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Abstract

Complicated pleural effusions and empyema with loculation and failed drainage are common
clinical problems. In adults, intrapleural fibrinolytic therapy is commonly used with variable
results and therapy remains empiric. Despite the intrapleural use of various plasminogen
activators; fibrinolysins, for about sixty years, there is no clear consensus about which agent is
most effective. Emerging evidence demonstrates that intrapleural administration of plasminogen
activators is subject to rapid inhibition by plasminogen activator inhibitor-1 and that processing of
fibrinolysins is importantly influenced by other factors including the levels and quality of pleural
fluid DNA. Current therapy for loculation that accompanies pleural infections also includes
surgery, which is invasive and for which patient selection can be problematic. Most of the clinical
literature published to date has used flat dosing of intrapleural fibrinolytic therapy in all subjects
but little is known about how that strategy influences the processing of the administered
fibrinolysin or how this influences outcomes. We developed a new test of pleural fluids ex vivo,
which is called the Fibrinolytic Potential or FP, in which a dose of a fibrinolysin is added to
pleural fluids ex vivo after which the fibrinolytic activity is measured and normalized to baseline
levels. Testing in preclinical and clinical empyema fluids reveals a wide range of responses,
indicating that individual patients will likely respond differently to flat dosing of fibrinolysins. The
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test remains under development but is envisioned as a guide for dosing of these agents,
representing a novel candidate approach to personalization of intrapleural fibrinolytic therapy.
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Introduction

With the passage of the 215t Century Cures Actl, a national focus on the development of
personalized medicine was consolidated with the commitment of about $1.5 billion of new
federal funding over the next ten years. This novel program is called the Precision Medicine
Initiative or PMI and is designed to identify better ways of treating diseases that are
refractory to therapy. The predicate of the PMI is that by better understanding individual
genetic, environmental and lifestyle variability associated with these diseases, better therapy
or preventative measures can be identified. In a similar vein, current diseases for which
therapy is of variable efficacy may be improved.

Within the realm of pleural diseases, precision-guided medicine is in its infancy relative to
other areas of medicine. In concept, the pharmacotherapy of loculation associated with
pleural infection is one area where a precision guided approach could be of great advantage
based upon several considerations related to current care. Complicated parapneumonic
pleural effusions (CPE) and empyema are common clinical problems that are commonly
referred to pulmonary specialists for consultation and management.

CPE and empyema with loculation have been reported to affect about 80,000 patients in the
US and UK annually and are associated with mortality of up to 20 percent, considerable
morbidity and costs of about half a billion dollars annually2=5. The incidence of pleural
infections is said to be about 8-fold that of cystic fibrosis, five-fold that of idiopathic
pulmonary fibrosis and mortality exceeds that of myocardial infarction or community
acquired pneumonia® 4 6 7. While it may be that the actual incidence of empyema/CPE may
be lower in the United States; approaching 30,000 patients, per year (David Lapidus,
proprietary review of the literature commissioned by Lung Therapeutics, Inc.), it is clear that
these cases are commonly seen and of major impact in terms of resource utilization. These
patients often require extended hospitalization during which time dedicated procedures may
be required to expedite pleural drainage. In addition, the incidence of empyema is steadily
increasing in both adult and pediatric populations world-wide, as recently reviewed?,

The treatment of choice in adult patients currently remains unsettled and a number of
options are available to address failed drainage in the setting of empyema/CPE (Figure 1).
Procedures including video-assisted thoracoscopy can be used but selection of patients most
likely to benefit remains problematic. Sometimes, at least in the US, that decision to engage
a surgical option hinges on what service the patient is admitted to. While surgical options are
generally quite effective in facilitating drainage®-11, the radiographic picture of extensive
loculation alone should not result in a surgical referral3. As reviewed, at least four clinical
trials have failed to demonstrate clear benefits of surgical drainage for CPE/empyema
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patients?, although operable patients who remain septic clearly may benefit if other
measures instituted to facilitate drainage have failed. In many centers in the US, local
experience also guides whether patients are committed to surgery early after impaired
drainage in CPE/empyema patients is detected!!. That approach, however, is invasive and
entails the risks of anesthesia and the development of chronic chest pain. The surgical
approach is also relatively costly. It cannot be used in patients with exclusionary co-
morbidities such as a bleeding diathesis or for patients otherwise deemed inoperable.

Given these considerations, effective and well-tolerated and reliably effective
pharmacotherapy is desirable. Unfortunately, dosing of intrapleural fibrinolytic therapy
(IPFT) has since its inception remained empiric and off-label, which may underlie the
variable responses to its application in adults. While a variety of approaches including the
use of fibrinolysins alone or in combination with DNase have been advocated, the search for
optimal IPFT and how best to deliver that in adults remains a high priorityl2. Along these
lines, a personalized approach to the application of IPFT in adults remains unavailable.
However, we infer that personalized therapy based on evaluation of the components of the
fibrinolytic system in pleural fluids could be of clinical value. We specifically posit that this
analysis, which we call the fibrinolytic potential assay (FPA) of pleural fluids could be
useful for adult patients with pleural infection, loculation and failed drainage. We are now
developing the FPA, which is an assessment of the effect of an ex vivo fibrinolysin or
fibrinolysin plus adjunctive therapy on pleural fluid plasminogen activator (PA) activity. Our
objective is to reliably improve outcomes in these patients.

The Origins and Evolution of Intrapleural Fibrinolytic Therapy

The concept that clearance of intrapleural fibrinous adhesions could expedite drainage of
loculated pleural collections was based on the concept that intrapleural collections of
loculated material were primarily fibrinous (Figure 2). Almost seventy years ago, Sherry and
Tillett originally proposed the concept these collections could be lysed and drained by
fibrinolysins like streptokinase or streptodornase’3-15. IPFT has been part of the guideline-
driven armamentarium for the treatment of CPE/empyema ever since that timeS.
Interestingly, two recent multicenter trials failed to show efficacy of fibrinolysins alone? 16
and the results of one were challenged based on study design issues including inclusion of
patients with and without pleural loculation’. More recently, a meta-analysis including both
these studies concluded that IPFT provided benefits for adult patients with CPE/empyema,
that it should, in particular, be considered for patients with loculation and that further
investigation was required to identify best practices!®. At some centers, IPFT is now the
primary therapy for CPE/empyema, while other recommendations are more restrictive,
calling for IPFT in inoperable patients with clear evidence of with pleural loculation?®.

The early reports of effectiveness resulted in an enduring approach to therapy that has been
variably successful in adults but interestingly has been quite effective in children, as
reviewed?0, The reasons for the disparity are now unclear, but may be related to subtle
genetic or epigenetic factors that remain to be elucidated. The disparities could relate to the
ability of young and otherwise healthy pediatric patients to better handle infectious pleural
episodes compared to older adults with comorbidities. The better outcomes could relate to
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frequently delayed presentation in adults, as patients with serious pleural infection in the
MIST2 trial often presented weeks after the onset of symptoms?. It may be that children are
more rapidly brought to medical evaluation by their parents or guardians, but that is
speculation. Although a number of agents have been used, it is clear that IPFT is generally
well-tolerated and effective in pediatric patients with pleural loculation associated with
empyema or CPE20: 21, The safety profiles of current forms of IPFT are less certain in adults
although the topic is an area of ongoing clinical investigation.

Variation in Innate Responses to Pleural Infection

A number of factors including the variable response of different patients to pleural infection,
the efficacy of the local immune response, stage of disease at treatment onset, co-morbidities
and variable elaboration of pleural fluid inhibitors, cross-linked transitional fibrin or
nucleotides could influence outcomes of IPFT. The relative impact of each of these factors to
independently or collectively influence the ability of IPFT to affect pleural drainage in a
given patient with pleural loculation remains unclear.

The type of infection that a given subject experiences can clearly affect the severity of
pleural loculation. We recently examined this issue in newly developed rabbit models of
progressively organizing pleural empyema that develop as facsimiles of pleural loculation of
the course of five days22. In this study, we compared the biochemical correlates and
phenotypic changes associated with empyema induced by intrapleural administration of
either P multocida or S. pneumoniae. In the models, the animals responded to pleural
infection with the development of an inflammatory pleural effusion that developed pleural
collections reminiscent of loculated pleural effusions that persisted over the 5 day course of
the experiments. The pleural effusions of 2 multocida-injured animals had increased PAI-1
levels that correlated with increased PAI-1 activity and levels of each were comparable to
those of animals with S.pneumoniae-induced empyema. Concentrations of PAI-1 in these
fluids exceeded those of rabbits with tetracycline (TCN)-induced pleural injury that we
previously studied?3-25, IPFT with doses of tissue plasminogen activator (tPA) or single
chain urokinase plasminogen activator (scuPA) that were effective in attenuating pleural
collections in TCN-induced pleural injury were ineffective in 2 multocida-induced
empyema but scuPA demonstrated a trend towards improved outcomes in animals with S.
pneumoniae-induced empyema. Overall, higher doses of IPFT were required in either form
of empyema (2 mg/kg) than used in TCN-induced pleural injury, suggesting that PAI-1 and
associated activity levels were responsible for the differential effects of the fibrinolysins on
clearance of fibrinous, organizing pleural collections.

The role of PAI-1 in regulating the responses to IPFT in empyema in rabbits was comparable
to the findings in which PAI-1 levels and activity were independently altered in the TCN
model. In this study, adenovirus-mediated delivery of the human PAI-1 gene was delivered
under a cytomegalovirus promoter to the rabbit pleura. In an independent study, PAI-1 levels
were increased via transduction of the pleural mesothelium of rabbits after which TCN-
induced pleural organizing injury was induced?®. As levels of intrapleural PAI-1 and its
activity increased in the model, the PA activity of pleural fluid fell in a linearly correlated
manner in animals treated with either tPA or scuPA. These results suggest the possibility that
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PAI-1 is a legitimate target to improve IPFT. This is not to say that absolute deficiency of
PAI-1 is desirable, as PAI-1 plays a regulatory role in normal healing and the control of
fibroblast elaboration of collagen?®. In a murine model of empyema that we recently
developed, absolute PAI-1 deficiency was associated with attenuation of the extent of pleural
thickening and lung restriction, likely attributable at least in part to increased
mesomesenchymal transition of pleural mesothelial cells and cross talk with procoagulant
pathways with increased tissue factor expression in the injured pleural tissues?”’.

In human pleural fluids from patients with empyema or complicated parapneumonic pleural
effusions, PAI-1 levels are generally increased?8 which has been demonstrated by a number
of other groups, as reviewed20. Interestingly, we recently reported that levels of PAI-1 in
pleural fluids of patients with empyema and other forms of pleural infection in the MIST2
clinical trial were similar to those detected in the pleural fluids of rabbits with either 2
multocida or S. pneumoniae-induced empyema22, The levels of PAI-1 antigen and activity
varied in individual patients, suggesting that dosing of fibrinolysins could be variably
effective in patients depending on the levels of PAI-1 that were present within pleural fluids
at the time that IPFT is initiated. PAI-1 levels were not assessed in the MIST2 trial at the
time that patients were randomized to the treatment arms of either vehicle, tPA alone, DNase
alone or tPA and DNase in combination. Whether the patients with high levels were evenly
distributed within these groups is potentially important and could conceivably have affected
the outcomes. The results of this and other trials in which PAI-1 expression was not
interrogated in pleural fluids could similarly have been affected and may underlie the
variability in the response to various forms of IPFT in adult patients.

To pursue the possibility that PAI-1-targeted therapy could enhance IPFT, we tested whether
PAI-1-neutralizing monoclonal antibodies (mAbs) could be used as adjuncts to fibrinolysins
and improve outcomes of IPFT23, Combinations of scuPA with mAbs affecting different
aspects of the PAI-1 mechanism were intrapleurally administered to rabbits with TCN-
induced pleural injury. We found that dosing with scuPA and anti-PAI-1 mAbs generated
higher PF uPA amidolytic and PA activities, faster formation of aM/uPA complexes, and
slower uPA inactivation. Targeting PAI-1 was well-tolerated in the animals and did not
induce local or systemic bleeding. Interestingly, the combination rendered otherwise
ineffective doses of scuPA to become effective in the model and cleared intrapleural
collections effectively. PAl-1-neutralizing mAbs increased the durability of intrapleural PA
activity which likely contributed to the salutary effect of the scuPA-PAI-1 monoclonal
antibody adjuncts. The combination will soon be tested in our newly developed animal
models of empyema. If this approach is likewise successful in the rabbit empyema models,
the approach may be further developed for clinical application.

Overview of the Processing of Fibrinolysins in Pleural Fluids: Additional

Considerations

The changes in the coagulation and fibrinolytic system that occur in pleural injury favor the
formation of a fibrinous transitional neomatrix and extend beyond the increments of PAI-1
that characterize virtually all forms of pleural injury20. In evolving pleural injury, tissue
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factor is locally expressed by the mesothelium and likely in other resident cell types that are
found in pleural tissues29-31. Although tissue factor pathway inhibitor is likewise expressed
in organizing pleural injury and is expressed by human pleural mesothelial cells32 33 and
factor V11234 bound to tissue factor can be inhibited by PAI-1, the net effect of the
inflammatory response on local fibrin turnover favors robust fibrin deposition that
organizes??. Intrapleural coagulation may be enhanced as pleural mesothelial cells readily
support the assembly of procoagulant complexes3°. The interactions between the
coagulation and fibrinolytic pathways are additionally more complex in the pleural
compartment, as plasmin can stimulate expression of tissue factor activity at the surface of
pleural mesothelial cells3®. Like uPA, thrombin or factor Xa, plasmin can also induce
mesenchymal transition of pleural mesothelial to myofibroblast-like cells2’. While
thrombin-antithrombin complexes have been proposed to be biomarkers of the severity of
pleural inflammation37, thrombin can also decrease TFPI in pleural mesothelial cells and
thereby predispose to accelerated local coagulation in a PI-3 kinase-NF-xB dependent
manner38. Mesomesenchymal transition of pleural mesothelial cells is interestingly also
related to activation of the same pathway3°. Given that intrapleural coagulation is initiated
by acute and chronic pleural injury, it is not surprising that fibrin deposition is a prominent
feature of organizing pleural injuries both in the preclinical setting and in human pleural
injury, as previously reviewed?%: 29, The fibrinous neomatrix organizes and is remodeled in
much the same way as occurs in wound healing generally40: 41,

Both uPA and tPA antigen are detectable in pleural fluids?8 and both are expressed by
pleural mesothelial cells and lung fibroblasts among other cell types represented in the
injured pleural space3% 31, Elaboration of these plasminogen activators in the setting of
pleural injury allows for clearance of excessive fibrin deposition or otherwise permits
remodeling of the fibrin collections that occur in pleural loculation. Urokinase can bind its
receptor at the surface of pleural mesothelial cells or lung fibroblasts*? and its expression is
in part regulated at the posttranscriptional level42. Apart from their impact on remodeling of
intrapleural fibrinous adhesions or collections, uPA is also capable of stimulating collagen
expression of pleural mesothelial cells, which could contribute to maturation of the
intrapleural neomatrix*3.

It is important to note that antiplasmins may also inhibit the activity of plasmin that is
generated within the pleural compartment by the administration of IPFT20: 28, The
designation of plasminogen activators such as tPA, various forms of uPA and streptokinase
as fibrinolysins is somewhat of a misnomer, as these agents do not directly lyse fibrin, but
rather cleave plasminogen to generate plasmin and thereby augment intrapleural fibrinolytic
activity (Figure 3). Among the antiplasmins, a,-antiplasmin is elaborated and active in
human pleural fluids28. On the other hand, a.-2-macroglobulin, which functions in part as an
antiplasmin, appears to play a unique role in the processing of intrapleurally administered
scuPA, which is the proenzyme form of two chain urokinase**. While much of the scuPA
IPFT is converted to two chain uPA and thereby subject to inactivation by PAI-1, a relatively
small proportion of scuPA forms a “molecular cage complex with uPA derived from scuPA.
These complexes resist inhibition by PAI-1 and lead to durable but low grade maintenance
of plasminogen activator release that occurs over about 24h. This particular mode of
processing offers potential advantages for scuPA IPFT, which has thus far been well-
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tolerated in preclinical testing22: 24 25, 45-47 and GLP toxicology testing. SCUPA is now
undergoing safety testing in a Phase | dose escalation clinical trial being conducted in
Australia and New Zealand under the sponsorship of Lung Therapeutics, Inc.

The FPA Methodology and Testing in Human Pleural Fluid Samples

While there is debate about the best approach to IPFT in adults, the postulate that a
personalized guide to dosing might be of clinical advantage is less provocative. While the
complexity of interactions and variability of expression of components of the fibrinolytic
system represents a challenge, we inferred that assessment of the effects of freshly harvested
pleural fluid constituents on fibrinolytic activity generated by a fibrinolysin could be helpful
to decide on the dosing of IPFT. The FPA involves the ex vivo addition of a fibrinolysin to
pleural fluids with subsequent analysis of the fibrinolytic activity, which reflects the
aggregate effects of plasminogen activator inhibitors and antiplasmins in individual pleural
fluids and the availability of plasminogen to support plasmin generation (Figure 4).

To perform the FPA, baseline pleural fluid fibrinolytic activity is first determined, then a
plasminogen activator is added to neutralize PAI-1 and activate the endogenous
plasminogen. A FITC-fibrin film is formed (with or without incorporated DNA) at the
bottom of a 96-well plate as we previously described®8. In this assay format, fibrinolysis is
monitored by increased fluorescence emission at 510 nm (excitation 490 nm) (Figure 5).
While a number of parameters beyond active PAI-1 could contribute to the outcome of IPFT,
including different levels of plasminogen, other proenzymes within pleural fluids, enzymes,
serpins, or extracellular DNA,; we believe that the FPA is a “snapshot” that accounts for the
effects of all of these variables. It reflects the net fibrinolytic balance in a personalized way,
which is unique for each subject at the time that the pleural fluid was obtained for analysis.

The development of this assay is in its early stages, while intellectual property protection has
been sought. Testing of the FPA in human pleural fluids suggests that the assay can detect a
wide range of variable responses to the same dose of a fibrinolysin added to pleural fluids22,
suggesting that it is worthy of further investigation. This data clearly demonstrate that a wide
range of FPA responses are associated with patients with pleural infection, most of whom
had empyema, as reported in the MIST?2 trial*. The same variability occurred in pleural fluid
from rabbits with 2 multocida or S. pneumoniae-induced pleural injury. Baseline fibrinolytic
activity in the pleural fluids from the MIST2 patients or rabbits with empyema was generally
undetectable or very low, so that the increment of fibrinolytic activity after administration of
the fibrinolysin (5nM two chain (tc) urokinase) was readily detectable in nearly all fluids
that were tested. This data suggests that administration of tc uPA at this ex vivo dose or an
alternative PA at a comparable dose would be sufficient to detect the FPA response in
virtually all tested samples. The PAI-1 activity and total PAI-1 levels likewise varied in these
pleural fluids and likely accounted for much of the suppression of pleural fluid fibrinolytic
activity under baseline conditions.

The detection of pleural fluid fibrinolytic activity after addition of the supplemental tcuPA
clearly indicates that the paucity of fibrinolytic activity was not due to a deficiency of
pleural fluid plasminogen. Rather, the robust response to the addition of the tcuPA shortly
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after ex vivo administration indicates that plasminogen was readily available and present in a
form amenable to cleavage by a plasminogen activator. These results are consistent with the
prior demonstration that much of the plasminogen in human pleural fluids is in the glu-
plasminogen form that can be converted to plasmin28. The variability of the responses
further suggests that some patients demonstrating a low FPA value were less likely to
respond to IPFT while other patients with a high level of response; high fibrinolytic activity
after ex vivo dosing with the fibrinolysin, were more likely to respond to IPFT. Whether the
PA generated by the 10 mg dose of tPA that was used in the MIST2 trial was sufficient to
overcome this variability and whether the variability in the ex vivo responsiveness to
supplemental PA administration remains unclear.

It is now unclear if the results of this or other trials were affected by this newly appreciated
confounder, the issue remains as to how to select dosing for patients with loculation and
failed drainage. At present, clinicians sometimes rely on the perceived viscosity or purulence
to use an increased dose of fibrinolysin; for example 20 mg of tPA versus 10 mg. This
strategy assumes that the viscosity and/or purulence of all of the pleural fluid in the pleural
space of a loculated patient are the same, which may or not be the case in the individual
patient. The characteristics of pleural fluid sequestered in a given loculus could differ from a
proximate collection. The FPA is subject to the same challenge but offers some conceptual
advantages. The technique can readily be performed by virtually any clinical laboratory and
the results could be rapidly made available to clinicians at the bedside. The test itself could
help stratify which patients would likely benefit from higher or lower dosing of a
fibrinolysin or one in combination with DNase as well as to identify patients who would
rather require multiple injections of the fibrinolysin. If pleural fluid with a low FPA value is
obtained, theoretically a higher dose of fibrinolysin should be employed to help drain the
most viscous portions of the loculated fluid. Whether the test will prove useful remains to be
determined by clinical trial testing in patients with loculated pleural fluids and failed
drainage who are otherwise deemed to be candidates for IPFT.

The Pathway for Development of the FPA and Testing of Its Ability to Guide
Dosing of IPFT

The initial testing of the FPA was done in using pleural fluids from rabbits with TCN-
induced pleural injury, which was followed by testing in the pleural fluids of rabbits with
empyema and human pleural fluids. At this point, there is proof of concept data that the FPA
can segregate pleural fluids based on their response to a fibrinolysin added ex vivoto
samples collected from patients with pleural infection and otherwise deemed appropriate
candidates for institution of IPFT. The next step will be to determine whether the FPA can
discriminate between subjects who are likely to benefit from stratified dosing of the IPFT.
Ongoing preclinical studies will be done to confirm that the baseline pleural fluid FPA
(collected prior to IPFT) can be used to predict outcomes of pleural injury or dosing and
dosing intervals. In studies now being planned and in parallel with further preclinical testing,
the FPA will be done on baseline and pleural fluids collected at intervals from patients with
pleural loculation undergoing IPFT to determine if the test is predictive in the clinical arena
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and if the test can be used to guide the dosing and dosing intervals in patients undergoing
IPFT.

While there is little data of which we are aware to validate the proposition that higher dose
IPFT could be beneficial in selected patients, the topic is now being explored in clinical trial
testing. In the Phase | dose escalation safety trial that is ongoing in Australia and New
Zealand, the concept is being tested. This is a safety trial and the primary objective is to
determine the safety of escalating doses of scuPA IPFT in patients with COPD/empyema
and loculated pleural fluid that is difficult to drain. The dosing range begins at 50,000 1U/
unit dose given once daily for three days unless effective (complete) drainage is observed
before the full course of therapy is given. At this dose, even if scuPA were to be fully
converted to tcuPA, the dosage of IPFT would be lower than nearly all of the dosing reported
in adults previously, where the typical range is 100,000-250,000 1U/unit dose*®. Assuming
that the 50,000 1U dose is well-tolerated, subsequent dose escalations then range from
100,000-200,000-400,000 to 800,000 1U doses, each given over three, days.

The trial is designed to identify a dose which is well-tolerated and at which pleural drainage
seems to be expedited in each of the three patients that comprise the cohort for each dose
escalation. If more than one dose is identified, then the lowest well-tolerated dose that
appears to demonstrate an efficacy signal would be carried forward to phase Il clinical trial
testing. We are also setting up collaborations with other groups to obtain baseline and post-
treatment pleural fluids and are harvesting baseline and post-treatment pleural fluids from
our rabbit S. Pneumoniae empyema model which can be used to determine if the baseline
FPA correlates with the response to IPFT. We will need to accrue a number of samples pre
and post-treatment to understand whether a correlation exists between the FPA and outcome.
Fortunately, there is a clear variability of the FPA values in the rabbits, so that we will likely
be able to address this question in animal model using pleural fluid samples from the model
even if clinical samples prove difficult to obtain. Using the model, we can also test the
postulate that the initial FPA value in baseline pleural fluids can be used to determine
whether a higher dose of fibrinolysin yields better outcomes in animals with a relatively low
FPA.

Potential Advantages of the FPA, Potential Pitfalls and Their Remediation

While of conceptual appeal, the FPA remains to be validated as a clinical tool to predict
outcomes of IPFT or stratify IPFT dosing, dosing intervals or the need for repeat dosing.
Nonetheless, the test appears to be easy to perform, to yield reproducible results and uses
technology that is amenable to adaptation in a clinical laboratory setting. In addition, the
results can be rapidly generated. The preclinical pleural fluid samples that have been tested
to date have been carefully collected, citrated and maintained at —80°C prior to testing. The
clinical samples have been similarly processed and stored. Pleural fluid collection at the
bedside may be delayed contingent on the engagement of the clinical team, availability of
rapid transportation to the clinical laboratory and potential delays in processing at that point.
All of these factors could potentially affect the reliability of the FPA measurements, but
similar considerations apply to other pleural fluid tests, such as the pH.
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Even if strong correlations are identified between outcomes in the S.pneumoniae model and
the FPA from baseline pleural fluid samples, additional variability may emerge from clinical
trial samples from patients with different severities of organization associated with
empyema, different underlying infectious pathogens or mixtures of infecting organisms and
different stages of the disease process. Many of the patients in the MIST2 trial were
symptomatic for weeks prior to presentation and entry into the study?, suggesting that
baseline pleural fluids may reflect very different stages of disease that might affect the FPA.
Lastly, large numbers of patients will need to be recruited to appropriately assess the ability
of the FPA to predict outcomes or guide the use of different dosages of IPFT, which would
likely entail the continued engagement of a number of clinical sites from which patients can
be recruited. These challenges are, in our view, formidable but not insurmountable.

The Fibrinolytic Potential Assay (FPA) is a candidate clinical assay that derives from a
wealth of preclinical and clinical data about the role of the fibrinolytic system in the
pathogenesis of pleural injury and the processing of different forms of IPFT. The FPA
reflects the net balance between endogenous fibrinolytic enzymes, plasminogen and
inhibitors for a particular subject and we believe that it can relate IPFT to drug dosing and
ultimate outcome in a personalized manner. The FPA measures the difference between
fibrinolytic activity in a baseline patient’s pleural fluid sample prior to and after activation of
the endogenous plasminogen by exogenous plasminogen activator. The test is now early-on
in development but is in our view promising enough to continue investigation into its
potential to predict clinical outcomes or dosing of IPFT. Currently, IPFT dosing is generally
empiric in adults and associated with variable results. We believe that the FPA will
ultimately be able to introduce a more personalized approach to the dosing of IPFT, the
selection of optimized therapy and to more reliable effectiveness of IPFT, particularly in
adult patients with pleural loculation and failed drainage.
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Figure 2.
Representative images and histology from rabbits with S. pneumoniae empyema (EMP) in

rabbits are illustrated. EMP and pleural injury were induced by intrapleural injection of S.
pneumoniae (1x108 cfu). (A) Chest ultrasonography at 1 week after induction of the model.
Yellow arrows indicate pleural thickening, adhesions seen as rounded whitish structures;
H=heart, D=diaphragm. (B) Postmortem gross visual evaluation of multiloculated empyema
following S. pneumoniae-induced empyema in rabbits. (C) The pleural surface displays
extensive fibrin (arrows) at the visceral parietal pleural surface, inflammation and subpleural
pneumonitis. The visceral pleural surface is oriented at the bottom left portion (thicker arrow
indicates lung parenchyma). Representative images shown are shown.
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PAI-1: plasminogen activator inhibitor-1. Solid tabs indicate inhibition, arrows indicate
cleavage or activation. The fugue indicates the key interactions responsible for plasminogen
activation and inhibition in the pleural compartment.
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Figure 4. Similarity in the Fibrinolytic Potential of humans and rabbits with empyema
A semi-logarithmic plot of changes in the fibrinolytic activity in pleural fluids of rabbits and

humans with infectious pleural injury is illustrated. Low level baseline fibrinolytic activity
(FAO) reflects inhibition of plasminogen activation that are characteristically observed in
baseline empyema fluid samples. Supplementation of pleural fluid with exogenous
plasminogen activator (4 nM uPA) inhibits PAI-1, activates accumulated plasminogen and
results in a considerable (up to 3 orders of magnitude) increase in the level of the fibrinolytic
activity (FAUPA). Notably, the Fibrinolytic Potential (FP= FAUPA — FAo; baseline) varies
significantly among animals and among humans. While two chain uPA was used in this
example, any fibrinolysin can be used in this assay.
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Common Treatment Options for Pleural Loculation and Failed Pleural Drainage

Pharmacotherapy

.

two chain uPA (not currently available in the US)
tPA+/- DNAse
Streptokinase (not currently available in the US)

Surgery

+ Video-assisted thoracoscopy

Figure 5. The plot shows changesin the fluorescence emission with time reflecting formation and

degradation of the FITC-fibrin in awell of a 96-well plate

An FITC-fibrin plate assay is described in detail elsewhere23,48. Briefly, thrombin, added at
time indicated with arrow, induced polymerization of FITC-fibrinogen and a decrease in the
fluorescence emission due to self-quenching of FITC groups in fibrin. Plasmin, added at the
time point indicated by the arrow, digests FITC-fibrin and removes the quenching effect,
resulting in an increase in the fluorescence emission to the original level. In the FPA,
degradation of FITC-fibrin film at the bottom of wells of 96-well plates is used to detect
fibrinolytic activity in samples of pleural fluids (Fig. 4) prior to (FAO) and after (FAuPA)

supplementation with plasminogen activator.
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