been performed in France. TransMedics subsequently provided clinical data for 12
European patients in 2011, which was sufficient to support a pivotal study in the United
States.
The following timeline illustrates the major events which took place during the INSPIRE
Trial, highlighting the major changes to the clinical protocol and the OCS-Lung. The
circumstances under which these changes were made will be discussed in detail in the
subsequent clinical sections.
(b) (4)

31

FDA agreed with the IDE’s rationale for INSPIRE, given the medical experience with
cardiopulmonary bypass (CPB), extracorporeal membrane oxygenation (ECMO), the
developing experience with other preservation devices (in particular, OCS-Heart), and the
known limitations to cold static preservation techniques.

7.3

Summary of the INSPIRE Trial as Presented by TransMedics

INSPIRE, was a randomized, controlled, multi-center, international, prospective clinical trial to
investigate the OCS-Lung, compared to the current cold storage standard of care (SOC) for the
preservation of donor lungs. The planned sample size of up to 320 subjects was to be enrolled
at a maximum of 25 participating sites in the USA, Europe, Australia, and Canada. Four
hundred and seven subjects were randomized to either OCS- (treatment arm) or SOC preserved (control arm) donor lungs with 1:1 randomization ratio. SOC preservation consisted
of cold flush and cold ischemic storage of donor lungs with either the extracellular preservation
solution(b) (4) ® or TransMedics’ proprietary, but equivalent, OCS Lung Solution. Only
bilateral donor lungs (as opposed to single donor lungs) were included in the study.
TransMedics proposed the following Indications for Use statement:
The TransMedics® Organ Care System™ (OCS) Lung System is a portable organ
perfusion, ventilation, and monitoring medical device intended to preserve donor lungs
in a near physiologic, ventilated, and perfused state for transplantation.
Separate inclusion and exclusion criteria were used for prospective donor organs and consented
recipients. Recipients were screened against the eligibility criteria on 2 occasions (at the time
of consent and again on the day of planned transplantation).
Donor Selection Criteria
Inclusion





< 65 years old
Normal gas exchange: PaO2/FiO2 ≥ 300 at the time of final acceptance of donor lungs
No active primary pulmonary disease
Donor lungs suitable for preservation with either OCS or SOC

Exclusion



Positive serology for Hepatitis B, Hepatitis C, or HIV
Presence of moderate to severe traumatic lung injury:
o moderate or massive pneumothorax
o hemothorax
o lung contusion as evidenced by:
chest X‐ray
CT‐scan
33



visual inspection
bronchoscopy
Presence of confirmed active pneumonia

Recipient Eligibility Criteria
Inclusion




Registered primary double‐lung transplant candidate
≥ 18 years old
Signed, written informed consent document and authorization to use and disclose
protected health information

Exclusion





Prior solid organ or bone marrow transplant
Single lung recipient
Multiple organ transplant recipient
Chronic use of hemodialysis or diagnosis of chronic renal insufficiency

Success of the INSPIRE trial was initially based on a composite endpoint of patient survival at
day 30 post-transplantation, and absence of primary graft dysfunction (PGD) grade 3 at 72
hours post-transplant. During the conduct of the study the initially approved primary
effectiveness endpoint was changed to patient survival at day 30 post-transplantation, and
absence of PGD grade 3 within the first 72 hours post-transplantation. The protocol called for
PGD to be graded in accordance to the 2005 ISHLT guideline.
The primary effectiveness analysis for the composite endpoint of patient survival at day 30 and
absence of PGD grade 3 within the initial 72 hours post-transplantation shows that the OCS arm
met the non-inferiority (NI) test, as compared to the CS control arm in the Per Protocol population.
However, the endpoint did not meet NI using the FDA’s recommended modified ITT population.

7.4

FDA’s Comments on the Conduct of the INSPIRE Trial and Clinical Data

FDA had numerous interactions with TransMedics prior to, and during the design, of the INSPIRE
trial. The following sections outline FDA’s comments and critique on the design and conduct of
TransMedics’ pivotal INSPIRE trial, and on the clinical data.

34

No evidence of aspiration or
sepsis

Aspiration or minor sepsis
acceptable if good,
stable/improving function

No prior cardiopulmonary
surgery

Aspiration was not acceptable
Excluded

Lungs deemed initially
unacceptable but are
resuscitated with ex vivo (b)

Donor lungs required to be
acceptable for CS and OCS-(b)
(4)

(4)

Source: Adapted from Van Raemdonck et.al ., Snell et. al. 10, Sundaresan et. al.11, and Orens et.al.
12
.
9

Donor Lung Exclusion Criteria
In addition, the protocol did not include specific guidelines for what constituted the donor
eligibility criteria of “active primary pulmonary disease,” “moderate to severe traumatic lung
injury,” or “confirmed active pneumonia.” TransMedics utilized a Medical Monitor to review
and adjudicate with TransMedics individual recipient and donor eligibility criteria on the basis
of data entered by sites into Case Report Forms (CRFs). During PMA review FDA received
this clarification of the study processes related to eligibility criteria:
“…to avoid any doubts about the integrity of the data analysis [TransMedics] followed the
pre-specified protocol definitions of eligibility…


If the investigator proceeded to transplant an ineligible donor lung and it was uncovered
during data monitoring/cleanup that these lungs were not eligible for INSPIRE based
on the pre-specified eligibility criteria, those subjects were kept in the ITT (Intent-toTreat) population and they were deemed protocol violations and were excluded from
the PP (Per Protocol) population…



If the investigator deemed the donor lung ineligible a priori and accepted the lung for
transplantation off study, these were categorized as screen failures and were excluded
from all analysis populations…”

Recipient Eligibility Criteria
The INSPIRE Trial randomized 407 lung transplant recipients in twenty five investigational
sites in the USA, Canada, Australia and Europe. The Agency recommended no more than 10%
enrollment per investigational study site to avoid imbalances, with a predominant center that
9

Van Raemdonck D., et al., Lung donor selection and management. Proc Am Thorac Soc, 2009 Jan 15. 6(1): p. 28-38
Snell GI., et al., Donor selection and management. Semin Respir Crit Care Med, 2013 Jun. 34(3): p. 361-70
11
Sundaresan S, Trachiotis GD, Aoe M, Patterson GA, Cooper JD. Donor lung procurement: assessment and operative technique.
Ann Thorac Surg 1993; 56(6): 1409–1413.
12
Orens JB, Boehler A, de Perrot M, et al; Pulmonary Council, International Society for Heart and Lung Transplantation. A review
of lung transplant donor acceptability criteria. J Heart Lung Transplant 2003; 22(11): 1183–1200.
10
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may drive the study result.
Enrollment for the INSPIRE trial came from 8 centers in the US and 13 centers outside of the US
for a total of 407 randomized patients to OCS-Lung (208) or CS (199). Sixty-five percent (65%) of
the enrollment occurred in outside US transplant centers, and 35% in USA transplant centers.
The major contributor was Hanover Medical School, Germany with(b) of the total enrollment.
This center used prophylactic ECMO and had a 97% success rate for(4)the OCS arm;it was the major
influence in the overall trial results. The UCLA medical center followed, contributing with(b) of
(4)
the total enrollment.
Specifics on recipient lung allocation scores (LAS), grading of primary graft dysfunction (PGD),
adverse events, and survival will be discussed in subsequent sections.

7.4.2

Endpoints

INSPIRE had a primary effectiveness endpoint, a safety endpoint, three secondary endpoints, as
well as additional exploratory endpoints.
As described below, the primary effectiveness endpoint was changed by TransMedics over the
course of the clinical study. Initially, it was the composite of patient survival at Day 30 post
transplantation, and absence of ISHLT Primary Graft Dysfunction (PGD) Grade 3 at 72 hours posttransplantation, on a modified Intent-to-Treat (mITT) population, which is described below in
Section 7.4.3 Analysis Population. As the clinical study progressed, in December 2013, when 241
subjects had been transplanted, TransMedics submitted a revised protocol with alternate endpoints.
During this time, TransMedics was monitoring PGD study results which they considered to be
important to safety of subjects in the study. Results will be presented for various endpoints, so that
panel members can assess the safety and effectiveness of the device.
FDA’s approval of IDEs for clinical studies is based on safety of study subjects. If the changes of
study endpoints do not affect safety of the study subjects, then a new protocol may be approved,
despite concerns about the appropriateness of new study endpoints. However, FDA is responsible
for communicating such concerns in the approval letters.
The safety endpoint was the number of lung-graft-related serious adverse events (SAEs) through
the 30-day follow-up after transplantation per subject.
Evaluation of Primary Graft Dysfunction (PGD)
The four effectiveness endpoints evaluated recipient survival at post-transplantation day (POD)
30 and the incidence of primary graft dysfunction (PGD) in the peri-operative period, as
defined by the International Society for Heart and Lung Transplantation’s (ISHLT’s) 2005
Consensus Statement on Primary Lung Graft Dysfunction. The ISHLT 2005 Consensus
Statement grades PGD on the basis of:


radiographic findings consistent with pulmonary edema,
37



calculated ratio of the partial pressure of arterial oxygen (PaO2 (mmHg)) and the
fraction of inspired oxygen (FiO2), or “P/F”,



percentage of inspired oxygen,



use of ECMO, and



use of inhaled nitric oxide (NO).

Specifically, the ISHLT grading scheme is characterized in Table 14.

Table 14. ISHLT PGD Grading Scheme13

PaO2/
FiO2

Radiographic
findings
consistent
with
pulmonary
edema

FiO2 < 0.3
or nasal
cannula O2

ECMO

Any

Absent

Yes or No

No

0

Any

Present

Yes

No

1

> 300

Present

No

No

1

200-300

Present

No

No

2

<200

Present

No

No

3

Any

Absent or
Present

Yes or No

Yes

3

Grade

The 2005 Consensus Statement identifies four discrete time points for PGD grading:


T0: within 6 hours of final lung reperfusion



T24, T48, and T72: serial 24-hour intervals after T0

Although PGD grading at all time points has been shown to have prognostic value, there is a
sizeable body of literature to suggest that T0 PGD grading may be substantially confounded by
non-specific and transient phenomena in the immediate peri-operative period. Indeed, the 2016
revision to the ISHLT Consensus Statement (in-press) specifically notes these limitations to T0
13

The nitric oxide caveat was not applicable in INSPIRE
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grading and recommends PGD grade 3 at later time points (T72 and/or T48) as the preferred
outcome measure in clinical trials. The clinical course associated with a grading of PGD 1 has
been shown not to differ substantially from that of PGD 0. The association is strong between
PGD 3 and decreased survival and/or subsequent development of bronchiolitis obliterans
syndrome (BOS). BOS describes a delayed allograft dysfunction with persistent decline in
forced expiratory volume in 1 second (FEV1) not caused by other known and potentially
reversible causes of post-transplant loss of lung function. Three or more months are required to
have elapsed from the time of transplantation in order for the diagnosis of BOS to be made.
BOS is thought to be caused by inflammation, destruction, and fibrosis of small airways in the
lung allograft that leads to obliterative bronchiolitis.
Intubation for mechanical ventilator support is not a separate caveat to the 2005 Consensus
Statement’s grading scheme. Indeed, the 2016 revision to the ISHLT Consensus Statement (inpress) specifically clarifies that PGD grading in the setting of non-invasive ventilator support or
high-flow oxygen delivery should not differ from grading in the setting of mechanical
ventilation.
Similarly, the 2005 Statement does not differentiate between PGD grading in the setting of
“prophylactic” ECMO intended for hemodynamic support and ECMO used for allograft
dysfunction. In the 2016 revision (in-press), the ISHLT Consensus Statement affirms that
ECMO use in the setting of hypoxemia and radiographic infiltrates is PGD grade 3; ECMO use
for putative reasons other than hypoxemia or in the setting of a normal chest radiograph renders
a subject un-gradable for PGD.
FDA appreciates that the management of lung transplantation patients has evolved since the
time of the initial IDE submission. In particular, FDA recognizes that the use of ECMO
support in lung transplantation for a primary indication other than hypoxemia has increased.
Additionally, FDA acknowledges that some transplantation physicians consider endotracheal
intubation as something that is needed for PGD grades 2 or 3. However, FDA believes it
would be very problematic to evaluate the pre-specified effectiveness endpoints of a multicenter device trial that enrolled patients over a 3-year period in a manner not consistent with the
approved analysis plan.
Primary Effectiveness Endpoint
The initially approved primary effectiveness endpoint was the composite of patient survival at
Day 30 post transplantation, and absence of ISHLT Primary Graft Dysfunction (PGD) Grade 3
at 72 hours post-transplantation, based on a modified Intent to Treat population, which is
described in Section 7.6, Analysis Population. The primary effectiveness hypothesis was:
H0: πocs ≤ πsoc – 0.04
H1: πocs > πsoc – 0.04
where πOCS and πSOC are the respective proportions of subjects surviving at Day 30 post
transplantation without PGD grade 3 at T72. This endpoint evaluated all-cause mortality.
There was no endpoint pre-specified in the protocol to evaluate “lung-graft related” 30 day
mortality.
39

Specifically, the sample size for this study was determined based on the primary effectiveness
endpoint with the following assumptions:


The primary hypothesis was tested using normal approximation.



πocs = 0.8, and πsoc= 0.65



Alpha of 0.05 and 80% statistical power



The attrition rate was not specified. Instead, TransMedics planned to stop enrollment
when either 280 subjects in the PP population or 320 randomized and transplanted
subjects was accomplished, whichever came first.



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

For the treatment differences in proportions (assuming the higher the better), TransMedics
planned to use the normal approximation to obtain the estimates and the associated one-sided
95% CIs. If the upper limit of the 95% CI for πsoc- πocs was less than the non-inferiority margin,
the non-inferiority of OCS to SOC was established. Following a successful test for noninferiority, a hypothesis of superiority of OCS to SOC would be tested based on a Chi-square
test (or Fisher’s exact test when one or more cells of the contingent table had an expected
frequency of five or less).
FDA agreed to the endpoint’s 30 day time frame. Data for survival until hospital discharge
were collected, but were not a component of any pre-specified endpoint. FDA also requested
that TransMedics prospectively collect longer-term follow-up data at 6, 12, and 24 months
post-transplantation inclusive of patient survival, graft survival, and the diagnosis of BOS.
Because of the inevitable increase in confounding factors over time, these longer-term data—
though anticipated to be very informative for the OCS’s risk-benefit assessment—were also not
part of any trial endpoint.
FDA agreed to the non-inferiority margin ( ) of 4% for this endpoint, after an initial
recommendation for a non-inferiority margin of 2-4%. However, this margin was not intended
for subsequent changes to the primary effectiveness endpoint. The initially approved
composite primary effectiveness endpoint had as its graft dysfunction component occurrence of
PGD 3 at T72 (i.e., at 72 hours post-transplantation).
In (b) (4)
), TransMedics changed the primary endpoint’s graft
dysfunction to the occurrence of PGD at T0, T24, T48, or T72 (i.e., within 72 hours posttransplantation). With the modified composite endpoint and the of 4%, TransMedics stated
that the study was appropriately powered with an expected treatment effect of 15% (i.e.,
primary effectiveness endpoint success in 80% of OCS patients and 65% of SOC patients). An
interim look at results was not planned for, and thus no pre-specified alpha penalty could be
applied.
FDA advised against the primary effectiveness endpoint being modified to be PGD within 72
hours, as 64% of eventually-enrolled subjects had already been randomized by the time of the
change. FDA was concerned that the change was made based on the knowledge of partial
40

study results and thus “will jeopardize the integrity of the study and may invalidate the data
collected thus far...the analyses you are proposing as your new primary endpoint…may be
worthwhile; however they should be done as sub-analyses…” FDA will present the Panel with
the results of the endpoint using both “at” and “within” 72 hours composite components.
Secondary Effectiveness Endpoints
There were three hierarchical secondary effectiveness endpoints: incidence of PGD 3 at T72,
incidence of PGD 2 or 3 at T72, and recipient survival at POD 30. Secondary effectiveness
hypotheses were tested using the fixed sequence testing procedure as follows:
1.

PGD 3 at T72
The first secondary effectiveness endpoint was the incidence of PGD grade 3 at 72
hours post-transplantation:
/HO: τOCS ≥ τSOC + δ
H1: τOCS < τSOC + δ
δ = 0.05
where τOCS and τSOC are the respective proportions of subjects with PGD grade 3 at
T72. This endpoint represented the PGD component of the initial primary effectiveness
endpoint.

2.

PGD Grade 2 or 3 at T72
The second secondary effectiveness endpoint was the incidence of PGD grade 2 or 3 at
72 hours post-transplantation:
HO: λOCS ≥ λSOC + δ
H1: λOCS < λSOC + δ
δ = 0.075
where λOCS and λSOC are the respective proportions of subjects with either PGD grade 2
or PGD grade 3 at T72. Collectively, PGD 2 and 3 in the peri-transplantation period
are felt to have substantial clinical prognostic value. The agreed-upon δ for this second
secondary endpoint is 7.5%.

3.

Survival at POD 30
The third secondary effectiveness endpoint was the overall survival at 30 days posttransplantation:
HO: ωOCS ≤ ωSOC ─ δ
H1: ωOCS > ωSOC ─ δ
δ = 0.04
where ωOCS and ωSOC are the respective proportions of subjects surviving at least 30
days after transplantation. This endpoint represented the mortality component of the
initial primary effectiveness and shared its 4 % non-inferiority margin. As above, this
survival endpoint was pre-specified to evaluate all-cause mortality, not “lung-graft
41

related” mortality classified by investigators, TransMedics, or the Medical Monitor.
The tests of superiority would be performed in the same sequence after the
corresponding non-inferiority was demonstrated. However, testing superiority and
non-inferiority in two parallel sequences may not control the study overall type-I error
tightly at 0.05.
Other Effectiveness Endpoints






PGD score at T0, T24, and T48
Duration of invasive mechanical ventilation
Length of post-transplantation ICU stay
Length of post‐transplantation hospital stay
Additional hospital admission post initial discharge

As noted above, BOS was not a part of any effectiveness endpoint. However, a major aim of
decreasing peri-operative PGD is to reduce or delay the subsequent development of BOS, a
clinical syndrome that adversely affects quality of life and survival of lung transplantation
patients. To better qualify the OCS’s potential benefit, therefore, FDA requested post hoc
comparisons of BOS development over the trial’s 2 year follow-up period; to investigate the
putative relationship between peri-operative PGD 3 and BOS, FDA further requested that the
BOS data be stratified by presence or absence of PGD 3.
There were additional post hoc analyses, including 6, 12, and 24 months post-transplantation
inclusive of patient survival, and sub-group analyses.
Sub-group analyses
No sub-group analyses were pre-specified in the initial protocol.
As presented below, donor lungs transported in the trial with OCS had longer overall
preservation times (i.e., cross-clamp or “out-of-body” times) than SOC control arm donor
lungs. FDA therefore requested post hoc subgroup analyses based upon length of preservation.
Additional post hoc sub-group analyses requested by FDA after its initial review of the PMA’s
Clinical Study Report were:


Primary and secondary effectiveness endpoints, based upon gender



Primary effectiveness endpoint and 24-month survival, based on the recipient’s preoperative risk factors of:


Ventilator support



ECMO support



Nitric oxide therapy
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The four pre-specified lung-related adverse events were:
1.

ACUTE REJECTION: Defined as moderate or severe according to the ISHLT working
formulation of Pathologic grading listed in Appendix 1 of this protocol
A3

Moderate

Dense perivascular infiltrates, extension
into interstitial space, can involve
endothelialitis, eosinophils, and
neutrophils

A4

Severe

Diffuse perivascular. Interstitial, and airspace infiltrates with lung injury.
Neutrophils may be present

2.

RESPIRATORY FAILURE: Defined as Impairment of respiratory function requiring
reintubation, tracheostomy or the inability to discontinue invasive ventilator support within
4 days (96 hours) post-transplant. This excludes intubation for re-operation or temporary
intubation for diagnostic or therapeutic procedures. (slightly modified from Intermacs*)

3.

BRONCHIAL ANASTOMOTIC COMPLICATION: Defined as moderate to severe
necrosis (mucosal and/or extending to bronchial wall) at the bronchial anastomotic site due
to ischemic injury, with or without bronchial anastomotic dehiscence (Grade II – IV) as
visualized by flexible fiber optic bronchoscopy and or chest CT (for dehiscence), and/or
requiring antibacterial/antifungal treatment, chest tube placement (tube thoracostomy),
uncovered metallic stent placement, primary repair, open surgical repair, pneumonectomy,
or retransplantation. Bronchoalveolar (BAL) specimen/culture should be obtained if
evidence of focal infection prior to initiating treatment.

4.

MAJOR PULMONARY-RELATED INFECTION: Defined as a clinical infection of
pulmonary origin that is treated with antibacterial/antifungal/antiviral agents (nonprophylactic). This category includes, but is not limited to: bacterial
pneumonia/tracheobronchitis (Pseudomonas aeruginosa, coagulase-positive and coagulasenegative Staphylococcus species (including MRSA), Chlamydia pneumoniae, Enterococcus
(including VRE), Enterobacteriaceae), Cytomegalo virus (CMVO pneumonitis/pneumonia,
Herpes Simplex Virus (HSV) tracheobronchitis/pneumonitis/pneumonia,
Aspergillustracheobronchitis/ pneumonia, and aspiration pneumonia/pneumonitis. Presence
of pulmonary infiltrate (s) on chest x-ray along with a positive BAL specimen/culture, or
positive sputum culture, or positive fungal staining/culture, and /or chest CT, and/ or
transbronchial biopsy specimen to confirm infection and rule out rejection should be
present unless strong clinical evidence indicates the need for treatment despite negative
cultures. CMV diagnosis requires BAL for cytology or transbronchial biopsy specimen.
Diagnosis of Aspergillosis requires fungal histopathology and/or culture of BAL/tissue
specimen, bronchoscopic findings consistent with the disease, and possible chest CT.
Repeated occurrences of a given lung-related SAE were not counted, and thus a patient
could have a safety endpoint result of 0-4. All SAEs, including the designation of an
44

SAE as a lung-related SAE (safety endpoint event) were adjudicated by the Medical
Monitor.
In 2015 TransMedics and the Medical Monitor formulated clarifications of, and
modifications to, the safety endpoint components. For example, the Respiratory Failure
and Bronchial Anastomotic Complication components were modified to include the
following:
Respiratory failure starting within 72 hours post-transplant, accompanied by
PGD scores of 2 or 3 shall be considered to be a result of the immediate and
residual effects of the PGD. For the INSPIRE trial PGD is captured separately
and the occurrence of PGD 3 is an endpoint. Therefore, this inhibition of
respiratory function shall not be considered as a distinct event.
Bronchial Anastomotic Complications…must involve treatment, whether
invasive or medicinal.
The non-inferiority hypothesis was:
HO: μOCS ≥ μSOC + δ
H1: μOCS < μSOC + δ
δ = 0.07
where µ/ocs and µsoc were the true mean numbers of lung-graft-related (LGR)
serious AEs (SAEs) in OCS and Control treatments by day 30 after transplantation,
respectively. Primary safety hypothesis was tested at a one-sided alpha of 0.05 using a
two-sample t-test. If the non-inferiority was demonstrated, the superiority would be
tested.
The Medical Monitor was affiliated with a study site, and was concurrently a member of the
DSMB, which was unblinded.

7.4.3

Analysis Population

Enrollment into INSPIRE followed a pre-specified process: 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 a potential donor lung meeting
inclusion/exclusion criteria was identified; at this point the consented recipient was randomized
to OCS or SOC. Logistical considerations necessitated treatment-arm randomization prior to
investigators’ decisions to accept donor lungs into the trial, and the organ procurement teams
were unblinded to randomization assignments before performing in-chest evaluations.
In general, FDA considers patient enrollment to take place upon signing of the Informed
Consent. FDA believed allograft acceptance and retrieval decisions could pose challenges for
clinical and statistical inferences from INSPIRE; in particular, randomization prior to definitive
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acceptance of a donor organ could be a source of selection bias and “off-study” transplantation
of accepted donor lungs. Accordingly, during the trial’s protocol development FDA
recommended both comprehensive definitions of post-enrollment analysis populations and an
analysis plan that sought to minimize possible post-randomization selection bias. Despite the
complex nature of organ procurement, the expectation was that implementation of the FDApreferred protocol would generate analysis populations reflective of the randomization.
FDA consistently stressed that the principal analysis population for the trial should be an Intentto-Treat (ITT) population “modified” to the nature of organ procurement:
“…all randomized subjects for whom a matching lung has been harvested and
determined to be eligible for preservation with either SOC or OCS before any
attempt has been made to preserve the lung with either SOC or OCS.”
The rationale for this definition of mITT—and FDA’s preference that mITT be the principal
analysis population—was straightforward. If randomized lungs were appropriate, from a
technical standpoint, for preservation with either OCS or SOC, and if the investigator
proceeded to harvest and transport the lungs for the randomized patient, then this analysis
population would allow for:


reasonable preservation of 1:1 randomization;



appropriate evaluation of eligibility criteria violations; and



follow-up assessment of selection bias and treatment-arm cross-over.

Prior to (b) (4)
manner:

TransMedics defined “screen failures” in this

“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, patients who retracted their consent for the trial, or to whom no
matching and eligible organ has been found...”
FDA understood this definition to mean that a consented subject in whom preservation of the
“matching” donor lungs was “attempted” would not be a screen failure, though such a patient
may represent a protocol violation. (b) (4)
of the protocol (Section 9.2) did not include
this clarifying language of a screen failure.
Until December, 2013, INSPIRE’s approved protocol specified ITT as the primary analysis
population. However, in (b) (4)
TransMedics modified the protocol and designated
per protocol (PP) as the primary analysis population. FDA did not believe the change was
justified, particularly given that several years of data had already collected under the previous
analysis plan and the unblinded nature of the study. FDA recommended that the analysis plan
remain unmodified, but TransMedics declined.
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AT was specified as secondary analysis population for the primary effectiveness and
safety endpoint.


Safety
All subjects who are transplanted with a lung that has been preserved with OCS or
SOC, except for subjects randomized to OCS who, due to a decision of the treatment
team, are switched to standard therapy before OCS treatment is initiated. Subjects will
be analyzed as treated. Any subject who receives a lung preserved in part on OCS and
in part on standard of care will be analyzed according to the initial preservation method.
The safety population was specified as the primary analysis population for the safety
endpoint. The safety endpoint assessment thus excluded patients whose preserved
donor lungs were turned-down after transport.

FDA considers AT analyses to be valuable adjuncts in trials comparing a device to standard-ofcare, especially if cross-over between treatment arms is prevalent after randomization. In
INSPIRE, AT was a subset of mITT defined by initiation of preservation (OCS instrumentation
or placement on cold storage). Because all pre-instrumentation cross-over events were not part
of safety mITT (considered screening failures), AT did not capture information about crossovers.
The analysis population was a subset of mITT defined by completed transplantation; as such, it
differed from mITT on the basis of post-preservation lung turn-downs. There were 2 turndowns of harvested lungs in INSPIRE, both in the OCS arm; one was considered a screening
failure, and both withdrew from the study after the turn-downs. Therefore safety differed from
mITT by only one OCS-arm patient.

7.4.4 Schedule of Assessments
Tables 15 and 16 show the recipient and donor schedule of assessments.
(b) (4)
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(b) (4)
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has been impacted by the selective screen failure subjects and protocol violators taken out from
TransMedics’ primary effectiveness evaluation.
(b) (4)

7.4.6

Patient Accountability

FDA reviewed in detail the case report forms (CRFs) as well as site-maintained source
documentation for many of INSPIRE’s enrolled subjects and donor organs. As evident in the
subsequent discussions, FDA is concerned that eligibility criteria regarding screen failures and
protocol violations were not applied consistently between study arms or across study sites.
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Enrolled and Randomized Recipients
407 subjects were screened, enrolled, and randomized in INSPIRE. Of them, 58 (14%) were
designated screen failures and excluded from all analyses; an additional 15 (4%) patients were
not included in PP because of PVs (n=14) or device failure (n=1).
Screen Failures
TransMedics classified all screen failures as donor-related, recipient-related, or logistics-related.
Donor and recipient screen failures occurred if a given recipient-donor organ harvesting for
transplantation did not take place because of failure to fulfill pre-specified eligibility criteria or
failure to be clinically appropriate for lung transplantation. Accordingly, donor and recipient
screen failures of the first type (study eligibility criteria) were conceivably candidates for offstudy transplantation with the index lungs, while donor/recipient screen failures of the second
type precluded transplantation for medical reasons. As discussed previously, FDA expected the
study’s defined eligibility criteria, analysis plan, and randomization to minimize screen failures
of the first type while keeping those that did occur proportionately balanced in the 2 arms.
Logistics screen failures were a heterogeneous group of donor-recipient transplantations that
took place off-study for reasons unrelated to eligibility criteria or other clinical assessments.
No study endpoint data were collected for screen failures. Figure 7 provides a diagram of
recipient and donor organ flow. (Note: donor organs deemed ineligible at in-chest assessment
and declined for harvesting are not included.)
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(b) (4)

(b) (4)
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74% of screen failures were in the OCS arm.


OCS donor screen failures occurred at a rate three times that of SOC (15% versus
5%).



OCS logistics screen failures occurred at a rate ten times that of SOC (5% versus
0.5%).

38 screen failure subjects (66%) had donor lungs transported off-study because the
investigators believed the donor lungs were appropriate for transplantation; 37 (64%)
were transplanted.


Similar proportions of screen failure patients were transplanted off-study (OCSrandomized: 60%, SOC-randomized: 65%)



76% of off-study transplantations were in OCS-randomized patients.



70% of off-study transplantations involved OCSSOC crossover decisions by
investigators.

TransMedics’ narratives for each of the screen failures are included in Appendix A. FDA
independently reviewed the CRFs for each of the screen failures, as well as source
documentation collected from selected study sites as part of FDA’s standard monitoring
processes.
We identified instances in which the bases for screen failure determinations were either
eligibility criteria not delineated in the protocol or logistical matters having no relevance to a
fully eligible donor-recipient match. For example:
 (b) (6)

non-heart-beating (donation after cardiac death (DCD))

 (b) (6) : pediatric donor for adult recipient
 (b) (6)

OCS retrieval team and/or perfusion support unavailable

 (b) (6) : OCS Solution unavailable
 (b) (6)
 (b) (6)

: OCS device mechanical issues pre-harvesting
randomization envelope opened late

Some accepted lungs in the OCS treatment arm were deemed ineligible for this study, but were
transplanted off-study in the enrolled patient, despite claims of ineligibility because of “active”
donor lung disease. Lungs were not excluded because of active donor lung disease in the SOC
control arm. For example:
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 (b) (6) lung contusions termed “mild” by the investigator but deemed screening failure
after consultation with TransMedics
 (b) (6)

: “pneumonia,” without specific corroborating data in CRF

 (b) (6) : moderate-severe lung disease, without specific corroborating data in CRF
 (b) (6) “lung injury,” without specific corroborating data in CRF; occurred same time
as screen failure/off-study transplant of OCS recipient (b) (6) (age > 65)
Screen failures which were followed by off-study preservation of the index lungs should have
been tracked as protocol violations. Because no data were collected for these subjects, a
substantial amount of ITT data is missing. FDA requested that TransMedics collect 24-month
survival status for donor and logistics screen failures, but this information could not be fully
obtained due to consent and privacy restraints.
FDA asked TransMedics to clarify the difference between a screening failure followed by offstudy preservation/transplantation and a harvest-associated protocol violation. TransMedics
responded:
If the investigator proceeded to transplant an ineligible donor lung and it was uncovered
during data monitoring/cleanup that these lungs were not eligible for INSPIRE based
on the pre-specified eligibility criteria, those subjects were kept in the ITT population
and were deemed protocol violations, excluding them from the PP population...
If the investigator deemed the donor lung ineligible a priori and decided to transplant the organ
off study, these were categorized as screen failures.
FDA accepts this characterization, but believes the distinction would have better addressed
FDA’s related concern about endpoint interpretability if rates of screen failures and protocol
violations (see below) had in fact been similar between arms. That they were not similar raises
concerns about selection bias.
Withdrawals and treatment crossovers after post-randomization screening failures were
substantially more common in the OCS arm, possibly introducing a selection bias into the study
despite randomization. As a consequence, FDA believes the composition of the key ITT
analysis population may not represent a randomized cohort.
Protocol Violations
Figure 8 summarizes the protocol violations in INSPIRE.
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(b) (4)

(b) (4)

(b)
(4)

In the OCS arm, there were 12 PVs among 10 subjects; in the SOC arm, there were 4 PVs among 4
subjects. A total of 14 subjects excluded from the PP group due to major protocol violations in
INSPIRE. PVs involved 6% of the OCS mITT population (10/165), as compared to 2% of the
SOC mITT population (4/184). Per the protocol, a PV excluded an mITT patient from belonging
to the PP population. (There was one additional mITT subject ((b) (6)
excluded from PP on
the basis of a lung turn-down after site-reported device malfunction.)
All of the patients with PVs in the OCS arm (100%) were primary effectiveness endpoint
failures. As detailed later, 11 OCS patients died before POD 30; 3 of these deaths (27%) were
in patients with PVs.
One of the patients with PVs in the SOC arm (25%) was a primary effectiveness endpoint
failure. This subject died before POD 30 and accounted for 25% of the 4 SOC patients who
died before POD 30.
TransMedics’ narratives for each of the PVs are included in Appendix B. FDA independently
reviewed the CRFs for each of the PVs, as well as source documentation collected from
selected study sites as part of FDA’s standard monitoring processes.
The 4 SOC PVs included 3 instances of one site using (b) (4) r preservation fluid instead of
(b) (4) /OCS Lung Solution.
Based on FDA’s review of the case report forms and site-specific documentation, 7 of the OCS
patients with PVs were classified by TransMedics as being wholly or partially the result of not
following the Instructions for Use (“user error”):
 (b) (6)

improper positioning of the lung, precluding ventilation

 (b) (6)

: improper wrapping of donor lungs

 (b) (6)

improper priming of perfusion circuit

 (b) (6) : improper control of (b) (4)
 (b) (6) : improper battery management
Failure to follow the IFU may have been contributory to undesirable outcomes. FDA believes
the designation of “user error” may reflect usability issues with the device.
For example, although the OCS for patien (b) (6) was not consistently connected to wall power
when available, the device did indicate ample available battery power prior to boarding air
transport; OCS battery redundancy malfunction en route then led to unexpected OCS power
failure. The device has no manual back-up capabilities.
TransMedics stated that “TransMedics used consistent criteria and the exclusion/inclusion
criteria defined in the protocol to determine the protocol violations…” FDA noted, however,
that OCS subject (b) (6) was categorized by TransMedics one year after preservation as a PV
because the final P/F ratio was obtained 4.5 hours prior to the donor cross-clamp time:
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“no P/F ratio was done at the time of final acceptance in the donor chest. The value
reported was >4 hours prior to retrieval- unable to confirm eligibility of organ.”
However, FDA identified multiple other study subjects---not categorized as PVs---in which
donor cross-clamp time was between 4 and 12 hours.
Turned-Down Lungs
Two OCS-preserved donor lungs were turned down by the transplant surgeons after evaluation
at the recipient hospitals.
was (b) (6)
donor screen failure. Because the OCS was commercially
available to this OUS site, transported off-study with the device “in an effort to assess the donor
lungs.” The recipient was withdrawn from the study and transplanted with SOC-preserved
lungs 5 days later. No follow-up data are available.

(b) (6)

was a (b) (6)
mITT subject whose preserved donor lungs were turned
down by the transplant surgeons because of abnormal perfusion circuit filter clogging and flow
patterns, leading to air within the perfusion circuit. TransMedics implemented design
modifications to the (b) (4)
Module as a result of this device malfunction. The subject
withdrew from the study and was transplanted 6 months later; he died one year after
transplantation.

(b) (6)

Turn-down of conventionally preserved donor lungs is a very rare event. At least one turndown appears to have been the direct result of device malfunction. Despite extensive user
training, at least 7 primary effectiveness endpoint failures, including 2 deaths by POD 30,
occurred in the context of user errors during preservation with OCS. The Panel will be asked to
evaluate the benefits of the OCS in the context of the risks associated with its complexity.
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Geographic Distribution of Analysis Populations
(b) (4)
(b) (4)
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63% of enrollment occurred OUS. 71% of screen failures were at OUS sites, and 87% of PVs
involved OUS subjects.
The OUS OCS-randomized cohort was most affected by screen failures and PVs: 29% of these
patients were excluded from the PP population, compared to 20% for US OCS-randomized,
12% for OUS SOC-randomized, and 5% for US-SOC-randomized.
No poolability analysis was specified.

7.4.7

Trial Monitoring

DSMB
The trial had oversight by a 3-member Data and Safety Monitoring Board (DSMB). The
protocol stated the following:

FDA is not aware of any concerns conveyed to TransMedics by the DSMB.
TransMedics utilized a Medical Monitor, who simultaneously served on the DSMB. In 2011
FDA had recommended the use of a Clinical Events Committee (CEC), but agreed to
TransMedics’ choice of a single Medical Monitor, if that individual was not affiliated with a
clinical site. The Medical Monitor selected by TransMedics nonetheless did have a strong
affiliation with the cardiothoracic transplantation program at a clinical site, and that site has had
a substantial relationship with TransMedics in developing DCD cardiac transplantation using
TransMedics’ OCS-Heart system.
FDA requested a “charter for the procedures to be used by this monitor,” but none was
provided by TransMedics during the IDE period. The protocol outlined the Medical Monitor’s
role:
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The protocol did not stipulate that the Medical Monitor would adjudicate the primary
effectiveness endpoint. In the PMA, TransMedics explained that the Medical Monitor did in
fact serve as an adjudicator of the endpoint in a blinded manner. As a result, multiple sitedetermined gradings of PGD were changed by the Medical Monitor. TransMedics justified
doing so because “PGD is by definition a SAE and, therefore, is appropriately reviewed by the
Medical Monitor.” The Medical Monitor, who was also a member of the DSMB, however, at
the time of adjudication, did not consistently review patient-level source documentation for all
adjudications, nor did he review the chest radiographic images.
In 2015, the Medical Monitor modified the lung-related SAEs that formed the safety endpoint,
although FDA was not informed of this.
If the primary effectiveness endpoint was to have been based upon adjudicated PGD data rather
than site-derived data, FDA would have advised that an appropriately sized Committee review
source data, particularly the chest radiographs. FDA disagrees that PGD was a named SAE and
thus under the Medical Monitor’s purview.
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7.4.8

Recipient Demographics and Characteristics

Comparative baseline patient demographics and characteristics for the mITT population are
shown below.
Table 18. Baseline Recipient Patient Demographics and Characteristics
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Group baseline characteristics of recipients were generally clinically similar:


Distributions of recipient lung pathology were similar. Primary pulmonary arterial
hypertension (PAH) was slightly more frequent in the OCS arm, but that disease’s
overall prevalence in both OCS and SOC was low. Secondary pulmonary hypertension
was more frequent (40% OCS, 32% SOC). COPD and cystic fibrosis collectively
accounted for half of donors’ presenting disease in both arms. Pre-operative chronic
steroid use was ~45% in both arms.



Lung Allocation Scores (LAS) were similar; however, roughly 1/3 of recipients in each
arm lacked this parameter because they were OUS. Rates of pre-operative oxygen
therapy, mechanical ventilation, nitric oxide, and ECMO were equal in both arms
(approximately 89%, 5%, 5%, and 5%, respectively).
The OCS arm was evenly divided by gender; the SOC arm contained proportionately
fewer women.




The OCS arm had more blood type O patients.



Risk factors for transplantation related to pre-operative pulmonary support needs were
clinically similar.
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7.4.9

Donor Organ Demographics and Characteristics

Comparative donor organ demographics and characteristics are shown in Table 19.
Table 19. Donor Organ Demographics and Characteristics
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The donor organs generally had similar characteristics, with the following exception:


SOC arm donor lungs had slightly lower P/F ratios prior to harvesting, as well as
slightly more radiographic abnormalities.

7.4.10

Harvest, Transport, and Transplantation Characteristics

Surgical Complications
Surgical complications during the harvest occurred more frequently with OCS, as seen in Table
20. Pulmonary artery reconstructions (with aorta) were common in the OCS arm, but this is
expected given the need to cannulate the PA for OCS perfusion.
Table 20. Surgical Complications During Retrieval

Induction Immunosuppression
Induction immunosuppression was used in the majority of patients, as seen in Table 21. Data
of the specific agents used were collected, but a comparison by agent type was not generated in
the clinical summary report (CSR). However, FDA does not believe such an analysis is
necessary in order to interpret the study results.

Table 21. Induction Immunosuppression
Was immunosuppressive induction used on this recipient?1
Control (N=184)
OCS (N=165)
Yes
65.9% (120/182)
67.1% (108/161)
No
34.1% (62/182)
32.9% (53/161)

Out-of-Body Time
The donor lung out-of-body time data are provided in Table 22.
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Table 22. Donor Lung Out‐of‐Body Time

Donor lung cross-clamp time, or “out-of-body time” referred to the time period from donor
aortic cross-clamp application (the point at which in vivo perfusion stopped) to recipient
pulmonary artery cross-clamp removal (the point at which in vivo (b) (4)
resumed).
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and 95% in OCS arm and SOC arm, respectively. The treatment difference (SOC – OCS) was
3.4% with the upper bound of the one-sided 95% CI of 8.0%, which was greater than the noninferiority margin of 4%. So non-inferiority was not established in terms of the initially
approved primary effectiveness endpoint in either mITT or PP analysis population.
Table 23. Primary Effectiveness Analysis

Population

SOC
control

OCS
treatment

% Difference
(95% UCB)

p-value1

% (n/N)

% (n/N)

(SOC – OCS)

Non-inferiority
Margin= 0.04

Modified primary effectiveness endpoint
Survival at Day 30 post-transplantation and absence of ISHLT PGD 3 within the first 72 hours
mITT2

71.2 (131/184)

PP

71.1 (128/180)

73.3 (121/165)
78.6 (121/154)

-2.1 (5.8%)

0.1003

-7.5 (0.3%)

0.0077

Initially approved primary effectiveness endpoint
Survival at Day 30 post-transplantation and absence of ISHLT PGD 3 at 72 hours
mITT2
PP

94.5 (173/183)3
95.0 (170/179)

3

87.9 (145/165)
91.6 (141/154)

6.7 (11.8%)

0.8084

3.4 (8.0%)

0.4162

1: normal approximation Wald test for non-inferiority, and Chi-square test for superiority
2: Turn-down(b) (6) imputed as failure
3: The N is smaller in the Initially approved primary effectiveness endpoint due to missing data in PGD grading at 72 hours
Source Response to major deficiencies modified by the reviewer
Source analyses for Combined Cohort TransMedics’ Table 4.1.1 and Table 4.1.3 verified by this reviewer, and reviewer’s analyses

Non-inferiority of OCS to SOC was not established in the mITT population for the modified
primary endpoint, or in either mITT or PP for the initially approved primary effectiveness
endpoint. The finding of non-inferiority in the PP population for the modified primary
effectiveness endpoint should be viewed in the context of endpoint modification and selection
bias issues previously discussed.
For the modified primary effectiveness endpoint, success rates were similar in both arms of the
study. The underlying mode of failure is represented below. The modified primary
effectiveness endpoint is a composite endpoint composed of two separate endpoints: (1)
Survival at Day 30 post-transplantation and (2) PGD grade 3 within the first 72 hours post
transplantation shown in Tables 24 and 25.
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Table 24. Survival at Day 30 Post‐Transplantation
SOC
control

OCS
treatment

% Difference
(95% UCB)

p-value1

% (n/N)

% (n/N)

(SOC – OCS)

Non-inferiority
Margin= 0.04

mITT2

99.5 (183/184)

92.7 (153/165)

6.7% (10.2%)

N/A

PP

100 (180/180)

94.8 (146/154)

5.2% (8.1%)

N/A

Population

1: normal approximation Wald test for non-inferiority, and Chi-square test for superiority
2: Turn-down (b)

imputed as failure

Source analyses for Combined Cohort TransMedics’ Table 4.5.1 and Table 4.5.3 verified by this reviewer, and reviewer’s analyses

Statistical significance testing of the differences in 30-day mortality rates was not performed by
TransMedics since this endpoint was the last in the hierarchy, and prior endpoints failed to
reject their null hypotheses.
There were 11 OCS 30-day deaths, 1 OCS turn-down, and 1 SOC 30-day death.
FDA acknowledges the sites’ and Medical Monitor’s adjudications of preservation-relatedness
for 30-day and in-hospital deaths. FDA independently reviewed the involved subjects’ patient
narratives and CRFs. Although we agree that many of the deaths should not be definitively
described as preservation-related, we also note that findings of “no relatedness” may be
challenging given the complex interplay of serial events in a post-transplantation patient. For
example, TransMedics describes the death of subject (b) (6) in this manner:

This subject’s donor lungs had the 2nd longest exposure to OCS perfusion in the trial (525
minutes), and the patient developed PGD 3 at T0, with substantial lung pulmonary edema
consistent with ischemia/reperfusion injury. The patient required VATS thoracotomy---which
led to left ventricular coronary artery injury that presumably correlated with “heart failure”---to
treat post-transplantation bleeding; post-operative bleeding can be exacerbated by prolonged
durations of extracorporeal circulation.
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All-cause mortality was the pre-specified component of the effectiveness endpoints. In this
randomized trial involving complex lung transplantation procedures, all-cause mortality is a
more appropriate descriptor of mortality than is adjudicated “device or SOC procedure”related.
FDA acknowledges TransMedics’ “clinical endpoint adjunct” that substitutes survival until
hospital discharge for 30-day survival. In that post hoc analysis, point estimates of survival no
longer favor SOC.
FDA agrees that survival until hospital discharge is a very meaningful clinical metric.
Although appropriate to consider when considering INSPIRE, the post hoc derivation of this
“clinical endpoint adjunct” must be appreciated when drawing any inferences.

Table 25. PGD3 within 72 hours

Population
mITT2
PP
2: Turn-down (b)

SOC
control
% (n/N)

OCS
treatment
% (n/N)

(SOC – OCS)

28.8 (53/184)

23.3 (38/165)

5.5%

28.9% (52/180)

18.8 (29/154)

10.1%

% Difference

imputed as failure

The components of the modified primary effectiveness endpoint were not mutually exclusive;
subjects could have died by POD 30 after developing PGD 3. However, 30-day mortality was
lower in the SOC arm, and thus the observed differences in rates of primary effectiveness
endpoint success was a function of PGD 3 within 72 hours. Analysis of the patient-specific
time point at which PGD 3 was present demonstrates that immediate post-operative
development of PGD 3 (i.e., T0) was a principal discriminator for primary effectiveness
endpoint success rates between OCS and SOC, as seen with the data in Table 26.
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According to the clinical literature, the incidence of PGD grade 3 at T0 is expected to decrease, i.e.
improve or resolve in 50%14 of the cases or more at T72 . Shah et.al.15, showed that PGD grade 3
at T72 represent only 33% of all PGD grade 3 identified from T0 to T72 hrs.
Figure 11. PGD grades and changes over time T0 to T72. The INSPIRE Trial, CSR and Extension,
mITT population.

Control =Standard of Care (SOC) = Cold Storage (CS) using (b) (4) preservation solution..
Organ Care System (OCS), includes the use of either (b) (4) or OCS preservation solution.
PGD grade 0 = Green
PGD grade 1= Yellow
PGD grade 2= Brown
PGD grade 3 = Red
Boxed numbers indicate percentage of PGD 2 + 3.

Sensitivity Analysis: Grading of Primary Graft Dysfunction
The primary and secondary effectiveness endpoints which included primary graft dysfunction
were pre-specified to calculate PGD grades based on the 2005 ISHLT Consensus Statement
(see above). TransMedics’ reported PGD grades for all patients reflect the Medical Monitor’s
adjudication of the investigator-assigned PGD grades; the Medical Monitor’s adjudication of
PGD grades were based upon review of the CRFs (no source documentation or radiographs
reviewed).
14

Diamond JM., et al., Clinical risk factors for primary graft dysfunction after lung transplantation. Am J Respir Crit
Care Med, 2013 Mar 1. 187(5): p. 527-34
15

Shah RJ., et al., Latent class analysis identifies distinct phenotypes of primary graft dysfunction after lung
transplantation. Chest. Aug.,. 2013 144(2): p. 616-622
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FDA reviewed the line data for all PGD gradings. Using strict implementation of the 2005
ISHLT PGD scheme, FDA generated endpoint results were not consistent with TransMedics’.
TransMedics clarified that it applied the following interpretation of the consensus statement:

Specifically, TransMedics:


instructed investigators to grade “All patients who are not on mechanical ventilator at
time of PGD assessment…as Grade 0 or 1, based on chest X-ray findings,” ignoring the
parameter of P/F ratio;



ignored the parameter of chest radiograph infiltrates in mechanically ventilated patients
with P/F < 300;



excluded any subject for whom the investigator specified “prophylactic” ECMO in the
CRF from the Consensus Statement’s ECMO caveat (i.e., ECMO ≡ PGD 3).

TransMedics further clarified during the PMA review that
The INSPIRE Trial Steering committee was the academic/scientific body that made the
recommendation for the interpretation of the ISHLT caveats based on intubation or
extubation status to avoid the variability of center protocols on non-invasive oxygen
delivery and the patient compliance with these methods.
Although FDA recognizes that the rationales for TransMedics’ method of PGD grading may
have clinical validity, we do not believe the PGD grading scheme used by TransMedics
represents the stated objectives of the ISHLT Consensus Statement. TransMedics’ construct
for assigning PGD 3 in the setting of “prophylactic” ECMO does not adequately account for
post-operative pulmonary dysfunction superimposed on the pre-operative ECMO indication;
parsing PGD grading on the basis of intubation status is explicitly not a part of the Consensus
Statement grading scheme.
In the context of this clinical trial’s execution, the grading was performed in a manner
inconsistent with the pre-specified protocol. As such, the reported PGD grades reflect an
unplanned modification to the analysis that creates challenges interpreting the trial’s
effectiveness results.
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As a sensitivity analysis, FDA reviewed line data and CRFs for all trial subjects with P/F ratios
< 200 within 72 hours post-transplantation, but not reported as PGD 3 in the CSR. FDA
identified 8 OCS-randomized and 6 SOC-randomized subjects (all members of mITT and PP)
who we believe met criteria for PGD 3 but were not reported as primary effectiveness endpoint
failures (TransMedics rationale, if provided, in parentheses):
OCS
 (b) (6) (prophylactic ECMO): T0-T72, reason for ECMO changed 6 months posttransplantation from “severe reperfusion edema” to “protective use due to left atrial
anastomosis size mismatch.”
 (b) (6) extubated): T24, patient intubated, with infiltrates on chest radiograph (CXR)
and P/F = 173; T48 also consistent with PGD 3.
 (b) (6)

T 48, patient on BiPAP, with infiltrates on CXR, FiO2 = 45%, and P/F = 193.

 (b) (6) prophylactic ECMO): T72, patient mechanically ventilated and on ECMO,
with infiltrates on CXR and P/F = 164.
 (b) (6) (prophylactic ECMO): T48, on ECMO and extubated with FiO2 = 40%, with
bilateral edema on CXR and P/F = 170; T0 (ECMO and mechanical ventilation) also
consistent with PGD 3.
 (b) (6) : T48, patient intubated, with “hyperhydration” on CXR and P/F = 118.
 (b) (6) extubated): T24, patient extubated, with “increased patchy left lung base
opacity” on CXR, FiO2 = 44%, and P/F = 119.
 (b) (6) (extubated and database indicates no infiltrates or edema): T72, patient
extubated, with “patchy bilateral lower lobe opacities are unchanged [from prior ‘illdefined peripheral lung opacities and reimplantation edema]’” on CXR, FiO2 = 33%,
and P/F = 158.
SOC
 (b) (6) (Extubated): T48, CRF indicates mechanically ventilated or CPAP, with
infiltrates on CXR, FiO2 = 50%, and P/F = 186.
 (b) (6) (Extubated): T48, with infiltrates on CXR, FiO2 = 44%, and P/F = 157.
 (b) (6) : T72, with “pulmonary edema” (previously “infiltrates” at T48) on CXR, FiO2
= 44%, and P/F = 168.
 (b) (6) : T48, with infiltrates and “edema” on CXR, FiO2 = 35%, and P/F = 137.
 (b) (6)

T72, with infiltrates on CXR, FiO2 =50%, and P/F = 190.

 (b) (6) (extubated): T48, CRF indicates mechanically ventilated, with infiltrates on
CXR, FiO2 = 40%, and P/F = 185.
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Tipping Point, Primary Effectiveness Analysis
Using the subjects identified above, FDA created tipping point analyses as sensitivity analyses
to examine the impact on the primary effectiveness results. FDA accepts the inherently
incomplete nature of these analyses, given the limitations of the database.
These analyses were performed using both the mITT analysis population (OCS:SOC is
165:184) and the per-protocol study population (OCS:SOC is 154:180). The range shown on
the Y and X axis indicates the most likely range of success for the primary endpoint in the
control arm and the OCS arm. The green dot indicates that the combination of success from the
two treatment groups would have met the non-inferiority test while the red dots indicate the
failure to meet the primary hypothesis. The dot marked by the pentagon represents the result
reported by TransMedics and the dot marked by the star represents the results adding the FDAadjudicated cases. Both markers are in the red zone, meaning that the primary hypothesis was
not met. The following tipping point analysis (Figure 12) shows in the mITT population there
was further evidence that the modified primary endpoint would not have been met with the
FDA- adjudicated cases.
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Figure 12. Tipping Point Analysis for the modified Primary Effectiveness Endpoint (30 days
survival post transplantation and absence of PGD grade 3 within 72 hour post transplantation)
mITT population (OCS N=165, Control N=184)

The Tipping analysis of the modified primary effectiveness endpoint using TransMedics’
defined Per protocol population is presented in Figure 13. The dot marked by the pentagon
represents the result reported by TransMedics and the dot marked by the star represents the
results after adding the FDA- adjudicated cases. Both markers are in the green zone, meaning
that the primary hypothesis was met. However, the graph below shows that even with limited
flipped cases the star was moving towards the rejection region. If there were three more flipped
cases in the OCS arm or the control arm, then the primary endpoint would have failed even in
the PP population.
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Figure 13. Tipping Point Analysis for the modified Primary Effectiveness Endpoint (30 days
survival post transplantation and absence of PGD grade 3 within 72 hour post transplantation)
PP population (OCS N=154, Control N=180)

The tipping point analysis was also performed for the initially approved primary effectiveness
endpoint. The graph also indicates if the primary endpoint was not changed in the middle of
the trial, then the primary endpoint would have failed to declare non-inferiority to the standard
of care treatment arm. This raises questions about the robustness of the primary effectiveness
endpoint as reported by TransMedics .
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2Figure 14. Tipping Point Analysis for the Initial Primary Effectiveness Endpoint (30 days
survival post transplantation and absence of PGD grade 3 at 72 hour post transplantation) mITT
population (OCS N=164, Control N=183)

Based on the data available FDA has identified a small number of subjects whose PGD
grading were inconsistent with the ISHLT 2005 guidelines, tipping point analyses were
performed to examine the potential impact of these regrading on the primary effectiveness
endpoint. As shown in the per-protocol population the regrading of PGD of a limited few cases
has already shift the final results towards the rejection zone; if all subjects were adjudicated as
failures, even in the per protocol population the primary endpoint could fail to claim noninferiority to the control arm.
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7.4.12

Secondary Effectiveness Endpoint Results

The first secondary effectiveness endpoint was the incidence of ISHLT PGD grade 3 at 72 hours
post-transplantation. The non-inferiority of OCS to SOC was not demonstrated based on the mITT
population with a margin of 5%. The rate of ISHLT PGD grade 3 was 6.7% in OCS group,
compared to 5.5% in SOC group. The treatment difference (OCS – SOC) in rate of ISHLT PGD
grade 3 was 1.2% with an upper limit of the one-sided 95% CI of 5.5, which is greater than the
non-inferiority margin 5%. Only in the per-protocol population did the first secondary endpoint
meet the non-inferiority bound of 5%.
The second secondary effectiveness endpoint was the incidence of ISHLT PGD grade 2 or 3 at 72
hours. The non-inferiority of OCS to SOC was not demonstrated in any of the populations with a
margin of 7.5%.
The third secondary effectiveness endpoint was the survival at 30 days. The non-inferiority of
OCS to SOC was not demonstrated in any of the populations with a margin of 4%.
Table 27 provides the specific details of each of the secondary endpoint.
Table 27. Secondary Effectiveness Analysis
SOC
control

OCS
treatment

% (n/N)

% (n/N)

mITT2

5.5 (10/183)

6.7
(11/164)

1.2% (5.5%)

0.0724

PP

5.0 (9/179)

3.9(6/154)

-1.1% (2.6%)

0.0033

mITT2

10.9
(20/163)
10.6
(19/179)

16.5
(27/164)
13.0
(20/154)

5.5% (11.6%)

-

2.4% (8.2%)

0.0746

99.5
(183/184)
100
(180/180)

92.7
(153/165)
94.8
(146/154)

Population
ISHLT PGD 3 at 72 hours
(Margin= 5%)
ISHLT PGD 2 or 3 at 72 hours
(Margin= 7.5%)

PP

Difference
(95% UCB)
(OCS –
SOC)

p-value1
Non-inferiority

(SOC – OCS)
Survival at 30 Days
(Margin=0.04)

mITT2
PP

6.7% (10.2%)

-

-

5.2% (8.1%)

-

-

1: normal approximation Wald test for non-inferiority, and Chi-square test for superiority
2: Turn-down(b)

imputed as failure

Source analyses for Combined Cohort TransMedics’ Table 4.5.1 and Table 4.5.3 verified by this reviewer, and reviewer’s analyses

For the PP population, non-inferiority for OCS was demonstrated for the incidence of PGD 3 at
T72, but not for PGD 2 + 3 at T72 or for 30-day survival. Non-inferiority in the mITT
population was not demonstrated for any of the secondary effectiveness endpoints.
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7.4.13

Longer-term Survival

To further assess the observed mortality difference, longer-term all-cause mortality was
compared with Kaplan-Meier analyses using prospectively collected vital status data collected
out to 2 years post-transplantation. Allograft survival (i.e., need for re-transplantation) was not
analyzed.
Figure 15. Kaplan Meier Survival Estimates in mITT
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Table 28. Survival in mITT
Survival Rate
Follow-up Time

SOC control
N=184
# of death

OCS treatment
N=165 # of
death

Day 30

1

6 Month

16

12 month
24 Month

7
7

SOC control
N=184
99.5%
11 (183/184)
90.8%
3 (167/184)
87.0%
7 (160/184)
81 83.2%(153/184)

OCS treatment
N=165
93.3%(154/165)
91.5%(151/165)
87.3%
(144/165)
82.4%(136/165)

1Turn down subject counted as a death in the OCS arm by 24 months.

As noted previously, operative (30-day) mortality was clinically significantly higher in the OCS
arm. By 6 months post-operatively, however, the survival rates had equalized, and they
remained similar thereafter. The numbers in the KM plot reflect the number of patients at risk
at each time point, so they exclude patients who do not have follow-up at 24 months; whereas,
the numbers in Table 28 reflect the mITT study population.
OCS did not demonstrate a survival benefit in INSPIRE. Rather, an apparent increased hazard
of death in the early post-transplantation period seemed to be associated with device
preservation. The Panel will be asked to consider the clinical significance of the early OCSassociated mortality, given the later equilibration of overall survival.
In an exploratory analysis, FDA asked TransMedics to stratify longer-term survival by PGD 3
within 72 hours. As compared to their respective study arms as a whole, OCS subjects who
developed PGD 3 within 72 hours manifested higher rates of mortality within the first year
than did SOC subjects; however, the nature of this analysis, including the small numbers
involved, should be kept in mind when drawing inferences.
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respectively. In an exploratory analysis to investigate if the covariate of “out-of-body” time had
an impact on results, FDA asked TransMedics to stratify effectiveness results by first lung
cross-clamp times (≤ 300 minutes and > 300 minutes) and second lung cross-clamp times (≤
400 minutes and >400 minutes).
For the PP population, the sizes of the strata were substantially different in the 2 arms: the
majority of SOC first lungs (n=114) had cross-clamp times ≤ 300 minutes, whereas the
majority of OCS first lungs (n=123) had cross-clamp times > 300 minutes; similarly, the
majority of SOC 2nd lungs (n=104) had cross-clamp times ≤ 400 minutes, whereas the majority
of OCS 2nd lungs (n=109) had cross-clamp times > 400 minutes. As compared to the study’s
non-stratified findings, no consistent differences in effectiveness endpoint results were
observed when stratified by cross-clamp time.
Although this post hoc analysis did not discern a discrete benefit of OCS with longer
preservation times, it did support the concept that OCS preservation can be used for
substantially longer periods of preservation than SOC without a degradation of the OCS’s
clinical results.

7.4.14

Bronchiolitis Obliterans Syndrome and Pulmonary Function

Patients who survive to 12 months after severe PGD may have significantly impaired physical
function and have an increased risk of bronchiolitis obliterans syndrome (BOS) and chronic
rejection. The protocol specified pulmonary function tests (PFTs) prior to initial hospital
discharge; subsequent PFTs at 6-, 12-, and 24-month follow-up were at the discretion of the
individual sites.
The protocol mandated the accrual of data on the diagnosis of BOS at 6, 12, and 24 months.
BOS is classically defined by an obstructive spirometric pattern, an FEV1 < 80%, and an
unremarkable-appearing chest radiograph. The diagnosis of BOS was made by clinical sites,
without trial adjudication.
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FDA reviewed line data for BOS and PFTs. Compared to TransMedics’ PP analysis, based on
PFTs and case report forms, FDA identified 3 additional diagnoses of BOS at 12 months (1
OCS, 2 SOC) and 14 additional diagnoses of BOS at 24 months (8 OCS,6SOC). There were
some almost equivalent incomplete PFT and BOS data in both the OCS and SOC treatment
arms.
Kaplan-Meier plots are presented below for time to Diagnosis of BOS. The time to event
curves showed the two treatments were comparable in terms of time to diagnosis of BOS. A
caveat to this plot is the competing risk of diagnosis of BOS and death of the subject. BOS can
only be diagnosed with a decline in the PFT(FEV1) in the absence of other causes of lung
function decline at the measured time points. The early deaths in the OCS arm are not included
in any BOS evaluations. To supplement this plot, a Kaplan-Meier plot was also drawn for the
composite endpoint of Diagnosis of BOS or death. Again the two time-to-event curves showed
separation in the first 6 months then they even out from months 12 to 24.
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Figure 17. BOS Diagnosis (mITT)
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Figure 18. Post‐hoc composite of survival with freedom from BOS (mITT)

An interesting observation in a post-hoc analysis of a small number of subjects was that PGD 3
did not clearly correlate with BOS outcomes; however, no definitive conclusions could be
reached. This analysis is observational and, therefore, could be further evaluated in a postapproval study.
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Figure 19. Diagnosis of BOS among subjects having PGD 3 within 72 hours (PP)

Although inferences regarding BOS development are somewhat limited due to the
unadjudicated nature of the data, the time to event curves showed the two treatments were
comparable in terms of time to diagnosis of BOS. A post hoc subgroup analysis of subjects
who had developed PGD 3 in the post-operative period (72 hours) did not show a correlation
with the incidence of BOS at 24 months. This may suggest an incipient reduction in BOS at
later follow-up (beyond 2 years). This could be further evaluated in a post approval study.
A postulated benefit of the OCS Lung is decreased BOS on the basis of attenuated lung injury,
as quantified by post-implantation PGD grade, during preservation and reperfusion. The Panel
will be asked to consider whether INSPIRE’s results support the validity of such a benefit.
90

7.4.15

Post hoc Sub-group Analyses

Pre-operative pulmonary support risk factors for transplantation
The sub-group analyses for pre-operative pulmonary support risk factors are presented in
Tables 29 and 30:
Table 29. Modified Primary Effectiveness Endpoint subgroup analysis, pre‐operative
pulmonary support risk factors, PP
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Table 30. 24‐month survival subgroup analysis, pre‐operative pulmonary support risk
factors, PP

Inferences from these sub-group analyses are limited by their post hoc nature and small
proportion of subjects (both arms) who had one or more of the risk factors. However,
among the more acutely sick subjects (i.e., requiring pre-operative support) SOC
patients appeared to demonstrate a trend toward more favorable outcomes than OCS
patients. Conversely, among non-supported recipients, OCS demonstrated a modest
advantage over SOC.
Gender analysis
Post-hoc sub-group analysis for gender is performed below for both the modified primary
effectiveness endpoint and the secondary effectiveness endpoint. Table 31 shows that in the
control group the effectiveness results between the two genders are comparable (68.2 % vs.
72.9%), but in the OCS arm, the female cohort has a higher rate of success 82.3% compared
with 65.9% in the male cohort.
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Table 31. Modified Primary Effectiveness Endpoint, subgroup analysis, gender, mITT

Table 32. Secondary Effectiveness Endpoints, subgroup analysis, gender, mITT

Notably, the differential in 30-day survival between the arms was due almost exclusively to
worse survival in male OCS patients. Similarly, it appears that the failure to demonstrate noninferiority for the modified primary effectiveness endpoint in the mITT population (see above)
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c.

Substantive changes to the statistical analysis plan, including the definition of
the primary effectiveness endpoint and specification of the principal analysis
population, which were effected late in the trial after unplanned data analyses,
despite FDA’s recommendation against doing so

d.

Delayed, unblinded review and revision of organ preservation events that led to
differing statistical results between the two key analysis populations (mITT and
PP)

e.

Characterization and adjudication of a key effectiveness metric (PGD) in a nonpre-specified manner

f.

Site-specific confounding covariates, such as use of “prophylactic” ECMO and
willingness to perform transplantation “off-study”

g.

Imprecise mechanism to evaluate “user error” events as device failures
secondary to complexity-related human factors issues

2.

INSPIRE did not meet the primary effectiveness endpoint and demonstrate noninferiority of OCS to cold static preservation in the analysis population that FDA
believes was most clinically relevant for the trial design (i.e., mITT). In the mITT
population, the absence of non-inferiority manifested irrespective of whether the
primary effectiveness endpoint evaluated PGD at T72 or within 72 hours posttransplantation. FDA considers TransMedics’ inference of non-inferiority for the Per
Protocol population to be not robust given the trial design and execution concerns noted
above. Furthermoreg, the treatment effect in the PP population was driven in large part
by PGD grade 3 at T0, a time point recognized by the 2016 revision of the ISHLT
Consensus Statement (in-press) to be substantially confounded. INSPIRE also failed to
demonstrate non-inferiority in decreasing a broader measure of graft dysfunction, PGD
grade 2 or 3. A statistically significant qualitative interaction effect of treatment by
gender was noted.

3.

Peri-operative survival of patients with OCS-preserved lungs was less than that of
control arm patients. The difference was clinically notable. Any inference of noninferiority for the primary effectiveness endpoint is diminished clinically by the failure
to demonstrate non-inferiority for the secondary endpoint of 30-day survival. Followup at 2 years suggests clinically similar longer-term survival, but this finding must be
qualified by the fact that 37 randomized subjects were transplanted off-study with the
index lungs and thus censored from further analysis. Allograft loss leading to 30-day retransplantation occurred in the OCS arm, but an analysis comparing longer-term
composite patient and allograft survival was not performed.

4.

INSPIRE demonstrated non-inferiority for the safety endpoint of lung graft-related
serious adverse events.

5.

Two OCS-preserved donor lungs were subsequently discarded by investigators; all cold
static preservation lungs were ultimately transplanted, consistent with standard clinical
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practice. FDA accepts that decisions regarding transplantation are individualized. An
assessment of OCS-Lung effectiveness should consider the public health impact of, on
the one hand, facilitating increased donor lung harvesting and transplantation and, on
the other hand, discarding previously allocated and accepted donor lungs.
6.

Development of BOS and the rate of patient survival without BOS were similar in both
treatment and control arms. Exploratory analyses did not demonstrate a clear
correlation between the severity of PGD Grade and the subsequent development of
BOS within 2 years. However, based on a small sample size, FDA made a post hoc
observation that the rate of BOS among OCS subjects who had had PGD grade 3 may
be less than that among SOC subjects with PGD grade 3. Further study is needed to
assess this observation.

7.

FDA recognizes that the benefit-risk profile of the OCS-Lung may be optimized in
specific donor and/or recipient populations. The results of a post hoc preservation-time
stratification analysis, which FDA requested, are limited due to statistical
considerations. Nonetheless, they do provide an exploratory suggestion that prolonged
preservation of donor lungs with the OCS-Lung is not associated with worse clinical
results than with shorter preservation times. Further study is needed to assess this issue.

8.

Post-Approval Study Considerations

The inclusion of a Post-Approval Study (PAS) section in this summary should not be interpreted to
mean that FDA has made a decision on the approvability of this PMA device. The presence of a
post-approval study plan or commitment does not alter the requirements for pre-market approval
and a recommendation from the Panel on whether the benefits 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 find the device approvable based upon the premarket data.
If the OCS Lung System is approved, FDA recommends that additional data collection be required
for this first-of-a-kind device to assess long-term safety and effectiveness outcomes, such as 5-year
survival, pulmonary function, and bronchiolitis obliterans syndrome (BOS).
TransMedics submitted proposals for two post-approval studies: an extended follow-up of the
INSPIRE cohort and a new enrollment study. An overview of both PAS proposals is provided
below, followed by the FDA’s comments.
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8.1

Extended Follow-up of the INSPIRE Cohort

TransMedics proposed to collect clinical outcomes on existing OCS Lung INSPIRE Trial patients
for up to 5 years from date of lung transplantation. The proposed clinical outcomes to be collected
are as follows:




Patient survival status at 3, 4 and 5 years post-lung transplantation
If died, cause of death
Clinical diagnosis of BOS at 3, 4 and 5 years post-lung transplantation.

FDA Comments:
1.

FDA agrees with leveraging the INSPIRE cohort to obtain 5 years of follow-up and agrees
with the proposed long-term endpoints. However, the INSPIRE cohort was previously
consented for two years. TransMedics will need to obtain new IRB approval and re-consent
the subjects for the additional 3 years of follow-up, presenting several key limitations:



Longer-term results may be confounded by under-representation of sicker subjects in
the extended follow-up PAS.
Missing morbidity data on events that occurred during the gap between the end of the
INSPIRE study and the beginning of the PAS due to re-consent process.

2.

As the PAS discussion continues, additional information on the extended follow-up study
will be important, including the estimated number of INSPIRE subjects who are available
to participate and measures that will improve participation rate.

3.

In order to make comparisons of long-term survival and BOS between the OCS and Control
arms, FDA recommends extended follow up of Control subjects from the pivotal trial.

8.2

New Enrollment Study

TransMedics proposed to conduct a new enrollment study to collect short-, mid-, and long-term
clinical outcomes from patients in the U.S. who receive bilateral lung transplantation using the
OCS Lung System. The data will be collected in a new registry called the OCS Thoracic Organ
Perfusion (OCS TOP) Registry. To ensure site compliance with data collection, TransMedics
proposed to collect the following data commonly collected by the Scientific Registry of Transplant
Recipients (SRTR) and International Society for Heart and Lung Transplantation (ISHLT)
Registry:




Recipient/Donor Characteristics:
− Recipient demographics, risk factors and primary cause of lung failure
− Donor demographics, risk factors and cause of death
Critical Transplant Times: Cross clamp and ischemic times
OCS Lung Device Related Parameters:
− OCS(b) (4)
and ventilation parameters
− Device malfunctions
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Post-Transplant Short-Term Outcomes (0-30 days & initial hospital discharge)
− ISHLT PGD grade 3 within the initial 72 hours post-transplant
− Patient survival at initial hospital discharge
− Patient survival at day 30 post-transplant
Post-Transplant Long-Term Outcomes (1-5 years post lung transplant)
− Patient survival status
− Cause of deaths
− Diagnosis of BOS

The details of the study as proposed by TransMedics are provided below, followed by FDA
comments.

8.2.1

Background and Study Design

The long-term safety and effectiveness of the OCS Lung System will be evaluated through 5 years
post-lung transplantation. The objective of the post-approval registry is that the survival profile of
the OCS Lung System is maintained through 5 years. The registry will enroll subjects transplanted
by standard criteria lungs with the OCS Lung System (i.e., a single-arm registry).

8.2.2 Primary Objective and Study Hypothesis
As of September 16, 2016, the estimated 5-year survival post double-lung transplant in the Organ
Procurement and Transplant Network (OPTN) is 50.4% per the Kaplan-Meier method. The
primary effectiveness objective of the post-approval registry is that the rate of 5-year survival
following transplantation with the OCS Lung System is greater than a performance goal based off
this historical rate of lung transplantation. Specifically, the null and alternative hypotheses are:
H0: μOCS ≤ μOPTN – 0.12
Ha: μOCS > μOPTN – 0.12
where μOCS is the estimated survival rate of the patients transplanted using the OCS Lung System
in the post-approval registry, μOPTN is the estimated historical OPTN survival rate, and 0.12
(12%) is the margin to establish the performance goal.
Survival estimates will be based off the Kaplan-Meier method. The primary effectiveness
objective will be met if the lower confidence bound for the estimated survival rate of patients
transplanted with the OCS Lung System exceeds the performance goal.

8.2.3



Other Study Objectives
Estimated survival at 30 days and at hospital discharge, 6 months, and 1, 2, 3, and 4 years
BOS at 1, 2, 3, 4 and 5 years
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8.2.4

PGD grade 3 within the initial 72 hours post-lung transplantation (T0, T24, T48, & T72
Hours)

Sample Size Estimation

Sample size estimates were calculated using PROC POWER (SAS). The Lakatos normal
approximation (log rank test) method was used assuming an accrual time of two years, a follow-up
time of 5 years, an exponential rate for mortality, an estimated median loss time of 20 years (50%
loss within 20 years), and a one-sided 0.05 significance level. A sample size of 150 transplanted
subjects is estimated to provide at least 90% power to achieve the primary 5-year effectiveness
objective.

8.2.5

Recipient Selection Criteria

Recipient Inclusion Criteria:
 Registered male or female primary lung transplant candidate who receives a standard
criteria donor lung perfused on OCS™ Lung system
 Age ≥18 years old
 Signed: 1) written informed consent document and 2) authorization to use and disclose
protected health information
Recipient Exclusion Criteria
 Prior solid organ or bone marrow transplant
 Single lung transplant recipient

8.2.6

Donor Selection Criteria

Donor Inclusion Criteria:
 Donor age ≤65 years old
 Normal gas exchange PaO2/FiO2 ratio ≥300 mmHg at final acceptance of donor lungs
Donor Exclusions Criteria:
 Positive serology
 Presence of moderate to severe traumatic donor lung injury such as: pneumo/hemothorax or
lung contusion seen on chest X-ray, CT scan, visual inspection, or bronchoscopy
 Presence of confirmed active pneumonia

8.2.7

Recruitment Strategy

The goal is to initiate the registry within 9 months from approval and have a minimum of 50% of
the centers using the OCS Lung participating in the patient registry within the first year and
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increasing participation rate in the patient registry to 75% of centers using the OCS within the
second year. It is anticipated that a minimum of 10 centers in the US will participate.

8.2.8

Follow-up Schedule and Plan to Minimize Loss to Follow-up

TransMedics is proposing an academic clinical/scientific Steering Committee composed of leading
global lung transplant experts to oversee the integrity of the registry data and compliance with data
collection protocols from participating centers. Periodic review of safety data will be conducted to
evaluate safety thresholds and monitor data entry compliance.
It is not anticipated that a large percentage of subjects will be lost to follow-up, given that
TransMedics will be collecting a similar data set to the one collected by the SRTR registry in the
US. TransMedics will take a proactive role to notify the registry sites of expected scheduled visits
and encourage them to enter data promptly to minimize data loss.

8.2.9

Statistical Analysis Plan, Study Timeline, and Reporting Requirements

Generation of the Statistical Analysis Plan (SAP), determination of detailed study timelines, and
reporting requirements will be defined when there is an agreed upon study design with FDA.
FDA Comments:
1.

FDA believes that, if the device is approved, additional device monitoring and surveillance
is needed for this first-of-a-kind device, to overcome key issues in the design, conduct, and
analyses of the pivotal study and to provide a clearer picture of device performance in the
U.S. population.
This is an opportunity to create a surveillance framework for perfusion devices by
leveraging data collection through existing infrastructure (i.e., United Network for Organ
Sharing [UNOS] Registry) as opposed to conducting a traditional new enrollment study.
However, since the applicant proposed a new enrollment study, FDA assessment of it is
presented below.

2.

The proposed design for a new enrollment study will lead to collection of longer-term (5
years) safety and effectiveness data in patients who undergo double-lung transplants with
OCS-preserved lungs in the U.S. However, there are some limitations with the proposed
new enrollment study, as discussed below:
a.

TransMedics proposes to collect data that are commonly collected by the SRTR and
ISHLT registry. FDA recommends that TransMedics leverage the UNOS registry
for monitoring of device performance under a surveillance paradigm. Given that
data on patient survival, cause of death, and other key endpoints are already being
captured in UNOS, a surveillance approach would be the optimal way to address the
postmarket question. Other benefits of addressing the postmarket question through
101

UNOS include collection of high-quality data through an existing infrastructure and
reduced missing and incomplete data. Since data from U.S. participants in the
INSPIRE study were collected through UNOS, TransMedics is already familiar with
this registry and its procedures.
b.

The primary effectiveness endpoint in the new enrollment PAS is 5-year survival.
In addition, TransMedics proposes to collect data on the following endpoints: shortterm survival; PGD grade 3 within 72 hours post lung transplantation; and long-term
assessment of BOS. FDA recommends the primary endpoint be based on PGD at 72
hours. Additional study endpoints may be added, as needed.

c.

The applicant did not specify a primary safety endpoint. FDA believes that the
incidence of lung graft-related adverse events up to 90 days post-transplant is a
clinically meaningful measure to include acute rejection, respiratory failure,
infection, and bronchial anastomotic complications, and these should be the primary
safety endpoint in this study. However, it is unclear whether lung graft-related
events should also be evaluated beyond 90 days.

The panel will be asked to discuss the appropriateness of the proposed endpoints (e.g.,
PGD) and follow-up assessment in order to evaluate the long-term safety and
effectiveness of the device.
d.

TransMedics proposes to conduct a hypothesis test to demonstrate that 5-year
survival in this PAS is not significantly lower than 38.4% (performance goal of
50.4% with a 12% margin). The survival rate of 50.4% was based on OPTN data of
double lung transplants performed between 1997 and 2004.
FDA believes that a performance goal of 38.4% is too low based on data
demonstrating improved survival in more recent years. A 2015 annual report from
OPTN reported a 5-year patient survival rate of approximately 60% in patients who
underwent a double-lung transplant between 2008 and 2010. Based on these data,
FDA believes that a point estimate of 60% is more appropriate in this PAS.

The panel will be asked to discuss what would be an acceptable point estimate to which 5year survival in this PAS cohort should be compared to and what would be an acceptable
margin that will not be clinically different from the point estimate.

102

